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Editorial on the Research Topic
 COVID-19: food system frailties and opportunities




One hundred years ago the Great War was followed by the Spanish Influenza pandemic which killed more people. Currently, we are witnessing the opposite: a pandemic followed by war in Ukraine which has lasted more than 590 days, at the time of writing. The COVID pandemic brought the world to its knees with shutdowns separating families, isolating the elderly and lonely, stopping commerce, closing school lunches and much more. Most of the world was caught unprepared. Food prices increased to 120% and supply chains were severely tested. Just as the pandemic was abating, the war involving major grain and fertilizer producers has considerably deteriorated the situation. The Food prices have now reached 160% and are still rising (Osendarp et al., 2022): food and energy have become weapons of war. In the winter, people have had to choose whether to “Eat or to Heat.” It is extremely distressing that some 23 years into the 21st century we have already been visited by the four horsemen of the Apocalypse—Pestilence (COVID, MERS, SARS, Ebola, avian and swine flu, and more), War, Famine, and Death. To this list must be added the threat of climate change. However, the scientific and political collaborations, and the lessons learnt in surmounting COVID show that we do have the capabilities to overcome these major challenges. These efforts must be continued and extended to make the world safer for all humankind.

Therefore, this Frontiers Research Topic is of high relevance in considering the responses to enable strengthening food systems to cope with future crises to global food security. Twenty-two articles have been accepted by the editors for publication out of 29 that were submitted. The articles consider food systems world-wide—eight countries in Asia, seven from North America, three in Africa, two each from Central and South America and one from Australia and Europe.

The challenges to Food security affected initially its stability dimension and the ability to withstand shocks, but soon involved the whole pathway of availability (at national level), accessibility (household level), and utilization (individual) and also to include sustainability (Berry et al., 2015). The new food security dimension of agency (Clapp et al., 2022) was very engaged in the responses of the social media providing positive coping strategies (including humor) (Peng and Berry, 2021) and negative influences such as anti-vaccination messages (Wilhelm, 2023). The urgency of the situation, unfortunately, placed the on-going challenges of sustainability and climate change in the background, as well as the pandemic of obesity and malnutrition which affects far more people than were stricken by COVID.

Responses were considered at different levels—governments, non-profit organizations, the private sector and communities (Måren et al.) and involving most of the actors along the food chain, especially farmers (Connors et al.; Ebel et al.; Ghosh-Jerath et al.). The articles may also be grouped into three principal categories essential for dealing with the COVID pandemic, future zoonoses and general disaster risk reduction (Sendai framework, UNISDR, 2015): prevention and preparedness (5); resilience (10), and policy (7). Some articles cover more than one of these areas.

With regard to short term actions for pandemics, plans must be put in place for national food storage and local food distribution (DuPuis et al.) during lockdowns especially for at risk groups—homeless, unemployed, elderly, lonely and more. In India, farmers with more crop diversity were more resilient to disruptions in the markets (Connors et al.). An important practical step, for example, is to ensure the continuation of school meals programs.

National and supra-national organizations will have to guarantee that medical aid and vaccinations will be available to countries with weak public health infrastructures. As the pandemic is retreating, there should be national and international mechanisms to help economic recovery in low- and middle-income countries, where the resource-poor became unemployed (Joshi et al.) and more food insecure, especially in informal settlements around urban areas (Chege et al.).

Actions for the long term include: helping developing countries access the major securities of food, energy and water. Establishing national committees for contingency plans for emergency disasters, which should deal with all aspects of risk management. Health infrastructures must be strengthened regarding personal protective equipment, intensive care units and staff training. Global alert networks should operate for disease surveillance and control of animal markets (Leahy et al.). Further, it will be important to empower the civil society to counter misinformation on the social media, especially against anti-vaccination campaigns and anti-public health recommendations (Wilhelm, 2023). In Bangladesh, there was fake news that poultry could transmit the disease (Sattar et al.). There is a consensus that transparent communication with the general public is of utmost importance to ensure compliance with the public health and other measures necessary for crisis management, particularly when they affect personal liberty and movement.

Other considerations identified by the authors necessary to build resilient food systems, deal with unexpected compound risks from extreme weather events (Vyas et al.); attempts at dietary manipulation with flavonoids for protection (Ghidoli et al.); ensuring food safety hygiene of food handlers and food supply chain (Nurul Eiman et al.); developing cultural ecosystem services such as community gardens. These provided positive connection with other gardeners and safe spaces of refuge and joint activities such as composting, food donation (Falkowski et al.). Resilience to market disruption was linked to crop diversity in India (Connors et al.), and to sanitation in The Gambia (Sidebottom et al.).

In the global food system, many small farmers experienced economic difficulties (Daley et al.) and depended on off-farm incomes (Ebel et al.). Their work was hindered by restrictions in movement of farm labor and supplies (Ghosh-Jerath et al.). The shock of the pandemic did not affect the system equally. Some supply chains lost business while others experienced increased demands. Consumers were not fully confident in the supply chains (Jones et al.). Overall, exorbitant food prices tested the preparedness of family food security (Dou et al.; Munonye et al.). There were also the dangers of food hoarding as consumers attempted to increase their household food security in response to the unpredictable fluctuations and uncertainty in food supplies.

However, we believe that the global experiences during COVID may be leveraged to produce positive reactions at national and international levels for planning food systems toward the Sustainable Development goals. But for this to occur, requires a major re-thinking of the policies, methodologies and science involved in the multi-disciplinary activities of food systems (Béné, 2020). The move should be made toward complex adaptive systems where a perfect understanding of the individual parts does not automatically convey a perfect understanding of the whole system's behavior. These systems are dynamic and non-linear with both positive and negative feed-back loops, multiple interconnections; and synergies & trade-offs (Nayak and Waterson, 2019; Deconinck, 2021).

Among the opportunities identified in this Research Topic we note: transformation of food systems toward sustainability (Frank et al.) from agro-ecology, finding alternative practices by local food actors to form self-organized producer groups. To improve food security by decentralizing the food supply chain (Tirado-Kulieva et al.), whereby local producers and vendors collaborated to maintain food availability and multi-level interventions involved government, industry, academia and the general population. Alternative seafoods networks encouraged local and direct marketing, providing functional diversity in the food chain (Stoll et al.).

Opportunities arose to gain access to the diverse wild food environment and revitalize bio-cultural resources (Ghosh-Jerath et al.). There were also innovations using e-marketing, relying on family jobs and sharing information for positive resilience effects as found across the USA, China and Norway (Måren et al.).

We hope that this Research Topic will be used by all the actors in sustainable food systems, and especially policy makers, to learn lessons from this past pandemic (Klassen and Murphy, 2020), to be better prepared for the next one which will surely come. These, and more, are necessary to safeguard the survival of our planet (Smil, 2022; Rockström et al., 2023).
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The COVID-19 pandemic is a “perfect storm” that is testing the resilience and functional stability of the food system, as it ultimately affects household food dynamics and consumer food experiences. This cross-national survey-based study examined in real time how the COVID-19 pandemic impacted food-centric matters in 1,732 Chinese and 1,547 U.S. households during the stay-at-home directives. Both cohorts reported increased efficiency in the use of food, families spending more time cooking and eating together, and more prudent use of food with less waste. Food purchasing patterns shifted from frequent trips to the store to dramatic increases in online ordering. A small proportion (2% U.S. and 11% Chinese respondents) reported clinically significant weight gains of >4.5 kg. Household food security weakened, with large increases in people worrying about or experiencing food shortage. Collective grocery-shopping experiences by survey respondents indicated that the functional stability of food supply systems remained steady; all food types were somewhat available, except for noticeably higher prices widely reported by the Chinese cohort. This study offers insights into food system resilience when facing the pandemic and sheds light on future food patterns as well as long-term questions for additional research about how people make decisions and food behavioral changes at times of crisis.

Keywords: COVID-19, food security, food behavior, food system resilience, food availability, food supply disruption, household food dynamics, household food insecurity


INTRODUCTION

COVID-19, first documented in China in December 2019 [World Health Organization (WHO), 2020], has since spread rapidly around the globe. Stay-at-home orders and isolation have been in effect worldwide in an effort to slow down the spread of the disease. As a result, large portions of the population have stayed at home, and numerous businesses, including restaurants and eateries, have closed or suspended their services. Caught in the crisis, poorly prepared, and homebound for weeks or months, how did people fare in terms of sourcing food and keeping their families fed? How did household-level food security (or insecurity) change during the crisis? Alterations in food purchasing and eating patterns as well as routine activities may also be related to weight change, with several popular media outlets referring to a “quarantine 15” (e.g., https://nypost.com/2020/05/19/nearly-half-of-women-report-weight-gain-in-coronavirus-quarantine/). Growing media attention also highlights incidents of food flow disruption due to the pandemic, from vegetables rotting in fields and milk being dumped, food processing facilities running short of workers due to the disease, and to panic-buying in stores. Strains on multiple points of the food supply chain could affect food availability and prices in the retail sector, ultimately impacting people at the receiving end [World Bank, 2014; World Economic Forum (WEF), 2020]. With the food system subjected to the “perfect storm” of COVID-19, what insights may be drawn from people's experience at the market–consumer interface regarding the integrity and resilience of the food system?

A number of recent studies have shed light on addressing some of the issues raised above. For example, there appeared to be a phenomenal shift of household food sourcing from in-store shopping to online-based purchases (e.g., Gray, 2020; Si et al., 2020). Several studies also examined consumer food behavioral change in terms of food choices and eating habits. For instance, an Italian survey (n = 1,929) found that nearly half of the participants reported modified dietary habits, with many increasing the consumption of comfort food, e.g., chocolate and dessert items (Scarmozzino and Visioli, 2020). Changes in eating patterns and dietary intake while staying at home because of the pandemic have raised concerns about potential health and nutritional consequences (Belen Ruiz-Roso et al., 2020; Scarmozzino and Visioli, 2020; Sidor and Rzymski, 2020). Health-related implications can be further exacerbated by reduced physical activities due to the home quarantine (Ammar et al., 2020). Additionally, food security issues emerged as a top priority besides health and safety concerns associated with the COVID-19 disease. The potential for a “secondary pandemic” of hunger and food shortage has become a serious concern for the Global South's urban poor and vulnerable groups (Crush and Si, 2020). Furthermore, countries or regions that rely heavily on food imports to meet domestic needs under normal conditions, such as the Pacific islands and territories (Farrell et al., 2020), have reported alarm regarding their food security vulnerability given COVID-19's global spread and the multitude of disruptions.

A robust and resilient food system is fundamental to all people at all times but particularly at times of crisis. Food system resilience is the capacity to provide food security over time in the face of various changes or disturbances (Tendall et al., 2015). The COVID-19 pandemic exerts enormous pressure with disruption to food systems, testing its resilience on multiple fronts, such as the logistics (supply, transport, and distribution of food materials and products), management (rapid response and flexibility involving various policies and regulations), food availability, and accessibility at the consumer end. Hobbs (2020) provided an early assessment of the pandemic's impacts on food supply–demand dynamics in Canada. Food supply disruption was assessed and linked to factors such as labor shortage and transportation network breakdowns due to domestic as well as border-control issues, whereas consumer panic-buying, as well as a dramatic shift in consumption patterns from food services to home cooking, has brought about demand-side shock to the food supply chain as well (Hobbs, 2020). Richards and Rickard (2020) reported significant changes in the Canadian fruit and vegetable markets, shifting from foodservice sectors to almost entirely retail channels. Intervention policies for enhancing food supply and food system resilience to mitigate crisis shocks have been proposed, e.g., prioritizing local food supplies (Hobbs, 2020), favoring shorter supply chains (Abiral and Atalan-Helicke, 2020), and promoting home gardening and urban agriculture (Lal, 2020; Pulighe and Lupia, 2020).

The current study aims to address the critical issues raised above by examining the food experience of Chinese and U.S. households during the pandemic through real-time data collection using convenience and snowball sampling methods. Our first objective was to understand the impacts of the pandemic on household food dynamics, such as food purchasing and eating behavior, aspects of food security issues, as well as stress and self-reported body weight change. Our second objective was to assess food system resilience by examining food supply stability from the viewpoint of grocery shoppers. China and the U.S. are the largest countries most severely impacted by the COVID-19 pandemic as of mid-to-late April 2020, when the survey was conducted. Examining people's food experience in these countries can help us better understand the “food-print” of the COVID-19 pandemic. Such understanding is critical for developing innovative policies and mitigation strategies toward a better and more secure food future. Patterns derived from the survey can inform additional research for determining long-term consequences. Lessons drawn from the survey cohorts with further investigations in the U.S. and China, two countries that feature distinct food cultures with different food systems, may be applicable elsewhere.



METHODS


Survey Design

The survey consisted of 53 questions (single or multiple and numeric or descriptive choices) to collect data on the following: (i) demographics of respondents; (ii) parameters reflecting household food dynamics (food purchasing, at-home food-related activities, and food-use behavior); (iii) household-level food security parameters; (iv) food supply and availability indicators in marketplaces as experienced by survey respondents; and (v) other relevant matters (stress level, bodyweight change, etc.). The survey contained no identifier items, such as name, address, etc. The study was deemed exempt from requiring human subjects approval by the Institutional Review Board of the University of Pennsylvania.

The Chinese-language version was identical in content to the original (English) version except for a few items that were adapted to apply to Chinese participants, for example, race/ethnicity choices, household income range, height (in meters instead of feet), and weight (in kilograms instead of pounds). The two versions were hosted on the same internet platform.



Survey Distribution

After pilot testing, the survey was disseminated online. Distribution was through individual as well as institutional networks and snowballing via social media, e.g., Facebook and Twitter in the U.S., and the most popular social media platform, WeChat, in China. Cross-sectional data collection started on April 17, 2020, in the United States and April 22, 2020, in China. The number of daily responses spiked within 24 h in each country and slowed down substantially within 3–5 days. The slowing down was more rapid in China than in the U.S. Data collected during April 17–27 in the U.S. and April 22–27 in China were extracted for analysis in this study. Valid responses (answering at least two survey questions) were from 705 zip code regions in the U.S. and 30 out of 34 Provincial districts in China.



Data Analysis

Raw data were exported to and analyzed in Stata (Stata Corp., College Station, TX). All analyses were conducted with two-tailed tests of hypotheses and a p-value < 0.05 as the criteria for statistical significance. Descriptive analyses included computation of means (with 95% confidence intervals [95%CI]), standard deviations, medians, interquartile ranges (IQR) of continuous variables, and tabulation of categorical variables. Frequency counts and percentages were used for categorical variables. Inference statistical analyses were conducted using the chi-square test for comparison of categorical variables and ANOVA or t-test for continuous outcomes.




RESULTS


Characteristics of the U.S. and Chinese Cohorts

Valid survey respondents totaled 1,547 in the U.S. and 1,732 in China. Characteristics of the two cohorts are presented in Supplementary Table 1. At the time of the survey, the Chinese respondents had stayed at home for about 7.5–10 weeks; 62.4% had a household member(s) losing income because of the pandemic. In comparison, the U.S. respondents had stayed at home for 4–6 weeks; 35.7% had a household member(s) losing income. A greater proportion of the U.S. cohort reported that household members tested COVID-19 positive (0.41%) or had COVID-19-like symptoms (11.4%), compared to the Chinese cohort (0 and 1.99%). Of other demographic parameters, the U.S. respondents consisted primarily of women with age groups more or less evenly distributed, whereas the Chinese cohort was younger with a narrower gender gap (Figure 1, Supplementary Table 1). That the Chinese participants were mostly young people can be attributed to the survey distribution mechanisms, which relied heavily on networks of university faculty via snowballing through their college and graduate students who were scattered throughout the country while staying-at-home with their families during the pandemic. This is one of the potential limitations associated with convenience sampling through online-based survey studies, leading to sampling bias. For example, in a recent survey by Zhao et al. (2020) investigating the dietary diversity of the Chinese population during the pandemic, 83.6% of the participants (n = 1,938) were in the younger group (18–45 years of age) while only 16.4% were >45 years of age. It is also noteworthy that the majority of the U.S. cohort (>70%) were in charge of household grocery shopping or meal planning/cooking (Supplementary Table 1), whereas the Chinese cohort had about 1/3 indicating this role. The latter is consistent with the age characteristics exhibited in Figure 1, as in Chinese families, the younger generation typically enjoys continued support from their parents in terms of cooking and other household chores. It is not clear whether or how the skewed sample distribution with the Chinese cohort impacted the accuracy of the survey outcome. The extent of such impact, if any, may be relatively small considering the “up-close” relationship spatiotemporally within households during the stay-at-home pandemic.


[image: Figure 1]
FIGURE 1. Age group distribution of survey participants. The U.S. cohort (N = 1,547) was more or less evenly distributed whereas the Chinese cohort (N = 1,732) consisted of proportionally more people in the younger range of age.




Household Food Dynamics

Food sourcing changed dramatically during the pandemic, and this was consistent for both cohorts. First, restaurant food ordering for take-out or delivery during the pandemic decreased in frequency (Supplementary Figure 1A). Money spent on such food had the same pattern of decreases (Supplementary Figure 1B). Second, the vast majority (74% for both cohorts) reported making fewer grocery-shopping trips during the pandemic than before (Supplementary Figure 2). Meanwhile, online grocery shopping for delivery or curbside pickup became popular, about 1/3 of U.S. respondents reported doing so for the first time. Notably, the single largest proportion of the Chinese cohort reported community- or neighborhood-based group grocery ordering for delivery (Figure 2). In their recent report, Si et al. (2020) explicitly described how consumers in Wuhan, the epicenter of the COVID-19 outbreak in China, coordinated via grassroots community organizing efforts to obtain food during the strictly enforced lockdown. Our survey, with participants from 30 out of 34 Provincial-districts in China indicated that the community- or neighborhood-based group ordering as a major food-sourcing mechanism not only occurred in Wuhan but also mushroomed across the country during the pandemic. Understandably, many people in the Chinese and U.S. cohorts reported purchasing extra amounts of various foods when grocery shopping (Supplementary Figure 3).


[image: Figure 2]
FIGURE 2. Online grocery-shopping increased dramatically during the COVID-19 pandemic. Many reported ordering groceries online for delivery or curbside pickup for the first time. About 1/3 of the Chinese cohort reported community-based group ordering for delivery.


Food behavior and perceptions changed, with both cohorts valuing food more during the pandemic than before. For example, many reported throwing away less food (Supplementary Table 2). In modern societies, food wastage can be reduced, but total elimination is unlikely (Papargyropoulou et al., 2014; Quested and Murphy, 2014). For the survey respondents in both countries, spoiled fruits and vegetables topped the list of foods thrown away during the pandemic (Supplementary Table 3). This may be attributed to the extra-quantity purchases as well as the perishable nature of fresh produce. In line with the heightened awareness of food being precious, most U.S. and many Chinese respondents indicated making a second meal or snack of leftovers from restaurant food, as well as being more prudent in meal planning or spending less money on meals (Supplementary Table 2). A positive behavioral change with reduced food wastage was also reported by Jribi et al. (2020) for a smaller sample (n = 284) in Tunisia.

Importantly, a great many respondents indicated making home-cooked meals more often (62% U.S. and 60% China) and reported household members spending more time cooking or eating together (48% U.S. and 73% China) while staying at home (Supplementary Table 2). Meanwhile, the use of ready-to-eat food items, such as frozen dinners, was less frequent. The vast majority indicated no change regarding types of food consumed during the pandemic as compared to before, although the number of people reporting eating more of various foods exceeded those reporting eating less (Supplementary Figure 4). In comparison, a survey (n = 411) by Celik and Dane (2020) focusing on consumer food preference found that the first and second preferences were meat and bakery foods before the pandemic but fruits and vegetables during the pandemic. By and large, changes in household food dynamics and food attitudes and behavior were mostly positive/desirable, with patterns consistent for both the U.S. and Chinese cohorts. Some of the changes may persist, as about half of each cohort indicated that the pandemic might have changed how they will treat/handle food in the future (Supplementary Table 2).



Household Food (in)Security

Household food security situation changed dramatically in terms of survey respondents' perception as well as actuality indicators. Among U.S. respondents, less than 4% reported ever worrying about feeding themselves or household members in the year prior to the pandemic; but during the pandemic (i.e., at the time of survey) 38% reported becoming worried. The number of worried respondents was 45 vs. 509 for before vs. during the pandemic, respectively (Table 1). Twice as many people reported skipping a meal or going to bed hungry due to food shortage (16 vs. 33 for before vs. during the pandemic, respectively). Fortunately, having access to free foods from government or charity organizations, for the households in general (91 entries) or for school children (112 entries) in particular, helped relieve household food shortage during the pandemic. Households that meet their food needs via various coping strategies, such as skipping a meal or acquiring food through food assistance programs, are considered food-insecure per USDA definition (USDA ERS, 2019). With the Chinese respondents, the food security situation deteriorated due to the pandemic but to a lesser extent than the U.S. cohort (Table 1). Notably, there exist various assessment systems with more comprehensive food (in)security indicators, e.g., USDA ERS (2019), Household Food Insecurity Access Scale (HFIAS) (2020). Our survey included a few selected parameters (discussed above), rather than more complete and inclusive indicators, based on the consideration of balancing the breadth and scope of the questionnaire (totaling 53 items) with participants' weariness and response rate.


Table 1. Household food insecurity situation worsened during the COVID-19 pandemic.

[image: Table 1]

Not surprisingly, households that were food insecure were in the lowest income category (<$25,000 per U.S. household, <50,000 RMB per Chinese household) or had family members who lost income during the pandemic (Table 1). In a survey (conducted on March 19–24, 2020) investigating household food security issues at the very early stage of the stay-at-home orders, Wolfson and Leung (2020) reported that the COVID-19 pandemic was “disproportionately affecting low-income, food-insecure households that already struggle to meet basic needs.” Similarly, Barker and Russell (2020) reported that the lockdown in Britain rendered a large proportion of the population economically vulnerable with demand for emergency food relief quadrupled. There is clearly a need for rapid mobilization of effective intervention mechanisms to avert food shortage and to protect those who are most vulnerable at times of crisis like COVID-19 (see more in section Discussion). It is necessary to note that the income categories in our survey were chosen rather arbitrarily than matching existing standards, e.g., the World Bank (2020) with specific income-level definitions. Additionally, households with the same (low) income can still differ in relevant capacity to obtain food and feed themselves, depending on location, cost of living, and other factors.



Food-Mind-Body

The pandemic brought abrupt and unimaginable interference to people's lives. In these challenging times, both cohorts found solace in food. About 70% of both cohorts indicated food being a pleasure/comfort element, a stress reducer, and a way to cope with boredom during the pandemic. Still, the U.S. respondents were bearing considerable stress while staying-at-home (Table 2): about 30% indicating “rather much” or “very much” stress. In contrast, the Chinese cohort had just 7% indicating “rather much” or “very much” stress whereas 61% indicated “only a little” or “not at all” (Table 2). The level of stress was associated with age, household income level, and family members losing income during the pandemic (Supplementary Table 4).


Table 2. Stress level and body weight change during the COVID-19 pandemic as reported by U.S. and Chinese participants.

[image: Table 2]

Regarding body weight change (Table 2), the highest proportion of each cohort (39.5% U.S., 46.5% China) reported no change in weight; for the remainder, people reporting weight gains outnumbered those reporting weight loss. What differentiated the two cohorts was a greater extent of weight gain with the Chinese respondents, 11% gaining >4.5 kg (10 pounds) and 14% gaining 2.3–4.5 kg (5–10 lbs). In comparison, only 2% of the U.S. cohort reported gaining >4.5 kg and 11% gaining 2.3–4.5 kg. Weight change was related to stress level; association with age or income level was inconsistent for the two cohorts (Supplementary Table 4). Decreased physical (exercise) activities were reported by a large portion of each cohort (43.3% U.S., 47.8% China; Table 2). Interestingly, in a survey conducted in Italy, 19.5% reported gaining weight, with 42% indicating greater intake of comfort food (chocolate, dessert, ice cream, etc.), which were attributed to higher anxiety (Scarmozzino and Visioli, 2020). Negative impacts of COVID-19 related home confinement on physical activities and food consumption patterns. e.g., overeating and eating frequency. were also reported by Ammar et al. (2020) in a survey (n = 1,047) of African, Asian, and European participants.



Food Supply and Availability

The COVID-19 pandemic is a test for the functional stability of the food supply chain and ultimately the resilience of the food system. The survey asked what people experienced regarding food availability and choices when grocery shopping (shelf-empty, limited choices, store limited how much one could buy, compared to fully stocked, etc.) for nine food types (animal source food, fresh produce, processed foods, etc.) as well as two types of beverages. According to the U.S. respondents, most foods were available but many had limited options (Figure 3A); reports of empty shelves were generally low (<10% of respondents) except for rice/flour/dried beans and manufactured grain products for which 26.8 and 20.3% of respondents encountered empty shelves, respectively. Results from the Chinese cohort show that, by and large, all food types were well “stocked” (Figure 3B), with some choice limitations but relatively fewer reports of empty shelves. Food availability scores (1 for shelf-empty, 4 for fully stocked) were >2 (U.S.) and >3 (China) for all food categories (Supplementary Table 5), indicating that all food types were somewhat available. That the Chinese food availability scored higher than the U.S. may be attributed to a more versatile and diverse food retail sector in China, particularly involving urban food outlets (Anonymous, 2020). Zhong et al. (2019) discussed food security policies instituted in the city of Nanjing, China. The researchers described the utility of a public-private hybrid model, with mixed ownership of food wholesale and retail markets as well as capitals, in preventing market failure in food system operation. To our knowledge, similar food security policies have been applied in principle in many Chinese cities. Proactive and progressive food policies in urban planning are extremely important at times of crisis to foster urban food security.


[image: Figure 3]
FIGURE 3. Perception of food security during as compared to before the COVID-19 pandemic. The U.S. cohort exhibited a sharp decrease in confidence in food supply and availability in their area or the nation in general (A), whereas the Chinese cohort retained their confidence (B).


Food prices held steady based on the experience of the U.S. cohort (Figure 4A); 70–90% of the respondents reported no price change, although 25.6% reported noticeably higher prices for meat/fish/eggs. Results from the Chinese cohort indicated price volatility; noticeably higher prices were reported by many for nearly all food types. About half of the Chinese cohort reported noticeably higher prices especially for meats/fish/eggs, fruits, and vegetables (Figure 4B).


[image: Figure 4]
FIGURE 4. Food availability as experienced when grocery-shopping by survey respondents from the U.S. (A) vs. China (B). Foods were categorized into 9 groups. Two types of beverages were also included in survey questionnaire. Food availability was more variable for the U.S. than the Chinese datasets (P < 0.001).


To gauge people's general confidence in food supply security, we asked the following: “how did you feel about food supply and availability in your area or the nation in general?” The U.S. cohort exhibited a dramatic shift from broadly optimistic or no concern (83%) before the pandemic, to the vast majority (74%) being somewhat concerned or very concerned since the pandemic (Figure 5A). In contrast, nearly 90% of the Chinese respondents indicated a high level of confidence (optimistic or no concern) before and during the pandemic (Figure 5B). This is consistent with the pandemic-related stress levels mentioned earlier, with the U.S. cohort being more stressed/worried than the Chinese counterpart. This may be explained in part by the fact that the vast majority of the Chinese cohort participants are young (Figure 1); they are yet to establish large families and/or financial responsibilities. This may also reflect a growing sense of “optimism” or self-confidence that has spread among the Chinese people, particularly younger generations, resulting from the country's decades-long economic growth. Age, income level, and loss of income by household members during the pandemic were associated with the confidence of the U.S. but not the Chinese cohorts (Supplementary Table 5).
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FIGURE 5. Food price change during as compared to before the COVID-19 pandemic, according to U.S. (A) and Chinese (B) survey participants when grocery-shopping. Proportionally, noticeably higher prices were reported by more Chinese than U.S. participants (P < 0.001) for all food types, particularly meats/fish/eggs, fruits, and vegetables.


It is necessary to note that the various observations, patterns, and changes described above are the results aggregated from the reporting of survey participants at a specific timeframe, that is, after staying-at-home for 4–6 weeks (U.S. respondents) or 8–10 weeks (Chinese respondents). As the COVID-19 disease spread and the quarantine continued, the situation changed; different policies and control/containment measures were instituted; food supply operations overcame some problems but met newly emerged challenges. Consequently, people's perception of the situation surrounding them would change; their food attitude and behavior would be dynamic as well. This survey, through the lens of thousands of U.S. and Chinese respondents in the given timeframe, reveals the food-print of the COVID-19 pandemic in multiple dimensions. Analyzing the observed shifts and patterns, assessing food system resilience under extreme stress, and identifying opportunities for improvement would be of great significance to societies.




DISCUSSION

The COVID-19 pandemic exerts enormous pressure with disruption on food systems, testing its resilience and functionalities in multiple aspects, e.g., supply and distribution, rapid response, and flexibility. Our survey results indicated that the U.S. and Chinese food systems retained their integrity and functionality regarding overall food availability, viewed from the lens of survey respondents. But the collage of snapshots provided by the U.S. and Chinese cohorts revealed caveats and constraints; some, for instance, showed choice limitation and price volatility. Modern food supply chains are complex with many actors, moving parts, and connecting points (Cutter, 2017; Umar et al., 2017). At times of crisis like the COVID-19 pandemic, rapid response and quick activation of intervention mechanisms at the national scale require flexibility in rule- and regulation-decision changes as well as adaptable implementation by business operations. For example, to divert food previously purposed for bulk distribution (schools, restaurants, etc.) to retail channels now requires government approval of labeling and packaging changes as well as execution capacity at packaging facilities. In fact, during the pandemic, many entities in the U.S. worked in partnership to overcome barriers, bridge gaps, and alleviate the shock and smooth the flow of foods [(Bipartisan Policy Center (BPC), 2020)]. Further work is needed to systematically examine what worked, where things went wrong, and what new mechanisms and strategies are needed to boost the resilience of the food systems toward a better and more secure food future. This would be the learning component that is critical in the food system resilience action cycle described by Tendall et al. (2015). From a policy perspective, various strategies have been proposed, e.g., streamlining supply chain monitoring and proactive measures to prevent and deal with potential threats to the supply chain (Gray, 2020), effective interventions to promote and enable urban agriculture and home gardening as well as shorter supply chains (Hobbs, 2020; Lal, 2020; Pulighe and Lupia, 2020), and innovative public-private programs to diversify food market channels and broaden food delivery and accessibility mechanisms (Zhong et al., 2019), just to name a few. Additionally, how to leverage Internet-enabled food supply and distribution for enhanced food system resilience deserves further attention. It is also interesting to note that how the phenomenon of online grocery-shopping will evolve post-pandemic may have important ramifications on matters pertaining to the infrastructure of the retail sector, their service mode, food safety, and public health. Further investigation is warranted.

Household food security is one of the key outcomes of food system resilience (Tendall et al., 2015; Smith and Frankernberger, 2018; Ansah et al., 2019; Meyer, 2020). The impact of the COVID-19 pandemic was most acutely felt by the U.S. and Chinese families with the lowest income or those who had household members losing income during the pandemic. Deterioration in household food security was reflected by large increases in people of the U.S. cohort worrying about feeding their families as well as indications of food shortage in homes. According to Feeding America (a U.S.-based organization with a national network of >200 food banks providing food assistance to those in need pandemic or not), people seeking food assistance increased by 70% during the COVID-19 pandemic [(Bipartisan Policy Center (BPC), 2020)]. How to improve the resilience of those most vulnerable and food-insecure households and to avert food shortage at times of crisis remains a global as well as local challenge. Building an expansive and effective network of government agencies, private firms, non-profit organizations, as well as grassroots entities (e.g., community- or church-based initiatives and citizen volunteers with a variety of field gleaning, food rescue, and distribution activities) can be essential toward mitigating household food insecurity at times of crisis.

Despite widespread media reports of the “quarantine 15,” most survey respondents indicated no change in their weight. However, some reported clinically significant weight gains of greater than 4.5 kg in a short period of time. This group of individuals who rapidly gained weight may constitute a higher risk group that may benefit from targeted diet and exercise counseling. Some of them might have previously been on diets but had their routines drastically altered due to the pandemic. This entails further study. Moreover, individuals differ in psychological resilience (Lamond et al., 2009); they may respond to or deal with crises differently. For example, the young majority of the Chinese cohort might be less prone (more resilient) to stress or life-changing uncertainties. Instead, they might have derived more joy from delicious home-made meals while staying with parents during the pandemic, which in turn may help explain the greater weight gain (in proportion and amount) described earlier. In addition to personal traits and experiences, people's resilience at times of crisis can be deeply rooted in a historical, societal, and cultural background [e.g., Mintz and Du Bois, 2002; Clauss-Ehlers, 2008; Pogosyan, 2017; Centers for Disease Control and Prevention (CDC), 2020]. Exploring such elements and their connections and influences, although beyond the scope of the current study, would be of great interest in future research.

The positive changes of increased efficiency in the use of food and families spending more time cooking and eating together are in part direct consequences of the stay-at-home orders, as individuals may now have more disposable time to spend on food preparation and less eating out or ordering in. Positive food attitudes in the more prudent use of food with less wastage may be attributed to the heightened awareness of food being in limited supply, close encounters and personal experience of choice limitations at food stores, as well as uncertainties people were facing regarding the trajectory of COVID-19 and food availability in the future. These serve as examples of negative drivers providing an opportunity for positive changes (Scheffer et al., 2012). The durability of the positive changes and how widespread the phenomenon might be across large populations deserve further study. Pandemic or not, the world must find ways to feed the growing populations more sustainably [(Food and Agriculture Organization of the United Nations (FAO), 2019)]. Reducing food loss and waste throughout the food chain, particularly at the consumer level, is paramount (Dou et al., 2016). Finding ways to sustain the positive change and to broaden relevant reach is important in societies' endeavor of pursuing a resilient and sustainable food future.

We acknowledge the potential limitations of the methodology associated with convenience sampling, such as sampling is not representative and findings are not generalizable (Bornstein et al., 2013; Etikan et al., 2016). Meanwhile, we recognize that the classic issues related to the methodology (e.g., lack of representativeness) might not be as critical in the present situation, because the pandemic's impacts are so widespread and pervasive and essentially encompassing everyone in the societies. Regardless, additional work is needed with more rigorous and strategic sampling for better representation of the population and an in-depth understanding of how people make food behavior changes at times of crisis and relevant consequences thereafter.



CONCLUSION

Using convenience-snowball sampling for real-time data collection, we were able to capture people's food experience as they encountered it amid the COVID-19 pandemic while staying-at-home. The pandemic had profound impacts on how people sourced, valued, and used food. Household food security deteriorated during the pandemic; food-insecure was most acutely felt by the U.S. and Chinese families with the lowest income or those who had household members losing income during the pandemic. There were also indications of positive changes in household food dynamics, including closer family bonding around the dinner table and, perhaps, better nutrition from increased time spent on meal planning and preparing at home, as well as making more out of the food they have and wasting less. Survey findings offer insight into the resilience of the food systems across multiple functional indicators, such as food choices, availability, price stability, system-responsiveness, and flexibility. This study also sheds light on long-term questions to be explored in further research about future food patterns as well as how people make food behavior changes at times of crisis and relevant consequences.
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Export-oriented seafood trade faltered during the early months of the COVID-19 pandemic. In contrast, alternative seafood networks (ASNs) that distribute seafood through local and direct marketing channels were identified as a “bright spot.” In this paper, we draw on multiple lines of quantitative and qualitative evidence to show that ASNs experienced a temporary pandemic “bump” in both the United States and Canada in the wake of supply chain disruptions and government mandated social protections. We use a systemic resilience framework to analyze the factors that enabled ASNs to be resilient during the pandemic as well as challenges. The contrast between ASNs and the broader seafood system during COVID-19 raises important questions about the role that local and regional food systems may play during crises and highlights the need for functional diversity in supply chains.
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INTRODUCTION

Seafood is among the most traded food commodities in the world. In 2018, 38% of the global fish supply was exported at a value of US$164 billion (Food Agricultural Organization of the United Nations, 2020). By value, this represents an inflation adjusted increase of 168% in the last 40 years. Multiple factors are contributing to the continued growth and globalization of the seafood system, including neoliberal trade policies that incentivize export of seafood and advancements in technological capacity that enable wide distribution of highly perishable products (Anderson et al., 2010). The expansion of seafood trade has resulted in a range of socioeconomic benefits, including increased employment opportunity and food security (Asche et al., 2015). However, it also makes the seafood system more vulnerable to systemic shocks that disrupt the flow of product and the livelihoods that depend on it (Cottrell et al., 2019). The global financial crisis of 2007–2008, for example, resulted in an estimated 7% decline in seafood exports worldwide, including a 9% decline in the United States and Canada (US$632 million; Food Agricultural Organization of the United Nations, 2010). A decade later, the seafood system again faces a systemic shock, this time due to the COVID-19 pandemic (Love et al., 2021). Shocks like these are becoming an increasingly common feature of food systems, including those associated with seafood (Cottrell et al., 2019)—a trend that can be expected to continue, given the challenges presented by climate change (Rockstrom et al., 2020) and increased globalization in food systems (Kummu et al., 2020). Such disturbances will continue to have major implications for the well-being of the 60 million people worldwide who are directly employed by fisheries and aquaculture as well as those who are involved in processing, distribution, and sales and depend on seafood for nutrition (Food Agricultural Organization of the United Nations, 2020). As such, systemic shocks like the COVID-19 pandemic provide an important opportunity to study food system resilience and learn from segments of it that exhibit shock-tolerance. By food system resilience we mean the “capacity over time of a food system and its units at multiple levels, to provide sufficient, appropriate and accessible food to all, in the face of various and even unforeseen disturbances” (Tendall et al., 2015, p. 19).


Alternative Seafood Networks Contribute to Systemic Resilience

As seafood systems become increasingly globalized, evermore product flows out and away from the places where it is caught or farmed. However, during systemic shocks, food systems—including those associated with seafood—can experience “deadlock” where segments of the supply chain are unable to function because other segments of the supply chain are not operating and these segments cannot function because still other segments are not operating (Garnett et al., 2020). Such paralysis, even if temporary, can have serious socioeconomic implications. For example, an estimated 40% of survey participants in a study conducted in seven countries in Latin America and the Caribbean reported being without food during the COVID-19 lockdown (Hill and Narayan, 2020 as reported in World Bank, 2020). In the United States, US Census Bureau Household Pulse Survey shows that the percent of adults in the country that sometimes or often do not have enough to eat in the last seven days has increased from 8% before the pandemic to 11% by February 1, 2021 (US Census Bureau, 2021).

Local and regional seafood systems are not immune to shocks, including but not limited to those caused by extreme weather events (Marín et al., 2010) and anthropogenic catastrophes (Cockrell et al., 2019). Furthermore, these place-based systems are not fully decoupled from global seafood systems (Bronnmann et al., 2020; Farrell et al., 2020). Nevertheless, key distinctions between them exist in terms of their relationship and geographic orientation to consumers. In particular, what local and regional seafood systems lack in their overall geographic reach and total market potential, they make up in their direct connection and proximity to consumers (Stoll et al., 2020). This “relational” orientation between harvesters and consumers sets local and regional seafood systems apart from their global counterparts. Since these systems are not fully dependent on long or complex supply chains, the physical and social connectedness associated with them may also help to insulate local and regional seafood systems from the deadlock caused by systemic global shocks. We therefore propose that there is likely an inverse, yet complementary, relationship between local and global seafood systems during periods of systemic shock. Specifically, we predict that during these episodes of systemic shock, we can expect to see a short-term re-localizing phenomenon unfold (Figure 1)—one which contributes important systemic resilience to seafood systems at large.


[image: Figure 1]
FIGURE 1. (A) Fisheries in the United States and Canada have become increasingly trade-oriented, but in the last 25 years, multiple systemic shocks have caused global trade to drop sharply, including during the ongoing COVID-19 pandemic (United Nations, 2020). Asterisks correspond to global recessions. (B) Systemic shocks impact all levels of the food system, from producers to consumers, and can lead to “deadlock” in the system. (C) Globalization in the seafood system leads to a local-to-global pattern where product is distributed out and away from the places where it is caught, creating a void of seafood. (D) During the early months of COVID-19 pandemic, however, global seafood supply chains faltered, leading to greater dependence on local food systems and a surge or “bump” in local and direct distribution.


To explore this dynamic, we draw on data from the United States and Canada during the early months of the COVID-19 pandemic. COVID-19 initially impacted seafood trade by altered consumer behavior in China, the largest importer of seafood worldwide (Love et al., 2021). The impacts of COVID-19 subsequently propagated worldwide. The first cases of COVID-19 were observed in the United States and Canada in early January of 2020. On March 11 the World Health Organization declared the spread of the COVID-19 virus a global pandemic and the United States and Canadian governments responded by temporarily closing businesses deemed non-essential and encouraged stay-at-home practices. Less than two weeks later, on March 21, the Canada-US and US-Mexico borders were closed to non-essential travel. Social distancing and other public health measures immediately altered consumer behavior, with the restaurant and food services sector particularly hard hit (White et al., 2021). In March 2020, for example, the US Farm Bureau reported a 27% increase in grocery store sales compared to the previous year and a 25% decrease in restaurant and other food establishments (U.S. Farm Bureau, 2020). Nearly all segments of the seafood system were impacted in some way by COVID-19 (Sorensen et al., 2020; Love et al., 2021; White et al., 2021). Examples include delayed fishing seasons, outbreaks in processing plants, and depressed prices due to reduced global demand.

The focus of this research is on a segment of the seafood system called alternative seafood networks (ASNs) (Figure 2) Alternative seafood networks refer to a range of “boat to fork” seafood distribution models that contribute to local and regional seafood systems (Witter and Stoll, 2016; Witter, 2020). Like alternative food networks in the agricultural sector (c.f. Whatmore et al., 2003; Goodman et al., 2012), which emerged in response to problems in terrestrial food systems, ASNs aim to address perceived economic, social, and environmental issues associated with the global seafood system—including but not limited to concerns about overfishing, industrialization, privatization, and the disappearance of small-scale and community-based fishing operations (Brinson et al., 2011; Campbell et al., 2014; McClenachan et al., 2014; Stoll et al., 2015). The literature also refers to ASNs as direct marketing arrangements (Stoll et al., 2015), community supported fisheries (Bolton et al., 2016), and relational seafood supply chains (Stoll et al., 2020). While further research is needed to define the parameters of ASN, we use the term ASN broadly to describe individual and collective efforts by fishers and fishing families to use relational seafood supply chains to distribute their catch directly to consumers.


[image: Figure 2]
FIGURE 2. A simplified depiction of Alternative Seafood Networks and their orientation to the global seafood supply chain. (a) The predominant system is based on transactional relationships and moves seafood into the global marketplace. (b) ASNs diverse distribution channels provide ways for small-scale operators to directly connect with consumers through local and direct-to-consumers sales. Note the redundancy of linkages. (c) Small-scale operators that sell through ASNs also often depend on the predominant seafood system for selling a portion of their catch.


Alternative seafood networks exist worldwide and were identified as a “bright spot” in both high- and low-income countries during the early months of the COVID-19 pandemic (Bennett et al., 2020; Gephart et al., 2020; Loring et al., 2020; O'Malley, 2020). For example, in the northeast, United States, Smith et al. (2021) found that 60% of the 258 fishers they surveyed reported adapting to local and direct seafood sales during the pandemic. Similarly, in a survey of small-scale fisheries across Europe from more than 105 fishing organizations from 12 countries, Pita (2020) found that 48% of respondents had shifted to direct-to-consumer sales through ASNs. Even some multinational corporations pivoted toward local and direct models of seafood distribution (Cooke Aquaculture, 2020)1.

In this paper, we present multiple lines of quantitative and qualitative evidence to show that ASNs experienced a short-term pandemic “bump” in both the United States and Canada in the wake of supply chain disruptions and government mandated social protections. We then analyze the factors that enabled ASNs to be resilient during the early months of the pandemic and discuss the implications for seafood systems. We frame our analysis of ASNs around the concept of systemic resilience, which describes the ability of actors in a complex system to effectively respond and recover from shock and surprise (Walker and Salt, 2012; Ungar, 2018). Generally, systemic resilience involves some sequence of actions through which agents (people, firms, or industries) adapt to new circumstances and secure the resources required for recovery (Ungar, 2018). Response diversity, flexibility, social capital, and learning are among the primary system properties known to confer systemic resilience (Carlisle, 2014; Leslie and McCabe, 2014). Systemic resilience also operates at multiple levels (Berkes and Ross, 2013); people may draw resilience from larger social networks or the state, and they may also, through their actions, contribute resilience to those higher levels. Here, we are particularly interested in the individual and structural circumstances that enabled or inhibited local agents' ability to adapt to the new societal and supply chain challenges created by COVID-19, effectively allowing the inverse pattern of response noted above. Our findings have important implications both for how we understand the role of heterogeneity in food systems, particularly with respect to the scale and organization of production and distribution of food, as well as for policy options for enhancing the systemic resilience of seafood systems moving forward.




METHODS

This study uses mixed methods to examine changes experienced by ASNs during the early months of the COVID-19 pandemic. Specifically, we draw on multiple types of quantitative and qualitative data from different sources: Google search terms, website analytics, SafeGraph, and in-depth qualitative interviews. In gathering and analyzing data for this study, we also included a mixed authorship team, composed of academic and practitioner knowledge holders. This team was composed deliberately to be inclusive of gender, a wide range of geographies, and Indigenous and non-Indigenous participants. This team was recruited with intentions to conduct research with, instead of on, ASNs, and in recognition that knowledge emerges from society and the specific relationships we, as researchers, have to people and the environment. Adding non-traditional authors to our writing team represents a small way to acknowledge the important contributions that practitioners have had on our thinking, ability to collect critical data, and integral support to the research process. This decision also reflects our philosophy that shared authorship is also about distributing the privilege and legitimacy that comes with publishing.


Co-authorship

To acknowledge the different, but complementary ways in which researchers and practitioners create and disseminate knowledge, authorship on this manuscript was based on intellectual contribution rather than the particular tasks each author completed for the research (e.g., writing, revising, etc.; see Castleden et al., 2010). Our team included 14 individuals who are involved in ASNs in a professional capacity (including two with a dual role in academia; hereafter referred to as “practitioners”) and four researchers who do not have a financial interest in ASNs (hereafter referred to as “researchers”). The researcher sub-team was responsible for the initial conception of the paper, primary data collection, analysis, and drafting the manuscript. The practitioner sub-team provided website analytics data and feedback on the results and multiple drafts of the manuscript. By assembling this mixed authorship team, we acknowledge the important role practitioners often play in enabling research and create space for those with grounded experiences to confirm that their lived experiences are represented appropriately.



Quantitative Analysis

We analyzed ASNs using three quantitative datasets: Google search terms, SafeGraph foot traffic, and website analytics.


Google Search Terms

Google search term data associated with seafood and food systems were analyzed for a 5-year period from June 2016 to July 2020. Search terms included in the search were “seafood,” “direct seafood,” “local fish”, “home delivery seafood”, “seafood box,” “local seafood, “local food”, and “community supported agriculture.” We note that we did not include the search term “community supported fishery” because there was not enough data.



Foot Traffic

SafeGraph is a data company that aggregates anonymized location data from numerous applications in order to provide insights about physical places. During the early months of the pandemic, SafeGraph made their foot traffic data publicly available. We used these data to compare foot traffic at fish and seafood markets to foot traffic associated with ASN (January–June, 2020). To do this, we used the North American Industry Classification System (NAICS) to identify fish and seafood markets (NAICS code 445220) and then used the Local Catch Network Seafood Finder, which lists ASN from across the United States and Canada, to identify the subset of businesses that are ASN. Following White et al. (2021), we filtered out businesses that were mislabeled as seafood markets and those with <300 days of foot traffic data since the start of 2019. Data were normalized by dividing the number of daily visits by the number of devices present per the recommendation of SafeGraph. The number of businesses fluctuated over time as well, so we normalized visits by the number of businesses included each day, resulting in an average number of visits per business per day.



Website Analytics

Daily website analytics for eight ASNs in the United States (n = 6) and Canada (n = 2) was collected for the time period of January 1, 2019 to June 30, 2020. Businesses were selected purposefully to ensure geographic coverage across the United States and Canada (East and West Coasts) and to account for different types of ASN described by Bolton et al. (2016): (1) harvester focused; (2) consumer focused; and (3) species focused. Additional attention was given to selecting different size ASN—from those distributing to dozens of consumers to thousands. Because the website analytics data used in the analysis is from a non-random sample, results are intended to show a general trend. Data were downloaded from Google Analytics and Squarespace Analytics (n = 8) and analyzed in R (Version 3.6.1). Data were normalized to allow for business-to-business comparison using a z-score calculation [z = (x – μ)/σ], where x represents the raw data, μ represents the population mean, and σ represents the population standard deviation. Change in consumer interest was calculated on a year-over-year basis for 2019 and 2020.




Qualitative Analysis

Thematic networks are used to organize salient themes and provide structure in the depiction of those themes and how they were derived (Attride-Stirling, 2001). Though similar to methods of qualitative analysis found in grounded theory (Corbin and Strauss, 2008), thematic networks are not intended to “discover the beginning of arguments or the end of rationalizations” (Attride-Stirling, 2001, p. 388), but are rather a technique for organizing text and developing rationalizations and their significance (Attride-Stirling, 2001). Thematic networks are constructed using three “levels” of data organization: basic themes, organizing themes, and global themes.

In total, 48 semi-structured interviews were conducted with 16 people via telephone or online video conferencing between March and August of 2020. Interview participants were solicited via recruitment through the Local Catch Network and other similar outreach channels. All participants self-identified as being directly involved in an ASN. While there is not an established set of parameters or criteria for ASN, all participating operations reported selling at least a portion of their seafood through direct market channels (i.e., direct marketing, subscriptions, community supported fisheries, cooperative buying, fishermen's markets, or other alternatives). Interviews were recorded and transcribed, then analyzed using NVIVO qualitative analysis software.

To identify basic themes in the data, we followed the analytical steps laid out by Attride-Stirling (2001) and began by reducing the text via a presence/absence coding scheme. We focused the presence/absence on factors that supported or hindered resilience in ASNs. Once all transcripts were coded, codes were refined to consolidate any redundancy and clarify code definitions. Codes were organized around emerging themes, then refined to clarify discrete boundaries between ideas. The emergent themes were organized into coherent groupings, resulting in organizing themes of several social and structural factors. We further consolidated those themes into key organizing themes of structural and response diversity, which fit best under a global theme of resilience. To connect empirical evidence from the interviews to the global theme, we linked exemplifying pieces of interview text to the thematic network at the basic coding level (Supplement 1). It is important to note that in the present approach to thematic coding, prevalence of occurrence of individual codes does not imply relative importance, and hence is not reported here.

To develop the policy recommendations table, we posed the following question to the practitioner authors: what social, political, economic, environmental, regulatory, and/or cultural changes are needed to institutionalize the short-term “pandemic bump” that CSFs have observed and lead to transformative change in the seafood system? We collected 27 responses to this question and synthesized responses thematically.




RESULTS


Alternative Seafood Networks During Systemic Shock

Our research suggests that in the early months of the COVID-19 pandemic there was a rapid increase in demand for local and directly sourced seafood in the United States and Canada, at a time when many other segments of the broader food system were disrupted (Garnett et al., 2020; Love et al., 2021). This finding is supported by multiple lines of quantitative and qualitative evidence. We find that Google searches for terms related to local and direct seafood distribution surged in the beginning of March. For example, from mid-March until the end of June, the searches for terms like “direct seafood” (not shown) (+88%), “seafood delivery” (+209%), and “local fish” (+4%) (not shown) all increased and then started to return to normal during the summer (Figure 3). This pandemic “bump” is reflected in Google searches for terms related to the local food system more broadly such as “local food” (+47) and “community supported agriculture” (+124%) (not shown), but not general terms like “seafood” (−6%) (Figure 3). These results are consistent with website analytics data across the United States and Canada. Across a geographically distributed but non-random subset of ASNs (n = 8), we find no year-over-year difference in ASN website traffic in January or February 2020 compared to the previous year. However, corresponding with the implementation of government ordered health measures related to COVID-19, there is a large mean year-over-year increase in March (+276%), April (+982%), May (+1,312%), and June (+339%) (Figure 3). This pattern is observed in all eight of the ASN across geographic regions, scales, and types.
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FIGURE 3. (Top) Google Analytics web traffic data for select alternative seafood networks (n = 8). (Bottom) Google search trends for example phrases related to local food systems and direct producer-to-consumer sales (White et al., 2021) similarly describe an increase in web searches for the term “seafood recipes” (A–C). Note that a similar pattern does not exist for the more general term “seafood” (D).


SafeGraph foot traffic data provides modest evidence that ASN did not decline as rapidly as conventional fish and seafood markets during the early months of the COVID-19 pandemic. The mean number of people visiting approximately 3,000 fish and seafood markets in the United States decreased by 30% in 2020 as COVID-19 cases started increasing (Figure 4A), although this also varies by state (White et al., 2021). There was some recovery starting in mid-April, but foot traffic never reached levels seen in the previous year (Figure 4A). Although a small sample size (n = 16), ASNs listed on the Local Catch Network did not experience a sharp decline and followed a very similar pattern to 2019 (Figure 4B).


[image: Figure 4]
FIGURE 4. Rolling mean of normalized seafood market foot traffic for (A) all seafood markets in the US and (B) only those seafood markets found in the Local Catch Network (https://finder.localcatch.org/). The vertical gray bars designate the initial introduction of social-distancing guidelines and subsequent reopening efforts.


Interview data with ASN operators further corroborate our findings. A total of 48 interviews were conducted with 16 ASN operators. In total, 15 of 16 ASNs (93%) reported a major increase in demand for their products through both in-person and online outlets. As one respondent observed:

In the beginning I think a lot of us were nervous that we weren't going to be able to get rid of [our product] … And then the thing was for a couple of weeks, people started kind of panic buying in the beginning, and it was like “Oh no, we actually can't keep up with what people are wanting.” But then once it started to level out we've been able to get rid of everything (Participant 1, April 28, 2020).

Although ASN operators are optimistic that demand for local and directly sourced seafood will be sustained, some interviewees began reporting a decline in the initial “bump” in demand in June and July as retail locations reopened more broadly.



Resilience of ASNs During Systemic Shock

Research participants identified multiple drivers and determinants of their resilience and ability to adapt their business practices during the early months of the COVID-19 pandemic (Figure 5 and Supplement 1). Generally, these fell into two categories: structural factors and response diversity. Structural factors describe the fixed or hard-to-change features of society, such as infrastructure and policy, which create vulnerabilities to impacts and path dependence as people mount their responses to change and surprise (Loring et al., 2011). Response diversity, on the other hand, describes the breadth of existing and new strategies that people mount in response to some challenge (Leslie and McCabe, 2014), which as we discuss below and is influenced by a variety of factors at the individual- and societal-levels.
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FIGURE 5. Structural and response factors that supported or hindered ASN resilience during the COVID-19 pandemic. Factors in dark blue were identified as being important to supporting ASN resilience across research participant contexts. Factors in green were either supportive or hindering ASN resilience depending on the context of individual ASNs. Factors in light blue were identified as hindering ASN resilience across research participant contexts.


With respect to structural factors, study participants identified many circumstances that support or reduce resilience (Figure 5), such as having access to diverse supply chain configurations (e.g., distribution methods, consumer-harvester interaction interfaces, consumer bases), and diversified fishing portfolios containing multiple species and fishing seasons. Participants also identified specific circumstances that inhibited or made more difficult their efforts to adapt to pandemic-induced challenges such as limited options to transport seafood products, closed or restricted fishing seasons, lack of processing infrastructure and freezer space, or lack of a well-established online retail system and brand.

One structural challenge to ASNs resilience was decline of restaurant sector due to the pandemic. Though ASNs reported a significant increase in demand from individual consumers, adapting to serve those markets came at a cost. To remain in business, ASNs were forced to pivot their consumer base away from restaurant-based markets and other retail outlets that had closed, such as farmers markets. These closures created an overall decline in demand and drop in price, resulting in the closure or delay of some fisheries (e.g., white fish fishery in the Great Lakes). In some places it also caused a loss of processing capacity when large processors temporarily closed due to a lack of product to process. As one ASN owner described:

Having that really direct connection takes out a lot of variability or uncertainty. You know the more hands you put in the middle the more uncertainty there is. Right? The more, you know, you just don't know for example if this processor or that processor is going to shut down. Or if you're dealing with wholesalers or distributors in between you just don't know, you can't control those things. The direct relationship between the fishing family and the end consumer builds trust, builds flexibility on the part of the customer (Participant 9, April 22, 2020).

Other structural resilience challenges arose due to price uncertainty from large-scale processors, to whom many ASNs sold the excess of their catch, though the rising demand from new individual customers acted as a buffer for some ASN models. Processing capacity and availability, either within the ASN or through a larger commercial processor, became tenuous as processing spaces closed their doors or limited their intake—a challenge for a small ASN with no privately-owned processing space. Similarly, accessing appropriate retail space such as docks or other physical locations that allowed for social distancing and sanitation measures was also critical for ASNs to maintain sales.

Alternative seafood network operators also identified physical infrastructure and available workforce as critical to their ability to adapt to new buying and selling strategies, keep their workforce and customers safe, and rapidly scale their business model in response to increasing demand. Alternative seafood network operators also noted the absence of physical infrastructures such as those described above as a hindrance to resilience. Difficulty in finding local employees (or the secondary barrier of processors not having enough employees, and thus closing) and working around COVID-19 distancing and health safety concerns (e.g., insufficient space, etc.) were significant challenges that limited ASN ability to adapt to new production and sales conditions. As one harvester described:

I'm always a really big fan of selling whole fish. One of our infrastructure struggles is finding processors. We've had our favorite one shut down and he didn't reopen, so for us not knowing the market is one thing but getting it processed for high demand would actually be a challenge. At that point I would really encourage my customers to buy whole fish (Participant 3, May 5, 2020).

Some ASN operators identified the lack of access to fishing grounds, or feeling unsafe to travel to their fishing grounds, as a problem. Those who could access the fishing grounds identified geographic access to markets as a challenge in remote areas where fishers faced increased logistical barriers to getting their product to markets when transportation and travel became restricted. Secondary to challenges of access were challenges around maintaining a steady supply of product, particularly for those ASN harvesters who were unable to return to their harvesting grounds or missed important fishing seasons/openers. Here, ASNs often relied upon the aforementioned strong social networks between harvesters to maintain their seafood supply chains (e.g., access to harvested seafood through their co-op). As an ASN owner-harvester explained, “It's really been helpful that the co-op is providing me with basically it's like fish on tap, where I can go back and get more if I run out” (Participant 2, May 17, 2020).

Regarding response diversity, we found that factors at the individual and societal level influenced the range of options that ASN operators were able to mobilize in response to the pandemic. Participants described drawing extensively upon social networks and their own personal psychological resilience to get through the early months of the pandemic. Inter-harvester relationships and relationships to higher-level organizations such as fisheries co-ops were cited by many participants as being essential to their ability to distribute their catch.

These relationships were also viewed by many as being important for facilitating new markets. For example, ASN harvesters who live away from the fishing grounds in the off-season were able to develop new markets in places that were otherwise not served by their fishery. Respondents also described the positive social and psychological impact of their relationships with consumers, and highlighted the opportunity for face-to-face interactions (e.g., during curb-side pickups or home deliveries), especially during COVID-19 where such interactions have been limited in daily life.

This emphasis on relationships is closely coupled with the underlying philosophies that shape ASNs and was key to informing how they operated during the pandemic. For example, ASNs often prioritize sustainable food systems, human and community health, and well-being alongside profitability (Witter and Stoll, 2016). These topics are often tightly coupled, but during the early months of the pandemic, ASNs grappled with the tradeoffs between the need to provide seafood and the risks associated with contracting or spreading the virus, particularly to rural and remote fishing communities. As one ASN operator explained, “I do feel like I have a right to get to our fishing boat and go catch fish. And as fishermen we are essential workers. But do I want to exercise that right? Do I want to put my kids on an airplane, fly myself and my partner and my kids up [to Alaska where we fish] and be a vector for this town that I love so much?” (Participant 2, April 27, 2020).

Setting appropriate price points and managing consumers' fears and anxiety about committing to a subscription or share-based model during times of economic uncertainty was also a challenge. Alternative seafood network owners reported being oriented around providing high quality seafood products for reasonable prices, but faced declining disposable income in their consumer bases as people struggled with financial security during the pandemic.

Respondents also identified relationships to place as being important in both developing new markets and selling place-based products. For example, ASN harvesters who live away from the fishing grounds in the off-season were able to develop new markets in places that were otherwise not served by their fishery. Their personal connection to their home area and their fishery was important to connecting consumers to the value and origin of their product. Harvesters also reported feelings of satisfaction through connecting with their customers and sharing with them a nutritionally and emotionally valuable food product. This factor linked closely to ASNs having core underlying philosophies that inform their business decisions and offered flexibility in considering what an ASN should achieve and how a sustainable business model should look during the pandemic. For example, prioritizing sustainable food systems and human and community health and well-being alongside profitability.

Conversely, social and emotional tolls from the uncertainty of the COVID-19 pandemic's impact on their fisheries and markets hindered many with worries about risks and responsibilities of contracting or spreading the virus, particularly to rural and remote fishing communities. Setting appropriate price points and managing consumer fears/anxiety of commitment to a subscription or share-based model ASNs during times of economic turmoil has also been a challenge. As one harvester explained:

We've actually dropped the prices on a lot of things. I know like tuna and opah went from being like $14.00, $15.00 to now everything is like $10.00/lbs and some of the whole fish is cheaper, whole or a couple dollars less filet, just again people are I think wanting to move stuff but also make sure that people are able to buy because as much as we're struggling, so are the people that are supporting us (Participant 9, May 11, 2020).

Likewise, many discussed their own willingness to be flexible, e.g., moving their operations online, as well as having online marketing platforms and presences in the first place, as essential to accommodating social distancing requirements and accessing new consumers.



Strengthening Alternative Seafood Networks

Alternative Seafood Networks operators identified several key barriers to ASN development and growth, notably a lack of appropriate infrastructure such as docks or other unloading areas, reliable postal services, or seafood processing locations. Others identified challenging regulatory environments that make it difficult to obtain appropriate permits, licenses, or other permissions required to direct-market seafood to local consumers or retailers. Underlying these challenges was also a reported lack of state/provincial or federal recognition of ASNs and small-scale fisheries and the role they provide to local food security. Table 1 provides a synthesis of policy changes to address these challenges identified during interviews.


Table 1. Policy opportunities to strengthen alternative seafood networks.
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DISCUSSION

Our research provides evidence of a temporary re-localization in the seafood system during the early months of the COVID-19 pandemic, in which demand for local and directly sourced seafood spiked abruptly. This finding is consistent with recent studies that find evidence that fishers shifted to local and direct sales as a key adaptation strategy during the early months of the pandemic (Pita, 2020; Smith et al., 2021). To date, ASNs have been described as an important strategy for small- and mid-size seafood operations to build firm-level resilience (Kittinger et al., 2015; Stoll et al., 2020). However, the relative shock-tolerance that ASNs exhibited during the COVID-19 pandemic also suggests that they may contribute to the “systemic resilience” of the broader seafood economy. That is, ASN participants may be uniquely capable of mobilizing the necessary response diversity that allows producers and consumers to circumvent supply chain deadlocks during times of stress. Indeed, it is worth noting that the pattern of re-localization during shocks that we document in this paper is not a new phenomenon. For example, in 1917, during World War I, the Canadian Ministry of Agriculture encouraged citizens to establish “victory gardens” as part of the tactical strategy to increase food sovereignty and win the war. Woodrow Wilson, president of the United States between 1913 and 1921, launched a similar campaign. More contemporary examples also exist. For example, Gómez and Lien (2017) have previously observed that the global financial crisis of 2007–2008 played a critical role in catalyzing local food distribution in southern Europe. Similarly, during the 2007–2008 global financial crisis, the iconic lobster fishery in Maine, which had been becoming progressively more globalized (Stoll et al., 2018), pivoted their efforts toward local and domestic seafood distribution. Likewise, this pattern of food systems localization has also been reported to us anecdotally from multiple Latin American locales during the pandemic, including Puerto Rico (Marco Hanke, pers. commun., 17 August, 2020, Chile (Marah Hardt, pers. commun., 06 July 2020), Mexico (Ines Lopez, pers. commun., 31 August, 2020), and the Caribbean Islands (Felicity Burrows, pers. commun., 21 July 2020). Within Indigenous contexts, local pivots in fisheries may also open the door to Indigenous self-determination and food sovereignty through small-scale artisanal fisheries in North America (Lowitt et al., 2019).

Some of the drivers and determinants of resilience observed here match with findings of other research, including the importance of existing infrastructure, experience with alternative fisheries and marketing strategies, and a willingness to be flexible on the part of individual operators (Hamilton et al., 2003; Huntington et al., 2017). Particularly noteworthy, we believe, is the apparent role of psychological resilience and agency at the individual level, e.g., fishers' commitment to fishing and to core values for fishing, in supporting the continued function of the seafood system at higher levels. This is an important contribution to how we understand the role of individual coping and well-being in the resilience of fisheries and the larger social-ecological systems within which they are embedded (Adger, 2000). Resilience at the individual level has been discussed previously, but largely in terms of people's ability to cope and maintain their own well-being during crisis (Coulthard, 2012; Broch, 2013). Here, we have an example of individuals contributing positive resilience, that is, the ability to not just bounce back but bounce forward (Manyena et al., 2011), in a way that is transferring resilience to higher levels in regional food systems and the seafood sector at large.

Troell and colleagues previously hypothesized that the aquaculture sector could add resilience to the global seafood system by increasing the diversity of fished species and production locales (Troell et al., 2014). While we are unaware of studies that have tested their hypothesis for aquaculture or any other subsector of the seafood industry, here we present findings that suggest ASNs may contribute to the systemic resilience of the global seafood system. In part, they do by adding diversity to the production systems and supply chains and allow fishers to circumvent deadlocks in global supply chains by moving product through local markets. We also find that individual agency plays an important role, agency that is empowered by fishers' psychological resilience and commitment to the unique value sets around fisheries that ASNs embody, values such as fair access and simple supply chains. This suggests that when considering how to improve global seafood systems moving forward, it is insufficient to look at diversification in production and supply chains without looking at the system of values that motivate the actors making and participating in those changes. Further research is needed to understand how ASN are able to persist over time in the face of ongoing and future crises.

Alternative seafood network operators identified a number of structural and response factors that, depending on their local context, helped or hindered their resilience to impacts from the COVID-19 pandemic as well as possible policy options that could address some obstacles to resilience (Table 1). Those policy opportunities were directed toward physical, social, socioeconomic, economic, and regulatory infrastructure. For example, operators identified that lack of physical infrastructure, such as working waterfronts or seafood processing capacity, posed a challenge to ASNs who need space to deliver their product and prepare it for sale. Prioritizing investment at multiple levels to develop and support existing local-level seafood infrastructure would provide appropriate locations and capacity for ASNs to scale their operations to meet demand and seasonal abundance (see Lowitt et al., 2020). Similarly, respondents identified that excessive regulatory “red tape” was often challenging and expensive to navigate, creating disincentives for some seafood harvesters to seek out appropriate permissions to direct market their products. Alternative seafood network operators identified that streamlining and simplifying direct-marketing permissions (e.g., permits, licenses, etc.) and the process by which they are obtained would make this process more accessible to a wider variety of seafood producers and bring direct-marketing of seafood in line with the more streamlined processes that exist for the direct sale of land-based agricultural products.

Finally, to more fully understand the role that ASNs play in the broader seafood system, better data on the sector are critically needed (O'Hara, 2020). At present, there is no national-level data in either the United States or Canada to describe the number of ASNs, their geographic distribution or their total socioeconomic contribution. However, sales associated with local and regional types of agricultural distribution in the United States alone are estimated to be US$9 billion, including US$2.8 billion in sales directly to consumers (USDA, 2019). Addressing this data gap is not beyond the realm of possibility as parallel data for the agricultural sector have been collected since 1976 in the United States through the Farmer-to-Consumer Direct Marketing Act. Such data are critical to further understand the role of ASNs in shock-tolerance and the importance of functional diversity in supply chains, as demonstrated during the COVID-19 pandemic.
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Since in late 2019, when the coronavirus 2 (SARS-CoV-2) pathogen of coronavirus disease 2019 (COVID-19) started to spread all over the world, causing the awful global pandemic we are still experiencing, an impressive number of biologists, infectious disease scientists, virologists, pharmacologists, molecular biologists, immunologists, and other researchers working in laboratories of all the advanced countries focused their research on the setting up of biotechnological tools, namely vaccines and monoclonal antibodies, as well as of rational design of drugs for therapeutic approaches. While vaccines have been quickly obtained, no satisfactory anti-Covid-19 preventive, or therapeutic approach has so far been discovered and approved. However, among the possible ways to achieve the goal of COVID-19 prevention or mitigation, there is one route, i.e., the diet, which until now has had little consideration. In fact, in the edible parts of plants supplying our food, there are a fair number of secondary metabolites mainly belonging to the large class of the flavonoids, endowed with antiviral or other health beneficial activities such as immunostimulating or anti-inflammatory action that could play a role in contributing to some extent to prevent or alleviate the viral infection and/or counteract the development of SARS induced by the novel coronavirus. In this review, a number of bioactive phytochemicals, in particular flavonoids, proven to be capable of providing some degree of protection against COVID-19, are browsed, illustrating their beneficial properties and mechanisms of action as well as their distribution in cultivated plant species which supply food for the human diet. Furthermore, room is also given to information regarding the amount in food, the resistance to cooking processes and, as a very important feature, the degree of bioavailability of these compounds. Concluding, remarks and perspectives for future studies aimed at increasing and improving knowledge and the possibility of using this natural complementary therapy to counteract COVID-19 and other viral pathologies are discussed.
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INTRODUCTION

At the end of 2019, the World Health Organization (WHO) reported numerous cases of low respiratory tract infections in Wuhan (Hubei province, China) caused by a novel virus. The novel virus is a member of the Coronaviridae family and it was identified as Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) due to its high similarity with another previously isolated coronavirus, SARS-CoV (1–4). Due to its spread all over the world, in March 2020, the WHO declared a pandemic (5). Over the recent decades, an increase in diseases caused by new coronaviruses has been reported in humans and animals (6). Among these, SARS-CoV (2002–2003) and MERS-CoV (2012) caused serious health problems and demonstrated the lethality of coronaviruses if they cross the species barrier and subsequently infect humans (7, 8). Currently, the SARS-CoV-2 generated the unprecedented COVID-19 (Coronavirus Disease of 2019) outbreak. This pathogen can affect several tissues at multiple levels in humans: from the cells of nose and throat down to the lung, and also invading the kidneys and the nervous system, where it can lead to severe illness and death (9, 10). The subjects at highest risk of developing severe COVID-19 symptoms are the elderly and those with major chronic diseases, such as diabetes, cancer and hypertension (11). MERS-CoV binds to dipeptidyl-peptidase 4 (DPP4) receptors to infect human cells (6), while both the original SARS-CoV and the novel virus SARS-CoV-2 bind to the angiotensin-converting enzyme 2 (ACE2). However, SARS-CoV-2 has a greater binding affinity to ACE2, presenting an higher infectivity compared to the previous SARS-CoV (12–16). Similarly to SARS-CoV, also in SARS-CoV-2, two open-reading-frames (ORF1a and ORF1b) are translated into two viral enzymes fundamental for virus replication: 3C-like protease (3CLpro) and papain-like protease (PLpro) (17). In this context, an essential role in the infection is played by the spike glycoprotein (S), located on the viral phospholipidic membrane surface (Figure 1). In particular, the receptor-binding domain (RBD) of the spike protein of SARS-CoV-2 binds strongly to ACE2 receptors after the activation by two host serine proteases (TMPRSS2 and furin). The entry of the virus into host cells causes an increase of the natural inflammatory response (defined as a cytokine storm), leading to serious problems particularly in the respiratory tract.


[image: Figure 1]
FIGURE 1. Schematic representation of the main mechanisms of action against SARS CoV-2 of different secondary plant metabolites: flavanones, flavonols, aromatic compounds, and sulfur compounds.


In synergy with therapeutic treatments and vaccines, we propose that the diet might play a significant role to prevent or to mitigate the symptoms of this illness. In fact, it is known that many phytochemicals have great potential in preventing viral infection, modulating immune responses, and decreasing the inflammatory response (18, 19). These natural molecules are present not only in a few medicinal plants, but also in many edible parts (seeds, fruits and vegetables) of cultivated plants which form part of the human diet. Consequently, we have available various “functional foods” that could complement our daily diet, with positive effects on both prevention and reduction of the severity of COVID-19 symptoms (Table 1).


Table 1. Main foods rich in bioactive molecules and their effectiveness against CoVs.

[image: Table 1]

Several foods, particularly fruits and vegetables, are rich in different natural compounds with beneficial effects on human health. In particular, various aromatic and a few sulfur compounds are known for their key roles as antioxidants, antivirals and anti-inflammatories (38). These bioactive phytochemicals may thus alleviate SARS-CoV-2 symptoms, decreasing the inflammatory responses (39, 40).

In this review, we present many natural plant-derived compounds whose intake can be implemented in the human diet and illustrate their antiviral potential or beneficial properties which may counteract COVID-19 progression. Furthermore, within the same species, the varieties characterized by a higher content of these phytochemicals are described. In particular, the focus is on the flavonoids flavonones and flavonols which are reported to be able to significantly counteract coronavirus infection and thus may also play a central role in protection against the novel COVID-19.



FLAVONOIDS

Flavonoids are secondary metabolites synthesized by plants. They are divided into different classes: anthocyanins, flavanols, dihydroflavonols, flavanones, flavones, flavonols, isoflavonoids, chalcones, and dihydrocalcones (18).

The maize flavonoid biosynthesis involves over 20 loci, and historically was the first elucidated plant metabolic pathway, due to the facility with which it enabled work with non-lethal mutants, and corn revealed itself to be the ideal model plant for a variety of different genetic studies.

The pathway starts from the condensation of four molecules of coumaroyl-CoA with 3-malonyl-CoA, which produces naringenin chalcone by the enzyme chalcone synthase, CHS (Figure 2). Naringenin chalcone is subsequently isomerized by chalcone isomerase (CHI) to naringenin, a key intermediate of the biosynthetic pathway. Naringenin is then transformed to dihydrokaempferol, which in turn is the substrate for three enzymes: (1) dihydroflavonol reductase (DFR) which leads to pelargonidin synthesis; (2) flavonol synthase (FLS) that transforms dihydrokaempferol to kaempferol; (3) flavanone 3-hydroxylase (F3′H) that catalyzes the formation of dihydroquercetin. Similarly, dihydroquercetin leads to the synthesis of cyanidin by dihydroflavonol reductase (DFR) or to the formation of quercetin by FLS. F3′H is also a key enzyme for the synthesis of phlobaphenes (41). These red pigments are formed from polymers of luteoforol and apiferol, which in turn derive from eriodictyol and naringenin, through the action of the DFR enzyme. Moreover, eriodictyol can be converted to dihydroquercetin by the activity of F3H (42). All these structural genes are regulated by the presence of two multigene families, c1/pl1/p1 genes, belonging to the family of MYB transcription factors and r1/b1 genes, belonging to MYC transcription factors (43–45). Usually, an active form of each family (acting as dominant) must be present to lead anthocyanin biosynthesis in different plant tissues according to the presence of different alleles.


[image: Figure 2]
FIGURE 2. Scheme of flavonoids biosynthetic pathway. Abbreviations of genes (enzymes): pal (PAL), phenylalanine ammonia lyase; c4h (C4H), cinnamic acid 4-hydroxylase; 4cl (4CL), 4-coumarate-CoA ligase; c2 (CHS), chalcone synthase; chi1 (CHI), chalcone isomerase; f3h (F3H), flavanone 3 hydroxylase; pr1 (F3′H), flavonone 3'-hydroxylase; a1 (DFR), dihydroflavonol synthase.


There are various studies that highlight the wide range of biological activities of flavonoids, such as antiviral (46), antioxidant (47), anticancer (48), antimicrobial (49), and anti-inflammatory (50). As antivirals, several flavonoids have been reported to inhibit the targets of SARS and MERS coronaviruses (51) in different ways: blocking the enzymatic activities of viral proteases (3CLpro and PLpro), interfering with spike glycoproteins or suppressing the activity of ACE2 receptors (52, 53), which not only play an important role in cardiovascular diseases, but can be a key factor in viral infections and pneumonia (54). In particular, the hydroxyl group of flavonoids at 7-position appears essential to attack the binding site against 3CLpro and PLpro.

Different studies have focused primarily on the interference of flavonoids with the main viral proteases of SARS and MERS coronaviruses by using tools such as common enzymatic activity measurement, FRET (fluorescence resonance energy transfer) based methods and molecular docking (55–57). 3CLpro and PLpro are both key targets as they process many viral polyproteins that are involved in RNA replication and transcription within host cells (58).

However, the majority of the studies dealing with the health beneficial properties of flavonoids are conducted in vitro on the basis that these compounds show poor stability, low bioavailability, and poor distribution when tested in vivo (52). Among the tools and strategies used to increase these functions, the most promising are the insertion of structural modifications of the molecules (59), the use of absorption enhancers and nanotechnology (60, 61).

In the next step, epidemiological work should focus on clinical trials on COVID-19 patients in order to point out a reduction of the virus multiplication in the patient's body and a decrease in clinical signs (62). Furthermore, the advantage of implementing the diet with flavonoids is related to their high safety profile and lack of major side effects (62).

In this context, several authors have recently suggested kaempferol, quercetin, naringenin, curcumin, catechin, and epicatechin-gallate as recommended compounds found in plants that may act against COVID-19 proteases (18, 19, 26).


Quercetin

Quercetin is one of the most important flavonoids and belongs to the class of flavonols (Table 1). Quercetin is the aglycone form of several glycoside flavonoids: rutin and quercitin are the most common. In fact, sugars such as glucose, rhamnose, galactose, and rutinose are usually bound to these natural compounds to form glycosides. Quercetin is naturally present in several fruits and vegetables, and also in medicinal herbs (63, 64). Its highest concentration is present in capers (Capparis spinosa L.), which contain 234 mg of flavonol per 100 g of edible portion. Due to its beneficial properties, quercetin is used as a food supplement and can counteract various diseases, acting as antiviral, anticancer, antioxidant, antidiabetic, antiulcer, antiallergy, antihypertensive, anti-inflammatory, and was reported to protect the human body from cardiovascular and gastrointestinal diseases (65). Recently, Solnier et al. have proposed quercetin as a good anti-SARS-CoV-2 candidate (19). In fact, several flavonols showed antiviral activity against coronaviruses (such as SARS-Cov and MERS-CoV) through the inhibition of 3CL and PLpro proteases (51). Since the former SARS-CoV and the new SARS-CoV-2 show high sequence similarity in the spike glycoproteins, flavonols may be also expected to prevent the entry of SARS-CoV-2 into host cells. Moreover, it has been demonstrated that the spike protein of the novel virus binds the ACE2 receptor with higher affinity compared to SARS-CoV (58). Therefore, the inhibition of ACE2 through a competing binding, appears to be a good approach to prevent SARS-CoV-2 infections. In this framework, experimental results have demonstrated that quercetin exerts strong inhibitory effects on ACE2 in vitro, and also in vivo when tested in rats (52–54, 66). Furthermore, the screening of a library of 150 compounds, allowed the identification of quercetin as a potent inhibitor of SARS-CoV-2 3CLpro (67). Taken together, these results suggest that quercetin may prevent the entry of SARS-CoV-2 in the host cell, binding the S protein and inhibiting ACE2 receptors.



Kaempferol

Another important flavonol is kaempferol (Table 1), a secondary metabolite found in a wide variety of edible plants and food-derived products (24), such as kale, common bean, cabbage, broccoli, endive, and leek. The highest level of this compound was found in capers and saffron (259 and 205 mg/100 g, respectively). The glycoside form of kaempferol is astragalin, well-known for its multiple therapeutic properties (68) such as antioxidant (69, 70), anti-inflammatory (71), anticancer (72), neuroprotective (73), and antiviral (25).



Naringenin

A natural compound that belongs to the flavanone class is naringenin (Table 1). Naringenin is present in a wide variety of fruits and vegetables, but the highest concentrations are reported in grapefruit, tangerines, oranges, and tomatoes. Naringenin mainly occurs as glycosides such as naringin or prunin (74). The presence of this flavanone in human diet is relatively high (75), but its bioavailability is limited (nearly 5.81%). Moreover, it appears that the glycosylated form naringin is less bioavailable than the respective aglycone (76). However, in order to solve the problem of naringenin's limited bioavailability, some formulations such as nanoparticles loaded with naringenin have been developed (77). After the absorption via active transport and passive diffusion (78), naringenin attaches to albumin and is finally transported to different organs: brain, liver, kidneys, and heart (79). Like other flavonoids, naringenin was found to be endowed with beneficial strong antioxidant, anti-inflammatory and antiviral properties (80–82). In particular, the antioxidant role of this flavanone was shown to be carried out by eliminating free radicals and preventing DNA oxidative damage (83–85) while the strong anti-inflammatory activity is due to the inhibition of the NF-kB (nuclear factor kappa B) signaling pathway (86) since NF-kB promotes the expression of many fundamental inflammatory proteins (87). The antiviral activity of naringenin was tested against some viruses: HCV, Dengue virus (DENV), Chikungunya virus (CHIKV), and Zika virus (ZIKV) (26). In this context, the beneficial properties and the possible therapeutic effects of naringenin against SARS-CoV-2 have been recently reviewed (26), pointing out that it may exert therapeutic effects against COVID-19 through the inhibition of the main protease 3CLpro and the reduction of ACE2 activity. Moreover, one additional mechanism by which this flavanone can counteract the effects of SARS-CoV-2 infection can be attributed to the attenuation of inflammatory responses.



Hesperetin

Another flavonone similar to naringenin is hesperetin (Table 1), mainly found in the glycoside form (hesperidin) in citrus fruits, where it is particularly abundant in the peel and in the white part of the fruit. Therefore, the consumption of the whole fruit would ensure a greater intake than the juice alone (88, 89). As recently reviewed (90), the content of hesperidin for 100 mL of juice varies according to the fruit: in oranges it ranges from 20 to 60 mg, in lemons from 4 to 41 mg, in tangerines the content is between 8 and 46 mg, while in grapefruit it is lower (2–17 mg). Among all flavonoids, researchers have recently focused the attention on hesperidin because the low binding energy of hesperidin to the spike glycoprotein and to the protease 3CLpro suggests an effective antiviral action (29). In addition, hesperidin is considered an important antioxidant compound (29), able to counteract the damaging effects of oxygen free radicals, triggered by infection and inflammation.




OTHER AROMATIC COMPOUNDS


Curcumin

Curcumin is a natural phenolic compound found in turmeric (Curcuma longa L.), a plant native to India and Southeast Asia where curcumin is used as a traditional medicine to treat various disorders. In Europe, this molecule is used as a food dye for its yellow color and it is classified as a food additive. Curcumin is characterized by multiple beneficial properties, acting as anti-inflammatory, antineoplastic, antiangiogenic, but also as an antiviral (influenza virus, hepatitis C virus, HIV), antibacterial (Streptococcus spp., Staphylococcus spp. and Pseudomonas spp.) and antifungal (Candida spp., Aspergillus spp., Cryptococcus spp., and Dermatophytes spp.) natural compound (91). It is active against various human viruses, bacteria and fungi. Nowadays, foods with high curcumin content have been evaluated as SARS-CoV-2 inhibitors (Table 1). Despite its poor bioavailability, some nanoparticle-based approaches have recently been developed (92–94). Furthermore, it was shown that different compounds can increase curcumin bioavailability. In particular, when combined with piperine, the major active component of black pepper, curcumin can increase its bioavailability as much as 20-fold (95).



Phloretin

Another natural phenol is phloretin (Table 1). Phloretin is a dihydrochalcone and phlorizin is its main glucoside. Both compounds are naturally present in apples, kumquat, pear, strawberry, and vegetables (96, 97). Phloretin is a flexible molecule able to efficiently bind biological macromolecules. It is endowed with antiviral as well as anticancer, antifungal, anti-inflammatory, and antibacterial properties, thus conferring important health-beneficial effects (32). Furthermore, this compound can increase the fluidity of membranes and enhance the penetration of administered drugs into cells (98, 99).



EGCG

An additional compound under research for its beneficial properties on human health which may be interesting under the antiviral activity aspect is epigallocatechin gallate (EGCG) (Table 1). EGCG is a type of catechin and it is abundant in green tea (100), while small quantities are also present in onions, plums, and apple skin. EGCG is a strong antioxidant and antitumor molecule and has the potential to prevent and counteract several human diseases with chronic metabolic and inflammatory components, such as diabetes, stroke, obesity, Parkinson's, and Alzheimer's diseases (101–103). Probably due to its ability to interact with DNA methyltransferases (DNMT), ACE-2 and helicase, EPGCG is also an antiviral molecule able to counteract diseases caused by a wide variety of viruses: herpes simplex virus (HSV), human papillomavirus (HPV), adenovirus, hepatitis B and C viruses (HBV and HCV, respectively), dengue virus (DENV), Zika virus (ZIKV), West Nile viruses (WNV), Chikungunya virus (CHIKV), Ebola virus (EBOV), human immunodeficiency virus (HIV), and influenza virus (104–108).




SULFUR COMPOUNDS


Sulforaphanes

Sulforaphanes are not phenolic compounds, but possess antiviral potential. They belong to the isothiocyanate group of nitrogen-containing plant secondary metabolites and are classified as sulfur compounds (Table 1). Sulforaphanes are stored as glucoraphanin, their inactive form (109). This natural compound is principally found in cruciferous vegetables (such as broccoli), is used in prevention and support of chronic diseases and is supposed to be involved in human aging (110). Moreover, it has been suggested that sulforaphane, like other natural phytochemicals, may be used in SARS-CoV-2 treatment (36). Cruciferous plants are able to release glucoraphanin, converted by the plant into sulforaphane, which in turn activates Nrf2 (111), an important transcription factor that induces an antiviral action and prevents oxidative stress (112). Nrf2 activity decreases with age, causing the elderly to be more susceptible to oxidative stress-mediated diseases (36).




STRATEGIES TO OBTAIN FLAVONOL RICH FOODS

To our knowledge, caper (Capparis spinosa L.) is one of the edible species capable of accumulating the highest levels of quercetin (quercetin-3-rutinoside, named rutin), a flavonol compound with various curative properties (113, 114). Another plant capable of accumulating high levels of rutin in the seed is buckwheat (Fagopyrum spp.) and in particular Fagopyrum tataricum Gaertn that, compared to Fagopyrum esculentum Moench, is able to accumulate 40–50 × higher amounts of rutin (115, 116). In both cases this flavonol is synthesized via the flavonoid biosynthetic pathways where the main genes are PAL, C4H, 4CL, CHS, CHI, F3′H, F3H, FLS, and UFGT (Figure 2); these genes are very highly conserved among different plants and after the first characterization in maize they were studied in different species such as Arabidopsis, petunia, snapdragon and buckwheat (42, 117, 118). Therefore, it seems that the ability to accumulate large quantities of quercetin is determined by the inactivity of a key gene for anthocyanin biosynthesis, the DFR gene. In fact, the activity of DFR would lead to the synthesis of anthocyanins and/or phlobaphenes by subtracting the common precursor naringenin (Figure 2). As a consequence, both caper and buckwheat are not able to accumulate large amounts of anthocyanins in their tissues, as can also be observed for example in flowers that have colorless or weakly pigmented petals. To strengthen this hypothesis, the mutation in anthocyaninless1 a1 (DFR) maize gene, in a genetic background prone to anthocyanin synthesis, has been reported to cause suppression of anthocyanin production followed by an accumulation of quercetin in the aleurone layer conferring a brownish color (119) (Figure 3). Hence the strategies that can be used to increase the flavanone content in food can be summarized as below:

1) the rediscovery of traditional varieties (landraces) naturally rich in these molecules.

2) the use of classical breeding techniques to specifically drive the accumulation of these molecules.

3) a biotechnological approach such as CRISPR/Cas9 to inactivate the DFR gene in pigmented varieties.

All these methods can be used in synergy to increase the flavonol content in foods.


[image: Figure 3]
FIGURE 3. Schematic representation of how plants accumulate quercetin and kaempferol by stopping the activity of DFR (A) and (B) effect of a1 (DFR) mutation on maize seed pigmentation. Genes (enzymes) are abbreviated as follows: c2 (CHS), chalcone synthase; chi1 (CHI), chalcone isomerase; f3h (F3H), flavanone 3-hydroxylase; pr1 (F3′H), flavonone 3′-hydroxylase; a1 (DFR), dihydroflavonol synthase. In (B) R represent red color 1, a regulatory gene conferring anthocyanin pigmentation in the aleurone seed layer.


The species/varieties rich in flavanones such as quercetin or naringenin will be described in the next paragraph. The strategy 1 is the simplest and most user-friendly since it is based on the selection of pre-existing varieties, while the second strategy, concerning breeding techniques, takes several years, and the third, based on the novel NBTs (new breeding techniques), currently has to comply with the same European regulations as those for GMOs (120).

Considering corn as a case study, both traditional and new corn varieties obtained by breeding (121–123) are rich in flavonoids, mainly anthocyanins and phlobaphenes [reviewed by (42, 124, 125)]. These varieties, in addition to being rich in anthocyanin pigments, are able to accumulate discrete quantities of flavonols as previously reported by Lago et al. (124), Cassani et al. (125), and Landoni et al. (126). However, in order to further increase significantly the content of flavonols (in particular quercetin), it would be enough to introduce the a1 mutation by recurrent backcrossing.



VARIETIES RICH IN FLAVONOIDS

Many cultivated plants are rich in bioactive compounds and mineral elements with potential health benefits (127). A strong variability in the flavonoid content is present among different species and varieties. In Supplementary Table 1 we present different cultivars of fruits and vegetables highlighting the different contents of quercetin, kaempferol, hesperidin and naringenin which have been found in them.

Regarding quercetin, as already mentioned, capers are the richest food, reaching 2,340 mg/kg (20). Onions are also a good source of quercetin: white varieties had a level of 900–1,830 mg/kg, while the red variety Karmen had a content of over 2,500 mg/kg (128). Although pink onions were also rather rich in this compound, the registered level was lower compared to the others. Quercetin is also present in lovage and dill, two aromatic herbs widely used in cooking (129). In Bronte pistachios, quercetin is mainly contained in the skin, so the availability during consumption is relatively low, considering that the peel is only 10% of the whole nut (130). A comparison of the phenolic profiles from available literature data about radicchio (Cichorium intybus) cultivars allowed the selection of three autochthonous varieties (“Verdon da Cortèl,” “Treviso Precoce,” “Chioggia”) cultivated in the Veneto region of Italy. The variability between cultivars ranged from 40 to 250 mg/kg) (131). The most abundant forms of quercetin present in radicchio are quercetin glucuronide (3-O; 7-O) and quercetin-3-O-glucoside. Furthermore, the glycoside form of quercetin (rutin, quercetin-3-O-rutinoside) is present in buckwheat and asparagus. The selected varieties of buckwheat contained rutin in concentrations ranging from 590 to 769 mg/kg (116). A great intraspecific variability was observed in asparagus: the highest rutin values were recorded in green cultivars (119–163 mg/kg), while the lowest in the white (2 mg/kg). Purple varieties had intermediate levels of rutin (15–20 mg/kg) (132).

As to the other flavonol, kaempferol, it is present in its aglycone form in saffron (2,050 mg/kg) (133) and in its glycosylated forms in capers and radicchio (23, 131, 134).

The flavonones hesperetin and naringenin are present in citrus fruits in their glycosylated forms hesperidin and naringin (Supplementary Table 1). They are mainly found in the peel and albedo (white part) of citrus fruits at higher values compared to the juice. In fact, the consumption of fresh fruit allows a greater intake (29). The highest hesperidin levels in 100 mL of juice were recorded in oranges (20–60 mg), but also in mandarins and clementines (8–46 mg) (29). According to Alam et al., the concentration of naringenin in 100 mL of mandarin juice was 300 mg (135). The concentration of this compound in mandarins was 10 times higher compared to grapefruit and over a hundred times higher than that of oranges. In tomatoes, three cultivars appeared to have the highest naringin concentrations: Daniella 12.55 mg/kg, Ramillete 8.14 mg/kg and Canario 8.46 mg/kg. Moreover, these varieties also appeared to have also the highest values of the flavonol quercetin (136).



DISHES RICH IN FLAVONOIDS: BIOAVAILABILITY AND COOKING PROCESSES

Establishing the bioavailability of bioactive compounds is a fundamental step in determining the effects of phytochemicals on human health (137). From a nutritional point of view, bioavailability is defined as the fraction of a given molecule contained in food that the body can utilize (138, 139). Bioavailability is the result of different processes: digestion, absorption, metabolism and elimination of a compound after food ingestion (137). Flavonoids are first metabolized by phase I and phase II metabolism which take place in the gastrointestinal tract and liver, and subsequently by microbial metabolism in the colon (140). Finally, urinary excretion and plasma concentrations of flavonols in humans could be used in epidemiological studies as biomarkers of intake (141). However, the bioavailability of these compounds varies between individuals and many factors such as age, sex, genotype, but also food composition may affect these metabolic processes (140).

Although some vegetables mentioned in Supplementary Table 1 can be used as fresh products, the majority of flavonoid rich foods require a cooking process before being consumed (142). Such a process can modify the chemical-physical properties of any phytochemical as well as its bioavailability. The first losses of flavonoids may occur in the pre-cooking stages in cases where parts of the product are removed. Onion peeling resulted in a 39% loss of flavonoids and asparagus chopping produced an 18.5% decrease of the rutin content (143, 144). Considerable losses were also recorded in the peeling and dicing of tomatoes (145). Thermal processes (blanching, drying, pasteurization, microwaving etc) also have an impact on the flavonoid content which depends on the magnitude and duration of heating (142). The data reported by Ioannou and Ghoul revealed a different sensitivity to heat treatment for the different flavonoids in aqueous solution. In general, a significant degradation was observed for temperatures above 100°C (142). A higher stability compared to the aglycon form was however observed in rutin (146, 147). During boiling, a fraction of the flavonoids is released into the cooking water causing losses of 20.5% for onions and 43.9% for asparagus (144). Furthermore, onion frying processes diminish flavonoid content (25–33%) (148, 149), while microwaving and steaming do not have a significant effect (149, 150). In contrast, baking increases the total flavonol content in onions (7%) (150). The degradation of flavonoids depends also on other factors such as pH and the presence or absence of oxygen. In fact, the presence of oxygen accelerates the degradation of rutin and quercetin due to the formation of ROS (146, 147).

Ioannou et al. showed the effects of temperature, oxygen and light on naringin content (151). This compound is degraded at temperatures above 100°C, with an oxygen content over 85% or upon exposure to light. In fact, a decrease in the naringin content was recorded by applying 108°C (400 W microwave power). However, by setting the extraction temperature at 80°C, an increase in naringin was observed (151).

A mixture of flavonoids-rich foods is present in the sofrito, widely used in the Mediterranean diet (152). Sofrito is composed of several ingredients rich in phenolic compounds, such as tomatoes, onions and olive oil (153). Naringenin is the main flavonone present in fresh tomatoes and tomato sauces (154, 155) and its content in sofrito is higher compared to tomatoes. By adding 120 g of sofrito to different dishes (such as pasta), a phenolic compound intake of 15–25 mg occurs (152). Adding capers to the sofrito could be a good strategy to increase the content of quercetin and kaempferol. If we consider the possible daily intake of 20 capers (10 g), this will provide from 20 to 80 mg of quercetin (23).

In this context, the varieties richest in these bioactive natural compounds can be implemented in human diet in order to try to protect to some extent from COVID-19.

Considering only quercetin, one of the most abundant dietary flavonoids with a daily average intake of 25–50 g (156), several papers cited in the flavonoid section of this review claimed its physiological effects on inflammation and immune function in murine systems [reviewed by Li et al., (157)]. These effects are linked to a daily intake ranging from 10 to 160 mg per kg. In particular, considering the effect on pro-inflammatory and anti-inflammatory cytokines production, linked to the response to virus infection, the dosage effective on the rat system was reported to be about 10–20 mg/kg (158). From these data we could infer a recommended human daily intake of about 500 mg, considering an average body weight of 65 kg. Several dishes rich in quercetin could fully satisfy this recommended daily intake, with a possible positive effect on human health (Table 2).


Table 2. Dishes rich in quercetin.

[image: Table 2]



CONCLUSIONS AND FUTURE PERSPECTIVES

This survey of the properties of several phytochemicals present in edible organs of many cultivated plants appears to support the concept that people hit all over the world by the COVID-19 pandemic can rely on a very easily usable tool that may contribute to prevent the disease and/or decrease its severe effects which are causing so much lethality. This tool is simply the integration into our diet of the natural foods which selectively implement the daily intake of a few bioactive phytochemicals proven to possess properties which provide some degree of protection against COVID-19. Such natural compounds have in fact been shown to be able to put in place mechanisms of prevention and/or even inhibition of viral infection/replication. The plant derived molecules of anti-Covid interest belong mostly but not exclusively to the chemical class of the flavonoids. In particular, the flavonol quercetin and the flavanones naringenin and hesperidin appear the best candidates to play the role of anti-Covid shelters, particularly because of their ubiquitous spread in many edible fruit and vegetables of large consumption in which they can be found at high levels. Curcumin, a phenolic compound present in Curcuma longa roots is another phytochemical of interest because it is largely extracted and used as a food dye, so it can be easily integrated into the diet. Among other phenolics displaying antiviral activity, phloretin is also to be taken into account as an anti-Covid shelter because it is rather ubiquitous in vegetables and fruits (among them, apples and pears) and epigallocatechin gallate (present mostly in green tea, onion, plum, apple skin) because, besides being endowed with antiviral properties, it displays potential for the mitigation of diseases characterized by a chronic inflammatory component. Finally, the sulfur compounds sulforaphanes, diffused in cruciferous plants such as broccoli, may be antiviral shelters of particular interest because their action relies on the activation of transcription factors which in turn switches on cell mechanisms responsible for antiviral effects. The major future perspectives for enhancing and diffusing the above cited, already known and highly desirable plant-derived biochemical weapons to fight COVID-19, can be summarized in three different strategies and some examples of each of them are reported in the preceding paragraphs. The first one consists in the rather easily doable rediscovery of ancient varieties naturally rich in these molecules; as concerns this approach, it is known that traditional varieties/ecotypes are often richer in phytonutrients than the newly synthesized varieties where the improvement was mainly focused on yield (116, 125, 161). The second strategy is the use of classic genetic improvement techniques to enhance specific accumulation of a given antiviral phytochemical. The third is the use of biotechnological approaches, nowadays available and quite effective, such as CRISPR/Cas9, which are able to activate or, conversely, to inactivate genes involved in the synthesis of specific antiviral phytochemicals leading to the accumulation of specific compounds.

Moreover, in order to modulate and optimize the “functional diet,” it will be necessary to further increase information concerning the actual levels each phytochemical reaches in the blood following intake of food or of nutraceutical preparations endowed with anti-Covid potential. In this regard, in cases in which fruits or vegetables containing the anti-Covid phytochemical must be cooked to be consumed, it will be also necessary to investigate more accurately and extensively the fate of these molecules during the cooking process and determine their absorption rate and extent.

It is probable that in the next decades many other phytochemicals capable of fighting human viral diseases will be found in the edible parts of plants and thoroughly characterized, since much research is at present under way to achieve this goal. Indeed, it seems that nowadays there is an increasing tendency to prefer or juxtapose to the pharmaceutical therapies, preventive or (more rarely) curative treatments based on bioactive nutraceuticals extracted from plants. So, it does not seem impossible that in the future, whenever possible, many diseases will be fought more “naturally” through a more focused and specific education of people's diet.
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Crop diversity is thought to have small, positive impacts on dietary diversity among farming households, particularly when market access is restricted. Policy responses to the COVID-19 pandemic severely restricted market access. To date, no study has explored the relationship between crop and dietary diversity in this context. To address this gap, we used longitudinal data collected from 833 farmers across 12 states in India at three time points between May and August 2020. Dietary diversity was measured using a modified version of the FAO Minimum Dietary Diversity score for women, which has been used in representative samples of the Indian population in both men and women. Eight food groups were included: (1) starchy staples (rice, wheat, and potatoes), (2) pulses, (3) nuts, (4) vegetables, (5) fruits, (6) dairy, (7) eggs, and (8) fleshy foods (meat, poultry, and fish). Multivariate polynomial logistic regression was used to estimate the association between crop and dietary diversity. Models were adjusted for educational attainment, caste, farm size, having a kitchen garden, and livestock ownership. Participants were, on average, 42.2 years old and 94.2% were male. Dietary diversity decreased over the study period, especially between baseline and follow-up 1, when lockdown measures were the most restrictive (34.2% of participants experienced a decline compared to 16.1% from follow-up 1 to follow-up 2). Compared to farmers who cultivated 1 crop (monocroppers), farmers who cultivated 2 crops or 3 or more crops were significantly less likely to experience a decline in dietary diversity from baseline to follow-up 1: adjusted relative risk (RR) (95% confidence interval [CI]), 0.52 (0.35, 0.78) and 0.48 (0.31, 0.75), respectively. There was no significant association between crop diversity and change in dietary diversity from follow-up 1 to follow-up 2, when phased re-opening had begun. These findings suggest that farmers with greater crop diversity in India were more resilient to market disruptions from the COVID-19 pandemic. Thus, while the links between crop and dietary diversity may be small under normal circumstances, diversifying production systems may play an increasingly important role, as there is greater uncertainty due to global events such as pandemics and climate change.

Keywords: agriculture, biodiversity, crop diversity, nutrition, nutrition-sensitive agriculture, minimum dietary diversity, South Asia


INTRODUCTION

At the onset of the COVID-19 pandemic, India imposed the world's largest national lockdown. In addition to physical disruptions in the transport of agricultural products and restrictions on the movement of labor, the loss of livelihoods in urban centers resulted in a drop in demand, particularly for high-value products such as fruit, vegetables, and animal-source foods. Before the pandemic, farmers in India were already experiencing economic distress (NABARD, 2018) and carried the greatest malnutrition burden (Ministry of Health and Family Welfare, 2016). Understanding the impact of COVID-19 on agricultural production and diet quality among farmers is critical to informing targeted government action in the context of this pandemic and future shocks.

There are multiple pathways from agriculture to nutrition (Dizon et al., 2021); among them, the link between crop diversity and dietary diversity has been a major focus of research in the past 10 years. However, a recent meta-analysis of 45 studies from 26 countries found little evidence that diversifying production has a meaningful impact on dietary diversity—and if it does, the impact is very small (Sibhatu and Qaim, 2018). In India, two studies have found small, positive associations between crop diversity and dietary diversity (Bhagowalia et al., 2012; Singh et al., 2020), but three have found no association (Chinnadurai et al., 2016; Kavitha et al., 2016; Gupta et al., 2020a). All of these studies were cross-sectional. Nonetheless, the Government of India has prioritized nutrition-sensitive agriculture and especially the diversification of crops by bolstering “traditional” crops such as millets (Irani, 2019). Therefore, continuing to elucidate the relationship between crop diversity and dietary diversity is important in this context.

There are two pathways by which crop diversification can influence dietary diversity: (1) through own-consumption and (2) through household income and the purchasing of food from markets (Dizon et al., 2021). The first of these pathways is important when access to markets is limited, such was the case during the COVID-19 lockdown. Since consumption of food produced on-farm is generally low in India and markets play an influential role in improving dietary diversity (Nandi et al., 2021), studying the impact of the lockdown on dietary diversity among farmers provides unique insights into the role of crop diversity on farmer nutrition when market access is restricted. To date, no study has evaluated the association of crop diversity and dietary diversity in the context of the COVID-19 pandemic and prior to the pandemic, very few studies evaluated this association longitudinally. Given the need for immediate action to mitigate the impact of the COVID-19 lockdown on food and nutrition security, and widespread interest in crop diversification as a means to improve diets and nutritional outcomes, including from the Government of India, such evidence is timely and has immediate policy and programmatic impacts. Our aim was to quantify the association between crop diversity (number of crops cultivated in Kharif [monsoon] 2020) and change in dietary diversity over the course of the pandemic (May to August 2020). We hypothesized that farming households cultivating a greater diversity of crops would be less likely to experience a decline in dietary diversity as the pandemic progressed.



METHODS


Survey Sample

Details of the study design have been published elsewhere (Jaacks et al., 2021). Briefly, participant recruitment was initiated through a list of contacts generated by a civil society organization network. Snowball sampling was used to contact additional farmers beyond those on this initial list. We recruited participants from the top 12 agricultural producing states in India: Andhra Pradesh, Bihar, Gujarat, Haryana, Karnataka, Madhya Pradesh, Maharashtra, Punjab, Rajasthan, Telangana, Uttar Pradesh, and West Bengal. To participate, respondents had to be 18 years or older and belong to an agricultural household, which could be any combination of the following: own land, harvest a crop in the past month irrespective of land ownership, earn a daily wage or contract-based wage from agricultural labor, or earn an income from livestock or fishing.

The baseline survey was conducted from 3 to 15 May 2020. The first follow-up survey was conducted from 3 to 19 June 2020 and the second follow-up survey from 20 July to 12 August 2020. Thus, the baseline survey coincided with the Rabi (winter) season harvest and both follow-up surveys coincided with the Kharif (monsoon) season sowing. With regards to how these dates aligned with the COVID-19 pandemic and government response, the baseline survey coincided with the nation-wide complete lockdown that started on 25 March 2020. Both follow-up surveys were conducted at a time when phased re-opening was occurring, starting on 8 June 2020. Also at that time, many states began distributing take-home rations through the Public Distribution System (PDS) beyond normal coverage.



Ethics

The study protocol was reviewed and approved by the Harvard T.H. Chan School of Public Health Institutional Review Board (Protocol #: IRB20-0689) and the Public Health Foundation of India Institutional Ethics Committee (Protocol #: TRC-IEC 438/20). Verbal informed consent was obtained from all participants.



Data Collection

Survey interviews were carried out over the phone and responses were recorded by trained enumerators using Qualtrics (Qualtrics, Provo, Utah, USA). The baseline survey took ~15–30 min to complete, and the follow-up 1 and 2 surveys took ~20 and 10 min to complete, respectively. The survey instrument was translated into eight languages and enumerators assigned to each state were native speakers of the language spoken there.

This analysis focused on survey questions relating to cropping patterns and diet. Questions on cropping patterns were adapted from Government of India surveys (Ministry of Statistics and Programme Implementation, 2013; Agriculture Census, 2016) with input from agricultural experts. Respondents reported cultivated land area in local units, and these were converted to hectares. At baseline (Rabi), we only asked about the primary crop harvested (defined as the crop for which the participant made the most money) and the total land harvested for that crop. During follow-up, we asked about all different types of crops sown and the land sown for each of these crops in Kharif 2020 and 2019. Given the distribution of the number of crops cultivated in Kharif (Supplementary Figure 1), we categorized participants as cultivators of 1 crop, 2 crops, or 3 or more crops. The primary exposure variable was crop diversity category in Kharif 2020.

We used dietary diversity in our assessment because it is an important predictor of adequate nutrient intake and a proxy for diet quality (Miller et al., 2020). Questions on diet were derived from the FAO's Minimum Dietary Diversity for Women (MDD) (FAO, 2016). Eight food groups were included: (1) starchy staples (rice, wheat, and potatoes), (2) pulses, (3) nuts, (4) vegetables, (5) fruits, (6) dairy, (7) eggs, and (8) fleshy foods (meat, poultry, and fish). Vegetables and fruits were not divided further into dark green leafy vegetables and vitamin A-rich fruits and vegetables vs. other vegetables and fruits because we were conducting telephone interviews and had to simplify the survey as much as possible to maximize participant engagement and data quality. Those who consumed a food group every day in the past week were assigned a value of “1” and those who did not were assigned a value of “0” and the values across these eight food groups were summed. Thus, the dietary diversity score ranged from 0 to 8 with 8 representing maximum dietary diversity. Low dietary diversity was defined as MDD<4 and high dietary diversity was defined as MDD >= 4. The two primary outcomes were changes in dietary diversity from (1) baseline to follow-up 1 and (2) follow-up 1 to follow-up 2, categorized as no change, decrease, or increase.

Covariates included respondent age, educational attainment, household size, having children under 5 years of age in the household, caste, farm size, livestock ownership, and having a kitchen garden. These covariates were determined through a literature review of the association between crop diversity and dietary diversity (Adjimoti and Kwadzo, 2018; Deb and Bayes, 2018; Gupta et al., 2020a). The minimum adjustment set was determined using a Directed Acyclic Graph (Supplementary Figure 2) and DAGitty software (Textor et al., 2016). Respondent age, educational attainment, household size, livestock ownership, and farm size were recorded at baseline. Livestock ownership included owning any number of the following: cows/buffalo/oxen/bulls, poultry, or goats/sheep. Farm size was categorized according to land ownership as: landless (0 ha), small/marginal farms (0.01–2.00 ha), medium farms (2.01–4.00 ha), and large farms (>4.00 ha) (Agriculture Census, 2016). Information on respondent's caste, having children under 5 years of age in the household, and having a kitchen garden were recorded at follow-up 1.



Statistical Analysis

Data management and statistical analyses were carried out using STATA version 16 (StataCorp, College Station, Texas, USA). A p < 0.05 was considered statistically significant. We conducted a complete-case analysis. Baseline demographic characteristics were compared between those included in the complete-case analysis and those lost to follow-up using chi-square tests for categorical variables and t-tests for continuous variables. Descriptive statistics were used to summarize demographic characteristics of participants (age, educational attainment, household size, children under 5 years of age in the household, and caste), livestock ownership, having a kitchen garden, and farm size, for the total sample and according to (1) change in dietary diversity from baseline to follow-up 1 and (2) crop diversity in Kharif 2020. We described changes over time in both crop and dietary diversity and tested for differences over time using chi-square tests for categorical variables and one-way ANOVA for continuous variables.

The association between crop diversity in Kharif 2020 and change in dietary diversity between (1) baseline and follow-up 1 and (2) follow-up 1 and follow-up 2 was estimated using multivariate polynomial logistic regression. Models were adjusted for educational attainment, caste, farm size, kitchen garden, and livestock ownership as per the minimal adjustment set of covariates from the DAG.

In sensitivity analyses, we constructed the Simpson's Index as an alternate measure of crop diversity that considers both the land area used for cultivation and number of crops cultivated (Adjimoti and Kwadzo, 2018). The Simpson's Index has been previously found to be associated with increased dietary diversity and food security status (Kavitha et al., 2016; Adjimoti and Kwadzo, 2018; Deb and Bayes, 2018; Chegere and Stage, 2020). The total score ranges between 0 and 1 where 0 corresponds to monocropping and 1 to highest achievable crop diversity. It was calculated for landowning farmers using the following equation:

[image: image]

where Pi is the area proportion of the i-th crop in the gross cropped area and n is the total number of crops cultivated per farm. We used multivariate polynomial logistic regression adjusting for the same covariates as in our main analysis to assess the association between the Simpson's Index in Kharif 2020 and change in individual dietary diversity.

In an additional sensitivity analysis, because there could potentially be some differences in cropping patterns from 2019 to 2020, we used the same multivariate polynomial logistic regression as for our main analysis but used crop diversity in Kharif 2019 as the exposure in lieu of crop diversity in Kharif 2020.




RESULTS

Participants were, on average, 42.2 years old (range: 18–78 years) and 94.2% were male (Table 1). Almost half of participants (46.3%) belonged to 6 or more person households. There were no statistically significant differences between those with complete data (n = 833) and those lost to follow-up (n = 604) (Supplementary Table 1).


Table 1. Demographic characteristics of participants from agricultural households across 12 states in India during the COVID-19 pandemic, according to change in dietary diversity from baseline (May 2020) to follow-up 1 (June 2020) (n = 833).
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Demographic characteristics according to change in dietary diversity from baseline to follow-up 1 are shown in Table 1. Those with no change in dietary diversity tended be older, have lower educational attainment, belong to a scheduled caste/tribe, have cultivated 2 crops in Kharif 2020, and have income from wages (all p < 0.05; Table 1). They also were less likely to have children <5 years in the household and a kitchen garden (both p < 0.05; Table 1). Those with an increase in dietary diversity tended to be younger, have children <5 years in the household, and to have cultivated 3 or more crops in Kharif 2020 (all p < 0.05; Table 1). Those who experienced a decrease in dietary diversity had higher levels of education, were least likely to belong to a scheduled caste/tribe, and were most likely to have cultivated 1 crop in Kharif 2020 and have a kitchen garden (all p < 0.05; Table 1).

Demographic characteristics according to crop diversity in Kharif 2020 are shown in Table 2. Those who cultivated 1 crop in Kharif 2020 had higher educational attainment, were more likely to belong to other/no answer caste category, and to have a kitchen garden, and less likely to have income from wages and own livestock (all p < 0.05; Table 2). Those who cultivated 2 crops were most likely to own a large farm (p = 0.03; Table 2). Those who cultivated 3 or more crops tended to have lower educational attainment and were most likely to belong to a scheduled caste/tribe, own livestock, and earn an income from wages, and least likely to have a kitchen garden (all p < 0.05; Table 2).


Table 2. Demographic characteristics of participants from agricultural households across 12 states in India during the COVID-19 pandemic, according to number of crops cultivated in Kharif 2020 (n = 775).

[image: Table 2]

With regards to changes in cropping patterns over time, 96.0% of farmers who cultivated 1 crop in 2020 had cultivated 1 crop in 2019 (p < 0.001; Table 2). Very few farmers had increased the number of crops cultivated from 2019 to 2020 (6.0%; data not shown) and even fewer had decreased the number of crops cultivated over that period (3.9%; data not shown). Comparing crop type, those cultivating only 1 crop in Kharif 2020 were mostly cultivating paddy (Figure 1). However, among those cultivating 3 or more crops, the most popular crop was pulses. In Kharif 2019, cropping patterns were slightly different. While farmers who cultivated 1 crop were disproportionately growing paddy in 2019, a larger proportion of farmers were also cultivating vegetables, soybeans, and pulses than in 2020. Among farmers growing 3 or more crops in 2019, the most popular crops were pulses and paddy.


[image: Figure 1]
FIGURE 1. Crops contributing to crop diversity over time in participants from agricultural households across 12 states in India during the COVID-19 pandemic (n = 775 for Kharif 2020; n = 761 for Kharif 2019; n = 515 for Rabi 2020).


Low dietary diversity (MDD<4) had a prevalence of 78.9% at baseline, 88.6% at follow-up 1, and 88.0% at follow-up 2 (data not shown). With regards to changes in dietary diversity over time, MDD decreased from baseline to follow-up 1 and slightly increased from follow-up 1 to follow-up 2: MDD (mean ± SD) 2.33 ± 1.24 at baseline compared to 2.05 ± 1.03 at follow-up 1 and 2.11 ± 1.00 at follow-up 2 (data not shown). From baseline to follow-up 1, dietary diversity decreased for 34.2%, and from follow-up 1 to follow-up 2, it decreased for 16.1% (data not shown). Among participants with low dietary diversity, starches, dairy, and vegetables were the food groups consumed most frequently, and there was a slight decline in consumption of vegetables over time (Figure 2). Among participants with high dietary diversity, grains, dairy, vegetables, and pulses were the food groups consumed most frequently, and there was a slight decline in consumption of fruits and slight increase in consumption of meat/poultry/fish and eggs over time (Figure 2).


[image: Figure 2]
FIGURE 2. Food groups contributing to low vs. high dietary diversity over time in participants from agricultural households across 12 states in India during the COVID-19 pandemic (n = 833). Low dietary diversity defined as <4 dietary diversity score and high dietary diversity defined as ≥4 dietary diversity score out of a total of 8.


Compared to farmers who cultivated 1 crop, farmers who cultivated 2 crops or 3 or more crops were significantly less likely to experience a decline in dietary diversity from baseline to follow-up 1: adjusted relative risk (RR) (95% confidence interval [CI]), 0.52 (0.35, 0.78) and 0.48 (0.31, 0.75), respectively (Table 3). Farmers who cultivated 3 or more crops were significantly more likely to experience an increase in dietary diversity from baseline to follow-up 1 compared to farmers who cultivated 1 crop: RR (95% CI), 1.71 (1.01, 2.88). There was no significant association between crop diversity and change in dietary diversity from follow-up 1 to follow-up 2, when phased re-opening had begun (Table 3).


Table 3. Association between crop diversity and dietary diversity in participants from agricultural households across 12 states in India during the COVID-19 pandemic (n = 833).
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With regards to the association of food-security related covariates (kitchen garden and livestock) with change in dietary diversity, those with a kitchen garden were significantly less likely to experience a decline in dietary diversity from baseline to follow-up 1 and from follow-up 1 to follow-up 2, compared to those without a kitchen garden: RR (95% CI), 0.43 (0.30, 0.61) and 0.52 (0.34, 0.81), respectively (Table 3). However, those with a kitchen garden were less likely to experience an increase in dietary diversity from follow-up 1 to follow-up 2 (phased re-opening period) than those without a kitchen garden: RR (95% CI), 0.53 (0.35, 0.79). Livestock ownership was not significantly associated with dietary diversity in this sample.

Results were consistent with the Simpson's Index as a measure of crop diversity: those with a higher Simpson's Index (indicating greater crop diversity) were less likely to experience a decrease in dietary diversity from baseline to follow-up 1 but no significant effect was observed from follow-up 1 to follow-up 2 (Supplementary Table 2). Similarly, results were consistent when crop diversity in Kharif 2019 was evaluated in place of Kharif 2020 in sensitivity analyses (Supplementary Table 3).



DISCUSSION

This paper is the first longitudinal analysis to examine the association of crop diversity with dietary diversity in the context of the COVID-19 pandemic. We found that in the initial lockdown period, when measures were most restrictive, crop diversity was protective against declines in dietary diversity. Having a kitchen garden was also protective against a decline in dietary diversity. While crop diversity was no longer significantly associated with dietary diversity during later stages of the lockdown when restrictions were lifted, having a kitchen garden remained protective during this stage. Livestock ownership was not associated with dietary diversity at any time point. In sum, these findings suggest that farmers with greater crop diversity in India were more resilient to market disruptions from the COVID-19 pandemic. Thus, while the links between crop diversity and dietary diversity may be small under normal circumstances, diversifying production systems may play an important role in resiliency when major market disruptions occur.

Five previous studies, including one systematic review focused on South Asia, have quantified the association between crop diversity and dietary diversity in India (Bhagowalia et al., 2012; Chinnadurai et al., 2016; Kavitha et al., 2016; Gupta et al., 2020a; Singh et al., 2020; Dizon et al., 2021). Cross-sectional, nationally representative data from 2004/2005 indicated that crop diversity was positively associated with dietary diversity (beta coefficient from OLS regression was 0.32, p < 0.01), especially intake of pulses, and the effect was slightly larger among marginal/small farmers as compared to large farmers (Bhagowalia et al., 2012). In contrast, a panel study of two representative cross-sections of Tamil Nadu (2004/2005 and 2012/2013) found no consistent association between crop diversity and dietary diversity (Chinnadurai et al., 2016). Similarly, after adjustment for confounding factors, an analysis of six villages in Telangana and Maharashtra participating in the Indian Crops Research Institute for the Semi-Arid Tropics (ICRISAT) Village Level Studies found no association between crop diversity and dietary diversity (Kavitha et al., 2016). The lack of or inconsistent evidence for the association between crop and dietary diversity motivated the exploration of this association longitudinally in the context of COVID-19. We build on these previous efforts by demonstrating that this association may be most prominent in the wake of a shock to the food supply chain, and that the strength of this association may vary over time.

Previous studies have found that access to food markets influences dietary diversity, potentially to a greater extent than crop diversity (Nandi et al., 2021). Rural communities may not be able to access markets offering diverse food options due to factors such as distance, transportation, and purchasing power, and this may in turn increase their vulnerability to poor nutritional outcomes (Nandi et al., 2021). In India, where farmers often purchase food that is not grown on their own farm to complement their meals, market access plays an important role in increasing dietary diversity (Galab and Vijaya Kumar, 2011; Ludwig, 2018). During the initial COVID-19 lockdown in India, restrictions resulted in a complete disruption to food market access as farmers and markets alike were required to suspend all activities (Sinha, 2021). The shock to the food supply chain resulting from the lockdown presented an unprecedented opportunity to study the longitudinal association between crop and dietary diversity in the near absence of market access. Our results suggest that farmers growing 2 or more crops in the wake of the abrupt government shutdown were protected from a decrease in dietary diversity, suggesting resilience to market access disruptions.

We also observed that participants with a kitchen garden were less likely to experience a decline in dietary diversity for the entire study period. Prior to the COVID-19 pandemic, several intervention studies had found that kitchen gardens were associated with increased dietary diversity in India (Pradhan et al., 2018; Suri, 2020; Vijayalakshmi and Swamy, 2020). In this respect, kitchen gardens may have complemented on-farm production, acting as a dietary buffer to limited market access during the lockdown or reduced income in later stages. An intervention study comparing baseline dietary intake data from 2013/14 to post-intervention in 2016/17 found a significant increase in fruit and vegetable consumption following the introduction of nutrition garden in the state of Odisha in India (Pradhan et al., 2018). Notably, weekly consumption of green leafy vegetables almost tripled when comparing pre- and post- intervention (Pradhan et al., 2018). Similar results were observed after the introduction of a “nutri garden” intervention in Andhra Pradesh (Vijayalakshmi and Swamy, 2020). However, not all studies of kitchen gardens in India have found significant effects (Gupta et al., 2020a). Our study findings with regards to kitchen gardens being protective is particularly timely as kitchen gardens (a.k.a. “nutri gardens”) are now being promoted by the Ministry of Women and Child Development and several state governments including, for example, Andhra Pradesh.

Interestingly, we did not find a significant association between livestock ownership and dietary diversity in this sample. Livestock ownership may impact dietary diversity through acting as a source of animal-source foods but also through the generation of income (Dizon et al., 2021). Similar to kitchen gardens, livestock ownership is typically viewed as a complement to crop diversity in enhancing dietary diversity. One study in India found that livestock ownership was positively associated with dietary diversity only in women but not the household (Gupta et al., 2020a). Livestock ownership has also been found to be associated with dietary diversity outside of India, especially in women (Ambikapathi et al., 2019; Zanello et al., 2019). Given our null finding, we hypothesize that the high prevalence of livestock ownership (>75%) and dairy consumption (>50%) in this sample did not allow for much room for improvement. Therefore, our null result may be due to lack of variation in exposure rather than a true lack of impact.

In addition to the COVID-19 pandemic, farmers in India simultaneously faced climate-related disruptions that resulted in crop loss (Sarkar, 2020). Heat waves, a “super cyclone,” and erratic rainfall impeded transportation and placed an additional obstacle to accessing markets and the sale of agricultural products during this period (Meyers, 2020; The New Indian Express, 2020). The effects of climate change are projected to place a substantial burden on farmers in India and already do, as they struggle to adapt to erratic weather patterns (Srivastava et al., 2010; Sinha and Bhogal, 2021). Moving forward, adaptation strategies to enhance resilience to natural disasters will be critical to ensuring nutritional security among farming households in India. Promoting the production of diverse crops represents a potential course of action that may mitigate the impact of unexpected shocks to production and market access on farmer diets.

These results should be interpreted while considering several limitations. First, this is an observational study, and while we adjusted for all measured confounders, the possibility of residual confounding remains. For example, we did not explicitly measure market access (i.e., distance to nearest market or availability of transport). However, as described above, market access was substantially disrupted due to the lockdown and therefore may have been less of a confounder in this context. In addition, the small sample size of women and pregnant women prevented us from exploring gender as an effect modifier or adjusting for it as a potential confounder. Women's nutritional knowledge has been found to be an important determinant of individual and household dietary diversity (Gupta et al., 2020a). We are also unable to comment on on gender disparities in dietary diversity within farming households. It is plausible that the lockdown impacted women's dietary diversity more severely because of prevailing gender norms around distribution of food among household members (Gupta et al., 2020b). Despite these limitations, this study was strengthened by its longitudinal design and novelty–being one of the first studies to evaluate this association in the context of the COVID-19 pandemic, and in a country where a large proportion of the world's malnourished live.

This is an especially timely analysis given the recent agricultural policy environment in India. Three new agriculture bills have been passed which led to widespread protests across the country, but especially in the northern states of Punjab and Haryana (India's so-called “breadbasket”) (Sharma, 2020). The protests are at least in part due to speculation that procurement at Minimum Support Price (MSP) will decrease as a result of these bills. The Government of India hopes that these bills will lead to increased investment in infrastructure support for perishable commodities while also ensuring price stabilization. This could help farmers become less dependent on MSP-supported crops (e.g., rice and wheat) and increase diversification toward high-value crops, with potentially positive impacts on dietary diversity of farming households (Aujla, 2020). The Ministry of Women and Child Development has also emphasized the need to diversify crop production as part of POSHAN Abhiyaan (the Prime Minister's Overarching Scheme for Holistic Nutrition) with the development of Bhartiya Poshan Krishi Kosh, a web portal mapping district-level crop diversity (Press Information Bureau, 2020).

In conclusion, we found that increased crop diversity was associated with improved dietary diversity among farmers in the first stage of the COVID-19 lockdown in India, when measures were most restrictive. However, this association was not significant for the latter half of the study period, when restrictions were eased. Our findings suggest that crop diversity most likely blunted the initial impact of the lockdown on dietary diversity among farmers. Kitchen gardens may play an important role in supporting diverse diets when on-farm production is low, or market access is limited. This has immediate policy implications for government response to COVID-19 and other abrupt shocks to the food supply and market access. Such market access restrictions are predicted to become more frequent and severe in the wake of climate-related disasters and future pandemics. Crop diversity may be an effective strategy to building resilience to and mitigating the effects of disasters on diets and nutrition. In understanding the parallels between the COVID-19 pandemic with other calamities of large scale, we can inform policies that work to safeguard food security, nutrition, and health through promotion of diverse crop production systems.
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The COVID-19 pandemic has severely affected numerous economic sectors across the world, including livestock production. This study investigates how the pandemic has impacted the poultry production and distribution network (PDN), analyses stakeholders' changing circumstances, and provides recommendations for rapid and long-term resilience. This is based on a literature review, social media monitoring, and key informant interviews (n = 36) from across the poultry sector in Bangladesh. These included key informants from breeder farms and hatcheries, pharmaceutical suppliers, feed companies, dealers, farmers, middlemen, and vendors. We show that the poultry sector was damaged by the COVID-19 pandemic, partly as a result of the lockdown and also by rumors that poultry and their products could transmit the disease. This research shows that hardly any stakeholder escaped hardship. Disrupted production and transportation, declining consumer demand and volatile markets brought huge financial difficulties, even leading to the permanent closure of many farms. We show that the extent of the damage experienced during the first months of COVID-19 was a consequence of how interconnected stakeholders and businesses are across the poultry sector. For example, a shift in consumer demand in live bird markets has ripple effects that impact the price of goods and puts pressure on traders, middlemen, farmers, and input suppliers alike. We show how this interconnectedness across all levels of the poultry industry in Bangladesh makes it fragile and that this fragility is not a consequence of COVID-19 but has been revealed by it. This warrants long-term consideration beyond the immediate concerns surrounding the COVID-19 pandemic.
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INTRODUCTION

In addition to its impact on public health, COVID-19 has affected social and economic life in many ways. Areas impacted include the livestock production sector, at global, regional and national levels (Marchant-Forde and Boyle, 2020). Governmental actions, taken in attempts to control the pandemic, have included national lockdowns, travel restrictions, border closures and controls. These have resulted in some inevitable negative consequences. With regard to the livestock sector, these have included: (i) local and international movements of live animals and animal products; (ii) supplies of raw materials for feed and medicine; (iii) provision of other production inputs and equipment; (iv) access to labor and professional services (Food Agriculture Organization, 2020a).

In many countries, the closure of schools, restaurants, shops and markets, limitations on public gatherings and travel have reduced demand for animal products (InEuropa, 2020; Marchant-Forde and Boyle, 2020). Infections among workers and subsequent closure of slaughterhouses and food processing plant has reduced slaughtering and processing throughput (Good, 2020). These factors resulted in the overstocking or culling of animals and animal products (Huffstutter, 2020), with farmers depopulating their farms to reduce the costs of maintaining animal populations which they could neither feed nor trade (Barrett, 2020). Inevitably, this affected poultry production and trade (Mulder, 2020).

The impact on the Bangladesh poultry sector was devastating. Poultry production is the main livestock sector in Bangladesh, providing an important component of food security and contributing to the country's economic development more generally. Over 8.5 million people are employed in this sector, which is the second-most important source of employment after the garments industry (Hossain, 2020). Poultry accounts for 37% of the country's total meat production and 22–27% of the animal protein supply and forms a substantial fraction of the livestock sector's 1.4 % contribution to the country's GDP (DLS: Department of Livestock Services, 2020). Of course, COVID-19 is by no means the first or only challenge this growing sector faces. The avian influenza outbreak of 2007 had catastrophic repercussions for the sector, shutting down more than half of the country's poultry farms and hatcheries, and the emergence of this disease continues to afflict poultry farmers (Gupta et al., 2021). Recurring outbreaks of other diseases in flocks have hampered overall production, leaving some farmers in precarious financial positions (Hamid et al., 2017). There are also structural challenges shaping the sector. Risks associated with the market, such as value chain fragmentation, high intermediation costs, and no or lack of traceability, all impede the distribution of poultry and poultry products (MoFood-Ministry of Food, 2020). The unregulated and fluctuating cost of certain critical farm inputs, including day-old chick (DOC) and feed, and uncertain market price of finished live poultry have also become a major worry for stakeholders. The strategies of feed manufacturing, promotion, and distribution differ amongst companies and hence they set prices unilaterally and are not subject to government regulation often (Hamid et al., 2017). Hatcheries raise the price of DOC for certain events and festivals, putting farmers at a disadvantage (Høg et al., 2019). Fluctuating prices are also a concern. Changes in supply and demand cause chicken and egg prices to change regularly, sometimes beyond the reach of many consumers, and sometimes so severely that farmers suffer financially. Moreover, the insufficient coordination between the country's public-private and research institutions and inadequate government oversight of the poultry sector is hampering the development of this sector (Hamid et al., 2017). Despite these challenges, COVID-19 still presented a new and extreme challenge to the sector both introducing new problems and exacerbating some of these existing ones.

The first case of COVID-19 was reported in Bangladesh on 8 March 2020 (World Health Organization, 2020a). The government took measures to prevent the spread of the virus, including the implementation of a nationwide lockdown (referred to as “General Holiday”) between 26 March and 30 May. During this period, the government ordered closure of all businesses and institutions other than hospitals, kitchen markets (kachar bazar)1, pharmacies, and other emergency and health-related services (World Health Organization, 2020b). This study assesses the impacts of the first four months of the COVID-19 pandemic, and in particular the national lockdown, on the production, trade and marketing of chickens and eggs in Bangladesh.

This research focuses on four of the most important components of the chicken sector: (i) improved cross-bred chickens called Sonali murgi; (ii) exotic broiler chickens; (iii) eggs from exotic layer birds; (iv) Deshi murgi (“backyard”/local/indigenous chickens). Here we first compare variations in the prices of different chicken commodities across the study period. We then explore the way in which the pandemic has affected the activities of different poultry production stakeholders.



MATERIALS AND METHODS


Literature Review

At an early stage of the COVID-19 epidemic in Bangladesh, we conducted a review of news articles published in mainstream print and electronic media. We compiled an analytical account of the diverse impacts of COVID-19 on the poultry sector in the country. The following resources were screened daily from 26 March to 31 May 2020: news channel (Somoy News), 12 Bangladeshi daily national newspapers (Prothom Alo, Financial express, Kalerkantha, Jugantor, Samakal, Ittefaq, Nayadiganta, Inqilab, Daily Star, The Independent, Bangladesh Pratidin, and The Azadi) and nine online news websites (Agrinews24, Adhunik Krishi Khamar, Poultry Doctors BD, Jagonews24, Banglanews24, BDnews24, UNB, Banglatribune and Bangla.24 Live Newspaper).



Interviews

Based on a list of poultry stakeholders compiled through the previous field studies (Høg et al., 2019; Gupta et al., 2021; Moyen et al., 2021) and a policy consultation (Chattopadhyay et al., 2018) which took place within the context of the associated research project “Behavioral adaptations in live poultry trading and farming systems and zoonoses control in Bangladesh” (BALZAC) (Grant No. BB/L018993/1), 36 key informant stakeholders were purposively selected with the aim to capture a range of actors involved in poultry production and distribution. They were contacted through email and telephone in the last week of March 2020. Informed consent was requested prior to interviews; none of those approached refused to participate.

Three groups of informants were identified. Group-1 consisted of managers or senior employees of six poultry breeder and hatchery companies, four feed companies, and four pharmaceutical companies. Group-2 included farmers from three small-scale (<500 birds/farm), three medium-scale (501–5,000 birds/farm), one large-scale (>5,000 birds/farm) exotic broiler chicken farm, and one small-scale (1,500 birds/farm), one medium-scale (5,000 birds/farm) and one large-scale (8,000 birds/farm) layer farm. Group-3 included three middlemen, three feed dealers, three wholesalers and three retailers operating in markets. Although most recruited stakeholders were from Chattogram district, the companies in Group-1 were selected from across the entire country.

Participants were asked open-ended questions about the impact of COVID-19 on their business, their coping strategies, current livelihood and financial situation, assessment of the future of the poultry business in the coming months, the support they have received and their expectations of the government. The questions were adapted to the different types of stakeholders, and further probing questions were asked as appropriate. Most stakeholders were interviewed individually by cell phone, but the managers or senior employees of the breeder and hatchery companies, pharmaceutical and feed companies were emailed the questions, to which they replied by email within 2–3 days. Face-to-face interviews were not possible during this period of research due to government sanctioned restrictions to address the spread of COVID-19. Using remote methods, however, allowed us to gather real information on stakeholder experiences in the midst of the pandemic. Oral interviews were recorded with the consent of the participants and lasted an average of 30 min. They were conducted in Bengali by one researcher (RM) between 4 April and 2 May 2021, transcribed and translated into English. The respondents were contacted again if clarification was required.



Price Monitoring

The average daily farm gate wholesale prices of exotic broiler and Sonali chickens and eggs as reported by the Poultry Professionals Bangladesh (https://www.facebook.com/Poultry-Professionals-Bangladesh-PPB-1597613347020175/) were recorded for 10 districts (Barisal, Bogura, Chattogram, Comilla, Cox's Bazar, Gazipur, Jashore, Mymensingh, Rajshahi, and Tangail) from January to June 2020. Nationwide price data could not be consistently recorded and the frequency of price data reporting differed between districts. Therefore, analysis of price data was limited to 10 districts where prices were most consistently reported. These cover different geographical areas of the country. Data on poultry prices prior to 2020 were not available from this source. To assess whether observed poultry price patterns could have been explained by seasonal variations, prices for the first half of 2020 were compared with poultry prices for 2016. These data were collected through a previous study (Moyen et al., 2021). Briefly, 43 vendors operating in six markets in Dhaka and Chattogram were interviewed monthly about the price of their chickens, to assess price changes over a year. In addition, 2020's retail prices of exotic broiler and Sonali chickens and eggs in two live bird markets within Chattogram City Corporation area (Jhautola and Pahartoli urban markets) were recorded. For the period January to March 2020, these prices were supplied retrospectively by the poultry vendors operating in these markets. Prices were then monitored prospectively and daily from April to June 2020.



Data Analysis

This study was approved by the ethical committee of the Chattogram Veterinary and Animal Sciences University (Memo No: CVASU/Dir (R & E) EC/2020/165 (10); Date: 21/07/2020).

Thematic analysis was conducted to identify and interpret the manifest and latent content of the qualitative responses following (Pope et al., 2000). For this purpose, two researchers (AAS, ASM) familiarized themselves with the transcripts of the stakeholder interviews. One of them (AAS) systematically coded the data. The coding was reviewed and iteratively amended with inputs from other researchers in the team (MAH, RM, ASM, MHU, NNC). Initial themes were then generated and discussed. They were refined and a final set of themes agreed. The temporal evolution of chicken and egg prices was visualized using Microsoft Excel 2020.




RESULTS AND DISCUSSION


Changes in the Price of Live Chickens and Eggs Over Time

A distinct impact of COVID-19 on the poultry sector was a fluctuation in live chicken and egg prices prior to, during and following lockdown (January–June 2020). For each commodity, namely exotic broiler chickens, Sonali chickens and layer eggs, wholesale farm gate prices followed similar patterns across the 10 selected districts (gray lines in Figure 1). In the following, we focus on the prices averaged over the 10 districts (black lines in Figure 1).
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FIGURE 1. Variations of farm gate price for the period 1/1/2020 to 20/6/2020 in 10 administrative districts of Bangladesh (Barisal, Bogura, Chattogram, Comilla, Cox's Bazar, Gazipur, Jashore, Mymensingh, Rajshahi, and Tangail).


Prices of exotic broiler chickens, Sonali chickens and eggs decreased in the period immediately following the announcement of the General Holiday on 22 March 2020, with the greatest impact on exotic broilers. By 25 March their price had dropped by 28% compared with their price on 1 January 2020. As Ramadan started, on 24 April, the price of chickens and eggs rose(Figures 1, 2). As a result, the price of chicken also rises. This upward trend continued until the Eid-ul-Fitr, in late May. The price of exotic broiler was then almost twice as high as at the start of the lockdown. This may indicate some recovery in consumer demand brought about by activities associated with these holidays (New Age, 2020). Indeed, in Bangladesh and throughout the Muslim world, the demand for animal protein has been reported to increase during Ramadan (Poultry World, 2012). After the Eid-ul-Fitr, the price of exotic broilers saw another downturn. As the lockdown was lifted (30 May 2020), prices continued to fluctuate while remaining higher than during the pre-lockdown period. Sonali chicken prices showed smaller fluctuations. Prices increased steadily during Ramadan, and, by the end of the lockdown period, they had reached slightly higher levels than at the start of the year. Sonali chickens make up a smaller proportion of the chicken products sold as compared to broilers, and they sell for a higher price to (mostly) wealthier customers. Furthermore, while broiler chickens reach maturity in 30–35 days committing producers to a relatively fast sale of flocks and hesitancy to keep them longer, Sonali chickens only reach maturity after 70–90 days so can be held back from sale for longer if the price is not satisfactory. This may be one of the reasons for Sonali chicken prices to fluctuate less than the prices of other types of chickens. Whether this is the case cannot be explored from the data reported in this study but may be answered from further research. As for eggs, prices were consistently 20% lower during lockdown than in the immediately preceding period. They attained their pre-lockdown level in the week preceding the end of the lockdown.
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FIGURE 2. Sales per day by volume, and retail and farm gate chicken and egg prices compared as reported in two live bird markets in Chattogram in January to June 2020.


A comparison of chicken price ratios from January to June in 2016 (Dhaka and Chattogram markets) and 2020 (all 10 districts) suggests that this pattern is unlikely explained by seasonal variations but instead strongly influenced by the COVID-19 pandemic and associated interventions (Figure 3). While broiler chicken prices were relatively steady in the first half of 2016, they became more volatile in 2020, including an 11% drop in early April and a 40% short-term surge in late May. Monitored Sonali prices showed no major fluctuations in both years. Compared to exotic broilers the price fluctuations for Sonali were markedly less dramatic, with fluctuations during the lockdown periods no greater than during the pre-lockdown period.
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FIGURE 3. Comparison of chicken prices (median prices in January–June: median price in January) in 2016 (two districts) and 2020 (10 districts).


We also monitored retail prices in two poultry shops in two markets of Chattogram City retrospectively (January to April) and prospectively (May and June). Similar patterns were observed in retail prices of broiler and Sonali chicken as in farm gate prices, but fluctuations of retail prices were smaller (Figure 2). For eggs, the trough in retail prices was similar, but delayed, compared to wholesale prices.

The number of exotic broiler chickens, Sonali chickens and eggs sold by our vendor informants dropped from February to March by an average of 41%, 74% and 88%, respectively. Sales increased in May and June but remained lower than in January and February.



Impact of COVID-19 on the Poultry Sector

This section discusses key themes relating to the impact of COVID-19 on the poultry sector. These themes emerged from data extracted from the literature review and from interviews with stakeholders where they described the impact of the pandemic and associated lockdown, as well as their expectations of interventions that could help the industry in the future.


Movement Restrictions and Supply Chain Disruptions

Disruption to supply chains at a global level and local limitations on movement both had implications for Bangladesh's poultry sector. Suppliers reported that disruption in global trade meant they could not import component raw materials to produce feed and medicine. This is supported by reports of prolonged border closures preventing the import of essential feed items like maize. Production in pharmaceutical industries was also severely disrupted as the import of Active Pharmaceutical Ingredients (API) was blocked (IDLC, 2020). In addition, due to an absence of necessary equipment, regular testing of imported feed ingredients at the country's sole diagnostic laboratory was suspended (Khan, 2021). This meant that raw materials were delayed at the port, resulting in severe reductions in overall production. The shortage of laborers in the lockdown situation also slowed operations in the feed industries (Food Agriculture Organization, 2020b). Overall, feed production decreased by near 40% between April and June 2020 (Saeque, 2020).

Delays processing goods at ports of entry meant demurrage had to be paid, advanced income tax and non-withdrawal of corporate tax further increased costs for the industry (The Independent, 2020). One of the interviewees, the general manager of a multipurpose agro-based industry, expressed concern over the surplus charges for such delayed imports:

“The government may take steps to reduce import tariffs, VAT, and other taxes for agro-based companies as compensation for the unforeseen circumstances during the pandemic.”

In addition, as a result of the lockdown imposed in the last week of March 2020, the movement of all types of vehicles was extremely limited (World Health Organization, 2020b).

Feed dealers and middlemen, who act as important intermediaries in the poultry distribution network in Bangladesh, faced huge challenges as a result of all of the factors reported above. Although the authorities announced that the transport of food items would not be subject to delay, administrative confusion meant that law enforcement agencies frequently obstructed the movement of livestock and poultry feed vehicles (Food Agriculture Organization, 2020b). This along with drivers' fears of being affected by the virus, resulted in general shortages of transport. According to a rapid assessment report released by the FAO, only 15% of trucks were active in April and May in comparison to March, and more than 40% of drivers refrained from driving, leading to a vehicle crisis that forced stakeholders to pay extra for moving their goods (Food Agriculture Organization, 2020b). According to one feed dealer:

“In the current situation, renting vehicles to transport poultry feed costs almost 1.5 times as much as usual.”

The impact of these disruptions for input suppliers also had consequences for farmers, some reporting that difficulty accessing feed and essential medicines were negatively affecting their ability to continue their farming operations. These difficulties further affected farmers when it came to trying to distribute their goods, with movement restrictions and higher transport costs disrupting their standard business practices. For example, a large portion of the country's total Deshi chickens come from the backyard poultry farmers in the north, who rely on a variety of transport links to supply different parts of the country. These routes were completely shut down due to movement restrictions. This caused financial loss to the backyard farmers and traders. A wholesaler who would usually have traded Deshi chickens from these regions, described his difficulties as follows:

“The demand for Deshi chicken has decreased by about 50%. In my stall, most of the Deshi chicken and duck come from other districts mainly from the northern part by using rooftops of public transport. Now, the transportation fares are higher, and the supply has decreased by 80%.”



A Drop in Demand

In 2018–19, the total production of eggs in Bangladesh was 17.11 billion. This met 98.8% of the country's demand. Overall meat production was 7.6 million metric tons (MOFL-Ministry of Fisheries Livestock, 2020a). In 2019, poultry meat made up 37% of production (FAOSTAT, 2019). After March 2020, these production levels fell by at least half (Berkhout, 2020): disruption to supply and transport was a major reason for this. Another is that COVID-19 caused the demand for chickens and eggs to fall. Input suppliers noticed the demand for poultry and poultry products dropped dramatically with the onset of the COVID-19 crisis. The Assistant General Manager of one of the country's leading day-old chicks and poultry feed producing companies said:

“People avoided consumption of chicken and egg as the COVID-19 outbreak had started. Besides, consumers were unable to go to the markets due to the lockdown, which significantly reduced demand for meat, egg, and other processed food.”

This had a significant adverse effect on all stakeholders along the transaction chain, from producers to sellers, resulting in a sharp fall in chicken prices and sales over a very short period. Informants suggested two key reasons for these changes: (i) lockdown restrictions limited both business opportunities and customer incomes, and (ii) rumors circulated which suggested that poultry products spread COVID-19. We shall consider each of these in turn.


The Effect of Lockdown Restrictions on Demand

A key part of the disruption occurred when retailers reported that they could not continue normal trading practices in markets and shops. This resulted from government restrictions on all businesses in an effort to prevent public gatherings (World Health Organization, 2020b). Exceptions were made for “emergency services” which included food stalls and kitchen markets. Even those emergency services permitted to remain open had to close by 7 p.m. (TBSNEWS, 2020). In addition, various social, religious and political events such as weddings, parties, religious gatherings, election campaigns, where chicken and eggs were necessary food items, were banned (Ali, 2020).

In the case of markets, some had to close or adapt their business practices. Thus, to ensure social distancing among shoppers, markets were later relocated from their permanent places to more open spaces (Mahmud, 2020) and the use of masks by workers was made mandatory. With limited business hours, new locations, and rising infection rates, the presence of customers in the poultry market during lockdown declined by over a third (Rosen, 2020). In their interview responses, traders reported that the emphasis placed on social distancing by health experts and politicians meant consumers became less willing to visit markets and other crowded places. One retail poultry vendor observed that:

“Due to the imposed restricted movements and instructions of maintaining social distance by the authorities, the number of chicken buyers, especially the middle-class consumers, in the market has decreased even though the price is very low now (in April). Moreover, many middlemen have temporarily suspended the supply of chickens to the market due to the risk of being infected.”

A wholesaler who bought chickens from different parts of the country and sold them in an LBM in Chattogram commented:

“The upper and upper-middle-class people did not come to LBM at the time of the lockdown regularly like before, but basically, they are the main buyers of Deshi chickens.”

The closure of hotels, restaurants, bakeries and other industries also contributed to the drop in demand. A middleman who used to regularly supply broiler and Sonali chickens to wholesalers, retailers, and other establishments, said:

“Hotels, restaurants, and individual stalls which were our key customers are now closed. Besides, we also used to sell a huge number of chickens in Export Processing Zone (EPZ), to garments factories, and residential hostels of universities and colleges which are temporarily closed. In typical times where I was able to trade at least three truckloads of chickens per day, now I can sell only one truckload every other day.”

Poultry traders also reported that the gradual increase in the severity of lockdown measures (World Health Organization, 2020b), including the temporary closure of businesses and workplaces, had reduced consumer incomes. They speculated that many people could no longer afford to buy chickens even if they were able to adapt to new market systems. These responses are in keeping with the findings of recent reports in which job losses or disruptions in the ability to do certain jobs during lockdown diminished many people's income (Islam and Babu, 2020; Rahman and Ruszczyk, 2020). In one report exploring COVID's impact on the labor market in Dhaka and Chittagong City Corporations, 22–25% of people reported losing their jobs either permanently or temporarily as a result of disruptions linked to COVID-19 (Genoni et al., 2020). According to one study, about 95% of households experienced income loss in the first two months of the pandemic, and 62% of earners reported lost jobs (Miah et al., 2020).



The Impact of Rumors

Unfounded reports and rumors circulated quickly and widely in the early months of the pandemic. Propelled into popular discourse via social and some mainstream media, one rumor that gained public attention was that consumption of poultry and poultry products could cause COVID-19 (Islam and Babu, 2020; Mahmud, 2020). Informants we interviewed identified these rumors as a reason for reduced chicken consumption. A farmer who had a flock of 4,500 broiler chickens and who had lost nearly BDT 0.1 million in April 2020 alone commented:

“At this time of uncertainty, people are afraid to eat chicken, a large part of the public, especially the villagers, believe that eating chicken meat is likely to cause COVID-19.”

Another informant, a wholesaler and retailer of both broiler and Sonali chickens, said:

“A large portion of regular chicken buyers are currently absent from the market; many also believe that COVID-19 may be transmitted to humans from poultry and poultry products. The declining sales volume has already caused me a huge loss.”

Several news articles also presented the rumors as a major cause of the drop in consumer demand (Ali, 2020; Sharma, 2020). These describe how misconceptions about the potential transmission of COVID-19 by chickens and other meat products led consumers to cut back on chicken consumption, contributing to a sharp drop in market demand with the result that prices fell by as much as 75% (Mahmud, 2020).

Despite the temporary positive turn in price during Ramadan and Eid, feed dealers, whose role in the transaction chain is to provide credit to farmers, claimed that demand for chicken and eggs did not match that of previous years and that this prevented the input suppliers, farmers and traders from making the profits they expected. One article reporting on sales during this period noted that limited demand may not have been the only issue. It states that due to the closure of many farms, interrupted production, and transportation problems, the supply and sales volume of chickens in the market were low and it did not return to normal until June 2020 (The Observer, 2020). Thus, although prices may have increased in response to increasing demand during this period, that does not necessarily indicate a substantial enough recovery throughout the production and distribution network for stakeholders working across the industry to bounce back and function as they had prior to COVID-19.




Economic Consequences

Disruption to business across the production and distribution network resulted in price fluctuations and financial losses for stakeholders across the sector. In an overview of the impact the pandemic had, the Bangladesh Poultry Industries Central Council (BPICC) reported an approximate loss of above BDT 300 billion in the country's poultry industry between 26 March and 30 April 2020 (Ali, 2020).

It is normal for the prices of chickens and eggs to varying over the year and so some stakeholders anticipated market volatility as soon as the pandemic began. However, despite varying levels of anticipation, most were unable to respond rapidly. Initially, prices of chickens and eggs fell due to lower-than-normal demand, and then rose dramatically during Ramadan. The initial drop in price resulted in many stakeholders temporarily shutting down operations or focusing on alternative agricultural endeavors. The Bangladesh Poultry Industries Central Council (BPICC) reported that 50–60% of all poultry farms closed temporarily in response to COVID-19 (Ali, 2020). Although a portion of the broiler farmers restarted farming by June (IDLC, 2020), the permanence of most of these closures is still unclear, in February 2021, 30% of broiler farms and hatcheries that closed due to the pandemic in April 2020 had remained closed to date (Financial Express, 2021).

Informants from all groups reported a drop in the price of their commodities and described this as a direct consequence of a fall in demand. For farmers, this meant from the earlier retail price of BDT 130–150 per kg of broiler, the price fell below BDT 90 in March and April. This was challenging for farmers as the production costs for broilers per kg were between BDT 90–100. All farmers reported that traders were also reluctant to buy their chickens and eggs due to this low price. A medium scale broiler farmer mentioned that:

“Since the lockdown started, I have not been able to sell my chickens at the same price as before. Traders are not interested in buying chickens as before due to the risk of losses...Many poultry stalls are already closed in LBM. Mobile vendors and seasonal vendors (sell broiler chicken during the festival time) are not doing poultry business at this moment.”

This is confirmed by a report from the Food and Agricultural Organization of the United Nations, stating that about 70% of chickens were said to remain unsold (Food Agriculture Organization, 2020b). As a result, farmers were forced to sell birds and eggs at a very low price. A large-scale broiler farmer, who for decades had reared flocks of more than 5,000 birds, shared his experience saying:

“I never experienced this kind of critical situation in the last 10 years. I cannot sell mature broiler to middlemen even at BDT 80–90 per kg, whereas my production cost is near BDT 100 per kg.”

This discrepancy between production cost and wholesale price made the business unsustainable for many farmers. Consequently, around 70% of small to medium-sized broiler farms were closed by April (IDLC, 2020). Small-scale farms were hard-hit, while many large-scale farms reduced their flock size, the result of which was that chicken meat production rapidly declined from 90,000 to 25,000–27,000 tons/month (Ali, 2020).

For layer farmers, the cost of production per egg was around BDT 5.50, but the market price fell to BDT 4.00. Nevertheless, it was reported that nearly 50% of eggs remained unsold (Food Agriculture Organization, 2020b). From the onset of the pandemic until April, 32–35% of the layer farms were completely closed (Ali, 2020). During interviews, farmers reported selling their laying hens as spent hens before the end of their laying cycle to reduce financial losses.

Both broiler and layer farmers expressed concerns about the sustainability of their activity. This was due to the price fluctuations, particularly for broilers, where the impact was amplified because farmers depend on credit provided by feed dealers. The credits are usually reimbursed at the end of the batch production cycle, the sale was often managed, and prices negotiated by the feed dealers/lenders. However, due to the adverse situation brought on by COVID-19, farmers were unable to repay their creditors. Some marginal small-scale farmers stopped poultry farming temporarily or permanently and reported setting up new agricultural activities or non-agricultural small-scale businesses instead. Describing his plight, a small-scale broiler farmer (1,500 bird) stated:

“If this situation lasts, I will have to leave poultry farming forever. I have already lost BDT 100,000 with the last batch. The feed dealer is pressuring me to reimburse my credit. I am now doing other agricultural work on my land, and I had to sell my cow as I needed cash.”

If a farm closes, as described in the quote above, dealers cannot recover the arrears owed by farmers. In a word, the unanticipated incidents in the poultry sector disrupted the cash flow among all the stakeholders associated with the entire transaction chain.

Input suppliers also reported a loss of income. According to a senior official at one of the country's leading poultry hatcheries:

“Chicken prices are usually slightly higher in March and April, so this is a profitable season for poultry traders and producers. But with the onset of the pandemic in the country and the government's declaration of lockdown on March 26, the situation was completely reversed. Broiler and layer DOC prices had come down from BDT 30 and 40 to BDT 15 and 18, respectively.”

The prices of day-old layer chicks and broiler chicks reportedly declined by 75 and 90%, respectively. Besides, 40–50% of newly hatched DOCs were reported to be unsold (Food Agriculture Organization, 2020b). Several hatcheries reported that they had to cull unsold DOCs and sell hatchable eggs as table eggs at the very low price of BDT 3.9–5.5 (USD 0.046- 0.065). Noting the comparative difference between the DOC production cost and the selling price, the general manager of an agriculture-based company commented:

“The sale price of broiler DOC dropped below the production cost. Now, broiler DOC selling price is BDT 4–5, whereas it was around BDT 35 before COVID-19. Our production cost is around BDT 30–32. So, we had to reduce the weekly production of DOCs from 13 million to 7.5–8 million.”

Consequently, hatcheries, breeders and feed industries had to reduce the production of DOCs, feed and medicine in an attempt to mitigate their financial losses. Bangladesh Poultry Industries Central Council (BPICC) found near 50% of the hatcheries ceased DOC production (Ali, 2020), and overall poultry production nosedived to almost 50% in a matter of months (Berkhout, 2020). A report of 120 hatcheries that used to produce 1.4 million broiler chicks and 17 million layer chicks weekly, dropped to around 9 million as many commercial poultry farmers postponed farming (Ali, 2020).

While some participants described the adverse effects of falling demand on their business and the actions they took to mitigate financial losses, traders reported additional causes for the financial losses they experienced. These included higher transportation costs, restricted business hours, the management of an unusually high number of unsold birds, and the inability to reduce their daily expenditures despite the reduction of their business. Referring to the overall loss due to regular expenses regardless of deficient income, one wholesaler commented:

“Revenues have reduced with declined price and supply. But you know, my operational cost did not decrease, I have to pay the rent of the shop, the salary of the staff, utility bill, etc. In the last three months, I have lost around BDT 400,000–450,000 from my capital.”

Wholesalers and retailers also reported that due to low consumer demand and restricted business hours (10 a.m. to 4 p.m.), many more birds than usual were left unsold every day meaning that vendors had to bear the cost of keeping them alive (Figure 4).


[image: Figure 4]
FIGURE 4. Impact of COVID-19 on PDN in Bangladesh.





Appeals for Intervention and Support

Despite government efforts to limit financial loss across the sector in the form of cash incentives (Amin, 2020; MOFL-Ministry of Fisheries Livestock, 2020b), subsidized feed, medicines and vaccines (AgriNews24, 2020), and health messaging to counteract rumors (UNB, 2020), informants from all stakeholder groups still described the need for financial support from the government and urged national and international NGOs and multilateral organizations to help. Notably, poultry traders did not expect to receive any financial support from the government themselves but supported the government for small-scale, marginal farmers.

Most respondents in the input suppliers group reported that they had already sought interest-free or low-interest loans from the government together with the cancellation of utility bills. For farmers, however, concerns were raised about access to the stimulation package offered by the government. Only one small-scale broiler farmer whom we interviewed reported having benefited from governmental and NGO financial support. Another, who had reduced his flock size by about two-thirds expressed fears that:

“I haven't got any government support yet. I am sure if the government provides financial support, it won't reach us at all. It will be for big poultry farms or companies.”

Respondents from all groups also recommended that the government should intervene to stabilize prices. Some specifically sought government intervention as some trading syndicates were reportedly seeking to control the poultry market by manipulating prices. Both farmers and traders highlighted the volatility of production input and output prices as an issue, with farmers' concerns focusing particularly on DOC, eggs and mature birds, and their consequences for the future of their activity.

Informants from the input suppliers group urged the government to reduce import taxes on agricultural products. They also asked that government raise public awareness to curb misinformation connecting chickens to the spread of COVID-19.




CONCLUSION AND RECOMMENDATIONS

Ultimately, this work has shown that the lockdown that was put in place in response to the COVID-19 pandemic has had a significant effect on the poultry sector in Bangladesh. Rumors that arose during the initial lockdown period linking the disease to chicken consumption had a small, but not inconsequential impact and one that reveals the importance of accurate health messaging in times of crisis.

Crucially, although many of the disruptions identified in this study can be linked to the impact that COVID-19 has had on the poultry industry, it is important to recognize that many of the most significant consequences of the pandemic—such as the volatility of input and production prices and credit-dependence—are structural factors. Rather than being created by the crisis, COVID-19 rather brought these endemic issues to the fore and previously hidden structural fragility to light (Hennessey et al., 2021). For example, price fluctuations and credit dependence were both existing concerns for farmers prior to the pandemic but became significantly damaging during the lockdown period in ways that individuals were unable to mitigate—leading to the loss of income and entire businesses closing in some cases. Therefore, while this work highlights the need for specific interventions to be implemented when facing a pandemic, it also acts as a reminder that some structural factors need to be examined in the long term, as, independently from the pandemic, they negatively impact food security, income generation for stakeholders and may well-generate other types of pandemic risk.

Based on these preliminary findings, this research indicates that the sector needs a program of effective short, medium and long-term interventions that can be implemented in response to disruptions that arise at different points of the poultry industry's extensive network. Further research would be required to understand the full extent of the impact that COVID-19 has on the sector in the longer term which is being undertaken by our research team. This study is able to suggest that any future research and development of interventions should consider the following:

• The government must be prepared to promptly disseminate public health information and develop a strategy to prevent and counter the spread of false news and misleading information in anticipation of any future pandemics. In the case of COVID-19, public information campaigns should continue to promote the dietary value of consuming eggs and chicken for overall health and immunity and provide additional resources to help consumers access poultry products safely and counter prominent rumors.

• The financial incentives announced by the government must reach vulnerable stakeholders, including marginal farmers. This will depend on better dissemination of information about what is available and consideration of how they will be accessed. Specifically, the procedures of getting and repaying bank loans need to be made more flexible for the agricultural and livestock sector, with government acknowledgment of the complex financial relationships businesses may be reliant on.

• The COVID-19 pandemic has highlighted limitations to continuing safe farming and distribution practices in times of national crisis. The livestock and agriculture sector should be declared as essential or strategic activities of public interest in order to continue smooth production during the COVID-19 pandemic. It is also essential to develop a medically responsible, unobstructed and fast transportation system to maintain the proper distribution of agricultural products around the country during any crisis.

• Gaining a better understanding of the underlying structural fragility of agricultural, fisheries and livestock sectors should be a priority. Doing so will enable the policy makers to develop a constructive and proactive pre-plan for rapid rehabilitation and provision of alternative income-generating activities for stakeholders involved in these sectors affected by a pandemic or other natural disasters in future.

• To connect producers, businesses and consumers in any circumstances, explore alternative sales and distribution platforms of poultry and poultry products through online resources and e-commerce to a greater degree.

• In order to ensure food security for every citizen of the country during and after the pandemic, the government must be prepared with the resources necessary to ensure optimal livestock and agricultural production, as well as equitable distribution and price regulation.

In addition to these recommendations, this research has revealed some areas warranting further investigation. Specifically, it is worth considering what the “fragility” discussed here means for how different stakeholders structure their business and strive to adapt to challenges as they arise. For those farmers suspending or closing poultry production in response to the pandemic, it may be that they were not solely dependent on this income source and were able to shift their attention to other income-generating activities. Evidence that marginal and small-scale production is more likely to have ceased operations than larger farms, should encourage us to consider whether COVID-19 marks a permanent shift in favor of larger-scale integrated production and what this would mean for the future of the poultry sector as a whole. Ultimately, although not to underestimate the challenges and losses affecting the many people who were hit hard as a result of COVID-19, we should problematize the evidence of “fragility” seen here and consider if the survival of the sector despite this actually presents us with as yet unresearched evidence of resilience.
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FOOTNOTE

1Kitchen markets (kachar bazar) are markets selling a wide range of foods and goods seen as essential to daily life including fruit, vegetables and meat.
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COVID-19 pandemic has resulted in widespread global disruptions. While much is being discussed about the health and economic impacts, there has been a limited focus on the immediate food sector shocks and their related social implications in developing countries, especially when the farmer surveys cannot be conducted due to mobility restrictions in many countries. To overcome these challenges, this study uses news mining and content analysis of media articles published from February to April 2020, to assess the early impacts of the COVID-19 pandemic on the food supply chain and farm distress in India. It also presents the media perception of the impact of the pandemic and resulting policy measures using sentiment analysis, in addition to the cross-tabulation of results that show differential impacts across food supply chain components among different commodity groups and regions. The results show wide-scale impacts across different components of the food supply chain ranging from crop harvesting and processing, distribution and logistics to disruptions across food markets, as represented by 22, 11 and 30% of total articles, respectively. The impacts are also differentiated by commodity groups, with animal products having more trade and demand-side issues, logistic bottlenecks in fruits and vegetables and crops showing problems in labor availability and harvesting. Sentiment analysis of news items shows a spike in the negative sentiment immediately post the national lockdown, with relatively less negativity in subsequent weeks due to large-scale policy and community action. Sentiment classification along different indicators shows the highest negative sentiment for animal products (85%) in commodity groups, western states of India (78%) among different regions, and food supply (85%) and markets (83%) among supply chain components. Further, extreme weather analysis (using excess rainfall events) shows that farmers faced compound risks from the COVID-19 pandemic and extreme weather events in many parts of the country. The results highlight the importance of building resilient food systems, especially when the biotic and abiotic shocks are projected to increase globally due to many drivers including biodiversity loss and climate change.

Keywords: food, supply chain, COVID-19, market, producer, India, news mining


INTRODUCTION

COVID-19 declared as a pandemic by WHO is an ongoing global health emergency being faced by countries across the world. From its first emergence in China in December 2019, the disease has rapidly spread, infecting more than 157.36 million people globally and fatally affecting 3.27 million people as of 11th May 2021 (World Health Organization, 2021). The highly transmissive nature of the disease forced several countries to impose regulations related to social distancing, self-isolation and travel restrictions (Nicola et al., 2020). Implementation of a nationwide lockdown, including the closure of international borders and, in some cases, domestic borders was an instant and important measure adopted by most countries to control the spread of the virus. In countries with full lockdown, fears of a socio-economic and; humanitarian crisis were highlighted as different sectors were negatively impacted (Abhishek et al., 2020; McKibbin and Fernando, 2020; UNDP, 2020).

Among other macro-economic impacts like poverty (Buheji et al., 2020) and trade (Maliszewska et al., 2020), food supply chain disruption was also an increasingly highlighted area of concern, especially for countries such as India that are largely comprised of small agricultural producers (Workie et al., 2020). Restricted access to markets and labor, along with reduced food demand were some of the key challenges in such places (FAO, 2020a; United Nations, 2020). Other global crises in the past such as the 2014 Ebola virus disease (EVD) epidemic, as well as the food price crisis of 2006–2008, also suggest similar patterns of supply chain disruptions in many countries (FAO, 2016, 2020b). However, given the wide scale of the COVID-19 pandemic, its socio-economic implications are expected to be more severe. These may range from increased food insecurity and malnutrition to a rise in poverty and inequality (Headey and Ruel, 2020; Laborde et al., 2020; Sumner et al., 2020).

The first official COVID-19 case in India was reported on 30th January 2020. Since then the Indian government announced a slew of measures to contain the spread of the disease and to manage the resulting impact of the same. On 12th March the government declared international travel bans and on 25th March, a nationwide lockdown was declared with mobility restrictions across the country. The resulting lockdown had an extensive impact on Indian agriculture across different commodities—from aquaculture (Kumaran et al., 2021) and fisheries (Avtar et al., 2021), to cereals (Balwinder-Singh et al., 2020) and vegetables (Harris et al., 2020). The lockdown resulted in supply chain bottlenecks for various agricultural commodities and affected agricultural supply and production. Several studies highlighting these trends utilized qualitative and quantitative surveys, remote sensing methods, modeling techniques and analysis of publicly available data. However, these methods are limited in their scope (both spatial and temporal), and surveys require substantial time and logistical resources to generate data. Further, the available literature does not highlight compound shocks faced by the farmers. In this paper, therefore, we utilize news mining as an innovative data collection methodology to analyze the immediate impact of COVID-19 on the Indian food supply chain. News mining is an upcoming tool that can generate useful and actionable insights, especially for dynamic scenarios such as the ongoing pandemic (Buckingham et al., 2020; Jahanbin and Rahmanian, 2020; Sadman et al., 2021). In fact, recent studies have used media analysis to understand the impact of the COVID-19 pandemic on various sectors including public health and food (Bai et al., 2020; Thomas et al., 2020; Moriom Khatun et al., 2021; Suryadi, 2021). This study uses this tool for the following three objectives—(1) assessing early impacts of COVID-19 pandemic on different components and sectors of the food supply chain, (2) understanding the media perception of the impact of the pandemic and resulting policy measures using content and sentiment analysis and (3) analyzing compound risks (from the pandemic and extreme weather events) faced by supply chain players in the study period and identify the policy/community actions undertaken to overcome them.



DATA AND METHODS


Selection of Articles for Review

The selection and extraction of news articles involved multiple steps (Figure 1). Different keywords were used to search for the news articles in Google News. These keywords included a combination of words related to food supply and COVID-19 pandemic—COVID-19, pandemic, Corona, farmers, agriculture, agricultural producers, farm producers, consumers, food supply, agricultural supply chain, food supply chain, food demand. The “Selenium” package in Python was used to web scrap the articles from Google News. Only articles published in the English language were selected. The exclusion of regional language articles remains a limitation of this analysis. The initial search resulted in 6,568 news articles, for which the metadata was extracted including the Title, Date, Source, and a brief description of the article. These articles were screened for their relevance to the analysis, and duplicates were removed—resulting in a total of 2,361 articles, which were selected, and their full text was extracted. Out of this, all articles that referred to other countries (and not India) were excluded to get a list of 786 articles. This list was further refined to exclude articles that were not related to COVID-19 and food supply. A final subset of 335 articles was selected based on which the review was carried out. To focus on the immediate impact of COVID-19 (and resulting national lockdown in India on 25th March 2020), the entire analysis was conducted from 1st February to 6th April 2020, covering the first 2 weeks following the announcement of the national lockdown. There was no baseline data collected (number of articles published during non-COVID years), as the objective of the study was to assess impact of the COVID-19 pandemic on different components and sectors of food supply chain (and not a comparison of media analysis for baseline years and the COVID-19 pandemic). The duration of the temporal analysis and non-comparison with baseline data remains a limitation of the study.


[image: Figure 1]
FIGURE 1. Methodology for the selection and analysis of news articles.




Content Analysis
 
Framework

The framework described in Figure 2 forms the basis of data collation and analysis of the selected articles. Figure 2 shows how food supply disruptions can be caused by both biotic and abiotic risks (in this case, the COVID-19 pandemic and extreme weather events, respectively). These risks affect different components of the supply chain including Labor (labor required for agricultural operations), Production inputs (seeds, fertilizers and pesticides), Harvesting and processing (harvesting operations and processing of different commodities, including post-harvest storage), Market and prices (farm, wholesale and retail markets, as well as price-related information for different commodities in these markets). These components affect different stakeholders of the supply chain—producers (farmers), market (market intermediaries) and consumers. To stabilize the food supply from the impact of different risks, public, private and trade-related actions are undertaken. The analysis presented in this paper is based on this framework—it assesses multiple risks that were faced by the food sector in the given timeframe, how these risks affected different stakeholders and components of the supply chain, and finally, how these impacts were managed through public and private initiatives.


[image: Figure 2]
FIGURE 2. Framework for assessing different risks affecting the food supply chain. Icon credit-this figure has been designed using visual icons from Flaticon.com.


While collating information from the articles selected from the news mining, the authors read through each article in detail and started categorizing the articles based on the type of risks focused upon in the articles, the components of supply chain impacted and different stakeholders affected, and the measures undertaken, if any, to resolve supply chain issues. In addition to the supply chain components described (Figure 2), there were a few articles that focused on the entire food sector, resulting in two additional categories—Food supply (articles focusing on food distribution and food security in general, including food supply for migrant workers stuck in many cities due to the lockdown) and Food demand (articles on food demand from different consumers). Information was also collected on different commodity groups, four exclusive categories for commodities included Food (articles where no specific commodity is mentioned or multiple commodities are mentioned), Crops (articles specifically related to arable crops like cereals, pulses, millets, oilseeds and other crops), Animal products (articles related to poultry, milk, fish and seafood) and Fruits and Vegetables. Additional information was also collected from the selected articles in the review, including the region/place focused upon in the news articles, the type of methods used and the date of publication.



Correspondence Analysis

A review of selected media articles, through the framework described above, helped in understanding the impacts of the COVID-19 pandemic on Indian agriculture. To further strengthen the qualitative insights, a correspondence analysis was also conducted on the full texts of the articles. Correspondence analysis is a quantitative exploratory technique, which helps in cross-tabulations and understanding the variation in the distribution of keywords across different commodities. This method is frequently used for qualitative analysis in social sciences (Brunette et al., 2018; Hjellbrekke, 2018) and has been recently used to understand the change in consumer perceptions and motivations toward food, after the COVID-19 pandemic (Laguna et al., 2020). For this study, the correspondence analysis was conducted using the WordStat software. The software first identified keywords from the full text of the selected articles and then calculated the contingency tables (crosstabulations) using the frequencies of these keywords across different categorical variables (in this case, different commodity groups).




Sentiment Analysis

For the second objective of the study, sentiment analysis was undertaken to assess the sentiment of news during the pandemic. Sentiment analysis categorizes data based on the “sentiment” of the words used. These “sentiments” are based on semantics, semantic theory, feelings around the words used (adjectives), and, etymology and phrasing; based on which the text can be classified into different sentiment groups, for example—negative, neutral and positive (Jacobs, 2019; Saura et al., 2019). For example, negative words like “panic,” “frightened,” and “devastated”, which are mentioned across the article text are scored negatively, highlighting a negative sentiment. This analysis has been used by social science researchers to investigate research questions related to public opinion and perception (Soo et al., 2012), has also been used recently to analyze the public perception of quarantine guidelines as a result of the COVID-19 pandemic, in educational institutes (Pastor, 2020). For this study, a supervised learning model was trained with a 30% random sample using Monkey Learn, a widely used software for sentiment analysis1. The model was trained by assigning sentiment categories manually on 102 articles (~30% of the total articles), which formed the training set. The five categories were Negative, Negative: Neutral, Neutral, Neutral: Positive, and Positive; with values −2, −1,0, 1, 2, respectively. These sentiment categories represent a scale, where the extreme end is “negative” where the incidence of words with negative sentiments are high, and with “positive” at the other end of the spectrum where words used in the article have positive connotations. For many news articles, a mix of both negative and positive words was observed, and these were classified in the middle of the scale—negative: neutral (presence of both positive and negative sentiments, but the proportion of negative sentiments is higher), neutral (both positive and negative sentiments equally present), and neutral: positive (presence of both negative and positive sentiments, but the proportion of positive sentiments is higher). Each article was assigned a tag and was fed to a feature extractor where the text vectorization was performed. The resultant list of features was then fed to a machine learning algorithm and passed to a classifier model. The model was strengthened and validated by achieving an efficiency score of 70%, which means that the model was repeatedly trained till 70% of the articles in the training set were correctly classified by the machine learning algorithm, across all five sentiment categories. The final model thus developed was used to classify the dataset of 335 articles. The results are presented using the frequency of the articles (under each sentiment category) based on their sentiment classification. As an example, an excerpt from the text of a news article which was classified as “negative” is presented—“Rumors in India that birds could spread the coronavirus are taking a massive toll on sales of poultry in the world's second-most populous nation. The speculation is circulating on social media, according to B.S. Yadav, managing director of Godrej Agrovet Ltd., India's biggest compound animal feed company. Industry-wide weekly sales have plummeted at least 47% to 35 million to 40 million birds in the past 3–4 weeks, while prices have slumped almost 60%, he said. “The damage is so severe that whatever we have done in the past seven months will be wiped out if the decline in sales continues for next 1–2 months,” Yadav said.”



Extreme Weather Analysis (Excess Rainfall)

To assess compound risks (both biotic and abiotic risks) faced by the food supply chain actors, analysis was also undertaken to assess the weather events which occurred during the study period (February to March 2020). We restrict the analysis to precipitation, as these were the main weather events reported by farmers in the media. Extreme rainfall, heat stress and hailstorms are the major climatic risks faced during the winter cropping season in India, which adversely affects crop production, especially during the maturity and harvest stage of crops like wheat (Zampieri et al., 2017). Excess rainfall is known to cause significant harvest2 and post-harvest losses (Bjerge and Trifkovic, 2018; Li et al., 2019). Satellite-based daily precipitation data was downloaded from the Climate Prediction Centre of the National Oceanic and Atmospheric Administration (NOAA-CPC) at 0.1-degree resolution (Rainfall-NOAA-CPC-RFE V2.0). The daily precipitation data was analyzed to calculate three indices to assess rainfall volume and distribution in the study months—cumulative monthly rainfall, number of rainy days in a month (number of days when rainfall is >2.5 mm, as defined by the Indian Metrological Department) and maximum 1-day rainfall in a month. These indices are used by several crop monitoring systems to track weather events and monitor crop progress (Fritz et al., 2019; van der Velde and Nisini, 2019; Aggarwal et al., 2020). By assessing all the three indices together, areas with excessive rainfall risk were identified. Next, a cropland mask was used to highlight areas with significant crop acreage. A threshold of 50% was used to mask non-agricultural areas (only pixels where crop area was more than 50% were used).




RESULTS


Content Analysis
 
Overview of Key Trends

The news articles analyzed in this study were segregated into different groups to understand key trends (Figure 3). More than half of the news articles were nationally focused, followed by articles related to northern and southern parts of the country (state-wise distribution of news articles is given in Supplementary Figure 2). The news articles were also grouped based on the supply chain actors affected, with a third of the articles focusing on “Markets and price,” while only 7.6% of the articles focusing on “Production inputs.” Among different commodities, the highest share was of “Food.” with minimal focus on “Fruits and vegetables.” For different stakeholders, almost half of the articles focused on the market (intermediaries), followed by producers and consumers.


[image: Figure 3]
FIGURE 3. Overview of news articles analyzed in the review by—(A) the region covered, (B) supply chain component affected, (C) commodity type, (D) type of stakeholder focused, and (E) methodology/type of news article.


Out of the 335 articles reviewed, 66% of articles were published after the nationwide lockdown in the country. This is expected as media focus on food sector in the country increased after the national lockdown. However, a few exceptions in this trend were also observed for different sectors and components of the supply chain, for example, Animal Product (commodity) was the exception to this trend, with articles highlighting the commodity much before the lockdown (Figure 4). This was primarily driven by reduced export demand for poultry which began earlier in the year as the pandemic spread across countries, affecting international food trade. Post lockdown, the issues related to “Market and prices” increased, with the shutting down of wholesale and retail markets, increase in prices of different commodities across the country due to limited supply and panic-driven demand from consumers, and the closure of markets for mass sanitization. Logistics and Distribution challenges were also witnessed due to mobility restrictions from farms, warehouses and factories to wholesale and retail markets. Mobility restrictions, as well as labor shortage also affected labor intensive operations across the farms, storage and processing units, factories, transportation and markets.


[image: Figure 4]
FIGURE 4. Time series of cumulative frequency of articles by (A) commodity and (B) supply chain component focused upon.




Commodity and Theme-Wise Results

Figure 5 highlights the article frequency across the thematic areas and commodity group. About half of “Market and price” related disruptions were mentioned for the Food commodity. For “Crops” commodity, harvesting and processing were the most affected operations, and many news articles reported labor shortage for harvesting of wheat crop in the northern parts of the country. This is also supported by literature—farmers in major wheat-producing states of Haryana and Punjab, contributing 60% to India's wheat procurement (Directorate of Economics Statistics, 2018), were unable to meet their requirement of about 1.6 million laborers for harvesting (Sethi, 2020). Additionally, the news articles also reported limited availability and access to harvesting machines, which further caused bottlenecks in harvest operations. To tackle this, the government assured procurement of wheat from farmers while requesting them to delay the harvesting by 2 weeks. In addition to this, storage of the harvested produce and limited accessibility to markets in rural areas for seeds and inputs for the next cropping season (summer crop) also emerged as an area of concern by farmers in the Northern and Southern regions of India, as reported by the news articles.


[image: Figure 5]
FIGURE 5. Article frequencies of different themes and commodities.


Impacts on “Animal Products” commodity were mainly related to poultry, with 80% of the total articles highlighting the decline in chicken prices as a result of reduced international and domestic demand (Kolluri et al., 2020; Rakshit and Basistha, 2020). The news articles highlighted that this market trend was driven by social media rumors about the spread of COVID-19 through birds which began earlier in 2020. Consequently, consumer demand decreased by almost 50%, and chicken prices fell by up to 70% across the country, resulting in an industry-wide loss of INR 1,750 crore3 during January–February, as also reported in many articles (PTI, 2020a,b). Ex-farm gate prices fell from INR 100 to INR 35 a kilogram, while retail prices reduced from INR 180–200 to INR 100–150 a kilogram in the country in early March—as highlighted by the news articles in the review (IANS, 2020; PTI, 2020c). A few articles also mentioned a 64% decline in the wholesale prices of eggs (from INR 4.25 to INR 2.7 per egg) and 25% decline (by INR 5–7 per liter) in farm price of milk resulting from reduced demand by consumers for similar reasons (DHNS, 2020; Jha, 2020a).

No clear pattern and trends were observed for food prices in other commodity groups. Shutting down of markets and international trade restrictions resulted in price volatility in some wholesale and retail markets for “Fruits and Vegetables” commodity in the country. Before the lockdown, a decline in export demand resulted in reduced prices for fruits and vegetables in some regions, for instance, a few news articles highlighted how farm-gate prices for grapes and bananas (in western and southern India) fell by 30% in the first 2 weeks of March. In addition to this, the news articles also mentioned reduced demand from bulk buyers including hotels and restaurants, also reduced wholesale prices for perishable vegetables by 15–20%. This trend is also supported by literature (Arya, 2020; Bera, 2020). On the other hand, there were reports of spike in the retail prices due to panic buying from individual consumers during the lockdown in some cities. This price rise ranged from 50% in North India to 200–400% in South India for some vegetables following rumors of food shortage due to market closures (Express News Service, 2020; Staff Reporter, 2020). Wholesale prices, however, varied across regions and no clear trends were observed, as prices either increased as a result of lower market arrivals (North and Central India) or in a few cases, declined due to a fall in demand by consumers (North India). As a case study illustration, a 5-year (2016–2020) time-series analysis using secondary wholesale price data for potato crop for the same date (20th April) shows that the highest price rise was observed for the year 2020 when the price increased by 77% over the previous year4 (Supplementary Figure 3). The analysis is shown for the Azadpur market in Delhi, the biggest wholesale market in India.

The news articles, also reported diverse trends infarm-gate prices after lockdown (a decline in farm gate prices was observed in some regions) (Mukherjee et al., 2020). In these regions, supply chain bottlenecks caused the farmers to sell their produce at low prices (Jha, 2020b). The limited focus of media articles on farm gate prices, therefore, pointed to a possible under-representation of producer distress. A formal analysis of food prices for different commodity groups and supply chain components in India (farm gate, wholesale and retail prices) can help in understanding these patterns (Elleby et al., 2020; Höhler and Lansink, 2021).

Other than the supply chain disruptions, certain social concerns also emerged from the review. A key example was the closure of schools and consequently, the mid-day meal scheme, one of the largest government-sponsored school feeding programs of the world, and important food and nutritional safety-net for children in India (Singh et al., 2014; Alvi and Gupta, 2020). Consequently, the government implemented measures including at-home delivery of mid-day meals or food security allowance for the children. The lockdown also resulted in job and income losses of daily wage earners, migrant laborers, street vendors in urban areas resulting in food security and hunger issues in major cities.



Cross-Tabulation Using Correspondence Analysis

To further support the findings from the qualitative review of media articles on India, a correspondence analysis of the keywords was also conducted (Figure 6). These keywords were analyzed by commodity. To have a deeper understanding, the category of Animal products was further bifurcated into poultry and fisheries. Correspondence analysis highlights the relationship strength between keywords and commodities by their angular placement. Some of the most closely associated words with “Food” commodity were “shops,” “markets,” “distribution,” “essential,” “relief,” and “credit.” Similarly, with “Fruits and Vegetables” it was “APMC,” “Mandi,” “Consumption,” “wholesale,” and “prices.” For “Cereals,” these words were “operations,” “transportation,” “harvesting,” “seed,” “wheat.” These keywords point to specific problem areas for different commodities. For “Food” commodity, the keywords related to supply or access to food, along with government action were most significant. For “Crops,” farmer and production issues like harvesting and logistics were highlighted and for “Fruits and Vegetables,” the concern was more on the market and consumer side. The positioning of these words also highlights the presence or absence of associations. Most of the words regarding government action are on the opposite side or to the right angle of commodities like Fisheries, Poultry and Fruits and Vegetables, indicating that most of the economic relief packages were announced for either cereal crops or to ensure food supply in general. Similarly, words related to logistics and production which were strongly associated with cereals, have zero to negative association with poultry. This again highlights how the COVID-19 pandemic and the resulting lockdown resulted in different impacts for different commodity groups.


[image: Figure 6]
FIGURE 6. Two-dimensional representation of the correspondence analysis of the text. Please note only two dimensions are shown, the three-dimensional coordinates of the keywords are available in the Supplementary Material.





Sentiment Analysis

Sentiment analysis of the media articles in the review shows a significant increase in articles with overall negative sentiment, especially after the lockdown (Figure 7), which is expected. The trend, however, shows marginal improvement post lockdown due to several initiatives taken by the government and community relief efforts to address some of the challenges. Among them was the significant economic stimulus package of INR 1.70 lakh crores (approximately USD 23 billion) under the Pradhan Mantri Garib Kalyan Yojana (PMGKY) involving a direct cash benefit transfer along with food grain provision for two-thirds of the country's population, which many news articles focused upon post-lockdown (Goyal, 2020).


[image: Figure 7]
FIGURE 7. (A) Sentiment trend analysis [the two lines refer to the lockdown date in India (25th March 2020) and the stimulus package announced by the government (26th March 2020)]; (B) share of articles highlighting sentiment classification by region (India refers to articles which focused on the entire country and not any specific region or location, please note that it is a separate category and not a sum of all regions), (C) share of articles highlighting sentiment classification by commodity and (D) sentiment classification by the supply chain component.


The results from sentiment analysis by commodity highlighted the highest frequency of articles with negative sentiment for the “Animal Products” group. This was not just attributed to the significant losses incurred as a result of reduced demand but was also exacerbated by the lack of government relief measures for this group. High negative sentiment for “Fruits and Vegetables” was driven by panic-driven consumer demand as well as price volatility across markets. In contrast, the large scale relief measures announced by the government including cash transfers led to comparatively lower negative sentiment for commodity groups such as food and crops. Most of the government relief measures reported in the news articles focused on crops (mainly cereals like wheat and rice).

Around 60% of the articles focused on India, were of negative sentiment and 23% were negative-neutral, highlighting an overall negative sentiment, as seen in the media articles. Among regions, over 50% of the articles from western and southern India had a negative sentiment, largely driven by a large share of “Animal Products” and “Fruits and Vegetables” articles from these areas. Comparatively lower negative sentiments were found for northern India, as most of the articles here focused on crops. The sentiment analysis by supply chain components also shows the highest negative sentiment for food supply (78%), followed by markets (71%) and labor (51%)—indicating these as the most affected parts of the food supply chain. Food demand was least affected with 41% of the articles with negative sentiment.



Compound Risks From COVID-19 and Extreme Weather Events

Media analysis highlighted compound risks faced by farmers over the study period. In addition to the impact of the COVID-19 pandemic, farmers also suffered extreme weather events. Phrases such as “loss of crops,” “delay in wheat harvesting,” “severely damaged,” “excess rainfall” in the media articles highlight how climatic stress affected the crop production in 2020, especially in the case of wheat and mustard crops in North India (Supplementary Figure 1). A private weather forecasting agency estimated economic losses up to INR 255 crores from unseasonal rain in the cropping season, affecting 650,000 farmers (Sangomla, 2020).

Results from extreme weather analysis (excess rainfall events) for the study period also highlighted these issues (Figure 8). Also shown in the figure is the number of news articles in the state where impacts of COVID-19 and excessive rainfall events on the farming sector were both recorded. There were instances of very high rainfall (up to 750 mm) in March in northern and eastern India. This was observed especially in wheat-producing regions of Haryana, Punjab and Uttar Pradesh along with eastern states of Chhattisgarh, Jharkhand and Orissa. This is significantly higher than the normal rainfall received during this time (https://mausam.imd.gov.in/). These regions received rainfall volume of 100–750 mm in 6–10 days, with states like Haryana and Punjab witnessing up to 10 rainy days in March 2020. The high volume of rainfall over a span of few days has the potential to adversely affect the harvesting and maturing stage of crops, especially wheat, in the field through lodging and flooding (Mukherjee et al., 2020). The extreme rainfall risk in the study period was also shown by the maximum rainfall received in a single day (1-day maximum rainfall)—farms in Uttar Pradesh and Haryana received up to 100 mm of rainfall in a single day, while central states Chhattisgarh and Madhya Pradesh received 100–450 mm rainfall in a single day. Producers in those regions suffered compound risks from both the pandemic and extreme weather during the same time, exacerbating their loss, as also reported by the news articles. The focus of the articles, however, remained skewed toward the COVID-19 impacts on the food systems, with limited attention on the compound effects (of both the pandemic and extreme weather) on the Producers.
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FIGURE 8. Extreme weather analysis for precipitation (excess rainfall events) in India for the study period (February and March 2020). Three different rainfall indices—monthly precipitation, number of rainy days and maximum 1-day rainfall are shown, along with the frequency of articles mentioning compound risks from COVID-19 pandemic and extreme weather events.




Policy and Community Action

News articles highlighted many policies and community initiatives undertaken to help the farmers and other supply chain actors, and the different measures which were undertaken by local governments, private sectors and individuals to distribute food to those who were severely impacted. Apart from the national farm stimulus announced by the government, state governments issued health guidelines for farmers to be followed during harvesting and marketing operations with social distancing. Some state governments also created specialized disinfection tunnels before entry gates of certain food markets (ANI, 2020). Simultaneously, the government officials interviewed in the news articles, highlighted the availability of enough food stock for the country's population to mitigate food insecurity fears. Apart from this, several private initiatives were also reported in the news media. In many places, consumers directly contacted farmers (through local farmers markets) and established localized food delivery networks, to overcome logistical bottlenecks. Private and development agencies also initiated food delivery services for migrant laborers during the lockdown.




DISCUSSION

The study highlights the immediate effects of the pandemic-induced lockdown on the Indian food supply chain by combining news mining techniques with content analysis tools. It highlights the key areas of disruption across different commodities and themes. A sharp spike in articles immediately after lockdown was observed (and expected), however different trends were noticed for commodity groups and components of the supply chain. Key areas of impact were Animal products and Fruits and Vegetables (commodity groups), and wholesale and retail markets, food distribution and logistics challenges (supply chain components) as well as concern over food supply and availability. On the other hand, despite agriculture being exempted from the lockdown restrictions, labor and input availability were observed as major bottleneck areas as reported by the farmers. The food supply chain in India is disorganized, fragmented and inefficient due to several challenges like small landholdings, lack of infrastructure like post-harvest storage and processing units, among many others (Parwez, 2016; Meena et al., 2019). These challenges further magnify the impact of both biotic and abiotic risks as mentioned in the news articles. This is especially true for perishable commodity groups like Animal products, Fisheries and Fruits and vegetables; which were found to be disproportionately affected in the media analysis than others. At the same time, these commodity groups play a significant role in the livelihood security of millions of farmers—India has the highest cattle population in the world, and a fast-growing fisheries sector (Islam et al., 2016). The fisheries sector in India provides livelihood support to 16 million people directly and 20 million people are supported by the livestock sector (http://dahd.nic.in/about-us/divisions/statistics). Most of these farmers are smallholders with a limited resource base (as also evidenced in the media articles), and the production is thus disorganized and scattered, thereby making the supply chains more vulnerable to shocks. The consolidation and organization through mutuals, formal and informal producer organizations can be one way to improve the efficiency of the supply chains (Meuwissen M. P. et al., 2019).

The scope of the study is temporally limited and does not allow an analysis of medium to long term trends. However, the analysis is aimed at providing immediate and short-term insights into the impacts of the lockdown on the food supply chain. The study results highlight the potential of this methodology to enable near real-time monitoring of farm distress. Additionally, the dis-aggregation of challenges by actors and categories, along with their interactions with each other, also provides a unique opportunity to timely identify and address key issues within the food supply chain.

The current crisis, while disruptive, also necessitates a detailed assessment of existing preparedness and resilience of the food systems to adapt to multiple external shocks, including extreme weather risks. Results also highlight the extreme weather risks faced by producers in the country during the pandemic. The analysis shows limited attention to this issue, which could be due to the localized nature of extreme events as compared to the global impact of the pandemic. However, it can serve as a starting point to understanding the potential impacts and compound risks in near future. Further research is required to understand how multiple shocks interact within the food systems and impact different actors.

Drawing from this study's results, the following recommendations can help agrarian countries such as India, in recovering from the current crisis as well as to enable better planning for the future. First, incorporating a broad range of unforeseen risk factors is essential in food security planning. Our case study results show how farmers in India faced multiple risks from COVID-19 induced supply chain bottlenecks (including both production and market risks), and extreme weather events in a single cropping season. Concurrent risks have the potential to significantly affect farm production (Toreti et al., 2019) and agricultural operations for the subsequent cropping seasons, reducing farm resilience and creating poverty traps in smallholder economies. Integrating a resilience approach (which recognizes the role of different risks in food systems) in policy planning is an important research agenda (Meuwissen M. P. M. et al., 2019; Komarek et al., 2020; Davis et al., 2021). A combination of different risk management strategies including early warning systems (Krishnamurthy et al., 2020), ICT-enabled climate services (Born et al., 2021), climate-resilient agricultural technologies (Sarker et al., 2019) and insurance can play a crucial role in building farm resilience.

Second, leveraging the strengths of local and regional knowledge systems and supply chains, and providing opportunities to further strengthen them can help in overcoming risks, in addition to promoting timely reforms for strengthening social and physical infrastructure for last-mile connectivity. This can also be achieved by pursuing blended finance mechanisms and engaging all stakeholders including government, private sector, local community organizations and international agencies to scale up socially inclusive measures for building more robust and efficient supply chains. Our results show how local food supply chains can innovate (for example, media articles highlighting how consumers engaged directly with farmers during lockdown) and their strengths can be leveraged to create supply chain resilience (Thilmany et al., 2021). There were also several examples of how collective action was able to reduce some of the supply chain disruptions in the country. Government agencies collaborated with farmer producer organizations in the state of Maharashtra by directly selling farm produce to consumers through social media, thus overcoming supply chain bottlenecks. Similarly, women groups also played a key role in providing food to the vulnerable social groups in urban as well as rural areas (Ragasa, 2020). Timely planned and forward-looking policy measures can support supply chain resilience. For instance, India's post-pandemic stimulus measure aimed to address some of the disruptions caused by COVID-19 and further develop agricultural infrastructure to advance producer well-being. While this measure was in the form of a relief package and was thus a reactive policy, similar strategies if proactively implemented can help in strengthening the resilience of the existing food systems toward future shocks.

Last and most importantly, we combine multiple data sources and present a methodology that can be used for a rapid near-real-time assessment of farm distress. With significant advances in data sciences, we believe the use of social media and news mining methods have immense potential for application in agriculture and food systems. Multiple case studies have highlighted the use of social media analysis in climate sciences (Buckingham et al., 2020) and disaster management (Kryvasheyeu et al., 2016; Kibanov et al., 2017; Cecinati et al., 2019). Future research agenda can focus on utilizing big data analytics for farm risk management, particularly localized weather events (like hailstorms, landslides, inundation, cloud burst and lightning-induced fire events, among others) which are difficult to monitor due to data scarcity (especially in developing countries) and cause significant farm distress (Prein and Holland, 2018).



CONCLUSION

The paper demonstrates a methodology where detailed and structured analysis of media articles helps in assessing the early impacts of the COVID-19 on the food supply chain. This can be used as an analytical tool by policymakers to develop a timely response strategy to deal with such unprecedented crisis events in future. Results also point to the need for targeted responses, as impacts vary across commodities, regions and supply chain actors. The results also show the emergence of compound and concurrent risks in agriculture, and appropriate policy measures are needed to overcome the same, especially in countries with smallholder agriculture. The COVID-19 pandemic has come as a sudden tipping point for food supply chains in many countries, where they are not only required to adapt, but also transform the way supply chains operate right from farm to fork. The above analyses and recommendations, therefore, provide important inputs to build better pathways to food security in the post-COVID-19 era.
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FOOTNOTES

1MonkeyLearn API Reference. from https://monkeylearn.com/api/v3/.

2https://indianexpress.com/article/india/heavy-rain-damages-standing-crops-over-4-5-lakh-hectares-6745312/.

31 INR = 0.014USD (as of 22th January,2021); 1 crore = 10 million.

4http://www.apmcazadpurdelhi.com/.
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The novel coronavirus disease 2019, or COVID-19, is a recent disease that has struck the entire world. This review is conducted to study the impacts of the COVID-19 pandemic to food safety as well as the food supply chain. The pandemic has caused various changes around the world as numerous countries and governments have implemented lockdowns and restrictions to help curb the rising cases due to COVID-19. However, these restrictions have impacted many aspects of everyday life, including the economic sectors such as the food industry. An overview of the current COVID-19 situation in Malaysia was discussed in this review along with its implication on food safety and food supply chain. This is followed by a discussion on the definition of food safety, the impact of the pandemic to food safety, as well as the steps to be taken to ensure food safety. Hygiene of food handlers, complete vaccination requirement, kitchen sanitation and strict standard operating procedures (SOPs) should be in place to ensure the safety of food products, either in food industries or small scale business. Additionally, the aspect of the food supply chain was also discussed, including the definition of the food supply chain and the impact of COVID-19 to the food supply chain. Travel restriction and lack of manpower had impacted the usual operation and production activities. Lack of customers and financial difficulties to sustain business operational costs had even resulted in business closure. As a conclusion, this article provides insight into crucial factors that need to be considered to effectively contain COVID-19 cases and highlights the precaution methods to be taken through continuous monitoring and implementation by Malaysian government.

Keywords: food safety, food supply chain, post pandemic, Malaysia, threat


INTRODUCTION

Recently, the entire world has been plagued with the sudden appearance of a new disease commonly known as COVID-19 that was brought about by the severe acute respiratory syndrome corona virus 2 (SARS-CoV-2), (Olaimat et al., 2020). On the 11th of March 2020, the World Health Organization (WHO) has declared the COVID-19 outbreak as a global pandemic as the number of cases worldwide rose to a concerning amount, with an expected increase in the number of cases in the coming months (Cucinotta and Vanelli, 2020). According to World Health Organization (2020), the new strain of the coronavirus disease was first identified in a cluster of pneumonia patients in Wuhan, China where the Chinese authorities later confirmed to be the cause of the pneumonia. COVID-19 is a respiratory illness characterized by symptoms such as fatigue, dry cough, fever, as well as lymphopenia (Cucinotta and Vanelli, 2020).

This recent pandemic has brought about many changes around the world as numerous countries have implemented various lockdowns and the closure of many economic sectors in order to curb the number of rising COVID-19 cases due to the spread of the infection among the citizens. During these lockdowns, essential services were allowed to operate on strict standard operating procedures (SOPs). As a result, a new norm has been introduced where social and physical distancing must always be adhered to with masks to be worn at all times while being in public areas, as well as the prioritization of hygiene and sanitation. This pandemic has affected many aspects of day-to-day life, including social life, as well as many economic sectors. Rozaki (2020) found that many companies and businesses, including the agricultural practices and food industries have been affected by the economic uncertainty since the start of the pandemic. This study highlights the current issue of the COVID-19 pandemic that has affected the food industry, mainly in the aspect of food safety and the food supply chain in Malaysia. Due to COVID-19, many sectors in the economy were affected as companies have been forced to close down or took strict restrictions on their manufacturing and production as required by the health guidelines set by the government and authorizing bodies such as the WHO (Rashid et al., 2021). Due to these restrictions, most companies had to cut down and minimize on the production and manufacturing of their products, which has caused shortages and delays of a particular product. Therefore, the objectives of this study were to review the impact and threats of the COVID-19 pandemic to food safety as well as to the food supply chain in Malaysia. Additionally, precaution and solution taken by the government were also discussed in order to provide an insight as a form of improvement to the current situation while managing the pandemic.



LITERATURE REVIEW


Overview of the COVID-19 Situation

The recent COVID-19 pandemic has affected many countries in the world. As cases continued to rise, more and more countries have implemented lockdowns and restrictions. In China, where the first reported cases of COVID-19 originated, the Chinese government had enacted control measures which was described as “the strictest control measures since the founding of the People's Republic of China” (Min et al., 2020). These measures include suspension of intra-city public transport, banning of public gatherings, and the shutdown of entertainment outlets. Additionally, restrictions had also been enforced in other countries such as the United Kingdom, where a lockdown that has restricted non-essential public gatherings, closure of businesses and educational institutions, and an order to stay at home aside for essential tasks and exercise was imposed (Choi et al., 2020). In South East Asia, countries such as the Philippines have also implemented control measures which had included restrictions such as curfews, travel restrictions and check-points, as well as the indefinite suspension of business and education activities (Tee et al., 2020). Globally, the government agencies have tried imposing restriction and control measures in order to closely monitor and manage the number of COVID-19 cases within each country. Nowadays, these restrictions are analyzed according to the state of each country and re-opening of other sub-economic sector were taken into consideration. However, tight SOPs are still in place as the pandemic is still far from being over globally which has eventually affected the food purchasing and consumption behavior (Li et al., 2022).

In Malaysia, the first positive COVID-19 case was identified on the 25th of January 2020, and within 6 days, a total of eight positive cases were then reported, all of which were imported cases from Wuhan, China (Shah et al., 2020). Furthermore, on 17th of March 2020, Malaysia recorded its first confirmed death (Koh et al., 2020). Subsequently, the number of positive cases recorded skyrocketed following a religious mass gathering which has also included international participants from India, Brunei, Thailand, South Korea, China, and Japan (Che Mat et al., 2020). Minhat and Shahar (2020) have expressed that the rapid transmission in positive cases was predicted to have been caused by exported cases from other countries. Following the continual increase in the number of cases in Malaysia from 99 positive to 200 positive in less than a week (Shah et al., 2020), the government of Malaysia has implemented the Movement Control Order (MCO) on the 18th of March 2020. The MCO implemented has required all businesses to underwent a close down, with the exception of those that provide essential services and items (Tang, 2020). Consequently, most businesses were forced to halt their activities as a form of compliance to the new MCO implemented by the government. Some of the restrictions during MCO include social distancing guidelines implemented in public places, limited operating hours, travel restrictions which have been further enforced by road blocks all over the country, in addition to the limitation of movement of a 10-km travel radius for all citizens (Tang, 2020). However, even with the implementation of the MCO, after 1.5 years, Malaysia is seen still struggling to lower the number of cases among its population due to emerging new variants being transmitted.

These control measures had affected many walks of life, from workers, business owners, students, as well as children. Social life, education system and non-essential businesses have been placed on a halt. These restrictions, although implemented to stop the rising cases of COVID-19, have also impacted many economic sectors. While many companies were able to keep their businesses going by allowing their employees to work from home, the same cannot be applied for most food industries as many food companies require their workers to work hands-on with the product, especially for smaller businesses. Therefore, COVID-19 has caused some effects to the food industry, such as impacting food safety as well as the food supply chain, with similar impact found in over 16 countries. Hence, managing the whole system during a severe pandemic is utterly crucial (Djekic et al., 2021).



Selection of Articles

In this study, the systematic review of articles was searched and selected from three databases (Science Direct, Scopus and Google Scholar). The literature search was conducted from Oct 2020 to September 2021. The search terms used were “food safety” and “food supply chain” under the (Article title, Abstracts, Keywords). In addition, the term “COVID-19” was used under the [Search within results] to be specific. About 1698 articles were identified through the database search and an additional 12 articles were identified (including governmental reports and newspaper articles) as indicated in Supplementary Figure 1. Thorough screening was conducted to eliminate bias and subsequently, eligible literature were included in this study so that an overview of the food safety and supply chain during and post pandemic situations in Malaysia were able to be reflected in this study.



COVID-19 and Food Safety
 
What Is Food Safety?

Food safety is a very important aspect in the food industry. According to Uçar et al. (2016), food safety is described as the preparation of food that shall not cause any harm to the consumer when it is eaten according to its intended use. Moreover, the Australian Institute of Food Safety (2019) describes food safety as the handling, preparation, and storage of food which can best lower the risk of sickness caused by foodborne illnesses. Food related diseases caused by foodborne pathogens can be very dangerous, and even fatal, therefore, food safety is a crucial aspect during food preparation to avoid any undesirable consequences. According to Uçar et al. (2016) there are a few factors which affects food safety: food hygiene, personal hygiene of food handlers, and kitchen sanitation, as shown in Supplementary Figure 2. Previously, the responses of food safety system and management during pandemic in over 16 countries indicated that staff awareness and hygiene were the most important attributes that needed to be enforced in food industries (Djekic et al., 2021).

Not only is food safety important to protect the consumers directly from foodborne diseases, but it is also significant as the consumption of safe and nutritious food will help maintain good health and well-being. Uddin et al. (2020) stated that the consumption of nutritious and safe foods helps to generate body immunity, thus, it also helps in fighting against diseases such as COVID-19. Additionally, a proper diet can guarantee that the body is strong enough to fight the virus. A healthy body and immunity are especially important during this pandemic where a sick or unhealthy person may be more susceptible to fall victim to COVID-19 as compared to a healthy person. Furthermore, it has been reported that the food consumption pattern during the pandemic has changed along with limited physical activities which could affect health condition in the long term (Mahar et al., 2021). However, alongside the intake of healthy and nutritious foods in the diet, other measures such as food safety management and the good food practices are also necessary in combating the virus (Aman and Masood, 2020). Thus, food safety should not be taken lightly during this pandemic. In fact, a huge shift of consumer perception toward food safety during the pandemic has influenced the purchasing power (Thomas and Feng, 2021).



Impact of COVID-19 to Food Safety

Early on at the start of the pandemic, many food consumers have been concerned with the safety of their food as there was not much well-known information about COVID-19 and its transmission via food products. There were concerns of the virus being transmitted through food products as well as by the packaging of the food itself, which has caused many companies to enforce stricter hygiene rules in the manufacturing and production of their products. In this case, sanitation and sanitization is vital to ensure food safety. Sanitation is the utmost important criteria for hygienic condition so that the whole food preparation, handling area, amongst others, is in a clean environment. Additionally, during this pandemic outbreak, another step such as sanitization is needed to ensure that the surface is free from any kind of microbes and viruses that could potentially pose a threat to human health.

As more research was conducted, it was revealed that up until now, there was no study which had reported on the spread of COVID-19 through food products and the human digestive system (Duda-Chodak et al., 2020; Olaimat et al., 2020). Food handlers in US practiced frequent hand-washing to eliminate the possibilities of contracting COVID-19 from food items (Thomas and Feng, 2021). The World Health Organization (WHO), Food and Agriculture Organization (FAO), as well as the United States Food and Drug Administration (US-FDA) has advised that COVID-19 is not transmitted by the consumption of food contaminated by the virus (Uddin et al., 2020). Moreover, Cable et al. (2020) reported that there was no evidence which has suggested that SARS-CoV-2, the virus causing COVID-19, is a foodborne virus, based on the conclusion brought about by the French Agency for Food, Environmental, and Occupational Health and Safety. Cable et al. (2020) has continued to state that, SARS-CoV-2 should be able to be inactivated during cooking as well as under normal pasteurization conditions, based on research conducted on other coronaviruses. This was also in agreement with the study conducted by Jawed et al. (2020) where high temperature heating of over 70°C has been found to inactivate viruses, including the Coronavirus. Thus, it is important for handlers to maintain good food safety etiquette, like cooking foods until the correct temperature was achieved in making sure that the food is safe for consumption. On the other hand, Cook and Richards (2013) has stated that even cooked foods may transmit viral diseases, if they come into contact with other contaminated foods or surfaces such as food that has been handled by a person with contaminated hands or coming into contact with food items that have previously been contaminated during processing or preparation. In the study, it has been further illustrated that viral droplets are typically considered heavy when they are more than 5 μm in size, resulting in a need for a space to land which could be any object, packaging or surfaces that in turn, could be the possible mode of transmission. Meanwhile, when the viral droplets are <5 μm in size, corona virus could be circulated in the air (Cook, 2020).

Therefore, food safety is still a concern as this does not rule out the possibility of contamination through other means, such as from person-to-person, or from person-to-object. In light of recent events, food-related companies have faced even more challenges in maintaining food safety. Not only that they have been responsible in ensuring that their products were safe and free from foodborne pathogens, these companies must now also ensure that they are not exposing their employees and customers to COVID-19 (Jawed et al., 2020). Hence, maintaining food safety among food handlers is still important and should not be taken lightly in food industries.

As person-to-person transmission is the main mode of transmission for COVID-19, it is of the upmost importance that safety and hygiene guidelines are implemented and enforced in food industries. For example, an infected person who does not follow social distancing and sanitation guidelines can come into contact with other co-workers and may infect them. Thus, Malaysian government has imposed strict rules to only allow workers that have completed full doses of vaccination to resume work in the food preparation area. On another note, infection among staff members is not the only concern. Uddin et al. (2020) has added that there is a great chance of exposure of infection to healthy individuals if an infected person handles the food packaging, contaminates the packaging, and gives the infected product to a healthy, unassuming customer. This is because the virus may be able to enter the body of an healthy individual via oral, nasal, or optic routes (Pressman et al., 2020). Moreover, the virus may reach fresh food products such as fruits, vegetables, and baked goods, or food packaging by means of an infected person through coughing or sneezing directly on them (Duda-Chodak et al., 2020; Rizou et al., 2020). Therefore, personal hygiene of food handlers is paramount in food safety, more so during this COVID-19 pandemic, which should include proper handwashing procedures, strict SOPs, frequent cleaning and sanitization, maintaining food respiratory hygiene and frequent usage of alcohol based sanitisers (Jyoti and Bhattacharya, 2021).

Although transmission through surface contact is not the common mode of transmission for COVID-19, there is still a possibility of transmission through food packaging materials. For example, an infected worker may expose other people to the virus by contaminating environmental surfaces or objects, which will lead to an infection when an unsuspecting person comes into contact with the item (Duda-Chodak et al., 2020; Pressman et al., 2020). It is a complex situation as we are unable to view the virus with naked eyes to postulate which site needs to be cleaned or sanitized. Under this situation, it could lead to a rather secondary or indirect transmission. Additionally, Duda-Chodak et al. (2020) has stated that the indirect transmission of coronaviruses from contaminated surfaces has been postulated. It was reported that the coronaviruses can remain for prolonged periods in environmental samples, which may boost the chance of transmission through package contact surfaces (Olaimat et al., 2020). This was further supported by Desai and Aronoff (2020) where they have stated that SARS-CoV-2 may remain active on objects or surfaces for up to 72 h. Cable et al. (2020) supported this by expressing that there has been evidence of viral RNA identified on various types of surfaces, including doorknobs and gloves, and depending on the surface, the viral half-life ranges from 1 to 2 days. In addition, Pressman et al. (2020) revealed that the SARS-CoV-2 was able to remain on cardboard for up to 24 h, and on plastic and stainless steel objects, for up to 72 h. This may come as a concern as most food packages are made of cardboard or plastic. Under such scenario, it may be speculated that food packages are able to transmit the virus to consumers or employees if it is contaminated. Thus, it is important to make sure that safety measures are enforced in restaurants and food processing or manufacturing factories to avoid any sort of contamination from workers to the food packaging materials, and from the packaging to workers or consumers. Proper sanitization performed at frequent intervals is crucial to ensure cross-contamination of the virus is not available at the industry or operational sites prior to reaching the consumers. On the other hand, consumers are also encouraged to sanitize their hands and surroundings accordingly after receiving food or groceries from restaurants or shops (Desai and Aronoff, 2020). Additionally, food safety in terms on kitchen sanitation and sanitization is important to minimize the risk of transmission through tools, cooking utensils, and packaging materials from workers to workers or workers to customers. Supplementary Figure 3 shows customers adhering to social distancing guidelines while dining in (Free Malaysia Today, 2020).

Therefore, although COVID-19 is not a foodborne illness, it may still be transmitted during food manufacturing and processing activities. Thus, some aspects of food safety such as personal hygiene, kitchen sanitation and sanitization process should still be emphasized greatly during this pandemic. Strict protocols must be enforced during processing and handling of foods such as not allowing individuals who are showing signs of sickness to work, increase in sanitation (handwashing with soap or disinfecting with an alcohol-based sanitiser), social distancing between individuals, as well as the use of face coverings such as face masks and face shields (Cable et al., 2020). In fact, completion of two doses of vaccination is important at this stage in National Recovery Plan as enforced by the Malaysian government. Supplementary Figure 4 shows a restaurant worker complying to MCO guidelines by screening individuals who wish to enter the food premises (Lim, 2020).



Steps to Ensure Food Safety

Pivotal steps must be taken to ensure the food safety in order to prevent the spread of COVID-19 by operations conducted in the food industry. As what have been mentioned previously, there are a few factors which affect food safety in the COVID-19 pandemic, which are personal hygiene of food handlers as well as kitchen sanitation and sanitization. The normal practices in personal hygiene and kitchen sanitation must be followed strictly to avoid the spread of COVID-19 through food processing activities such as manufacturing, packaging, transporting, and regular restaurant operations. Frequent sanitization is important at this point of pandemic regardless of whether dine-in is allowed. According to Djekic et al. (2021), staff awareness and hygiene has been reported to be the two of the most important aspects of the COVID-19 pandemic which affect food safety. Supplementary Figure 5 shows some practices that are conducted to maintain personal hygiene of food handlers as well as kitchen sanitation in the food industry.

Personal hygiene of food handlers is extremely important as these handlers have prolonged contact with the food products. According to Djekic et al. (2021), many food companies have taken the initiative to implement strict hygiene procedures as well as purchasing additional personal protective equipment (PPE) for their employees in light of the COVID-19 pandemic. Furthermore, Lacombe et al. (2020) has stated that many processing plants have also reopened with the implementation of physical barriers in support of social distancing as well as the use of PPE and completion of vaccination among workers. Thus, one of the key steps which will need to be taken to ensure food safety during the COVID-19 pandemic is in the use of proper protective attire, which includes face masks, bonnets, gloves, as well as face shields (Cable et al., 2020). This step has been made compulsory to stop the transmission of the virus from person-to-person or person-to-object. Since the transmission of the COVID-19 virus is mainly through respiratory droplets produced by sneezing, coughing, or talking, the use of face coverings such as face masks and face shields are extremely crucial to stop the transmission and the contamination of food products, food contact surfaces as well as food packaging. Furthermore, the use of gloves and bonnets are important to make sure that the food does not become contaminated by the handler's hair or microorganisms which live on human skin. Not only that, the use of clean clothes by handlers is also important as the virus may also contaminate clothing items (Duda-Chodak et al., 2020). Hence, the handler must ensure that their clothes are clean and they should not wear items of clothing that have been previously worn before in public places as they may be contaminated by the virus. Moreover, it is also necessary to avoid smoking, coughing, sneezing, chewing, or eating in food processing areas as these activities may cause the transmission of the virus to the environment, and not to mention to other employees.

Next, kitchen sanitation is also beneficial in stopping the transmission of the virus and to maintain the safety of the food products. The hygiene of the kitchen or production area where food is prepared is extremely important as many types of contamination to foods can arise from a dirty environment. According to Redmond and Griffith (2009), some of the reasons as to why the hygiene of a kitchen may be compromised was due to inadequate design, lacking equipment of safe food preparation, and may be used for other non-food related purposes. Thus, several steps must be taken to make sure that the environment where food is processed is safe for its quality for human consumption. Firstly, the kitchen must be set up as to allow for the ease of proper hygiene practices such as sanitation and cleaning of floors and countertops. For instance, the kitchen should be built with materials that are suitable, durable and easy to be cleaned, in addition to being safe and not to harbor microorganisms (Uçar et al., 2016). Additionally, a kitchen which has been built to cater to proper hygiene practices will ensure that the employees are able to easily carry out cleaning and sanitation practices, which in turn, will motivate them to be more inclined to continue the practice. This is vital as the continuity of cleaning and sanitation practices is as important as the design and plan of the kitchen (Uçar et al., 2016). If the procedures are not carried out continuously then the kitchen cannot maintain its cleanliness. Furthermore, a cleaning and disinfection plan should be developed by the management, and the plan must be enforced and adhered to by the kitchen staff. This plan should be developed to ensure that the hygienic procedures are carried out effectively. Furthermore, it is also important to train employees on the proper sanitation and disinfection of a kitchen. In this regard, Byun et al. (2005) has stated that the level of awareness of kitchen sanitation among food service were determined by the management systems employed in the workplace as well as the extent of their sanitation training. Thus, education and training must be administered frequently and continuously to employees to strengthen the food handlers' knowledge in the area (Abdul-Mutalib et al., 2012). Lastly, utensils and equipment should also be cleaned and sanitized frequently. Among various chemical disinfectants that are being used against SARS-CoV-2 virus, alcohol based solution has been the best to be used in food industries. Ethanol and isopropanol (concentration 70–90%) kills SARS-CoV-2 virus within 30 s and causes membrane damage by disrupting the tertiary structure of proteins while denaturing the virus's protein and rupturing the RNA (Al-Sayah, 2020).

This is especially important in the era of the COVID-19 pandemic as the virus may contaminate kitchen utensils and equipment, which may lead to transmission to other employees or to food products or food packaging. Hence, these sanitation and sanitization plan should be in place, well-documented and included in trainings so that it can be practiced when it is necessary. Since pandemic was unexpected, management system regarding food safety should be adhered according to WHO and local Ministry of Health guidelines.

Aspects of personal hygiene of handlers and kitchen sanitation are not only important for large scale food industries or restaurants, but also necessary to be adhered to by small businesses or street food vendors. During the pandemic, it will only take one infected vendor to potentially spread the virus to a countless number of customers, vendors and even delivery personnel. For example, street food vendors or small-scale food businesses should still adhere to personal hygiene practices such as the wearing of clean clothes and proper protective attire, such as face coverings and gloves. Not only that, but vendors should also avoid doing activities that might spread diseases near food preparation areas such as smoking, coughing, eating, and sneezing. Additionally, Pritwani et al. (2015) has also stated that proper handwashing during all stages of processing must be followed strictly, as this is crucial not only to stop the spread of foodborne illnesses, but also to avoid spreading the COVID-19 virus. Supplementary Figure 6 shows a scene with street food vendors and customers seen wearing masks and adhering to social distancing guidelines.

Furthermore, kitchen sanitation is also important for street food vendors and small-scale food industries. Moreover, access to clean and safe water supply should be monitored in order to conduct proper cleaning and sanitation and sanitization activities (Pritwani et al., 2015; Cortese et al., 2016). Additionally, it is also important for the relevant authorities to regularly monitor and supervise small-scale food vendors to ensure they are complying with proper food safety practices (Cortese et al., 2016). Training must also be given as most of these small-scale vendors have not been formally educated to emphasize food safety, thus it is necessary for the relevant authorities to provide education and support to ensure that these vendors can still operate their businesses without the danger of selling food that are not safe for human consumption. For example, a recent case of food poisoning that occurred in Malaysia involved 99 victims that have consumed a local food product, “puding buih” (Malay Mail, 2020). According to an article reported by New Straits Times (2020), the dessert has been purchased online from a local vendor by the victims. Following the incident, the local authorities have provided SOPs to home-based food traders to ensure that they are able to generate income during this pandemic while at the same time able to guarantee the safety of the food being sold (Malay Mail, 2020).




COVID-19 and the Food Supply Chain
 
What Is the Food Supply Chain?

The food supply chain can be described as the different processes that occur to bring food from production to the consumer or from farm to fork. Generally, the supply chain consists of processes such as agricultural production, post-harvest handling, processing, distribution and retail, and lastly consumption (Rizou et al., 2020). The food supply chain is not a singular chain of fixed entities, instead it is a complex web of interconnected entities which work together to make the food available to the consumers (Dani, 2015).

The maintenance of a functional food supply chain is very important in ensuring food can be provided to the consumers continuously. The closure of a single factory may pose a risk to a certain amount of people whom work at the factory, however the obstruction of key processes in the food supply chain such as production or distribution, may endanger a larger portion of the population that depend on the food to live (Aday and Aday, 2020). This is because the disruption in the supply chain will cause a snowball effect in the food industry such as halting the processing and production of food, leading to the creation of insufficient products in the market, which in turn results in the inability to attain food by the consumers for nourishment. Thus, the COVID-19 pandemic may have serious effects to the food supply chain.



Impact of COVID-19 to the Food Supply Chain

As what have been mentioned, the COVID-19 pandemic has brought on many difficulties, especially in the food industry as many companies have been forced to either partially or even fully shut down. Many countries, including Malaysia, have implemented lockdowns and partial lockdowns periodically in order to curb the rising cases of infections as well as deaths. The overall impact on agricultural practices and business entities along the food supply chain are depicted in Supplementary Figure 7.

One of the impacts of COVID-19 is the restriction of movement which has caused issues in the supply chain. As an example, in Malaysia, the MCO implemented by the government restricted movement by implementing travel restrictions that has further enforced by road blocks all over the country, as well as the limitation of a 10-km travel radius for all citizens (Tang, 2020). When workers are unable to get to work due to travel restrictions, then the processes in the supply chain will be incapacitated (Aday and Aday, 2020). During the first few weeks of the implementation of the MCO in Malaysia, many food supply chains, especially those in urban areas, have been disrupted due to these travel restrictions. Many of these supply chains rely on the use of land transports such as lorries to carry their products from farms located far from the urban cities (Chin, 2020). This was supported by Tumin et al. (2020) which has stated that the MCO has affected the supply chain or organic food products in Malaysia in which these restrictions have heavily impacted the distribution of products from the producers to the consumers. As a result, some farmers or growers have resorted to send their produce out to charity, or those who had rose up white flags at their homes due to financial difficulties. The raising of the white flags started initially in front of residential homes; with further neighbors tend to help out with groceries and home basic necessities. Later on, several apps such as Bendera Putih and White Flag were developed by local Malaysians to track suffering families and anyone nearby can help out based on the app. Website Kita Jaga Malaysia (kitajaga.co) has also been developed for this cause (Angelin, 2021).

Furthermore, lockdowns have led to other disruptions in the food supply chain, which was due to a shortage of labor (Singh et al., 2020). Verma and Prakash (2020) have stated that about 13 million people all over the world may face unemployment, according to the International Labor Organization (ILO). Moreover, Nicola et al. (2020) has further indicated that the restrictions brought on by the pandemic has led to a reduction in the workforce across all economic sectors, causing many jobs to be lost. The National Recovery Plan has been introduced in June 2021 to minimize the surging number of COVID-19 cases in Malaysia due to the third-wave. Under this plan, the workers were encouraged to get vaccinated to reduce the overloading the hospitals.

As an example, Dr. Tey Yeong Sheng, a researcher at the Institute of Agricultural and Food Policy Studies at Universiti Putra Malaysia has stated that labor shortages was one of the main difficulties faced by local farmers in food production (Chung, 2020). These farmers were faced with many obstacles as they are reliant on workers to harvest crops as well as for preparation of land. Thus, when these workers face difficulty in crossing states and traveling, the food production will be disrupted. This has affected the processing of crops, livestock, and fishery sub-sectors in the food industry, and it has impacted the agriculture value chain as well as the availability of these foods (Vaghefi, 2020). Supplementary Figure 8 shows a lone farmer working in a field (Man, 2020).

Labor shortages affect many levels of the food supply chain as each process requires workers to complete hands-on tasks such as harvesting, processing, and manufacturing. Even though some companies manage by allowing their employees to work from home, the same cannot be applied for the food industry as most businesses require workers to work hands on, such as in agricultural production or post-harvest handling. For instance, a vegetable producer may experience problems from shortage of labor, thus not allowing the farmer to harvest as many vegetables as usual. Therefore, there will be a shortage in the production of fresh vegetables.

Moreover, labor shortages will also affect the food distribution system due to the unavailability of workers, such as truck drivers to transport the food products from the distributors to the consumers (Mahajan and Tomar, 2020; Singh et al., 2020). Surendran (2020) also pointed out that the number of employees working in day-to-day operations on farms has also been limited during the period of MCO in Malaysia. This view was supported by Nicola et al. (2020), where the restrictions imposed due to the COVID-19 pandemic has been found to have impacted the availability of workers such as inspectors as well as delivery staff in ensuring the verification and transportation of food products. This in turn will cause a lack of food items being made available to the consumers (Singh et al., 2020).

In addition, labor shortages also cause losses for the farmers. For example, due to the MCO conducted in Malaysia, 2,300 farmers had suffered a reported loss of RM1 million per day due to their inability in selling harvested produce, thus they were discarded as waste (Man, 2020). Similarly, it has been reported that about 200 farmers were unable to sell their vegetables in Gua Musang, leading to a total loss of RM400,000 a day. They had been forced to discard up to 200 metric tons of vegetables per day. This is because agricultural produce such as vegetables and fruits are perishable items, and as such, when there are not enough workers available to harvest, process, and transport the products for sale, then the produce will not be sold and has to be discarded as waste. Furthermore, this situation occurs as consumers opt for online purchases rather than to go out to obtain their weekly groceries.

Additionally, the farmers also suffered loss as the MCO had required closure of many businesses as well as restriction of the number of people allowed in a certain area. This was due to the difficulty of exercising social distancing in many markets where farmers usually sell their produce, thus many of these markets have been forced to close down, or allowed to open but with limitations (Chin, 2020). Supplementary Figure 9 shows a vendor in a market wearing protective clothing while waiting for customers (Hassan and Leong, 2020). In order to support the current economic situation, National Recovery Plan has been introduced in a few phases based on number of cases and utilization of ICU beds in hospitals in different states. Hence, workforce is allowed with 2 completed doses of vaccination and to maintain strict SOP at the workplace.

For example, a wholesale market in Selayang, Selangor has been ordered to reduce the amount of workers and its operating hours, which has caused vegetable farmers and fishermen to forcefully dump their stock of produce as the products were unable to be sold (Hassan and Leong, 2020). This situation had also been seen occurring in farmers in Cameron Highlands that had to dump or gave away their produce due to the perishable nature of their products (Ng and Wahid, 2020). Supplementary Figure 10 shows a photograph of a worker destroying vegetables on a farm as they cannot be sold due to issues arising from the COVID-19 pandemic (Surendran, 2020).

In addition, unavailability of food products is also a resulting effect from the COVID-19 pandemic on the food supply chain. For example, during the start of the pandemic where initial lockdowns were announced, many consumers have exhibited panic buying and hoarding (Aday and Aday, 2020; Singh et al., 2020). As COVID-19 was still unknown then, consumers were uncertain of the severity of this virus and how to handle the lockdown restrictions, thus many had been seen buying large amounts of food items that they could store and use in an emergency such as canned foods. Furthermore, Koh et al. (2020) has stated that panic buying may occur when people observe other people in buying certain products, then mass fear infects the individual as they do not want to be left out of owning an item that appears to be running out. This was seen when people kept buying items even if they did not necessarily need them. However, these hoarding and panic buying have caused the sudden surge of demand for food items (Singh et al., 2020), As a result, many manufacturers and retailers had not been able to keep up with the demand, thus some less unfortunate people were unable to buy any food products to stock up during the lockdown. Furthermore, panic buying has also caused the increase in concerns of food shortages, including long-life foods like UHT milk, rice, pasta, as well as canned foods (Nicola et al., 2020). The unavailability of food products would also induce price spikes due to high demand (Aday and Aday, 2020; Mahajan and Tomar, 2020; Reardon et al., 2020). The increase in prices will negatively affect poorer households as certain food items will no longer become accessible to them (Mahajan and Tomar, 2020). Lastly, the lack of food products in the market will give health repercussions as well-due to a decrease in intake of nutritionally balanced foods and lack of diversity in the diet (Mahajan and Tomar, 2020). This is especially dangerous during a pandemic as maintaining one's health is of upmost importance in order to avoid contracting COVID-19 (Uddin et al., 2020). Supplementary Figure 11 shows consumers crowding at a grocery store following announcements of a MCO (Free Malaysia Today, 2021).





CONCLUSION AND RECOMMENDATIONS

In conclusion, the COVID-19 pandemic has brought on some effects to food safety and the food supply chain. Although COVID-19 is said to not be a foodborne virus, it is still important to maintain proper food safety protocols in the food industry. The novelty of this study is to highlight that maintaining good personal hygiene of handlers is utterly important in food industries. Completion of the vaccination dosage is vital to achieve herd immunity. Besides, it is significant to point that the maintenance of kitchen sanitation is essential during this pandemic. This is due to the possibility of transmission of COVID-19 through the food handlers as well as by food packaging materials. It is important for food handlers to maintain good hygiene and kitchen sanitation to help keep themselves safe, as well as their surroundings clean and free from contamination, which in turn will minimize the spread of COVID-19. It seems like a complex mechanism, however, the safety of food and handlers can be maintained altogether if managed properly. Furthermore, COVID-19 has also made an impact on the food supply chain. Due to the strict lockdowns as well as many protocols involving social distancing and travel restrictions, the food supply chain has seen some negative effects in light of this pandemic. Some of these effects include shortages in labor which have caused disruption in the supply chain, as well as the lack of distribution of food products to consumers. Next, other effects include shortages of food, increase in prices, and health repercussions to the consumers due a lack of diversity in the diet and a decrease intake of nutritious foods. It is therefore crucial to ensure that the food supply chain has a smooth progression to maintain the constant supply of food commodity for consumption in Malaysia. At the moment, it is quite common to have delays in supply than usual due to current supply chain situation. All the threats and implication presented in this review have been assessed thoroughly, where the information was extracted from reports, local newspaper articles and manuscripts. This study is important to policymakers in the food industries, enabling designing management system and training needed during and post-pandemic situation to ensure continuous food safety and supply chain are in good progression.

As a recommendation, more research must be conducted in the future to combat this virus. Since there are currently no official guidelines and protocols that exist to detect the presence of the SARS-CoV-2 virus on surfaces as well as public places (Lacombe et al., 2020), relevant bioanalytical tools such as a method of tracing and detection of SARS-CoV-2 in the environment where food is processed, manufactured, and handled (Rizou et al., 2020) should be developed. This would be useful in distinguishing the presence of the virus on environmental surfaces, as well as help minimize and eliminate the possibility of transmission through food products, food packaging materials and surrounding environments. Lockdown cannot be considered a permanent solution to fight this pandemic in the long run due to its many implications in the social perspective as well as in the economical perspective (Singh et al., 2020). Until then, everyone must do their part to protect themselves, and everyone around them from this virus by practicing social distancing, frequent handwashing, and sanitization, in addition to using face masks in public as well as in achieving herd immunity by completing the vaccination doses required. At the same time, minimizing transmission within places where food is handled, including food processing facilities, restaurants, and grocery stores, is key in protecting workers and customers, as well as in combating the spread of COVID-19 (Cable et al., 2020).
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Coffee is an important agricultural sector in Central American, directly employing over 1.2 million people in Guatemala, Honduras, El Salvador, Nicaragua, and Costa Rica. Although export revenues from coffee trade have an overall positive effect on the gross domestic product (GDP) of these countries, poverty still prevails. The COVID-19 pandemic has placed additional pressure on the sector which is vulnerable to fluctuations in the international coffee prices, low productivity levels, and climate change effects and damages caused by pest and diseases. This paper examines the effects of the COVID-19 pandemic and analyzes if the sector is resilient to withstand unexpected external shocks such as the pandemic and the hurricanes which impacted the region in the last months of 2020. The capacity to absorb, adapt, and/or transform to these shocks was assessed from the perspective of small-scale coffee farmers, traders, exporters and the entire sector in two time periods—immediately after the start of the pandemic and after the coffee harvest. Although the actors in the coffee value chain absorbed these shocks and could withstand them, adaptation to the disruptions has been challenging for small-scale farmers. Despite the vulnerability to unexpected external shocks, results indicate that a long-term transformation of the sector to build resilience is likely to be slow.
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INTRODUCTION

Coffee (Coffea arabica L.) is one of the most important global agricultural commodities. For many developing countries, coffee is the top agricultural export, accounting for a substantial part of the gross domestic product (GDP). In Central American countries, coffee is one of the top agricultural sectors. In El Salvador, Honduras, and Nicaragua, coffee is the main agricultural export and second largest agricultural export in Guatemala and Costa Rica. In all countries, the coffee sector represents a main source of rural employment. It is estimated that 1.2 million people are directly employed in the coffee sector in Central America (ICO, 2018), and the figure would be larger if indirect employment would also be accounted (Bathrick, 2017). Most of the coffee production in Central America takes place in small-scale family farms. In rural areas where coffee is cultivated, poverty still prevails. The problem of poverty, hunger, and malnutrition in coffee growing regions in Central America has been documented for years (Lewin et al., 2004; Bacon et al., 2008; Caswell et al., 2012). Households normally receive only one annual paycheck for their crop which has to be distributed throughout the year until the next harvest season. Fluctuating market price patterns severely affect farmers. When international coffee prices drop below production price, as it did in 2018 when the average price dropped 30% below the average, farmers in Central America face severe poverty. Additionally, coffee farmers in this region are facing climate change risks, which will affect their livelihood and in general, the future of coffee production (Watts, 2016). Donatti et al. (2019) point out that smallholder farmers in the region are particularly vulnerable to climate change events. The 2020 Atlantic hurricane season has been particularly devastating. Within a period of 2 weeks, two hurricanes hit Central America, causing massive loss in agriculture and infrastructure. Honduras, Guatemala, and Nicaragua have been particularly affected by floods and landslides.

Despite the problems and impending risks on the production side, global coffee consumption has steadily increased in the last decades. According to the ICO (2020), coffee consumption has increased by 2% annually since 1990. In recent years, coffee consumption has increased in Europe, North and South America, and Asia, while remaining stagnant in Central America, and decreasing in Africa. In industrialized countries, consumption patterns have changed as coffee has evolved from a plain cup of black coffee to a multitude of forms, flavors, and origins, stemming from the coffee shop culture which has dramatically evolved during this time frame. Consumers also tend to pay much more per cup of coffee than they did in 1990 (Meister, 2017). However, this increase in the price of a cup of coffee has not translated into increased farm gate prices paid to the farmers. If anything, coffee farmers have faced severe crises such as the coffee crisis of 2001 and the unstable international coffee prices since 2016. As farm incomes decline, livelihoods are increasingly at risk, since it becomes impossible to invest in the modernization of farms and in adaptation to the impact of climate change (ICO, 2020).

The challenges mentioned above already placed coffee farmers in Central America in a vulnerable situation prior to the outbreak of pandemic caused by the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2, which will be referred to as COVID-19 in this paper) in early 2020. The coffee harvest was just about over when the first cases of COVID-19 were reported in the region. The pandemic itself, in addition to the sanitary and health measures imposed by the governments have affected the coffee sector on different levels. A second shock to the coffee sector came in the second half of 2020. In November 2020, Central America was devasted by hurricanes Eta and Iota, which brought severe flooding, landslides, and destroyed homes and infrastructure, displacing an estimated 7 million people in Honduras, Nicaragua, and Guatemala (ReliefWeb, 2020a). Landslides and loss of infrastructure in the region negatively impacted the coffee sector. How the sector will be impacted in the long run remains to be seen. Based on preliminary evidence and secondary data on exports and coffee prices, a discussion on resilience is presented.

The central question of this paper is how small-scale farmers in Central America can build resilience to cope with the disruptions caused by the COVID-19 pandemic and the extreme climatic events of 2020. Understanding and promoting smallholder resilience is critical for global food systems (Stratton et al., 2020). This paper analyzes the impact on small-scale farmers from two perspectives. First, the immediate impacts on coffee exports from Central America will be discussed. Second, price volatility and changes which affect could affect farmers in the subsequent harvest will be analyzed. Finally, options to build resilience will be addressed, using the framework proposed by Béné et al. (2014), where resilience is defined as the capacity to absorb, adapt, and/or transform to shocks or events, which are unexpected and have short or longer-term repercussions on the system.



THE COFFEE VALUE CHAIN IN CENTRAL AMERICA

Coffee has been a key economic sector in Central America for over a century. Since the introduction of coffee in the region in the mid-eighteenth century, Central America has become a favored origin for its full-bodied, fine flavored Arabica coffee. The political economy of Central America in the late nineteenth and early twentieth centuries was mainly centered around the economy of coffee cultivation and export (Paige, 1985). In El Salvador, for example, coffee production accounted for 50% of the GDP in the early 1980s. A dual system of coffee cultivation developed in Central America during the twentieth century: large plantations, run by landowners and small-scale farms, typically cultivated by peasant farmers. Historians attribute the historic and political conflicts of the 1980s in Central America largely to this duality where vast wealth was made and in parallel, harsh poverty prevailed in the coffee sector (Sedgewick, 2020). Although much has changed since the end of the guerilla conflicts in Central America, coffee cultivation still plays an important role in the livelihoods of rural families.

Coffee production in Central America in the last two decades has been challenging. Agronomic aspects pose difficulties to producers. A reduction in coffee production was caused by the coffee rust epidemic (Avelino et al., 2015). The resurgence of coffee rust (Hemileia vastarix) caused 31% loss in Colombia between 2008 and 2011 and 16% loss in Central America in the 2012 and 2013 season (Avelino et al., 2015). These losses in production came after the recovery from the aftermath of Hurricane Mitch, which hit Central America in October 1998. Honduras, Nicaragua, Guatemala, and El Salvador were mostly affected and according to FAO (2001) estimates, between 20 and 30% percent of the harvest was lost during that season. Only a few years after, the coffee crisis hit the sector, when it was barely recovering. Since then, coffee production has increased in Central America, reaching a peak in production this last season (Figure 1). Honduras has reported the highest increase in production in the last decade and surpassed Guatemala as the largest coffee producer in the region. In November 2020, the region has again experienced losses in coffee production due to Hurricanes Eta and Iota (ReliefWeb, 2020b).
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FIGURE 1. Total coffee production in Central America 2008–2019. Source: ICO (2020).


Although coffee production volumes have increased steadily in the region, fluctuating international coffee prices have hit some low points over the past two decades (Figure 2). The coffee crisis of 2001 negatively impacted coffee producers in the region. The increasing concentration of the coffee industry brought lower and more unstable prices, especially for producers (Wyss et al., 2012). Although prices picked up and reached a high in the 2010–2011 seasons, prices have decreased since then. At the farm level, international price fluctuations have a larger effect, as farmers might not even be able to cover productions costs if the prices fall below a certain threshold. In particular, small-scale farmers producing in small plots of land of <2 ha are vulnerable to these changes in the international markets.
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FIGURE 2. Coffee prices in Central America 2000–2018. Source: ICO (2020).


At the farm level, and in smaller-scaled farms, which are commonly found throughout the Central American region, poverty, and food insecurity places thousands of farms in a vulnerable situation. However, poverty and food insecurity cannot be attributed to a single cause (SCAA, 2013). Unstable international coffee prices can have an immediate and severe impact on coffee livelihoods when prices plummet. Because farmers are paid upon harvest, they have one income per year, if there are no other sources to supplement this income. The risks of relying solely on the coffee income to sustain an entire household, motivate farmers also plant other crops for household consumption. Additional food production is often not sufficient to protect against the risks and it is rarely enough to support families through the months when no income flows into the household, even when coffee yields and prices are favorable (Morris et al., 2013).

In addition to the income problem, coffee farmers in Central America must cope with climate change risks such as more severe droughts, erratic rain patterns, and outbreaks of fungal coffee rust and pests. In this context, seasonal hunger among coffee communities has become more prevalent. Bacon et al. (2008) address the issue of seasonal hunger and smallholder affiliation to organizations. Virtually all coffee producing countries suffer from institutional voids. These include major gaps in infrastructure, weak legislative systems and poor governance, poor access to and/or quality of education, and restricted access to finance. This weak enabling environment plays a fundamental role in preventing rural smallholders from advancing out of poverty (SCAA, 2013). Local institutions and producers' cooperatives can create programs to help small-scale coffee farmers adapt to the changes in the global marketplace and cope with issues such as adaptation to environmental risks and food insecurity.



PRE-COVID-19 CHALLENGES


Farm-Level Productivity and Sustainability

Coffee production in Central America typically takes place in smaller farms with an area of <5 ha, although this figure can vary, depending on the country. How a smallholder farmer is defined differs from one country to another. According to the International Coffee Organization, in Honduras, 95% of the coffee farmers are smallholders with <7 ha, and they produce over half of the total coffee production. In Nicaragua, over 60% of farmers are small-scale farmers holding <2 ha. By contrast, in El Salvador, small-scale producers are considered to be those farmers that have <35 hectares (ICO, 2020). The variability in yields also varies significantly. In some areas, yields can be as lows as 400 kg/ha and in other areas, they reach 1,200 kg/ha (ICO, 2020). This can be due to different agricultural practices, such as variability in the use of farm inputs, aging coffee plantations, different coffee varieties, damages caused by insect pests and diseases, and financial aspects which may limit the investments made by some farmers more than others. Some small-scale farms in areas where access to extension services is available, might have higher yields than those farmers in the periphery of these services. In addition, some cooperatives may have better support for the farmers, such as extension services, loans to farmers in the form of agricultural inputs or information services which can help farmers cope with impediments such as disease management.



Climate Change Risks

Empirical evidence suggests that coffee production in Central America will become more difficult due to higher temperature, increasing extreme weather events, and other climate change effects (Baca et al., 2014; Rossing et al., 2014; Reyes et al., 2016; Läderach et al., 2017; Pham et al., 2019). In the dry corridor of Central America, most of the coffee is grown under rainfed conditions. Floods and landslides in these mountainous regions will likely increase, as the drastic variation in temperature, amount of precipitation, and extreme climatic events. Because of the economic dependence of farmers on coffee exports, they increasingly face food insecurity (World Bank and CIAT, 2015; Martínez-Valle et al., 2017). These changing climate patterns in Central America are posing an additional challenge in the control of diseases like coffee rust and an increase in pests such as the coffee berry borer (Hypothenemus hamperi) and coffee leaf miner (Leucoptera coffeella) (Reyes et al., 2016). Coffee rust did not affect coffee production in higher altitudes, but with the increase in temperature in areas over 1,000 m above sea level, integrated pest management has become more challenging.

One of the main challenges for coffee production worldwide is the rising global temperature (ICO, 2020). In Central America, more specifically, elevated temperature is a serious challenge for Arabica coffee production. These coffee production systems require relatively specific ecological and meteorological conditions to produce high quality beans. Within a temperature range between 15 and 23°C, Arabica bean quality is optimal. IHCAFE (2020) reported that in 2019, hydric stress reported from May until August severely affected fruit formation in coffee farms in Honduras, thus lowering yields. Because of elevated temperatures reported in the last decades, a lot of high-altitude coffee in the region will no longer find the ecological conditions needed to maintain that quality, thus pushing the agricultural frontier to higher-altitude regions, which are already scarce and in countries like Costa Rica, these are protected areas. In Honduras and Nicaragua, coffee production has expanded in higher altitude areas and in 20 years, the coffee production has doubled in Honduras. Coffee production has increased significantly in recent years. This increase in production and productivity may be a direct effect of an improved supply chain, where significant improvements in infrastructure were made. On the other hand, agricultural practices have been a focus of many research and extension programs, which have resulted in better control of phythopathogenic outbreaks (Herrell et al., 2017). However, recent outbreaks of coffee rust (Hemileia vastatrix), a fungal disease, has negatively impacted coffee production in the region.

The El Niño weather phenomenon, where a variation of weather patterns is observed, represents another challenge to coffee production in the dry corridor of Central America. This phenomenon is especially harsh in this region because productivity is severely affected by rain patterns, which can also be a main factor in the incidence of pests and diseases (ICO, 2020). Severe weather patterns also affect the farm-level productivity and is a factor that combined with poor infrastructure and limited good agricultural practices, can reduce farmers' income. According to ICAFE (2020), severe climatic events forecasted for the 2020 rainy season in Costa Rica will have an impact on the dissemination of fungal rust in coffee. By far, the 2020 hurricane season has been one of the most active in recent history (WMO, 2020). Although the harvest season is not yet over and estimates of the total loss are not yet reported, the effects of hurricanes Eta and Iota will be negative.

To understand the impact of the COVID-19 pandemic on the small-scale coffee farmers in Central America, various sources were consulted. Data on coffee exports and prices published by the International Coffee Organization (ICO) were the main source of information. Two time periods were reviewed. Data on the first 3 months after sanitary and confinement measures were implemented (April, May, and June 2020) by the governments of Honduras, Guatemala, Nicaragua, Costa Rica, and El Salvador was reviewed. The second time period consulted was early 2021, after the harvest ended in the region. Secondary, qualitative data was used to analyze resilience. Official reports, briefing papers and bulletins from the main coffee associations in each of the countries were studied. To understand resilience, the framework proposed by Béné et al. (2014) was used, where “resilience is defined by three factors—the capacity to absorb, adapt and/or transform to shocks or events, which are unexpected and have short or longer-term repercussions on the system.” In this framework Béné et al. (2014) understands absorptive capacity as “the ability of a system to prepare for, mitigate or prevent the impacts of negative events using predetermined coping responses in order to preserve and restore essential basic structures and functions.” Finally, Béné et al. (2014) defines adaptive capacity as “the ability of a system to adjust, modify or change its characteristics and actions to moderate potential, future damage and to take advantage of opportunities, to continue functioning without major qualitative changes in function or structural identity.” Finally, transformative capacity is explained as the ability to create a fundamentally new social-ecological system when ecological, political, social, or economic conditions make the existing system untenable (Béné et al., 2014).




COVID-19 DISRUPTIONS


Immediate Effects

Analyzing the ICO price composite price indicator for the first half of 2020, some impacts of the COVID-19 pandemic begin to emerge. From January to March 2020, exports decreased by 5.8% to 29.01 million bags compared to 30.78 million bags in 2018/19 season. Arabica coffee exports fell by 10.1%. On this same time frame, global production fell by 0.9% to 168.71 million bags of coffee. Total consumption was projected at 169.34 million bags, but this level was not reached by 0.63 million bags for 2019/20. In the first seven months of coffee year 2019/20, exports from Central America declined by 4.9%. From October 2019 to April 2020, shipments from Honduras fell by 6.7%. Guatemala also experienced a decrease in exports, reporting a decline of 3.1%, while Nicaragua's exports during this period rose by 16.7% (ICO, 2020).

Because of the lockdown measures implemented throughout the main coffee consuming countries (i.e., Europe, North America) out-of-home sales drop, as most cafés and restaurants closed. In the first weeks of the COVID-19 lockdown, sales surged as a result of stockpiling to replace the out-of-home consumption. However, in a joint ICO and IFPRI report (ICO and IFPRI, 2020), a looming global recession was forecasted, which could impact overall coffee consumption. The report pointed out that lower household incomes due to increased unemployment would make consumers more price sensitive, resulting in reduced sales in the high-end market segment (including specialty coffee and some certified sustainable coffees) as consumer demand shifted to adapt to external shocks.

Laborde et al. (2020) suggest the global economy faced a deep recession in 2020—at least as severe as the one following the global financial crisis of 2008–2009. A downturn in global economic growth of 5% was projected for 2020. This analysis, based on IFPRI modeling scenarios, indicate that developing countries face significantly greater adversity, negatively affecting their economies, not only because of the economic slowdown caused by lockdown measures, but also because of the restrictions in labor supply for farming and other business activity. Many developing countries cannot rely on social and economic mitigation measures such as fiscal stimulus and expansion of social safety nets used by EU countries, for example.



Post-harvest Effects

Coffee exports from Central America have decreased in the first part of the 2020/2021 season, which starts in October and ends in September each year. The 2019/20 coffee season began with a decline in exports of 17.5% in comparison to the previous year, which meant that 2.62 million less bags were exported. This is a direct effect of hurricanes Iota and Eta. When observing the export numbers from the most affected countries, they all experienced declines in exports. Exports from Honduras, the region's largest producer, decreased by 40%, while those from Nicaragua fell by 20.2% and Guatemala by 15.7% (ICO, 2021). In El Salvador, exports also declined in the first 2 months of 2021. In comparison to the previous season, only a fifth of the export volume was reached (CVS, 2021). Coffee exports from Costa Rica also fell by 22% in the first months of the year (ICAFE, 2020).

The evidence collected so far indicates that although the COVID-19 pandemic has posed challenges to the coffee sector in Central America, the losses due to Hurricanes Eta and Iota have been much more severe. In fact, if the hurricanes had not struck the Central American regions, all countries would have had a favorable harvest in the 2020/2021 season and could have benefited from the recent increases in the coffee prices. Lockdown measures implemented at the onset of the pandemic in Europe and North America caused a drop in demand as coffee shops and restaurants closed, but this effect was rather short and as home consumption of coffee increased, so did the demand.

The 2020 Atlantic hurricane season has been unprecedented. Within a period of two weeks, two hurricanes, categories 4 and 5 hit Central America, causing massive devastation in agriculture and infrastructure. Honduras, Guatemala, and Nicaragua have been particularly affected by floods and landslides. Both hurricanes hit Central America in November, which is a month short of the start of the picking season. Severe loss of coffee cherries was reported (Anacafé, 2020; CLAC, 2020; IHCAFE, 2020), decimating the harvest. Climate-related impacts are likely to significantly affect the region in the long-term. The most recent Coffee Development Report (ICO, 2020) highlights how the coffee sector is highly sensitive to climate variations. Alternatives such as shifting production are limited for smallholder farmers who do not have the resources, ability, and flexibility to relocate and may be forced to abandon coffee production. Such is the case of thousands of coffee farmers in the northern triangle of Central America. Lynch (2019) explored the nexus between climate change impacts and migration and reports that thousands of people who depend on coffee production in Guatemala, Honduras, and El Salvador have been forced to migrate as a result of impacts on their livelihoods. According to the ICO (2020), potential strategies to improve resilience to climate change include access to information, technologies, financial support, and research and development for improved and agricultural practices and climate-resistant varieties.




IS IT POSSIBLE TO BUILD RESILIENCE?

Resilience, understood as the ability to absorb, adapt, and/or transform to shocks or events, which are unexpected, such as climate change impacts and the COVID-19 pandemic was analyzed. As of early 2021, the COVID-19 infection rate in the Central American region is increasing. Quarantine and confinement measures have been taken in all Central American countries. These measures did not have an effect on the 2019–2020 coffee harvest, which was over when the first cases of COVID-19 were reported in the region. Some ad-hoc measures were implemented by farmer cooperatives to mitigate the negative effects of price speculation and the lockdown in industrialized countries where most of the Central American coffee is consumed. Some coffee cooperatives kept drying and storing coffee in order to mitigate income loss of their members, but with a high risk of production loss if coffee is not sold and exported (AgriCord, 2020).

Table 1 summarizes the ability to build resilience, from the perspective of small-scale coffee farmers, the middlemen or local traders, the coffee cooperatives/exporters, and the entire sector. The analysis was conducted using secondary, qualitative data sourced from reports, expert panels, interviews, and newsletters published by Instituto Hondureño del Café (IHCAFE), Asociación Nacional del Café de Guatemala (Anacafé), Instituto del Café de Costa Rica (ICAFE), Consejo Salvadoreño del Café (Consejo Salvadoreño del Café, 2021), and for information on Nicaragua, the reports from Latin American and Caribbean Network of Fairtrade Small Producers and Workers (CLAC) were consulted.


Table 1. Assessment of resilience by type (source: own findings).
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For coffee farmers in the Central American region to build resilience and be in a more favorable situation to cope with impacts and externalities, innovation in the field is critical, and it requires a concerted effort at different levels. Coffee is arguably the most important agricultural export in the region and different stakeholders are involved at all levels. Institutional coordination is important to help coffee farmers adapt and cope with the challenges that have been outlined in this paper. Research organizations, local government institutions, producer associations, traders, exporters, buyers, and civil society organizations all have a specific role and sphere of action. Brining about innovation requires the active participation of all stakeholders. For example, one of the best alternatives to mitigate climate change impacts at the farm level is to work with drought tolerant hybrids.

According to IHCAFE (2020), the coffee sector in Central America urgently needs to adopt strategies to help farmers build resilience to cope with climate change effects. Through the coordinated efforts of different stakeholders in the value chain, new technology could be adopted. It's important to keep conducting research at the farm-level, to determine which methods could help farmers innovate and address issues such diminishing water resources, manage pests and diseases, conserve soils, and implement early warning systems to cope with high temperature or water stress. Using hybrids that are better adapted to hydric stress will be part of the solution. Digital technologies such as early warning systems and the adaptation of these technologies to the local context and the needs of coffee farmers will also help build resilience in the sector.

Building resilience to cope with harsh impacts such as the COVID-19 pandemic require more than simply addressing issues around the disruptions caused by lockdown measures around the world. A contingency plan for the coffee sector in Central America should be built around measures and a concerted effort to help farmers cope with the already drastic effects of volatile markets and international price fluctuations, low productivity at the farm level, slow technology adoption by small-scale farmers, and the climate change effects which are already placing coffee farmers in Central America in such a vulnerable position. Investments should be made in innovation, R&D, and technology to help the sector become more resilient. In a World Coffee Research Consultation (WCR, 2020), stakeholders addressed the need for next-generation weather forecasting systems and the dissemination of advice to farmers. Communication platforms, where data and news on production volumes, prices, and environmental events such as frosts would be shared was also highlighted by the local stakeholders as a priority.

At the local level, it is also important to work together with local cooperatives and stakeholder and at the same time with international traders and buyers to strengthen a differentiation strategy for the region, while promoting coffee trade which is transparent and pays a fair price for high quality coffee. Promoting the payment of decent and fair prices to the farmers should be an integral part of such a strategy.

The Central American coffee sector has traditionally been an export sector. Most, if not all, of the highest quality and specialty coffee is exported. Local demand for this type of coffee is still low. There is still much room for growth in consumption. The new trend of barista courses and coffee academies opening in Central America are a clear indication that specialty there is potential growth in the coffee consumption culture, which could translate to higher prices to producers if top-quality coffee is sources for this sector. In urban centers, new coffee shops are opening, offering customers a taste of the local coffee range, also offering traceable coffee where the qualities of a particular region or farm can be tasted.

Finally, it is important to consider local solutions when addressing the question of resilience.

Resilience in agriculture is a topic which merits in-dept analysis. Implementing a framework where resilience is analyzed by type allows for better strategic decisions to be made. Coffee producers in Central America are likely to face more severe climate change impacts in the next years (Furer et al., 2021). More extreme temperatures and more days without rainfall will affect coffee production and e right mitigation strategies must be devised for the coffee sector in Central America to be resilient.



CONCLUSION

At this point in time, it is difficult to have an idea of the long-term impact the COVID-19 crisis will have on the coffee value chain and how Central American coffee farmers will be affected. However, given the vulnerable position they are currently in, it is likely that any additional difficulty will have a negative impact at the farm level. Throughout the entire coffee value chain, it is clear that no business is immune to the impact of the COVID-19 disruptions. Cafés and coffee shops, big or small, located in Europe, Asia, or the Americas, have had to incur in loss due to the lockdown measures. Small businesses face similar uncertainties as the coffee farmers in terms of economic loss.

Building resilience entails a number of strategies and interventions on different points in the coffee value chain. New business and trade models can help build resilience. Direct trade schemes, for instance, could help farmers, especially because this model is built around strong relationships between the farmer and the buyer. Furthermore, coffee farmers selling certified coffee through cooperatives will likely be able to keep receiving a premium price for the sale of their coffee. These initiatives also help farmers in improving their farming practices and promote good agricultural practices. The detrimental effects of unprecedented events such as the devastating hurricanes which struck Central America in November 2020 could also be minimized with better producer prices, in addition to financial schemes (i.e., agricultural insurance, low-interest loans, and recovery subsidies) which could help small-scale farmers recover from these impacts. Finally, it is also important to consider the growth of local consumption, which could widen the market for value-added coffee at the local level, as a strategy to increase resilience in the coffee sector in Central America.
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The initial months of the COVID-19 pandemic revealed unique vulnerabilities of the global food system with notable societal consequences, calling for the need to implement resilience strategies to support food security for all. The objective of this study was to elicit perceptions, experiences, and responses of producers of diversified farms in the Northern Great Plains of the United States to the early stage of the COVID-19 pandemic toward identifying factors for strengthening the resilience of agricultural production for supporting livelihoods and food security. Between May and August 2020, a cross-sectional online survey was administered to the emerging community of diversified farm managers in two rural U.S. states, Montana and South Dakota (n = 53), where monocropping and extensive livestock production are prevalent. About two-thirds of surveyed producers (68%) reported that they did not change their farming practices in response to the pandemic up until the survey period in Summer 2020. Almost three-quarters of producers (73%) indicated that access to commodities, farm inputs, and farm labor was not a concern for them during the early stage of the pandemic. Most surveyed producers (88%) were not concerned about their household food security and expressed confidence regarding a long-term increase in the demand for local food. However, almost half of surveyed producers (47%) reported that their anxiety increased because of the pandemic. Findings further highlight that small farms implemented a greater number of practices for enhancing ecological self-regulation while depending strongly on off-farm income compared to larger farms that were economically more autonomous. This study points to the promise of farm system diversification in strengthening the resilience of agricultural systems. We conclude by outlining pathways for increasing diversity on farms toward supporting food security during extreme food system shocks.

Keywords: food system shock, agrobiodiversity, food security, organic farming, rural livelihood, resilience assessment


INTRODUCTION

The COVID-19 pandemic unprecedentedly impacted food systems around the world (Afshin et al., 2019) in terms of scope and immediateness (Baldwin and Tomiura, 2020), revealing unique vulnerabilities (Altieri and Nicholls, 2020a) as well as resilience (Orden, 2020) across supply chains. On the production side of food systems, lockdown and “stay at home” measures during the initial phase of the COVID-19 pandemic had severe impacts on agricultural production and food commodity prices (Elleby et al., 2020), with repercussions for producers and consumers worldwide. Producer income, purchasing power, planning, access to markets, and emotional wellbeing were impacted (Reissman et al., 2006; Laborde et al., 2020). Recent data shows that the pandemic has been a rare case of a global supply chain disruption due to restricted transportation, unavailability of raw material supply, and shutdowns of food processing, distribution, and sale (Taqi et al., 2020; Shahed et al., 2021). While evidence demonstrates how unprepared food systems were to respond appropriately to the COVID-19 pandemic, emerging research is showing how some communities and sectors of the food system were more resilient than others in their responses (Ahmed et al., 2020).

Failure to learn from previous disasters, laxity to adopt early preparedness strategies from warnings by health organizations and scientists, market globalization, as well as highly interconnected living systems contributed to spreading the pandemic with significant impacts on agriculture (Saqr and Wasson, 2020). COVID-19 affected agriculture in both supply and demand (Siche, 2020). On the supply side, there have been restrictions on travel, transportation, and trade, reinforced sanitary controls, and labor shortages with many food system workers becoming sick or not able to travel to their workplaces (Elleby et al., 2020). During the first few months of the pandemic when this study was conducted, these limitations constrained the distribution and processing of foods, the circulation of farm inputs, and resulted in a vast decay of perishable products; a further enduring effect of COVID-19 on the food system has been the uncertainty farmers confront regarding their production management decisions and consumer demand (Benton, 2020). On the demand side, mobility restrictions and reduced purchasing power due to the related economic slowdown have been impacting consumers worldwide, especially the most vulnerable population groups (Siche, 2020).

An increasing body of evidence demonstrates that elevated levels of agrobiodiversity allow for quicker recovery after environmental disturbances such as hurricanes (Philpott et al., 2008; Rosset et al., 2011) or drought (Murgueitio et al., 2011). Agrobiodiversity is also associated with greater success in achieving food security (Thornton et al., 2019). Given the role of agrobiodiversity for resilience, the study presented here focused on surveying farms with an elevated level of diversification in their farm management. The overall goals of this study were to: (1) identify the challenges and opportunities faced by diversified farms during the initial months of the COVID-19 pandemic; (2) evaluate the resilience and vulnerabilities of diversified farms to the early stages of the COVID-19 pandemic; and (3) characterize responses to the COVID-19 pandemic to identify factors contributing to resilience to inform future preparedness efforts.

To address our study goals, we deployed an online cross-sectional survey to managers of diversified farms in two states of the Northern Great Plains (NGP) in the U.S., Montana (MT) and South Dakota (SD). Survey questions assessed producer perceptions in response to COVID-19 (including impacts on the farms' economy and producers' emotional wellbeing), farm management and crop diversity, and food security concerns of farms and farming communities based on the perceptions of 53 farm managers of diversified farms in MT and SD. We used the agroecosystem resilience assessment framework by Cabell and Oelofse (2012) as well as the rapid C-SCAN (COVID-19 Surveillance Community Action Network for Food Systems) survey (Ahmed et al., 2020) as baselines for developing our survey instrument. We acknowledge that the sample size of this study is relatively small due to: (1) the circumstance that the diversified farming community in MT and SD is small; (2) the travel constraints imposed by the COVID-19 pandemic that did not enable us to travel to administer the surveys and rather relied on a purely online format; (3) the short time window due to the aim of capturing producers' perceptions during the early stages of the COVID-19 pandemic. Despite the relatively small sample size, the survey findings presented here cover a unique time, the first growing season since the start of the pandemic characterized by extreme uncertainty.



BACKGROUND

To situate the context of this study, the following section provides background on the theoretical foundations of this study regarding the concepts of resilience and agrobiodiversity, as well as a comprehensive review on the impact of the COVID-19 pandemic on agricultural and food systems.


Agroecosystem Resilience and Agrobiodiversity

Food system resilience is the capacity of a food system and its units at multiple levels to constantly provide food security, even while facing unforeseen (internal or external) disturbances such as natural, political, social, or economic shocks (Tendall et al., 2015). Food system resilience is characterized by five capacities: (1) capacity to withstand disturbances (robustness); (2) disturbance absorption capacity; (3) capacity to react (rapidity and flexibility); (4) capacity to restore (resourcefulness); and (5) capacity to learn or adaptability (Carpenter et al., 2001; Tendall et al., 2015). In contrast, the vulnerability of a food system is dependent on its propensity or predisposition to external shocks or disturbances. Accordingly, a vulnerable food system is characterized by low decision-making autonomy, connectivity, and diversity (Ericksen et al., 2012; Intergovernmental Panel on Climate Change, 2014).

Agroecosystems are managed to produce, distribute, and consume food, biofuel, and fiber. Boundaries of agroecosystems encompass the physical space dedicated to the production, as well as the resources, infrastructure, markets, institutions, and people operating within these boundaries (Cabell and Oelofse, 2012). This definition characterizes agroecosystems as socio-environmental systems which are part of the production subsystem of food systems (Ericksen, 2008). Agroecosystem resilience is a fundamental component of overall food system resilience. Specifically, it describes the capacity of an agroecosystem to maintain the ability to feed, clothe, and provide energy to people in the face of shocks while building the natural capital base upon which they depend and providing a livelihood for the people who make it function (Cabell and Oelofse, 2012).

Apart from redundancy, diversity is the key attribute for any system's capacity to cope with change, as a greater range of options reduces its vulnerability after the loss of specific elements (Folke et al., 2004; Hodbod and Eakin, 2015). Previous studies have promoted diversification as the core strategy to increase the robustness, absorption capacity, flexibility, resourcefulness, and adaptability of agricultural systems to external shocks (Zimmerer et al., 2019). Two types of diversity enhance resilience: functional diversity, i.e., the number of functionally different groups in a system, and response diversity, i.e., the number of different groups providing the same function (Walker and Salt, 2012). While functional diversity enhances a system's learning and adaptation capacity, response diversity increases its absorption capacity (Elmqvist et al., 2003; Hodbod and Eakin, 2015).

Agrobiodiversity is defined as the diversity of wild and domesticated genetic resources involved in obtaining agricultural products as well as non-harvested species that contribute to the functioning of an agroecosystem (Howard, 2010; Herforth et al., 2019). In general, diversified and sustainable farming systems mimic the biodiversity levels and functioning of local ecosystems (Altieri and Nicholls, 2020b) to generate multiple ecosystem services including increased nutrient and water efficiency; stimulation of the soil microflora and organic matter content; improved resilience to pests and meteorological perturbations; increased per-plant yield; and the sequestration of atmospheric carbon (Gliessman, 1985; Altieri, 1994; Letourneau et al., 2011; Altieri and Nicholls, 2020b). Agrobiodiversity also creates health and nutrition benefits. For example, a variety of crops offers farmers diverse diets comprised of vitamins, minerals, and phytochemicals that support the immune system (Yousafzai et al., 2013). Until the second half of the twentieth century, agricultural systems have been widely characterized by diversified farming (Rosset et al., 2011; Béné et al., 2015).

Despite the advantages of agrobiodiversity, the globalization and industrialization of food systems during the past decades have resulted in the simplification of farming systems and dominance of mechanized, high-input monocropping (Jäger et al., 2019; Hobbs, 2020). Consequently, diversified agriculture at present is widely limited to subsistent farms in low- and middle-income countries (Howard, 2010) and only 15 crops provide over 80% of the world's food calorie intake (Motley et al., 2006). This homogenization of farming systems has negatively impacted the functionality of ecosystem services and weakened their ability to prevent the development and spread of communicable diseases (Altieri and Nicholls, 2020b). For example, habitat simplification due to monocropping has increased human contact rates with disease vectors such as Lyme disease (Pongsiri et al., 2009; Rohr et al., 2019). Large-scale animal production has created opportunities for many viruses to mutate and spread directly to humans (Altieri and Nicholls, 2020b), including the H1N1 virus (causing “swine flu”), the H5N1 virus (cause of “bird flu”), and potentially SARS-CoV-2, the virus that causes COVID-19 (Jackson et al., 2007). The homogenization of farming systems also affects the socio-cultural resilience of farming communities by impacting social organizations, local culture, language, and cuisine (Ebel et al., 2021).

After an increased worldwide focus on restoring agrobiodiversity in the 1990s and early 2000s, the 2008 food crisis resulted in a global call for monocropping of staple crops (Renkow and Byerlee, 2010; Kahane et al., 2013). Nevertheless, a countermovement has continued to demand more local, diversified, and sustainable farming methods that are expanding worldwide, including in high-income countries such as the U.S. (Kolodinsky et al., 2020). However, diversified farms in the U.S. are still limited to niche sectors including certified organic farming and other sustainably managed, often horticultural, systems (Youngberg and DeMuth, 2013; Rosa-Schleich et al., 2019).



Farming Systems in the Northern Great Plains

The states where this study was carried out, MT and SD, are part of the NGP ecoregion, which includes smaller parts of North Dakota, Wyoming, Nebraska, and southwestern Canada (Padbury et al., 2002). Agriculture is an integral component of the economy, history, and culture of the region (Conant et al., 2018). While only 1.6% of the U.S. population live in the NGP, the region contributes notably to the U.S. food supply, especially to the production of spring and durum wheat, sunflower seed (>70% of U.S. production), barley, lentils, and dry beans (>40% of U.S. production), winter wheat, oats, corn, sugar beets, and cattle, where the region generates over 20% of U.S. production (Ebel and Thornton, under review)1. The NGP are currently experiencing a transition in agricultural land use, mainly the conversion of grass and rangeland to the monocropping of annual crops (Sayre et al., 2012). Historically, wheat has been the dominant crop in the NGP; more recently, monocropping of barley, corn, soybeans, and pulses is gaining prominence (Heinemann et al., 2014; Conant et al., 2018; Herforth et al., 2019; Jäger et al., 2019).

Diversified cropping systems have not played an important role in the NGP during the past 100 years (Padbury et al., 2002; Conant et al., 2018). However, numerous NGP dryland farmers have recently begun to diversify their agricultural portfolio, especially by including pulses into their crop rotations. Also, small-scale diversified horticultural production is emerging in urban areas and fruit-producing regions, particularly in the western NGP (Gough, 1997; Long et al., 2014; Miller et al., 2015; Carlisle, 2016; Stoy et al., 2018; Warne et al., 2019).



Effects of the COVID-19 Pandemic on U.S. Agriculture

The COVID-19 pandemic affected food, fiber, and bioenergy production and the associated industry of most commodities and scales of production (Naja and Hamadeh, 2020; Zurayk, 2020). One of the most immediate consequences of the pandemic was a series of bankruptcies of farms, particularly in the fresh-market horticultural sector (Richards and Rickard, 2020), which was triggered by three core factors: (1) shift toward the consumption of processed items (Altieri and Nicholls, 2020b; Béné, 2020); (2) decreased demand from hotels and restaurants because of health regulations and changes in consumer habits (Nicola et al., 2020); and (3) limited service or closure by food banks and other institutions that provide nutrition assistance and support the food security (Stephens et al., 2020).

In addition to decreasing consumer demand for many foods, farms in the U.S. faced disruptions and price increases in the supply chain for agricultural inputs including seeds and fertilizers (Altieri and Nicholls, 2020b; Béné, 2020). Although farmworkers were classified as essential workers and widely exempt from working and mobility restrictions (Béné, 2020; Benton, 2020), many seasonal foreign farm workers were unable to travel to their workplaces because of virus-related regulation measures as well as visa restrictions and delays (Torero, 2020). Livestock production systems, meat processors and packers, and horticultural producers were most affected by labor shortages (Stephens et al., 2020).

Before the pandemic, small-scale producers of locally marketed foods saw constant growth despite accounting for only 1.5% of the U.S. agricultural production (Low et al., 2015). During the pandemic, small producers, especially in the vegetable and fruit sector, were challenged by social-distancing regulations and decreased availability of farmworkers while production costs increased (Laborde et al., 2020; Orden, 2020). Whereas small-scale horticultural producers who sell their produce close to urban centers benefited from the lockdown measures (as many consumers opted for local food purchases and avoided large food retailers), small producers in rural settings faced economic challenges (Kolodinsky et al., 2020; Westervelt, 2020).

The pandemic created uncertainty among U.S. farmers (Reissman et al., 2006; Laborde et al., 2020), including about how to adapt their operations (farm management, crop choices) and impacts on their sales (Benton, 2020). Producer stress caused by uncertainty can result in unhealthy lifestyle patterns such as dietary choices with long-lasting effects on nutrition and health (Yousafzai et al., 2013). Globally, several studies indicate that the uncertainty related to the COVID-19 pandemic impacted a range of mental health conditions including loneliness, anxiety, stress, insomnia, denial, anger, post-traumatic stress disorder, psychological distress, and depression (Galea et al., 2020; Torales et al., 2020; Xiong et al., 2020) that have instigated an overall increase in substance abuse and domestic violence (Galea et al., 2020; Kalil, 2020).



Effects of the COVID-19 Pandemic on Farming Systems in the Northern Great Plains

Farming systems in the NGP were impacted by pandemic mitigation measures carried out during the initial phase of COVID-19. In MT, a stay-at-home order was implemented in April 2020 based on state and federal State of Emergency regulations (State of Montana, 2020a,b,c). In SD, despite the declaration of a state of emergency in March 2020, COVID-19 control measures did not include a stay-at-home order (South Dakota Department of Health, 2020).

Consequences of the lockdown and “stay at home” measures for farmers in the NGP included interrupted supply chains caused by bankruptcies of food distributors and processors, transport limitations (US Department of Agriculture, 2018; Afshin et al., 2019; Pyatt, 2020; Sy, 2020; Taylor, 2020), reduced commodity prices (DeLeon, 2020; Lynch et al., 2020), uncertain export markets (Kerr, 2020), and unpredictable demand due to changes in consumer behavior and spending (Nicosia, 2005; Bhattacharya, 2012). By April 2020, the economy of more than 85% of NGP farm operations was negatively affected by COVID-19 (Grimberg, 2020). While grain and oilseed producers were confronted with minor commodity price and supply chain issues (Brewin, 2020), livestock production was severely hit. Numerous dairy farmers in the region had to pour milk away during the first months of the pandemic (Torero, 2020). While direct sales were an area of opportunity for small-scale farms across the U.S., most NGP farms could not benefit from this trend as they serve commodity markets (Grimberg, 2020).

Despite a later normalization in food transportation and retail, the economy of most farms in the NGP started to recover long after the lockdown ended in May 2020 (Cates-Carney, 2020). In MT, many ranchers postponed selling their calves or feeder cattle for the late Fall months (Belasco, 2020). In contrast, grain sales were more stable (Cates-Carney, 2020). The situation in SD was similar, especially in the livestock sector. Ranchers in SD were not only affected by closings of processing facilities but also by limited exportation opportunities (Birkeland, 2020).




METHODS


Study Population

Research was carried out during the first growing season of the COVID-19 pandemic with managers of diversified farms in MT and SD, two states within the Northern Great Plains. Our study focused on producers of diversified farms given that diversification is a core strategy for increasing the resilience of farms facing external shocks (Zimmerer et al., 2019). Specifically, we assessed producer perceptions in response to COVID-19, characterization of farm management practices and crop diversity, and food security of farms and food security concerns of farming communities based on the perceptions of 53 farm managers.

For our study, diversified farms were identified as operations using a whole system approach to agriculture that is based on promoting biodiversity and ecosystem services from field to landscape scales based on one or more of the following types of farm management practices to enhance diversity (UC Berkley, 2020): (1) polycropping (multiple crops and/or varieties); (2) complex crop rotations; (3) holding of different livestock species; (4) integration of fish and/or livestock in plant production; (5) maintenance of hedgerows or live fences around farming areas; and (6) adoption of techniques to increase the biodiversity of a farm's surrounding landscape.

The study inclusion criteria involved: (1) producers (those who own, lease, are hired, or have some other arrangement of working on a farm) working on a farm located in MT or SD; (2) producers who have grown crops or held animals for at least one season; and (3) producers that classify their agricultural systems as diversified farms based on the aforementioned definition.



Development and Distribution of Survey Instrument

The development of the survey was informed by two research questions (1) What were producer perceptions, experiences, and responses to the COVID-19 pandemic during its initial phase? and (2) How did the early phase of the COVID-19 pandemic impact crop diversity, farm management practices, the emotional well-being of surveyed producers, and the economy of farms and farming communities?

We used the agroecosystem resilience assessment framework developed by Cabell and Oelofse (2012) as a baseline for developing a self-administered online survey, and for interpreting participant responses. The agroecosystem resilience assessment framework consists of 12 resilience indicators, out of which five were considered suitable to address our study questions and applied in the survey section “Farm management and crop diversity” (Table 1). To address producer perceptions of the impact of COVID-19 on their agroecosystems more broadly, we drew questions from the rapid C-SCAN (COVID-19 Surveillance Community Action Network for Food Systems) survey tool (Ahmed et al., 2020). Furthermore, the survey included the validated 2-item measure to screen for food insecurity by Gundersen et al. (2017).


Table 1. Food systems resilience and vulnerability parameters.
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The survey instrument was subsequently modified and refined through pilot testing for input from field experts. The final tool included a self-administered survey with a total of 31 questions divided into five sections. In this article, data from a subset of 13 survey questions were used (see Supplementary Appendix 1 for survey questions). The survey questions addressed in this article comprise of six single-select multiple-choice questions (all framed as binary yes/no questions with the possibility to specify information using text inputs), three multi-select multiple-choice questions, two open-ended questions, and two three-step Likert-Scale questions (Brown, 2011; Gundersen et al., 2017).

Participation in the study was voluntary and anonymous. Prior informed consent was obtained from all participants. The consent form, study introduction, and survey instrument were approved by the Montana State University Institutional Review Board (approval number SA042720-EX) in April 2020. The introduction to the survey presented the aims and procedures of the survey, including the anonymity and confidentiality of responses, inclusion criteria, and contact details of the research team and Institutional Review Board.

The survey was distributed online and included the study introduction and informed consent using the online platform Qualtrics (SAP, Provo, UT) (Oppenheimer et al., 2011). Data were collected May 1st through August 7th, 2020. The research team distributed the survey using farming listservs in the study area as well as posting a link to the survey and study introduction in various social media venues and newsletters. To encourage responses, a $15 gift card was provided as an incentive for participants upon completion of the survey. Completed surveys were given identifiers for tracking purposes only. We obtained 120 responses (response rate of a~20%) of which 53 were validated and included in the study analysis.



Data Validation

We excluded incomplete and inconsistent responses and the remaining survey data was validated using Cronbach's Alpha Test as a measure for data consistency (Ferketich, 1990; Vaske, 2019). We obtained a value of 0.67, which is adequate for scales in human dimension research (Vaske et al., 2017).



Survey Sample Characteristics

Of the 53 validated responses, 31 were from producers with farms in MT and 22 from producers with farms in SD. Surveyed farms in MT were smaller than in SD (Table 2, Supplementary Appendix 2). In the majority of farms, agriculture generates <75% of the household income and most surveyed producers own their farmland. Surveyed producers with more than 5 years of farming experience tended to work on larger farms (>100 acres), less experienced producers on smaller ones (Supplementary Appendix 3). On larger farms, more than 90% of production was designated for sale, while this share was lower for smaller farms (Supplementary Appendix 3). Thirty-eight surveyed farms were dedicated to plant production (out of which ten can be classified as strictly horticultural producers), four produced livestock, five have a mixed farm, and six producers did not specify their farm products. Only eight farms produced one single commodity (in addition to non-commercial diversification measures such as pollinator strips). The median number of commodities per farm was four. In 2020, the most common crops on surveyed farms were annual vegetables, followed by corn, wheat, berries, dry legumes, oats, and soybean. The most common livestock was cattle (Supplementary Appendix 4).


Table 2. Characteristics of farms managed by surveyed producers: farm size, farm's contribution to household economy, destination of farm outputs, farm ownership, and farming experience of farm manager per state where farm is located.
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Data Analysis

The survey responses generated quantitative data from multiple-choice and Likert-type questions (these data were also used for the overall assessment of agroecosystem resilience), as well as qualitative data from the responses of the open-ended questions, and the explanations elicited from the multiple-choice questions.


Quantitative Data

All analyses were conducted using SPSS for Windows, v 26 (IBM, Armonk, NY) (De Sá, 2007). First, we described the perceived impact of COVID-19 on farms, producers, and their communities from the responses to binary (yes/no) survey questions. Responses were transformed into numeric binary values (Brown, 2011). For all data, we conducted descriptive statistics, which included frequency and percentage response distributions as well as dispersion measures.

For the analysis of the farm management practices, we grouped the practices into three categories: (1) sustainable tillage (including conservation tillage or direct seeding), (2) sustainable fertilization (use of compost, compost tea, charcoal, and/or manure), and (3) cropping system diversification (crop rotations, intercropping, and/or cover cropping). Inter-associations were assessed using the two-sided Fishers Exact Test at p < 0.05 (Upton, 1992).

Regarding the impact of COVID-19 on farm management and crop diversity, farm economy, producers' emotional well-being, and producer food insecurity, we used cross-tabulations and chi-square tests to identify significant (p < 0.05) di?erences on how the pandemic affected several characteristics of farm management and food security (Chambers and Skinner, 2003).

To identify factors that influence producers' perceptions of COVID-19, we contrasted the responses of the perceived impact of COVID-19, with data about farm management practices, including diversification. This data originated from multi-option questions, which we converted into ordinal integer numbers (Brown, 2011) with 0 as the lowest value (example question on farm size: 0 for <5 acres; 4 for > 1,000 acres). We conducted univariate association analysis using the Chi-square test for categorical, non-parametric variables. Significance was considered at p < 0.05 (Chambers and Skinner, 2003). To quantify relationships, we applied a two-tailed Cramer's V test, where a value <0.2 indicated a weak association, 0.2 ≤ 0.3 a moderate association, and >0.3 strong association (Santos-Díaz et al., 2019).



Qualitative Data

For the analysis of open-ended questions, we conducted inductive, undirected content analysis to identify common themes in the responses (Kuckartz, 2014; Saldaña, 2015). The coding process was facilitated by the qualitative software NVivo 12 (QSR International, Doncaster, Australia). We applied inductive coding, where we prioritized in vivo codes, resumed all condensed meaning units, and calculated the frequency of meaning units per code as a percentage of total meaning units per survey question (Leech and Onwuegbuzie, 2011; Saldaña, 2015).




Assessment of Agroecosystem Resilience

The assessment of agroecosystem resilience (Table 1) was adapted from five parameters of the Cabell and Oelofse (2012) resilience framework as well as three additional parameters for food system resilience and vulnerability (Ericksen et al., 2012; Intergovernmental Panel on Climate Change, 2014). For each parameter, we calculated the respective values as a proxy based on response rates to quantitative survey questions. The overall assessment was calculated on a percentual scale, where 100% represents the highest resilience possible to the pandemic (see Table 3 for equations) and visualized in a radar chart.


Table 3. Equations, adapted from Cabell and Oelofse (2012), processed for the overall assessment of the resilience of the participating farms.
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Study Limitations

Our study deals with diversified farmers in MT and SD, an emerging community in two states widely characterized by conventional monocropping systems (Sayre et al., 2012; Conant et al., 2018) during the initial stages of the COVID-19 pandemic. To our knowledge, there is no data available on the total number of diversified farms in these states, considering how diversification is defined in our study (UC Berkley, 2020). However, in 2019, there were 171 certified organic farms with annual revenue of < $500,000 in MT, and 63 in SD (US Department of Agriculture, 2020). Although certified organic management was not a selection criterion for our study, based on our survey findings (see Section Characterization of Agroecosystem Management Practices) and field experience, approximately half of the diversified farms in the region are small organic farms. Hence, it can be considered that our sample of 53 surveyed farm managers represents at least 15% of diversified farms in MT and SD combined.

One reason for the relatively low response rate was the difficult working and communication conditions during the first months of the COVID-19 pandemic that limited us to reach producers by email instead of visiting farms to interact with farmers in depth. We acknowledge that our outcomes would have been more significant if obtained through a triangulation of methods, including complementary key informant interviews or mapping. Yet, the results obtained from this study address a sector of agricultural production in the NGP that is emerging and currently understudied.

It was our purpose to obtain a snapshot of the state of diversified farms in the NGP during the early phase of the pandemic, which led to a relatively short time frame for its implementation. We recognize that the short time window of the survey, despite providing important insight into the early impact of the pandemic on diversified farms, may have reduced the validity of our data, especially of aspects not directly related to the pandemic. Yet, our dataset is unique as it allows us to assess a phenomenon for which no previous information exists. For future studies, it may also be interesting to compare the responses of diversified farmers to a stressor like COVID-19 to those of a control group, for example, operators of monocropping farms, while controlling for other variables such as operation size, years of expertise, or annual income from agricultural production.




RESULTS


Characterization of Agroecosystem Management Practices

Almost half the respondents [46%, out of n = 52, no response (NR) = 1] reported that they follow certified organic agriculture guidelines (Figure 1). Overall, the surveyed producers articulated that they are using different combinations of sustainable crop management practices on their farms. Findings indicate that most of the surveyed producers who are not certified organic use crop rotations, cover cropping, and conservation tillage (p < 0.05).
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FIGURE 1. Frequency of compliance with organic standards and use of specific agroecosystem management practices of surveyed producers (% of responses, n = 53). *Conservation Tillage or Direct Seeding. **Use of compost, compost tea, charcoal, and/or manure. ***Crop rotations, intercropping and/or cover cropping.




Impact of COVID-19 on Farm Management and Crop Choices

The majority of surveyed producers (68% out of n = 53) reported they did not undertake changes in their farm management practices because of the COVID-19 pandemic. Also, 75% of producers stated that they did not intend to change their crop choices for 2021 (Table 4). Our findings highlight that those producers who apply sustainable fertilization techniques such as composting, application of manure, and crop rotations were more likely to modify their farm management because of COVID-19 (Tables 5, 6). When asked about drivers of farming management changes before COVID-19, most respondents mentioned markets as the central motive (85%, n = 40), while subsidies (20%, n = 40), and land use (18%, n = 40) played a minor role (Figure 2).


Table 4. Producer perceptions on COVID-19 pandemic impacts on management.
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Table 5. Farm management changes due to COVID-19, based on farming practices applied by surveyed producers.
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Table 6. Crop choice changes due to COVID-19 in the 2020 and 2021 cropping season, based on farming practices applied by surveyed producers.
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FIGURE 2. Drivers of shifts in farm management. Factors that have influenced farming practice changes in the past (n = 53). *Significant (p < 0.05). **No significant difference between responses.


Out of the 19 producers who changed their crop rotations and/or crop choices because of the pandemic (43% of surveyed producers, n = 53), the majority stated they did so for increasing production to compensate for price decreases. The notion of price-loss compensation was more frequently reported among SD producers, who manage larger and more grain-focused operations, than among MT producers. Specifically, increasing production was most common among corn and soybean producers, followed by producers of small grains other than corn. Three producers reported pandemic-related changes in their livestock production management.



Producer Perceptions of the Impact of COVID-19 on Food Security and Livelihoods

Eighty-nine percent of surveyed producers (out of n = 53) were concerned that the COVID-19 pandemic was impacting the future of farming in general. Most concerns were related to “unstable and shrinking markets for agricultural products.” The majority of producers (62%) were anxious about their community's food security while only 16% expected their access to food to be affected by the pandemic (Table 7). Based on the two-item food insecurity screening tool by Gundersen et al. (2017), one producer (2% of respondents) reported having been food insecure between March and August 2020. Five producers (10% of respondents, n = 53) said they were food insecure for a specific period in 2020. The remaining 43 producers (88% of respondents, n = 53) stated they were not food insecure during the survey period. Almost half of all surveyed producers stated that they did not depend on external food sources, as most of their food comes from their farms, hunting, or gathering (40%, n = 53). Most producers were not apprehensive about access to fresh fruits and vegetables (91%, n = 53). A fifth of producers reported confidence in their local food retailers (21%, n = 53).


Table 7. Perceived effects of COVID-19 on farm economy, food security, and livelihoods.
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Impact of COVID-19 on Community and Farm Economy

Producers who expected a negative impact of the COVID-19 pandemic on their community (62% of all respondents, n = 53) were also those most concerned about the economy of their local fellow producers. Specific pandemic-related concerns shared by producers include (1) disruptions in supply chains and a corresponding shipping cost increase (9 out of the 33 producers who expected a negative community impact); and (2) decreasing consumer demand due to lower income, rising unemployment, and previous stockpiling of food (11 out of 33 producers). Specifically, producers reported anxiety about the local, higher-priced segment of the market (such as CSAs), which several producers expected to shrink. Eleven out of 33 respondents to this question were also concerned about their community's access to food, especially in remote areas of the region where grocery stores are scarce.

Most producers stated that their access to commodities, farm inputs, as well as the availability of farm labor, were not impacted during the early stages of the COVID-19 pandemic (Table 7). However, over half of producers (62%, n = 53) reported that they expected their total farm income to shrink in 2020 (Table 7).



Impact of COVID-19 on Producers' Emotional Wellbeing

Roughly half of the surveyed producers (47%, n = 53) stated that their overall anxiety increased because of the COVID-19 pandemic. Accordingly, multiple producers articulated an “anxiety of the unknown.” For example, two producers reported that they were having sleepless nights due to the pandemic.

The most frequently mentioned concerns of producers during the pandemic involved financial issues, supply chain disruptions, anxiety about family and loved ones, personal health concerns, how to implement social distancing in farm work, and concerns about the negative impacts of the pandemic on society as a whole.

Out of the producers that did not report increased anxiety because of the pandemic (53%, n = 53), three themes were identified that kept them grounded: (1) faith or religion; (2) confidence in their food self-sufficiency; and (3) expanded market opportunities for their farm operations because of an expected increased consumer demanding for local food.



Factors of Producers' Perceptions of COVID-19

We identified three factors that shaped producers' perceptions of the effect of COVID-19 on their farming systems and communities: (1) farming experience; (2) farm size; and (3) contribution of farming to household income.

Farming experience had a considerable impact on producers' perceptions of COVID-19. Most “new” producers (those who had been in charge of their farm for <2 years) changed their farm management practices because of the pandemic (80%, n = 42, NR = 9), and 40% of them also altered their crop portfolio in 2020 (Figure 3; see Supplementary Appendix 5 for details). In contrast, most producers with more than 5 years of experience did not shift their farm management practices (84%) or modified their 2020 crop rotations (81%).
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FIGURE 3. Impact of producers' experience on farm management and cultivated crops (% of all responses, n = 42, NR = 9). *Strong relationship [Cramer's V >0.3 ∧ p (Chi-Square) < 0.05].


In terms of farm size, only 21% (n = 42, NR = 9) of surveyed producers operating on farms smaller than 100 acres were concerned that the pandemic would affect the available workforce needed for their farms, while 73% of the managers of larger farms, stated that the availability of farm labor was a concerning issue. Only 10% of managers of small producers were anxious about their household diet, while this share was higher (31%) among operators of larger farms (Figure 4, Supplementary Appendix 6).
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FIGURE 4. Impact of farm size on perceived available farm labor and household diet (% of all responses, n = 42, NR = 9). *Moderate relationship [Cramer's V >0.2 ∧ p (Chi-Square) < 0.1]. **Strong relationship (V > 0.3 ∧ p < 0.05).


The third factor impacting the producers' perception of the impact of COVID-19 was the contribution of farming to a household's overall economy. Where farming provided more than 75% of the household income, 73% of producers (n = 42) were concerned about losses of household income due to the pandemic. As for part-time producers, where farming contributes to <75% of the household economy, 69% stated that they did not expect COVID-19 to seriously affect their household income (Figure 5, Supplementary Appendix 7). Among those part-time producers concerned about their income (31%), almost all lost their off-farm jobs or faced salary decreases in their side jobs.
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FIGURE 5. Impact of contribution of agriculture to total household economy on perceived household income and household diet (% of all responses, n = 42, NR = 9). *Strong relationship (Cramer's V >0.3 ∧p [Chi-Square] < 0.05).




Perceived Agroecosystem Resilience

On the basis of the adapted agroecosystem assessment framework (Cabell and Oelofse, 2012), survey responses indicated that shock exposure had the highest resilience score within the 53 farms, specifically, access to commodities, farm inputs, and farm labor. In contrast, two farm-management-related parameters, ecological self-regulation (presence of riparian buffers, pollinator strips, hedgerows, and trees) and connectedness (use of inter- and cover cropping, inter- and intraspecific diversity), revealed a low overall resilience score (Figure 6). The parameter of ecological self-regulation was found to have a lower resilience score for larger farms (>100 acres) than for smaller farms, while larger farms had a higher resilience score for autonomy and local interdependence (the contribution of farming to a household's income) (Figure 7). In terms of food security, access to food was not considered a limiting factor by most producers, which indicates high resilience and self-sufficiency. However, producers expressed considerable concern regarding the overall food security in their communities.
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FIGURE 6. Overall assessment of the perceived resilience of the participating farms (n = 53) based on Cabell and Oelofse (2012) framework and additional food system resilience parameters (Ericksen et al., 2012; Intergovernmental Panel on Climate Change, 2014), 100% represents the highest resilience.
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FIGURE 7. Assessment of the perceived resilience of the participating farms (n = 53) divided into farms larger and smaller than 100 acres based on Cabell and Oelofse (2012) framework and additional food system resilience parameters (Ericksen et al., 2012; Intergovernmental Panel on Climate Change, 2014), 100% represents the highest resilience.





DISCUSSION

This study highlights that while national and global food systems experienced disruptions during the early stages of the COVID-19 pandemic, the surveyed producers of diversified farms in the NGP expressed long-term confidence regarding local food production from diversified farms during the first growing season of the pandemic. Survey findings demonstrate relatively “mild” responses by farmers to the initial phase of the pandemic compared to other national and international studies administered during this time of heightened uncertainty. The disruptions associated with the COVID-19 pandemic have emphasized the need to strengthen the resilience of food systems to future external disturbances (Orden, 2020). Given that the surveyed producers managed diversified farms to supply local food systems, the results of this study highlight the potential of diversified farming and local food systems for strengthening resilience to support food security in the context of extreme shocks.

The population highlighted in this study, farmers who practice diversified agriculture in the NGP, represents a unique sector of the regional agricultural production. The percentage of small-scale horticultural producers in our sample is disproportionally higher compared to typical farms in the NGP (Gough, 1997; Long et al., 2014; Miller et al., 2015; Carlisle, 2016; Stoy et al., 2018). In addition, the percentage of producers following certified organic farming guidelines is higher in our sample (46%) compared to the region, where it is <3% (US Department of Agriculture, 2019). The percentage of producers following sustainable farming practices such as conservation tillage, use of manure, crop rotations, intercropping, and cover cropping is also elevated among our sample.

A further unique attribute of the surveyed producers is their history as farm owners; 15% of the respondents were recent farmers with 2020 being their second farming season, while 96% of all MT and SD farms are multiple-generation family farms (US Department of Agriculture, 2019). Thus, findings indicate that farming experience strongly impacted producer responses to the COVID-19 pandemic. While 84% of producers with more than 5 years of experience did not change their farm management practices because of the pandemic, 80% of the “newcomers” (<5 years of experience) did change their practices in adaptation to the new situation. The unique features of the surveyed farmers are important to consider in the interpretation of study findings, especially because pandemic-related supply chain disruptions were strongest among meat and dairy NGP producers (Belasco, 2020; Brewin, 2020), and both sectors were underrepresented in our study.

The relatively “milder” responses to the COVID-19 pandemic among the surveyed producers compared to evidence from national (Belasco, 2020; Béné, 2020; Wolfson and Leung, 2020) and international (Benton, 2020; Elleby et al., 2020; Kerr, 2020; Torero, 2020) studies, indicate an elevated level of shock absorption capacity. For example, most surveyed producers did not extensively change their farming practices in response to the COVID-19 pandemic and associated measures, which differs from the strong disruptions of farm management practices due to COVID-19 at the global level (Torero, 2020). Also, the reduced availability of farm labor that challenged producers throughout the U.S. (Béné, 2020; Benton, 2020) was only a prevalent concern among larger-scaled surveyed farms.

We also found relatively “milder” responses regarding emotional well-being compared to other studies administered during the study period. While a more difficult access to markets and a generally perceived uncertainty affected the emotional well-being of most farmers globally (Reissman et al., 2006; Benton, 2020; Laborde et al., 2020), 53% of producers in our survey stated they were not anxious during the initial months of the pandemic. These findings demonstrate a remarkably low shock sensitivity of the surveyed producers during uncertain times. Concerns were stronger among part-time and smaller producers as they feared side-job losses and decreasing household income.

While food insecurity due to COVID-19 skyrocketed in the U.S. (Laborde et al., 2020; Swinnen and McDermott, 2020), including in MT (Montana Food Bank Network, 2020) and SD (Lowrey, 2020), access to food was not considered an alarming issue by 88% of surveyed producers. We hypothesize that there are three reasons for the low perceived food insecurity in our study. First, 40% of surveyed producers do not depend on commercial food for their diet because a considerable part of the food they consume is produced on their farms or obtained in wild food environments, including hunting and gathering in their surroundings. Almost half of the surveyed producers stated that they use at least 10% of their production for family consumption, and a quarter of farms use more than 50% of their production for family subsistence. This reliance on non-commercial food sources of food helps explain the high food security during the pandemic. Second, respondents demonstrated high confidence in their local food retailers to provide accessible food. Lastly, producers showed optimism that the COVID-19 pandemic may increase long-term demand for food produced on diversified farms.

The overall resilience self-assessment, based on producer responses and applying the agroecosystem assessment framework of Cabell and Oelofse (2012), suggested that the producers' relatively moderate response to the pandemic was enabled by diversified farm management practices and influenced by farm size. Larger farms showed a higher economic autonomy compared to smaller farms, mostly because they are operated by full-time producers and consequently do not depend on side jobs. However, larger farms had lower ecological self-regulation indices, which refer to practices such as pollinator strips. The integration of local natural resources (including fertilization with manure and compost), as well as the spatial and temporal farm system heterogeneity (including the frequent use of crop rotations and diverse farm management practices), were found to be high in both large and small farms (Figure 7). Our study suggests that experience with diversification influenced the producers' ability to respond to an external stressor like the COVID-19 pandemic. Farms where multi-crop rotations and sustainable soil fertility management were common before 2020, were more likely to alter crop rotations than farms with a shorter history of sustainable management practices.



CONCLUSIONS

The COVID-19 pandemic exposed the fragility of global and national food systems (Altieri and Nicholls, 2020a; Béné, 2020), with severe socio-economic and emotional consequences for food system stakeholders across scales. Diversification is increasingly recognized as a core strategy to increase food system resilience, whether it be short- and mid-termed shocks such as COVID-19, or gradually evolving complex disruptions such as climate change (Rotz and Fraser, 2015; Tendall et al., 2015; Zimmerer et al., 2019). At the individual farm, diversification includes that of plants and animals at the genetic and species levels, as well as diversity-enhancing farm management practices including complex crop rotations or the integration of plant and animal production (Béné et al., 2015; UC Berkley, 2020). During the past 70 years, diversified farms in the U.S., as in other high-income countries, have been widely pushed back by conventional high-input monocropping systems (Jäger et al., 2019; Hobbs, 2020). Nowhere in the U.S. is the simplification of farming systems more visible than in the small-grain producing breadbasket regions of the Midwest and the Great Plains (Bagley et al., 2012), including the NGP. While over the past decade, there has been a resurgence of farm system diversification in the U.S. (Kolodinsky et al., 2020), these farms represent a niche sector within millions of acres of “Big Ag,” and most existing diversified farms are small in size and managed by relatively inexperienced producers. The study presented here revealed that diversified small-scale producer responses to the COVID-19 pandemic differed from those of conventional producers. We found that the majority of surveyed producers did not extensively change their farming practices during the study period comprised of the early months of the pandemic, which contrasts with profound farm management changes witnessed regionally, nationally, and globally (Torero, 2020). Several producers, especially those who operate complex and diverse farms, implemented punctual management and crop rotation changes.

While food insecurity increased across MT (Montana Food Bank Network, 2020) and SD (Lowrey, 2020) in 2020, food security and accessibility were not severe concerns of most surveyed producers. Reasons for the producers' high perceived level of food security during the pandemic include the possibility to access food from their farms and for 40% of them, the procurement of food through hunting and gathering. Additionally, the confidence of the surveyed producers in the local food system to provide sufficient food was high. Hence, this study suggests that diversified farms have an elevated capacity to absorb an external shock as severe as the COVID-19 pandemic. We also found that larger farms were economically more independent than smaller ones. For example, off-farm income allowed large farms to avoid “panic reactions” such as changing their crop rotations, indicating that the economic status and antecedents of a farm sharply determine its capacity to absorb shocks.

This study further examines potential factors that limited the surveyed farms from benefitting more from the diversification of their operations. Producers of small farms in our study were often highly dependent on off-farm income, which impacted their economic stability and emotional well-being. Larger farms that lacked an extensive diversification of their systems could benefit from a greater number of diversification practices to enhance resilience.

Diversification of agroecosystems should be recognized as a process (not a goal) across ecological, social, and institutional dimensions of farming systems (Petersen-Rockney et al., 2021a). The more advanced the level of diversification on a farm, the more effective it is for enhancing resilience (Altieri, 1994). Farms in the NGP should engage in a process of constantly increasing diversification including diversifying farm business and management models, governing institutions and policies, farmer demographics, markets, values and goals, and knowledge systems toward improving adaptive capacity in the context of shocks (Petersen-Rockney et al., 2021b). Policies, market, and education programs are called for to promote the continuous enhancement of farm diversification for enhancing food system resilience. If policies, market, education, and research re-orient their efforts to enable the establishment of an increasing number of diversified farms, a whole region such as the NGP can achieve a greater ability to provide food security to their communities as well as support farmer livelihoods in the context of global challenges including climate change, population growth, and future pandemics. Based on the findings of our study and the literature cited here, we recommend the following pathways for increasing and maintaining diversification and the resilience of agricultural production systems:

(1) Development of evidence-based agroecological farm management plans. Evidence-based agroecological farm management plans that are tailored to different farming scales and agroclimatic regions are needed for enhancing diversification including at the functional diversity and landscape levels. For example, producers in regions such as the NGP that practice wide crop rotations can be encouraged to also conduct mixed cropping. These diversified farms, in turn, will be more resilient to local and global disruptions.

(2) Dissemination of evidence on the benefits of agricultural diversification. Efforts are needed to broadly disseminate evidence on the benefits of agricultural diversification and associated farm management plans to producers and other food system stakeholders through media, extension, and education to enhance the resilience of food systems.

(3) Research on the role of agricultural diversification for producers' emotional wellbeing and personal resilience. Research is called for to examine the potential role of agricultural diversification for producers' emotional wellbeing and personal resilience. The low anxiety rates of the surveyed producers during the initial stages of the pandemic and their optimism regarding the long-term growth of their farm operations suggest that diversity not only enhances the environmental and economic shock absorption capacity but also benefits the emotional well-being of producers.

(4) Policy and incentives to remove barriers for new farmers and for enabling diversification. Policy and programs are necessary to support new farmers to pursue farming full-time while providing enabling conditions for diversification. The high dependence of small-diversified farms on off-farm income lowers their flexibility in responding to shocks and their potential to experiment and observe on their farms. For example, peer-to-peer exchange platforms with experienced farmers can support new farmers build knowledge and enhance their capacity to respond to shocks.
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Australia has managed well through the COVID-19 pandemic, compared to many other developed nations. Through its first and second waves it was relatively successful in terms of control of outbreaks. Nevertheless, like everywhere, the shock to national systems has been profound, and adjustment remains complex and volatile. Food is a critical human need, and the food industry is recognised as a vital economic sector. We present an examination of some of the adaptive responses of Australia's food systems during the early stages of the COVID-19 pandemic, from January 2020 to October 2020, with a focus on three case studies (seafood exports, consumer behaviour and food sector employment). These case studies provide observations of specific stresses experienced, as well as insights into the adaptation strategies carried out by various actors within the nation's food systems. The shock was experienced differently in different parts of given food systems, and the opportunities for adaptation varied. Some supply chains lost business, others had to adapt to rapidly increased demands, and surges. Our analysis reveals features of Australia's food systems, and their relationships to other systems, that have facilitated resilience, and features that have impeded it. We found that international supply chains are highly vulnerable to global shocks, that insecure employment conditions throughout the food system reduce the resilience of the system overall, and that consumers are not fully confident in supply chains. We observed the importance of agency and adaptive behaviour throughout the food systems as actors worked to build their own resilience, with consequences for other parts of the system. Our findings suggest that food system resilience can be enhanced by ensuring that the goals and priorities of those most vulnerable in society are recognised and addressed within decision making processes throughout the system.
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INTRODUCTION

The COVID-19 pandemic, and related policy responses, have revealed many previously under-recognised dependencies and vulnerabilities in Australia's society and economy, as elsewhere (Devereux et al., 2020; Dou et al., 2021; Love et al., 2021). The food and nutrition security of Australians is among the many aspects of society impacted by the sudden shock posed by the COVID-19 pandemic. While in general Australians are perceived to enjoy a high level of food security (Australian Bureau of Agricultural Resource Economics Sciences, 2020), the pandemic and associated government, industry and community responses have revealed both vulnerabilities and adaptations, and signs of resilience, in our food system. We have seen supermarket shelves emptied repeatedly due to panic buying (Sakzewski, 2020), shortage of farm labour (Sullivan, 2020b) due to restrictions on movement, and disruption of international trade (Pollard and McKenna, 2020), for example. These are to some extent associated with food production, but are most evident with food distribution and consumer behaviour. The important connections between production, distribution and consumption can be made transparent by applying a food systems approach (Ingram, 2011), going beyond a focus on agricultural production or agricultural systems, to the issue of food and nutrition security. Adding a resilience approach enlightens a focus on the ability of the food system to cope with a major disturbance and adapt while under duress.

The COVID-19 pandemic provides an extraordinary opportunity to “observe” while experiencing a set of complex adaptive systems – Australia's food systems – at a critical point when a major disturbance occurs. Sudden external shocks to food systems, like the COVID-19 global pandemic, are unanticipated or unforeseen disturbances that are complex and difficult to study and have the potential to trigger large unpredictable and synchronous impacts throughout whole food chains, across multiple sectors and at local and global scales (Béné, 2020; FAO, 2020; Love et al., 2021; White et al., 2021). Prior to COVID-19, these shocks have typically been events with more local impacts on production, due for example to extreme weather events or natural disasters (e.g. floods, droughts, cyclones, extreme fires), pest invasions and noxious diseases, or other environmental disasters (e.g. algal blooms or prolonged over-fishing causing a collapse of fisheries) (Cottrell et al., 2019; Stoll et al., 2021). As food systems become more globalised, increasingly geopolitical events are exposing countries to external shocks (including international trade disputes, global financial system collapses, violent conflicts) (Crona et al., 2015; Gephart et al., 2016), while often highlighting current injustices in food systems such as household food insecurity, and exacerbating existing poverty and inequalities (Sanderson et al., 2021). Complex adaptive systems theory (Gunderson and Holling, 2002; Chapin et al., 2009) explains how a major shock may cause a given system to adapt and reorganise (demonstrating resilience) or transform. It also explains how adaptation promotes learning in order to build robustness against future shocks of the same or different types (Love et al., 2021). This reorganisation process occurs through complex interactions at multiple levels within the system (Béné, 2020).

Emerging literature on food systems and their resilience under COVID-19 has offered international overviews conducted early in the pandemic by Devereux et al. (2020), Love et al. (2021) Bisoffi et al. (2021), and a special issue of Agricultural Systems (Stephens et al., 2020) that incorporates observations and perspectives from many countries in developed and developing regions including India, Nepal, Myanmar, Peru and other parts of Latin America, Africa, China, the Caribbean, USA and Canada. A study by Béné (2020) focused particularly on local food systems in the context of low and middle income countries. Meanwhile, Devereux et al. (2020) concentrated on household resilience in both developed and developing countries. A number of other country-specific studies include Amjath-Babu et al. (2020) on Bangladesh, Farrell et al. (2020) on the Pacific region, Bisoffi et al. (2021) for a global view, Davila et al. (2021) on the Pacific, and Fan et al. (2021) on Asia. These studies explore how and why consumer behaviour changed, and show how the supply chains adapted to the sudden changes in demand in a context of disrupted supply. Our analysis by contrast, focuses on a developed country, Australia, with relatively high food security prior to the pandemic (Snow et al., 2021; Whelan et al., 2021). Nevertheless in Australia there are vulnerabilities within its Indigenous populations and other low income sectors (Bowden, 2020; Foodbank, 2020; Fredericks and Bradfield, 2020a).

Our analysis treats the disruptions and adaptations caused by the pandemic as an opportunity to examine the resilience of Australia's food systems, and in so doing to add to the empirical literature on food systems and resilience (as called for by Choularton et al., 2015; and Tendall et al., 2015) in order to expand understanding of both food system behaviour, and resilience under an unusual type of disturbance (Berkes and Ross, 2016).

Beyond food systems, the pandemic is being seen worldwide as an opportunity for critical reflection on current economic systems and society, with a view to promoting resilience and environmental sustainability over narrowly conceived notions of economic efficiency (IPES-FOOD, 2020). Nevertheless some see the pandemic as a temporary disruption of “business as usual” and expect our economic systems and society to “bounce back” to normal after the pandemic has been resolved (Wells et al., 2020). By combining the food systems framework with a resilience perspective, we identify how actors within Australia's system exhibit agency to respond to shocks, and adapt, and so present insights into how food systems are reorganising.

The following section explains our conceptual framework, combining the concepts of food systems and resilience. This is followed in subsequent sections by our methods, background to the COVID-19 health shock in Australia, the set of case studies, and discussion of key outcomes and implications.



CONCEPTUALISING FOOD SYSTEMS AND RESILIENCE

In order to explore the disruptions imposed by COVID-19 on Australia's food systems, and consequent adaptive behaviour, our research joins two key framings. First, a food systems approach recognises drivers, activities and outcomes across the whole food system (e.g. from production to consumption), with a focus on the range of emerging interactions, feedbacks and their effects (Tendall et al., 2015; Béné, 2020) rather than on detailed characteristics of separate parts of the system. Second, a resilience framing is added to understand how food systems react and respond to shocks and stresses and to observe the enhanced dynamics of the impacts (Tendall et al., 2015).


Framing Food Systems

Our choice of a food systems framework is that developed by The Global Environmental Change and Food Systems (GECAFS) project (Ingram, 2011). A key innovation of this framework is the explicit distinction and integration of food system activities (what we do: producing, processing, distributing, retailing, and consuming food) with drivers of the food system, which can be biophysical or socioeconomic (Ingram, 2011; HLPE, 2020), and outcomes in terms of what we get: food security (determined by people's access, availability and use of food), environmental welfare and socioeconomic welfare (Figure 1). Recently, the FAO's High Level Panel of Experts (HLPE) on food security introduced “agency” as a further dimension of food security (HLPE, 2020). We recognise a fourth outcome category, “public health”, to emphasise the importance of food systems in diet and nutrition including the fight against obesity. The HLPE (2020) variant of this framework places emphasis on policy and governance throughout the system.
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FIGURE 1. A framework for food systems research emphasising Drivers, Activities, and Outcomes (Ingram, 2011, p. 421).


The integrated GECAFS/HLPE framework thus positions food security as the key outcome of a complex adaptive system (Preiser et al., 2018), with other important outcomes including the jobs, livelihoods and businesses dependent on the food system (social welfare), and the environmental consequences of food systems (environmental welfare). The distinction between activities and outcomes assists in targeting interventions to specific activities in order to realise desired outcomes. The framework accommodates feedbacks, trade-offs, and interactions between activities, outcomes and drivers (Ericksen, 2008). For example, the “green revolution” in agriculture, an intervention designed to improve food security through increased crop production, has been detrimental in terms of impacts on ecosystems and health (John and Babu, 2021).

While the food systems framework emphasises multiple interactions, it requires an emphasis on how those interactions contribute to resilience, an important property of complex adaptive systems. The following section thus introduces a resilience framing to enhance the food system framing.



Framing Resilience

Our resilience framing is based on principles widely recognised in the social-ecological systems literature (Berkes et al., 2003; Béné et al., 2016; Béné, 2020), in which the paradigm of complex adaptive systems is paramount. We also draw on other fields contributing resilience theory relevant to our theme of food systems: people-environment relationships (social-ecological resilience), business and organisational resilience, and personal psychological coping (psycho-social resilience). Each of these fields identifies different features as contributing to resilience, including systemic interactions (Hertz et al., 2020), agility (Linnenluecke, 2017), and self-organisation and agency (Berkes and Ross, 2013).

The concept of resilience focuses on ability to contend with shocks (also referred to as disturbances or perturbations) and stressors. Resilience is seen as an unfolding emergent phenomenon and as a capacity and process as much as an outcome (Southwick et al., 2014).

Helfgott (2018, p.854) defines resilience as “a property of a system that describes the nature of the response of the system to a particular disturbance, of a particular magnitude, from the perspective of a particular observer over a specified timescale”. She focuses attention on the resilience “of what” (in our case, outcomes of Australia's food system, i.e., food security), “to what” (in our case this is the pandemic and policy and practice changes involved in contending with it), “for whom” (whose interests are to be considered), and “over what timeframe”. In considering “for whom”, power relationships, and hence whose interests are considered important within a food system, are made apparent (Herrera, 2017). Resilience is partially subjective: people may be their own best judges about their own resilience and that of the systems they know well (Jones, 2019).

Much literature (such as Béné, 2020) differentiates the concept of “adaptive capacity”, the capabilities that will position people or relevant parts of a system to adapt after a shock (such as after the COVID-19 outbreak occurs), from the process of responses and recovery outcomes involved in generating resilience.

Processes of building resilience are non-linear. Resilience status at any particular point in time may differ later, and the system or person is likely to have to address other, subsequent shocks over time. A person (Masten and Obradovic, 2006; Liu et al., 2017) or system (Berkes et al., 2003) may become more resilient after experiencing a few shocks, but then be set back or become more easily disturbed by subsequent shocks. Further, there is a relationship between resilience (which may or may not be desirable, in itself) and transformation to more desirable structures (Elmqvist et al., 2019).

Resilience is a multi-level and cross-scale phenomenon, in which interactions by individuals, households, communities, sectors, regions, nations may affect their own resilience and that at other levels in the same system (Berkes and Ross, 2016). Components in the food systems framework thus need to be considered as interacting at multiple levels whereby the many adaptations of actors to repeated changes in their part of the system affect one another. The relationships between levels within a system are not neat: they can be mutually supportive towards resilience or not (Leite et al., 2019). They can be indirect, for example where a pandemic jumps from the local to the global level, bypassing other levels (Berkes and Ross, 2016). Food supply chains are inherently multi-level phenomena, connecting producers to consumers through multiple activities performed by individuals, households and firms, which have local, regional and global effects.

Diversity within complex adaptive systems, including food systems, is a source of resilience since it offers multiple pathways for adaptation during and after shocks (Lade et al., 2020). While connectivity within a system is highly important (Ungar, 2018), it is necessary to beware of “path dependencies” that create rigidities within a food system which can limit adaptive capacity and hence resilience (Wilson, 2014).

The agency (Davidson, 2010; Berkes and Ross, 2013; Béné et al., 2016) of actors within a system also contributes to resilience, as they work proactively to adapt amidst their changing circumstances. New patterns and solutions to problems emerge as their initiatives interact. This is closely related to self-organisation, often a collaborative process. Supply chain governance (Boström et al., 2015), oriented to goals such as sustainability and potentially resilience, is a prime example of self-organising and agency in food systems. Agency is now recognised as an important dimension of food security, and thus to food system resilience (HLPE, 2020).



Food System Resilience

Advancing on these separate and generic framings of food systems, and of resilience, Tendall et al. (2015) have developed a conceptual framework specifically for food system resilience. Like us, they view food systems as a type of social-ecological system, involving the range of activities and outcomes identified in the food system framework reviewed above. They emphasise the need to move beyond particular components, or particular processes within food systems, to understand the complex cross-level interactions involved in any social-ecological system. Accordingly, they define food system resilience as “capacity over time of a food system and its units at multiple levels, to provide sufficient, appropriate and accessible food to all, in the face of various and even unforeseen disturbances” (p. 19). They emphasise behaviour over time, at multiple levels in a system, so that initial reactive action (to absorb, react and restore) translates towards preventive action, focused on learning and building robustness. Love et al. (2021, p. 2) elaborate on this idea to argue that this building of robustness should be towards generalised, rather than specified, resilience, to cater for multiple and cumulative other stressors such as climate change, natural disasters, political and economic instability, resource management issues, and shortcomings in governance. Where considerable literature in the field of social-ecological systems refers generically to “adaptive capacity”, Tendall et al. differentiate resilience as involving different capacities over time after a disturbance, from initial robustness to withstand the stress, to capacities to absorb - in which redundancy is a useful characteristic – to resourcefulness and continuing adaptability. Flexibility supports the speed at which losses in food security can be overcome. Interventions in a food system under duress may have beneficial effects on system adjustment.

Tendall et al. (2015) identify three particular “entry points” for a whole system resilience-building process. National or regional food systems, involving multiple supply chains, are important to policy makers and governments, attentive to food security for their populations. Individual food supply chains, at any level from local to international (cf Love et al., 2021 on seafood) interest specific value chain actors, while individual perspectives include smallholder livelihoods, household food security (cf. Devereux et al., 2020), and the health of consumers.

Devereux et al. (2020) argue that the issues presented by COVID-19 are best addressed by joining several frameworks. They combine the food systems frameworks we use (especially the latest elaboration, HLPE, 2020) with the FAO's “four pillars” approach to food security (availability, access, utilisation and stability), and a social justice perspective on “entitlement” based on Sen, which resonates with Helfgott's (2018) later focus on “for whom”.




METHODS

This qualitative analysis has been conducted by a group of university colleagues engaged in the study of food systems, resilience, and people-food-environment relationships. We are interdisciplinary social and environmental scientists, some also having qualifications in agricultural sciences. The first few months of the COVID-19 pandemic, as experienced in Australia, provided an opportunity to observe the immediate impacts of the pandemic on the food system through media and other sources that were readily available online. Aligning with a participant observation approach, the research team was able to observe the pandemic while they participated in daily life (Denscombe, 2007) as the situation unfolded. As participant observers within a pandemic situation, our team observed food system disturbances that happened in situ (such as changes in the access, use and availability of certain food items). We thus identified key disturbances that took place within Australia's food systems that emerged through our lived experience of the pandemic by directly observing daily life.

These observations were complemented with an online ethnographic approach. Instead of a systematic literature review, we used an online ethnographic method (Underberg and Zorn, 2014; Varis, 2016) to treat online resources as information resources, or “vessels” (Coffey, 2014). These resources were used to analyse how the pandemic was affecting food system activities and outcomes that emerged through our participant observations as “promising lines of inquiry”. We acquired data from diverse sources from across the food chain as impacts of the COVID-19 pandemic unfolded. These included news media reports, the grey literature (e.g. technical reports, quality newsletters, working papers, policy statements and other documents and databases published by governments (e.g. the Australian Bureau of Agricultural and Resource Economics and Sciences, ABARES), research organisations (academic reports, newsletters and magazines, including the Fish R&D Corporation) as well as other new academic literature. In terms of news media, we relied on reputable journalism sources that covered the COVID-19 pandemic on a national rather than a local scale, namely the Australian Broadcasting Corporation (online, radio and TV), The Guardian and The Conversation. This was to ensure that the issues we focused on were relevant to the broader Australian food system context, rather than being localised.

A real-time perspective was taken to build the process of the unfolding impact of COVID-19 on the Australian food system, in which we employed a multi-step analysis of important events. In this multi-step analysis we identified events, co-constructed emerging case studies, interpreted themes in these case studies and finally analysed these themes in relation to our original framework and research question. First, beginning in March 2020, information was collected daily from different sources (such as newspapers and social media) and notes were taken with regard to events that we thought would be able to give us insight with regard to the impact of COVID-19 on Australia's food systems. Events that were discussed as a team included – but were not limited to – panic buying, shortages of certain items in supermarkets, supply problems, agricultural produce going to waste due to labour shortages or transport issues, citizens buying seeds and chickens, and export issues. Second, these notes were discussed weekly and patterns started to emerge over time. We noticed patterns around export of fresh produce, most noticeably in the seafood sector, consumer behaviour and farm employment. Third, we developed each of these themes into mini-case studies that illustrated the patterns that we were observing and which represented different parts of the food systems analytical framework. We synthesised the diverse acquired data and information to address the following questions:

1. How and why has this part of the Australian food system and its related food chain been impacted by the COVID-19 shock, both in the short and longer term?

2. What types of response have occurred in reaction to COVID-19 impacts?

3. What actions if any are being taken to restore Australia's food system and food chain functions?

Fourth, we then reflected on the implications of these results in terms of what this could tell us about Australia's food system and adaptations, and to generate insights into ways of improving it for future resilience and equity. We reflected on how specific disruptions, impacts and responses to the pandemic across food system supply chains are altering food system dynamics and resilience.

A brief description of how the pandemic played out within Australia follows, as background to the case studies.


Background: Australia's Response to COVID-19

For at least the first year of the pandemic, Australia's response to the COVID-19 health crisis was considered to be among the most successful in the world (Duckett and Stobart, 2020a; Mercer, 2020; Patrick, 2020), compared to international standards. In a population of just over 25 million (Australian Bureau of Statistics, 2021), there were 27,590 confirmed cases and 907 deaths (Australian Government Department of Health, 2021). Following Duckett and Stobart (2020b,c) we provide a summary of events for the period January to early November 2020.

The first cases of COVID-19 in Australia were reported in late January 2020 among travellers arriving from China, prompting travel restrictions on those allowed to enter Australia (Figure 2). As the virus spread rapidly in other parts of the world, community transmission was first detected in early March. This led consumers to panic buy toilet paper and other groceries (Davey, 2020; Duckett and Stobart, 2020c; Smith and Klemm, 2020), as the population feared Australia might be facing a similar crisis to that experienced in other parts of the world.
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FIGURE 2. Timeline of COVID-19 cases reported in Australia (Infogram, 2021). Adapted from Duckett and Stobart (2020c).


There were calls to introduce strict restrictions early to minimise harm later (Duckett and Stobart, 2020c). A set of measures restricting movement of people was introduced by the Australian government from mid-March onwards and two weeks later, the country moved into a total lockdown (Biddle et al., 2020b), closing its border to international travellers on 20 March 2020. Social gatherings were limited to two people, social distancing was introduced, non-essential travel was prohibited, people were urged to work from home if possible and schools were closed. Most states closed their interstate borders and lock-down restrictions were enforced with heavy fines. The Australian government introduced two large economic support packages: a doubling of the “JobSeeker” unemployment benefit payment (22nd of March, 2020) and a “JobKeeper” wage subsidy program to keep people connected to their employer while unable to work (30th of March, 2020). Free childcare was provided to support parents and centres, and the Australian government imposed a moratorium on rental evictions for tenants experiencing hardship (Duckett and Stobart, 2020c; Wahlquist, 2020).

By the beginning of May 2020, there were fewer than 20 new COVID-19 cases per day and in some states the rate had dropped to zero for several days (Ting and Palmer, 2020). When Australia had “flattened the curve” successfully, the federal government revealed a roadmap to lift COVID-19 restrictions, shifting the political discourse from “prevention of COVID-19 health risks” to “reopening of the economy” (Duckett and Stobart, 2020b).

A second wave of COVID-19 cases began in Melbourne in late June 2020, characterised by community transmission (Duckett and Stobart, 2020b). Contact tracing was not working as expected (Taylor, 2020), and people without entitlement to sick leave in lower paid, insecure jobs were unable to stay at home when unwell, thereby spreading the virus through workplaces (Duckett and Stobart, 2020b; Seneviratne, 2020). In the aged care sector, some carers worked across multiple nursing homes, exposing a highly vulnerable group of people to the virus (Judd and Taylor, 2020). In late July, paid pandemic leave was introduced but this was too late to stop the spread of the virus (Karp, 2020). By the beginning of August 2020, around 900 people in nursing homes had been infected with the virus, with a high mortality rate. The government of Victoria announced a six-week full lockdown for Melbourne and a partial lockdown for the rest of the state (Duckett and Stobart, 2020b). The restrictions were enforced by police and the army, including home checks. Fines for breaking the rules were very high (Cave, 2020). The other Australian states watched the crisis in Victoria unfold and kept their borders closed. This had the intended result and infection rates declined. By mid October 2020 the number of cases had dropped to single digit numbers and Melbourne had successfully controlled the second wave (Mercer, 2020).

The factors that contributed to Australia's successful control of COVID-19 under its first two waves are complex, but the lockdown, the strict border restrictions and public compliance with spatial distancing rules were important (Duckett and Stobart, 2020a). These authors also highlight how cross-sectoral and multi-level coordination also assisted, with a dedicated “National Cabinet” established comprising key federal, state and territory ministers, who worked closely with industry and the trade union movement. However, after JobKeeper, JobSeeker and the rental eviction moratorium expired near the end of March 2021, new hardships emerged for the small businesses, many of them food businesses, which were forced to close for varying periods, some permanently. Unifying public discourse, such as “we are all in it together”, obscured the structural and systemic inequities differentially affecting Australian society (Duckett, 2020). The end of the moratorium on rental evictions, for example, threw new people into financial and housing difficulty, while sporadic lockdown measures continued to have a significant economic and psychological impact (Foster and Hickey, 2020; Layard et al., 2020). As the pandemic continues to unfold social inequities persist.




RESULTS

In each case study below we provide a narrative about the impacts of the pandemic on supply chains and other components of the food systems framework and describe adaptation responses of supply chain actors, government and other actors. We present three contrasting situations: seafood exports (an activity involving entire supply chains), consumer behaviour (an activity at the “downstream” end of supply chains), and food sector employment (both a facet of activities throughout supply chains, and a social welfare outcome that interacts with the three aspects of food security).


Case Study 1: Seafood Exports

Globally seafood is well recognised as a key component of a safe, nutritious, and affordable diet, and an important source of food security and employment (Crona et al., 2015; Tlusty et al., 2019; Havice et al., 2020; HLPE, 2020). Extending beyond the practices of fishers and the narrow scope of economic production factors, “seafood systems” are highly diverse and complex food systems encompassing many different processes, activities, value chains, and complex interactions and outcomes (Tendall et al., 2015; Béné et al., 2019), as illustrated in Figure 1. The multiple drivers of change and cross-level and cross-scale interactions, trade-offs, and feedbacks fundamental to seafood systems are commonly country specific (Tendall et al., 2015; Béné et al., 2019; Bennett et al., 2021).

In Australia, measures undertaken to address the flow-on impacts of the COVID-19 shock have affected all aspects of seafood systems, exposing pre-existing vulnerabilities and risks, in ways that no other previous shocks have done. Australia is a developed country and an isolated continent surrounded by over 10 million sq. km of ocean with abundant fishery resources (Patterson et al., 2020). This case study examines the impact of COVID-19 on Australia's seafood exports from January 2020 until June 2021, and the implications for food security in a developed country context at a time of an unanticipated shock.

With a growing demand for seafood globally, seafood accounts for 38% of total fish production entering international trade (FAO, 2020). As a natural resource, seafood is recognised as enhancing ocean health and economic production globally, but “fish as food” and its role and contribution to both food security and nutrition is largely neglected (Béné et al., 2015; Tlusty et al., 2019; Bennett et al., 2021).

Since the 1990s, increased urbanisation and rising living standards in Asia have created a growing demand for premium seafood products (such as lobster, abalone and salmon), to service high-end restaurants, cafes, and other food-service outlets. Australian seafood export businesses have exploited this opportunity, with the support of both state and federal governments. Pre-COVID-19, seafood exports to growing Asian markets accounted for half of Australia's total annual fisheries and aquaculture production by value (Mobsby et al., 2020). The highest valued export product is live wild-caught rock lobster, with China the dominant export market. The perishable nature of seafood requires specialised capital-intensive cold storage, processing, packaging, and distribution strategies and rapid transportation by air freight to maintain freshness and extend seafood life (Stevens et al., 2020). The premium price received for Australian live rock lobster trade to China relates to: a high quality product with high environmental certifications and traceability credentials; proximity to seafood markets in Asia; and the capacity to rapidly transport live highly perishable seafood safely and nutritiously (Mobsby et al., 2020; Stevens et al., 2020).

In late January 2020, one of the first impacts in Australia of COVID-19 was this lucrative seafood export trade to Asia. At the peak demand period of Chinese New Year, many Asian seafood markets and retail outlets were closed due to restrictions imposed by their governments on human movements and other interactions to prevent the spread of COVID-19 (Cartizone, 2020; Hendry, 2020; Major, 2020; Meachim, 2020; Pollard and McKenna, 2020). Demand in China for live wild-caught rock lobster plummeted overnight (Greenville et al., 2020; Hynninen, 2020; Liveris, 2020) with immediate feedback effects reverberating across Australia's seafood export system (Cartizone, 2020; Mobsby et al., 2020; Plaganyi et al., 2020; Pollard and McKenna, 2020). Amidst orders being cancelled and fears that oversupply would lower prices, the substantial Western Australian Geraldton Fisherman's Cooperative (WAGFC) immediately called a halt on live rock lobster deliveries to its storage facilities in Geraldton and Perth, by imposing a landing price of zero dollars per kilogram to send a signal to fishers that all trading of rock lobsters must stop (Liveris, 2020; Meachim, 2020). Live premium rock lobster now sold direct from fishers on social media or off the “back of boats” for half the price received the previous week for the same product (Meachim, 2020; Murphy, 2020). The WAGFC was left holding valuable and perishable stocks in overloaded storage facilities at considerable expense, with no immediate market, at what would normally be a peak time for this profitable trade (Liveris, 2020; Major, 2020; Meachim, 2020; Norgrady, 2020b; Pollard and McKenna, 2020).

In mid-March 2020, a second major disruption emerged due to the closure of Australia's national borders by federal and state governments to stem the spread of COVID-19 into Australia. Initially stopping only international passenger flights into and out of Australia (but not freight flights), the closures inadvertently also stopped Australia's live seafood export trade, which used international passenger flights (Bagshaw, 2020; Hayes and Daly, 2020; Hendry, 2020; Mobsby et al., 2020). State government lockdown measures closed internal borders creating bottlenecks for the movement of food products within Australia, as well as havoc for returning overseas boat crews trying to re-connect with fishing fleets around Australia (Cartizone, 2020; Collis, 2020). The situation was compounded by a dramatic drop in the number of international tourists visiting Australia, adversely affecting domestic wholesale and retail demand (such as restaurants, cafes, hotels, caterers) servicing the tourist industry (FRDC, 2020; Hayes and Daly, 2020; Meachim, 2020).

Initial COVID-19 impacts in Australia were thus sudden, unanticipated, and severe, varying considerably across different sectors of the seafood export systems. The Western Australian live rock lobster export industry, valued at about $AUD750 million annually, and relying almost exclusively (94%) on Chinese markets was particularly exposed (Mobsby et al., 2020; Stevens et al., 2020). By mid-2020, the annual production value for live rock lobster fell by 25% to $AUD544 million (Mobsby et al., 2021). Fisheries suffered a reduction in activity, while live seafood exports declined in both price and volume, although not all sectors and products were affected equally. Sectors adversely impacted were those exporting live product, supplying dine-in food service, reliant on international air freight, or affected by border closures, lockdowns, and other mobility restrictions (Greenville et al., 2020; Ogier et al., 2021). While the value of live rock lobster and abalone exports declined by 45%, other seafood sectors including businesses supplying domestic retail and take-away food service markets (which normally compete with international imports) experienced a rise in demand and price (Mobsby et al., 2021; Ogier et al., 2021).

Efforts towards adaptation were diverse, and involved significant self-organising among actors at multiple levels. A critical feature of Australia's initial response to the COVID-19 pandemic was the federal and state governments working together to overcome transport and logistical challenges. A key mechanism was an emergency airfreight subsidy scheme (Greenville et al., 2020; Sullivan, 2020c). Through the scheme, 200 charter flights of live lobster and abalone were exported to key markets in China, Japan, Hong Kong, Singapore and the UAE (FRDC, 2020; Stevens et al., 2020). These flights involved freight sharing with other agricultural and mining industries or collaboration with carriers bringing cargo into Australia (such as medical supplies, respirators and other medical equipment to Australian authorities).

With contracts cancelled and a lack of export demand, many fishers were forced to dock their boats, shut down their businesses, and lay off staff (Hayes and Daly, 2020; Major, 2020; McKillop, 2020; Pollard and McKenna, 2020; Bagshaw, 2021). To stay in business, others adapted by exploring new export markets, diversifying their products, and attempting to pivot to the domestic market with new or alternative selling platforms, such as on-line consumer sales, internet selling, and home deliveries. Other examples include:

• When social distancing halved auction capacity, the Sydney Fish Market overhauled its wholesale auction system to provide remote on-line trading, proving a boon for exporters shifting to domestic sales by rapidly and efficiently connecting diversely located exporters to domestic markets (Boyer, 2020; Collis, 2020; Hynninen, 2020).

• A Torres Strait Island live rock lobster exporter to Asia shifted focus by repurposing its processing facility to export individually packed lobster tails to a new supermarket chain in Hong Kong (Plaganyi et al., 2020).

• Fresh packaged high-grade salmon and trout from Tasmania (usually destined for export to Japan), is now sold in large supermarket chains across Australia at much reduced prices (Nichols, 2020; Norgrady, 2020b).

• Mooloolaba Queensland seafood exporters adjusted their marketing strategies to more direct producer to consumer connections by setting up pop-up shop fronts or domestic retail outlets selling direct to local consumers (FRDC, 2020; Norgrady, 2020a).

Overall, slow demand in China, reduced air cargo capacity, and border closures led to a $AUD200 million drop in seafood export earnings in 2019-2020 (Mobsby et al., 2020). The immediate outcomes included: a reduction in fishing activity; loss of income in seafood export businesses; loss of employment throughout the seafood export chain; logistical transport and distributional bottlenecks; and ripple effects on supporting service industries throughout the economy (Pollard and McKenna, 2020; Prendergast, 2020). These impacts also affected other small businesses, rippling throughout the local community and all segments of the supply chain (Plaganyi et al., 2020).

While existing connections were disrupted, new connections also emerged to cope with changing demand and logistical issues. Digital technologies, for example, were key to establishing new marketing platforms providing rapid and efficient communication tools for managing the logistics of cancelled orders and border closures, connecting to new on-line wholesale auctions to ensure supply continuity, as well as facilitating the establishment of new markets and products.

COVID-19 severely impacted Australia's seafood export system by fuelling an economic slowdown of the national economy, disrupting food value chains and exposing underlying systemic vulnerabilities and risks. Paradoxically, it has also revealed emergent opportunities for adaptation and change (cf Stoll et al., 2021 for the United States of America and Canada). Three challenges for the future of seafood exports remain.

First is changing consumer preferences. Australia has ample supplies of safe healthy seafood (Australian Bureau of Agricultural Resource Economics Sciences, 2020) but despite producing substantially more seafood annually than Australians consume, over 65% of the seafood Australians consume domestically is imported from Asia, largely as low-valued processed products (Stevens et al., 2020). Over the last twenty years Australia has lost much of its seafood processing capacity because it does not compete well with the lower-cost offshore processing capacity of Asia (FRDC, 2020). Significant processing challenges emerged for the WAGFC in attempting to pivot away from the Chinese preferred live lobster export product to the Australian domestic market's preferred fresh cooked lobsters (Bagshaw, 2021). This has created a processing and marketing issue for the WAGFC as it does not currently have the right processing infrastructure to make the change (Seafood Industry Australia, 2021).

Second is the “creation of a gilded trap”. Over the last 30 years, globally there has been a dominant focus on economic efficiency and high connectivity for international markets via private sector corporate-dominated supply chains (Havice et al., 2020). This has led to intensification and simplification of seafood systems, often at the expense of seafood system diversity (Österblom et al., 2015; Folke et al., 2016). These industrial seafood systems are organised around continuous flow of product through global supply chains (Havice et al., 2020). They are highly interconnected and characterised by weakened internal feedbacks that may mask the signals of loss of resilience and make them vulnerable in the face of sudden global disruptions like COVID-19 (Nyström et al., 2019; Clapp and Moseley, 2020). The WAGFC, Australia's largest rock lobster processor, is an example of a highly successful large vertically integrated and connected commercial corporation owned by private fishers and tied to international markets. With 230 vessels harvesting seafood along 1,000 km of the Western Australian coastline, it operates as a sustainable quota-managed fishery connecting the entire supply chain (from fishing to international markets) and across multiple levels (from local to global) (Geraldton Fishermen's Co-Operative, 2021). With parallels to the iconic USA and Canada case of the Gulf of Maine lobster fishery (see Steneck et al., 2011; Folke et al., 2016), WAGFC's long term success in maximising abundance and economic value of the wild rock lobster has created a “gilded trap” highly vulnerable to disturbances. Lacking diversity of product as well as markets able to pay such high prices for rock lobster as China, COVID-19 has revealed the fragility of WAGFC's high economic value rock lobster export trade.

The third challenge is political tension with China, which impact supply chain connectivity. In October 2020, deterioration in some highly politicised and sensitive bilateral agricultural trade relationships between Australia and China refuelled great uncertainty for Australian seafood exporters (Bonyhady et al., 2020; Dalzell et al., 2020; Srinivasan, 2020). Rock lobster exports to China in November 2020 fell by 80% compared with November 2019 (Mobsby et al., 2021). Although no official ban on seafood actually exists at the time of writing, there have been growing tensions over the delay in the import process for seafood into China. Consignments of rock lobsters were unexpectedly subjected to significant delays at several Chinese ports with the usual rate of inspection for import testing significantly increased. Twenty tonnes of live lobster worth $AUD20 million exported from Victoria, Australia, were destroyed on the tarmac in Shanghai due to unprecedented delays in custom clearances (Bagshaw and Gray, 2020; Bagshaw, 2021). More recently rock lobster exports to Hong Kong have risen sharply from negligible levels in October 2020 to 300 tonnes in March 2021 (Western Rock Lobster, 2021). It is highly likely that this rise is due to what is known as the “grey trade”, where a Hong Kong middleman buys from Australia and then reroutes exports into China (Verrender, 2021; Western Rock Lobster, 2021). Although there have been some positive signs of recovery, “unofficial sanctions” by China on Australian live lobster export trade are continuing to accentuate supply chain disruptions that already existed prior to the COVID-19 shock, impacting livelihoods of those involved in the seafood industry.



Case Study 2: Consumer Behaviour

Consuming food represents one of four broad categories of food system activities. Key actors include consumers themselves, as well as the supply chains bringing food to market, and various organisations that influence food consuming behaviour such as market regulators, advertising, and consumer advocacy groups. COVID-19 has disrupted normal consumer behaviour in many ways (cf Dou et al., 2021). A few examples are described below.

In Australia, panic buying resulted in localised, short-term scarcity in certain foodstuffs and other groceries (Sakzewski, 2020). The first signs of panic buying in Australian supermarkets were reported in early March 2020, weeks before the country went into lockdown. There were temporary shortages of staple foods such as rice and potatoes in many stores, while basic necessities such as toilet paper sold out (Sakzewski, 2020). The government and the food retail sector responded quickly with a set of measures including (Hobday et al., 2020):

• Public reassurance that the food supply was secure and pleading with consumers not to panic.

• Local government easing of transport restrictions to facilitate 24-hour refurbishment of retail supply lines.

• Retailers imposing quotas on some high-demand products, extending opening hours, employing more casual staff and providing exclusive opening hours for vulnerable members of society.

At the height of panic-buying in 2020, the CEO of a large food retailer stated that consumer demand was equivalent to that of around 46 million people whereas Australia's population was under 26 million. Normal supply chains required modification to keep up with demand. Despite experience over the following year or more that food would always be available in the shops, and politicians' and stores' exhortations, panic buying surged at the start of each new lockdown, leading to considerable food waste (Elmas, 2021).

Loss of employment and income has driven vulnerable sectors of the population to rely on emergency food aid in record numbers (Warriner, 2020). Local emergency food aid organisations (e.g. FoodBank, SecondBite) reported a sharp increase in demand for emergency food aid, up from 15% of Australians in 2019, to 31% in 2020 (Foodbank, 2020). While the number of food insecure increased in those categories already insecure before the pandemic, a striking feature in 2020 was that COVID-19 resulted in many people becoming food insecure for the first time. Two groups were particularly impacted, the casual workforce and international students. Ironically, many of those newly food insecure were previously employed in the hospitality and food sector. The emergency food security of those people is met largely through services provided by voluntary organisations. Fredericks and Bradfield (2021) noted new levels of food insecurity among Indigenous students, with school students and their families deprived of food supports provided in some schools, and university students living away from their home communities unable to access family and community assistance for food. As the third wave rose rapidly from mid-2021, there were new reports of surges in demand at food banks.

While information is limited, there are some variants and complexities in food access among remote Indigenous communities. Fredericks and Bradfield (2021) note that movement restrictions have limited Indigenous people's opportunities to shop outside their communities, and purchase limits designed to limit panic buying have impeded Indigenous households who typically travel long distances, infrequently, to buy in bulk. Meanwhile, however, being confined to community areas has enabled more access to bush foods, at least for some; these are a common and valued supplement to bought foods (Fredericks and Bradfield, 2021).

While Australians in general enjoy a high level of food security, even before COVID-19 around 4 to 13% of the general population were estimated to be food insecure. For Indigenous Australians this increases to 22 to 32% of the Indigenous population, depending on location (Bowden, 2020). Fredericks and Bradfield (2020b) report that in Queensland, a state with a large Indigenous population, a third of Indigenous people had faced food insecurity at some time and 20% in the year prior to COVID-19. Follent et al. (2021) note that COVID-19 increased food prices in rural and remote areas of New South Wales, forcing purchase of cheaper and less nutritious foods. Other vulnerable groups include low-income earners, culturally and linguistically diverse groups, single-parents, the elderly, the homeless, and other socially and geographically isolated groups. This list highlights the primary causes of food insecurity in Australia as material hardship and inadequate financial resources, rather than lack of food production or food availability. For Indigenous people, especially those in remote areas, financial hardship can be compounded by additional factors including supply chain logistics leading to limited choices and high costs relative to the cities, and food storage issues which limit buying in bulk (Fredericks and Bradfield, 2021). Interestingly, many Indigenous communities closed their own borders at the start of the pandemic. Food supply issues that needed to be addressed in the first weeks of the pandemic. These were partly solved through self-organising, and through collaborations among a number of major food supply firms (Fredericks and Bradfield, 2021).

Restrictions on social gatherings and self-isolation requirements led to changes in food purchasing (Dawes, 2020), food preparation, and diets in the wider Australian population also (Sullivan, 2020a). These include increased online grocery shopping, home cooking, home gardening, new local food supply chains, increased home delivery of pre-cooked meals, and greater consumption of discretionary (junk) foods and alcohol (Biddle et al., 2020a; Davis and McCarthy, 2020; Dawes, 2020; Gaynor, 2020; Sullivan, 2020a; Zhou, 2020). While the long-term implications of COVID-19 inspired changes in food consumption behaviour remain unknown, what is clear is that these changes have been diverse and profound for many people.



Case Study 3: Food Sector Employment

The food sector is a significant source of employment in the Australian economy with jobs provided in a number of industries including agriculture, food processing, distribution and retail, as well as support industries such as agricultural services, food advertising, education and research. In this case study we focus on changes in employment observed at two ends of food system activities, agricultural and seafood production and the retail food service sector including restaurants and fast food outlets or “Quick Service Retail” (QSR).

As a developed economy with a high standard of living, Australia has high labour costs relative to many other countries. Driving down labour costs is a key management objective for many business owners, and has long-standing political support. This general background is magnified for food export businesses forced to compete on price in international markets. Inevitably, labour productivity innovations forged in export-orientated businesses flow into domestic-oriented businesses. A key labour cost-saving innovation has been casualisation of the workforce with consequent erosion of worker conditions such as pay rates and superannuation, and an increase in part-time and seasonal employment. In seasonal employment, such as planting and harvesting of horticultural crops, industry has become highly dependent on international backpackers and Pacific Island migrant workers, both relying on special category employment visas (Howe et al., 2017). Similarly, at the other end of the food supply chain, involving different types of food system activities, restaurants and QSR have also casualised their workforce to reduce labour costs and remain profitable in a highly competitive business environment. In Australian cities, international students supplement their income with casual employment, often in food sector businesses. While their student visas allow part-time employment, they remain vulnerable to sudden changes in economic conditions (Bogle, 2020), as highlighted by COVID-19.

One of the first government reactions to the global pandemic was to restrict movement of people across domestic and international borders. This policy immediately impacted the horticulture sector, jeopardising the supply of workers for time-critical work such as harvesting perishable crops. Not only were new workers restricted from arriving in Australia, international workers already in Australia were restricted from returning home. Horticultural producers warned of and later suffered crops being left unharvested (Bolton, 2020), and pleaded for policy exemptions to maintain labour in what was decreed an essential service. Public health standards for managing COVID-19 meant existing worker accommodation and conditions were in many cases no longer adequate. Furthermore, non-resident workers unable to reach employment locations were ineligible for government unemployment programs and other welfare programs, creating a high level of insecurity. Similarly, restaurant and QSR casual workers were made redundant as governments mandated social distancing and business closures. Overnight, many international students lost their casual work income and their non-residency status meant they were ineligible for government unemployment benefits and welfare programs. Emergency food organisations reported a sharp surge in demand for food aid from international students previously not experienced (Sallim, 2020).

The impacts described above continue to evolve, as farmers experience on-farm labour shortages (Sullivan, 2020d). As state (internal) borders continue to restrict transport of goods and services as well as people, farm businesses located along state borders continue to be severely disrupted, affecting crop management and livestock husbandry. In the early stages of the pandemic, abattoirs emerged as coronavirus hotspots, highlighting poor working conditions including a workforce employed in shifts on a casual basis. Many businesses have survived on emergency government support programs (wage subsidies, debt moratoriums, rent holidays, etc.) though many express fear now that those subsidies have ceased, and the country continues to experience outbreaks. On a more optimistic note, new businesses and employment have emerged out of the pandemic, including direct marketing of farm produce to consumers and home delivery of ready-to-eat meals from restaurant to consumer.

While restrictions on the movement of people have proved effective in reducing the spread of COVID-19, it continues to come at a cost to food sector employment. From a food systems perspective, the dominant impact to date has not been a direct deterioration in food security, but rather an impact on employment, livelihoods and businesses. In turn, loss of pre-COVID-19 livelihoods will impact on food security by reducing purchasing capacity. As discussed in case study 2, those workers in casual employment have been impacted more severely than workers with more secure employment. Especially vulnerable are non-resident, casual workers who not only lose employment but also are ineligible for government welfare. Under current Australian policy, these include international students.

Casualisation of the workforce has contributed to cheap food for consumers. But are consumers aware of their role in exploiting workers, and what price might they be willing to pay for a fairer distribution of their food purchasing dollar? Food businesses orientated to export markets are constrained by the need to be competitive on international markets. In contrast, domestic food producers and processors are driven by a powerful food retail duopoly to drive costs out of the supply chain. Casualisation of the food sector workforce has been the historical strategy of choice by employers to reduce costs in Australia, but the COVID-19 pandemic has exposed vulnerabilities associated with this strategy. If a majority of Australians desire fairer food systems, one where workers receive adequate working conditions and remuneration, the trade-off might be slightly higher food prices. Potential benefits include not only improved working conditions, but a more resilient food system.




DISCUSSION


Impacts of COVID-19 and Adaptations in Australia's Food Systems

We analysed three case studies through the combined lenses of food systems and resilience to understand the breadth and complexity of impacts of the COVID-19 pandemic on Australian food systems, and system responses. Measures to protect society from the pandemic disturbed parts of these systems and stimulated diverse adaptations, leading to “ripple effects” (Béné, 2020) as actors throughout the system and subsystems changed practices (cf Devereux et al., 2020; Love et al., 2021; Snow et al., 2021) in order to pursue their own resilience – rather than necessarily system resilience - in changed circumstances. Our case studies reveal points of vulnerability within Australia's food systems, as well as examples of adaptation which enable these systems to self-organise in response to the viral shock (cf Devereux et al., 2020).


Vulnerability of Supply Chains to International Export Markets

The seafood export case study reveals the vulnerability of an industry heavily reliant on a single dominant export market (cf Love et al., 2021), a structure which in complex adaptive systems terms stands out as lacking diversity. When COVID-19 struck, producers were largely dependent upon a specialist, lucrative, international food market and hence were vulnerable to changes in the global food system and markets. While producers benefitted from increased profit margins through participating in export markets, the trade-off is that they have a relatively low level of adaptive capacity with respect to changes (political, economic or otherwise) within these global trade systems as they have minimal ability to influence markets, laws and consumer behaviour in an international context. The resilience of the Australian food system is thus strongly linked to interactions with food system drivers, activities and outcomes occurring in other countries and regions of the world. i.e. Australia's food system is part of a multi-level system extending beyond its shores. However, while disruptions to international supply chains threatened the livelihoods of Australian producers and actors throughout their supply chains, the adaptation of turning to domestic markets offered some resilience, after a lag time, and increased food availability in the domestic market.



Employment Conditions Throughout the Food System Reduce the Resilience of the System Overall

COVID-19 highlights the importance of secure labour at every stage throughout food supply chains, from production through to retail activities. Our case study demonstrates that poor working conditions and over-reliance on a casualised workforce decrease the resilience of the system overall.

A lack of resilience was observed in terms of employment arrangements within the food sector that have inhibited the system in providing food availability, and food access to those left without incomes. National and state border closures left agricultural producers, normally reliant on low-paid, seasonal and temporary migrant and backpacker labour, without sufficient labour, thereby potentially decreasing the volume of food produced and supplied. Farmers reportedly had little influence over the policies implemented to deal with the pandemic, for example they were unable to secure the exemptions they sought in the early stages of the pandemic to allow migrant workers to fly in during the pandemic. Arguably, poor working conditions on farms (including low wages, and the nature and price of accommodation) fail to attract domestic workers. This is partly related to consumer expectations of having access to inexpensive produce, and large retailers' pressures on farmers to supply foods at low price. A lack of farm workers poses a risk to food availability within the Australian food system. This may ultimately drive greater investment in the use of robotics in the agricultural system to address the shortage in labour. More optimistically, future employment conditions and remuneration may need to be fairer and more attractive for on-farm workers.

The casualised nature of employment throughout the food sector has also reduced the food purchasing power of workers employed in businesses that closed (cafes and restaurants), especially those ineligible for government support owing to gaps in that system, then the cessation of the first and second wave supports. This highlights the economic vulnerability of these workers within Australia's food systems. A significant failure has been the creation of a large cohort of newly food-insecure international students and temporary visa holders. Fortunately, voluntary and not-for-profit organisations have largely met emergency demand for food aid, showing system resilience in their gearing up rapidly to serve this system failure.

The system thus exhibited a low level of resilience in terms of maintaining social welfare outcomes for certain types of employees, namely the casualised and temporary workforce. These workers, many of whom are youth and non-residents of Australia, had minimal capacity to influence their situations or pursue alternate work within a system under high pressure. The system showed some adaptive capacity thanks to the existence of food charities, which managed to expand rapidly, while new ones emerged. This case study highlights the important role of having alternate capacities, here food charities, in enhancing the resilience of the food system to ensure food security for all. The pandemic highlighted systemic inequities in food sector employment as a key driver of food system activities, i.e., how food is produced and distributed, and thus food system outcomes, i.e., accessibility of food.



Consumers Lack Confidence in Supply Chains

Ultimately consumers drive demand through food supply chains. COVID-19 has revealed features of our food supply chains normally hidden from view and has invited many to pause and reflect on our relationship with food and our consumption of it. There is a new awareness of the dominance of casual employment and reliance on international workers to carry out essential roles in our food supply chains and how these workers are highly vulnerable to shocks within the system. There is greater awareness of concentration of market power in food retailing and of worker conditions on farms and in food processing enterprises.

Sudden changes in consumer behaviour challenge supply chains, forcing very rapid action to maintain food availability. COVID-19 exposed a weakness in the food system in terms of the dominance of two large retail supermarket chains, highlighting low diversity in options for consumers to access food and other necessities. The large extent of panic buying at particular crisis points (each impending lockdown) suggests a sense of uncertainty among consumers about supplies of what they perceived as essentials (cf Whelan et al., 2021, in a local Australian case study).

While staple food items were scarce on shelves for a short time, the retail sector was able to adapt quickly to meet demand, through using their market power and multiple connections to step up production and supplies, and diversify supply lines where necessary. Meanwhile large retailers and various levels of government worked to build confidence through messaging, relaxation of urban transport restrictions, and working closely with supply chains to restore and expand supplies. In so doing these actors exhibited a high degree of adaptive capacity and cooperation in relation to the distribution and retailing of food. Meanwhile consumers discovered the diversity of outlets actually available to them, including small and specific ethnic suppliers, and provided greater support for localised food system actors. The system thus demonstrated resilience as consumers purchased products from alternative retailers, which strengthened diversity within the system. The system also demonstrated the power large retailers have in influencing the system, as exhibited by the consequences of a low-price business model (see above), and then by their adaptive capacity to bring about change in their operations quickly. This includes some benefits, such as the collective organising of large retailers, with Indigenous communities and others, to solve food supplies to communities that had closed their borders for health reasons.

For now, there is greater support for local food systems (buying local), and perhaps a greater willingness to support growers and fishers to realise a fair return on their efforts. Whether any of these result in lasting change in food consumer behaviour remains unknown.




Adaptive Behaviour and Resilience

All of the case studies show intensive and rapid efforts towards adaptation on the part of private sector actors, all levels of government, and consumers. It is too soon to attempt summary as to the extent to which parts of the system have, or have not, been resilient, as “driver” settings continue to change, and actor responses continue. It appears that many – or most - actors have been proactive, and often inventive, in solving pressure points in the rapidly changing system. In terms of the food systems framework we are using, food system activities occurring along supply chains - i.e., producing, processing and packaging, distributing, retailing and consuming - are not so much separate activities, as integrated activities that underpin livelihoods and provide food security. Diverse supply chains, and the ability of particular supply chains to diversify themselves rapidly, have been highly important in Australia's apparent resilience to the crisis. Some interesting constraints to adaptation were nevertheless shown. For instance, suppliers to restaurants could not make rapid switches to supply retail stores, because of different packaging requirements and machinery limitations.

Overall, the pandemic has affirmed diversity as a vital component in resilient systems. While Australia's distribution system is dominated by key supermarket chains, each should be recognised as providing diverse foods (and other goods) to consumers, and as using diverse supply chains for each food marketed. Meanwhile, a large number and variety of small, local outlets provided alternative sources of foods, and contributed to a trend towards greater support for local businesses. The existence of food charities enabled this latent resource to expand to serve those left unable to purchase food as they were excluded from the federal government's financial support policies.

Meanwhile connectedness, another characteristic noted of resilient systems (Sundstrom and Allen, 2019), complements diversity in supporting resilience, by enabling the diverse components available to be activated in new ways. However, as Sundstrom and Allen (2019) note, high connectedness can also make a system vulnerable to disturbances.

Australia's food system is a multi-level system, linked by many short and longer food supply chains. Local, regional and national adaptations have influenced one another. Cooperation between private sector and government, among firms that would ordinarily be considered competitors, and along supply chains, has been evident and effective in supporting adaptation and resilience. This included easing (or tightening) border restrictions for people, goods and services; categorisation of the food sector as an essential service; easing restrictions for Pacific Island worker schemes; reducing transport restrictions to improve capacity for restocking supermarket shelves; and subsidising freight for food export businesses. This suggests high connectivity within the system as evidenced by relationships that facilitate communication and cooperation towards solving problems and so stimulating system changes. It also represents high agility (Ivanov, 2020) on the part of many supply chain actors.



Integrating Resilience Thinking Into Food Systems Theory and Practice

By observing how the shock of COVID-19 and associated policy measures have forced rapid changes in Australia's food systems, we can gain important insights for improving resilience of those systems. First, we need to understand a food system as a complex adaptive system. This is more than a matter of showing feedback loops in framework diagrams, as the GECAFS food systems framework does. We need to recognise that the constant interaction of many parts of the system, at many levels, produces emergent properties, i.e. new – often temporary - characteristics in the system that transcend specific observable causes.

The particularities of COVID-19 also create some opportunities to refine existing food system conceptual frameworks. The original food system framework (GECAFS) notion of “drivers”, for instance, had not envisaged health crises, but the recent literature on food security (e.g. HLPE, 2020) highlights “political and institutional drivers” as a driver of other drivers and particularly in the context of food system resilience. As the HLPE framework acknowledges briefly, far greater attention needs to be paid to resilience, the characteristics of these multi-level systems that facilitate adaptability in the event of shocks, rather than focusing entirely on the sustainability of the system. Tendall et al. (2015) point out how sustainability, capacity to preserve a system long-term, and resilience, capacity to cope with disturbances, are complementary and both essential.

The frameworks may also require rethinking in terms of goals. The GECAFS framework we have used focuses on food security (in several dimensions) as primary goal, while also acknowledging social and environmental outcomes. Alternate, and multiple, goals can be considered to co-exist with the goals of supplying food, and these may drive behaviour in parts of the system. In government policy, international relations can play a role; the many businesses participating in food systems surely incorporate multiple goals such as viability, market share, and perhaps corporate social responsibility including environmental and social dimensions. Goals may shift in a crisis, hence what we have observed in terms of high levels of cooperation to maintain food supplies, transcending everyday competition. This recalls Helfgott's (2018) unpacking of resilience in terms of: of what, to what, for whom (and over what timeframes). In the parts of the national food system, one can envisage actors exercising high agency over their “for whom”, to promote resilience in their particular parts of the system but inevitably with effects on other system parts, and system actors.

In our analysis, some key features have stood out as facilitating resilience. Australia's food system adaptations represent a high degree of self-organising, or more accurately re-organising to meet new circumstances. This has occurred at all stages of supply chains, including where consumers have become producers through increased home-gardening. We have noted features in the structure and organisation of Australia's food system and its many parts, which have, with some exceptions, supported that re-organising. Diversity, even within a highly concentrated retail system, appears to have been very important. It has apparently combined with connectedness, enabling new solutions to be found through activating and developing new relationships, in a spirit of increased cooperation during the sense of emergency. We have also observed a high degree of agency, pro-activeness and indeed agility among food system actors, private sector, government, not-for-profits and consumers. These are important features to retain. Next must come learning, to continue to build the system's performance and resilience (Fazey et al., 2020; HLPE, 2020).




CONCLUSION

COVID-19 and related responses represent a significant and complex shock to Australia's food systems. By and large, but with a few significant exceptions, these systems have proven adaptive and resilient, although individual businesses are likely to continue to collapse as the pandemic persists. Our case studies have highlighted the importance of “agency”, expressed at different levels throughout the food system (from the individual to government institutions), in how food systems function.

Exploring and unpacking dimensions of agency and associated governance structures within a given food system can reveal different goals and priorities among actors who have varying levels of power and influence. In order to build resilient people-centred food systems that are equitable and inclusive, it is necessary to ensure that the goals and priorities of those that are most vulnerable are recognised and accounted for in decision making processes. For example, if we accept that the key outcome desired of food systems is food security, then the majority of Australians have continued to be able to afford and access food, without fundamental changes to diets. However, food security is not the only outcome of food systems. Social welfare in terms of secure livelihoods and employment, for example, is also important to ensure there is a labour force actively driving the system and that those people are being fairly compensated for their work, to ensure they can meet their own nutritional needs. It is these goals and priorities that also need to be reflected within a resilient food system.

Globally, there are calls for realising the pandemic as an opportunity for change to a healthier, more sustainable and socially just food system. Australia is likely to remain a food exporting country into the future, and hence make a significant contribution to other countries' food security. In doing so, we need to ensure that all Australians whose livelihoods depend on, or are employed in our food industries, from production through to retail, receive satisfactory working conditions and fair remuneration for their labour.

Building greater resilience into our food systems will thus require a long-term view to address the structural dimensions (Béné, 2020), for example government policy and legislation, which determine how the various dimensions of our food systems function, interact and become reinforced overtime. COVID-19 has presented a shock to the social patterns underpinning Australia's food systems to provide an opportunity to overcome vulnerabilities within the system to enhance food security for all.
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The COVID-19 pandemic has globally jeopardized food security, with heightened threats for the most vulnerable including smallholder farmers as well as rural, indigenous populations. A serial cross-sectional study was conducted to document effect of COVID-19 pandemic on food environment, agricultural practices, diets and food security, along with potential determinants of food systems resilience, among vulnerable smallholder farmer households in indigenous communities of Santhal, Munda, and Sauria Paharia of Jharkhand state, India. Telephonic household surveys were conducted in two phases i.e., lockdown and unlock phase to assess the impact of the pandemic on their food systems and agricultural practices. Market surveys were conducted during the unlock phase, to understand the impact on local informal markets. Secondary data on state and district level food production and Government food security programs were also reviewed. For data analysis purpose, a conceptual framework was developed which delineated possible pathways of impact of COVID-19 pandemic on food environment, food security and food consumption patterns along with factors that may offer resilience. Our findings revealed adverse effects on food production and access among all three communities, due to restrictions in movement of farm labor and supplies, along with disruptions in food supply chains and other food-related logistics and services associated with the pandemic and mitigation measures. The pandemic significantly impacted the livelihoods and incomes among all three indigenous communities during both lockdown and unlock phases, which were attributed to a reduction in sale of agricultural produce, distress selling at lower prices and reduced opportunity for daily wage laboring. A significant proportion of respondents also experienced changes in dietary intake patterns. Key determinants of resilience were identified; these included accessibility to agricultural inputs like indigenous seeds, labor available at household level due to back migration and access to diverse food environments, specifically the wild food environment. There is a need for programs and interventions to conserve and revitalize the bio-cultural resources available within these vulnerable indigenous communities and build resilient food systems that depend on shorter food supply chains and utilize indigenous knowledge systems and associated resources, thereby supporting healthy, equitable and sustainable food systems for all.

Keywords: tribal, COVID-19, food system, resilience, indigenous population, food production, diets, food environment


INTRODUCTION

Over 820 million people in the world suffer from hunger, while about two billion people experience moderate or severe food insecurity (The United Nations, 2019). The world is not on track to achieve Sustainable Development Goal (SDG) 2 of Zero Hunger by 2030 and if these trends continue, the number of people affected by hunger would surpass 840 million by 2030 (Kretchmer, 2020). Evidence suggests that manmade conflicts, climate change, and economic downturns can lead to acute hunger among 135 million people globally. The COVID-19 pandemic could double that number, putting millions of people at risk of suffering from acute hunger (Anthem, 2020). In fact, the pandemic has jeopardized food security in communities globally, with heightened threats for the most vulnerable including smallholder farmers as well as rural, and indigenous populations (FAO, 2020b). It is well recognized that sustainable food systems can play a critical role in creating a zero-hunger world (The Economist, 2021). However, the COVID-19 pandemic has put the global food supply system under the most vigorous pressure tests (Vos et al., 2020), calling for a need to strengthen the resilience of food systems to support food security for all (Bén, 2020; Zurayk, 2020).

In order to contain the impact of the COVID-19 pandemic, governments in all the countries, irrespective of their Gross National Income (GNI) per capita, imposed a range of measures (like bans on public gatherings, restrictions on mobility, temporary closure of academic institutions, markets, private, and government organizations and other measures) to prevent the spread of the virus. These collective measures are generally known as a “lockdown,” which is a community containment strategy that helps to restrict the contact of unidentified or asymptomatic cases with the community (Manzar et al., 2020). This resulted in cross-cutting implications for all aspects of food systems from production, distribution, and storage to food environments, consumption, and waste, at all levels and scales (Zurayk, 2020). The lockdown measures and accompanying mobility restriction, though crucial to contain the pandemic and minimize loss of life, have created significant economic stresses with adverse consequences for food security and hunger, with populations who are already vulnerable to poverty and malnutrition being disproportionately impacted (Laborde et al., 2020). Among the worst affected are two-thirds of the world's poor comprising of smallholder farmers who depend on agriculture for income as well as for household food supply (Castaneda et al., 2016).

The agriculture sector has typically been exempted from lockdown restrictions in most of the countries to ensure continuity of food production. Although analysis at a macro-level (i.e., global and national) during the initial months of the pandemic indicated that the COVID-19 pandemic did not substantially compromise food availability (Bén, 2020; Devereux et al., 2020), later on, the negative impact on food availability was more evident in different parts of the world (FSIN Global Network Against Food Crises, 2021). Further, studies and data sets have also indicated disruptions of national and global supply chains with impacts of reduced food exports and imports on the global food market (Aday and Aday, 2020; FAO, 2020a). At the local level, multiple studies are emerging that demonstrate how food access was threatened due to supply chain disruptions coupled with other factors such as increased food prices relative to wages and income (Devereux et al., 2020). For example, the pandemic restricted the movement of people and goods as well as disrupted access to farm inputs, labor availability and schedules, transportation, safety, and management practices (Torero, 2020). This led to a cascade along agri-food supply chains, impacting markets, prices, income and livelihoods, food accessibility and security and, nutrition (Muscogiuri et al., 2020; TechnoServe, 2020). These supply chain disruptions linked to the COVID-19 lockdown have been notable among the vulnerable populations such as indigenous smallholder farmers, impacting their food environments and overall food systems (ILO, 2020). Further, the compromised diets consumed by these communities may impact their metabolic health and nutritional status, which may have important implications for the progression and pathology of COVID-19 (Muscogiuri et al., 2020), exacerbating existing health disparities.

The need for resilient and equitable food systems has been re-emphasized in response to the COVID-19 pandemic for supporting food security for all (Bén, 2020), including vulnerable populations with heightened health disparities. A food systems resilience framework addresses the complex relationships within food systems despite disturbances (Ericksen et al., 2009; Ingram et al., 2010; Tendall et al., 2015), such as climate change, habitat destruction, the current COVID-19 pandemic, as well as the interaction of these disturbances (Ahmed et al., 2020). While smallholder farmers including those in indigenous communities are vulnerable to global change including pandemics, they also variably demonstrate unique attributes of resilience concerning their food systems. Some of these smallholder farming communities are geographically positioned in the hard-to-reach and challenging terrains of low- and middle-income countries, (Rapsomanikis, 2015; Haga, 2020) where they are the crucial providers of food in areas with some of the most pressing needs for food access (Bén, 2020). Further, they contribute to national food security, especially at times when trade is compromised. They are wellpositioned to ensure continuity in food supplies amidst complex logistical and transport issues (Haga, 2020; Lopez-Ridaura et al., 2021). The use of family labor by smallholder farms may enable them to overcome possible labor shortages in the context of supply chain disruptions with regard to harvesting, getting food to market, and other farm-related activities (Haga, 2020; Tripathi et al., 2021). Based on the resilience theory, where diversity is a key socio-ecological determinant of resilience (Walker and Salt, 2012), the food systems of smallholder farmers may have more diverse types of food environments. Smallholder farmers in low and middle-income countries (LMICs) often manage wild and cultivated food environments while accessing formal and informal markets (Downs et al., 2020). It is hypothesized that access to a greater number of types of food environments in the context of global change may offer greater resilience toward supporting diets and food security (Ahmed et al., 2020).

India, a country in Southeast Asia, is home to about 120 million smallholder farmers who constitute over 80% of the agricultural sector in India (Ministry of Agriculture Farmers Welfare, 2016). The nationwide lockdown that was announced on 24th March 2020 in India, came at an unfortunate time for farmers, as it coincided with the harvest season for the Rabi (winter) crops in many parts of the country (GAIN, 2021). This lockdown led to the closure of multiple government and private establishments and restricted inter and intra-state movements (Hindustan Times, 2020; Kar, 2020; Times of India, 2020) which further added to the challenges around agricultural activities and the supply chain. This compounded the misery of the smallholder farmers who were already burdened by challenges around limited agrotechnology, climate change, price volatility, and rising debts (Ministry of Agriculture Farmers Welfare, 2016). All these changes worsened the living conditions of many smallholder farmers, who faced additional challenges due to loss of livelihoods and stagnant wages (Harris et al., 2020). Further, the closure of Anganwadi centres (maternal and child health centres) and schools, which are the main sites for delivery of government's supplementary feeding programs [like Integrated Child Development Services (ICDS) and Mid-day meal (MDM) programs], had exacerbated the nutritional vulnerability amongst the families of these smallholder farmer communities (Sinha, 2021).

Jharkhand, an eastern Indian state known for its rich biodiverse agroforestry (Kumar and Saikia, 2020), is home to several indigenous communities that constitute 26.2% of the state's population (Census of India, 2011). About 80% of the population in this state's rural areas derive their livelihoods from agriculture (Ministry of Environment Forests Climate Change, 2018). Most of the state population comprises smallholder farmers, with about 50% of them having land ownership of fewer than 0.4 hectares (ha). The indigenous communities of India, recognized by the government as “Scheduled tribes (STs),” are among the most food insecure and nutritionally vulnerable communities (MoHFW Ministry of Tribal Affairs, 2020; UNICEF India, 2020). A majority of these STs comprise marginal and smallholder farmers (Ministry of Tribal Affairs, 2002), who extensively rely on their indigenous local food systems for nutrition and livelihood (Bhattacharjee et al., 2009). During the countrywide lockdown imposed from 24th March to 7th June 2020, the lives of many indigenous communities in Jharkhand were affected, especially for those residing in the hard-to-reach geographies of the state (Indiaspend, 2020). Studies and surveys in Jharkhand have reported impacts on agricultural practices and livestock management as well as disruptions in supply chains and functioning of supplementary feeding programs (NABARD, 2020; State Food Commission Social Audit Unit Jharkhand, 2020; Nair et al., 2021). Estimates have suggested that disruption to nutrition programs could lead to additional cases of underweight and wasting respectively as well as an increase in deaths due to wasting in the state of Jharkhand (Rajpal et al., 2020; Roberton et al., 2020; Bahl et al., 2021).

Exploring the effect of COVID-19 pandemic and lockdown measures on the food environment of vulnerable indigenous communities of Jharkhand as well as identification of determinants of resilience is thus crucial. Hence, the present paper documents the effect of the COVID-19 pandemic on the food environment, agricultural practices, diets, and food security of vulnerable smallholder farmer households in indigenous communities of Santhal, Munda, and Sauria Paharia of Jharkhand, India. This study further explored the potential determinants of resilience with regards to the food systems of these indigenous communities during the COVID-19 pandemic. The findings from this study will provide valuable insights into the status of food systems, food security, and diets of these communities toward supporting future efforts to ensure food security in the context of global change.



METHODS


Study Area, Population, and Setting

Three indigenous communities in the Indian state of Jharkhand, namely, Sauria Paharia, Santhal, and Munda communities were included in this study. The Santhal and Munda communities were selected as these are amongst the most populous indigenous communities in Jharkhand (Census of India, 2011). In addition, the Sauria Paharia community was included in this study as it is a particularly vulnerable tribal group (PVTG) owing to its pre-agricultural level of technology, low level of literacy, economic vulnerability, and declining population (Press Information Bureau, 2019). The study population for the Household (HH) survey comprised adult members (18 years of age and above) of HHs residing in 44 study villages located in purposively selected geographically diverse blocks of Sunderpahari, Boarijor, Poreyahat, and Pathargama in Godda, and Murhu and Torpa in Khunti districts respectively (Figure 1). The Godda district is home to Sauria Paharia and Santhal communities, with regions surrounded by undulating uplands, long ridges, and depressions along with scattered hillocks covered with forests (Godda, 2021). The Khunti district, on the other hand, is predominantly populated by the Munda community, and 40% of the district is covered with forests, with both hilly terrain and plain lands, respectively (Singh and Kumar, 2016).


[image: Figure 1]
FIGURE 1. Selection of study districts in Jharkhand.




Study Design and Duration

A serial (repeated) cross-sectional HH survey was conducted telephonically in two phases (Figure 2) to understand and differentiate the impact of the COVID-19 pandemic on food systems at variable levels of restrictions imposed by the national and state governments The first phase of data collection was between 25th May to 25th June 2020. This included both lockdown period and early week of post lockdown phase due to COVID-19 pandemic in the study area and is referred to as “Lockdown phase.” During this period, most services, organizations, factories, and markets remained closed and no public gatherings and intra- or inter-state travel were allowed. The lockdown phase coincided with the sowing season of the agricultural calendar in the study area. The second phase of data collection was between 15th September to 7th October 2020 during the fourth phase of the countrywide unlock i.e., ease of lockdown restrictions in India, and is referred to as the “Unlock phase.” During this phase, most services, establishments, and factories were allowed to open and relaxations were announced for agricultural businesses, travel within cities, and states and selling of farm supplies in open markets. In addition, market surveys with food vendors were conducted during the third phase of countrywide unlock in August 2020 (Figure 2).


[image: Figure 2]
FIGURE 2. Timeline of data collection period of C-SCAN and market survey.




Study Tools

For assessing the effects of COVID-19 pandemic on food systems and agricultural practices of indigenous communities, HH surveys were conducted using a tool titled “COVID-19 Surveillance Community Action Network (C-SCAN)” for food systems, which was developed based on the food environment typology framework (Downs et al., 2020) and has been previously administered in China (Ahmed et al., 2020). The survey consisted of six parts and elicited information regarding the socio-demographic profiles, different types of food sources accessed, and perceptions about food security aspects including food availability, access and utilization, diets consumed, HH income, and farming and gardening systems. The survey aimed to examine how consumers (smallholder farmers) in indigenous communities interacted and utilized various types of food environments when food systems were disrupted due to shocks and stressors including the COVID-19 pandemic and associated lockdown measures. Since the hypotheses that were applied to develop the C-SCAN survey tool delineated factors that may offer resilience in different food systems, the responses were utilized to rapidly gain insights into the resiliency of indigenous food systems. Specifically, understanding the resilience of indigenous food systems in the context of COVID-19 pandemic was achieved in the C-SCAN survey tool through questions eliciting information regarding the traditional ecological knowledge of the communities, access to diverse food environments with predominant reliance on wild and cultivated food sources, access to informal built food environments that rely on locally produced foods, and farming practices that may utilize specific agroecological approaches. The questions in the C-SCAN survey tool were framed in the form of binary Yes/No responses which allowed for rapid assessment and analysis, while selected questions also had provision for further qualitative descriptions. For use in a local context, we translated the survey tool from English to Hindi to facilitate the communication of core team members with the indigenous communities, who mainly understood the Hindi language. In case of the Sauria Paharia community, where people were more comfortable with their native Paharia dialect, the survey was administered by local Sauria Paharia field investigators. For the market survey, a survey tool adapted from Downs et al. (2020) was administered to the food vendors by the local field investigators (who were trained by the core team on administering the survey). The market survey elicited information on the following parameters: (i) the main types of foods sold in the market in terms of food groups, (ii) food prices pre- and post-lockdown, along with perceived reasons for change, (iii) sources of food procurement and any change in procurement patterns with rationale for shifting behavior, and (iv) change in sales of specific food items (during and post lockdown) (along with perceived reasons). Additionally, a set of interview questions were also administered to the food vendors, which elicited their perceptions on post-lockdown changes in sales and income.



Sample Size Calculation

Using Epi-Info Software, Version 7.2, the sample size was calculated based on a preliminary study conducted by co-authors, which reported a 93% change in income among smallholder farmers in China, due to the COVID-19 pandemic (Ahmed et al., 2020). A sample size of 104 was estimated considering an absolute precision of 6%, a design effect of 1.5, and a 95% confidence interval. To compensate for the 50% non-response rate (considering that the survey was to be conducted telephonically in hard-to-reach rural areas of Jharkhand), a sample size of 150 was arrived at. Given the need for a rapid response to accomplish research in the context of the COVID-19 pandemic and lockdown measures, this sample size was also commensurate with the available resources required to conduct this rapid survey.



Sampling

The study villages were selected using probability proportional to size sampling as part of a larger study which is exploring the role of indigenous foods on food and nutrition security of indigenous communities of Jharkhand, details of which are reported elsewhere (Ghosh-Jerath et al., 2019). Given the extraordinary circumstances of the COVID-19 pandemic and the need to carry out rapid and continuous assessments of the effects of the pandemic and associated phases of lockdown measures on food environments and agricultural practices, we used a convenience sampling of HHs from the Sauria Paharia, Santhal and Munda communities in the selected villages that were surveyed as part of the larger study (Ghosh-Jerath et al., 2019). We further conveniently prepared a list of HHs that had access to either mobile phones or landline telephones. All HHs from this list (n = 946), were approached during the lockdown and unlock phase. Additional HHs in the study villages were also approached through the local field team using a snowball sampling technique (75 in the lockdown and 142 in the unlock phase). Out of all these approached HHs, 152 surveys (Sauria Paharia, n = 49; Santhals, n = 35, Munda, n = 68) in the lockdown phase (response rate: 14.9%) and 151 surveys (Sauria Paharia, n = 72; Santhals, n = 20, Munda, n = 59) in unlock phase (response rate: 13.8%) were telephonically completed (Supplementary Table 1).

For the market surveys, a total of eight local weekly markets (list provided as Supplementary Table 2) that are frequently accessed by Sauria Paharia, Santhal and Munda communities in the selected blocks of Godda and Khunti districts were purposively chosen. Additionally, a vendor survey was conducted with a convenience sample of 56 vendors (6 to 7 vendors per market) in a total of 8 markets. The criteria for the selection of the respondents (HH members and food vendors) was based upon their availability and consent for participation.



Data Collection and Data Entry

The field investigators administered C-SCAN survey tool telephonically using paper forms. The responses received were entered in the paper forms by the field investigators and shared with the core team. This ensured the necessity of social distancing in the unusual circumstances amidst the COVID-19 pandemic for safety and infection prevention while at the same time reaching out to geographically isolated communities in the state. Survey administration by local Sauria Paharia field investigators helped in efficient rapport building with the communities, thus making it easier for the community to discuss their situation openly without hesitation. For data entry purposes, the C-SCAN survey tool was incorporated in CS-Pro Software, Version 7.3, that provided in-built checks (range, context, and logic checks) for ensuring data quality. The market and vendor surveys were conducted as face-to-face interviews using paper forms by the local field investigators and the data was entered in an excel sheet.



Data Triangulation With Secondary Literature

In order to supplement our study findings, an online search was conducted to identify state and district level government reports that have documented the impact of COVID-19 pandemic on different aspects of food systems in Jharkhand. For this purpose, many ministry websites were searched. We were able to extract data on two main aspects:

(1) Food production in Jharkhand during the lockdown phase: This data was collected by the National Bank for Agriculture and Rural development (NABARD, 2020) from 29 April 2020 to 04 May 2020, through an online questionnaire that was administered to district development managers, based on their interactions with various stakeholders, viz. farmers, government officials, members of self-help groups, farmer clubs, and farmer producer organizations;

(2) District-level access to Public Distribution System (PDS) and other government food security programs during the lockdown and unlock phase. For information on this, the state website of PDS distribution (Department of Food, Public Distribution and Consumer Affairs, Government of Jharkhand, 2020) was reviewed to document the transaction status of different commodities under PDS during the pre-COVID-19 period, lockdown phase and unlock phase in Godda and Khunti districts. Additionally, a state audit report on the status of two supplementary feeding programs, namely, MDM and ICDS programs during the lockdown phase was also reviewed (State Food Commission Social Audit Unit Jharkhand, 2020).



Data Analysis

A conceptual framework (adapted from HLPE, 2020) was developed for the data analysis purpose, which delineated the possible pathways on how the COVID-19 pandemic and the resulting lockdown may have affected the food environment, food security, and food consumption patterns of the vulnerable populations. Further, based on the food environment typology framework (Ahmed et al., 2020; Downs et al., 2020), a set of factors were incorporated in this framework, that were likely to offer resilience to the COVID-19 pandemic's impact on food systems. These factors included access to diverse types of food environments, reliance on wild and cultivated food sources, possession of traditional ecological knowledge, use of the agroecological approach for food production, and access to informal built food environments that rely on local agricultural produce (Figure 3).


[image: Figure 3]
FIGURE 3. Conceptual framework: Impact of COVID-19 pandemic on food security among vulnerable populations and factors offering resilience.


The raw data from the C-SCAN tool and market surveys were exported and cleaned in MS Excel, and the analysis was performed in Stata, version 15.1 (StataCorp, 2017). The quantitative variables were analyzed using descriptive statistics, which included computation of frequency counts and percentages for categorical variables, mean, standard deviation, median, and interquartile ranges (IQR) for continuous variables. Inferential statistical analyses were conducted using the chi-square test for comparison of categorical variables and t-test for continuous outcomes. Since we wanted to compare the characteristics of the HHs surveyed in lockdown and unlock phases, we used two-tailed tests of hypotheses and a p-value < 0.05 as the criteria for statistical significance. The qualitative responses were translated to English and cleaned by removing filler words (and, or, those, etc.) and categorized under specific additional variables (such as type of foods that were easy to access, difficult to access, reasons for change in income, etc.). Based on the conceptual framework (Figure 3), qualitative responses were manually coded according to key sub-theme categories and subsequently organized based on the broader concepts included in the conceptual framework. In order to substantiate the study findings, the responses from our telephonic and market surveys were further triangulated with the district level and state level secondary data.



Ethical Considerations

Necessary approvals were obtained from the Institutional Ethics Committee of Indian Institute of Public Health- Delhi Public Health Foundation of India to protect human subjects through ensuring the highest ethical standards and conduct in the present research study. Verbal informed consent was obtained from the HH survey respondents and market vendors while providing them with all necessary details regarding the study. Due permissions for recording the telephonic interviews were obtained from the respondents. All the collected data were kept confidential and safe.




RESULTS

Amongst the surveyed HHs, the majority of the respondents were males (76% in lockdown phase and 72% in unlock phase), with a mean age of 33 ± 11 and 32 ± 9 years, respectively. Most HHs practiced farming on agricultural lands, while some HHs grew food in home gardens (Baris). Among the PVTGs, i.e., the Sauria Paharia community, nearly three-fourths of the HHs (during the administration of both surveys) reported farming on burnt patches of forest land (known as Kurwa farming). Farming was the primary source of income in majority of the HHs (72% in lockdown phase and 74% in unlock phase), while some HHs (18% in lockdown phase and 17% in unlock phase) were also engaged in daily wage laboring (Table 1).


Table 1. General profile of telephonically surveyed households belonging to indigenous communities of Jharkhand, India.

[image: Table 1]

The following sections discuss the effect of COVID-19 pandemic and the resulting lockdown on various aspects of HH food security, i.e., food availability, access, and utilization in the three indigenous communities during the lockdown, and the unlock phases, supplemented with secondary data on food production and access to government programs. Further, findings from market and vendor surveys are presented to highlight the impact of the COVID-19 pandemic on the informal markets accessed by the three indigenous communities. Finally, findings from both C-SCAN and market surveys are dissected to explore the factors and mechanisms that offered resilience to these indigenous communities during the pandemic.


Perceived Impacts of COVID-19 Pandemic on Different Aspects of Household Food Security


Impact on Food Availability


COVID-19 Pandemic and the Food Environment

During both the lockdown and subsequent unlock phases of the COVID-19 pandemic examined here, the surveyed communities reported accessing foods mainly from their natural food environment. Specifically, they procured food from wild food environments including forests, local water bodies, and surrounding natural vegetation as well as from cultivated food environments including fields, and gardens (Figure 4). The Sauria Paharia HHs reported the highest availability of food from the wild food environment, while the Santhals and Mundas mainly reported food availability from the cultivated food environment. During the lockdown phase, a higher number of Sauria Paharia HHs reported food availability from farms, as most of the community members practiced settled agriculture on plain farmlands (done primarily once a year), at the time of the survey. On the other hand, as the community mainly sourced Kurwa lands during the unlock phase, a higher food availability was reported from that source. Nearly all HHs reported food availability in the built food environment including weekly informal markets, mobile vendors, and corner shops within the villages. In addition, a large majority (85.5%) of HHs from all three communities reported availability of subsidized foods in the form of grains, sugar, salt, etc., in the formal markets, which included fair price shops under PDS, a federal food security program in India. Only about one-fifth of the HHs in Santhal and Munda communities reported the availability of supplementary food in the form of take-home ration that was delivered to their door-steps from Anganwadi centers under ICDS. Among Sauria Paharias, only 2% of HHs reported availability of supplementary food from Anganwadi centers. A significant difference (p < 0.001) was also observed in the availability of dry ration from MDM program during the two phases: due to the closure of schools, a few Santhal (14%) and Munda (3%) HHs reported receiving additional food in the form of dry rations (like cereals and pulses) through MDM, however the distribution was reportedly discontinued during the unlock phase, even though the schools remained closed.
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FIGURE 4. Food environment of the indigenous communities during the COVID-19 pandemic. (A) Food availability in the wild food environment during the lockdown phase (May–June, 2020) and the unlock phase (September-October, 2020). (B) Food availability in the cultivated food environment during the lockdown phase (May-June, 2020) and the unlock phase (September-October, 2020). (C) (a,b) Food availability in the built food environment during the lockdown phase (May-June, 2020) and the unlock phase (September-October, 2020).




Food Production During the COVID-19 Pandemic

The majority of the HHs (74% in lockdown and 54% in unlock phases) did not report any changes in their crop production and yields. However, disruptions in regular access to farm inputs were reported, notably in Santhal and Munda communities. A substantial number of HHs in both these communities (60–69% in lockdown and 35–47% in unlock phases) reported hardships in procuring farm inputs (seeds and fertilizers), as markets were open for limited durations (even during the unlock phase) and prices were higher owing to shortage of supplies. A few Santhal and Munda HHs also reported hardships in arranging manual labor for agricultural work owing to concerns around the spread of COVID-19 infection. During both the phases, Sauria Paharia HHs were relatively less impacted as they chiefly relied on indigenous seeds and organic manure for agriculture. In addition, about 12% of HHs (n = 6/49) in the Sauria Paharia community also reported greater access to foods sourced from wild food environment such as forests, local water bodies, and natural habitats. Due to a marked decline in the procurement of various agronomic inputs during the lockdown phase, a small proportion of HHs (n = 5/103) in Santhal and Munda communities reported a delay in the usual sowing time, while no such changes were reported during the unlock phase. In contrast, nearly three-quarters of HHs (72%) in the Sauria Paharia community reported sowing their crops earlier (as compared to pre-COVID-19 times) during the lockdown, as many migrant HH members had returned to their villages, leading to surplus manual labor for the sowing process. Surveyed HHs in Sauria Paharia community reported no changes in farming schedule during the unlock phase (Table 2).


Table 2. Perceived impacts of COVID-19 pandemic on food production and access among indigenous communities of Jharkhand, India.
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The secondary data on state-level impact of COVID-19 pandemic on agriculture production in Jharkhand (NABARD, 2020) (Figure 5) reported similar trends. The majority of the districts (16 out of 20 surveyed districts) in Jharkhand experienced a reduction in overall agricultural production, with an average production decrease of 6.7%. However, the farm production was relatively less impacted, as compared to other allied sectors like horticulture, animal husbandry, and fisheries (a production decrease between 9 to 30%). A possible reason could be the completion of crop production and harvesting in many districts before the lockdown announcement. The farm gate prices (i.e., prices of farm produce) were adversely impacted in almost all districts, although the average % decrease (0.8%) was nominal. The main reasons cited were reduced consumer demand due to lack of transport and shutting down of local weekly markets. The lockdown restrictions further resulted in a reduced supply of farm inputs (like seeds, fertilizers, pesticides, machinery, and fodder) in many districts, which contributed to their high prices (% price hike ranging between 9 to 16%). Impact on labor supply for agricultural activities was uneven across the state: reduced labor supply was reported in 10 districts, while increased availability was reported in 8 districts. This was attributed to the return of migrant labor in their native villages. The demand for farm labor, however, reduced in many districts during the pandemic.
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FIGURE 5. Impact assessment of COVID-19 pandemic on agricultural production in Jharkhand. Source: NABARD (2020).




Concerns Regarding Future Crop Sales and Farming Patterns

The findings from telephonic survey revealed varying challenges in the three communities regarding their perception of future impact of COVID-19 pandemic on their farming patterns. During the lockdown phase, more than half the HHs in Munda and Santhal communities were concerned that the continued closure of markets might affect their future ability to purchase seeds, fertilizers, and other equipment necessary for crop production (Table 2). However, during the unlock phase, relatively fewer HHs in both communities were concerned regarding the purchase of external inputs for farming. Further, during the lockdown phase, HHs in all Santhal and Munda communities were concerned about the future availability of manual labor for assistance in farming due to the fear of COVID-19 virus spread and the consequent higher labor charges. HHs in all three communities reported concerns about their future crop sales, owing to the continued closure of local markets and movement restrictions across districts and states, which they perceived as likely to impact their ability to sell their farm and forest produce. A male respondent from Sauria Paharia community commented, “As the markets are closed, fewer people from the villages will buy the (farm) produce, so it will be difficult to sell,” while another male respondent from the Santhal community opined “Because of reduced access to labor and seeds, our crop yield might get affected, which may lead to reduced crop sales.” This concern over future selling ability continued in unlock phase as well, with a higher number of HHs (particularly in Sauria Paharia and Munda communities) anticipating a reduction in their future crop sales, which was attributed to an increase in the number of market vendors selling their farm produce (Table 2).




Impact on Food Access


Direct Impact on Food Access Due to COVID-19 Pandemic and the Resulting Lockdown



Impact on Informal Weekly Markets

During the lockdown phase, a substantial number of HHs (63%) in all three indigenous communities observed changes in their access to different food environments and sources, with the highest impacts reported by the Munda community, followed by Santhals and Sauria Paharias (Table 2). Among these communities, about one-third of the HHs (highest in the Santhals) reported hardships in procuring food items from the local informal markets (Figure 6). Common reasons cited for reduced access included reduced opening hours (early mornings or late evenings) of the markets amidst the lockdown, limited diversity in available food commodities, increased food prices, and lack of transportation facilities to reach the local markets. When enquired about the impact of COVID-19 pandemic on the food prices, most HHs (87%) in all three communities observed differences in the usual pricing of the food items (Table 2). The respondents attributed this change to the sudden announcement of the lockdown, which led to restricted movement and hampered the timely reach of food supplies to the local market, thus leading to price fluctuations. More than half of the HHs in Santhal and Munda communities reported an increase in the prices of vegetables. In contrast, the majority of Sauria Paharia HHs reported a decrease in the prices of vegetables, owing to an improved availability through the cultivated food environment and distress selling of these commodities by the local vendors. Apart from vegetables, other food commodities like meat, poultry and fish, pulses, and cooking oils were also reportedly being sold at inflated prices, as compared to the pre-COVID-19 period (Figure 7). As a consequence, HHs, during the lockdown phase, reported decreased access to specific food items, particularly specific vegetables (20%), pulses (12%), and cooking oil (12%), from the nearby local markets. On the other hand, improved access to cereals (mainly rice) was reported in some HHs of Munda (27%) and Sauria Paharia (22%) communities (Figure 8).
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FIGURE 6. Impact of COVID-19 pandemic on household food access in indigenous communities of Jharkhand, India. (A) Number of HHs citing places that were easier to access for food during the lockdown phase (May-June, 2020) and the unlock phase (September-October, 2020). (B) Number of HHs citing places that were difficult to access for food during the lockdown phase (May-June, 2020) and the unlock phase (September-October, 2020).
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FIGURE 7. Impact of COVID-19 pandemic on food prices in tribal regions of Jharkhand, India.
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FIGURE 8. Impact of COVID-19 pandemic on food access in different indigenous communities of Jharkhand, India.


During the unlock phase, despite easing of lockdown restrictions and resumption of the flow of food through supply networks, a large proportion of HHs (90%) in all three communities reported an increase in prices of food items, which mainly comprised of perishable foods like green leafy vegetables, meat, poultry and fish and other vegetables (Figure 7). However, despite the inflation in food prices, the food access during this period was reportedly similar to pre-COVID-19 period in majority of the HHs (Figure 8).



Impact on PDS and Other Government Food Security Programs

During the lockdown phase, improved access to formal markets (especially the PDS) was reported in one-third of the total HHs, especially among Santhal and Munda communities (Figure 6). Nearly, 50% of the HHs reported receiving additional amounts of food grains (rice and pulses) through PDS during the lockdown. As one male respondent from Sauria Paharia community commented “Rice and pulses are now more easily available as government is providing ration at home and for free.” Among Santhal HHs about 15% also reported access to hot-cooked meals for the entire family via the school feeding program (MDM). An additional one-fourth of the HHs in Santhal and Munda communities reported availing take-home ration from ICDS. During the unlock phase, the overall access to the formal markets was better for PDS, with 95% of surveyed HHs in all three communities reporting accessing the fair price shops and also receiving additional rations. However, fewer HHs from all three communities reported receiving additional amounts and/or varieties of food grains from PDS during the unlock phase (25%) as compared to the lockdown period (50%) (Figure 6). Additionally, a relatively lower proportion of surveyed HHs from Santhal (10%) and Munda (6.8%) communities reported receiving take home ration from ICDS (Figure 6).

The secondary data on access to government food security programs in selected study districts of Jharkhand, revealed similar outcomes during the lockdown and unlock phases. Higher amounts of rice were distributed through PDS during both lockdown and unlock phases in both Godda and Khunti districts, with additional amounts of rice and pulses distributed by Pradhan Mantri Garib Kalyan Anna Yojana (Figure 9). However, in the case of other commodities like wheat, kerosene oil, salt, and sugar, comparatively lower amounts were distributed during the lockdown phase in both districts, while higher amounts of wheat, salt, and sugar were distributed during the unlock phase in Khunti district. According to the State audit data for Godda district (State Food Commission Social Audit Unit Jharkhand, 2020), (conducted between 6th-17th May, 2020), utilization of MDM and ICDS programs was reportedly better than the data collected from indigenous communities of Godda district in the present study during the lockdown phase. According to the secondary data, only about 29% HHs did not receive food grains via MDM and 46% HHs did not receive food grains through ICDS. Secondary data on the audit of MDM and ICDS utilization was not available for the Khunti district.
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FIGURE 9. Distribution status of communities under PDS in study districts of Jharkhand. (A) Transaction status of various commodities under PDS during pre-covid time (May 2019) v/s lockdown time (May 2020) and pre-covid time (September 2019) v/s unlock time (September 2020) in Godda, Jharkhand. (B) Transaction status of various commodities under PDS during pre-covid time (May 2019) v/s lockdown time (May 2020) and pre-covid time (September 2019) v/s unlock time (September 2020) in Khunti, Jharkhand. Source: Department of Food, Public Distribution and Consumer Affairs, Government of Jharkhand, 2020.





Indirect Impact of COVID-19 Pandemic and Resulting Lockdown

Apart from directly affecting the food supply chains during the lockdown, survey findings indicate that the COVID-19 pandemic also influenced people's access to food through loss of livelihoods and income (Table 2). During the lockdown phase, more than three-fourths of the surveyed HHs reported a decrease in HH income, among which about 25% of the HHs lost their livelihood source altogether. Surveyed HHs from the PVTGs observed the highest impact on income i.e., the Sauria Paharias (86%), followed by the Santhal (80%) and the Munda (69%) communities (Table 2). Reduction in crop sales was the main concern among the communities, with significant changes experienced by the Sauria Paharias (67%). Closed markets, movement restrictions, and lack of transport facilities during the lockdown were cited as the common reasons for reduced crop sales in all three communities. One male respondent from Santhal community stated “I cannot sell crops now as the local markets are closed and I have no other source of income,” while another male respondent from Munda community was worried about not being able to travel for work. He shared “I cannot sell my farm produce due to the closed markets and neither can I migrate for work because of travel restrictions.” A female respondent from Sauria Paharia community mirrored similar views and stated “We have no work now, so there is no money. We can't earn money from farming (sale of crops) also. Everything is closed due to coronavirus pandemic. Earlier we used to sell Barbatti (cowpea) and use the money to buy food, but due to lockdown, we are unable to sell, hence there is no earning.” Consequently, more than half the HHs (57%) among Sauria Paharias and one-fifth HHs in Santhal and Munda communities resorted to selling their crops at lower prices (as compared to previous years) as limited people were accessing the local weekly markets. Further, to improve their HH income, a large majority of the HHs from the Sauria Paharia community (76%) reported selling wild products (sourced from surrounding forests and wild habitats) in the weekly markets. One of the male respondents shared: “Due to coronavirus pandemic (lockdown), we have started selling fruits-Mahua (Indian butter tree) and Aam (Mango) in the local markets. We have also started collecting leaves from the forests, which are woven and sold as leaf plates. We use the money earned from selling these items to buy food for household consumption.” A small proportion of HHs (14%, n = 5/35) from the Santhal community also reported this practice. The Munda community did not report this practice.

During the unlock phase, some HHs reported improvements in financial conditions as compared to the lockdown phase. However, about 40% of HHs reported a reduction in HH income, out of which around 6% HHs completely lost their livelihood source. This impact was faced uniformly across the three communities (Table 2). As the mobility restrictions were eased during the unlock period, half the HHs (50%, n = 36/72) in the Sauria Paharia community, and a few HHs in Santhal (n = 4/20) and Munda (n = 6/59) communities reported that they resumed selling their farm produce at usual market prices or even higher than usual prices (as compared to pre-COVID-19 period). However, the practice of accessing the wild environment to sustain HH income declined during this phase. During the countrywide unlock phase, as the employment opportunities improved, only a couple of HHs (two HHs in Sauria Paharia and one HH in Munda community) reported selling the forest produce in the local markets.



Community Perceptions on Their Future Food Security Status

During the lockdown phase, the majority (59%) of the HHs from the three indigenous communities expressed concerns regarding different aspects of food security in the future (Table 2). Sauria Paharia, the most vulnerable community among the three communities surveyed, did not report any concern regarding food availability; the main concerns among a majority of the HHs (51%) in this community were related to food affordability owing to the increased food prices. HHs in Santhal and Munda communities reported concerns related to both food availability (44%) and affordability (45%), while some HHs also stated concerns regarding safety (18%) and quality (6%) of food during the pandemic, as they were worried about contracting COVID-19 infections through the foods available in the local markets (Table 2). During the unlock phase, relatively fewer HHs (35%) were worried about aspects related to food security. However, in the Munda community, the majority of HHs (75%) were worried about their future HH food security status, with major concerns around the future availability and affordability of foods. Among Santhals, a limited number of HHs expressed concerns on the future status of HH food availability, while none of the HHs in the Sauria Paharia community reported any concern on either of the food security aspects.




Impact on Utilization of Food

In all three indigenous communities, the changes in food access (albeit, in relatively lower magnitude) were further reflected in the consumption patterns of the HHs. During the lockdown phase, almost half (43.4%) of the HHs reported a change in food consumption patterns, with major changes experienced by the HHs in Sauria Paharia (76%) and Santhal (49%) communities. A substantial number of HHs in Sauria Paharia and Santhal communities reported reduced consumption of meat, poultry and fish and market procured freshly prepared sweets and savories (Figure 10). According to the respondents, before the onset of the COVID-19 pandemic, meat, poultry and fish were consumed once every week which was restricted to only once a month during lockdown restrictions. The change was mainly attributed to high food prices and diminished food affordability of the HHs. A couple of Sauria Paharia HHs (n = 2/49) also perceived that meat, fish, and poultry consumption may lead to COVID-19 infection. The Santhal HHs further reported consuming a less diverse diet consisting of mainly plain rice to save and stock up the other food items for future consumption. One Santhal respondent commented, “Before we used to eat rice, pulses, and vegetables, but now we are consuming only plain rice with rice water,” while another respondent shared, “We cannot eat pulses now. We only eat plain rice with mango chutney (paste) nowadays.” Although no major variations were observed among Munda HHs, some HHs (n = 5/59) reported consuming all food items in reduced quantities, due to their poor purchasing capacity during the lockdown.


[image: Figure 10]
FIGURE 10. Impact of COVID-19 pandemic on food consumption pattern in tribal regions of Jharkhand, India.


The surveyed HHs in all three indigenous communities also reported a higher intake of certain food items during the lockdown phase. A small proportion of HHs (in Sauria Paharia and Santhal communities) reported stocking up on the fresh farm and kitchen garden produce, to meet their overall food requirements. These activities were undertaken to mitigate the effect of reduced HH earnings and food price inflation in the local markets. For instance, more than one-third of the HHs in Sauria Paharia community reported higher consumption of farm-produced grains (rice and maize), home-grown indigenous pulses (like Horse gram, Cowpea, Rice bean, and Red gram), and wild leafy vegetables collected from the forests. During the unlock phase, only a fifth of the total HHs reported changed consumption patterns. A relatively lower number of Sauria Paharia and Munda HHs reported reduced consumption of meat, poultry and fish and a couple of Munda HHs (n = 6/59) demonstrated reliance on their farm and kitchen garden produce to meet their day-to-day consumption needs (Figure 10).



Impact of COVID-19 on Informal Markets of Jharkhand, India


Impact on Food Prices and Retail

Based on the market surveys conducted (in August 2020) during the third unlock phase in India, notable impacts of the COVID-19 pandemic, and mitigation measures were observed on the prices and sales of food items available in the informal markets of Godda and Khunti districts in Jharkhand. In the local informal markets of Godda district (n = 6) that cater to Sauria Paharia and Santhal communities, decreased prices of indigenous cereals (rice, maize, and pearl millet) were reported (Figure 11A), due to better food distribution through PDS during the pandemic, resulting in lower consumer demand for the food grains. As a result, vendors in 2 out of the 6 surveyed markets reported reduced sales of cereals. Some varieties of indigenous pulses (including horse gram and cowpea) and vegetables (including kovai and bittergourd) were reportedly being sold at lower prices in all the six markets surveyed, due to their better availability via the local cultivated food environment. Owing to continued restrictions on wage laboring and allied jobs during the unlock phase, many HHs had resorted to distress selling, which, in turn, contributed to surplus availability of indigenous vegetables and pulses. However, despite the reduction in their prices, reduced sales of pulses and vegetables were reported (in 4 out of 6 markets), owing to market restrictions that continued even during the unlock phase of 2020. Concurrently, a retail price hike was reported for market-based pulses (including lentils, red gram, green gram, and chana dal) in Imru market, and for meat, poultry, and fish in all the markets due to an impact on the food supply chains during the pandemic (Figure 11A), which led to reduced sale of these foods. Among the roots and tubers food category, potatoes were being sold at higher prices than usual in 3 out of 6 markets, however, onions were being sold at lower prices in 5 out of 6 markets, while prices of ginger and garlic remained the same. The sale of very limited fruit varieties was reported in all the six markets, with a slight reduction in their prices. An increase in the prices of cooking oil (3 out of 6 markets), sugar (all the 6 markets), and a slight increase in the prices of condiments and spices (2 out of 6 markets) were observed. The prices of some of the freshly prepared ready-to-eat sweets and savories (jalebi, rasgulla, aloo chop) increased in the range of 18.5 to 21.3% (Figure 11A), however, no changes were observed in their sales.
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FIGURE 11. Impact of COVID-19 pandemic on the retail prices of the food groups in the informal markets in indigenous communities of Jharkhand, India. (A) Impact of COVID-19 pandemic on retail prices of food groups in the informal markets of Godda district, Jharkhand, India, catering to Santhal and Sauria Paharia communities. (B) Impact of COVID-19 pandemic on retail prices of food groups in the informal markets of Khunti district, Jharkhand, India, catering to Munda community.


In the local markets of Khunti district (n = 2) (catering to Munda community), only hybrid rice varieties were available, which were being sold at higher prices (percentage increase by 13.4%) (Figure 11B) due to the disrupted supply chains. Similar to informal markets of Godda district, the market vendors in Khunti district reported a price hike for market-based pulses (in Tapkara market) and reduced prices of indigenous pulses (in Torpa market) and other vegetables, In the case of roots and tubers, variable changes were observed in the prices of potato and colocasia across the two markets; however, garlic and ginger became cheaper. Price inflation was observed for meat, poultry and fish across all markets (percentage increase of 12% to 25%) (Figure 11B) due to supply chain disruptions and reduced consumer demands. Prices of packaged foods and freshly prepared foods remained the same (except for samosa), yet their sales were significantly reduced, due to the low consumer demand during the pandemic.



Perceived Impacts on Market Vendors and Their Earnings

We further observed impacts on the income and livelihoods of the local vendors in the local markets of the Godda and Khunti districts of Jharkhand. Due to fear of the COVID-19 virus, shutting down of markets, and reduced sales, a relatively small number of vendors were selling cereals, vegetables, and meat, poultry and fish in the markets catering to the Sauria Paharia and Santhal communities (n = 6). In almost all of the surveyed markets (5 out of 6 markets), fewer vendors were selling freshly prepared sweets and savories than usual as they couldn't afford the raw materials for preparation (owing to a hike in their prices). In markets catering to Munda community (n = 2), a large number of people were selling vegetables due to their surplus stocks from local produce, while on the other hand, a smaller number of vendors were selling meat, poultry and fish, packaged foods, and freshly prepared savories and snacks owing to their higher retail prices and reduced demand.

When inquired about the impact of COVID-19 pandemic on their income, the Godda and Khunti districts' market vendors reported similar changes. The vendors selling cereals, pulses, and vegetables in both districts reported reduced incomes, and cited factors like improved access to PDS and closed markets as the main reasons for income loss. On the other hand, vendors selling meat, poultry and fish, packaged foods, and freshly prepared foods in markets of Godda district reported an increase in their overall income owing to increased prices of the food items, in comparison to the pre-COVID-19 period. However, in Khunti district, these vendors experienced relatively lower incomes (in comparison to the pre-COVID-19 period) owing to the reduced consumer demand for these foods.




Factors Offering Resilience During the COVID-19 Pandemic

Based on the responses from the HHs, certain practices of the indigenous communities were found to demonstrate resilience in response to the impact of COVID-19 pandemic on their food consumption patterns, income generation, and farming systems. Among Sauria Paharias HHs, access to the wild and cultivated food environment was the primary factor that offered resilience in the face of the COVID-19 pandemic. Through our C-SCAN survey findings, it was observed that several Sauria Paharia HHs relied on wild edible plants from their local wild habitats as well as produce from the Kurwa lands and kitchen gardens for fulfilling their day-to-day food consumption needs. They also utilized the wild food environment for additional income generation by selling the wild produce in the local markets. Another notable factor bolstering the resilience of HH in response to COVID-19 pandemic in our study was the improved supply chain for formal food markets, especially the government-supported program of PDS.

The transport disruption and market closures associated with the COVID-19 pandemic led to hardships among Santhal and Munda HHs in procuring farm inputs. However, the Sauria Paharia HHs, a large proportion of whom still relied on indigenous seeds (Ghosh-Jerath et al., 2020, 2021), were relatively less impacted during the lockdown and post lockdown phase compared to the other surveyed communities. The community utilized local inputs i.e., their indigenous seeds and compost, during the sowing season. Further, HHs in the community reported better access to labor during the sowing season, owing to the back migration of individuals returning to the community from their place of work in urban areas. One respondent stated, “Earlier, we used to hire manual labor but since everyone is at home due to the lockdown, the entire family is working on the farms because we don't have the money to hire labor during this period.” In addition to this, a better access and dependence on diverse food sources (i.e., access to wild and cultivated food environment) among all three indigenous communities, offered them resilience and facilitated better food security with reference to food production, availability, and access during the lockdown phase of the pandemic. These findings concurred with the factors highlighted in the conceptual framework that may offer resilience in the context of shocks to the food system (Figure 3).




DISCUSSION

Administration of a rapid tool (C-SCAN) based on a food environment typology framework along with a market survey in Jharkhand state of eastern India highlighted how the COVID-19 pandemic adversely impacted the ability of the indigenous communities to procure sufficient, affordable, and nutritious foods while highlighting resilience attributes of indigenous food systems for supporting food security. Findings from the market surveys revealed variability in prices of commodities: reduced supplies led to a price hike while lower consumer demand resulted in reduced prices. Better outreach of PDS, access to diverse food environments and locally produced food resources were identified as critical factors for enhancing the food security of the surveyed communities in the context of the COVID-19 pandemic. However, some of the supplementary feeding programs were sub-optimally utilized due to the closure of the distribution platforms.


Impact on Agricultural Practices, Food Production and Supply Chains

During both the lockdown and unlock phases of the COVID-19 pandemic control measures, the majority of the study respondents did not report any effects on agricultural yields. Similar findings were observed in our secondary review, which highlighted minimal impacts on farm production in Jharkhand, although the allied sectors (e.g., horticulture) were adversely affected. The Munda and Santhal communities reported facing challenges in the procurement of farm input supplies during the lockdown phase, while a few respondents from the Sauria Paharia community reported the practice of early sowing due to availability of family members, owing to reverse migration. Similar disruptions in food production and availability of farm inputs due to transport restrictions have been reported in other studies across India (Harris et al., 2020; Nandi et al., 2021). The concerns regarding lack of manual labor during harvesting and sale of produce (especially perishable commodities) have also been reflected in data from the Indian states of Bihar, Rajasthan and Maharashtra (Kapil, 2020). This could be due to the absence of public procurement institutions for agricultural inputs as well as the labor-intensive cultivation among the smallholder farmers. The experiences of the indigenous smallholder farmer communities in India could hence be useful for designing future relief packages, responsive to the cropping patterns, local availability of farm inputs, labor and access to markets. This could be a crucial step toward building of resilient farming systems in the face of similar future shocks (Ceballos et al., 2020).



Impact of Supply Chain Disruptions on Built Food Environment

A distinct variability was reported by all the three communities as well as the market vendors regarding the availability of food commodities from the built food environment, especially the informal markets with price inflation for specific food commodities (including pulses, meat, poultry and fish, oils, some vegetables) due to supply chain disruptions on one hand, and higher availability of local perishable produce (especially vegetables) leading to distress selling, lower demand and resulting lower prices. Disrupted access to informal markets has been reported in other studies, as is supply chain disruption leading to a decrease in the availability of vegetables and fruits in these informal markets (Harris et al., 2020; Mahajan and Tomar, 2020). Further, adverse impacts on weekly informal markets were reported in almost all surveyed districts in Jharkhand, during the lockdown phase (NABARD, 2020). Studies have documented both distress selling for income generation (The New Indian Express, 2020; Cariappa et al., 2021; Rao, 2021), and price hikes in food commodities ascribed to movement restrictions that also limited arbitrage possibilities across cities after the lockdown (Narayanan and Saha, 2020; Sukhwani et al., 2020; Varshaney et al., 2020). The variable changes in commodity prices during the lockdown phase were likely driven by the nature of the commodity e.g., vegetables/fruits in terms of their availability from nearby regions or being a market-based commodity (like non-indigenous pulses and meat, poultry and fish) dependent on transportation networks and mandi inventories. Shorter supply chains can not only provide a buffer during such global crises, due to their rooted presence in the region, and proximity to the consumers but may provide a boost to the local micro-economy as well (Cappelli and Cini, 2020). This is particularly pertinent in the Indian scenario where there is a huge dependence on the agrarian economy (50% of India's total workforce) making the localized food chain, food processing, and allied sectors the bulwark for an uninterrupted food supply (Thulasiraman et al., 2021).



Improved Access to Formal Markets and Government Food Security Programs

In contrast to variations in access to food in informal markets, improved access to formal markets was reported for government-supported programs like the PDS (Kaur, 2020), and in some cases from the school meal program i.e., MDM. This improved access was reflected in almost all HHs accessing the fair price shops and other COVID-19 welfare schemes like Pradhan Mantri Garib Kalyan Yojana. Similar trends were reported for access to formal markets under government programs especially the PDS in many other states, reflecting an improved outreach (Lahoti et al., 2020; Pande et al., 2020) and was of immense importance in providing relief during the various lockdown phases (Sinha, 2021), despite the challenge of reaching all segments of the population consistently. While the additional provision of cereals and pulses through PDS was important for ensuring food security, it was not a sufficient measure to address the widespread prevalence of micronutrient malnutrition among the indigenous communities, that may have worsened during the pandemic (Gupta et al., 2021). Further, provision of non-perishables like rice, wheat and pulses, instead of diverse nutritious foods, may have further reinforced the consumption of cereal-based monotonous diets lacking in essential nutrients (Headey and Ruel, 2020). It is thus important to include nutrient-dense foods like millets (finger millet, sorghum) in the distribution basket of PDS, which may prove beneficial in improving the diet quality and nutritional status of these vulnerable populations, especially in situations when market access and income flow is severely affected (Gupta et al., 2021).

Though our study communities reported reduced access to supplementary feeding programs like ICDS, the district level data indicated a better utilization. This discrepancy could be attributed to the poor access to hard-to-reach villages, thus resulting in poor uptake of the specific schemes and interventions during the pandemic owing to center closures, supply chain disrruptions, and in some cases, repurposing of the local frontline workers for COVID-19 pandemic mitigation efforts like awareness generation, mask distribution and production, etc (KMPG, 2020). The disruption in the ICDS and MDM program as reported in our study and other reports may have a long-term impact on the nutritional status of vulnerable children who depend on these feeding programs to meet their nutritional needs (Bahl et al., 2021). Hence, it is important to keep these programs operational and continue the distribution of additional food and micronutrient supplements for pregnant women, adolescents and children, by strengthening the delivery systems while adhering to the social distancing norms (Haque et al., 2020).



Disruption in Livelihoods

The lockdown and the staggered unlock phases resulted in significant impacts on the livelihoods and incomes of the majority of respondents, with Sauria Paharias reporting the largest impact. These losses were attributed to a reduction in the sale of agricultural produce, or distress selling at lower prices. Similar findings were highlighted in a nationwide survey on informal workers that reported a high level of unemployment in Jharkhand during lockdown (95%) and unlock phases (62%), which resulted in indebtedness in nearly one-fourth of the population during both phases (Action Aid, 2020). Other studies have documented a loss of daily wage jobs in the range of 45–65% among rural migrants from Bihar and Jharkhand (Imbert et al., 2020; Save the Children, 2020), during the lockdown and post-lockdown period. The role of MGNREGA (Mahatma Gandhi National Rural Employment Guarantee Act) was found to be limited in this context; only 30% of the registered ST HHs in Godda and Khunti districts of Jharkhand, received employment during the entire period of 2020 (Mahatma Gandhi National Rural Employment Guarantee Act Jharkhand, 2020). In our study, most HHs in Santhal and Munda communities who suffered a loss of income during the lockdown phase were able to return to their usual ways of livelihood, but a considerable share of Sauria Paharia HHs continued facing difficulties in improving their income flow during the unlock phase. Studies suggest that prolonged income losses in such vulnerable communities may further lead to negative coping strategies, like distress sale of assets, predatory loans or child labor (WHO, 2020; ILO and FAO, 2021). It is thus essential to safeguard the vulnerable populations with stable cash flow through strategies like direct cash transfer programs and strengthening of existing employment guarantee schemes (like MGNREGA) (Dev, 2020).



Impact on Dietary Intake

A significant proportion of the respondents from all communities in our study reported a change in their dietary intake patterns with a decrease in dietary diversity. An increase in consumption of certain foods, especially locally grown indigenous produce, was also reported. Similar to our study findings, other studies from India and elsewhere have reported an impact on overall diets and a decrease in diet diversity scores of the communities (Harris et al., 2020; Bauza et al., 2021; Kansiime et al., 2021; Kusuma et al., 2021). Some reports suggest similar patterns of increased consumption of vegetables but a decrease in consumption of meats and dairy; others report dietary changes linked to food security status (Cicero et al., 2021; Litton and Beavers, 2021). It is worth highlighting here that the ability to consume one's own produce can be somewhat protective toward ensuring dietary diversity when other food access options are compromised.



Factors That May Offer Resilience to Food Systems Shocks Such as the COVID-19 Pandemic

Our telephonic survey provided a snapshot of various dimensions of food security that were affected in the study communities. While the COVID-19 pandemic situation posed many challenges both during and after the lockdown, we have identified several attributes in the survey responses that could offer resilience and inform preparedness for such unprecedented calamities in the future. One of the attributes that decreased the negative impact of the COVID-19 pandemic and associated mitigation measures on agricultural productivity among the Sauria Paharias was the availability of family members for sowing and farming practices. The increased use of family labor may incidentally provide some relief to smallholder farmers to overcome possible labor shortages around harvesting, getting food to market, and other farm-related activities (Haga, 2020). Recently, the Food and Agriculture Organization (FAO) has recognized family farmers as the custodians of multi-cropping systems, who may have the potential to enhance HH nutritional security, improve resilience to crop failures and price shocks, reduce migration and eradicate poverty. However, to turn this potential into reality, family farming needs an enabling policy environment, that promotes their access to natural resources and provides them with employment and social protection. With FAO's involvement in different family farming projects across the globe, this opportunity could be leveraged to raise awareness, scale-up support and enhance the capacities of local institutions and organizations for implementation of integrated family farming and rural developmental strategies (FAO, UN, 2018).

The Sauria Paharia's traditional practice of sowing indigenous varieties of seeds also offered resilience in the context of seed shortages since they were not exclusively dependent on the market availability of these farm inputs. The improved access to government-supported programs like PDS through formal food markets also proved to be a critical support measure. Our findings highlight that the traditional attributes of food systems need to be strengthened further and activities such as providing THR at the doorsteps of HHs during catastrophes need to be enhanced. In addition, the mitigating factors that addressed lower dietary intakes identified in the present study could serve as leverage points for the future. For certain food items in the local markets e.g., vegetables, the shorter supply chains were demonstrated to be beneficial in maintaining their availability. In fact, there were issues around the decrease in the availability of specific food items like oils and meat, poultry and fish as they were either cultivated or processed farther from the final point of sale (Mahajan and Tomar, 2020). It is important to recognize that while indigenous smallholder farmers are vulnerable with respect to their geographical location, they can also demonstrate resilience with respect to their food systems. Thus, these smallholder farmers can potentially be the most important providers of food in contexts where the need to enhance food security is greatest. Further, they can also effectively serve domestic markets, especially at times when trade is compromised. Smallholder farmers are wellplaced to continue the supply of food in situations where the COVID-19 crisis has created complex logistical and transport issues (Haga, 2020). An increase in foraging of wild foods also supplemented the diets of our study communities and provided an additional source of income. Although studies from Africa and Latin America (Blaney et al., 2009; Powell et al., 2011; Termote et al., 2012) have documented the role of agroforestry systems in enhancing the dietary diversity, evidence on contribution of wild foods and tree-based agriculture systems toward nutrition and livelihood security among smallholder farm communities, remains largely under-researched. In our study findings, we observed a clear dependence of the communities on the natural environment for food and livelihood at the time of crisis. Hence, a greater focus on sustainable use of wild produce will be crucial in initiating global efforts toward a more food secure and nutritionally sensitive future among vulnerable populations (Sunderland et al., 2013).



Study Limitations

Since the present study was based on a telephonic mode of data collection, there were a few limitations that may have impacted our study findings. First, as our study sample resided in hard-to-reach areas, most of the HHs could not be contacted due to poor network and call failures. Nonetheless, the possibility of a high non-response rate was considered while calculating the study sample size. Second, the telephonic nature of the survey often resulted in respondent fatigue, which may have influenced their responses. Third, although the study team had field staff speaking the local language, language and cultural barriers may have influenced some responses. Fourth, in the case of HHs where women were principally involved in food production and/or collection and preparation, telephonic interviews with male respondents may have influenced our study findings to some extent. Fifth, the purposive selection of study samples for both telephonic and market surveys may have induced some researcher bias, that could have an impact on the generalization of our study findings. However, we have tried to address this limitation by triangulating our study findings with secondary data from state and district level reports. Lastly, as the present study was a serial cross-sectional study, our findings cannot be used for establishing causality, drawing inferences at the individual level and effects of HH-level attributes toward the study results and resilience. However, the findings have provided some crucial information on how the COVID-19 pandemic has variably affected the food systems of the three indigenous communities. The mixed-methods approach has further been able to capture the community-level factors that may offer resilience in the context of food availability, access, and utilization.




CONCLUSION

This study highlights how the COVID-19 pandemic affected the ability of indigenous communities in Jharkhand state of India to procure sufficient, affordable, and nutritious foods while aspects of the indigenous food systems of the surveyed communities displayed crucial features of resilience to support the key pillars of food security, especially access and stability. Key drivers of the adverse impacts of food access for the surveyed communities were restrictions in the movement of farm labor and supplies, along with disruptions in food supply chains and other food-related logistics and services associated with the COVID-19 pandemic and mitigation measures. Key determinants of resilience for the surveyed communities were the ability to access diverse food environments, particularly wild and cultivated food environments, indigenous farm inputs and the improved access to fair price shops when local informal markets experienced shocks to food supply and shifts in prices. Findings highlight the critical need to support biocultural diversity in indigenous communities. These would include conservation of biodiversity of forests and other wild habitats as well as indigenous knowledge systems and associated practices and resources such as indigenous seed cultivars to propagate and sustain a rich diversified sustainable ecosystem of foods. Strengthening of food security and employment welfare schemes is further imperative to minimize the impacts on food and livelihood insecurity in vulnerable populations. Building food systems that are resilient to shocks such as the COVID-19 pandemic, requires shorter agri-food supply chains dependent on local and regional food sources, with collective action among all the stakeholders, including the agricultural extension services, food retailers, policymakers, governments, as well as the consumers. Findings on how indigenous communities tapped into their traditional foods systems in the context of the COVID-19 pandemic provide an opportunity to better understand the consequences of a global pandemic on the food and livelihood security of the vulnerable populations. Programs and interventions are called for to conserve and revitalize the biocultural resources available within these vulnerable communities thereby supporting healthy, equitable, and sustainable food systems for all. We should aspire to grow back more harmoniously with our environment as we endeavor to build back our world after the pandemic.
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Globally, billions of people and their livelihood are threatened by the onset of COVID-19. In Nepal, resource-poor people who lost their job were the hardest hit among millions of impacted populations. Further, the associated effects of pandemics are food supply chain interruption and people's inferior physical and mental wellbeing. The COVID-19 pandemic and associated impacts have questioned Nepal's ability to achieve the 17 United Nations sustainable development goals (SDGs) in the post-pandemic era. Yet no scientific studies available to see COVID-19 and SDGs relationships in Nepal, government reports, and macroeconomic updates indicated that COVID-19 is likely to deter significantly in achieving SDGs targets. This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines to quantify the impacts of the COVID-19 pandemic in Nepal's macro-economy from March 2020 to December 2021. Our study indicated that the COVID-19 exerted inevitable challenges in achieving SDGs targets in terms of food security and household poverty. Therefore, this paper recommended creating more employment opportunities in the domestic economy and establishing a resilient food system.
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INTRODUCTION

The COVID-19 pandemic has highlighted the vulnerability of the global food system leading to an increase in food insecurity and poverty. Like many developing countries, Nepal is seriously threatened by its adverse impacts on people's physical and mental wellbeing and national food security. In Nepal, a total of 827,763 infections and 11,588 deaths associated with COVID-19 were reported until 29 December 2021 (Worldometer, 2021). It has impacted almost all economic sectors, including hospitality, health, trade, and production, among the hardest hit sectors (Joshi et al., 2021). In addition, Nepal's recent administrative restructuring to federalism has posed chaos among three tiers of government, namely federal, provincial and local government. Power and authority among these governments are still underway and result from poor coordination on implementing government policies.

To manage and control the spread of COVID-19, Nepal initially adopted social distancing, mandatory face-masks, and restrictive travel rules (19 March 2020). However, an increasing number of cases pushed the government to declare a national health emergency and put forward nationwide lockdown, local curfew and closure of non-essential services and businesses (23 April 2020, enhanced 21 June 2020). The lockdowns and restrictive mobility impacted people's physical, mental, social, and spiritual health and posed a threat to vulnerable populations (Adhikari et al., 2021). In addition, the government's poor health system and economic support system put many poor and daily wage laborer's lives on the edge of two swords, go outside and killed by disease or stay home and be killed by hunger. However, the majority of households coped with this economic and health crisis in their way.

Nepal is a predominantly agriculture-based economy that is a lifeline to more than two-thirds of the population and the source of one-third of the national gross domestic product. The majority of households follow a subsistence farming system that is self-sustaining in various crises. For example, a diversified farming system and sources of income in the hills and mountains buffered a severe economic crisis after a great earthquake and trade embargo with India in 2015 (Epstein et al., 2017). However, increasing labor migration in the last couple of decades has resulted in labor scarcity in this primary economic sector in Nepal, especially in the peak seasons. As a result, national production is declined every year and became more import reliant. Now, the COVID-19 pandemic has raised the question of how the COVID-19 would impact the food security and poverty situation of Nepali households and achieve the United Nations Sustainable Development Goals (SDGs) by 2030.

The paper investigated the immediate impact of COVID-19 in the farming system and livelihood and the long-term impacts on achieving the country's SDGs, with particular focus on SDGs 1 (No Poverty) and SDGs2 (Zero Hunger). Further, the review investigated government and community measures to cope with COVID-19 on farming systems and food security. Studies recognized that the COVID-19 pandemic has more explicit impacts on poverty (SDG1), food security (SDG 2), health and well-being (SDG3), the economy (SDG8) and multilateralism (SDG 17), as well as Gender Equality (SDG 5), and the governance (SDG 16) (Baniya et al., 2021; Fenner and Cernev, 2021). Nepal has proposed to graduate from an underdeveloped country to a middle-income developing country by 2026, which has been approved by the United Nations General Assembly. Hunger (SDG 1), food security (SDG 2), and income level have implications for the LDC's graduation (Rai, 2017).

The paper did a systematic review of literature collected through Google Scholar, PubMed, and Scopus. In addition, further information was collected from government and non-government agencies and their publications such as the Ministry of Agriculture and Livestock Development (MoALD), National Planning Commission (NPC), International Labor Organization (ILO) and news agencies and open databases such as Worldometer, World Bank Data Portals, Spotlight and others. This study adopted the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines that ended up analyzing 25 related and reliable literature (Figure 1).
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FIGURE 1. Flow diagram of the study selection process.




FOOD SECURITY AND POVERTY SCENARIO IN NEPAL

Today, Nepal is a net food importer country that used to be a food exporter until the early 1970s. Various factors such as small land holding, rugged terrains, remoteness of farms, poor agricultural inputs (seed, fertilizer and irrigation) access, labor scarcity and farmers' low technical capacity have significantly hindered Nepal's food production capacity (Adhikari, 2020; Adhikari et al., 2021). Further, farmers receive limited support from the government in terms of input such as seed, fertilizer and loans, and services such as technology, marketing and training. Only a small portion of farmers in the peri-urban areas and the Terai plains follow a commercial farming system that could not satisfy the increasing population and trade competitiveness with the global producers. The agri-business sector is far less competitive than neighbors India and China because their farmers get higher subsidies in fertilizers, irrigation, machinery and technical service delivery.

Today, at least 10% of the country's population (2.8 million), including marginalized indigenous groups, is working in foreign countries that constitute half of the youths between 18 and 35 years (Adhikari, 2020). In general, economic and regional status are the determining factors in choosing their destinations; poor and marginalized people in the Western hills go to India, whereas the lower and upper-middle-class from the rest go to the Gulf countries. More than half of the households (56%) receive remittances from their foreign employed family members (Adhikari, 2020; GoN-NPC, 2020a). The majority of them are working in the Gulf countries. Their remittances have a significant contribution to national foreign exchange and poverty reduction. The share of migrant remittances is equivalent to 28.4% of the national gross domestic product (World Bank, 2020a). It is higher than any other highest economic sector in Nepal and has been a key contributor to reduce household poverty incidence, from 42% in 1996 to 18.6% in 2019 (GoN-NPC, 2020a; World Bank, 2020b) along with various other factors such as rise in wage rate, urbanization and rising other income sources (Pant, 2008).



IMPLICATIONS FOR ACHIEVING SDGS TARGETS

After adopting SDGs, Nepal developed SDGs status and roadmap 2016–2030, SDGs needs assessment, costing, and financing strategy. Nepal developed 494 indicators for 17 goals and 169 targets (GoN-NPC, 2020a) of United Nations Sustainable Development Goals. However, the COVID-19 pandemics have implications mostly on SDG1 (No Poverty) and SDG2 (Zero Hunger) (Pradhan et al., 2021), and the paper focused on only these couple of SDGs.


Impact of COVID-19 on SDGs 1 (No Poverty)

The COVID-19 pandemic has negatively impacted the global economy and squeezed new employment opportunities. As a result, ~1.6 million people have lost their job and sources of income (Joshi et al., 2021). Already dependent on labor migration for employment and household income experienced a significant implication to COVID-19. Further, a significant implication of the COVID-19 was observed in many parts of the country where people from a disadvantaged and low-income families experienced negative impacts on food security, health, and wellbeing (Singh et al., 2020). Jobs (domestic and overseas) and income are crucial factors determining household poverty and food security (Deaton and Deaton, 2020). COVID-19 questioned livelihood to already food insecure 4.6 million populations (Department of Health Services, 2016). Further, it shattered achieving targets Nepal set for SDG1; (1) Reduce extreme poverty (below 5%), (2) Reduce the poverty gap (<2.8%), (3) Raise per capita income (from US$766 to US$2,500), (4) Reduce national poverty (below 5%), and; (5) Reduce Multidimensional Poverty Index (MPI) (below 7%). The revenue collection of Nepal was reduced by 7.45% during the first wave of pandemics, and the country experienced a trade imbalance (Joshi et al., 2021). A decline in revenue collection and higher recurrent spending are likely to increase the fiscal deficit (Rasul et al., 2021). Amidst the COVID-19 pandemic, Nepal's Gross Domestic Product (GDP) growth rate has been reduced by 0.2% in 2019/20, which was 7% in the previous year (Magar et al., 2021). Further, the closure of the service sector excavated 31.5% of the total workers to lose their jobs (UNDP, 2020). Low or negative GDP growth, declining export earnings, and increased fiscal deficit have serious implications for household income and poverty (Rasul et al., 2021). It has been reported that of Nepal reported that the COVID-19 has pushed ~31.2% of the total population to poverty (Rasul et al., 2021). Nepal drafted a food governance-related policy, the Right to Food and Food Sovereignty Act in 2018 which is related to SDGs1 and SDGs2. However, this Act did not foresee COVID-19 or similar crises scenario in the future. The act has ensured the right to food for every citizen. The pandemic has disrupted the food production and supply system resulting in lower availability of food (Joshi et al., 2021). As a result, there might be implications for implementing such legislation.



Impact of COVID-19 on SDGs 2 (Zero Hunger)

The COVID-19 pandemic and associated impacts jeopardize all four food security dimensions: food availability, access, utilization, and stability. Despite the government's announcement of allowing people to continue their farming activities adopting health protocol, the continued lockdown hampered the production and distribution of foods, affecting their availability (Adhikari, 2020). At the same time, the COVID-19 pandemic exposed how fragile the country's food supply system is, which also realized the policymaker rethink the food governance of the country. The SDG 2, specifically “Target 2.1–By 2030, end hunger and ensure access by all people, in particular the poor and people in vulnerable situations, including infants, to safe, nutritious and sufficient food all year round” (UN, 2015), is likely to deteriorate Nepali agricultural production system and supply chain due to policy changes after the COVID-19.

The onset of the COVID-19 pandemic has hampered access to food. Low-income families, daily wage workers, and job losers are more vulnerable to food insecurity due to their reduced financial capacity and insufficient food stocks (Adhikari et al., 2021). Early estimates of ILO indicated that at least 1.6–2 million people would be lost their job after the onset of the COVID-19 pandemic (ILO Nepal, 2020). However, 6.4 million people lost their job after the spread of the COVID-19 pandemic (GoN-NPC, 2020b). The demand for vegetables, fruits, milk, and meat products was reduced in major cities such as Kathmandu, Pokhara and Chitwan (Joshi et al., 2021). Similar was the situation as reported by Workie et al. (2020), who studied the impacts of COVID-19 pandemics in developing economies. The situation has exposed the need for a safety net to protect the acutely vulnerable groups in the future. About 90% of migrant workers were involved in the informal sector in cities and lost their job (Spotlight, 2020). As a result, their source of income is reduced, leading to remittance inflow declining by 14% in 2019/20 compared to the 2018/19 fiscal year (World Bank, 2020c). Further, a substantial increase in food commodity prices across the country constrained the accessibility of food for low socioeconomic and disadvantaged households (Subedi, 2020). The border closure, restrictive transportation, and inadequate food stock contributed to the reduced access to food in the Terai region of the country.

A significant impact of the COVID-19 pandemic was observed in food utilization due to various issues such as food sanitation, food contamination, and decaying of food (Adhikari et al., 2021). Lack of standard food safety procedures for food handling made foods contaminated because of frequent touch by people. Due to reduced availability and access to food, people bought the product that came to the market, which came as violating food safety standards (Adhikari et al., 2021). The COVID-19 and poor health infrastructure exacerbated the chronic problem of malnutrition among children and women. Also, the pandemic delayed children's immunization and safe delivery in hospitals, resulting in health issues in these populations (Singh et al., 2020), which impacted food utilization.

The COVID-19 pandemic has indicated some policy implications in the food stability dimension of food security. The pandemic has highlighted the importance of making provisions for unforeseen vulnerabilities, particularly the necessity to keep a larger supply of food on stock to the policymakers (Subedi et al., 2021). The provisions of buffer stock in the country need to be increased in the future for the stability of food. Further, the provision of a regular food-aid program to food insecure regions such as Far West Province, Karnali Province, and Province-2 of the country is the utmost need in the future.




CONCLUSIONS AND POLICIES RECOMMENDATIONS

Food insecurity is a severe public health issue in Nepal, particularly among low-income and disadvantaged households. During the pandemic, the families that relied on daily wages and remittances for their livelihood were largely faced food insecurity. The COVID-19 pandemic has pushed one-third of the population to poverty, and that could have long-term effects on national food security and the poverty situation. Though the government has responded to food security and self-employment endeavors, they are inadequate and could not reach affected groups. One of the reasons could be poor coordination and lack of food governance frameworks among the three tiers of the governments. Therefore, we suggest establishing an efficient food governance mechanism in the country, mainly in two aspects, creating local employment opportunities by providing vocational skills training to the people who lost their job, establishing a national employment promotion authority, and establishing an employment information and communication center. Further, its utmost needs to build capacities for resilient food systems in times of crisis. In addition, we advocate identifying acutely vulnerable populations and implementing long-term integrated food security policies to prevent long-term hunger and malnutrition among Nepal's most vulnerable households.
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Studies of how consumers acquired food provisions during the COVID-19 lockdown indicate that some US consumers and institutional provisioners pivoted to locally produced food. In some locations local food system organizations, along with state governments, created the infrastructure to enable this pivot. Research on this phenomenon—what we call “the local pivot”—has been extensive. However, evidence collected so far has mostly been reports of case studies looking at particular communities. Using Google Trends and Twitter data, we examine whether “the local pivot” was evident as a general trend in the US during the depth of the COVID-19 food supply crisis in 2020, and whether places with high local food infrastructure allowed more people to pivot to local food provisioning. Our Google Trends analysis indicated a temporary rise in searches for local food. However, we found very little discussion of local food systems on Twitter. We then compared three states with a “high,” “medium,” and “low” local food infrastructure based on the Union of Concerned Scientists rankings. We found a weak but positive relationship between places that were classified as high local food system infrastructure and a pivot toward local food reflected on Twitter. We did, however, find strong support for local restaurant businesses during this period on Twitter, although this support did not necessarily reflect a local food system pivot. We acknowledge that Twitter results are not generalizable to the entire population: local food system actors may not be using Twitter in their interactions, so Twitter activity may not reflect local food system activity in general, or COVID food sourcing behavior in particular. However, our results do indicate the need for more research on whether or not the evidence of a pivot to local food systems during COVID in the United States reflected a larger national movement or occurred in just a few scattered communities. Further research on this topic can help ascertain the ability of local food system infrastructure to provide a resilient response to future global food supply chain crises.

Keywords: COVID-19, local food systems, infrastructure, Twitter, resilience, social infrastructure, food supply chains, supply chain crisis


INTRODUCTION

The long-term response of consumers to COVID-19 food supply chain disruptions is not yet clear. Both in the United States and globally, all indicators point to a massive switch from eating in restaurants and institutions to eating at home (Bennett et al., 2021), at least during the initial COVID-19 lockdown. Yet, studies of how consumers acquired food provisions during the lockdown indicate two trends. First, national analyses by Mckinsey, Neilsen, and Gallup indicate a significant rise in online food ordering (Ahuja et al., 2021; Neilsen survey reported in Lo et al., 2021; Gallup reported in Brennan, 2021). Many studies found that home food provisioners turned to grocery store delivery and online shopping from large retailers like Amazon and Walmart (Weersink et al., 2021).

Second, food studies researchers reported case studies that indicate a pivot to local food systems, in terms of consumers who pivoted to locally produced food through food system organizations such as Community Supported Agriculture (CSA) farms and food hubs. In addition, a number of state programs were established or expanded to connect local farms with local food hubs and food banks (e.g., Sanderson, 2020; Hilchey, 2021; Oncini, 2021). The news media also covered a number of these stories (e.g., Ricker and Kardas-Nelson, 2020; Roberts, 2020; Robey, 2020). In particular, both news stories and peer reviewed case study research focused on how local food organizations bridged the gap between farmers in need of markets and consumers in need of fresh food. Based on these stories, some have argued that recent global food supply disruptions could lead to a restructuring of the food system in favor of more localized food system infrastructure (LFSI) (Garnett et al., 2020; Hendrickson, 2020; Thilmany et al., 2020) and that LFSIs could make communities more resilient against future food supply chain disruptions (Thilmany et al., 2020).

While research on local pivots are mostly case studies, polling companies collected data on the turn to online and grocery delivery at the national and global level. These studies have found a general turn to national online ordering from companies like InstaCart and Amazon (Redman, 2020). Surveys also note an increase in purchase of shelf-stable vs. fresh food (Food Insights, 2020; Hamstra, 2020). As Morgan (2020) notes in Forbes magazine:

A year ago, 81% of consumers had never bought groceries online, but during the pandemic nearly 79% of shoppers have ordered online. In August 2019, U.S. online grocery sales totaled $1.2 billion; in June 2020, that total was $7.2 billion. Over that same time period, the number of online customers increased from 16.1 million to 45.6 million and the average spend per order grew from $72 to $84.

While grocery stores are stocking an increasing supply of local food products (Tropp, 2013), and some food hubs have implemented online ordering, indicators suggest that despite the global food supply chain crisis, consumers continued to provision themselves from national and global supply chains.

In contrast, case studies of “the local pivot” report that consumers turned to local food systems in response to the COVID-19 food supply chain crisis. Many states initiated programs that worked with community organizations to connect farmers and consumers. Our article is a first attempt to examine the extent of “the local pivot.” We ask, to what extent did people across the country turn to their local food system when restaurants closed and their supermarket shelves were bare? Additionally, were states with a stronger local food system infrastructure—preexisting programs that connect farmers to food providers or consumers, food hubs, food policy organizations—better able to connect farmers and consumers at the local level?

Considering the potential for future food supply chain crises, it is important to determine whether local food system infrastructure (LFSI) is able to respond and adapt to these crises. Therefore, we examine in this study whether the local pivot cases are representative of a larger phenomenon. To do so, we look at data from US national social media. This examination provides a first step toward understanding the local pivot at a larger scale, asking whether it did, in fact, occur more broadly, if the occurrence varied by regions, and how might existing LFSI have influenced its occurrence. In particular, case studies indicate that a strong LFSI can provide a resilient response to future shocks (Thilmany et al., 2020). For this reason, we seek to understand the relationship between LFSI and the response by consumers and other key actors to food supply chain disruption during the COVID crisis.

To frame our research, we draw upon the alternative food network (AFN) and LFSI literature (e.g., Morley et al., 2008; Goodman et al., 2012). Our results are meant to contribute toward a better understanding of whether and how local food systems are currently able to provide a resilient response to future supply chain disruptions. The alternative food movement has long held that the relocalization of food systems, and the shortening of food supply chains, would have a positive impact on citizens by helping to fulfill health and equity goals (see, e.g., Hendrickson and Heffernan, 2002; Holloway and Kneafsey, 2004). Research on “the local pivot” indicates that relocalization could help meet food supply resiliency goals as well.

To understand the general response of food system actors to the first year of the pandemic, we examine two social media sources: Google Trends and Twitter. In our Google Trends analysis, we looked at searches related to terms that we determined are indicative of a local pivot including keywords “local,” “food,” and “farm.” We also searched for terms indicative of a turn to alternative food systems such as “community supported agriculture” and its acronym: “CSA.” In addition, we gathered trends on “food pantry” and “food bank,” terms that are not identical but do intersect with the broader discourse on alternative food systems (e.g., food justice, food sovereignty). Finally, we gathered trends on the term “local restaurant” based on our discovery of the frequency of that term in our preliminary Twitter analysis.

In our examination of Twitter discourse, we conducted a comparative, nationwide study of tweets from 2015 and 2020 using a range of keywords related to local food systems. We found that while the Google Trends data indicates a strong, although perhaps temporary, pivot to the local in 2020, the Twitter data does not indicate a strong pivot to the local. Instead, we found Twitter discourse was more likely to focus on support for local restaurants. However, while not as robust as expected, we do see a trend in states identified as having a stronger LFSI (Union of Concerned Scientists, 2018) also have more tweets related to the local pivot. Yet, content analysis of the tweets from three contrasting states finds contextual differences in the concerns about “local” and much of the local discussion involves issues not necessarily related to local food systems or alternative food networks.

This research contributes to the question as to whether or not relocalization is an effective response to the food supply chain crisis, as some studies claim, or if it is a “side-show” to a larger move to ever-greater food system globalization and concentration. Our analysis of whether or not a local food system response is reflected in Twitter discourse is just a first step in answering that question.



BACKGROUND

The COVID-19 pandemic caused severe disruptions in global food supply chains. Potential supply chain disruptions continue to be part of media discourse, illuminating a continuing fragility (see, e.g., Farrer, 2021). Initial supply chain disruptions that occurred in the early months of the pandemic prompted food studies scholars to investigate how local food systems have responded to the crisis. Both Agriculture and Human Values (Sanderson, 2020) and the Journal of Agriculture, Food Systems, and Community Development (Hilchey, 2021) published flashpoint studies on COVID's effect on the food system. In addition, the Wallace Center (2021), a non-profit that is part Winrock International, coordinates an ongoing resource hub with food NGO partners, and three universities—Penn State, Colorado State, and University of Kentucky—to aggregate research that evaluates the impacts of COVID-19 on the food system.

Longer-term studies of pandemic-induced disruptions are beginning to emerge, and show in a more rigorous and systematic way how local food systems have responded. Both the short-term and the emerging longer-term studies indicate pivots in some consumer behaviors in response to COVID-related food supply chain disruption, especially during the quarantine lockdowns (e.g., Hobbs, 2020; Mahajan and Tomar, 2020; Banerjee et al., 2021). These articles describe the effects of restaurant and school closures, which strongly affected dairy, fishing, and other sectors that had traditionally provided significant proportions of their total production to the food service and restaurant sector (e.g., Petetin, 2020; Maples et al., 2021). News articles described how lockdowns and quarantines led to major changes in how consumers bought food (e.g., Dannenberg et al., 2020; Li et al., 2020; Ricker and Kardas-Nelson, 2020; Roberts, 2020; Robey, 2020). Finally, lockdowns led to significant concerns about how laid-off workers would feed themselves and their families, prompting research on how the food chain disruption affected food security (Gundersen et al., 2020; Laborde et al., 2021; Mueller et al., 2021).

Agriculture and food (agri-food) system researchers took notice of these changes. Scholars looked at whether and how local farmers would both survive without access to their usual food service and restaurant markets and how they would respond as consumers pivoted their food purchases away from these sectors and toward retail establishments (e.g., Weersink et al., 2021). One study, for instance, examined how LFSI might be leveraged to meet the food security needs of consumers who were stuck at home and without income (Casey et al., 2021). Researchers who have studied local food system infrastructure and food relocalization movements were particularly interested in whether the system could and would facilitate a pivot to more localized food provision in response to these disruptions (O'Hara and Toussaint, 2021).

The local pivot studies fall into two categories. First, are the stories of farm production areas that highlight chaotic bottlenecks in supply due to the loss of farm workers (e.g., Ridley and Devadoss, 2020) and food service markets (Hashem et al., 2020). These bottlenecks included both large scale farms such as livestock and milk producers, and fisheries operators, who had to euthanize animals, dump milk, or leave boats in the harbor in response to unexpected and widespread closures of fast-food retailers and chain restaurants [OECD (Organisation for Economic Co-operation Development), 2020; Weersink et al., 2021]. Within this stream of work are studies of smaller farms that served local farm-to-table restaurants that were also left without markets (Severson, 2020). In some states, farms that operate in local and regional supply chains were severely affected by the closure of farmers markets, often instituted by law (Martinez et al., 2021).

Second, are the stories of food sector pivots to new markets as an adaptation to the crisis (for an overview, see Wallace Center, 2021). For example, in one case a small dairy of only 50 cows was able to adapt its operation to supply grocery stores that were otherwise unable to obtain milk through their regular supply chain (Huber, 2020). The third line of research focused on the role of local food system organizations that helped both farmers and consumers adapt to the crisis. These stories describe how local food policy non-profits and other food hub organizations provided resources to connect producers and consumers at the local level (Ammons et al., 2021; Harden et al., 2021; Wallace Center, 2021). While often part of a more conventional food philanthropy sector, case studies showed that food banks also worked to provide connections between farmers without markets and local consumers in need (Thilmany et al., 2020). Moreover, several states implemented local food policy changes to reduce the supply chain bottlenecks and increase food access, followed shortly thereafter by federal policy responses, especially the Coronavirus Aid, Relief, and Economic Security (CARES) Act [HFPP (Health Food Policy Project), 2021]. An example of local policy changes included laws that allowed food service establishments to continue operating or operating in a modified manner (e.g., allowing for curbside pickup), and policies that focused on vulnerable populations that saw regular meal distribution disrupted (e.g., school lunches, Meals on Wheels). This fits with the general understanding that food system resilience depends not only on the impact of the initial shock or crises, but also how actors, including policymakers, respond to the crises (Béné, 2020).

Most of this research, however, involved examinations of specific case studies and communities: describing their problems, their successes, and the continuing weaknesses of producer-to-consumer local and global supply chains. There has been little work examining this phenomenon at a regional, comparative regional, or national level. In other words, although a number of stories have emerged, detailing the ways that particular groups in particular places worked to link local producers and consumers in new, more resilient, short food supply chains, there has been no overall assessment of the extent to which these efforts have been widespread. Through an analysis of social media, we seek to understand (1) to what extent “the local pivot” described in the case studies was typical in the United States as a whole, and (2) to what extent state food policies and LFSI were important to this pivot.


Alternative Food Networks and Local Food System Infrastructure

Participants in alternative food networks (AFNs: food policy and food movement organizations) in the United States have focused on building of LFSIs (e.g., farmers markets, CSAs, food hubs) as a means of creating alternative food economies. Measuring the benefits of LFSI has been the topic of nearly four decades of agri-food studies research. This body of work has focused on the promise of LFSI to counteract the disbenefits (e.g., loss of farm communities in rural areas; environmental degradation; highly processed, nutrient poor, foods) attributed to the global food system. Sometimes called “short food supply chains” or “distributed” systems (Morgan et al., 2006; Moragues-Faus et al., 2020), researchers have examined the positive potential for AFN/LFSIs to provide communities with more just, fair, healthy, sustainable foods, as well as economically revitalized rural communities (Kloppenburg et al., 1996; Hendrickson and Heffernan, 2002; Sonnino et al., 2016). Some argue, more broadly, that the building of LFSI will lead to greater economic democracy (Whatmore et al., 2003; Moragues-Faus et al., 2020). Other research has problematized these claims, critiquing food re-localization as an idealized and impractical “local trap” (Born and Purcell, 2006) that overestimates the potential benefits that LFSI can offer to “fix” food systems (DuPuis and Goodman, 2005; DeLind, 2011; Hinrichs, 2016). In the light of these critiques, some current research on AFN/LFSIs has taken a more reflexive approach, calling for an assessment of AFN/LFSIs' potential without assuming that LFSI is sufficient to solve food system problems (Goodman et al., 2012; Fonte, 2013).

In accordance with this reflexive approach, we seek to better understand the ability of LFSI to respond to the COVID pandemic. While there is significant research on LFSI response in other parts of the world, our focus is on the United States. Given the lack of national data on COVID-related food system relocalization, we chose to draw from an analysis of social media. Our analysis, therefore, measures: the extent to which consumers pivoted to the local and the role of LFSI in that pivot, as well as the ability of a national social media analysis to answer these questions. Our analysis, therefore, looks at how “local” and “food” are used in Twitter discourse as a whole, which included terms that focus on LFSI—local farms, CSAs, food hubs. Additionally, due to the impact of the lockdown, with large numbers of people unable to earn a living, we also consider food security, thus including food pantry and food banks in our searches. In our approach to the local pivot, we share a strong interest in how LFSI can contribute to the pragmatic goal of food system resilience during crises. In other words, we recognize that regions with an existing and perhaps more robust LFSI should be more capable of contributing to local food system resilience during supply chain crises. Our broader examination, however, seeks to understand whether these LFSI-enhanced local pivots, as described in published case studies, took place more generally or only in particular places at particular times.



Local Food Systems as Resilient Social Infrastructure

As noted above, a great deal of research has been carried out on the community benefits of local food systems. More recently, new conversations about the nature of local interaction have resulted in the emergence of a new concept: social infrastructure. Klinenberg et al. (2020: 653) describe social infrastructure as emerging out of, but distinguished from, the concept of social capital, which “largely attribute bonds and cohesion to cultural preferences and practices of particular groups…the theory of social infrastructure proposes that some variation in social capital is attributable to the quality of physical places and organizations at the neighborhood level.” In other words, social infrastructure is rooted in the place-based organizations and interconnections between people possessed with “accessible gathering places, including branch libraries, community gardens and parks, playgrounds, religious and non-profit organizations, and certain commercial establishments (such as diners, cafes, barbershops, and salons), [which] foster interaction” (Klinenberg et al., 2020: 653). As is evident in this list, food plays a part in these notions of gathering places, indicating that elements of the food system would be a component of social infrastructure. Klinenberg's (2018; 2020) work on the Chicago Heatwave of 1995 and in New York resilience planning shows that place-based social infrastructure creates more resilient communities, capable of adapting and protecting themselves from disasters and disruptions. In the same way, one can argue that LFSI can help communities adapt to food supply chain crises by creating the ability to pivot toward local food systems when global and national food systems break down.

As published case studies show, in certain places during the COVID food supply chain crisis, local food systems acted as forms of social infrastructure, enabling communities to adapt food provisioning practices during the crisis (Thilmany et al., 2020; Wallace Center, 2021). Food hubs and local food banks created connections between farmers who lost access to local restaurant provisioning and brought local farmers together with interested consumers through various strategies including online farmers markets, expanded CSA programs, and other forms of adaptive direct marketing (Bachman et al., 2021). Flash studies looking at the first COVID wave reported that CSA farm shares sold out early in the 2020 sign-up season (White, 2021). In addition, several food banks reported not only increased interest in farmers who could provision these organizations with fresh food, but also increased demand for local produce from customers who had lost jobs (Siddiqi et al., 2021). This case study research shows that, in certain places and at certain times, local food system organizations responded quickly with new efforts to join local producers with local consumers.

It is worth asking, therefore, whether this local pivot was a general phenomenon, whether it was isolated to particular places and, if so, which communities were more likely to pivot toward the local. Secondly, it is also important to ask whether local pivots, where they happened, were linked to LFSI. To answer these questions, we turned to analysis of social media, looking at national and state level data, in combination with the Union of Concerned Scientist's LFSI rankings. We started with Google Trends to capture broad internet-based queries, then conducted a systematic analysis of Twitter “scrapes” before and during the initial 2020 COVID pandemic wave. Then we took a more targeted deep dive into the 2020 Twitter data to examine the context of pandemic era tweets in three states with differing levels of LFSI. We selected the Union of Concerned Scientists LFSI rankings for the breadth of metrics incorporated into their ranking scheme. The LFSI rankings considered five different indicators including: number of farmers markets per 100,000 residents; number of food hubs per 1 million residents; number of food policy councils, networks, coalitions per 1 million residents; capacity for food waste management via composting; and percent of census tracts with at least one healthier food retailer within 0.5 miles of the tract boundary (Union of Concerned Scientists, 2018).

While stronger or weaker LFSI can impact the capacity for consumers to pivot, how governments respond to a crisis also impacts food systems. There were two COVID-19 programs, the Coronavirus Food Assistance Program 1 and Coronavirus Food Assistance Program 2, at the federal level, which then were administered by states (USDA, 2022a,b). For example, within CFAP 1, New York received approximately $231 million, Pennsylvania received a total of $178 million, and Alabama $115 million in support of producers in these three states. The largest recipients of the funding by commodity were dairy farmers in New York and Pennsylvania, $169 million and $107 million, respectively, and cattle farmers in Alabama ($86 million). All three states also used federal funding to support feeding programs, especially for vulnerable populations. However, with a few exceptions (e.g., free school meals to all school children), the majority of this funding was channeled through existing programs, which means states that had more robust programming pre-pandemic had readymade avenues for distribution of additional funding. For example, the Pennsylvania Agricultural Surplus System (PASS) is a pre-pandemic program that makes connections between production agriculture and the non-profit sector to help feed vulnerable populations. In addition to the general PASS appropriation from the state, the Federal CARES Act infused an additional $10 million dollars in funding to PASS (Pennsylvania Department of Agriculture, 2022).




METHODS

This article is a first attempt to analyze the effects of the local food pivot at a national level, focusing on the general extent of the pivot and the role of local food infrastructure in that change. Using Google Trends data, we identified the prevalence of keywords searched during COVID as it related to food and agriculture in the United States. Google Trends has been used by other researchers to study consumption patterns (Kamiński et al., 2020), including COVID-19 era consumption (Schmidt et al., 2020), although it is used more frequently in the business and marketing literature. Based on the Google Trends data, our reading of LFSI case studies, and media reports, we identified 39 keywords to use in “scraping” Twitter. These keywords seemed most relevant to the food supply chain disruptions and responses at the onset of the pandemic. The search for relevant tweets encompassed the entire 2020 calendar year (January 1, 2020–December 31, 2020), with the goal of capturing the start of the COVID-19 pandemic and the supply chain disruptions that occurred in the U.S. To have a point of comparison, the same 39 keywords were used for scrapping tweets for the 2015 calendar year. Only tweets for the 48 contiguous states, plus Washington, D.C. were collected.

We also utilized Twitter data to determine if places with a stronger LFSI, as ranked by Union of Concerned Scientists (2018), were more likely to have social media conversations about local food as a way to adapt to food supply chain crises. The following key words were identified and analyzed: Local Food, Local Restaurant, Local Farm, Food Bank, Food Pantry, Farmers Markets, Community Supported Agriculture (including the abbreviation CSA), and Food Hub. We also included garden in our initial search, but discovered the term garden is widely used to identify restaurant names (e.g., Olive Garden Italian Restaurant™) or a location (e.g., beer garden, garden center), so we did not include garden in our final analysis. We analyzed these data to gauge consumers' interest in existing LFSI (i.e., tweets) and consumers' ability to pivot (i.e., LFSI ranking). We also examine in more detail three regions and states with low, medium, and highly developed local food system infrastructure resources, as identified by the Union of Concerned Scientists rankings, for evidence of adaptation to food supply chain disruption. In other words, we are examining to what extent the LFSI may have contributed to food system resilience during the COVID crisis.

These data included both tweets and retweets. We are primarily interested in 2020, as it included the initial pandemic lockdown and response period, but also used a non-COVID year, 2015, as a point of comparison. By examining the 2020 Tweets where local and food/farm/restaurant were discussed, but not necessarily referring to the local food system, we can make inferences about consumers' concerns and their thoughts about what the concept of local means.

Twitter data is increasingly used by social scientists to study a wide range of topics, including debates surrounding meat consumption (Maye et al., 2021), the rise of vaccine opposition (Bonnevie et al., 2021), and individual's perceptions of their government's handling of the unfolding COVID-19 crisis (McKay et al., 2021). As a popular form of social media, Twitter has been studied as an important platform for communication during disasters (Kusumasari and Prabowo, 2020). Twitter is also viewed as a mechanism to better understand different attitudes and perspectives on a wide range of topics. As a recent Pew Report states, “Twitter is a modern public square where many voices discuss, debate and share their views” (Wojcik and Hughes, 2019). However, as the Pew report explains, users of Twitter are not representative of the U.S. population (Wojcik and Hughes, 2019). Rather, Twitter users are thought to be younger (40 vs. median age of 47), more educated (42% college educated vs. 31% in the U.S. population), and more likely to be democrat (36% of Twitter users vs. 30% of the U.S. population; while 21% of Twitter users identify as Republican compared to 26% of the U.S. population) than the general public. For these reasons, we cannot assume Twitter results are generalizable to the entire population. However, Twitter does give social scientists the opportunity to explore behavioral practices and attitudes.

Twitter also allows for geolocation of tweets. This feature has proven valuable for social science researchers interested in spatial patterns of behaviors and attitudes. However, in 2019 Twitter announced a change in their geolocation policies, which significantly reduced the number of tweets that are geocoded (Kruspe et al., 2021). For this reason, in our dataset, we have significantly fewer 2020 tweets (233,116) than 2015 tweets (4,118,001). Of the geocoded tweets for both years, we have tweets geocoded at the state level. In our analysis we are able to identify similarities and differences between states, but not within states. Given the significant differences between the 2 years in terms of tweets, as well as differences between states in terms of total tweets (e.g., New York has many more tweets than South Dakota), our results are reported out in percentages. Moreover, to ensure results were not skewed by a few large states (e.g., California, New York), we analyzed percentage of local tweets out of all tweets within each state.

For a deeper analysis of tweets, we focus on three states, New York (NY), Pennsylvania (PA), and Alabama (AL). These three states were selected due to each of the author's prior research and knowledge about food and agricultural issues within these three states. When referring back to the LFSI ranking by the Union of Concerned Scientists, we find that NY, PA, and AL were ranked 14th (high), 26th (medium), and 44th (low) in LFSI, respectively.

We also conducted a thematic analysis (Guest et al., 2011) of each individual tweet from our three states—NY, PA, AL—to better understand the issues of importance, as well as the context of the views expressed. Due to the brevity and casual nature of tweets, we focused on their functional meaning (Van Dijk, 1985) and sought to identify the surface or “semantic appearance” of themes (Javadi and Koroush, 2016). Analyzed were all 2020 tweets that included the word Local and at least one of the following: Food, Farm, or Restaurant. In addition, all tweets were searched for the words Food Bank, Food Pantry, Food Hub, and CSA within these three states and, if present, these tweets were also assessed.

The qualitative analysis began with a preliminary scan of each tweet and the development of a coding scheme. For example, during the initial assessment of LocalFarm tweets several themes emerged including frequent references to farmers markets; buying or supporting local foods, farms, and related businesses; specific foods, beverages, and products; and pandemic related health issues such as sanitation and social distancing. Each of these themes were assigned a code. Using Excel, each tweet (row of data) was coded for each theme (columns of data) accordingly, meaning that each tweet was assigned a 1 for the presence of an identified theme or a 0 for the absence of the theme. When a tweet referenced a type of enterprise, event, or activity that was unclear, a Google search was conducted before coding. For instance, the tweet “Please support the local non-profits [sic] that give your community its heart and soul Happy Dog Farm LLC” was found in a search of LocalFarm tweets in Pennsylvania. A Google search of Happy Dog Farm LLC revealed that it is an apple orchard and cider mill, which was not evident from the name, alone. During coding of this tweet a 1 for the “support/buy local” code was assigned, and a 0 for the “farm market,” “food/product,” and “human health” codes was used because these codes were not present in the tweet. After initial coding, the codes were reevaluated and the codebook was adjusted to assure consistency, then all tweets were coded again. The goal of this coding procedure was to identify thematic patterns. Thus, the last step was to record the frequency of each coded theme and to summarize the themes as a percentage of the coded tweets. Tweets counted as LFSI were those that specifically referenced nearby farms, farmers, or community supported agriculture (CSA); urban agriculture; farmers markets or specialty markets that aggregate local and/or regional foods; processing or manufacturing businesses that claimed to make foods from locally sourced ingredients (e.g., butcher, baker); and farm-to-table restaurants or special menus at restaurants created to highlight local foods.



FINDINGS


Google Trends Data

The Google Trends data shows a clear pivot to local food issues. Google Trends measures searches “scaled on a range of 0 to 100 based on a topic's proportion to all searches on all topics” (Google, 2021) over a specified period of time. Figure 1 reflects these data over the period from December 4, 2016 to December 1st, 2021, with the goal of showing change overtime. Each graph emphasizes a few years prior to the pandemic and searches occurring during the COVID-19 pandemic. As the figure shows, searches for terms associated with local and food peaked at or around the date of the state and federal lockdowns for most of the search terms of interest. The exception is “community supported agriculture” (E) which tends to peak cyclically during the CSA signup season in the spring and “Local Restaurant” (C), which peaked both during lockdown and as restaurants re-opened. “Local” (A), “Local Food” (B), “Local Farm” (D), and “Food Bank and Pantry” (F) all peaked during the initial lockdown. “Local Farm” (D) searches continued to be high over time as the food supply chain crisis developed. Because the effect on farmers was covered in the news during that time period, we infer that the rise in searches indicates that the local pivot did occur among consumers, including a turn to local farms and local food, as well as, to some extent, local restaurants. Interestingly, “Food Bank and Pantry” (F) searches peaked quickly and then stabilized at a somewhat normal rate for this time period.
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FIGURE 1. Google Trends Local Food Related Searches between December 4, 2016 and December 1, 2021. (A) Local. (B) Local food. (C) Local restaurant. (D) Local farm. (E) Community supported agriculture. (F) Food bank and food pantry.




Twitter Data

Our examination of Twitter data provides a more granular set of evidence on the local pivot. Because our Twitter data is geolocated, we can also examine data by state. We find that, nationwide, Twitter data did not reflect a substantial pivot to the local. When comparing 2015–2020 data, nationwide there was an overall decline in references to Local and Food (30.2% in 2015 and 23.4% in 2020) and Local and Farm (15.9% in 2015 and 12.2% in 2020). In contrast there was an increase in references to Local and Restaurants (14.9% in 2015 and 28.4% in 2020). Not shown in the data tables are data associated with Community Supported Agriculture, Food Hubs, Food Bank, and Food Pantry. These data are not reported because we did not see a percentage change in tweets that reference Community Supported Agriculture or Food Hubs (<0.0% for 2015 and 2020) and the terms Food Pantry and Food Bank appear <1% of the time in both 2015 and 2020.

To understand whether or not states with higher LFSI were more likely to pivot, we grouped states into low, medium, and high LFSI based on the Union of Concerned Scientists (2018) rankings (split equally with 16 states in each stratum). Focusing on all local tweets within each state, we then compared low, medium and high LFSI states. We find a general trend toward states that have higher LFSI tweeting more about local farms in 2020, while states lowest in LFSI were more likely to tweet about local restaurants (see Table 1). To ensure no one state in a grouping was an outlier in tweeting excessively about local, we analyzed the percentage of Local Restaurant/Food/Farm tweets by state. The range of Local Food related tweets was 0.5% to 3.5%, with the median being 1.6% of all tweets within each state. In total across all states there were 3,980 (64%) Local Food/Restaurant/Farm tweets out of a possible 6,218 tweets that mention Local (excluding Washington, D.C.) in 2020. However, Local Food/Restaurant/Farm tweets make up only 1.7% of all 233,122 geocoded tweets in 2020.


Table 1. 2020 Results for local restaurant/food/farm tweets out of all local tweets (n = 6,218) for states ranked low, middle, and high in local food system infrastructure (LFSI)a.
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For the three states in our analysis, 2.7% of Alabama tweets (32 out of 1,195), 2.4% of New York tweets (567 out of 23,275), and 2.6% of Pennsylvania tweets (279 out of 10,844) referred to local. When focusing on the tweets that reference local within each state (see Table 2), the smallest percentage of tweets was related to LocalFarm. New York had the largest percentage of LocalFarm tweets at 15.9% in 2020, compared to 19.9% in 2015. LocalFarm was tweeted 12.5% in Pennsylvania, compared to 16.1% in 2015. Only 3.1% of Alabama tweets were LocalFarm, which declined from 12.1% in 2015. Alabama had 37.5% of local tweets focused on restaurants in 2020 compared to 7.6% in 2015, while New York had 24.7% of local tweets focused on restaurants (vs. 15.3% in 2015), and Pennsylvania had 20.4% of local tweets focused on restaurants (vs. 12.6% in 2015). LocalFood represented 28.1% of the 2020 Alabama tweets, compared to 33.3% in 2015. Similarly, 26.5% of tweets from Pennsylvania focused on LocalFood, but this was a slight increase from 24.6% in 2015. The lowest percent of LocalFood tweets among the three states in 2020 were from New York at 22.9%, compared to 24.5% in 2015. Looking more deeply at the 2020 LocalFood tweets, we find differences in the context.


Table 2. Results of local restaurant/food/farm tweets out of all local tweets within the state.
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LFSI and the Local Pivot: Content Analysis in More Detail

To further understand the data presented above, we did a more detailed, thematic, analysis of the Local tweets in New York, Pennsylvania, and Alabama. Our goal was to determine the context in which word Local was used, particularly when combined with words associated with LFSI. As shown in Table 3, of the Local tweets, AL had the highest percentage of combined restaurant, food, and farm tweets (68.8%, n = 22). However, AL also had a far lower percentage (3.1%, n = 1) of combined LFSI tweets compared to the other states. The highest percent of combined LFSI tweets were from NY (18.9%, n = 107), followed by PA (13.6%, n = 38). Surprisingly, there were virtually no LFSI tweets focused on food banks and pantries or CSAs (Table 4) and there were no references to “food hubs” in any of the three states (not shown).


Table 3. Results of thematic analysis of local restaurant/food/farm tweets out of all 2020 local tweets within the state to identify tweets that reference local food system infrastructure (LFSI).
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Table 4. Results of thematic analysis of all 2020 food bank, food pantry, and community supported agriculture (CSA) tweets in the state to identify tweets that reference local food system infrastructure (LFSI).
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Local Restaurant Tweets by State

Across the three states, Alabama had the highest percent (37.5%, n = 12) of LocalRest tweets, but none of them were associated with LFSI. Instead, most of these tweets called for supporting local restaurants and to do so via take-out and delivery. One tweet focused on restaurants feeding health care providers. Among all Local tweets from Pennsylvania, 20.4% (n = 57) focused on LocalRest. Many of these tweets (65.0%, n = 37) focused on supporting local restaurants, primarily via take out. Several others mention a “Support Local Sunday” campaign while another noted the founding of a new NGO, the Independent Restaurant Coalition, which claims to represent independent restaurants and chefs and aims to lobby local, state and federal governments to save local restaurants and their impacted employees from the financial impacts of COVID-19. Support for local breweries was 14.0% (n = 8) of the LocalRest tweets. Only two of the Local Pennsylvania tweets (0.7%) mentioned LFSI; a co-op and a cottage bakery noted their connection to local farmers. Of New York's Local tweets, 24.7% (n = 140) focused on restaurants. More than half (52.1%, n = 73) of these LocalRest tweets were calls for support, particularly via takeout and delivery. None of the LocalRest tweets from New York mentioned local farms, farmers, or any other aspect of LFSI. Instead, 15.7% (n = 22) of the LocalRest tweets focused on health-related conditions of restaurant patronage (e.g., masks, social distancing) and meals supplied to health care and frontline workers.



Local Food Tweets by State

Alabama also had the highest percent of LocalFood (28.1%, n = 9) tweets, but only one was associated with LFSI. This tweet referenced farms associated with the USDA Farmers to Families Food Box program. These food boxes were authorized with the passage of the 2020 Families First Coronavirus Response Act, and were a response to reports of farm-level food waste coupled with increasing food insecurity. The Act authorized the US Secretary of Agriculture to buy fresh produce, dairy, and meats, and to distribute these products to food banks and non-profits who would provide the Boxes to families in need (Agricultural Marketing Service, 2020). Of the remaining eight tweets, one focused on food security broadly (i.e., a food drive competition between two major universities) whereas the remaining tweets focused on restaurants. Of these six restaurant tweets, half (n = 3) supported a specific establishment because it was owned and/or operated locally.

Of the Local tweets from Pennsylvania, 26.5% (n = 74) were LocalFood tweets, 9.5% (n = 7) of which mentioned food associated with LFSI including farmers, farmers markets, and community gardens. Another 28.4% (n = 21) of the Pennsylvanian LocalFood tweets called for supporting a local business regardless of type. Overall, the highest percent (40.5%, n = 30) of LocalFood tweets referred to an unspecific food business or event (e.g., wine and food festival, food photographer, unnamed establishment), six of which focused on locally crafted beer. None of the latter noted the source of the ingredients brewed. A specific restaurant was mentioned in 31.1% (n = 23) of LocalFood tweets, including food trucks (n = 6) and food delivery (n = 2). Food security was the next most common topic, but it represented only 8.1% (n = 6) of the LocalFood tweets in the state.

The lowest percent of LocalFood tweets were from New York (22.9%, n = 130), but the state also had the highest percent of Local tweets related to LFSI (7.4%, n = 42). More than a third of New York's LocalFood (34.6%, n = 45) tweets focused on restaurants and other food related businesses such as bars and other unspecified food related establishments. More than a third of the LocalFood tweets (36.2%, n = 47) also made a direct plea to support local businesses, more than half of which were specific to restaurants (51.1%, n = 24). Food delivery and food trucks were noted in 2.9% (n = 17) of the New York LocalFood tweets. New York LFSI tweets focused on farms and farmers (31.0%, n = 13), specialty grocers or markets that sold local foods (21.4%, n = 9), and various food businesses associated with food and beverage production using locally sourced ingredients (e.g., soup maker, micro-bakery, tasting room) (19.0% n = 8). In addition, 11.9% (n = 5) of the LFSI tweets focused on waste composting including references to Flower City Pickers, an NGO focused on food recovery and Happy Scraps, a business that supplies local farms. New York LFSI tweets also noted supplies for community or urban gardens; a business taking orders for “organic farm to table local food;” a complaint about the “phalanx of regulatory hurdles” faced by local food systems actors; and an online service, Phrankly, that tracks the source of foods that are claimed to be local. Food security was the topic of 10.8% (n = 14) of the New York LocalFood tweets and of those, three specifically noted a collaboration among local farmers and a food pantry, whereas the others centered on the efforts of non-profits or faith-based organizations. In contrast, one stated that “Local food shops are our food security.” There were also a small number (1.4%, n = 8) of LocalFood tweets that focused on feeding essential workers, particularly hospital personnel.



Local Farm Tweets by State

LocalFarm yielded a smaller percent of Local tweets from all three states. Only one of these tweets came from Alabama and it was specific to food security. In contrast, LocalFarm represented 12.5% (n = 35) and LFSI was 10.4% (n = 29) of the Local tweets from Pennsylvania. None of the Pennsylvanian LocalFarm tweets referenced food security, but one noted the importance of helping students make good food choices. Instead, LocalFarm tweets from Pennsylvania tended to focus on LFSI (82.9%, n = 29), naming a specific farm or farm stand (62.9%, n = 22), and to a lesser extent, a farmers' market (20.0%, n = 7). Many of the LocalFarm tweets that called for “support local” or “buy local” (31.4%, n = 11) also referenced a specific farm, although a few were general statements such as “Please support the local non-profits [sic] that give your community its heart.” Many of the LocalFarm tweets from Pennsylvania also noted specific foods or locally produced items such as small batch cheese, Amish pies, and various forms of artwork (60%, n = 21). Of the LocalFarm tweets that were food focused, five concerned “burgers” or breakfast that was served at a pub or restaurant.

Of the Local tweets from New York, 15.9% (n = 90) were LocalFarm and 12.5% (n = 71) of Local were about LFSI. Like Pennsylvania, most LocalFarm tweets focused on a specific farm or farm stand (55.6%, n = 50), more than half of which (52.0%, n = 26) concerned specific foods that could be purchased—fruits, vegetables, meats. While farmers' markets received less attention than farms, when combined with specialty grocers that aggregated local foods, it represented 23.3% (n = 21) of New York LocalFarm tweets. Nearly a quarter of the LocalFarm tweets (23.3%, n = 21) specifically requested support for local farms or farmers. One, stated, however, “We are an open air farmers market providing an ESSENTIAL service to this city….” Food was the context of 15.6% (n = 14) of New York LocalFarm tweets; promoted were special meals, foods, or wines made with locally sourced ingredients. Only three of the New York LocalFarm tweets referenced food security, two of which said, “Pay the Farmer, Feed the People,” an effort by the NGO, World Central Kitchen. World Central Kitchen was founded by celebrity chef José Andrés in 2010 to provide meals post-disaster. Some of the LocalFarm (16.7%, n = 15) tweets appeared to be health related as they referenced, for instance, protective measures—masking, social distancing, drive-thru farm tours—and operating according to a “new normal.”



Food Pantry/Bank and CSA by State

All states had <1.0% of Local tweets that referenced food banks and food pantries. Of Local tweets that focused on a Food Bank/Pantry in Alabama (0.3%, n = 4) none of them were relevant to LFSI. Instead, these Local tweets focused on groups that supplied donations, as well as general bank/pantry operations. Pennsylvania had the same percent (0.3%, n = 29) of Local tweets relevant to Food Bank/Pantry, and only one was about LFSI. The latter tweet mentioned farmers and it appeared to be associated with the USDA Farmers to Families Food Box program. Like Alabama, the Pennsylvanian Food Bank/Pantry tweets concerned operations (e.g., hours, location), especially volunteerism (38.5%, n = 10) and donations (30.8%, n = 8). The lowest percent (0.2%, n = 42) of Local tweets that focused on food banks or pantries was from New York. Again, only one of these tweets reflected LFSI, a specific reference to eggs. The most common topic among the New York Food Bank/Pantry tweets was donations (40.5%, n = 17), nearly half of which (47.1%, n = 8) were related to actual meals; tweets about volunteerism were secondary (19.0%, n = 8).

Of all Local tweets from across the three states, CSA (community supported agriculture) yielded only one and it was from Alabama (0.1%). None of the three states had tweets referencing food hubs.




Summary of Local Tweets by State

Overall, the tweets from each state have somewhat different concerns. In Alabama, “local” was generally limited to supporting place-based businesses, particularly restaurants. Saving local businesses, including restaurants, was important to Pennsylvanian tweeters, but there was also an emphasis on events, activities, and especially products associated with the character or culture of state (e.g., craft beer, Amish foods). New York tweeters also showed a commitment to the well-being of restaurants, but they expressed a wider range of concerns, many of which were focused on LFSI, and to a lesser extent, food security, and public health.

Among all Local tweets, restaurants including pubs and food trucks was the most common topic. Very few of these tweets referred to either a chain or a farm-to-table restaurant. Instead, many focused on supporting specific neighborhood and/or family-owned businesses. Tweets about LFSI tended to focus on a specific business, as well. Surprisingly, food security including food banks and pantries, received relatively little attention via Twitter, even though the Farmers to Families Food Box program was a major policy initiative at the national level and the CARES Act provided important state and local level resources [HFPP (Health Food Policy Project), 2021].




DISCUSSION

We analyzed Google Trends and Twitter discourse to examine the extent to which consumers pivoted to the local during the 2020 COVID-19 food supply chain crisis. While Google Trends data showed a strong, although brief, pivot to local, the comparison of tweets pre- and during the food supply chain crisis did not reveal a major pivot to local. In fact, a smaller percentage of tweets included local as a topic in 2020 compared to 2015. There could be three reasons for our results: first, it may be the case that Twitter does not reflect the behavior we are seeking to examine. LFSI and consumers looking to provision themselves during the pandemic may not mention their concerns on this form of social media. Twitter is a very public form of communication and people looking to provision themselves may not find Twitter to be useful for this purpose. Secondly, despite massive lines at food banks early on in the pandemic, Twitter is an unlikely communication choice for the food insecure, both because Twitter users tend to be younger and over-represented among professional occupations and because the public nature of Twitter is not a place where people are likely to publicize something as private as hunger. However, we did find that people used Twitter to support local restaurants, indicating that Twitter is used by communities for local purposes beyond provisioning. In that case, tweets supported a local food business rather than a local food system. It is interesting, however, that Twitter was used more sparingly to support local farmers who had lost markets, particularly during the shutdown, even in rural areas. This is particularly important to note given that tweeters tend to be demographically similar—younger, professional, Democrats—to those who engage in local food movements (Wojcik and Hughes, 2019). Because people did use Twitter to talk about local restaurant issues, we believe that the lack of Tweets on local food systems provides some evidence that “the local pivot” was not a nationwide phenomenon.

This leads to the question of whether LFSIs have the capacity to respond to food supply chain crises. We did find that states with a strong LFSI had a somewhat higher percentage of tweets referring to local in general and to locally related to AFNs in particular, confirming previous case studies of the role of LFSI coordinating local pivots.

Our analysis of Twitter data also indicates that social media was used by some LFSI during the crisis. New York tweets about local food systems included World Central Kitchen (WCK). As previously mentioned, WCK was initiated by José Andrés as an extension of DC's Central Kitchen. Similar to Central Kitchen's mission, the goal of WCK is to provide emergency food relief, but with a focus on sustainable, locally sourced foods, and strengthening LFSI. Given that one of Twitter's features is its global reach (Leetaru et al., 2013) it might be WCK, as a global actor, was more likely to use this form of social media. Takhteyev et al. (2012) did find that two-fifths of all tweets are tied to the local. However, they also note that compared to other social media, Twitter forges weaker social ties.

Our findings indicate that using Twitter data to discover LFSI activity needs to be treated with caution. Except for World Central Kitchen, LFSI members do not appear to be using Twitter to inform communities about food availability, need for volunteers, or participating farms. People without food also did not appear to engage with Twitter to find food. Instead, Google Trends indicates that people were more likely to do a google search.

One major finding from our analysis is that “local” is not solely the provenance of the relocalization movement. “Local” can mean many things not related to AFNs (see Hendrickson and Heffernan, 2002). In particular, people can support local businesses even if they are not familiar with or part of AFNs. Tweets indicate that people were more concerned about getting their local restaurants over the hump of the crisis than they were with local food systems resilience or local farmers. Local farms, farmers, and farm markets were hardly mentioned, although they were mentioned the most in states with higher LFSI. The idea of supporting local restaurants in general was high across all locations, but contextually, states higher in LFSI were more likely to engage with topics related to supporting LFSI, indicating some overlap in the idea of maintaining local economies as alternatives to global food supply chains, even if those restaurants were dependent on global food providers. Concomitantly, there was little indication that residents of local places were concerned about the survival of chain restaurants in their cities and towns, despite the fact that many chain restaurants experienced a rise in drive-in customers during this period (Northfield, 2021). In other words, we learned that local means different things to different people. And yet, states with higher LFSI do have a higher percentage of tweets focused on farms or locally sourced foods. This may indicate that places with strong social infrastructure may be overlapping, but not entirely congruent with, alternative local food system infrastructure.

Research on responses to the COVID-19 food supply crisis indicates that LFSI can play a strong role in maintaining food system resilience. However, as our data show, the role that LFSI may have played so far has been spotty and varied from one place to the next. This does not mean that tweeters are uninterested in local issues: a deep dive into the tweets found strong support for local businesses and presumably the local community. We found that only through a deeper dive into the tweets were we able to understand what people were talking about when they mentioned local food. Keywords mean different things in different tweets. Thus, it was necessary, we found, to analyze tweets through a manual content analysis. What we found was informative. For example, reference to “local farm” is as likely to refer to a wedding venue as to a food source.

The literature on LFSI contributions to food system resilience during supply chain crises indicates a strong potential role for AFNs to strengthen LFSI to respond to crises. It makes sense that maintaining active shorter food chains function as insurance to protect from potential future global food chain crises. It remains to be seen as to whether the places that did pivot to the local will maintain a strong LFSI between crises. However, it is important to note the critical role of local, state, and federal policies in not only maintaining food supplies during the crisis, but also ensuring a resilient food system (Darnhofer, 2014; Béné, 2020). Critical perspectives on relocalization remind us that placing the burden on small local organizations to “fix” the food system may be asking too much of these actors. Instead, some agri-food scholars have called for a “multi-actor” approach (e.g., Morgan et al., 2006; Sachs, 2021) to a more resilient food system. Such multi-actor engagement is something not reflected in Twitter discourse. However, the results of our analysis of Twitter suggests that a multi-scalar approach during moments of crises or food system disruption may be necessary to support LFSI. Recognizing that Twitter is not generalizable to the entire U.S. population, further studies need to explore in a more systematic manner a more multi-scalar approach. Additional studies should further explore questions surrounding the types of “local” that consumers seek to support.
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The COVID-19 pandemic impacts have arguable been more pronounced in the developing world, such as the Small Island States (SIDS) of the Caribbean, where a plethora of geophysical and socio-political factors have led to increased vulnerability, particularly in fragile sectors such as agriculture. The pandemic added another layer of complexity to the unstable agri-food systems of SIDS in the Caribbean. Measures to contain the unfolding crisis have tremendously disrupted food systems by threatening the production, distribution, and marketing of commodities which exposed the frailty of the region's food security. Caribbean SIDS are highly dependent on food imports and relies on international markets to secure food. Many are also dependent on agricultural exports and have a large portion of their population involved in agriculture making them particularly vulnerable to the rigors of the pandemic. Export restrictions on foodstuff and prohibitions due to lockdowns and border closures further exacerbated these challenges. Additionally, food and nutrition security in the region is also subjected to the effects of climate change and climate-related disasters. Dealing with the impacts of co-occurring disasters is, therefore, an ever-present threat. This study examines the impact of COVID-19 on the agri-food supply in the Caribbean. It also identified measures and initiatives adopted to cope with these disruptive consequences. The study involves the use of internet-based surveys and focus group discussions and internet-based surveys with stakeholders and online searches for related literature. A total of 96 farmers, 60 food distributors, 84 food service operators, and 237 consumers from the region participated in the online survey and 4 focus group discussions between January and November 2021. The results confirmed that the impacts of the COVID-19 pandemic were evident along the entire agri-food supply chain and numerous challenges and shocks were identified across all participating groups and countries. Some challenges and shocks such as loss of income and related challenges including lower sales and loss of markets affected all groups in the study but to varying degrees and based on socio-demographic factors. In general people of lower income status and smaller businesses were more susceptible to the negative impacts of the pandemic.

Keywords: agri-food system, Caribbean SIDS, food security, food system resilience, COVID-19 pandemic


INTRODUCTION

The COVID-19 pandemic has significantly impacted and continues to impact all sectors of society globally. The impacts have been arguably more pronounced in the developing world, particularly in the Small Island Developing States (SIDS) including those of the Caribbean, where a plethora of geophysical and socio-political factors have led to increased vulnerability, of fragile sectors such as agriculture (Blazy et al., 2021). The pandemic added another layer of complexity to the traditionally unstable agri-food systems of SIDS in the Caribbean, further limiting local production and exposing the need to address crucial food security issues primarily linked to the high dependence on food imports (Blazy et al., 2021). Sudden shocks mainly from supply chain bottle necks are becoming more and more evident and are now considered a serious threat to not only food and nutrition security, but also the general livelihoods of people to an unprecedented degree as impacts extend to other key socio-economic sectors across the region. Regional governments were forced to implement measures in response to the pandemic that have also contributed to the status of food insecurity in the region (Stephens et al., 2020). The restrictions on movement, border closures, and lockdowns, which all served as containment measures to curb the spread of the COVID-19 virus had and continue to have adverse impacts on the regional agricultural sector (Goswami et al., 2021). In many instances, the flow of inputs to farmers and their produce to markets have been disrupted leading to significant quantities of fresh fruits and vegetables being either dumped or left to decay in farmers' fields (Stephens et al., 2020; Torero, 2020). During the early stages of the pandemic, most countries in the region were able to adequately cope with the initial shocks and supply chain disruptions but as the pandemic ensued countries in the region are finding it increasingly difficult to manage, with many countries battling to supplement their food supplies and minimize food price inflation. The pandemic coupled with the geophysical and climate-related limitations, has placed Caribbean SIDS in a precarious position that needs urgent redress. According to Blazy et al., (2021), the pandemic led to a drop in income, production losses due to difficulties in marketing through conventional channels, but also difficulties in managing the farming systems due to reduced access to inputs and labor.

In February 2021 it was estimated that there were ~2.7 million food insecure people in the Caribbean compared to 1.7 million in April 2020 according to the Caribbean Community and Common Market (CARICOM) COVID-19 Food Security and Livelihoods Impact Survey conducted by the World Food Programme (WFP) in partnership with the CARICOM [Caribbean Community (CARICOM) et al., 2021]. This survey was conducted to rapidly gather data on the impacts on livelihoods, food security, and access to markets in CARICOM. Caribbean SIDS are net food importers, with at least seven of these countries importing more than 80–90% of all food consumed and only three Caribbean countries (Guyana, Belize, and Haiti) produce more than 50% of their own food [Caribbean Community (CARICOM) et al., 2021]. In fact, Caribbean food supply is heavily dependent on imports, primarily from the USA where 15 CARICOM countries source up to 94% of their food imports from the USA market. The analysis of this survey showed that disruptions in transport routes resulted in many low-income countries having to devolve food distribution or seek alternative delivery routes which led to considerable food price inflation that consequently limited access to lower income sectors of society [Caribbean Community (CARICOM) et al., 2021].

The Caribbean region attempted to unite to reduce loss of life and further spread after the first confirmed case of the COVID-19 was reported on March 1st, 2020, in the Dominican Republic and on March 11th in Jamaica (Murphy et al., 2020). This came at a time when the region was preparing to roll out their annual disaster management plans (from June to November) for the 2020 Atlantic hurricane season (Marshall et al., 2021). A “COVID-19 Response Agri-Food Plan” was developed throughout the region to minimize the impact on food security, concentrating on adequate food access and production within the region (Marshall et al., 2021). National disaster and public health agencies in the region having to deal with managing these co-occurring hazards using generic policies shared by global public health agencies, therefore downplayed the urgency in dealing with place-based food security considerations (Marshall et al., 2021). Generic policies only provide general guidelines with limited consideration for the intrinsic geophysical and socio-cultural characteristics of Caribbean SIDS, and thus were ineffective (Marshall et al., 2021). On the consumer end, the demand for imported products is considerably high throughout the region, as large-scale external producers benefit from a competitive advantage that local producers are unable to match, in terms of quality, quantity, and price (Marshall et al., 2021). FAO (2021) data reports that 94% of all CARICOM imports of cereals, 90% of edible fruit and nut imports, and 90% of edible vegetables, as well as certain roots and tubers imports all come from the USA. Staple foods such as wheat and rice form the bulk of food imports to the region in addition to highly processed, sugary foods and beverages, which contribute to the high levels of obesity and other diet related lifestyle diseases and the triple burden of malnutrition (Fanzo et al., 2019; Saint Ville et al., 2019; Hickey and Unwin, 2020). According to Heck et al. (2020), wheat and rice prices compared to March 2019 have jumped by 8 and 25%, respectively. These trends highlight the complexity of addressing the food security dimensions of the COVID-19 pandemic, amidst climate shocks, loss of soil fertility, increasing pests and diseases, limited available land and the interplay of loss of incomes and availability and affordability of local and imported foods (Ganpat and Isaac, 2015; Beckford and Rhiney, 2016).

Globally, agri-food systems contribute an estimated 11 billion tons of food each year and significantly contribute to the GDP of many economies. Risk is inherent in agri-food systems and their vulnerability became a stark reality in 2020, when measures to contain the COVID-19 pandemic disrupted global and national supply chains and caused economic downturns in many countries due to loss of purchasing power, impacting food security and nutrition of vulnerable people, especially women and children in developing countries. The first 3 months of the pandemic disrupted connections between supply and demand, even within well-established supply chains. Heck et al. (2020) described the pandemic as threatening the “software” and not the “material hardware” of food production, as other concurrent climatic and ecological crises do.

Having more resilient agri-food systems are critical to food and nutrition security, especially for vulnerable SIDS. The United Nations Common Guidance on Helping Build Resilient Societies defines agri-food systems' resilience as “the capacity over time of agri-food systems, in the face of any disruption, to sustainably ensure availability and access to sufficient, safe and nutritious food for all, and sustain the livelihoods of agri-food systems' actors” (United Nations, 2020). It calls for sustained efforts to merge tradition and modern agri-food systems by examining their three major components: (i) primary production; (ii) food distribution, linking production to consumption through food supply chains and transport networks; and (iii) household consumption, including intra-household food distribution. Key actors are farmers or producers; those providing input supply, post-harvest, storage, transport, and food processing services; food distributors, wholesalers, and retailers; food service operators and households and individuals as final consumers. Resilient agri-food systems must have a robust capacity to prevent, anticipate, absorb, adapt, and transform in the face of any disruption, with the functional goal of ensuring food security and nutrition for all and decent livelihoods and incomes for agri-food systems' actors. Such resilience addresses all dimensions of food security but focuses specifically on the stability of access and sustainability, which ensure food security in both the short and the long term (FAO, 2021). This study explores the impact of the COVID-19 pandemic on agri-food systems in selected countries in the Caribbean. It also identifies some measures and alternative food initiatives that could be adopted to mitigate some of the negative impacts.



METHODS


Data Collection

Data collection involved the use of online surveys, and focus group discussions among farmers, food distributors, food service operators, and consumers. The surveys were done over the course of 11 months (January to November 2021) and involved nine Caribbean countries (Trinidad and Tobago, Barbados, Jamaica, Antigua and Barbuda, Dominica, Grenada, St. Kitts and Nevis, St. Lucia, and St. Vincent and the Grenadines). The surveys were publicized and distributed using various crowdsourcing approaches including direct emails and social media. Due to the limitations of the online survey, random selection was not possible. A total of 96 farmers, 60 food distributors, 84 food service operators and 237 consumers from the region participated in the online survey (Figure 1). All respondent group were asked to provide various socio-demographic information including gender, age, and nationality. To assess the impact of the COVID-19 pandemic on the agri-food supply chain in Small Island Developing States in the Caribbean, survey participants were asked whether they experienced challenges and shocks, and if so, to identify the type of challenges and shocks and to describe coping strategies they may have employed. Respondents were also asked to rank the impact of the pandemic on a scale of 1–10, with 1 being very negative and 10 being very positive.
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FIGURE 1. Map of the Caribbean highlighting countries and different groups in the agri-food system involved in the survey.




Focus Group Discussions (FGD)

A focus group is a small group discussion on issues relevant to a topic and is frequently used to collect qualitative data (Krueger, 1994). This methodology was used to develop an understanding of the impact on lives and livelihoods across the region because of the COVID-19 pandemic. Focus groups discussions have been successfully used in numerous food security studies to obtain information regarding food choices and diets within the context of lived experiences as stated by Raibee (2004). In this study, four (4) focus groups discussion were conducted using informal face to face focus group sessions in Farmers' markets in Trinidad (vendors, farmers, and consumers). For face-to-face discussion, COVID-19 safety protocols had to be observed so no more than 2 people were questioned at a time, which limited the number of respondents. Each focus group took between 10 and 15 min and all responses were documented. Discussions were guided by ten open ended core questions which were as follows:

1. What are the main sectors affected by COVID-19 in your community?

2. What are some of the main challenges faced?

3. How have these challenges been overcome?

4. Any new opportunity because of the challenges encountered?

5. Were new markets accessible?

6. Was money accessible?

7. Do you have better access to markets now compared to the start of the COVID-19 pandemic)

8. Were there changes in the cost of food items/raw materials compared to the same period during the past 4 years?

9. Could you mention some food items for which prices have increased or decreased?

10. Were you the recipient of any support from the Government/ private sector or NGO?



Coding and Data Analysis

Data obtained from the online surveys were numerically coded and statistically analyzed using the Statistical Package for Social Sciences (SPSS v. 28). Coded data were then subjected to both descriptive and inferential statistical analysis (frequencies, and cross-tabulation). Chi-square tests of association were performed to examine significant associations between qualitative variables and socio-demographic factors. Similarly, one-way analysis of variance (ANOVA) tests with the associated post-hoc test (Tukey's b) was performed to examine significant differences among means of impact scores with the socio-demographic factors as independent variables.




RESULTS


Characteristics of Respondents

The socio-demographic characteristics of respondents are presented in Table 1. Of the 96 farmers, 66.7% were male and 56.3% were between 25 and 44 years, 39.6% were 45–64 years old, and 4.2% were <25 years old. Most farmers (68.8%) in the study were from the Eastern Caribbean, with 10.4% each from Trinidad and Tobago, Barbados, and Jamaica. In terms of land ownership, some 41.7% of farmers produced food on family-owned land, 25% rented or leased state land while rent or leased private land and full ownership both separately accounted for 16.7%. Most food distributors were male (53.3%), with the age category 25–44 years accounting for a majority (51.7%), followed by 45–64 years (23.3%), <25 years (18.3%) and 65 years and older” (6.7%). Some 36.5% of food distributors in the study came from Trinidad and Tobago, 25% from Barbados, 23.3% from the Eastern Caribbean and 15% from Jamaica. Food distributors from rural areas comprised 60% of the sample and the remaining 40% from urban areas. Equal proportions (50%) of male and female food service operators participated in this study. Some 42.9% was in the age category 25–44 years old, 35.7% 45–64 years old, 16.7% was <25 years old and 4.8% was 65 years or older. Some 42.9% operated in Trinidad and Tobago, 33.3% operated in the Eastern Caribbean, and 23.8% operated in Barbados. Most (57.1%) food service operator were from rural areas and 42.9% in urban areas. The highest number of consumer respondents were female (68.8%) and 51.8% of the sample was 25–44 years, 25.9% was 45–64 years, 21.2% was <25 years and 1.2% was 65 years or older. Most consumers lived in urban areas (57.6%), while the remaining 42.4% lived in rural areas. Finally, 51.8% of consumers reported that their household size was between 4–6 members, 42.9% 1–3 members, and 5.3% of households had 7 or members.


Table 1. Socio-demographic characteristics of the COVID-19 pandemic survey participants from the Caribbean.
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Impact of the COVID-19 Pandemic


Farmers

Most farmers (52.1%) reported that they faced challenges and shocks which were directly related to the COVID-19 pandemic. Some 37.5% did not face any challenges and shock while 10.4% were unsure. Some respondents from Trinidad and Tobago reported a boost to their production because of Migrant workers from Venezuela with one interviewee explaining that it was migrant labor that saved the production of vegetables on his farm. Chi-square test of association showed no statistically significant association between experiencing challenges and shocks and any of the socio-demographic factors evaluated. However, several challenges and shocks were reported based on multiple responses, which included loss of income (51.9%), inability to acquire seeds and planting materials (50%), loss of markets or difficulties selling produce (47.9%), increased prices of inputs (44.4%), reduction in production (40.4%), increased incidence of pest and diseases (29.6%), lack or shortage of hired labor (22.9%), and loss of employment among part-time farmers (11.1%) (Figure 2). Focus group discussions in Trinidad and Tobago revealed that farmers were also impacted by employee absenteeism either because of sickness or quarantine orders and 75% of all respondents reported a decrease in direct income because of loss of market or loss of employment. Apart from being affected by lower incomes, smallholder farmers also faced food security challenges in their households. Another finding highlighted by focus group discussions in Trinidad and Tobago was praedial larceny with several farmers reporting increased theft of farm produce, livestock, and agricultural inputs during the pandemic. Among those farmers that experienced difficulties to access seeds and planting materials, 65.4% attributed their experience to markets or stores being closed, 42.3% cited movement restrictions imposed by the country, 42.2% believe there was a scarcity or inadequate supplies, 23.1% cited loss of income, 15.4% cited health or safety concerns and 11.5% attributed it to lack of transportation. Further analysis showed that difficulties to access seeds and planting materials was significantly associated with time in operation (χ2 =18.95, df = 8, p ≤ 0.018) with those farmers that have been operating for 2–5 years and more than 15 years being more likely to experience shocks or difficulties compared to other categories.
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FIGURE 2. Challenges and shocks caused by the COVID-19 pandemic based on the experiences of different groups in the agri-food system in the Caribbean: (A) Farmers; (B) Food distributors; (C) Food service operators, (D) consumers.


Most of those farmers who experienced loss of market or difficulties with selling produce (52.1%) were forced to give away or destroy part of their production due to the lack of marketing and storage capacity. This action was significantly associated with the level of education of farmers (χ2 = 27.51, df = 6, p ≤ 0.001). Farmers who achieved primary school and secondary school education were more likely to giveaway or destroy their produce than those that achieved vocational/technical training and tertiary training. Among those farmers that experienced a lack or shortage of hired labor, a combined 56.5% resorted to hiring alternate labor for their businesses while 37.5% did nothing and 6.1% had no need. The hiring of alternate labor included family members (18.8%), new local labor (18.8%) and migrant labor (18.8%). There was no significant association between experiencing lack or shortage of hired labor and any of the socio-demographic factors evaluated.

Most farmers (58.3%) did not implement any biosecurity measure on their farm or production areas, but 35.4% did and 6.3% were unsure of what to do. This was significantly associated with gender (χ2 = 6.753, df =2, p ≤ 0.034) and education (χ2 = 20.326, df = 6, p ≤ 0.002). Male farmers were more likely to implement biosecurity measures than their female counterparts. Furthermore, farmers with vocational or technical training were less likely to implement biosecurity measures than those of other education categories.

Finally, the overall mean impact score for farmers ranking of the impact of the COVID-19 pandemic on their food production or business operation was 5.85 (SEM ± 0.214). Mean impact scores were significantly different based on level of education (F = 2.943, p ≤ 0.05), monthly household income (F = 7.541, p ≤ 0.001) and land ownership status (F = 2.543, p ≤ 0.037) (Table 2). Among education categories, farmers with vocational or technical level training had the highest mean score of 7.00 (SEM ± 0.829), which was significantly higher than the mean score for those with primary school education (4.20, SEM ± 0.642) (Table 2). Farmers who had a monthly household income of ≥8,000 USD were very optimistic about the impact of the COVID-19 pandemic with a mean score of 9 (SEM ± 0.737), which was significantly higher than households with 2000–3999 USD (5.4 SEM ± 0.341), and households with ≤500 USD (4.3 SEM ± 0.451) (Table 2). Full ownership of their land made farmers more optimistic about the impact of the COVID-19 pandemic with mean a score of 6.6 (SEM ± 0.512) and significantly higher than those that rented or leased private land (4.8 SEM ± 0.512) (Table 2).


Table 2. ANOVA model on the socio-demographic variables for respondent ranking of the impact of the COVID-19 pandemic in the Caribbean.
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Food Distributors

Most food distributors (73.3%) experienced challenges because of the COVID-19 pandemic but 23.4% indicated that they experienced increased sales and 3.3% felt that sales were normal. Based on focus group discussion in Trinidad and Tobago, when asked about new opportunities because of challenges encountered, some respondents indicated that they had more flexibility in working from home, others indicated that there were more opportunities through the burgeoning online markets and delivery services. Experiencing challenges and shocks among food distributors, was significantly associated with business type (χ2 = 11.267, df = 2, p ≤ 0.004), business registration (χ2 = 4.115, df = 1, p ≤ 0.042), rurality (χ2 = 4.602, df = 1, p ≤ 0.001), level of education (χ2 = 17.583, df = 3, p ≤ 0.001), and monthly household income (χ2 =20.533, df = 4, p ≤ 0.001). A significantly higher proportion of food distributors that operated sole proprietorship and partnership businesses experienced challenges compared to those that operated limited liability companies. Furthermore, unregistered businesses were affected by the COVID-19 pandemic in higher proportions than registered businesses. The data also showed that a significantly higher proportion of businesses that operated in rural areas were negatively impacted by the COVID-19 pandemic compared to those operating in urban areas. In terms of education, food distributors with primary and secondary school education were more likely to be affected by the COVID-19 pandemic than those that achieved tertiary training and vocational and technical training. The data also showed that food distributors from households with monthly income of ≤500 USD were more likely to be affected by the COVID-19 pandemic than all other monthly household income categories. In terms of the challenges experienced, 70% of food distributors attributed it to lower sales, 46.7% experienced difficulties with accessing raw materials, 43.3% believed that it was due to higher operating cost, while 26.7% felt it was because customers were not able to access the business and 20% indicated that it was because their businesses were closed (Figure 2). Food distributors gave various responses for how the COVID-19 pandemic affected the supply of agricultural raw materials used in their operation. Most (53.3%) reported that the supplies of raw materials were inconsistent, 36.7% received insufficient quantity of raw materials, and 16.7% indicated that there was a reduction in the quality of raw material received. On the other hand, 30% felt no impact, 23.3% experienced an increase in the quantity of raw materials received. Lack or shortage of hired labor were significantly associated with businesses registration status (χ2 = 6.562, df = 1, p ≤ 0.010), and level of education (χ2 = 11.769, df = 3, p ≤ 0.008). Unregistered businesses were likely to experience higher levels of labor shortages compared to registered businesses. Food distributors with only secondary school education were more likely to experience lack or shortage of labor in their businesses compared to those with primary school education and tertiary education. Various measures were used by food distributors to deal with shortage or lack of hired labor including online sales and distribution (27.8%), hiring family members (22%), hiring migrant workers (22%), hiring local labor (22%) and reducing business and production levels (16.7%), placing workers on shift (11%) and reducing workers salary (11%) (Figure 3).
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FIGURE 3. Measures used by food distributors to handle the lack or shortage of hired labor caused by the COVID-19 pandemic in the Caribbean.


Most food distributors (96.7%) were able to adopt biosecurity measures which became standard practices throughout the COVID-19 pandemic. There was no significant association in biosecurity measures adoption rate among any of the demographic categories evaluated. Food distributors ranked the impact of the COVID-19 pandemic on their distribution business with an overall mean of 5.03 (SEM ± 0.244). Mean impact scores were significantly different based on age (F = 2.988, p ≤ 0.039), business registration status (F = 7.488, p ≤ 0.008) and monthly household income (F = 5.423, p ≤ 0.001) (Table 2). Mean scores for food distributors in the age categories 45–64 (5.43 SEM ± 0.480) and 25–44 (5.39 SEM ± 0.323) were significantly higher than those 65 years and older (3.00 SEM ± 0.899) (Table 2). Registered food distribution companies had a more positive outlook on the COVID-19 pandemic with a mean score of 5.6 (SEM ± 0.317) compared to operators of unregistered businesses 4.4 (SEM ± 0.338) (Table 2). Food distributors who had a monthly household income of ≥8,000 USD were very optimistic about the impact of the COVID-19 pandemic with a mean score of 8 (SEM ± 1.170), which was significantly higher than households with 4,000–5,999 USD (3.3 SEM ± 0.585), 2,000–3,999 USD (4.8 SEM ± 0.324) and ≤500 USD (5.0 SEM ± 0.478) (Table 2).



Food Service Operators

All food service operators (100%) in this study experienced challenges during the COVID-19 pandemic. The challenges experienced included closure of businesses (88.1%), lower sales (50%), raw materials supply or quality (43.6%), shortage or lack of hired labor (31%), higher operating cost (28.6%), customers not able to access the business (26.2%) and other (10%) (Figure 2). Some 35.7% of food service businesses were closed for 6–10 weeks, 28.6% closed for 2–5 weeks, 23.8% closed for 10 or more weeks and 11.9% closed for <2 weeks. Food service operators had various experiences regarding access and supply of agricultural raw materials. Some 43.6% experienced insufficient supply, 33.3% experienced inconsistent supply and 12.8% suggested that there was a reduction in the quality of raw materials supplied. However, 23.1% indicated that they did not experience any noticeable impact on the supply of raw materials. Lack or shortage of hired labor was significantly associated with business registration status (χ2 = 10.364, df = 1, p ≤ 0.001), country (χ2 = 11.259, df = 2, p ≤ 0.004), and monthly household income (χ2 = 17.124, df = 5, p ≤ 0.004). Unregistered businesses were more likely to suffer from a lack or shortage of hired labor compared to registered businesses. Furthermore, shortage or lack of hired labor was more prevalent in Trinidad and Tobago and Barbados than in the Eastern Caribbean countries. Finally, food service operators with a monthly household income of ≤500 USD experienced more labor shortages than those with higher monthly household incomes. Various measures were used to deal with shortage or lack of hired labor. Some 33% resorted to hiring family labor, 26.7% each, increased sale price, reduced workers salary, reduced days/hours for sales and operation and business restructuring. Some 20% each, carried out employment adjustments and reduced business and production levels while 20% did nothing (Figure 4).
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FIGURE 4. Measures used by food service operators to handle the lack or shortage of hired labor caused by the COVID-19 pandemic in the Caribbean.


Food service operators ranked the impact of the COVID-19 pandemic as negative with an overall mean of 3.14 (SEM ± 0.243). Mean impact scores were significantly different based on gender (F = 3.992, p ≤ 0.049), age (F = 5.961, p ≤ 0.001), and country (F = 5.206, p ≤ 0.007) (Table 2). Male food service operators (3.62 SEM ± 0.337) were more optimistic about the impact of the COVID-19 pandemic compared to their female counterpart (2.67 SEM ± 0.337) (Table 2). Similarly, food service operators <25 years old (4.71 SEM ± 0.547) were more optimistic than those 45–64 (2.13 SEM ± 0.374) and 65 years and older (2.00 SEM ± 1.024) (Table 2). Finally, food service operators from Trinidad and Tobago were more optimistic about the overall impact of the COVID-19 pandemic than those from Barbados (Table 2).



Consumers

Most consumers (67.1%) indicated that they experienced difficulties in accessing food throughout the pandemic and this was significantly associated with country (χ2 = 14.245, df = 6, p ≤ 0.027). Although consumers from all countries in the study experienced difficulties in accessing food, it appears that significantly higher proportion in Barbados and Jamaica compared to Trinidad and Tobago and the Eastern Caribbean. In terms of the factors that contributed to the difficulties in accessing food, majority of consumers (54.9%) attributed it to movement restrictions such as curfew and lockdowns, 47.1% experienced difficulties because of their health and safety concerns, 27.5% attributed it to closure of food businesses and 25.5% reported that loss of income and increased food prices caused difficulties for them to access and obtain food (Figure 2). Consumers from the focus group discussion in Trinidad and Tobago when asked to identify the food items for which prices increased or decreased all reported an overall increase in almost all food. Most consumers (79.4%) changed their shopping behavior because of the COVID-19 pandemic. Change in shopping behavior was significantly associated with household size (χ2 = 7.055, df = 2, p ≤ 0.029) with higher proportions of household having 4–6 members changing their shopping behavior. There were multiple ways in which consumers' shopping behavior changed. Most consumers (66.4%) reduced the number of shopping trips, 47.7% bought larger quantities of food than usual, 26.3% bought cheaper and less preferred food, 17.5% started using curbside pickup, 14.5% bought from suppliers with home delivery options and 13.9% bought smaller quantities (Figure 5). Most consumers (63.9%) indicated that they adopted a healthier diet since the COVID-19 pandemic. The adoption of a healthier diet was significantly associated age (χ2 = 10.329, df = 3, p ≤ 0.016) and gender (χ2 = 6.692, df =1, p ≤ 0.008). A significantly higher proportion of consumers between the ages of 45–64 adopted healthier diets compared to other age categories. The data also showed that a significantly higher proportion of female consumers adopted a healthier diet compared to males. Among those consumers that adopted a healthier diet, 58.8% did so because they felt eating a healthier diet would boost their immunity to infection, 19.1% attributed eating a healthier diet to the fear of contracting the virus, 15.5% reported that healthier options became available and 6.6% reported that limited transport affected their access to fast food restaurants and food outlets. These consumers used different means to adopt healthier diets. Most (75.5%) of those consumers adopting a healthier diet indicated that they did so by choosing to consume more home-cooked meals, 36% indicated they used more locally produced food and food ingredients, and 35.1% felt that growing their own food or home gardening contributed to them having a healthier diet. Majority of consumers (65.1%) indicated that they have eaten or used more locally produced food and food ingredients since the COVID-19 pandemic. This was also significantly associated with country (χ2 = 8.474, df = 3, p ≤ 0.037), rurality (χ2 = 6.784, df = 1, p ≤ 0.009) and household size (χ2 = 5.914, df =2, p ≤ 0.050). A significantly higher proportion of Trinidad and Tobago consumers believed they consumed or used more locally produced food and food ingredients since the COVID-19 pandemic compared to other countries in the study. Furthermore, a significantly higher proportion of consumers from rural areas have consumed or used more locally produced food and food ingredients compared to those from urban areas. Finally, a significantly higher proportion of consumers from households with 4–6 members consumed or used more locally produced food and food ingredients compared to consumers from other household size categories.
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FIGURE 5. Changes in consumer shopping behavior caused by the COVID-19 pandemic in the Caribbean.






DISCUSSION

The results indicated that the impacts of the COVID-19 pandemic were felt along the entire agri-food supply chain and numerous challenges and shocks were identified across all participating groups and countries. Some challenges and shocks such as loss of income and related challenges including lower sales and loss of markets affected all groups in the study but to varying degrees. The level of challenges and shocks experienced by each group were also based on various socio-demographic factors. For example, the results indicated that business type, business registration, rurality, level of education and monthly household income were important factors that influenced how food distributors responded to shocks or challenges. Nevertheless, there were also some opportunities that arose due to the COVID_19 pandemic. For example, online sale and delivery services of agricultural produce increased tremendously in Trinidad and Tobago, since people were advised to limit crowd interaction to minimize the spread of the disease. This opportunity, while not new, provided a lifeline for food producers and other operators in a hurting agri-food service industry. The pandemic disruptions sparked technological and organizational innovations that will likely prove permanent. What was notable from respondents in Trinidad and Tobago was the increase in value-added commodities from local foods, such as cassava and sweet potato flour, packaging of a range of other commodities from herbs to vegetables and food crops. Institutions such as the Caribbean Research and Development Institute (CARDI) and the Inter-American Institute for Cooperation in Agriculture (IICA) located throughout CARICOM have been providing training to farmers throughout the region promoting the use and consumption of local foods in agro-processing, good manufacturing processes and health and safety. These interventions will be complemented by the deployment of ICT enabled data collection and analytical tools. With respect to consumers, significant association was observed with country, as higher proportion of consumers in Jamaica and Barbados experienced challenges and shocks compared to Trinidad and Tobago and Eastern Caribbean countries. On the other hand, no significant association was detected among any socio-demographic factors for farmers and food service operators in this study which was an indication that challenges, and shocks experienced by these groups were equally felt across all socio-demographic categories. All food service operator in this study reported challenges and shocks and this was the most affected category of respondents. This is linked to the fact that most countries in the survey, instituted complete closure or restricted opening hours of food service businesses during the pandemic. Challenges and shocks associated with COVID-19 are widely reported globally and several studies have highlighted the impact of COVID-19 on actors in the agri-food supply chain in specific countries. Iese et al. (2021) reported that in the Pacific Islands, namely Fiji and Solomon Islands the impacts on national economies and agricultural production, markets, food systems and socio-cultural processes have been experienced at the household level, increasing poverty and hardship. Xie et al. (2021) reported that the COVID-19 pandemic has adversely impacted the agricultural supply chain, export of agricultural products, and overall food security in China. Another study done in North America pointed out that the COVID-19 pandemic and the near-total temporary loss of the foodservice distribution channel, exposed the vulnerability of agri-food supply chain in the early stages of the pandemic in that region (Weersink et al., 2021). Furthermore, Coluccia et al. (2021) suggested that the negative trend of agri-food exports in Italy was a clear consequence of the pandemic and demand shocks highlighted food supply chain vulnerability.

The results indicated that 51.9% of farmers experienced loss of income, 70 and 50% of food distributors and food service operators, respectively, experienced lower sales and 25.5% of consumers experienced loss of income. This is another clear example of the impact of the COVID-19 containment measures affected livelihood. For example, in Trinidad and Tobago, between March to June 2020, on-farm activities were severely impacted and the movement restrictions during this period affected the most time-critical activities which were labor dependent, especially for general crop management and harvesting. Loss of income and increased poverty during COVID-19 was a speculative reason for the increase in theft in Trinidad and Tobago. The World Bank (2020) projected that loss of income caused by COVID-19 containment measures would be one of the many channels through which poverty would expand globally (Mahler et al., 2020). Further projections indicated that 71 and 100 million people will return to the extreme poverty condition (living on a per capita monthly income <US $ 1.90 PPP a day). In the present study, poorer families and smaller businesses were more susceptible to loss of income which is similar to findings from other regions. Gu and Wang (2020) reported that in China, farmers' incomes generally declined due to the COVID-19 pandemic, and traditional small-scale farmers have suffered more losses. Income inequality among countries also affected ability to respond to the COVID- 19 pandemic with low- and middle-income countries, including those in this study facing greater challenges to cope. A study using data on income streams under lockdown in developing countries, suggested that an additional 9.1% of the population in sub-Saharan Africa have immediately fallen into extreme poverty because of COVID-19, with about 65% of this increase resulting from loss of income due to lockdowns (Teachout and Zipfel, 2020). The hiring of migrant labor is posited as one way to bolster and develop resilience in the agri-food system. Alvarado (2021) reported that many of the Venezuelan migrants who are in Trinidad and Tobago are highly trained University graduates in agriculture and could offer a lot more to develop the sector.

Loss of income was directly linked to stay-at-home orders and business closure which had a ripple effect throughout economies because consumers could not access goods and services, and the businesses were unable to earn income. Eventually, this led to some businesses laying off employees or forcing them to accept reduced or no salary for the period. All groups involved in this study indicated that they experienced challenges and shocks because of the stay-at-home and business closure order. The ILO (2020) estimated that the COVID-19 crisis could throw millions of workers into unemployment with an estimated rise in unemployment of between 5.3 and 24.7 million people, from a base of 188 million unemployed in 2019. The resulting increase in unemployment or underemployment will have severe consequences on livelihood and has already been reported with greatest impact on the poor and vulnerable (Economic Commission for Latin America the Caribbean, 2020).

Some 47.9% of farmers indicated that they experienced difficulties in acquiring agro-inputs throughout the COVID-19 pandemic, while 45.8% did not experience any difficulty and 6.3% was not sure. In several African countries Nchanji and Lutomia (2021) and Middendorf et al. (2021) reported similar findings where farmers faced difficulties in accessing farm inputs, access to seed, and to extension services. The opposite was observed in Europe where there was limited impact on food production and transportation as well as agricultural products (Meuwissen et al., 2021). Most countries in the Caribbean however provided support, encouraging home-gardening by distributing seeds, seedlings and other inputs to householders, smallholder farmers and vulnerable families for growing basic products—such as corn, beans, vegetables, and tubers—in their own homes and even initiating home garden competitions while some countries even made state lands available for cultivation. The findings of other studies support home gardening initiatives because of the benefits that may be achieved including enhanced food availability at the household and community levels (Lal, 2020) and supporting diverse diets when on-farm production is low, or market access is limited (Connors et al., 2021). Another study showed that higher frequency of garden usage during the COVID-19 lockdown was associated with better self-rated physical health (Corley et al., 2021). Therefore, home gardening may be an important tool to help achieve food security and support mental well-being. Some governments in the Caribbean provided food to quarantined communities and public-private partnership agreements were established to control domestic prices of the basic food basket. A similar mitigation strategy was reported in Fiji and Solomon Islands where Iese et al. (2021) explained that early actions by most Pacific Island governments included increased access to farms, increased production of root crops, vegetables, and seasonal fruits. A shift to traditional barter systems, land and resource sharing between households enabled households to cope with challenges and shocks (Iese et al., 2021).

More established, farmers, over 15 years seemed to have had more access to supplies of agro-inputs than relatively newer establishments between 2 and 5 years. Respondents cited the closure of outlets, movement restrictions, loss of income, health or safety concerns and lack of transportation as being the major reasons affecting raw materials supply. This could be attributed to distribution constraints experienced during the pandemic. The difficulty of importing inputs has been exacerbated by the extreme shortage of foreign exchange necessary to purchase animal health products, agrochemicals and even farm equipment. Only the largest agro-input suppliers usually have their own sources of foreign exchange, while small, and medium-sized agro-input suppliers which usually service farmers almost never have their own sources of foreign exchange and usually relies on credit. It is worthwhile to note that the demand for agro-inputs increased as many persons got involved in home gardening (Marshall et al., 2021). Although the exact demand caused by home-gardening throughout the pandemic has not been quantified it may have contributed to supply shortage of agro-inputs in some areas that were already stressed to meet existing demands.

The enabling environment for agro-input suppliers affect farmers that rely on timely and reliable availability of critical inputs for their production. Agro-Input suppliers operating throughout the Caribbean reported that the COVID-19 crisis has hindered the enabling environment for agro-input systems in the following ways: First, the availability of imported inputs was constrained due to logistical barriers, manufacturer challenges, and domestic firm access to foreign exchange. Second, farmer demand for inputs declined due to initial restrictions and the uncertainty associated with the general economic slowdown and then after a sudden increased demand with relaxed restrictions. Thirdly, the restrictions on mobility and social distancing requirements have limited agro-input marketing, distribution, and embedded services for farmers. In general, the negative impacts of COVID-19 on smaller firms were more severe than on larger firms, demonstrating that smaller firms were more vulnerable than larger firms during the pandemic.

Just under 50% of farmers in this study indicated that they experienced challenges with selling or marketing their produce during the pandemic and some had to give away or leave their produce in the field. Interestingly, food distributors, food service operators and consumers had challenges with accessing food or fresh agricultural produce which shows the disruptions experienced were also linked to communication and logistical challenges. Inconsistencies with transportation and limited economic activities posed numerous threats to food distributors. Food distributors and food service operators experienced delays in the supply of raw materials, and the quantity and quality of raw material received, however, food distributors had a positive outlook toward the COVID-19 pandemic compared to food service operators. This positive outlook of food distributors in some countries was probably due to the shift in new market opportunities. Domestic markets for food production and distribution channels have to some extent become more diversified through improved technological services and innovations. In many Islands, these systems have become more coordinated and adapted to changing patterns in demand and have taken advantage of new business opportunities, in processing and online shopping, which were some of the ways that food distributors in this study cope with the challenges and shocks. During the COVID-19 pandemic, agricultural, Business to Business (B2B) and Business to Consumer (B2C), e-commerce platforms have significantly increased and begun to facilitate access to perishable products. From the consumer side, increased support toward healthy food and local markets was also strengthened which includes increased uptake of domestically sourced fruit and vegetables and some animal products and the ability of local and regional supply chains to meet these needs. In the United States, Ahuja et al. (2021) reported that market opportunity doubled during the COVID-19 with an historical 8% growth rate. In fact, this expanding ecosystem of farm-to-consumer marketing schemes have grown just as consumers have sharply expanded use of online grocery purchases, food delivery, and home gardens (Guo et al., 2020). The food industry which was providing hotels (many of which have been closed in the region) is redistributing fresh food in support of the most vulnerable through Governmental support programmes. In Trinidad and Tobago for example, small farmers and small and medium business enterprises have access to adapted finance so they can continue to produce, increasing supply patterns. Many agri-food suppliers had some business opportunities for online food delivery systems and online digital payments by scaling up online ordering systems, while supermarkets have enabled groceries to be ordered through WhatsApp and even email. Restaurants and other food service providers also participated in school-feeding programmes which are important contributors to food security.

The impact of the COVID-19 pandemic caused a shift in which 67.1% of consumers in this study indicated that they experienced difficulties in accessing food with 54.9% attributing the issues to movement restrictions such as curfew and lockdowns, loss of income, stay-at-home orders, and market disruptions, all to help curb the spread of the virus. Although the results indicated that a significantly higher proportion of consumers in Jamaica and Barbados were affected compared to Trinidad and Tobago and the Eastern Caribbean, the issues were common throughout the region. Besides the direct impact of the measures taken, there were other local socioeconomic factors not identified in this study that may have contributed to the differences among countries. In Jamaica for example, the lockdown and stay-at-home order provided opportunities for the Government to institute other measures to fight crime creating a very complex social dynamic (Crawford et al., 2021). Several studies from different parts of the world also reported issues with food access, food security and related social issues because of the COVID-19 pandemic. The Central Bank of Trinidad and Tobago (CBTT) reported an increase in food prices which they attributed to a surge in international commodity prices and inclement weather (Central Bank of Trinidad and Tobago 2021). Furthermore, food inflation (year-on-year) rose from 3.2 in January to 4.9% in July 2021 with the largest increases recorded for vegetables, fruits, milk, cheese, and eggs (Central Bank of Trinidad Tobago., 2022). Wang et al. (2020) reported that over 20 million school students in the United States of America, experienced food access problems because schools were closed. The World Food Programme (2020) estimated an increase of 130 million people facing acute food insecurity because of the COVID-19 pandemic (World Food Programme, 2020).

A positive effect of the widespread lockdowns and restrictions is that consumers used more locally produced food and food ingredient (36%) and 35.1% grew their own food which helped to reduce household expenditure since public measures were put in place for people to stay at home thus reducing their household income similar to the findings of Blazy et al. (2021). The stay-at-home order forced some households to prepare more home-cooked meals, which caused a change in eating behavior (Kartari et al., 2021). However, with this change, households were consuming foods with an extended shelf-life compared to fresh fruits and vegetables (Janssen et al., 2021). The switch in eating behaviors can be associated to changes in socioeconomic status, employment, and psychological traits (Vidal et al., 2021).



CONCLUSIONS, RECOMMENDATIONS AND LIMITATIONS

It is necessary to examine the impact of the COVID-19 pandemic on agri-food systems in the Caribbean and to identify mechanisms employed to cope. An understanding of the impacts and effective coping strategies employed will inform effective data-driven decision making and highlight best practices as these countries continue to navigate the perils of the pandemic. This study found that challenges and shocks related to the COVID-19 pandemic were experienced along the entire agri-food supply chain in the Caribbean. Some of these challenges and shocks were common to all actors while others were more specific and showed significant associations with socio-demographic variables. In general people of lower income status and smaller businesses were more susceptible to the negative impacts of the pandemic. The findings also suggest that to overcome the challenges and shocks related to the COVID-19 pandemic some existing businesses used creative means or capitalized on opportunities such as online marketing. In some cases, new businesses were created because of the opportunities that arose. Some consumers reported developing healthier eating habits and consuming more locally produced food. This is important because the Caribbean is generally considered one of the unhealthiest regions and the high dependence on food importation makes it very food insecure.

Based on the findings of this study the following recommendations are made. Food security policies should be designed and implemented to protect the most vulnerable populations such as the poor, uneducated, small businesses, and rural areas inhabitants. These policies should focus on the entire agri-food supply chain with specific intervention measures depending on vulnerabilities. Governments across the Caribbean should create an enabling environment to stimulate increased local production and foster behavioral change in consumer choices. These two factors are interdependent and must be collectively addressed to help countries across the region to become more food secure. The findings of this study also support the views that Governments, private sector, and all stakeholders must all work together to build a more resilient agri-food system that can withstand the challenges and shocks associated with pandemics but also those caused by natural disasters. To develop a more resilient, sustainable, and efficient local agri-food system, climate-smart agricultural practice must be encouraged and incentivized. This will enhance local production capacity and efficiency and reduce foreign input requirements. It is also necessary that intra-regional trade is promoted which will ensure easier access to markets and minimize the socio-economic impacts of external shocks.

The present study has some limitations. Firstly, because of the restriction put in place for the COVID-19 pandemic, it was difficult to get information from a larger number of participants from more countries in the region. The online surveys were completed only by individuals who have access to online resources which were non-representative and convenient samples. Therefore, these findings represent the populations in these countries who had access to the various online resources. Future studies should focus on a capturing data from more participants and other methodologies can be considered for assessing and increasing the reliability of the data obtained.
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The COVID-19 pandemic fully exposed the vulnerability of the global agri-food system to shocks and stresses, highlighting the need for transformation and action to make it more resilient and inclusive. This paper offers a unique insight into the global nature of the COVID-19 pandemic by examining impacts and responses in the agri-food sector within three very distinct contexts, namely the United States, Norway, and China. Focusing on small, diversified farms, the study builds on prior research with the same farmers and support organizations from an on-going collaboration. Firstly, we conducted a short review of policy adaptations to understand how governments, the private sector, non-profit organizations, and communities “stepped up” to provide emergency relief, specialized training, and recovery support for farmers, support that was instrumental in preventing more devastating impacts in all three countries. Secondly, drawing from in-depth interviews with farmers (23) and government and non-governmental support organizations (19), we mapped the vulnerability and resiliency of selected farmers to shocks that severely disrupted traditional supply chains during the COVID-19 pandemic. Data were collected on both the negative and positive impacts of the pandemic to farmer inputs, including labor, operations, and markets, how these changed from the initial lockdowns in early 2020 and through 2021, and on farmer adaptive responses to these impacts. In some contexts, innovation and adaptive responses counteracted negative impacts. We saw diversifying markets, catering to consumer safety concerns, switching to direct and e-markets, hiring in more labor or relying on family labor, and switching to high demand crops and products as the most prominent adaptive responses. Farmers who lacked access to information and government programs, in large part because of language, technology and institutional barriers, missed out on pandemic related opportunities and suffered the most. As we enter the post-pandemic new normal it is important to take stock of lessons learned, and to continue to support those initiatives and innovations that were pivotal not only for weathering the storm, but for building a more inclusive and resilient agri-food system in the long-run.

Keywords: community-supported agriculture, e-commerce, farmer impacts, policy adaptations, post-disaster resilience, small-scale farmers, sustainable food systems, agri-food systems


INTRODUCTION

“Historically, pandemics have forced humans to break with the past and imagine their world anew. This one is no different. It is a portal, a gateway between one world and the next.” (Arundhati Roy, The Financial Times, 2020).

Massive agri-food system disruptions have been commonplace throughout history. Disaster events, such as the COVID-19 pandemic (hereafter called “the pandemic”), can radically change agricultural landscapes (Eklund et al., 2016; Epstein et al., 2018; Lopez-Ridaura et al., 2021) and influence the adoption of new farming practices, crop choices and distribution mechanisms (Lin, 2011; Altieri et al., 2015; DiCarlo et al., 2018; Barrett et al., 2021), indeed, disasters can become critical moments of transformation (Folke, 2006; Bacon et al., 2012; Scheffer et al., 2012; Lioutas and Charatsari, 2021). This research builds on the important and burgeoning canon of literature that looks at rural livelihoods (Du et al., 2005; Valdés and Foster, 2010; Carreras et al., 2020; Gatto and Islam, 2021; Rasul et al., 2021), livelihood diversification (Gautam and Andersen, 2016), and smallholder farming (Hazell et al., 2010; Jayne et al., 2010), in the context of shocks. Given the pervasiveness and increasing frequency of human-environmental induced disasters, especially related to climate and health, there is widespread interest in understanding their impacts on agricultural systems broadly, as well as in the capacity of farmers to recover and adapt (Scheffer and Carpenter, 2001; Adger et al., 2005; Bacon et al., 2012; Kremen et al., 2013; Marín et al., 2014; Tendall et al., 2015; Folke et al., 2016; Kremen and Merenlender, 2018). Recovery in this context refers to a process of “bouncing back” to, or close to, a pre-disaster state (Klein et al., 2003; Cutter et al., 2008), whereas adaptation refers to the potential to be transformed into stable new states (Folke, 2006; Cutter et al., 2008).

Beginning February of 2020, the COVID-19 virus spread rapidly across the world with serious environmental, social and economic consequences (IPBES, 2020). The pandemic underscores how novel shocks to agri-food systems compound the already dire global impacts of climate change, biodiversity loss, and food insecurity (Carlisle et al., 2019; IPBES, 2019; IPCC, 2019; Petersen-Rockney et al., 2021). During the pandemic, farmers in all corners of the globe were challenged in unprecedented ways to adapt their production, marketing, sales, and food and labor safety practices to abide by COVID-restrictions in health and society in general. Under these circumstances, building resilience and adaptive capacity in the food system takes on new urgency with important experiences for sharing across nations and for planning a more secure global post-pandemic food system.

Our work builds on previous examinations of small-scale farming, disasters and agricultural change (Holt-Giménez, 2002; Shivakumar et al., 2005; Lin, 2011; Steffen et al., 2011; Epstein et al., 2017, 2018; DiCarlo et al., 2018) by examining how disasters or crises converge with ongoing agricultural transitions and may act as a catalyst for change. Using a qualitative and case-based approach, we examine the health pandemic in three globally important socio-political and food system contexts; the United States, Europe and China, to shed light on the impacts and adaptive responses of small-scale farmers in these distinct contexts. In general terms, in California, United States, small-scale farmers rely on the “free market” for economic survival, while in Vestland, Norway, the Norwegian “social contract” is a model case of government-supported family farm agriculture, and in Kunshan, Southeast China, as throughout China, the central government plays a dominant role in agriculture development.

Combining new empirical data derived from in-depth interviews with small-scale farmers and governmental and non-governmental organizations serving farmers, with a comprehensive mapping of relevant pandemic-related policies in these three countries, we find both commonalities and differences that provide fertile ground for cross-country learning and future planning. We aim to answer the following questions: (1) How have small-scale farmers been impacted by the severe challenges of the pandemic, and how have they responded to this crisis? (2) Which institutions are most effective in supporting small-scale farmers to weather the crisis? Who benefitted? Who lost out? (3) What can we learn from each other for building a more just, resilient and sustainable agri-food system post-pandemic?



MATERIALS AND METHODS

This study used in-depth interviews and case studies combined with policy response mapping to explore the research questions. A geographically diverse case-study approach was used to generate a multi-faceted understanding of the complex issues of the pandemic in distinct real-life contexts (Crowe et al., 2011) where in-depth interviews with farmers and support organizations elicited experiences and explanations from multiple perspectives. The inclusion of support organizations provides insight into the pandemic-related impacts experienced by a larger number of farmers that they represent or serve. Farmers and support organizations interviewed were chosen based on meeting at least two of three criteria; (1) already part of established research collaboration, (2) snowball recommendations from key informants, and (3) locally recognized and appreciated as sustainable small-scale farmers or support organizations. Hence, some of the interview candidates were part of prior research relationships, building on trust already established with the research team, and expanded on to ensure a diversity of farm types and support organizations. We also conducted desktop research on the policy responses to the global pandemic in the agri-food sector for a “birds eye” view of the situation in three distinct socio-political contexts. An important component of this research was to capture the initial and on-going array of governmental and non-governmental responses to the pandemic. This involved consultation of government websites and policy documents available to the public, news articles, NGO websites, blogs and reports that continue to document pandemic related events, impacts and responses in real time as the pandemic enters its third year. Journal articles presenting research from the early stages of the pandemic were obtained through literature searches and referenced if relevant.


Study Regions

We chose three geographical locations for our policy and case-study investigation: United States/north-central California, European Union/western Norway and China/southeastern China, building on a previous comparative collaboration on sustainability perspectives in agriculture (Elias and Marsh, 2019). This study, therefore, presents a unique opportunity to explore and compare the impacts of a global pandemic on farmers and agri-food supply chains, and to assess and compare both farmer and policy responses, in three very distinct regions.

1. California, United States

California is characterized by a Mediterranean type climate with hot and dry summers, mild winters, and most agriculture depends on some type of irrigation system. It is a well-known center of agricultural technological and institutional innovation to support sustainable landscapes and food systems (Kremen et al., 2013; Iles et al., 2016; Carlisle et al., 2019; Elias and Marsh, 2019) and therefore a good candidate for studying self-driven diversified farming systems and small-scale farming. California horticulture farmers do not receive crop subsidies, relying on “free market” sales for economic survival and smaller farmers are often outcompeted by large operations (Iles and Marsh, 2012; Scheitrum, 2020). Those that do survive and thrive tend to have strong direct marketing strategies that respond to growing consumer demands for local, fresh and healthy produce. For this study, we selected eight farmers for in-depth interviews, and ensuring a diversity of sizes, crops, practices and markets. The farms, located in seven different counties of northern and central California, range from 7 to 270 acres—small to mid-size, with one outlier at 1,500 acres of orchards. Half of the farms grow tree crops—fruits, almonds and walnuts, three grow row crops, mainly vegetables, and one is a mix of tree and row crops. Five of the eight farms are 100 percent organic, while three are a mix of organic and conventional crops. Approximately 80 percent of hired labor on these farms, and in California generally, are immigrants from Mexico.

2. Vestland, Norway

Western Norway is characterized by a Northern Atlantic climate with cool summers, relatively mild winters and high precipitation year around. In Norway cultivated land accounts for only 3% of the country's total area. Meat (beef, pork, sheep and poultry/eggs) and dairy (cow and goat) production take place in rural areas all over the country, while the production of grains, vegetables, fruits and berries mainly takes place in central parts of Norway. The farm structure is characterized by relatively small family farms. Norway's agricultural and rural policies have historically been related to food security, farm incomes, maintaining population in rural areas and regional distribution of production and employment objectives (Bjørkhaug and Richards, 2008; Forbord et al., 2014; OECD, 2021c). We selected 10 farmers from the Nordhordland region on the west coast of Norway. This area was designated in 2019 as a UNESCO Biosphere Reserve as part of UNESCO's Man and the Biosphere (MAB) Programme (UNESCO, 2017; Kaland et al., 2018). Biosphere Reserves are model areas for sustainable development, where agricultural activities play an important role. The farms included in this study range from 22 to 461 acres (mean of 181 acres), where a large proportion of land on each farm constitutes uncultivated rangeland or woodlots (outfields). Farms combine fodder production (hay) with livestock rearing, mostly sheep, cattle, pigs, goats and chicken, and/or vegetable and fruit and berry growing. Most farms are run as family operations where members of the workforce have part-time jobs elsewhere, and labor is only hired in for the summer months.

3. Kunshan, China

Southeastern China is characterized by hot and rainy summers and cold and dry winters, and large areas are dominated by agricultural activities. This project continues past research in Kunshan County, located in the highly urbanized and affluent Yangtze River Delta adjacent to Shanghai. Alternative Food Networks (AFNs) have become popular here because of a demand-driven civic movement for greater access to healthy and safe food (Shi et al., 2011; Schumilas and Scott, 2015). AFNs appeal particularly to educated and conscious urban consumers who are willing to pay for the price premium of organically grown food. A number of sustainability farms have emerged in Kunshan, one of them being the Yue Feng Dao Organic Farm (YFD). YFD, established in 2010, is a hybrid business and state-owned enterprise consisting of 83 acres of organically grown rice, vegetables and poultry. YFD caters to the Shanghai market by selling directly to consumers through a Consumer-Supported Agriculture (CSA) model. As with California and Norway, the choice of YFD as the China site builds on relationships formed in prior research. However, due to severe lockdown conditions during the pandemic for YFD and the China-based research team, and the inability to conduct interviews by phone, only five interviews were possible. Furthermore, four of these farmers differ as they are farm labor-employees of YFD, having their own small farms in the nearby village of Chuodun (绰墩), while the fifth is a YFD marketing supervisor living in Shanghai. Therefore, their perspectives on pandemic impacts, and ability to respond, will be different than the other two cases.



Interviews

The same questionnaire was used for conducting interviews in the United States, Norway and China. It was translated into the local languages with minor adaptations to improve clarity, allowing for comparability in impacts, responses and perspectives across the three countries. The research protocol was reviewed and approved by the Office for the Protection of Human Subjects, UC Berkeley and Duke Kunshan University, and by the Norwegian Center for Research Data (NSD) for the Vestland case. Data were anonymized before data entry and all audio files will be deleted by the end of the project period. In California and Kunshan, the study teams comprised lead faculty and students (University of California, Berkeley, Duke Kunshan University, respectively), conducting and analyzing interviews and policy research, while in Norway the study team comprised lead faculty and a technical assistant (University of Bergen). The questionnaire started with a section where respondents were asked to rank various categories of pandemic-related impacts on a scale from 1 (no impact) to 6 (very highly impacted), for both negative and positive impacts. This was followed by a qualitative section on specific impacts with a set of ten open-ended questions. Interviews were audio-recorded (except in one case with a Chinese organization that did not consent), and in most cases were fully transcribed, coded and text analyzed, while in others key themes and quotes were excerpted and directly transferred to the data analysis excel sheets. Data on ranked negative and positive impacts were converted to percentage distributions of the six ranked options and presented as bar charts for easy cross-country comparison.

In total, 23 farmers were interviewed: 8, 10, and 5 from California, Vestland and Kunshan, respectively (Supplementary A). Interviews with farmers were conducted in person, over a digital meeting platform like Zoom or Teams or via cell phone due to lockdowns and pandemic restrictions and lasted one to two hours. In addition, 19 staff from 17 farmer support organizations; 6, 7 and 6 from California, Vestland and Kunshan, respectively, were interviewed with interviews lasting from 30 to 90 minutes (Supplementary A). Interviews with organizations were held virtually via cell phone, Teams or Zoom, except two in-person interviews in Beijing and Shanghai, China. These governmental and non-governmental organizations (NGOs) or agencies provide farmers with technical advice on agriculture and marketing practices, policy advocacy on behalf of farmers and sub-sectors of small, organic and socially disadvantaged farmers, as well as networking connections with programs and financing provided by government at different levels, in addition to their own emergency fundraising for impacted farmers. Interviews captured both the impacts on the organization's functioning as well as negative and positive impacts on the farmers they serve or represent.




RESULTS


Impacts and Adaptive Responses—Policy Measures

1. The United States/California

Beginning in March 2020, there were severe pandemic-related supply chain disruptions with coolers, packers, and food distributors across the United States (Congressional Research Service, 2020). Many farmers who sold directly to restaurants or through wholesalers to school and corporate cafeterias lost income as the demand from these sources dramatically reduced at the onset of the pandemic (California Farm Bureau Federation, 2020). Larger farms and ranches entirely reliant on major wholesalers fared worse. At the same time, supply chain and processing limitations hampered farmer responsiveness to increased consumer demand from supermarkets (ERA Economics, 2020). Farmers faced lost markets, health and safety issues, supply chain disruptions, and labor shortages. Farmers markets initially shut down, disproportionately hurting smallholder farmers, many organic, but later reopened with strict health protocols when designated as “essential services” after concerted lobbying (Woods and Zare, 2021) by such California-based organizations as Community Alliance with Family Farms (CAFF). “While the state has declared that farmers markets are essential services just like grocery stores or pharmacies …a number of jurisdictions have decided to ban them anyway. And so we spent the past four weeks advocating…talking to local policymakers, city councils, to say no, this is an essential service. They're not special events. They're not luxury items. These are essential services, where people, including low-income families, using SNAP [Supplemental Nutrition Assistance Program] and other market match programs actually get their healthiest groceries” (CAFF staff member).

Numerous non-governmental organizations (NGOs), state, and federal institutions played pivotal roles in the pandemic response. While wholesale markets decreased significantly, opportunities for farmers who were able to deftly pivot to direct and on-line marketing increased as demand for low touch, locally grown produce skyrocketed. Organizations such as CAFF and Kitchen Table Advisors (KTA) implemented on-line training to help family farmers adapt to the demands of switching to digital platforms with required safety measures. The United States Department of Agriculture (USDA) supported a program from May 2020 to May 2021 called “Farmers to Families” that provided funding for farms to produce food boxes for local communities, especially schools, food banks, and farmers markets (USDA, 2020a; USDA-AMS, 2020). During the first round, with the business, marketing and networking assistance of California-based NGOs such as Fresh Approach and KTA, many smaller farms participated in USDA programs, including previously excluded socially disadvantaged farmers (Fresh Approach, 2020). The USDA defines a socially disadvantaged farmer or rancher as “a farmer or rancher who has been subjected to racial or ethnic prejudices because of their identity as a member of a group without regard to their individual qualities. Those groups include African Americans, American Indians or Alaskan natives, Hispanics, and Asians or Pacific Islanders” (USDA, 2020b). During the second round, however, many organic farmers became ineligible for USDA programs that required Good Agricultural Practices (GAP) certification, which prohibits common practices of organic farming such as wildlife conservation and on-farm composting, and further lacked the expertise and capital to fund the GAP verification process (Bitker, 2020; interviews).

The USDA also implemented three rounds of the Coronavirus Food Assistance Program (CFAP) to provide pandemic assistance for producers in 2020 who faced market disruptions (USDA, 2020b). The Paycheck Protection Program (PPP) was an important US Small Business Administration (SBA) loan that helped farms keep their workforce employed during the pandemic (NSAC, 2020). The American Rescue Plan Act of 2021, signed into law by President Biden on March 11, 2021, allocates $1.9 trillion to COVID-19 relief measures, with an estimated $10.4 billion designated to strengthen the agricultural and food supply chain (see Supplementary B for more detail). A designated $4 billion will be used to provide debt forgiveness for socially disadvantaged farmers. ARPA provided funding for the extension of federal programs such as Pandemic-EBT, PPP, and CFAP. Enrollment in CalFresh (food stamps) increased by 25% between January 2020 and June 2020 with 2.6 million households (CalFresh Data Dashboard). In California, Governor Gavin Newsom distributed $75 million in state funds, with an additional philanthropic effort to raise $50 million in private donations, providing cash relief assistance for undocumented individuals, many who are farmworkers. Socially disadvantaged/non-English speaking farmers experienced greater losses when their traditional markets closed (wholesales, farm stands). Many organizations made it their goal to close the information and linguistic gap, such as CAFF, Kitchen Table Advisors, and Fresh Approach, as well as the CDFA Farmer Equity Program by translating easy to understand information into Spanish, and offering webinars with simultaneous translation (CDFA, 2020; Bacon, 2021; CAFF, 2021). A large study by the California Institute for Rural Studies (CIRS) showed disproportionate economic burdens and household and community-level suffering and stress as compared to the overall population. It also revealed poor access to adequate healthcare, partially mitigated by local clinics, highlighting severe social and economic inequalities within the California food system leading to heightened food insecurity and health risks for farmworkers and their families during the pandemic (CIRS, 2021; Committee on Agriculture, 2021).

2. Europe/Norway

In the European Union (EU), three main types of policies were implemented in the agricultural sector in response to the pandemic (OECD, 2021a,b,c): (i) flexibility extended to implementation of Common Agricultural Policy (CAP) regulations, (ii) exceptional market measures, and (iii) direct support to farmers and rural areas. Policy packages directed toward the most affected sectors were made by each individual Member State based on their own specific circumstances, as long as they complied with the EU's state aid rules and did not distort competition within the EU (OECD, 2017). Various measures directed to the functioning of the food supply chains were implemented in the different Member States as they were recognized as essential services, e.g., trade in food products was facilitated through green corridors and restrictions on people's movement were alleviated. Further, to secure recruitment of agricultural labor, different measures were put in place in Member States, e.g., through schemes encouraging workers laid off in other sectors or students to temporarily work in the agri-food sector. For instance, the Czech Republic set up platforms to connect the supply and demand of seasonal workers, and eased processing of seasonal visas for the sectors (OECD, 2021c). The reduced availability of imported food gave a growth in sales primarily serviced by small (or mid-size) farms, food, and beverage companies. This has left local food producers uniquely affected, and perhaps, well-positioned to reinforce or grow their place in the portfolio of food offerings and markets (Lusk and Anderson, 2020). Pandemic response policies directed toward consumers also had an impact on producers of agri-food products. Income losses and economic uncertainties, together with restrictions for restaurants and other away-from-home food suppliers, generated changes in food demand among consumers which the industry needed to cope with. Many customers turned to delivery services and e-commerce, putting a pressure on farmers and producers to adapt to these services and change their value-chains (OECD, 2021c).

Norway is not a member of the EU but is largely influenced by EU policy through the EEA agreement between the EU Member States and the EFTA countries Norway, Iceland and Liechtenstein. Norway has implemented several measures in response to the pandemic, many of which are relevant to the agricultural sector which was designated as a critical sector early on (see Supplementary C for an overview of schemes). Most of the measures that were implemented are general and apply both to full-time and part-time farmers. Among these are government provided economic stimulus packages to businesses in general to mitigate the long-term effects of the pandemic, the so-called “corona package” [(Ministry of Finance, Norway, 2020)]. Here, one element is aimed at producers who experienced substantial cost increases related to labor, infection control regulations, and other factors. A second element is aimed at livestock farmers who experienced a sharp increase in the price of feed over a short period of time. Support was given to those farmers who were unable to carry out their activities due to the lack of seasonal workers, for example, a temporary scheme provided incentives for laid-off workers to take up jobs in agriculture; Norwegian workers would keep 50% of their unemployment benefits if they took up work in the sector. As such, the agriculture sector was the only sector that had a rise in employment so far in this pandemic (Holgersen et al., 2020). Further, farmers who were unable to harvest in 2020 due to the lack of workers were eligible for payments under the crop insurance compensation scheme. Farmers producing local and high-end products for restaurants struggled to make ends meet. Farmers and farm workers with small children initially had reduced capacity to run their farms when they also had to take care of their children due to lock-downs of schools. However, early in the pandemic farmers were classified as critical workers, and kindergartens and schools for their children under the age of 12 were reopened during periods of full lock-down.

3. China/Kunshan

China was the first country in the world to battle the pandemic, with person-to-person transmission of the coronavirus nationwide in January 2020 (Wu and McGoogan, 2020). During the early stages China faced a rapidly developing food supply shortage as transportation disruption resulted in a large amount of overstocked perishable products, especially poultry, meat, and vegetables (Pu and Zhong, 2020). In February 2020, when virus containment measures were in effect across most provinces in China, food prices had grown by 22% compared to February 2019, especially for perishable produce (Reuters News, 2020). In rural China, where the food system consists of mostly subsistence farms, farmers encountered less disruption from the lockdowns because they mostly produce for home consumption and are not directly involved in the food supply chain. However, many subsistence farmers temporarily lost their main source of income, as they work as migrant workers in urban areas outside of seeding and harvest seasons. Most severely affected were the low-income migrant farm workers, who juggled the risk of failing to be self-sufficient at their home farms, and the reduction in income and inadequate governmental support.

Before the pandemic, the Government of China (GoC) had already created a series of national level risk-management strategies for its food system in preparation for natural disasters (Pu and Zhong, 2020), and these strategies have helped China to define the responsibilities of different levels of governments and coordinate efforts across the multi-level governance during the pandemic. Existing programs include the Cereal Bag Provincial Governor Responsibility Mechanism and the Food Basket Major Responsibility Mechanism that facilitate provincial governments to proactively intervene in food production and circulation during emergencies and require municipal governments to regulate food prices in their cities, respectively (Pu and Zhong, 2020). These preventive measures have helped China to quickly adapt to a food crisis mode during the pandemic in terms of resource allocation and responsibility distribution. The major additional policy responses of the GoC and private sector to the pandemic outbreak started immediately after the on-set at the end of Jan/beginning of Feb 2020 (see Supplementary D for more details). The top priority of the government's policy response was to resume agricultural production and ensure farmers' work by providing transportation and financial support and guiding local governments to prioritize essential small and medium-size enterprises. Special attention was given to agricultural enterprises that focused on inputs production, distribution, slaughtering, and products processing (Pan et al., 2020).

In response to overstocking issues and in order to protect rural households from falling into poverty (again), the GoC focused on improving the logistical and marketing channels for perishable agricultural products (Luo et al., 2020), as a means to ensure a steady flow of agricultural products to consumers, and as a way to prevent price increase and discontent within the general population as a result of lack of access to affordable foods. For instance, the Ministry of Transportation offered a “green channel” pass for truck drivers to help transport fresh produce and waived all toll fees. Logistics companies, farmer cooperatives, as well as e-commerce companies were organized to market agricultural products through the internet. For migrant workers, a “point-to-point” policy was implemented; “Notice on Doing a Good Job of “Point-to-Point” Service Guarantee for Returning to Work for Migrant Workers”. Before trains and planes resumed operation, workers from other counties were transported together and directly to their working place in buses organized by the government. This increased the efficiency of work resumption and reduced the probability of cross infection, and as of March 6, 2020, 2.63 million migrant workers benefited through this policy (Pan et al., 2020).

To address labor shortages in farm production, the GoC differentiated the travel restrictions placed on municipalities based on the transmissibility of the virus and number of active cases. In areas deemed as low risk, enterprises and farms could fully resume production. At the same time, the agri-food system chain was targeted to provide more job opportunities and secure greater food supply at a local level where migrant workers faced travel restrictions. Local businesses, cooperatives, and family farms were encouraged to employ local workers. Counties were asked to encourage local enterprises to provide temporary and flexible job opportunities, build a communications platform between workers and businesses, and if necessary, create public service job opportunities to ensure local workers' employment (Pan et al., 2020). Migrant workers from the villages also had the opportunity to sell their farm products through new online sales platforms. For example, Pinduoduo, the largest agriculture-focused technology platform in mainland China, provided 500 million Yuan of special subsidies to purchase agricultural products at a price higher than the average market price (Luo et al., 2020; Zhan and Chen, 2021). E-commerce played a crucial role in helping the agricultural market to adjust to pandemic conditions and reform. Data from the Ministry of Commerce show that there was a 40% increase in total transactions online of agricultural products in the first half of 2020 (Jingdong Big Data Research Institute, 2020). Supported by national social media platforms with participation from government officials, celebrities, e-commerce promoters, and local farmers, various e-commerce platforms helped greatly in selling those agricultural products that had excess supply due to transportation restrictions. Furthermore, as lockdown measures led to a huge spike in demand for fresh groceries, e-commerce companies expanded the coverage of contactless delivery and pick-up options, similar to those observed in other countries (Zhan and Chen, 2021). The most popular e-commerce platform in China, Taobao, in coordination with Alibaba, set up a 1-billion-Yuan fund on February 12th, 2020, to help farmers throughout the supply chain: production, transportation, and marketing, referred to as the “Love and Help for Farmers Program”, where farmers from eight provinces were able to sign up. In less than 40 days, 118,000 tons of fruits and vegetables were sold to consumers across China (Fei and Ni, 2020).



Impacts and Adaptive Responses of Farmers and Farm Organizations

1. The United States/California

In the United States, farms were considered “essential services” from the beginning of the pandemic so they were not subject to lockdowns. Most continued operating throughout the pandemic. For California the median age of the eight interviewed farmers was 54 years, ranging from 31 years to 83 years, with a 50/50 gender distribution of three men, three women, and two female-male pairs. Six were full-time and two were part-time farmers. The main negative impacts interviewed farmers reported were lost markets, lost income, and supply chain disruptions (Figure 1). Organization staff, referring to the larger number of farmers that they support, reported more widespread and severe impacts as compared to the sample farmers, especially in lost income and market disruptions, as well as reduced labor due to sickness or fear of sickness (Figure 2). “I've seen farmers making different decisions about what to grow, the timing, the size of their operations to be more efficient, dealing with having less labor and sales, those are things to manage risk” (California government advisor). “Missing a few markets for a small business is enough to put people into financial straits. These are incredibly small farms operating on razor thin profit margins, if they even have profit margins” (NGO small farm advisor).
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FIGURE 1. Negative (top pains) and positive (bottom pains) impacts of the COVID-19 pandemic as perceived by the interviewed small-scale farmers and their farm operations, shown as percentage distributions over the six different impact categories (gray = not impacted, green = slightly impacted, light green = moderately impacted, yellow = impacted, orange = highly impacted, red = very highly impacted), in the United States, Norway and China (n = 23).
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FIGURE 2. Negative (top pains) and positive (bottom pains) impacts of the COVID-19 pandemic as perceived by interviewed support organizations on the farmers they serve or represent, shown as percentage distributions over the six different impact categories (gray = not impacted, green = slightly impacted, light green = moderately impacted, yellow = impacted, orange = highly impacted, red = very highly impacted), in the United States, Norway and China (n = 19).


On lost markets we quote an advisor stating: “...changing your entire business model takes time, takes effort, takes labor. Yes, they were able to pivot and pick up on the CSA boom, but at the same time to sell the same amount of produce they had to put in a lot more work and time” (CAFF advisor). Concerning supply chain disruptions, a farmer reports: “Product was delayed, materials were delayed because factories weren't up and running fully. We struggled a lot, especially early on when everyone got really scared” (Mid-size vegetable farmer). Further, a support organization representative states: “I think it's important to distinguish between what the market was doing and what income was doing, and where the fault lay…demand may be spiking but their income is not changing, and it's beyond their control due to limitations in supply chain and processing to respond to increased demand in grocery stores” (UC Extension). On labor (deficit) a farmer responds: “Labor was a problem in vegetables. It's a problem because we couldn't count on the people who used to help out” (Small vegetable farmer). And on labor surplus a farmer reports: “A lot of people were out of work, a lot of field guys, guys that worked in construction lost their jobs, so they came back to pick fruit because I have always left the door open…” (Mid-size fruit farmer).

Many fruit and vegetable farmers, including those in the study sample, adapted their production, labor and marketing strategies quickly to mitigate pandemic-related closures and fluctuations and take advantage of a surge in direct and on-line consumer demand (Figure 1). Several NGOs (e.g., CAFF, KTA, Fresh Approach—see policy section above) were key for linking farmers with government programs aimed at supplying emergency food relief during the pandemic, partially compensating for the loss of other markets. A mid-size fruit farmer stated that: “With COVID-19 people wanted low interaction shopping, direct market/delivery. We have a CSA program and e-commerce, and huge demand rose for those programs. 1500 CSA members compared to 600 last winter (maybe lower).” With the help of Fresh Approach, this farm received a first-round grant from the USDA to participate in the ‘Farmers to Families' program, supplying top quality organic produce to nearby schools and food banks. Several also applied and received payroll protection grants and funding from other support programs. As a result, only half of the study farmers experienced lost income, and only for a relatively short time (Figure 1). The nut farmers lost income from declining prices due to export market disruptions, especially to India and China, but partially made up the difference with their organic nuts that continued to sell well in the domestic market. A cannabis farmer interviewed remarked on how the price of his commodity increased by 10% and he was able to easily sell the whole crop at a high price, resulting in a good income year. Both the farmers and the organizations reported unprecedented cooperation among farmers, consumers, government and NGOs to help farmers weather the storm. “It's been very rewarding to be a part of this very broad ‘all hands on deck' effort to help the agriculture community weather this crisis…. and to see how many farms and ranches have navigated the waters on their own … Just a tremendous amount of energy has been poured into the crisis response. I hope we can be a part of institutionalizing what good has come out of this so that it doesn't just sink back into the ground, like water after a short rain.” (UC County Extension Officer). “I don't know, but to the degree that there hasn't been more negative impacts on farmers to the point of having to sell their farms, is a combination between their own nimbleness and adaptation and government programs. Both were required.” (CAFF staff member).

Not all farmers, however, had the same access to support: “... for socially disadvantaged farmers and ranchers I'd say particularly for those who do not speak English as a first language, they had an extreme level of disruption earlier on primarily because they market mostly to either a wholesaler or an institutional market or farmers markets and they did not have the same access to information and resources about how to pivot or change those markets in a pandemic”. As an example, an indigenous woman small-scale farmer reports: “Regarding the coronavirus, the real truth is that I don't look for help, someone like me, I only read a little Spanish, no English, I've heard about programs...but no, nothing, still I feel fortunate.” In her case, the owner of the land she leases took an interest in her well-being at the outset of the pandemic and together they designed a website to offer excess produce through a Bay Area-based CSA. An emergency relief fund was created and funded by six support organizations to help fill this gap, distributing nearly one million $ in funds to 80 Black, Indigenous and People of Color (BIPOC) farmers during 2020 (BIPOC Steward of Land Relief Fund).

The post-pandemic future of e-commerce and direct marketing to consumers and needy families as a continued positive impact for small, medium and organic farmers is very much in question, as government programs terminate or shift to the advantage of large corporate farms (Bitker, 2020), and consumers decide to continue, reduce or halt their CSA subscriptions. Highly efficient corporations like Safeway, Amazon Fresh and Walmart will likely continue to dominate the e-commerce space, while the participation of small and medium farmers producing local foods for consumers of all income levels will depend upon continued lobbying by advocates, government support, farmer nimbleness, and consumer loyalty. “At the beginning, yes, unfortunately it didn't last through the whole year. It only was at the beginning when there was nobody else open, and there was no produce in Safeway. It was very good. Unfortunately, it didn't sustain.” (Small vegetable and fruit farmer). “It's a very political, and unfortunate, reason for why it ended. ….we had a strong application—I mean we distributed so much local organic produce to our community. …but when the USDA announced who they chose for their second round it was very clear they awarded the next contract round to huge distribution companies, like Cisco...They wanted to prioritize boxes that had meat and dairy in them. So yeah, for the second round of the grant, there were no small farmers” (Mid-size fruit farmer).

2. Norway/Vestland

For Norway the median age of the 10 interviewed farmers was 53 years, with a 50/50 gender distribution. Seven of them were full-time farmers and three part-time farmers (30-50%). Most of interviewed the farmers, 60%, reported no impact or only slight impact on their farm operations over the course of the pandemic, and none had been severely impacted, as one of the farmers noted; “I have experienced mostly positive impacts, as negative impacts are not noticeable on such a small-scale and diversified farm operation as mine” (Farmer 1). Negative impacts were very limited; 70% of the farmers experienced no negative impacts or only slight negative impacts (Figure 1). None experienced loss of their farm, farmland, land lease, machinery or other property, and only one farmer was severely impacted by a reduction in farm income. Disruptions in the supply chain were also very limited. Lost markets were noted by several of the respondents. “The farm restaurant has been negatively impacted, especially during the 2020 summer with max. 20 guests allowed, compared to the usual 50-60. The constant search for solutions and improvements has had a psychological impact. Cancellations, uncertainty, disappointment.” (Farmer 6). Most of the farmers commented on the uncertainty; “There has been more uncertainty, poor predictability and difficulties related to planning, and the psychological aspect is most prominent, not knowing if the customer base disappears. For example, the slaughterhouse was uncertain about delivery for a short period during the lockdown. Farming costs are high anyways, hence also my product prices, but can struggling restaurants afford to pay? To me this is an ethical dilemma as I have a sense of solidarity with my customers”. (Farmer 1).

In contrast, there were more positive impacts of the pandemic reported by the farmers. For example, 80% of the respondents saw an increase in the demand for locally produced foods, and 40% saw an increase in the use of new online and/or direct markets. Only 30% received government support. “I noticed societal change in attitudes and interest in food origins, self-sufficiency, and other food matters. More people were helping each other in the community too, and there was a societal change in attitudes—the status of Norwegian agriculture has improved” (Farmer 2). “Private customers have become more interested in local food, and I have more direct inquiries (without active marketing), increased demand, and increased sales“ (Farmer 1). “We experienced more sales through other channels than usual. We saw an increase in dairy demand and sales and a higher demand for Norwegian vs imported produce in general. We increased our direct sales and got compensated by increased overall demand through the cooperative.” (Farmer 6). Many reported on impacts on work life due to lockdowns and restrictions; “I have less vacation, but more time working from home (other jobs), and this is an advantage when you have livestock” (Farmer 2). “The pandemic has given me more time at home, and I get more work done. Fewer visitors mean less time 'wasted' on visits. I have increased sales, so I see only positive impacts” (Farmer 4). However, some farmers did not notice much difference; “Not much has changed; I have mostly worked like before. Only a bit more washing etc.” (Farmer 7).

Most of the farmers had made only minor adaptations as they were not very impacted. One farmer reports; “We have experienced slightly lower production due to the uncertainty in the restaurant market but we have high flexibility because of multiple income sources, so not very vulnerable. We are awaiting the situation and seeing how it develops. The waiting strategy is only possible due to other income sources” (Farmer 1). Another farmer reports: “We've not had to adapt much—we're used to fixing things ourselves. Small-scale farming and self-sufficiency are an advantage in a pandemic because it makes you much less vulnerable than the rest of the society” (Farmer 2). Several farmers used social media more extensively in promoting their farm operation; “From early in the pandemic (March 2020), I made a change in my professional social media activity—from occasional to daily updates (Instagram), focused on storytelling and sharing everyday life—marketing and entertainment value for others, as well as positive social value for us” (Farmer 1).

Forty percent of the farmers had not received any form of support while the rest had received various types of limited support, like online courses and workshops arranged by various organizations, networks and labor unions, to develop professionally or provide professional support. The Farmers Union (“Norges Bondelag”), with 62 000 members and 500 local branches around Norway, helped with competence development and social needs. Norwegian Agricultural Counseling (“Norsk landbruksrådgivning”), with 24,000 members and 330 employees, provided courses, webinars, and professional development online. Cooperatives like “Prior” and the Norwegian Food Safety Authority provided professional support. Networks, such as Food Arena (“MatArena”), a network to inspire, develop and connect actors in sustainable local food production, played an important motivational role. The government was identified by 70% of the farmers to be most important in supporting farmers, along with NGOs, the local community and other farmers, and agricultural corporations. However, farmers noted “The Norwegian compensation model is suitable for large operations; small farms don't 'fit' in the system. You also need an accountant to write applications, and this is not economically sustainable for small operations.” (Farmer 6). “Large-scale operations are more affected economically by the pandemic but can get more governmental financial support.” (Farmer 2). Many commented on positive experiences with community support, “Other farmers helped with labor during intense and critical parts of the season. The municipality also helped to some extent—as a conversation partner and bureaucratic support.” (Farmer 2). “Neighbors helped both socially and economically—we helped each other like back in the old days. You step across the fence and help your neighbor. That's why we have a different experience with the pandemic in rural areas than in urban areas—people are less psychologically affected in the countryside.” (Farmer 10). “The cooperatives (‘Samvirkelagene') are important—their commitment to receive agricultural products anywhere in the country (in contrast to private enterprises) has proven robust during the pandemic (Farmer 2).

In Norway, farmer organizations reported on slightly more negative impacts to the farming community than reflected in the responses from the interviewed farmers. Here, as in Kunshan and California, disruption of getting enough farm workers was reported as the biggest negative impact, with disruption in the supply of farm inputs to a lesser extent (Figure 2). There have been major challenges related to labor supply in the spring and summer of 2021 for vegetable and fruit growers and a good yield year resulted in a lot of waste. On the positive side, there were also more positive impacts than reported by the farmers themselves (Figure 2). Foremost, increased local demand for agricultural produce was noted. In particular, there has been an increased demand for locally produced meats in new marketplaces, but also increased production costs for these products. The dairy farmers increased their returns in 2021. Also, a boost in online and direct marketplaces, like home- or local delivery points, like the “REKO-ring”, were registered. ‘REKO' stands for ‘REttferdig KOnsum' (fair consumption) and was founded in Finland by Thomas Snellman in 2013. The first REKO ring in Norway was established in 2017 and as of Oct 2020, there were 120 rings scattered around the country serving about 500,000 customers and 500 producers, supported by the Norwegian Farmers' and Smallholders' Association (‘Bonde og Småbrukarlaget'). The REKO-ring offers producers direct contact with potential customers via a digital meeting place. Customers pre-order and pre-pay items via the ring's Facebook page which are then delivered by the producer at the ring's announced delivery location, date and time, for example the IKEA parking lot on Thursday nights in Bergen.

3. China/Kunshan

For China, the median age of the four interviewed farmworkers at Yue Feng Dao Farm (YFD) was 67 years, with a 50/50 gender distribution. They are all from the nearby village and grow food and raise animals for home consumption in addition to their employment at YFD. A fifth interview was carried out with the YFD marketing manager who lives in Shanghai. The interview information gathered at YFD overlaps with the pandemic- related disruptions seen throughout China in commercial farms. The major negative impacts were disruption in markets and/or supply chains, disruption in getting enough workers, and reduction or loss in farm income (Figure 1). “In the early stage of the pandemic, farm workers were not permitted to come back out of concerns of pandemic prevention. To stop the crops and vegetables from completely rotting away, all employers and managers who remained in Kunshan were assigned to harvest.” (YFD Marketing Supervisor). Due to the lockdowns, lost work and income were also the major impacts for YFD workers (Figure 1). All of the YFD employees/farm workers interviewed work at the farm primarily for additional income. YFD did not experience more severe impacts as it had an inventory of inputs and the agricultural technology bureau also offered supplies made scarce by the pandemic.

Farmworkers and the YFD marketing supervisor also spoke about the farm's sustainable farming philosophy and transmission of healthy farming ideas and practices to employees. Although organic products are very expensive for farm workers to afford, some have adopted practices such as less use of chemicals back in their own kitchen gardens. The pandemic set back the positive changes the farm workers were adopting. “I experienced lockdowns in the early stages, so I didn't have my monthly income. But I have to feed my family. How can I afford sustainable agricultural products from YFD? And how can the sustainable planting mode supply the amount of food my family needs?” (YFD farmworker). This quote points out the farm worker's perceived drawbacks of organic vegetable, rice and poultry production during crisis. On lost income, a representative of the Farmers Seed Network further explained: “…remote communities that we have helped are mostly based on subsistence farming and remittances from migrant workers. Therefore, these communities are the source of migrant workers. When the pandemic started, the workers were unable to travel back to work after the Spring festival, so they lost some income at the beginning”. When asked what governmental support farm workers received during the worst period of the pandemic, whether national or local, they all replied in similar ways, commenting that they only got face masks and sanitary products rather than financial support: “We don't know how the local government is compensating the loss of YFD, but we did not receive much support other than asking us to stay at home.” (YFD farmworker).

There were also positive developments as farmers and managers adopted measures to reduce the losses under the pandemic (Figures 1, 2). The new and expanded e-commerce and online platforms used by local farms showcased how local agricultural products might be the safest and most available option for residents under pandemic restrictions. Specifically, the pandemic opened up opportunities for YFD to invent new strategies to recoup its losses. According to the farm manager interviewed, “YFD seized this opportunity to extend their market chain and unite three kinds of industries.” In addition to sustainable farming, YFD diversified its agricultural products and value-added processing for e-commerce sales: “We started to rely on social media platforms to do promotions. We use “wechat” mini programs to sell our organic products and use “wechat” public accounts to spread our sustainable farming philosophy.” “wechat”, an application that merges socializing and commerce functions, is now the most widely used app in China. Further, pandemic-related overseas travel restrictions gave rise to a surge of domestic traveling so YFD began to develop activities to attract tourists and offered educational immersive programs on sustainable agriculture. For example, “We encouraged customers to learn how to prepare for, plant and harvest rice. By offering such an experience, customers will get to know the connotation of sustainable agriculture. It is a process of learning by doing.” In this way, YFD successfully merged its long-term goal of educating the next generation to embrace sustainable agriculture with an income-generating opportunity associated with the rise in domestic travel and demand for extracurricular activities. With regards to direct markets, these quotes are illustrative: “The Covid is actually a good thing for these small ecological farmers because everyone is cooking at home. For farmers that have a direct connection to their consumers, it's actually a good thing for them" (Beijing Farmer's Market representative), and: “…a turning point for family farms as people are willing to spend more money on vegetables during a crisis, thus starting to appreciate the quality of sustainable agriculture.”

(Liangshumin Rural Reconstruction Center representative).

According to interviews with farmer support organizations, the largest negative impact was the disruption in getting enough workers (Figure 2). This was due to the block of transportation. When COVID-19 first spread massively in Feb 2020, it coincided with China's spring festival and many migrant workers went back to their hometowns in this period, hence migrant workers were not able to return to their workplaces after the holidays as they were asked to quarantine. However, this impact was relatively short-lived. For governmental-affiliated organizations like the YFD Farm and the Liangshumin Rural Reconstruction Centre, the local governments were able to respond quickly and opened up emergency channels to transport workers and farm products. For non-governmental organizations like Beijing Farmer's Market, they were able to find ways to get in touch with the farmers during lockdowns, for example driving to their village and getting the products themselves over the village gates. It was somewhat surprising that most of the respondents of the organizations indicated that the pandemic actually brought more positive than negative impacts, most importantly represented by the introduction of new online and direct marketing channels. Organizations like Beijing Farmer's Market and YFD Farm put their available products on online platforms like Wechat's mini program so that consumers could browse through and purchase directly. The products were either delivered to the consumer's house via logistics companies or were placed in a set location for consumers to pick up at a certain time. These methods were the safest and the most convenient ways for consumers to acquire their fruits and vegetables, thus boosting the total sales and income of the organizations.

Interviewed non-profit organizations did not receive any financial support from the government during the pandemic. Subsidies would mostly go to larger enterprises and governmental-affiliated organizations, according to the director of the Beijing Farmer's Market. Some individual farmers who are not government affiliated nor cooperate with bigger enterprises, were able to benefit from programs like Alibaba's ‘One billion-Yuan fund' but were not direct beneficiaries of central government programs. According to China's Third National Agricultural Census, there are around 310 million people who work in China's agricultural sector, a majority of them ‘scattered farmers' (“Bulletin on Main…Census (No. 5)”). The organizations suggested that the government could pay more attention to these farmers and release more targeted policies at a local level, as said by the director of Beijing Farmer's Market: “You need to have a supporting market mechanism so that this farmer can connect with it when doing ecological agriculture. It's difficult now”.




DISCUSSION

Here we present a unique comparative and empirical based study, reflecting on pandemic-related impacts and responses on and by diversified farm operations, governments and non-governmental entities in three very different contexts, revealing fewer devastating impacts than anticipated in large part because of the breadth and depth of multi-level responses across sites. We are, however, aware that this represents just part of the global picture and that many other farms and communities (see e.g., Barrett et al., 2021; Lioutas and Charatsari, 2021; Lopez-Ridaura et al., 2021), especially in the global south (see e.g., Carreras et al., 2020; Morton, 2020; Gatto and Islam, 2021; Rasul et al., 2021), saw more severe impacts and fared worse, as evidenced by a growing literature (Abiral and Atalan-Helicke, 2020; Jámbor et al., 2020; Meuwissen et al., 2021). Our study is an important contribution for understanding both the vulnerabilities and resilience of different actors within the agri-food system during the global COVID-19 crisis, with clear policy recommendations toward a more inclusive, resilient and sustainable food system for the future.


Commonalities and Differences Across Countries; United States, Norway and China

We anticipated that—given the differences in socio-political systems, the pandemic impacts, and, especially, the policy responses, would mirror these differences, with impacts greatest in market-dominated US, and government playing a smaller role to mitigate negative impacts especially among smaller scale farmers, as compared to Norway and China where it was expected that government would step in to shore up the agri-food system. These expectations were largely met in Norway and China, where government policies to deal with curtailed transport, labor availability, lost markets, and input supply disruptions were quickly put into place to help agriculture, especially larger-scale farm enterprises and cooperatives. Surprising, however, was the extent to which the United States federal government also responded to the pandemic, albeit belatedly, with major infusions of money to support agriculture, early on making the decision to include all farms that employ workers in its signature Payroll Protection Plan, and under the Coronavirus Food Assistance Program, to fund farmers of all sizes to participate in USDA boxes (Bitker, 2020; USDA, 2020b). Thus, government policies were enormously important in all three cases in preventing more severe or long-lasting impacts on farmers, such as loss of land and equipment.

Nevertheless, the combined farmer and policy data reveal that in the three cases not all farmers benefited from the wide-ranging government programs, and that, benefits were hard to access for socially disadvantaged/non-English speaking farmers (Beatty et al., 2020; Committee on Agriculture, 2021; the US), small, diversified family farmers (Norway), and “scattered farmers” unassociated with government-backed enterprises (China). In their large survey study, the California Institute for Rural Studies revealed the disproportionate burden of COVID-19 illness and economic hardship on farmworkers of color in California (CIRS, 2021). For these farmers and farmworkers, to a significant extent the local community, non-governmental organizations, the private sector and concerned consumers stepped in to make up the difference. As such, a major finding is that across sites a constellation of actors worked in concert to help farmers and the agri-food sector weather the pandemic storm (see also Barrett et al., 2021; Meuwissen et al., 2021). In China, the major role of Alibaba's digital platform linking thousands of “scattered” farmers with excess produce to buyers throughout the country, facilitating marketing, transport and distribution was important. In Norway, direct markets and the Norwegian Farmers and Smallholders Association have been the driving force behind the fast growth of REKO-rings, digitally connecting small, diversified farmers with individual customers to make up for lost markets with restaurants and farmers markets. And in California, non- governmental organizations such as Fresh Approach, Community Alliance for Family Farmers, and Kitchen Table Advisors have focused on supporting socially disadvantaged farmers to gain access to the information and skills needed to participate in new opportunities (e.g., e-commerce, Farmers to Families), and generating emergency funds to tide them over periods of health and economic crises (Fresh Approach, 2020; Kitchen Table Advisors, 2021).

The strong policy response to the pandemic reinforced actions taken by farmers themselves to quickly adapt to an unprecedented situation, particularly regarding access to labor. As food providers they were considered “essential”, however, the freedom to work as farmer-owners did not extend to foreign or migrant farmworkers in Norway and China, respectively, and the US, was also impacted, though less so, by closures at the Mexico border. Norway adopted policies to encourage Norwegian unemployed and laid-off workers to take the place of foreign labor barred from entering the country, while in China on-site managers and other personnel went into the fields to harvest until “point to point” policies provided emergency transport for migrant workers. In California, farmers reported adopting public health measures to prevent contagion (least successful in large, compact operations such as chicken and meat processing) and relying more on trusted long-term employees. Very small farms in all three countries relied intensely on non-paid family members and neighbors during the early months of the pandemic. This was an “all hands on deck” response to prevent more illness and keep food flowing to distribution points, near and far.

Also, strongly evident across the three sites, and somewhat surprising, across the three sites was the positive impact of the pandemic in expanding consumer demand and appreciation for healthy and locally grown food. Fruit and vegetable farmers, especially in California, quickly pivoted markets for their produce from closed restaurants and wholesalers to CSA boxes, farmers markets, and on-site stores, often pulling in a variety of products from other sources to add diversity and value to the boxes. As a result of initial support from USDA subsidies through Farmers to Families and intermediary organizations such as Fresh Approach and Kitchen Table Advisors, the benefits were more widely spread to include small and organic farmers, and needy families accessing boxes through their schools, food banks and churches. In Norway, although both pandemic-related negative and positive impacts were less frequent and dramatic, farmers had similar experiences with consumer interest in “food origins” and appreciation for Norwegian products above imports, where increased demand from cooperatives and direct markets more than made up for losses in sales. Both the policy data from China and the experience of YFD Farm show how farmers, consumers, government and the private sector cooperated via e-commerce platforms to ensure food distribution to urban centers across the country. In the case of YFD, the farm diversified its fresh and value-added products to meet increased Kunshan County/Shanghai demand for locally grown, high quality food, even at high prices, using the ubiquitous “wechat” social media platform to sell their organic products and promote their “sustainable farming philosophy”.



Lessons Learned and Suggestions

Diversified, small and mid-size farms were able to survive and even prosper during the pandemic because of their “nimbleness” in quickly pivoting to direct marketing as demand increased. Organic farmers did especially well as healthy food during a health pandemic was at a premium in all three countries, as did cannabis and wine producers in the United States. In China, subsistence farmers linked to local seed supplies were able to plant where farmers reliant on purchased seed delayed their spring planting, linking seed access to resilience. Villages able to store their own seeds using traditional knowledge suffered less from supply chain disruptions.

The necessity of community solidarity together with institutional support for surviving a health crisis affecting the entire planet became apparent. In the United States, hard lessons were learned from the lack of solidarity at the federal level during 2020, to a significant extent made up for at local levels and by NGOs until federal policies kicked in. Institutional support in the EU and Norway was stable from the start because of the long-term social contract with a high degree of trust among citizens with their governments. In addition, active Farmers Unions, cooperatives and member organizations and networks mobilized to break farmer isolation and uncertainty during the pandemic. In China, the government pressured the private sector to mobilize its assets to support farmers and distribute food, and local governments helped smooth supply and labor disruptions, while consumer-driven food e-commerce exploded around urban centers as a result of the lockdowns. Non-governmental organizations played a minor role in China, however, groups like the Farmers Seed Network and Beijing Farmers Market had been working for a long time on behalf of sustainable small farms and this support proved crucial for some of these unorganized or “scattered” farmers during the early months of the pandemic.

The big question remains as to whether these positive lessons will endure after the pandemic is over. Below we summarize the main categories of suggestions for building a more socially, ecologically and economically resilient agri-food system post-pandemic, bringing together responses from the three sites.


Diversify Markets

Nearly all farmers and support organizations concur that diversified crops and markets are essential for coping with shocks like the global health pandemic, and similarly with the weather shocks they face with increasing frequency. With the pandemic, markets were hit directly, so farmers able to pivot quickly to direct marketing did relatively well, and farmers with a diversity of fresh and processed products to offer sheltering-at-home consumers did even better. In addition, several farmers benefited from a break in perceived unfair competition with imported food, especially from Mexico in the case of California, and other EU countries in the case of Norway. Even YFD Farm benefited from closed regional borders adding a new source of local tourism income. Finally, farmers noted that in times of crisis, and reduced demand, more markets are needed for second quality produce. Several of the policies sustained during the pandemic address these marketing issues and could be kept in place as stable support for small and mid-size farms, especially organic farmers that typically incur higher costs of production: (1) on-going government funding for fresh produce farmers to supply local foods to needy families year-round, with a sizeable proportion of contracts going to small and organic farmers; (2) public support for organizations, such as Fresh Approach, Norwegian Farmers' and Smallholders' Association (‘Bonde og Småbrukar-laget'), and Beijing Farmers Market, among many others, as partners for connecting and aggregating produce from smaller farmers to supply a range of customers; (3) place tariffs on imported foods from countries with lower environmental, labor and food safety standards to bring up prices to cover the costs of sustainably grown foods; and (4) fund research and training through such organizations as Farmers Seed Network and CAFF to build a more diversified agri-food system.



Retain Positive Changes in Social Norms

This global pandemic put a spotlight on peoples' essential connections to food and food providers while lockdown restrictions increased demand for locally produced foods that were perceived as safer and more readily available. Further, in all three contexts, although less so in China where e-commerce of processed foods is highly popular in urban areas, sheltering-in-place led to renewed interest in home cooking and family mealtime, particularly among affluent households. Farmers involved in direct marketing perceive this as a positive change in social norms that they hope will continue post-pandemic. In Norway, most farmers identified the need for continued food knowledge promotion amongst consumers. In California, farmers are cautiously optimistic that consumers will continue to appreciate locally grown food. Similarly, farmers and organizations referred to a positive cultural shift from the individual to the collective. One example was the partnering among farmers to add products to boxes to add more variety and value for consumers. Another was the wide sharing of information through webinars and social media on accessing personal protection equipment, new markets, and government and emergency funding in a spirit of solidarity more than competition. In Norway, communities re-kindled some of the traditional social structures of helping each other, and society supported farmers as essential workers by keeping their schools and kindergartens open during lockdown.



Prioritize Socially Disadvantaged and Small to Midsize Farmers

Whereas this study has highlighted the resilience of many small and mid-size farmers in a global health pandemic, supported by multiple levels of institutions, the findings also indicate inequities in impacts, leaning more negative than positive for immigrant farmers (California) and “scattered” subsistence farmers (China) lacking adequate access to information, funding and alternative markets. In Norway, however, even small semi-subsistence farmers did not fare badly because of government subsidies and other sources of income. Negative impacts were minimized where NGOs and selected government programs actively targeted socially disadvantaged farmers, but only to an extent. Furthermore, farmworkers across the three sites faced serious negative impacts. As a result, one of the key recommendations for “building back better” post-pandemic is to prioritize socially disadvantaged farmers and farmworker conditions, however these may be defined locally. Specifically, in California, respondents are eager for programs to continue that included small, organic and immigrant farmers, such as Farmers to Families Round 1, and for NGOs operating on a shoestring to be recognized for their immense importance during the pandemic with more sustainable financial support. They urge provisions in the 2023 Farm Bill that prioritize new, beginning and historically disadvantaged farmers, building their capacities to weather future crises. In both California and Norway, farmers recommend relaxation of regulatory barriers, such as the Good Agricultural Practices (GAP) certification requirement on USDA boxes, which discriminate against organic practices. Further, the pandemic revealed major breakdowns in large food processing capacity, highlighting the need for more local processing, especially in meat and dairy, currently stymied by regulatory and capital requirements (Altieri and Nicholls, 2020; Hobbs, 2020; Lioutas and Charatsari, 2021).

In Norway, the progressive social contract between citizens and their government is nonetheless focused on large operations, and consumers rely heavily on cheaper imported food. Also in China, pandemic policies favored larger private and government-affiliated enterprises, with millions of “scattered” subsistence farmers and migrant workers left to fend for themselves during lockdowns. Several organizations recommended that in the future more attention be paid to these farmers with targeted policies on a local level. Village farmers that did better during the pandemic were those who lived in self-reliant communities, sharing seeds and other inputs, and marketing products among themselves, a long-term resilience strategy supported by the Farmers Seed Network.



“Hybrid” Agri-Food System?

In addition to the country-specific lessons learned from the pandemic, this study has enabled an examination of what we can learn from each other in terms of effective responses to a major crisis. For instance, whereas the European Union/Norway and China had a unified rapid response to the pandemic to prevent its spread and worsening health and economic impacts, the United States' federal response was delayed leaving much of the heavy lifting to individual states with heavy costs in lives and economic harm. China was able to quickly mobilize its government apparatus, private sector and citizens to distribute food to urban areas throughout the country, and to favor farm products from badly hit localities such as Hubei Province, minimizing food insecurity. In the United States, high unemployment and delays in getting cash and food stamps to needy families resulted in huge lines at food banks, continuing at a more modest level into the third year of the pandemic. Norwegians prevented such impacts through continued employment guarantees and support to handle lost workers and output in the farm sector, combined with community solidarity, farmers' unions and well-functioning cooperatives. In the United States, and California in particular, despite and partially because of the federal delays, there was a spectacular non-governmental response to the market and supply disruptions—both by farmers and support organizations, reducing harm to small commercial farms and socially disadvantaged farmers and farmworkers. These crisis-driven innovations were less apparent in Europe and China. In the end, the United States government did not let market-driven forces go unchecked, providing significant relief by the second year of the pandemic. Given these major strengths and weaknesses across three very different societies, it is interesting to contemplate building a “hybrid” crisis response structure that takes the best from each system. Indeed, this comparative study suggests a strong need for such an exercise by policymakers, NGOs and citizens across the world in their deliberations and planning for the next global crisis.





CONCLUSIONS

This paper presents a novel assessment of impacts and adaptive responses to the COVID-19 pandemic in diversified farming systems in the United States/California, EU/Norway and China. We show commonalities for several of the adaptive responses despite very distinct socio-political systems, most importantly:

• Sharp rise in e-commerce;

• Increased direct and diversified markets to consumers;

• Changes in social norms toward collaboration and re-kindling of community traditions;

• Crucial designation of farmers and farmworkers as “essential”;

• Crucial government emergency and recovery support; and

• Complementary training and logistics support by NGOs and/or the private sector to farmers where government support was lacking.

Overall, different actors responded in manifold new ways, which in concert resulted in the resilience reported above. Examples include the use of new sources of labor, new sanitary measures, innovative adaptations to shifts in consumer demand, and the expansion of food deliveries at home (Lusk and Anderson, 2020; Wieck et al., 2021), just to mention a few. How to leverage Internet-enabled food supply and distribution for enhanced food system resilience deserves further attention. A key question is how online grocery-shopping will evolve after the pandemic. Will this have ramifications on the infrastructure of the supply chain, food safety and public health? Will the large corporate e-commerce platforms and food distribution networks dominate the market and squeeze out individual farmers, or will there be a continued demand for locally and sustainably produced foods? Scaling up this study to include more farmers and support organizations spanning the whole spectrum of the food system would allow for a wider scope as well as more in-depth analysis and knowledge generation on the evolution of mechanisms and adaptive responses in the wake of disaster.
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Given the novel character of disturbances caused by the pandemic in food systems, initial studies have been conducted to stress the reinforced urgent need for food systems' transformation toward sustainability. First assessments, conducted in the early months of the pandemic, found that local food actors responded to changing production and marketing conditions by implementing alternative practices under the umbrella of agroecology. However, given the unprecedented and dynamic character of the pandemic in regional situations, and related context-specific changes caused in food system actors' operations, case studies are needed to assess in more detail under which changing conditions food actors implemented alternative practices. Moreover, the maintenance of practices as conditions normalize, and food actors' transformative potential in relation to the principles of agroecology, need further assessment. In response to these emerging issues, we provide insights into our case study research conducted during 2021 in a local food system in Argentina. The aim of this research was to study how changing conditions triggered local food actors to (re-)frame their objectives and activities regarding marketing, and to assess the relevance of agroecological principles as a means of responding to changing conditions and to unfold longer-term transitions. We identified local producer shops (n = 5) and markets (n = 4) that were established or consolidated by self-organized producer groups (SOPGs) during the first months of the pandemic. Using semi-structured interviews with SOPG members (n = 12) and qualitative content analysis, we found that alternative practices were adopted in response to different changing conditions, and new needs and opportunities for producers and consumers brought about by the pandemic. Objectives pursued, and activities undertaken by the groups revealed reactive short-term mitigation strategies, and proactive longer-term transformative objectives. The relational analysis between practices and agroecological principles showed that the principles became important means of responding to changing conditions and to unfold longer-term transitions. The cases illustrate how local food actors operationalized agroecological principles, and in turn how principles can be used to investigate the nature and potentials of food actors' alternative practices, highlighting the relevance of agroecology to co-design sustainability transitions in local food systems and to mitigate possible future crisis.

Keywords: agroecological principles, agroecological transitions, shock-mitigation responses, transformative potential of local food actors, Argentina


INTRODUCTION

The COVID-19 pandemic and measures implemented by governments at the global level to manage the pandemic have caused a systemic crisis, affecting food systems' performance, and processes along global and local agri-food supply chains. Negative consequences for established global chains highlight weaknesses of prevalent food production, distribution and consumption practices, and threaten sustainable human development (van der Ploeg, 2020; Rivera-Ferre et al., 2021). Impacts caused by the pandemic unfold in multiple areas, and through complex interrelations between social, economic, ecological, and human health factors. A distinction is made between direct impacts (the virus on human health) and indirect impacts, as a consequence of measures implemented to control the pandemic or through the effect of fear in the population (UNICEF, 2020; Rivera-Ferre et al., 2021). In response to these impacts, actions have been taken by groups or individuals in society or governments to prevent, compensate for, or adapt to emerging changes. There are hints that local food actors have responded to the consequences and impacts by developing immediate decentralized collective strategies, and by implementing alternative practices under the umbrella of agroecology (Tittonell et al., 2021; Zollet et al., 2021). However, the particular changing conditions under which such practices have been implemented and what potentials they unfold within local food systems' sustainability transitions in time and in relation to the principles of agroecology (Wezel et al., 2020) remain to be further explored.

Given the novel character of the pandemic and induced disruptions in prevalent global food systems, studies have been conducted and expert opinions published to understand the new situations, to reveal impacts, and to stress the hitherto known and, through the pandemic, reinforced urgent need for a transformation of food systems toward sustainability (IAASTD, 2009; IPES Food, 2016; HLPE, 2019). The studies have focused on a wide range of phenomena associated with the diverse food system actors impacted, including farmers, processors, retailers, consumers, as well as regulatory and policy-making entities and wage workers involved in agri-food sectors. For instance, disruptions in supply chains were assessed with regard to decreasing food security (e.g., Savary et al., 2020; Workie et al., 2020), to impacts on different food supply chain components and commodity groups in developing countries (Vyas et al., 2021), to labor availability, food systems' connectivity and international trade (Stephens et al., 2020; van der Ploeg, 2020), and to increasing inequality experienced by small scale food producers (Paganini et al., 2020). A review by Béné (2020) shows that by June 2020, indirect impacts caused by lockdowns and mobility restrictions led to loss of income, purchase power, and in consequence to a decrease of food security for poorer segments of populations in low and middle income countries.

These suddenly arising and challenging impacts have pushed local food system actors to immediately respond to the changing conditions within their specific context of operation (Zollet et al., 2021; Frank and Amoroso, in press). Studies looking into such local responses were mainly conducted during the initial phase of the pandemic (March-June 2020), providing ‘snapshots’ of responses in the context of early lockdowns. For instance, studies on local and regional food systems in different countries around the globe, characterized by short supply chains and producer-consumer proximity, indicate high flexibility and adaptability of local actors to operate under changing conditions, by building on strong local relationships (Thilmany et al., 2020; Prosser et al., 2021), by taking advantage of (temporal) changes in consumption patterns (Lal, 2020; Bisoffi et al., 2021; Zollet et al., 2021), and by showing their growth potential (Nemes et al., 2021). In a cross-national study in the Latin American region, Tittonell et al. (2021) characterized initial responses of family farming and agroecology movements in the early months of the pandemic regarding their potential to mitigate threats toward food security. The study provides first indications of high resilience and potential for reconstruction of local actors in developing and implementing immediate strategies under lockdowns, based on producer-consumer links, short value chains, local and solidary economy, collective capacity, and cooperation within networks. Mostly, answers from development projects/initiatives were analyzed, hence direct farmer perceptions were not considered (Tittonell et al., 2021).

These first findings, based mostly on large online surveys, from the initial phase of the pandemic, support the general narrative by advocates for agroecology. The narrative uses the argumentation that reinforced and evidenced weaknesses of prevalent food systems and observed “agroecological” responses of local food actors confirm that agroecology is the appropriate pathway for sustainability transitions in food systems (Altieri and Nicholls, 2020; Gliessman, 2020; Bisoffi et al., 2021; Gras and Hernández, 2021). However, given the unprecedented and dynamic character of the current pandemic, its varying implications in different regional situations, and related context-specific changes caused in food system actors operations, the above argumentation for agroecological food practices as appropriate responses to systemic shocks requires further, case study based, empirical evidence. Moreover, the maintenance and evolution of responses as conditions normalize, and the longer-term transformative potentials of practices implemented in relation to sustainability issues, such as consolidated in the principles of agroecology, need further assessment (Nemes et al., 2021).

Longer-term food system transitions might be explainable by the consolidated principles of agroecology, proposed as a general framework to guide and monitor transitions at the plot, farm, and food system level (Wezel et al., 2020). Using the generically formulated principles for in-depth analysis of local responses by food actors under changing conditions may lead to better understanding of how suddenly changing conditions for producing, marketing and consuming food may trigger actors to develop and implement agroecological practices. By studying how actors (re-)frame their objectives under changing conditions and how the statements of agroecological principles are translated into concrete local action, the potential of agroecology for local transitions in the context of a systemic crisis and beyond can be approached. In turn, this knowledge can help to define the relevance of specific principles for actors to operate under changing conditions, and to better inform policy interventions to support local food actors. Appropriate support measures can help actors to potentialize their capacity to mitigate shocks through increased resilience and to use this crisis as an opportunity to unfold their longer-term transformative potential (Folke et al., 2010), by contributing to food security, sovereignty and reduction of vulnerability of smallholder food actors (Tittonell, 2019).

Conceptually, such analysis responds to the dynamic and unpredictable character of agroecological transitions, and the need for more inductive and constructivist research (Ollivier et al., 2018). It can be approached through the understanding of agri-food systems as purposeful human activity systems (Kaufmann and Hülsebusch, 2015), where actors operate within their frame of reference (knowledge, objectives, values, attitudes etc.) toward their specific objectives, influenced by constraining or enhancing context conditions (Mezirow, 2000). For instance, at the farm decision-making level, Sutherland (2011) conceptualized that major change processes toward sustainable management are often initiated in response to major trigger events. From this perspective, studying the diverse changing conditions caused by the pandemic that frame the individual and collective room to maneuver of local food actors for (re-)framing their objectives and actions is promising to understand what pushes actors to change from the usual.

Against this background, this study emphasized the Argentinean case, where in recent years agroecology is gaining momentum, and where the pandemic and the prevention measures have had severe impacts. The worldwide calculated COVID-19 Stringency Index shows that in a global comparison, Argentina was one of the countries with the strictest and longest lock-down and prevention measures implemented (Hale et al., 2021). National lockdown measures included strict local mobility restrictions, mandatory social isolation, distancing and closure of local markets and shops (put into force by the national decree N° 260 in March 2020). Although agricultural production and marketing activities where officially exempt from lockdown, difficulties in obtaining circulation permits for local food actors where widely reported all over the country (Urcola and Nogueira, 2020).

Within our ongoing case study research on agroecological transition pathways in a local food system in Argentina, in April 2020 we responded to the sudden lockdown and its impacts on the local food system by starting a stepwise study. In a first step, we conducted an online-survey to assess how local farmers and processors in a local food system in Northern Patagonia perceived disruptions and impacts in the early stage of the pandemic (March-June 2020) to carry out activities for producing and marketing food, and what immediate strategies they proposed and implemented to cope with the restrictions and perceived impacts (Frank and Amoroso, in press). We found that ninety percent of the respondents were affected in their farming and/or processing activities. In relation to specific impacts, among others, sale of products appeared as the most affected process and farmers and food processors stated their interests in establishing agroecological practices within civic food networks (c.f. Renting et al., 2012).

Based on these findings, in the second step of our study, we identified local producer shops and markets that were established or reinforced during the pandemic, for an in-depth case study. The overall aim was to study changing conditions, how they triggered actors to (re-)frame their objectives and activities regarding local marketing, and to assess the relevance of agroecological principles as a means of responding to changing conditions and to unfold longer-term transitions. The specific objectives were to (i) reveal marketing conditions that changed during the pandemic for local food actors to operate; (ii) identify objectives of, and activities conducted by, local producer groups to establish producer shops and markets; and to (iii) understand how the objectives and activities carried out reflect agroecological principles as articulated by Wezel et al. (2020).

This study reports on an exemplary case ‘in the making’, providing insights into particular changing conditions under which alternative practices are implemented, and into how agroecological principles can be used as a lens to investigate characteristics and potentials of these practices regarding immediate shock mitigation aspects, and longer-term agroecological transitions. Thereby this study contributes with case study-based knowledge to better situate general narratives for agroecology as sustainability pathway in response to food systems' crisis.

In the following, we first present materials and methods used to approach the above objectives. In the results we give a brief characterization of the assessed producer shops and markets and present our analysis of changing conditions for market actors, objectives and activities conducted by the self-organized producer groups (SOPGs) who implemented the producer shops and markets, and the linkages of their objectives and activities with the agroecological principles. Finally, we discuss our findings in the light of learning opportunities from disruptions caused by the pandemic and from the responses by food actors regarding potentials of agroecology approaches to build alternative local food systems in context of crisis and beyond.



MATERIALS AND METHODS


Study Location

The case study was conducted in the Andean valley region Comarca Andina del Paralelo 42, comprising territories between parallels 41°30′ and 44°55′ South, and 71°20′ and 71°42′ West of the provinces of Río Negro and Chubut, Argentina (Figure 1). The region is characterized by a cold temperate mountain climate (average precipitation 750 mm/a, average annual temp. 9,8°C) (Madariaga, 2009). The human population has been growing rapidly in the region over the last decades, due to high national and international migration fluxes.1 The territory counts several dispersed and rapidly growing urban and peri-urban centers, connected by a strong flow of labor, goods and capital across the province border that divides the region. In socio-economic terms, tourism, the public sector, agricultural and forestry production, and a diversity of handcrafts are the main sources of income for the local population.
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FIGURE 1. Map of the study region and assessed cases.


Surrounded by mountainous forest landscapes, diversified agricultural production takes place in the productive valleys and on terraces (fruits, vegetables, hops, cereals, and small to medium scale animal production with varying intensities). The main growing season is from November to March. Local food provision relies to a large amount on imports from other regions of the country, although parts of the population choose local products and thereby engage in sustainable consumption practices. To our knowledge, there is no data available that quantifies the amounts and types of food imports or the share of local production necessary to cover local food demands.

According to data estimated by the National Institute for Agricultural Technology (Cardozo et al., 2022), there are 2619 farmers in the study region, out of which 96% work on a small scale for family consumption and/or selling of small volumes. Vegetable production is estimated to take place on 101 ha in greenhouses and outdoors. Farms are characterized by mixed small and medium scale production systems, under conventional management and a growing number under agroecological-based management approaches, such as organic farming, market gardening, community supported agriculture, community gardening and small farms for self-consumption (Frank et al., 2020). Local products are usually sold via direct marketing (on-farm, social media, home delivery and farmer markets), local retailers and informal bartering.



Data Collection and Analysis

Based on our findings on emerging local marketing strategies in response to indirect impacts perceived by local farmers and processors (Frank and Amoroso, in press), in March 2021 we mapped local producer shops (locally used term in Spanish: mercados) and markets (locally used term in Spanish: ferias) in the study region. In consultation with local experts (extension service, advisors, researchers, farmers, and consumers) we identified all the shops and markets (n = 14) that fulfilled our defined criteria (farmer/processor-led; food or mixed food/no-food; focus on direct marketing). Subsequently, we selected those cases (n = 9) that were functioning during lockdown/restrictions between March and December 2020, or at least during some months in this period, in order to be able to observe effects of changing conditions for the market actors. Out of the selected cases, 6 (5 shops and 1 on-farm market) were established after March 2020 (i.e., during the pandemic), and 3 (markets) existed before that date. The distinguishing characteristics of producer shops and markets is detailed in the results (Section Characteristics of Producer Shops and Markets). The identified shops and markets were visited to familiarize with the organizing groups (hereinafter referred to as self-organized producer groups: SOPGs), to learn from informal interactions how the shops/markets function, what motivates participating producers,2 their objectives, and the challenges they face. The visits were conducted by the authors in collaboration with the local state extension service. Finally, during the visits we determined with the SOPGs their interest in participating in the consultative research through individual and group interviews.

Given the exploratory character of the study, a semi-structured interview method was chosen to capture and understand the interviewees' perceptions within the scope of the research objectives (Kvale, 2012), such as the history of the producer shops and markets, effects of the pandemic, objectives, activities, experiences, and future expectations of interviewees. Further, an open interview flow was used to provide space for the interview partners to also bring forward those relevant aspects that were not previously thought of by the researchers, and therefore to enrich the data and to reduce possible bias of the results. Where possible, group interviews were conducted with various members of the respective SOPG, to capture perceptions and knowledge of different individuals. This approach facilitated gaining insights into the representations, motivations, and interpretations of the participants in a situation of interaction not only with the interviewers, but also with other SOPG members. The dynamic interaction among group members recreates the social representations of the group on the issues under study, based on the discursive confrontation among participants. It is from this group interaction that the answers to the questions were further discussed, enhancing the richness of obtained data (Merton, 1987). Further, it provided the participants with greater cohesion and confidence at the time of answering in the dialogical mode proposed by the researchers (Kamberelis and Dimitriadis, 2011). For this study, the selection of interview partners was carried out by the consulted SOPGs themselves, respecting their organizational dynamics (Beitin, 2002).

Based on insights from the first interactions with the SOPGs and the defined research objectives, a first guide for the semi-structured interviews was drafted. The draft guide was used for the first three interviews (February 2021) and adjusted based on a preliminary revision of transcripts. Then, the remaining interviews were conducted by the authors (see Section Author Contributions) between August and October 2021. In total, 12 interviews were conducted, 8 with participants of the 6 producer shops that were established after March 2020, and 4 with participants of identified producer markets that were established before the pandemic started. In total, 5 group interviews and 8 individual interviews were conducted, with an average duration of 70 mins (range from 30 to 90 mins).

All interview material (Spanish language) was transcribed using a basic transcription mode to completely transcribe the literal content. Transcripts were then introduced into a qualitative data analysis software (ATLAS.ti) for qualitative content analysis. Qualitative content analysis is a flexible but structured method for qualitative-interpretative analysis of (text) material. It is the systematic analysis of documented communication, based on certain rules and led by theory (Mayring and Fenzl, 2014). The structured analytical-interpretative process was guided by the development of concepts and categories (codes) that were applied to the text in order to sort the material with regard to content (coding), and to increase information density by reducing text volume. Figure 2 gives an overview of the qualitative data analysis framework, as employed in this study. The (sub-)categories and coding themes were developed by using a hybrid approach. The main analytical categories (1–5) were derived from the research objectives (deductive). Then, the sub-categories within the main categories 1–4 were developed based on the transcripts (inductive). For the analysis of linkages of objectives and activities with agroecological principles (category 5), the principles of agroecology that apply to the (local) food system level (as defined by Wezel et al., 2020) were taken as sub-categories and their definition (coding themes) were then used to reveal connections to objectives and activities conducted. Direct quotes of interview partners presented in the results are coded by the interview ID, differentiating between group or individual interview (gr/ind).
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FIGURE 2. Qualitative content analysis framework.





RESULTS


Characteristics of Producer Shops and Markets

Among the studied cases, two operational types of physical marketplaces were identified, where self-organized producer groups (SOPGs) and consumers, residents of the region or tourists, come together. The first type were the producer markets (n = 3), which preexisted the pandemic and were characterized by open-air spaces where producers offered their products at individual stalls. Producers participating in the markets organized to perform common tasks, such as communication, maintenance, or improvement of the markets' infrastructure. The second type were the producer shops (n = 6) that were closed spaces, implementing a rotational shift-work scheme for selling products of all the participating producers.

In both operational types, responding to the principle of self-organization, most SOPGs established assembly structures and decisions were made by consensus. The type of products offered were similar in all assessed SOPGs. A variety of local food products, such as vegetables, fruits, marmalade, honey, sweets, juices and bakery goods, seeds and seedlings, as well as handmade cosmetics, clothing, and other handicrafts were offered. In some cases, the product range was supplemented with products from other regions (community-based purchase), as availability of local fresh produce is seasonal.

Shops and markets were composed on average by 35 members (min = 5/max = 88), with seasonal fluctuation. Participant profiles were heterogeneous in terms of age and socioeconomic level, including a high number of producers with an urban-rural migration background and a predominance of female participants in the SOPGs. Most of the producers had other sources of “off-farm income,” and only a few relied solely on the economic revenue from the shops and markets. Participating producers were farmers, some of them integrating processing of their crop and livestock products, and processors who bought raw materials mostly from within the SOPGs or from other local producers. Only in one case, pure re-sellers (traders) were represented within the SOPG.



Changing Conditions for Market Actors to Operate

Locally implemented lockdown measures in the study region came into force by 17th of March 2020, and were extended and modified in the subsequent months, legally justified by a high number of frequently changing national and provincial decrees.3 Most restrictions were implemented by law nearly until the end of 2020, such as the closure of the province borders between the Provinces of Rio Negro and Chubut (dividing the highly connected urban centers within the study region), strict curfews and later on, social distancing measures for the general population. Formally, agricultural activities were exempt from restrictions, while some established mixed farmer and handicraft markets were closed. Small-scale producers, including the participants of the SOPGs, were restricted in their mobility to cross provincial borders. The beginning of lockdowns coincided with the ending of the main agricultural production season in the region, affecting marketing of the local production.

Interview partners particularly perceived mobility restrictions and mandatory isolation as initial factors disrupting their operations. The relational analysis conducted by linking the other factors mentioned by the interview partners therefore starts with these two important new conditions (Figure 3).
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FIGURE 3. Relational chart of changing conditions for local market development, based on the interview partners' perceptions.


The general context for the producer markets and shops to evolve during the pandemic was described by one interview partner as follows:

Having the borders closed made us look a little more inward, and an economic crisis began to emerge from which you know that in this region most of the people ask for some jobs in the public sector or some private jobs, but most of them are self-supporting, artisans (...). It was this situation that made appear these markets (…). In some places they began to work as an economic alternative, let's say, for the crisis (I2-ind).

Although the implementation of the markets was apparently conducted within a crisis situation, and, as we show in the following, aimed at satisfying basic needs of the local population, the notion of new opportunities with a positive connotation brought by the changing conditions was revealed from the market participants' narrations.

The truth is that it [the pandemic] does not worry me much, on the contrary, I really like what we are doing here. We generated a link and very interesting discussions with the colleagues of the market group. And well, I see this as an opportunity, not as a problem. For me this was an opportunity (I4-gr).

When explaining the above context of restrictions (Figure 3), local producers also reported experiences from their role as consumers. On the consumer side, the lockdown led to increased demand of consumers to access food in the direct neighborhood during strict curfews.

From the producer perspective, it was reported that loss of off-farm income due to the national economic crisis, before the pandemic and its further deterioration caused by the pandemic, led to an increased need to earn income from farming/processing and local marketing activities. In this regard, producers living and working in the Province of Chubut also referred to the ongoing provincial government crisis (e.g., leading to very long payment delays for public employees and strikes). Furthermore, in the entire study region, some producers were affected by severe fires that hit the region and burned 19,605 hectares4 of forest and agricultural land between February and March 2021. Moreover, mobility restrictions, inhibiting other businesses (e.g., tourism and wage work), and hindering marketing of products in other closed local or inter-regional markets, led to more available work time, to increased need to redirect produce to very local market channels, to innovate and to change habits:

(…) because habits changed, although we lived in a certain rural environment, there was more time (...) that is to say, in the previous daily life there was not so much time to take advantage of all the apples, all the walnuts, everything, or to start cooking cakes or making bread (...). Someone who was an artisan became a baker, started making salads or sweets. (I4-gr).

Given these circumstances, interview partners reported an increased demand of local producers for alternative physical marketplaces in the different residential locations (span. parajes). Furthermore, emergency support of the local municipal governments to establish (temporary) local markets was highlighted as a new and favorable condition in some of the markets. This was explained in the context of temporary closures of some established mixed food and handcraft markets during the lockdown. Here the municipalities responded with support to provide alternative market options for local (food) producers. In some cases, local authorities provided plots for outdoor markets and buildings for indoor shops, mostly in community or municipality centers, which were closed during the lockdown. In other cases, public support was provided to cover expenses for the daily functioning of markets (i.e., gas or electricity) or to adjust sanitary requirements to the market demands.

Restrictions that affected the opening of local markets were the established distancing protocols for physical markets, in particular regarding the restricted number of people allowed in closed marketplaces. This led to the development of organizational schemes for the rotational attendance of the markets to adjust to the sanitary protocols and a distribution of tasks also considering personal situations of the participants, i.e., high risk groups were excluded from serving the public as sales personnel.

All assessed SOPGs reported that during the strict lockdown, the demand in the local markets, both regarding consumers and producers, was very high and dropped gradually as restrictions were lifted. However, this was also attributed to two seasonal particularities in the region. First, the decline of local fresh products offered in the off-season, and second, the pronounced seasonality of tourism as an important economic factor for the local economy.

Finally, interview partners' narratives emphasize that the exceptional emergency, and changes caused in the individual routines, stimulated critical personal and societal reflections, such as the need for strengthening and revaluing grassroots initiatives for developing and transforming the local food system toward increased food sovereignty.



Objectives of the SOPGs and Activities Conducted

The analysis of objectives pursued by the different SOPGs under the changing conditions during the pandemic revealed three overall aims. These were: (i) to permanently establish producer shops in the different residential areas within the study region, also beyond the pandemic, and/or to reinforce already existing producer markets; (ii) to utilize the producer shops and markets as places of community development, and peer-learning through knowledge co-creation and exchange; and (iii) to articulate and potentialize political concerns of food sovereignty through collective action.

These overarching and general aims were approached by the SOPGs through specific objectives and activities (Table 1). Objectives and activities conducted were found to be similar between cases, except for some obvious organizational objectives typical for the producer shop organization. Therefore, no comparative analysis was conducted, and differences highlighted only where they applied. The objectives showed a principal divide regarding their nature. There are reactive, short-term mitigation objectives of the SOPGs to provide emergency relief in direct response to conditions changed by the pandemic and immediate needs, and proactive, longer-term transformative objectives to work on post-pandemic growth of the producer shops and markets and on broader local food system development. Short-term mitigation objectives directly responded to the changing conditions (cf. Section Changing Conditions for Market Actors to Operate), both in terms of economic needs to generate alternative household income, to sustain local food supply, and to provide physical places for social interaction and solidarity-based peer-to-peer aid for the local population during lockdown. Therefore, they can be classified as reactive, as they directly respond to changed conditions. In contrast, longer-term transformative objectives have a more proactive notion, hence they reflect actors' objectives of initiating change to transform the local food system.


Table 1. Objectives and activities of the SOPGs.
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Further, based on the analytical categories (see Figure 2), it was revealed that the SOPGs' overall aims, specific objectives and activities conducted addressed different aspects of the local food system, i.e., economy, production, consumption, and community development. This distinction is used to group objectives in Table 1. It constitutes the first analytical step to highlight the diversity of objectives and activities conducted, subject to further analysis of linkages with the agroecological principles (Section Linkages of Objectives and Activities With Agroecological Principles). The diversity reveals the holistic and transformative approach pursued by the SOPGs; not only to mitigate impacts of the pandemic on local producers and consumers, but also to actively contribute to the development of local agroecological production, local and solidary economy, convergence and relation-building between local consumers and producers, and broader community development.

The heterogenous character of objectives and activities indicates that motivations of participating producers went beyond the individual purpose of generating and diversifying income (economy) and pointed to more community-oriented social and environmental concerns, for instance classified under community development, consumption, and local production.

There were different motivations for objectives represented in the different SOPGs, explained by one interview partner as follows:

Until today we are thinking and rethinking what we want to be as a market, if we want to be a market with certain characteristics, or a simply commercial market. (…) there is a group of colleagues who have a beautiful and harmonious commercial vision, I say harmonious because it is not within the framework of capitalist commerce, that is, just to make money, but it is thought from a more communitarian point of view, but it is still a commercial vision. Then there is another group that is more interested in being there for community reasons, without looking so much at the commercial aspect, which is the case of many people who participate and do not sell much (…). Then there is another group of colleagues who are thinking about “how can we organize it so that we can fulfill both needs, let's say?” (I2-ind).

By analyzing the nature of the activities that the SOPGs prompted (Table 1), it was revealed that only some activities were carried out by individuals at the farm- or processing-activity level, such as to produce more, to diversify production based preferentially on local resources (brought in or bartered from peers), and to start selling through different marketing channels. All other actions were taken at the shop/market activity system level (e.g., organizational and training activities) and done to reinforce linkages between shops and markets with the local communities (cultural events, workshops, fundraising, etc.). Remarkably, these activities reflect important investments of human and social capital by the SOPGs to reach their objectives. Most of the activities which were directly related to the producer shop organization were conducted by participants ad honorem.

Moreover, activities were identified that aimed at the increase of human and social capitals through changes in relationships between actors and co-learning within the SOPGs (e.g., through participatory and group-based organization of the producer shops, trainings and knowledge co-creation and exchange activities), and with the local communities (e.g., through raising consumer awareness of local production and consumption practices and through consumer involvement in the producer shops and markets). In this context, knowledge exchange, participation, togetherness, empathy, solidarity, tolerance, trust, commitment, awareness, and autonomy were frequently used in the interview partners' descriptions of the SOPGs' relations, their objectives and activities, their engagement with the local community, and their values and future aspirations. The groups pursued a combination of direct marketing-related and socio-cultural and political objectives and activities. However, the analysis of activities showed that the marketing-related objectives where emphasized, while community development was less represented in concrete activities.

Reported challenges encountered in the autonomous, participatory and solidarity-based approach implemented by the SOPGs were the high amount of time to be invested by individuals ad honorem; managing group conflicts and decision-making in the organization of activities, assuring continuous participation of producers, particularly during normalization of conditions after lockdown ended, and seasonal decrease of economic revenues from selling in the markets. In this regard, the SOPGs that implemented the producer shops reported that some producers stopped participating after lockdown ended and when the high selling season was over. However, those SOPG members who kept up with the shop or market activities stated a pronounced commitment to continue in the collective construction process, pointing at the long-term establishment of producer shops and markets as instruments for local food system transition toward food sovereignty.



Linkages of Objectives and Activities With Agroecological Principles and How They Respond to Changing Conditions

Figure 4 shows the multiple linkages between the objectives of the SOPGs and the agroecological principles. These linkages are explained in the following for each principle also regarding how they respond to the changing conditions (see Section Changing Conditions for Market Actors to Operate). In order to give more meaning to the principles, each of them is introduced by citing its definition according to Wezel et al. (2020).
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FIGURE 4. Assignment of SOPGs' objectives and agroecological principles.



Economic Diversification

“Diversify on-farm incomes by ensuring that small-scale farmers have greater financial independence and value addition opportunities while enabling them to respond to demand from consumers.” One key objective of the SOPGs was to generate new income sources for local producers, based on local and solidarity marketing approaches, and direct consumer-producer relations without intermediaries. Although the assessed producer markets existed before the pandemic, and most producers who participated in the new producer shops had produced and marketed locally before, it became clear that by having a growing number of producer shops to market their products, they were incentivized to conduct activities to increase and/or diversify their production and marketing during the pandemic. Thereby, they were able to partially serve the (temporary) increased demand of local consumers. However, it needs to be underlined that most of the producers in the assessed SOPGs did not make their living from on-farm or processing income alone. In this sense the markets provided a platform to generate additional income to increase financial independence of the households by combining on-farm or processing income with other off-farm incomes. Further, the objective of supporting the development of local and agroecological production practices showed the motivation to incentivize local farm-level transitions beyond the individual production horizon and through collective marketing. In this regard, interview partners highlighted the need to diversify product ranges offered in the shops and markets to attract consumers and to respond to consumer demands.



Input Reduction

“Reduce or eliminate dependency on purchased inputs and increase self-sufficiency.” The high relevance of this principle during times of mobility restrictions, temporary input-supply disruptions for producers and consumers, and mandatory social isolation of consumers was shown by the response of local actors who established producer shops and markets to sustain local food supply during lockdown, responding to increased demand to produce, market and consume locally. Further, the articulated reliance on preferably local resources (such as flour, fruits and vegetables) by processors, and local seed production and exchange by farmers, directly responded to this principle. However, the principle was not fully applied. This was explained by the problem of (temporarily) limited local availability of certain products for production and consumption. Here, the SOPGs worked in collaboration with national farmer organizations, organic retailers, and food coops to obtain inputs needed in processing, such as sugar, coconut oil, etc., and products to increase product ranges for consumers in the markets (sugar, fruits, vegetables, yerba mate, etc.).



Fairness

“Support dignified and robust livelihoods for all actors engaged in food systems, especially small-scale food producers, based on fair trade, fair employment and fair treatment of intellectual property rights.” The support of robust livelihoods by producers and local consumers participating in the markets became evident through the objectives and related activities to sustain local food supply during lockdown, to provide solidary-based peer-to-peer support to cope with economic challenges in times of economic crisis (and other catastrophes, such as the fires). Fair trade was encouraged through direct producer-consumer marketing without intermediaries, in some SOPGs through definition of prices based on production cost. Aiming to establish producer shops and markets as places of social interaction and learning, the SOPGs encouraged transparent communication of price structures to consumers, coupled with awareness-raising activities related to local and agroecological production. Whereas the groups' motivations to establish and operate the producer shops were principally based on volunteering, some groups made use of remuneration schemes for worktime provided by group members to serve the public. Thereby, where remuneration schemes were implemented, the groups developed mechanisms to approach issues of fair employment, within a context of economic need for income, to operate the shops.



Social Values and Diets

“Build food systems based on the culture, identity, tradition, social and gender equity of local communities that provide healthy, diversified, seasonally and culturally appropriate diets.” Identified objectives and activities of the SOPGs are related to this principle, particularly with respect to facilitation of exchange of local knowledge on agroecological production, marketing, and consumption practices. Motivations expressed by interview partners in this regard were to incentivize local and healthy consumption, and to enhance the implementation of agroecological farming practices. Diversification of diets was directly addressed by the SOPGs through the ambition to expand the range of products available in the shops and markets for local consumers, and by offering different types of healthy products, partly little known to local consumers. This principle also reflects cultural practices of parts of the local population who follow alternative and healthy lifestyles and emphasize solidarity and autonomy aspirations. Interview partners reported that local identity-building was encouraged through the shops and markets as social meeting points for collective action during social isolation, an example of how activities responded to the changing conditions.



Land and Natural Resource Governance

“Strengthen institutional arrangements to improve, including the recognition and support of family farmers, smallholders and peasant food producers as sustainable managers of natural and genetic resources.” The SOPGs constitute new community-based institutional arrangements to form producer shops and markets. Interview partners characterized the shops and markets as places of institutional and organizational innovation to build an alternative local food system based on food sovereignty. Indeed, the new institutional arrangements adopted by the groups did not directly refer to land and natural resource governance. However, the SOPGs geared their objectives toward building a platform to facilitate broader institutional innovation within the local food system, also regarding management of natural and genetic resources (e.g., land rights and local seed production). Solidarity-based objectives and activities within the SOPGs were reinforced by the changing conditions: for instance, through peer-to-peer support to cope with economic challenges at the household level, through establishment of bartering systems, and through the objective to strengthen social community interaction (for example, through fundraising and campaigns to collaborate with the victims of the fires). Further, the emergency support provided by local governments was explained as a result of the new situation caused by the pandemic. However, in most cases, this support was temporarily limited to the emergency situation. Only in the case of pre-existing markets and in the case of one producer shop, did the government prove continued support through longer-term contracts to sustain the shop beyond the emergency situation. Hence, in these cases, the new situation helped to encourage local governments to support the new institutional arrangements that were created by the SOPGs. However, interview partners underlined the rather conflicting relation between the SOPGs and local authorities, and the lack of support for local agricultural development in general. Reference was made to the absence of territorial land-use regulations, pressure by the real estate sector, and missing recognition by local governments of local (smallholder) farmers as capable and sustainable managers of locally limited agricultural lands.



Connectivity

“Ensure proximity and confidence between producers and consumers through promotion of fair and short distribution networks and by re-embedding food systems into local economies.” Connectivity was most obviously reflected in the objectives and activities of the SOPGs. This principle is inherent to the main objectives of the groups as they emphasized consumer-producer and producer-producer proximity through short distribution networks and strengthening local economies. Furthermore, the producer shops and markets were seen to play an important role as places for social interaction, joint learning and collective politically motivated action. These functions are also reflected in the implementation of the principles of fairness, participation, and knowledge co-creation. The producer shops were established under changed conditions and with direct consumer participation. Consumer participation was particularly pronounced in the reported support of consumers in the construction of the shops (e.g., in form of donations or volunteer work). In turn, the SOPGs' objectives and activities aimed at incentivizing solidary economy, and relationship-building between consumers and producers. This was even more pronounced with respect to the bartering practices conducted by the SOPGs, when producers took the role of consumers through exchange of products for self-consumption.



Participation

“Encourage social organization and greater participation in decision-making by food producers and consumers to support decentralized governance and local adaptive management of agricultural and food systems.” Increased connectivity between the involved actor groups and the agency of the SOPGs to implement the shops and markets can be regarded as a product of new social organization. Furthermore, the groups aimed at developing new social organizational structures and processes for the shops' functioning and for its integration into local community development, based on multi-actor participation, horizontal decision making and peer learning (see also Table 1). Regarding decision making, the groups opted for consensus-based processes, requiring more participation in debates compared to majority vote processes. Local adaptive management was encouraged and implemented when the SOPGs readily responded to the various changing conditions (see Figure 3), by opening new markets and by developing new organizational arrangements.



Co-creation of Knowledge

“Enhance co-creation and horizontal sharing of knowledge including local and scientific innovation, especially through farmer-to-farmer exchange.” Activities conducted by the SOPGs showed that horizontal learning was approached through informal and formal learning. Informal learning occurred as part of the daily marketing activities (e.g., exchange of knowledge on alternative production and consumption practices, learning about organizational issues). Formal learning events were organized by the SOPGs, such as trainings for participants on topics of market administration and price definition (in some of the shops, provided by group members and/or by the local public extension agency). The implementation of new marketing formats under new conditions led to an increased need for learning by involved actors. Interview partner highlighted the importance and richness of horizontal learning processes that evolved within and between the SOPGs and with consumers, and how these learning processes enriched the collective processes (see also principles connectivity, participation andgovernance).





DISCUSSION

Up to now most studies related to the COVID-19 pandemic crisis and local food system actors' adaptations to changing conditions were conducted in the early months of the pandemic, based mostly on online surveys (e.g., Tittonell et al., 2021; Zollet et al., 2021), and on expert opinions (e.g., Worstell, 2020; Nemes et al., 2021). We opted for a qualitative case study using in-person semi-structured interview methods with individuals and groups to obtain in-depth insight from first-hand local food actors' perceptions, during 2021, when conditions stabilized, and on-going processes had been in place for more than 12 months. We studied how self-organized producer groups (SOPGs) adapted their marketing objectives and activities under changing conditions caused by the pandemic crisis, considering agroecological principles to understand emerging change processes.

The analysis of changing conditions supports our previous findings in the case study region, showing disruptions in local food actors' operations mainly caused by mobility restrictions, closures of principal roads, the provincial borders, and some local markets (c.f. Frank and Amoroso, in press). In consequence, local producers' marketing and access to inputs were most affected, and they faced overall economic challenges to generate income. For consumers, access to places where to purchase food was restricted to very local options in the neighborhoods. The important impact of the closure of provincial borders, both for consumers to purchase food, and for producers to reach consumers and to purchase production inputs, is explained by the high social and commercial interconnectedness within the rural-urban continuums in the study region (Bondel, 2009). Within this context, the changed conditions triggered local food actors to focus on and to reorganize local marketing, based on collective action.

Due to the mobility restrictions and health protocols during lockdown, several farmer and handicraft markets were closed in the study area. These altered conditions supported the formation of SOPGs and the opening of producer shops, attended by one or two people, offering products from all participating producers. Within the SOPGs, the presence of producers with urban-rural migration backgrounds helped to promote links with urban environments and with consumer groups, realize activities within the markets and connect to other community development activities, beyond mere marketing transactions (Craviotti et al., 2021). Another important condition for the SOPGs to implement their responses was the increased engagement by the local government to establish the producer shops. As analyzed by Ejarque et al. (in press), in the early 2000s, when some of the pre-pandemic markets were established in the study region, local governments also provided support. However, the quality of collaboration was variable between different markets and often ephemeral (Ejarque et al., in press). This risk was also observed in some of our cases: where public institutions provided temporary support during lockdown, it turned into a conflicting situation in some of the SOPGs in the course of normalization of conditions, when the state (re-)claimed the facilities (buildings, plots) for other purposes, such as for community activities or sports. This reported conflict, on the one hand, evidenced the objectives of the emerging SOPGs to sustain and expand the established producer shops, markets, and networks beyond the emergency situation. On the other hand, it explains the desire for autonomy underlined by some of the groups. Here, our results suggest that under normalization of conditions, governments' commitment in favor of local food system development based on agroecology needs to be guaranteed to sustain and expand local transition initiatives over time.

Overall, our findings agree with those of other studies regarding the high capacity of local food actors to respond to the changing conditions caused by the pandemic. While other studies showed this capacity at the onset of the pandemic, our study adds that the capacity was maintained over time and under gradual normalization of conditions. In particular, this was shown by the SOPGs' longer-term objectives and activities conducted to keep producer shops and markets going. The reactive and immediate shock mitigation potential, also found by other studies in the early stages of the pandemic, was illustrated by the characterization of the producer shops and markets, and by the diverse objectives and activities brought to the territory by the SOPGs (c.f. Table 1). Most other studies in the field related this potential to concepts of resilience (Béné, 2020; Savary et al., 2020; Thilmany et al., 2020; Perrin and Martin, 2021; Tittonell et al., 2021). Regarding the short-term mitigation objectives of the SOPGs, we found this argumentation reasonable, when resilience is considered as ‘the ability to cope with shocks and to keep functioning in much the same kind of way’ (Walker, 2020). However, looking at the longer-term objectives and activities of the SOPGs, it becomes clear, that the groups' aims and objectives did not strive at keeping the local food system functioning in much the same kind of way, but to radically change its structure. This shows the transformative potential of actors to operate in complex adaptive systems, as conceptualized for sustainability transitions in general (Hölscher et al., 2018), and more particular in our case, for agroecological transitions in food systems (Wezel et al., 2020). In resilience thinking, this transformative aspect explains that the SOPGs responded to disturbances by working toward new domains, reorganizing the local food system's structure, redefining values and aims, and contributing to increased resilience of the envisaged transformed local food system (Folke et al., 2010).

Regarding agroecological transitions reflected in our cases, we found that actors' responses under changing conditions were consonant with agroecological principles. By emphasizing healthy and local food production and consumption, and by promoting a common identity and reinforcing local ties, the assessed producer shops and markets and the organizational structures implemented by the SOPGs, conceptually relate to civic food networks (Renting et al., 2012), and to agroecological transitions promoted by such networks (González De Molina and Lopez-Garcia, 2021). In particular, we found that the objectives and activities of the SOPGs aimed at the revaluation of social, cultural and environmental meanings of food, and of changing relationships between producers and consumers to gain control over food production and distribution processes (c.f. Renting et al., 2012; Opitz et al., 2017).

The translation of this transformative potential into concrete actions was encouraged by the changing conditions. Changed conditions led to the occurrence of shared and complementary immediate needs of local producers and consumers, for instance, the need for social interaction and solidarity-based peer-to-peer support in times of economic crisis, as well as the need of local producers to generate alternative and diversified incomes, and the need of consumers to purchase food locally. To address these and other identified needs, social and human capital was immediately mobilized by the SOPGs to (re-)organize local food supply chains in alternative networks under suddenly changing conditions. This mobilization confirms the high ability of SOPGs to readily respond to changing conditions by making use of available capitals. Moreover, the mobilization of social and human capital facilitated joint visioning and learning for local food system development, fostered social and organizational embeddedness of marketing activities in local communities, based on solidarity and shared values (Chiffoleau, 2009). This highlighted the relevance of direct physical producer shops and markets as places for producer-producer, consumer-producer and consumer-consumer interactions. However, the interactions went beyond the issues of generating alternative incomes and to access food. They offered space for the above social purposes (Golsberg et al., 2010). Whereas in other regions, alternative marketing through digital channels was most pronounced during lockdowns (Cendón et al., 2021; Craviotti et al., 2021; Gutiérrez et al., 2021), consumers' preference of physical places linked to the social/emotional dimension of purchasing food was also revealed by Butu et al. (2020), who studied digitalization efforts for direct marketing during lockdown.

Longer-term proactive objectives and activities of the SOPGs, such as the permanent establishment of producer shops and activities to promote solidary economy and local agroecological farming and consumption practices further indicate that the groups are committed to sustain and expand their innovative practices beyond lockdown. Apparently, this finding is not surprising, as most producers were interested and/or actively engaged in alternative food practices before the pandemic. Nevertheless, it shows that changing conditions led to new needs articulated by producers and pushed them to change from the usual. The proactive character indicates that they took advantage of the changing conditions to realize their aims. This was shown by critical reflections and learning regarding sustainability of food practices within the SOPGs and with the local community. Thereby, new opportunities facilitated collective change in objectives and actions, based on learning by doing. These learning by doing processes were triggered by the changing conditions, hence new situations encouraged learning within the SOPGs. Restrictions and protocols required learning about new market organization formats (processes and structures). Further, the groups reported that learning was addressed and enacted regarding agroecological production and consumption practices, highlighting the relevance of horizontal learning processes for agroecological transitions (Anderson et al., 2019). In this sense, the crisis situation can be qualified as a trigger event for learning by local food actors to innovate. A lasting outcome of the collective processes is the improved preparedness (resilience, transformative potential) of actors to readily respond to future crisis, based on the learning from concrete (positive) experience (Kolb, 1984), and based on the newly gained knowledge, as well as newly established social networks and institutional arrangements in civic food networks. This was illustrated by the development of the new producer shop formats and by the novel strategy of reselling staple food products bought-in from other regions within the SOPGs and to local consumers, in line with the concept of food coops (c.f. Little et al., 2010).

The relevance and potential of agroecological principles for these alternative networks to develop and to operate under changing conditions was shown by the explanatory analysis of multiple interrelations of the SOPGs' objectives and activities with the principles of agroecology (Wezel et al., 2020). The changing conditions triggered change of action toward agroecology, showing that agroecology principles became a relevant means to respond and adapt to changing conditions. This was, although to varying extents, found for all principles considered in the analysis, and most pronounced regarding the principle of economic diversification and those related to social aspects (connectivity, participation, governance, knowledge co-creation). These principles were at the center of the SOPGs' objectives and activities. The adaptive management in response to a sudden shock situation was primality based on the operationalization of the principles of participation and connectivity.

Connectivity refers to the important role of consumers in agroecological transitions in food systems. In our concrete case, we showed the high relevance of connectivity and participation for the implementation and maintenance of the producer shops and markets. In line with other studies (e.g., Cendón et al., 2021; Prosser et al., 2021), increased demand for local (agroecological) food within the established civic food networks was reported by the SOPGs, based on their observation of high demand in the markets by local consumers during lockdown, and continuity of the shops' and markets' functioning and frequentation after lockdown ended. Other studies found growing consumer demand and changes in consumption behavior, either due to changing preferences for healthy food (Bisoffi et al., 2021), decrease in purchase power (Workie et al., 2020), easier access to food, or ideological-political positioning linked to consumer-producer proximity and knowledge about where and how food is produced (Craviotti et al., 2021). Our case shows that the issue of access to marketplaces and food also played an important role during lockdown, leading to (temporary) changes in buying behavior of local consumers. Further, from the assessed cases, substantial organizational and material support of the SOPGs by consumers revealed a further interest by consumers to contribute to the growth of alternative local marketing.

Our study gives only limited insight into consumers' roles because it did not cover consumers' perceptions on the SOPGs and the implemented producer shops and markets. Furthermore, changes in consumers' behavior during the expected future normalization of conditions need to be monitored. Reflections made by the interview partners from the SOPGs regarding the maintenance and growth of the producer shops and markets highlighted the important role of consumers' buying behavior, their preferences for agroecological products, and their interest in actively contributing to local agroecological transitions (c.f. Cendón et al., 2021). While we found some activities that are very likely to be sustained by the SOPGs and the participating community under normalization of conditions, such as bartering, food coop community purchases, and further consolidation of the producer shops and markets, the sustainability of changes in consumer behavior remains the big unknown variable with regard to lasting changes brought about by the pandemic (Bisoffi et al., 2021). To assess the role of consumers, and to better identify consumers' motivations and preferences for buying local food and to participate in alternative markets, we are currently conducting further consumer research related to the producer shops and markets in the study region. We consider it important to better understand why or why not consumers supported the local alternative markets in the context of the pandemic and under normalization of conditions, also taking into consideration possible socio-economic and cultural differences in the local population. This will contribute to the debate of limitations of alternative food networks to grow and to move out of niches (Sarmiento, 2017), and to contribute to scaling of agroecological transitions (González De Molina and Lopez-Garcia, 2021).



CONCLUSIONS

In light of findings from other recent research on the COVID-19 pandemic crisis and local food system actors' adaptations to changing conditions, our study responds to the call for in-depth case research to elucidate changing conditions for local actors to develop local markets and to assess the relevance of agroecological principles as a means of responding to changing conditions and to unfold longer-term transitions.

Although projections regarding the sustainability and evolution of the social processes that drove the assessed collective responses are difficult to make, our results showed that agroecological principles became important means to implement concrete local actions for transitions in a crisis situation. Moreover, we argue that through collective learning and action, encouraged by a difficult crisis situation, local food actors became better prepared for future changing conditions related to crises. They realized their capacity to act, increasing their self-determination. By showing that actors change their actions toward agroecology when new needs and opportunities arise from a crisis, it can be expected that future food crises will possibly provide additional triggers for actors to implement further local agroecological food system transition strategies.

Finally, our study showed how the consolidated agroecological principles can be used to qualitatively investigate characteristics, potentials and constraints of local actions for transitions in order to better grasp agroecological pathways enacted in real territories, and to provide decision support for policy makers to foster and potentialize such new local and community-based institutional arrangements.
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FOOTNOTES

1The last official census in 2010 reported a total of 23392 inhabitants (INDEC, 2010).

2In this article we adopt the term producer to refer to farmers (primary production) and processors (elaboration).

3National decrees: https://www.boletinoficial.gob.ar/busquedaAvanzada/busquedaEspecial; Chubut Province: https://boletin.chubut.gov.ar/; Rio Negro Province https://defensoriarionegro.gov.ar/drn/normativas-provinciales/.

4Personal communication: Servicio Nacional de Manejo del Fuego, Government of Argentina.
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Community gardens are collective projects in which participants collaborate to maintain a garden. They provide many biophysical and cultural ecosystem services, contributing to individual and community resilience and wellbeing. These benefits may be even more appreciated during a crisis such as the COVID-19 pandemic. However, since community gardens require efforts from multiple gardeners in shared spaces, the pandemic also exposed some of their vulnerabilities. This study focuses on the benefits community gardens have offered during the COVID-19 pandemic, the challenges the pandemic posed to sustaining community garden activity, and recommendations to address these issues moving forward. We conducted our study in four cities in New York representing a gradient of socioeconomic and biophysical characteristics: Binghamton, Buffalo, Ithaca, and New York City. We collected data from surveys and semi-structured interviews with community gardeners and analyzed them using mixed models and thematic coding. The primary benefits gardeners derived from their community garden experiences were: a sense of connection with other gardeners, their communities, and nature; mental and physical wellbeing; and a safe space of refuge. In addition to material shortages (e.g., seeds), the biggest challenge gardeners faced due to the pandemic was the limited degree of socializing in the gardens resulting from personal behavioral changes and rules imposed by gardens. Despite the challenges, gardeners reported enjoying the 2020 garden season. The pandemic also created opportunities for gardens to serve their communities, such as organizing programs for composting, food donation and distribution, and home gardening. Our findings suggest that community gardens can be resilient sites of reprieve during crises such as the COVID-19 pandemic, providing essential benefits for gardeners and local residents. To sustain community garden resilience, we recommend community gardens and gardeners cultivate connections and diversity, within and between the biological and human communities of their gardens.

Keywords: resilience, wellbeing, restorative commons, urban gardens, ecosystem services, social learning


INTRODUCTION

The COVID-19 pandemic poses many challenges to individual and community health and wellbeing.

Community gardens are collective projects in open spaces where gardeners collaborate to maintain a garden (Centers for Disease Control Prevention, 2020). As such, they are places where environmental challenges, social isolation, and food security issues can all be ameliorated. However, because community gardens require efforts from multiple gardeners in shared spaces, the pandemic also exposed some of their vulnerabilities and may have jeopardized their benefits to individuals and communities.

For individuals, participating in a community garden can offer a source of fresh, typically organic produce and improve dietary habits through on-site education (Wakefield et al., 2007; Centers for Disease Control Prevention, 2020; LeGreco and Douglas, 2021). One study found that adults with a household member who participated in a community garden were 3.5 times more likely to consume fruits and vegetables at least five times daily (Alaimo et al., 2008). Access to community gardens is of particular importance to the 39.5 million Americans the USDA has estimated currently reside in food deserts (Rhone et al., 2017): geographic areas where residents have few to no accessible options for securing affordable and healthy foods (Ghosh-Dastidar et al., 2017). For such individuals, gardening communally provides a lifeline to fresh fruits and vegetables that would otherwise be unavailable. Beyond nutrition and food security, community gardens contribute to individual health by providing an outlet for reducing stress, promoting a sense of wellbeing, and serving as a social gathering place, thus alleviating loneliness (Lovell et al., 2014).

The emotional and psychological benefits of human-nature connection may be particularly important as rates of mental health concerns in the general population rise during the pandemic (Ettman et al., 2022). Informed by the substantial body of literature demonstrating the benefits of gardening on multiple dimensions of wellbeing (Block et al., 2011; Soga et al., 2017; Spano et al., 2020), some studies have explored how gardening can provide therapeutic benefits, promote relaxation, and help foster a sense of connection amid the strain of the COVID-19 pandemic. For example, Marsh et al. (2021) and Egerer et al. (2022) showed gardeners felt an increased emotional connection to nature during the pandemic, providing them therapeutic benefits during stressful times. Similarly, gardening has been found to help alleviate stress and improve mental or psychological wellbeing during the pandemic (Corley et al., 2020; Giraud et al., 2021; Sia et al., 2021; Theodorou et al., 2021; Egerer et al., 2022).

At the community-level, community gardens can function as “restorative commons” when they provide publicly-accessible, non-excludable open space managed through shared governance. The “restorative” aspect of community gardens emerges when they contribute to “the health and wellbeing of individuals, communities, and the landscape” (Campbell and Wiesen, 2009, p. 11). Community gardens bolster the health and wellbeing of communities by providing spaces where civic engagement and environmental stewardship intersect (Krasny and Tidball, 2009). They can play important roles in community development and empowerment (King, 2008), mobilizing resources for advocacy, and providing places where community members can build relationships and come together to celebrate cultural traditions (Saldivar-Tanaka and Krasny, 2004). Community gardens can also be spaces that allow for social learning and knowledge-sharing among gardeners and garden visitors (Krasny and Tidball, 2009). In terms of aiding the health and wellbeing of the landscape, community gardens entail tending the land. This may involve ecologically restoring plots of land that have been neglected or degraded (Krasny and Tidball, 2009; Campbell and Wiesen, 2009). For cities, community gardens can beautify vacant lots, revitalize communities in industrial areas, revive public parks, decrease violence in some neighborhoods, and improve social wellbeing through strengthening social connections (Centers for Disease Control Prevention, 2020).

Prior to the COVID-19 pandemic, the number of community garden sites was increasing in the U.S. According to the Trust for Public Land, between 2012 and 2018 the number of community garden plots in the 100 largest U.S. cities increased by 44% (The Trust for Public Land, 2018). There was a concern that a crisis, such as a pandemic, would derail the growth in community garden participation (Birky, 2009). However, the COVID-19 pandemic substantially increased peoples' interest and participation in gardening in general, including community gardening (Schoen et al., 2021) as pandemic-related lockdowns, supply chain issues, and inconsistent regulations exacerbated the longstanding plight of food insecurity for U.S. households, exposing the fragility of the nation's food system (van der Ploeg, 2020; Weersink et al., 2021).

Much of the research on gardening during the pandemic published to date has focused on private home gardens and may not reflect the unique opportunities and vulnerabilities of community gardens. One of the studies addressing the benefits of community gardens during the pandemic found that participants in community planting programs had better mental health than those who did not, and even non-participants who lived in the communities surrounding the gardens had better mental health than those who lived in an area without a community garden (Kou et al., 2021). Likewise, Schoen et al. (2021) found that rising interest in community gardening during the pandemic was partially motivated by a desire to self-supply produce.

Our research provides insight into community gardener experiences during the 2020 growing season of the COVID-19 pandemic across four cities in New York State: Binghamton, Buffalo, Ithaca, and New York City. The aim of this study was to better understand the pandemic's impacts on community gardener experiences, including the challenges they faced; how community gardens adapted to these challenges; and how they might continue to improve moving forward.



METHODS

We investigated the following research questions:

1) What are gardeners' primary motivations for and benefits from participating in community gardens, and how did these change in light of the COVID-19 pandemic;

2) How did gardens change in order to adapt to the pandemic;

3) What were the challenges and barriers gardeners experienced as a result of these shifts;

4) Were there any positive opportunities that arose as a result of the pandemic; and

5) What are recommendations gardeners might offer to improve their experiences, particularly in light of the pandemic?

To address these questions, we used a convergent mixed methods approach (Figure 1), in which quantitative survey data and qualitative interview data were collected in parallel, analyzed separately, and subsequently integrated. We chose this design for its efficiency, particularly in collaborative projects, allowing us to deploy data collection instruments quickly (Creswell and Plano Clark, 2011). The survey and interview data instruments (Supplementary Information) complemented one another to fully address our research questions. The convergent mixed method also allowed us to compare and contrast the results from both survey and interview instruments to bring additional insights beyond what would be obtained by either separately.


[image: Figure 1]
FIGURE 1. Framework for convergent mixed methods of data collection and analysis.


We collaborated with community garden organizations in Binghamton, Buffalo, Ithaca, and New York City (Brooklyn and Harlem), New York (Figure 2). These sites represent distinct socioeconomic and biophysical characteristics, including population density, demographics, urban development, community garden size, and site history (Table 1). They also included two distinct community garden management approaches that are common throughout the United States: private-plot gardens, in which a common piece of land managed by a community-based garden organization is divided into plots that are allotted to and independently maintained by distinct individuals or groups; and communal-plot gardens, in which a garden is collectively maintained by a group of community members who all contribute to the work and benefit from the harvests (Lee and Matarrita-Cascante, 2019).


[image: Figure 2]
FIGURE 2. Photographs of community gardens involved in this study: (A) Cornell Community Garden (Ithaca, NY), (B) Pelion Community Garden ©Caesandra Seawell (Buffalo, NY), (C) Shugah Baybees Garden (Harlem, New York City, NY), and (D) Otsiningo Gardens (Binghamton, NY).



Table 1. Descriptive statistics of the urbanized areas containing the community gardens involved in this study (Census Reporter, 2021), community garden management approach (i.e., private allotment plot or communal), and the number of survey and interview participants from each garden involved in our study.
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We hosted and administered the surveys using the Qualtrics online platform (Qualtrics., 2021). We recruited participants in several ways to broaden our sample and to include a breadth of perspectives. First, managers of collaborating gardens sent out the survey link to their listservs. We also contacted the Cornell Cooperative Extension offices in our study sites' counties, asking them to distribute the survey link via their newsletters and email lists of gardening workshop participants. The latter distribution channel provided an opportunity to contact active gardeners, as well as people who were interested in joining a community garden or had been members of community gardens in the past but who did not participate in one during the 2020 season.

Survey data (n = 56) were cleaned to remove submissions responding to fewer than half of the questions. We calculated summary statistics for different groupings of respondents depending on the response variable. Grouping variables included city, garden location urban development [i.e., either urban, suburban, or rural as defined by population density as per Pozzi and Small (2002)], garden name, garden management approach (i.e., communal- or plot-based), educational attainment, immigrant status, race, zip code, household income bracket, and gender. For binary variables, we calculated the percentage of positive responses. For Likert and numeric variables, we calculated mean, median, standard deviation, and percentage of non-zero responses. We also used modeled response values with respondent age [given that COVID-19 poses a disproportionate risk for older people (O'Driscoll et al., 2021)], gender [given changing family care-taking dynamics due to COVID-19 and gender-based differences in community garden experiences (Dolley, 2020; Philpott et al., 2020; Lopez et al., 2021)], household income [given that food insecurity disproportionately impacts poorer people (Laborde and Martin, 2020)], and their community garden management approach (given gardens' unique opportunities, vulnerabilities, and responses to the COVID-19 pandemic) as fixed effects and the city where the respondent gardened (or would have gardened) as the random effect in R (R Development Core Team, 2020). The type of mixed model depended on the type of response variable being modeled. For Likert data, we used cumulative link mixed models using the ordinal package's clmm function (Christensen, 2019) as described in Agresti (2018). For binary variables, we used generalized linear mixed models with a binomial error distribution using the glmer function in the lme4 package (Bates et al., 2015) as per Zuur et al. (2009). Significance was determined at α = 0.05.

The interview participants (n = 26) (Table 2) were survey respondents who volunteered for follow-up interviews, or gardeners who contacted us directly upon hearing about the study from their social networks, garden managers, or extension offices. Using a semi-structured interview protocol, we conducted and recorded the interviews remotely via Zoom. We then transcribed the interviews verbatim and coded the interview transcripts using NVivo software (NVivo, 2020). We developed the initial code book based on our research questions (etic codes) and emergent insights from the survey and interview data (emic codes) (Hitchcock and Nastasi, 2011). We established intercoder reliability by coding a sample interview transcript and running a coding comparison query between the three coders. We checked that the percentage agreement and median Kappa coefficient for all codes were >95% and 0.5, respectively. We refined and clarified any codes that did not meet these criteria to finalize the codebook (Supplementary Materials). After coding all interviews, we conducted a thematic analysis based on the coded materials, which we refined iteratively to identify key themes in the interviews related to our research questions (Lester et al., 2020). Finally, we used crosstab analysis in NVivo to identify patterns in codes between participant characteristics (selected based on significant fixed effects from survey result analyses) and NVivo matrix coding queries to identify concordant and incongruent codes.


Table 2. Case classifications of interview participants used for quote identification in this manuscript.
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RESULTS


Motivations and Benefits

From the interviews, the major themes of connection and wellbeing emerged as the key motivations for, and benefits of, being a community garden member. To a lesser degree, gardeners noted they joined the community garden in part because they did not have adequate conditions to cultivate a garden at home (e.g., yards that were small, non-existent, inaccessible, or shaded, or had poor or polluted soil). The COVID-19 pandemic had no bearing on this motivation.

According to surveys, the highest-valued benefits gardeners derived from participating in community gardens were: providing tasty, fresh, and healthy food; exercise; connection to nature; and education (Figure 3). Social interaction and relationships were deemed less important according to the surveys. The median responses indicated that the importance of these benefits generally did not change from years prior to the 2020 season, and any changes that we observed were not significant. Gardeners' expectations for the 2020 garden season were largely met with a few exceptions (Table 3). Age was consistently a significant fixed effect influencing the importance of several benefits; older people were generally less interested in community gardens' capacity to provide tasty food (β = −2.817, p = 0.005), fresh food (β = −3.330, p < 0.001); healthy food (β = −3.536, p < 0.001); food stability (β = −0.104, p < 0.004); and sufficient food (β = −2.628, p = 0.009). They were also generally less satisfied with their garden experiences in 2020.


[image: Figure 3]
FIGURE 3. Medians (points) and interquartile ranges (lines) for Likert scores describing the importance of various benefits of participating in community gardens (5 = essential, 4 = very important, 3 = important, 2 = somewhat important, 1 = appreciate but not important, 0 = not applicable/irrelevant).



Table 3. Respondents' median Likert scores (interquartile ranges presented in brackets) for gardeners' satisfaction with the benefits provided by participating in the 2020 community garden season, the significant fixed effects correlated with these scores (NA, 1 = very unsatisfied, 2 = somewhat unsatisfied, 3 = neither unsatisfied or satisfied, 4 = somewhat satisfied, 5 = very satisfied).
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Connecting With People

The community gardens in our study, regardless of management approach, provided spaces that brought people together. The most common interview response regarding gardeners' motivations to join community gardens were friends and family who were already gardeners. Interview participants understood gardening as a source of connection to their loved ones and heritage. In certain cases, they joined the community garden anticipating socializing with friends who also were garden members. P2, a young gardener at a plot-based garden in Ithaca, articulated their intent to garden with friends, which was upended by the pandemic:

“We have a couple friends [who] gardened at that garden last year, and I think we had planned on joining the garden prior to the pandemic hitting the US. It was initially going to be a social thing where we all go to the garden together and like you know, bring some chairs and talk about tomatoes or whatever. Obviously, that changed, and we did have a garden plot right next to our friends, but we didn't really plan on going at the same time or anything like that because of the garden rules.”

Gardeners also often talked about the process of forming connections in terms of community building, which was the second most common motivation mentioned by gardeners we interviewed: to contribute to and benefit from the community that arose in and around the garden. Many gardeners mentioned the importance of their garden as a place to socialize, both for gardeners and for other members of the community. In many cases, this happened just in chatting casually with other gardeners. Socializing also occurred during moments of social learning by exchanging advice, tips, and techniques. For example, P22, a gardener in Binghamton, noted, “I am also interested in the community aspect of it where we can get to know each other and share techniques, and you're always learning things from other people.” Community gardens also provided space for cross-cultural exchange, with P2 observing, “Another cool thing about the garden was there [were] a lot of people from different countries and speaking different languages.” For some, the opportunities for socializing and connection that community gardens provided were particularly important during the pandemic, as P19, who gardened at a communally-managed garden in Harlem, pointed out:

“I think the one [benefit] is social interaction. I think that's huge. I think that because there's enough space in the garden, and in this time, you are able to socialize which is really huge. And especially in terms of the loneliness and depression that we're facing in these times, that was really beneficial.”



Connecting With Nature

The community gardeners we surveyed and interviewed also made it clear that one of the primary benefits they enjoyed was the connection they formed with the ecological community and the place itself. Some framed this in terms of environmental stewardship by growing pollinator-friendly plants, like P3, a gardener from a plot-based garden in Ithaca, who “introduce[d] ladybugs to all our plants, and we did coordinate on some things like what pollinator plants we wanted to attract like native pollinators.” Another example of this was from gardens in Harlem and Brooklyn that administered a community-wide program for collecting and composting food waste, which would then be used to nourish the garden's soil. Gardeners recognized the reciprocal relationship between themselves and the gardens. P1 said they enjoyed participating in the community garden because:

“Just contributing to the community and finding other people who do the same as well...I'm always here for networking, connecting with good people, good people and plants…When we have harvested goods, they give not just to the people who give to the garden, but to the community who show up… I'm giving back, but it's also going to give back to me, because the compost is going to turn back into soil; then I'll plant food in it, and that will give back to me.”



Connecting Despite COVID-19

One way in which connection was maintained through and in community gardens during the pandemic was food sharing. Most gardeners said they shared the same amount or more produce than in previous seasons, with some mentioning being more acutely aware of food insecurity in their community, such as P10, a gardener in Ithaca, who said:

“I gained more of an appreciation for the value that gardening has for people individually. Especially for food security…Everyone was going through the shock waves of not being able to get the food they wanted at the supermarket and to know I could go to the garden to get some fresh tomatoes and not have to worry was pretty great.”

In the interviews, urban gardeners generally spoke more about the importance of the gardens for building community and providing food security for non-gardeners during the pandemic. For example, P12, a gardener from Brooklyn, said their garden developed a new food sharing program in 2020.

“Anyone who wanted to donate their plot for this season was being asked if they wanted to do that, we would take care of it, water it, grow it, and give it to people in the community that needed help. Maybe a third of the garden did that. We have been giving away produce every Sunday morning, and it has been word of mouth, but we put a sign out front with ‘are you experiencing food insecurity because of COVID?'. It has been an honor system. We don't ask; we just give stuff away. It has been really nice.”



Wellbeing

Relaxation was an important benefit for many surveyed gardeners, and the related theme of wellbeing resonated throughout the interviews. Many gardeners talked about the mental and emotional motivations for and benefits from participating in their community garden. Many expressed appreciation for their garden as a place that provided not only the opportunity for socializing and connecting with others, but also a place they could go to find solitude. During the pandemic, this was particularly important for some gardeners. P17 from Ithaca articulated this, saying:

“I also think it definitely played a heavier part in my mental health... [Before the pandemic] sometimes I would skip going. Now, if I skip going...I need to get outside and have alone time. Family members are in the house, and it's a way to get away from all that.”

Gardeners also appreciate their gardens as peaceful places of refuge from the hectic world, as mentioned by P12 in Brooklyn, who said, “It just stops the clock, the pace of our modern lives; it slows everything down and it makes you look at a whole other process that is unfolding in its own time.” Gardeners also reflected on the meditative aspect of gardening, bringing them more fully to the present moment. For instance, P19 in Harlem said, “[The urban garden] was a place of relaxation and meditation, a place where I could just focus on the earth, and I would say it was definitely really therapeutic to me in that time.” During such moments, gardening offers opportunities for self-reflection and a means for practicing acceptance. One participant even shared that gardening served as therapy for her as she grieved her husband's death. Many gardeners expressed that the stresses caused by the COVID-19 pandemic only underscored the importance of community gardens in fostering mental wellbeing.

Related to the reciprocal relationships gardeners establish with their gardens, gardeners mentioned the importance of how gardening gives them a sense of purpose, especially in the context of COVID-19, when work and other events and activities had been canceled. P7 from Ithaca noted, “it was one of the things that we could in fact actually do this year,” and P6, also from Ithaca, said, “I probably felt a lot more comfortable setting aside time for the garden; not having that expectation of showing up somewhere certainly made it easier to feel comfortable taking...whatever time I needed to go there.” Gardeners discussed how gardening created a sense of responsibility, which helped overcome inertia, malaise, anxiety, and depression due to the COVID-19 pandemic to actively engage out in the world.

Reflecting on the importance of gardening as a form of exercise expressed in the surveys, interviewed gardeners also talked about the physical benefits of gardening, again, particularly during the COVID-19 pandemic. Gardening provided gardeners a reason to leave the house at a time when many were living in lock-down conditions. It also provided a break from doing desk work while working from home, as noted by P4 from Ithaca, who said, “It was a distraction...I'm working from home, so anything to get over that.” Gardeners appreciated how time in the garden meant time outside in the fresh air. Several also mentioned their garden as a good place for children to have the chance to run around. Along with the physical benefits, many gardeners also noted their appreciation for the quality of the food they grew in their gardens, which helped keep them accountable for eating healthily. For the gardeners we spoke with, their participation in a community garden was less about ensuring food security in terms of calories, and more to ensure they could get the varieties and quality of food they preferred.




Challenges, Barriers, and Opportunities

In addition to the impact of COVID-19 on the benefits gardeners derived from community gardens, we also sought to understand other challenges and barriers gardeners faced in participating in community gardens during the 2020 growing season, as well as new opportunities brought about by the pandemic. Interviews revealed that the biggest challenge most gardeners faced due to the COVID-19 pandemic was a lack of social connection due to restrictions on garden access and guests, event cancellations, gardeners being reticent to socialize, and choosing to work at times when the garden was not busy.


Disrupted Connections

Although many gardeners appreciated community gardens' capacity to cultivate social relationships and build community, the COVID-19 pandemic had mixed effects on the sense of connection they were able to derive in the 2020 season. In interviews, more gardeners expressed feeling isolation in the gardens (14) than feeling a greater sense of connection (5) due to COVID-19. Gardeners talked about noticing less socializing taking place in the garden, with P3 observing, “this is really a different world. You're really antisocial gardeners now.”

Sometimes the lack of socializing was a voluntary choice on the part of gardeners who were guarded due to concerns over COVID-19 transmission, particularly in early days of the pandemic. For example, some gardeners said they chose to work in the garden during times when few other people would be there. For instance, P2, a gardener in Ithaca, said:

“I don't think it really had that community atmosphere as much. A couple times, we'd go out and there'd be someone who was playing music while gardening, so we got a little bit of that vibe. Most of the time we tried to go when no one else was really there so we didn't have to worry about things as much…We were planning on having it as a social kind of thing. We ended up not doing that, and so it didn't really feel like a community garden; it was just like our garden away from home.”

Similarly, some gardeners worked more efficiently to limit their time in shared spaces, like P11, another Ithaca gardener, who said, “I had a short work time, so I worked hard. I reduced my communication with my neighbor. Normally, I like talking to them, but this reduced my talking time.” This guardedness and reticence to socialize was not necessarily a sign they did not care about their fellow gardeners; a few people explicitly mentioned increased concern about their neighbors and community, including P26, a gardener in Harlem, who said, “We call more now… Now, for example, for a whole month, if I don't see my neighbor, I call and ask if everything is okay.”

In other cases, reduction in socializing was due to new COVID-19 regulations stipulated by the garden managers for health and safety reasons. Survey responses showed that these new rules were largely supported by gardeners and did not negatively impact community gardeners' experiences in 2020. For example, while many people expressed missing events that were typically held in the garden but needed to be canceled due to pandemic -related restrictions, others observed that hosting events virtually rather than in-person had the unexpected benefit of making them more accessible. Similarly, “members only” policies implemented by a few gardens made some of those gardeners uncomfortable with the newly instated exclusivity and engendered a sense of isolation from the community. As P12, a gardener in Brooklyn, mentioned, “We closed the garden [to non-members] because of COVID, but then it started to feel like just a private garden club; the people that were members had keys but then no one else could come in…” P24 similarly reflected about their garden in Ithaca:

“I think the new sort of rules around visitors were a little bit limiting…If I was hanging out with someone and we were looking to do something outside, it was no longer an option to go to the garden plot together because, for obvious reasons, that wasn't allowed this year.”

A few gardeners in communal gardens said they did not have access to their garden and lost the garden as a place to socialize altogether. That said, a subset of these gardens reopened later in the season. P8, from one such garden in Brooklyn, recalled, “The whole thing was [initially] closed, and everything was just haywire as far as normal contributions to the garden went, and…the requirement for doing open hours was gone, because there were no open hours.”



Material Challenges

The pandemic introduced new material challenges and barriers besides the typical issues posed by pests, poor soil quality, and the weather, which affected gardener experiences and community garden viability across our study sites. In particular, gardeners mentioned COVID-19 driven supply chain disruptions limiting availability of materials like seeds, seedlings, compost, and soil. P6 from Ithaca said, “A lot of places were sold out of the varieties that I wanted. I think that was probably the biggest hurdle.” By contrast, while some encountered limited seed selection, others were able to get the basics of what they wanted to grow, as indicated by P19 from Harlem, who said, “I met a really awesome guy who has a farm upstate...so we got a lot of plugs [from him], and then I was able to access plenty of seeds from the hardware store.” Compared to previous purchasing habits, some gardeners also mentioned they were doing more shopping online for their gardening supplies.

Material deficiencies also impacted a limited subset of garden organizations. One garden was unable to source compost, which had previously been a shared resource for their garden community. Furthermore, some gardens' rules impacted material accessibility for gardeners, such as recommendations against gardeners sharing tools with each other or eliminating shared tools altogether. Although the overwhelming majority of gardeners largely agreed with new COVID-19-related rules, several gardeners saw the decision to eliminate shared tools as excessive in hindsight, referencing other gardens that chose to continue making shared tools available with the expectation gardeners would sanitize them after use. P20 pointed out that, among Ithaca gardeners:

“Things have changed in terms of how we react to the idea that there's transmission. There was a lot of, I can't say overreaction, but there were lessons learned…Shared equipment, providing a wheelbarrow...I would lobby that we can safely provide that equipment.”

Along with this, some gardeners talked about running into challenges due to a lack of knowledge, time, energy, physical resources, and/or human resources. The COVID-19 pandemic brought a boom of gardeners for some gardens and a bust for others. Several gardens in this study, typically larger, more established gardens with a plot-based management style, had more gardeners than ever due to high interest. On the other hand, some gardeners from smaller or communally-managed gardens talked about their gardens struggling to keep up with maintenance due to a lack of volunteers, and how the responsibility to keep the garden going fell on a pared-down number of staff or volunteers. P14 from Buffalo said, “Only having two in the [communal] garden, it was a lot more physical work, and I think we're all getting older.” Similarly, in reflecting on the challenges facing the communal garden they participated in, P23, also from Buffalo, said:

“Over the summer we had planned on bringing in a few different volunteer groups to sort of revamp the garden and get things together. Naturally we weren't able to bring on any volunteer groups because of coronavirus...two [staff] kind of collaborated together with a few...interns to get our garden really up and running again.”



Safety Concerns

Perception of safety of community gardening during the COVID-19 pandemic was not a function of gardener age, race, gender, income, or other gardener characteristics. However, it was correlated to garden management type, with a greater percentage of members from communally-managed gardens seeing their garden as a safe space (43%) than those with plot-based management (33%). Additionally, 56% of plot-based gardeners reported being less sociable in the gardens in 2020 relative to previous years (compared to 28% of communal gardeners) and talked about the corresponding decline in the social benefits of participating in their community garden. As P3—who participated in a plot-based garden in Ithaca—said:

“We just wave but definitely weren't as social with people in the plots next door to ours...I would actually work on the far side of my planting area if they were on the side of their plot that was close to mine. It was a deliberate ‘give them space, give me space' kind of thing…almost antisocial behavior to plot mates.”

These trends in guardedness were also reflected in varying feelings of disconnection. Plot-based gardeners discussed not socializing or talking to their neighbors as a change in behavior. In discussing his relationships with other gardeners in his plot-based garden in Ithaca, P11 stated, “Normally I like talking to [my neighbor], but this reduced my talking time.” Ithaca particularly stood out as a community where gardeners became atomized in their own plots within their garden. The demographics (i.e., educational attainment), garden management style (i.e., dominated by plot-based management), and urban development (i.e., suburban) in Ithaca influenced which participants were more likely to express feelings of isolation and less likely to engage with others in their community garden. For instance, those with advanced degrees were more likely to express feeling isolated (100%) compared to those with less education (33%). Similarly, gardeners in suburban, plot-based community gardens were more likely to avoid socializing (72%) compared to those in urban and communally-managed gardens (14%).

Even so, several gardeners in suburban, plot-based gardens said they considered the garden a safe space for socializing, such as P24, who said, “things started to look up with things sort of loosening and thinking more about, you know, that the garden would probably be a pretty safe space to occupy, I…signed up,” when reflecting upon the decision to join a plot-based garden in Ithaca. For a few participants in suburban gardens, concern about safety and COVID-19 transmission also gave them pause when it came to food sharing. They generally still shared their garden produce with friends and family, whereas donation seemed a bigger component of food sharing in urban gardens. Overall, most gardeners did not change their food sharing habits due to COVID-19.



Barriers

Whereas, challenges were commonplace, very few interview participants expressed any outright barriers to participation. Similarly, only 36% of survey respondents felt the COVID-19 pandemic raised substantive obstacles to their gardening experience. Not quarantines, high costs, lack of childcare, public transport, materials, time, information, or interest, nor closure of knowledge resources or gardens posed an impediment to their garden experiences (x = 0: Not a barrier/impediment). Even health concerns barely registered as a barrier (x = 0.5). By and large, in our sample, those who wanted to participate in community gardens were able to do so. That said, those with higher household incomes were less impacted by high costs and lack of public transport (β = −1.562, p = 0.024). Of those barriers mentioned during interviews, some were personal, including several would-be gardeners who decided not to participate in the 2020 season because either they themselves were at high-risk for COVID-19 or they were living with others who were. Another participant talked about the overwhelming pressures of other responsibilities that led to their abandonment of their garden responsibilities. Other barriers mentioned were organizational, in that some gardens did not accept new members, or had a cap on membership causing waiting lists, or, in the case of one person, their community garden was closed due to space concerns and financial constraints exacerbated by COVID-19.



Opportunities

It was just as common for gardeners to talk about the opportunities as the challenges they found in the 2020 growing season. Many gardeners talked about the pandemic providing opportunities for developing new programs, such as food donation, composting, seed starting, online courses, Victory-style Gardens [gardens planted at home residences modeled after those cultivated during wartime to supplement rations (Music et al., 2021)] (e.g., Freedom Gardens, so named to avoid wartime connotations), and volunteering to care for plots of sick members. Many of these new programs aimed to support gardeners along with the broader community, making the community garden into more of a community resource, and were an outlet for service and caring for others during difficult times. For instance, in discussing the new Freedom Gardens program offered by a community garden organization in Buffalo, P21 said:

“Some people [said]...you just pivoted on a dime to Freedom Gardens and that's great. And I had other people say to me that's not part of your mission. You're community gardens. Why are you bothering spending your time and resources and staff time and money on residential gardens? And my answer is we make a community where they are, and if you're in a pandemic and people need food and they can't get to [a] community garden or they don't feel safe going into community gardens, we are going to do everything we can to open those gardens...it's a ‘both and'.”

Gardeners expressed increased awareness of food insecurity in their communities and made efforts to contribute to food donation programs. The new programs relied upon gardens being able to be flexible with shifting mission objectives and funding sources to support them. Several gardeners noted they had more time or flexibility in timing since they were working from home and not pursuing activities outside of work. At least one gardener talked about how they were able to devote more time to the garden because they had lost their job due to the pandemic.




Gardeners' Recommendations

Finally, we considered what gardeners themselves would recommend to improve their community garden experience and overcome challenges they faced, particularly in the context of the COVID-19 pandemic. Overall, during interviews, gardeners talked about being satisfied during the 2020 growing season, along with their ability to overcome challenges in ways that did not detract from their community garden experience. The majority appreciated the decisions taken by their community garden managers to keep the garden running and keep gardeners safe in light of the COVID-19 pandemic.

Notwithstanding their overall satisfaction with the 2020 community garden experience, most gardeners had suggestions for improvements, particularly in the context of the COVID-19 pandemic. From the survey data, only 16.3% of respondents claimed they had everything they needed for a successful and fulfilling garden season. Some gardeners offered suggestions for things they would like to see implemented in their garden to address the vulnerabilities the pandemic exposed, such as physically changing the garden, offering opportunities for safely developing community connections among gardeners, and extending their garden's outreach to their broader community.


Information and Knowledge-Sharing

The most common recommendation (52.7% of respondents) was for more information about gardening, particularly in an online format (47.2%). P1, a self-described less-experienced gardener who joined the garden during the pandemic proposed establishing apprenticeship-type programs that would pair new gardeners with long-time gardeners or Cooperative Extension-certified Master Gardeners. P8, a more experienced, 68-year-old gardener echoed this, suggesting the creation of a Garden Ambassadors program to introduce the garden to the community and provide gardening guidance to newcomers, saying:

“For someone who is not familiar...with gardening or with the organization or social situation that is involved with a community garden, I think it could be intimidating. And I think that it would be a really good thing to have some kind of garden ambassadors or something.”



Garden Accessibility

Making their garden more accessible for community members, particularly school children, was another common refrain in the interviews. P23 from Buffalo suggested, “I like the idea of being intentional about bringing in small groups of people to enjoy time there,” and P8 from Brooklyn added, “It's a great thing for kids to learn about, and I think the more accessible, and, you know, friendly community gardens can be made...the better.” This connects with another recommendation to increase educational opportunities for the community through the garden.

Some gardeners proposed various physical alterations to community gardens that might help restore some of the sense of community lost amid the pandemic, such as establishing a dedicated outdoor dining and event area. A few interviewees recommended changing the layout of their garden to facilitate physical distancing, including bigger plot sizes, and to make it more visible to members of the surrounding community. P15 from Buffalo articulated this, saying:

“It was configured as a small plot here, a small plot there, a small plot somewhere else. I think that was a problem...I think if in a perfect world, there would be an acre, an acre and a half plot somewhere...in kind of a central location that's central to the community that needs to be served…”



Garden Networks and Mutual Aid

Additionally, gardeners proposed creating community garden networks where gardeners from different gardens can share ideas, experiences, and resources. Gardeners also discussed recommendations for improving connections between their garden and the broader community. For example, some gardeners we interviewed said they would like to see more collaboration with mutual-aid groups in their communities to make their garden into more of a community resource. This was also borne out in the example of several gardeners whose motivations for participating in the community garden included its function as a community resource in light of the pandemic. As P12 from Brooklyn pointed out, the pandemic “kind of re-centered the garden as a place that could give back to the community and versus just like a hobby kind of thing you are just going to plant some seed, but it was like actually a tangible thing that we could do.” This could entail organizing food and seed exchanges or establishing more of a social media presence to facilitate connections between garden members and with the broader community. In particular, gardeners from Buffalo and Brooklyn talked about their hopes to continue the Freedom/Victory Garden programs their gardens started during the pandemic to allow those who did not feel safe in the community garden to grow food at home. As P8, also from Brooklyn, stated:

“The garden is, right now, intending to continue the Victory Garden in the next season. I don't know if it's been you know, officially established or whatever, but I think that, you know, until we get world peace and everybody has enough to eat, which is not happening immediately, I think it would be a really good thing to continue, and I believe that only happened because of COVID.”

Others articulated more organizational alternatives, such as holding collective work days to lighten the burden of care for the garden and give gardeners opportunities to build relationships with each other by working together. P6, a member of a plot-based garden in Ithaca, said, “I have a cooperative mind, so it seems like with just a little bit of effort we can make everyone's life a lot easier by [collectively] piling our rocks over there [outside the garden] at the beginning of the season.”





DISCUSSION


Community Garden Connections During COVID-19

Our findings suggest that community gardens could be resilient sites of reprieve and relative normalcy for their gardeners during the COVID-19 pandemic and other crises. Generally, gardeners' primary motivations for and benefits from participating in their community garden were not substantially impacted by the pandemic. Each community garden implemented new rules to reduce risk of COVID-19 transmission, and for the most part these rules were supported and upheld by gardeners. While the community gardeners in our study experienced a mix of opportunities and challenges during the 2020 growing season, very few encountered outright barriers preventing them from participating at all in their garden.

Community gardens are typically places for socializing and relationship-building. The majority of community gardens in our study were able to offer gardeners safe spaces to socialize and participate in a collective endeavor linking them to their broader socioecological community (Svendsen, 2009). Interviewed gardeners consistently praised community gardens as places for cultivating positive connections with others, which Birky (2009) also identifies as a key component of the community garden experience. This aligns with studies that have found community gardens to be hubs for community building (Saldivar-Tanaka and Krasny, 2004; King, 2008). To our surprise, however, social relationships were not rated as particularly important in the survey. It may be that gardeners did not recognize the importance of this benefit prior to the disruption of the pandemic, and the dissatisfaction with the social interaction in their community garden in 2020 may have undermined how respondents rated its importance for that season. It may also have been that gardeners who were more outgoing were more likely to participate in the interviews.

The COVID-19 pandemic negatively impacted community building for many participants, who indicated they were not satisfied with social relationships in their community garden during the 2020 season due to COVID-19-related rules and behavior changes. Similar to Mejia et al. (2020), we found that community gardens offered a space gardeners felt was safe on the whole, but even so, many indicated their gardens felt less social during the 2020 growing season than in previous years. This feeling of isolation was particularly acute among gardeners maintaining private plots. Even so, the separation afforded by this management approach did not necessarily translate into a greater feeling of safety, compared to gardeners working in communal gardens.

Our findings show that community gardens can also be refuges where gardeners and community members can find peace, solace, relaxation, and solitude. These characteristics are all the more critical given the mental health crisis exacerbated by COVID-19. Our results corroborate the growing number of studies demonstrating the therapeutic benefits of spending time in nature, and particularly gardens (Mahbub Hossain et al., 2020; Pfefferbaum and North, 2020; Rajkumar, 2020; Kumar and Nayar, 2021).

The community gardeners in our study reported creating meaningful connections with nature through their gardens at a time when COVID-19 restrictions confined many to spending most of their time indoors. Spending time in nature is important for physical and mental wellbeing (Frumkin et al., 2017), and during the pandemic people have exhibited increased interest and involvement in community gardens (Lin et al., 2021; Mullins et al., 2021; Schoen et al., 2021; Theodorou et al., 2021), perhaps more uniformly than other forms of greenspaces (Rice and Pan, 2021). Our study supports research showing that community gardening is a unique way to connect with nature and foster socioecological resilience. Gardens provide places for peace and solace as well as belonging, with the added dimension of gardeners' physical connections to the place through tending the plants and the soil (Krasny and Tidball, 2009). For many gardeners, being part of their community garden offered them a way to connect socially and ecologically with something greater than themselves. This finding supports the argument that active stewardship through community gardening links the individual to the collective in ways that are restorative in and for public space (Svendsen, 2009).

Unlike outdoor recreation, the active stewardship of community gardens provides gardeners with additional purpose while spending time in nature, and promotes a more intimate, positive relationship between people and their broader ecological community. This has been particularly important during the COVID-19 pandemic. Participants noted they were thankful for the sense of responsibility they derived from their community garden because it helped them get out the door and gave them something tangible to do during a time when many other events and options for recreation or entertainment were not available. Similar to findings from Giraud et al. (2021), some participants indicated their gardens fostered eudemonic wellbeing as caring for plants provided a sense of purpose. This highlights the reciprocal relationship several of our interviewees expressed having with their gardens. Similar to Marsh et al. (2021) findings, participants in our study reiterated that gardens were therapeutic, in part due to their creating a space for experiencing and connecting to nature in a reciprocal manner. The practice of cultivating a garden alongside others directed gardeners' attention to caring for living things in the present, which could be of particular importance during a pandemic that highlighted the uncertainty and fragility of life and good health. All of these benefits corroborate the findings of other studies regarding community gardens' role in maintaining participants' wellbeing and resilience in the face of the additional stresses and challenges imposed by the pandemic (e.g., Theodorou et al., 2021; Egerer et al., 2022).



Lessons for Community Garden Resilience

Our findings suggest that the community gardens in this study demonstrated successful adaptability and resilience in the face of the crisis caused by the COVID-19 pandemic. Some of this resulted from community gardens' capacities to support the resilience of individual gardeners, but there were also collective features of the gardens themselves underlying their emergent resilience. Perhaps the most important of these is diversity (Krasny and Tidball, 2009). For example, our results suggest gardens whose membership is dominated by inexperienced gardeners may be more threatened by a crisis because they lack the knowledge, experience, or confidence needed to manage a community garden. Community gardens with primarily older gardeners may find maintenance challenging if members do not feel comfortable working in the garden due to the greater risk posed to them by a virus such as COVID-19 or lack the physical ability to overcome labor shortages, as was the case for one of the gardens in our study. A mentorship program, as proposed by our study participants, could help address such knowledge and labor gaps. Similarly, community gardens should build relationships with other local organizations to build diverse networks (Saldivar-Tanaka and Krasny, 2004; Krasny and Tidball, 2009; Svendsen, 2009). For example, gardens with primarily younger, less-experienced members could pair with local elder care facilities and Master Gardener organizations, and those serving older communities could collaborate with local schools.

Another factor that can contribute to community gardens' resilience is diversity of management styles. Several communally-managed gardens in our study struggled to stay running due to COVID-19-related labor shortages and group work restrictions. On the other hand, some plot-based community gardens struggled to provide gardeners with the full social experience they had hoped for. A combination of management styles within individual gardens, such that some areas are communally-managed and others are plot-based, could provide a sense of community and safety for members, depending on their personal preferences. It could also help gardeners with individual plots to deal with large-scale challenges such as rocky soil, which need to be addressed through collaborative efforts between gardeners.

Such an arrangement might also help address gardeners' concerns about the governance structures of their gardens. For example, some gardeners in larger, communally-managed gardens said they would like to have more flexibility and less top-down management, while a few gardeners from plot-based gardens suggested more of a centralized organizational structure. Our study suggests a cross-scale approach may be beneficial to quickly adapt to changing conditions. Some decisions could be left for individual gardeners to make as they prefer, others may need to be decided on by all members, and some decisions could be delegated to committees of gardeners, depending on their urgency and scope, as described in Fox-Kämper et al. (2018). Ultimately, there is no uniform approach to determine which user groups should make which decisions in a garden, as this depends on each garden's context.

Several community gardens in our study struggled to adapt to new COVID-19 regulations and recommendations early in the pandemic when there was more uncertainty about COVID-19 transmission. Here, both the smaller and the larger community gardens had advantages in our sample. Small gardens could fly under the radar of regulations, and their small number of members allowed them to fall under limits on group gatherings. Larger gardens were deemed essential community-serving organizations, and the resources they had at their disposal allowed them to provide support to their gardeners amid the challenges of the pandemic.

Community gardens' unique characteristics also presented vulnerabilities to the pandemic which may manifest similarly in other times of crisis. Typically, community gardens provide venues for social learning, and sharing knowledge is one way gardeners build strong interpersonal relationships (Krasny and Tidball, 2009). During the 2020 growing season, decreased sociability in the garden may have reduced opportunities for social learning to take place. In particular, some newer community gardeners in our study expressed being challenged by their lack of knowledge, similar to Sia et al. (2021) finding regarding challenges faced by new home gardeners during the pandemic. The pandemic also impacted material resource sharing between gardeners (e.g., tool-sharing prohibited, limited resources, etc.). These inconveniences were not barriers, however, and we saw examples of some gardens overcoming them by providing sanitizing and handwashing stations or implementing community composting programs. Similarly, some gardens helped facilitate socializing by holding outdoor events with limited attendance, hosting virtual events, and providing social media platforms for interactions between members. These approaches may be useful for addressing the isolation felt particularly acutely by gardeners in plot-based community gardens during the 2020 season.

Cultivating networks within community gardens as well as between gardens and the broader community in which they are situated can help overcome challenges to sustain and improve the adaptability of community gardens. Nested (i.e., smaller networks integrated within larger networks), and small-world (i.e., most network components are not directly connected, but most components are related by a small number of intermediate connections) networks are resilient because they efficiently balance the precarity of isolation and the stability of fully-connected lattice networks (Csermely, 2006). The community gardens in our study that operated in isolation encountered resource scarcity and threats to access that may have been circumvented by partnering with larger organizations, city government, and local businesses. Similarly, forming networks with other community gardens can allow exchange of ideas and information to improve gardeners' experiences (Svendsen, 2009). In turn, community gardens can also contribute to the networks of which they are a part by serving as restorative commons: providing food, greenspace, and opportunities for public gathering and social learning.

Community gardens in our study demonstrated their commitment to supporting their broader socioecological communities in a variety of ways. For example, some gardens implemented new programs such as food waste collection to bolster compost production or provided Freedom/Victory garden kits to community members who did not feel comfortable coming to the garden to enjoy the benefits of gardening at home. Community gardeners also continued sharing their produce with others in their community, whether with friends and family, by donating to food pantries, or by offering pick-up times when anyone could come by for some produce. This supports recent studies demonstrating that the positive effects of gardens on wellbeing extend to the broader community (Corley et al., 2020; Kou et al., 2021). Because they are community-oriented, community gardens can extend benefits beyond individual participants and in so doing serve as restorative commons (Campbell and Wiesen, 2009) even during a global crisis such as the COVID-19 pandemic.



Limitations

While the community gardens included in this study represented a distinct socioeconomic and biophysical cross-section of gardens and gardeners in New York, the overall sample size of survey participants (n = 56) was relatively small. Despite its interaction with other socioeconomic factors in affecting experiences, motivations, and inequalities, we ultimately did not include race as a factor in our quantitative analyses to prevent model overfitting given our small sample size. In addition, the 26 interview participants were predominantly White and Asian individuals with higher educational degrees, with under-representation of Black/African Americans, no representation of Hispanic individuals, or individuals with limited educational attainment. There is a concern that those who agreed to complete the survey and/or be interviewed were not representative of the gardener populations at these sites.

We attempted to address the disproportionate representation of Ithaca gardeners in our sample by including “city” as a random effect in our models. Even so, this may have biased our results comparing the effects of individual gardeners' characteristics on their responses. For instance, differences we saw in feelings of isolation between those urban and suburban community gardeners could also have been a confounding effect, as many suburban gardens had plot-based management (including most Ithaca gardens), while more of the urban gardens were communally-managed, making it impossible to disentangle the effect of garden management approach and urban location.

Future studies should attempt to consider a wider range of community gardeners to reflect a more complete range of experiences of this diverse group. It would also be interesting to directly compare the experiences of community and home gardeners. Finally, there is uncertainty about how lasting the phenomena observed during the pandemic will be, which must be established before determining substantive shifts community gardens should take to support gardeners.




CONCLUSION

The COVID-19 pandemic substantially increased peoples' interest and participation in gardening in general, including community gardening. If community gardens are to continue flourishing in their capacity to help gardeners manage stress, connect with nature, and increase food security throughout and beyond the COVID-19 pandemic, they must continue to evolve, particularly to retain members and/or grow. In addition to the gardener recommendations shared in the Results section, this research reveals some of the unique vulnerabilities and opportunities the COVID-19 pandemic has presented in community gardens. Our findings can inform how community gardeners and garden managers cultivate their gardens as restorative commons for the public good. The challenges facing community gardens depend on their unique context, and our findings regarding differences between private-plot and communally-managed gardens demonstrate there are no one-size-fits-all recommendations for all gardens. We hope community garden organizations draw inspiration from this study to inform how they engage with their communities to adapt in times of crisis.

This study underscores the importance of keeping community gardens open and accessible. They provide sundry benefits to gardeners and the broader communities in which they are situated. Many of these benefits, such as exercise, relaxation, social connection, and food sovereignty, are all the more important to ensure physical and emotional wellbeing during times of crisis, such as the ongoing pandemic. Community garden organizations need to do more to facilitate social interaction, as this valued benefit was substantially curtailed in 2020. Community gardens also can serve as nature- or eco-therapy to help address the increased rates of mental illness during the pandemic. Finally, we concur with recommendations that policy makers play an important role in the broader community to take planning and public health measures to ensure all citizens have access to gardening, given its multiple benefits for health and wellbeing. Given the low risk of COVID-19 fomite transmission (Chen, 2021; Lewis, 2021; Mondelli et al., 2021) and transmission in open-air areas (PHE Transmission Group, 2020; Razani et al., 2021) if proper precautions are taken, communities should promote community gardens as safe spaces to work together and enjoy.
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The present study evaluated the perceived effects of the COVID-19 Pandemic on food security in Southeast Nigeria. A multi-stage random technique was used to select 209 households. Data for the study were collected with the aid of a structured questionnaire and were analyzed using descriptive statistics, z-test, food security model, and Tobit regression model. Results showed that the mean household size was 9.6 persons, which indicates a large household size. The percentage rate of food consumption of the households before the Pandemic was higher relative to the COVID-19 event. Again, exorbitant prices of food materials were noticed during the COVID-19 as compared to the period before the Pandemic. About 10.5% of the households met the minimum food requirements as proposed by World Health Organization (WHO), and Food and Agriculture Organization (FAO) as against the majority of 76.1%. The three dimensions of food security which include availability, accessibility, and utilization were interposed by a number of factors, such as artificial scarcity, and an increase in food prices. Furthermore, social distancing and lockdown imposition were COVID-19 determinants of the food security status of households in the Southeast Nigeria. About 24% of the households were food-secured compared to 76% that were insecured during the Pandemic. Robust and effective food and agricultural policy formulations and implementations were recommended in Southeast Nigeria.

Keywords: COVID-19, effects, food security, pandemic, Southeast, Tobit model


INTRODUCTION


Background and Rationale

The corona virus disease 2019 (COVID-19) is a global health Pandemic that shut down the whole countries of the world (FAO, 2021). Earlier, human coronavirus (HCoVs) had long been in existence causing “common cold” in healthy people and it was considered an inconsequential pathogen due to its minor effects (FAO, 2020a). The advent of the twenty first century brought in two highly pathogenic HCoVs, namely severe acute respiratory syndrome coronavirus (SARS–CoV), and Middle East respiratory syndrome coronavirus (MERS–CoV), which emerged from animal reservoirs causing a global epidemic with alarming morbidity and mortality (Paules et al., 2020; Sallent, 2020). The recent COVID-19 which broke out in Wuhan, China in December 2019 is classified as another zoonotic pathogen human coronavirus (United Nations, 2020a; WHO, 2020a). On February 11, 2020, the International Committee on Taxonomy of Viruses (ICTV) announced the new COVID-19 as “severe acute respiratory syndrome coronavirus 2 (SARS–CoV2)” (United Nations, 2020b; WHO, 2020a). As of May 15, 2020, globally, 4,307,287 cases were confirmed and 295,101 deaths had been recorded in more than 216 countries and territories (UNCTAD, 2020b; WHO, 2020b). Nigeria recorded her first case of COVID-19 in February 2020 (NCDC, 2020a,b) and by March 23, 2020, federal schools in Nigeria were mandated to close as a result of the escalating spread of COVID-19 and by March 30, 2020, the commercial state hub in Nigeria such as Lagos, Abuja; the capital city and Ogun state in Nigeria were placed under lockdown to contain the spread (NCDC, 2020b). Subsequently, the majority of the states joined the lockdown as soon as the directive was given by the Federal Government of Nigeria. As of May 14, 2020, Nigeria had recorded 5,162 confirmed cases and 167 deaths (De-Wit et al., 2016; Johns, 2020; UNCTAD, 2020a; World Bank, 2020b). According to International Monetary Fund (IMF, 2020), the COVID-19 crisis is reported to have a crippling effect on the global economy. It is tagged a global phenomenal threat, ranging from ill-health, food insecurity, economic shocks and setbacks, economic stagnation, human depression, poor social interaction, stagnant agricultural production, limited housing, limited education service delivery, and border closures (Devereux et al., 2020; Laborde et al., 2020; Vanapalli et al., 2020; Waltenburg et al., 2020). Consequently, Southeast Nigeria had its share of the adverse impacts of the COVID-19 Pandemic (Ogunji et al., 2021; Uche et al., 2021). This is because the region was neither prepared nor armed to absorb the initial shock orchestrated by the Pandemic (Mbachu et al., 2020; Uche et al., 2021). Southeast Nigeria was thrown into learning by doing ad-hoc measures to contain the virus spread, and as a result of the Nigerian government's enforcement of several COVID-19 measures such as lockdown, stay at home, social distancing, quarantine, banning large–private and public gathering, and crowded transportations (Ekoh et al., 2021; Ogunji et al., 2021; Uche et al., 2021). Despite these measures, the COVID-19 Pandemic kept raging as confirmed cases in Southeast Nigeria continue to rise arbitrarily. As of March 18, 2022, the number of confirmed cases had risen to 12,569 and death cases to 172 (NCDC, 2022). The lockdown measures adopted in Southeast Nigeria focused largely on flattening the COVID-19 epidemic curve; however, food supply and agricultural production which are the hub of the Southeast Nigeria suffered the most as food crop farmers were sent off their farms as a result of the sudden lock down imposed by the government and this singular act worsened economic activities; more especially, food production in the region (Egwue et al., 2020; Adebowale et al., 2021). As the lockdown continued, food and other livestock goods were equally restricted from entering the Southeast Nigeria from other neighboring states due to border closure (Agbugba, 2020a; Uche et al., 2021). This development further heightened food insecurity in the region causing severe pains and created a huge food supply-demand gap (Ohiaa et al., 2020; Obayelu et al., 2021; Uche et al., 2021). The issue of lockdown without an alternative source of food supply and provisions constituted major economic problems and food security challenges in the Southeast region (Arouna et al., 2020; Egwue et al., 2020; United Nations World Food Programme, 2020; Ekoh et al., 2021). Although the lockdown was meant to contain the spread of the coronavirus disease in the short-run, its long-run effects exacerbated food security situation in Southeast Nigeria making the region vulnerable to chronic starvation, malnutrition, food inadequacy, food shortage, low food supply, and persistent poverty (Adebowale et al., 2021; Uchechukwu et al., 2022). Until now, the region is yet to come out from the negative impacts and shocks of COVID-19 Pandemic. However, food security is the ability to meet target consumption levels on a year-to-year basis. It is said to exist when every households have sufficient access to food to meet their dietary needs for a productive and healthy life (Headey and Martin, 2016; FAO, 2018; Oleribe et al., 2020; United Nations, 2020a; Worstell, 2020) but such was not the case in Southeast Nigeria as the COVID-19 Pandemic introduced intense food scarcity, excruciating hunger, pain, and food deficit. With rising population growth in Southeast Nigeria, food crop production is yet to keep pace with meeting domestic food demands (FAO, 2020a; United Nations, 2020b; Ogunji et al., 2021). This had equally aggravated food security and ushered in food insecurity in the Southeast region.

Earlier, several empirical studies had looked at the food security situations in Nigeria, (Babatunde et al., 2007; Agada and Igbokwe, 2015; Ahmed et al., 2015) examined the factors influencing food security and its coping strategies. Akukwe (2019) evaluated household food security and its determinants, while Egwue et al. (2020) and Agbawodikeizu et al. (2021) investigated food insecurity of rural households during COVID-19 and the impact of COVID-19 Pandemic on economic activities and well-being of older adults in Southeast Nigeria. Amongst these studies, none had assessed the perceived effect of COVID-19 Pandemic on individual household food security with reference to COVID19 determinants, recommended food consumption, calorie in-takes, and food sources of individual households before and after the Pandemic. More so, no study had examined the true state of COVID-19 determinants on individual food secured households and food insecured households in Southeast Nigeria, hence the true essence of this study. This study filled the gap in knowledge by providing an objective assessment of the true picture of COVID-19 Pandemic on food security in the Southeast Nigeria.



Objectives of the Study

The broad objective of the study is to access the perceived effect of the COVID-19 Pandemic on food security in Southeast Nigeria. Hence, the specific objectives include:

i. To describe the standardized food groups/classifications

ii. To identify the demographic characteristics of the sampled households

iii. To ascertain the food groups consumed before and during the Pandemic

iv. To determine the food prices before and during the Pandemic

v. To determine the minimum food requirements, source of food delivery, and availability of food during COVID-19 Pandemic

vi. To isolate the factors affecting food availability, accessibility, and use during the Pandemic

vii. To estimate the perceived effect of COVID-19 determinants on food security status of households in Southeast Nigeria

viii. To estimate the food security indices of households during COVID-19.




MATERIALS AND METHODS


Study Design

The study was designed to elicit detailed information from the sampled respondents who were selected using a multi-stage sampling technique. Information on the specific objectives of the study was collected using the data instrument (questionnaire) which was administered in person. The data collected were analyzed using both descriptive and inferential statistics (percentage, mean, z-test, Tobit model, and food security model). The study was structured into five stages: Introduction, Materials and methods, Results, Discussion, and Conclusion.



Setting
 
Description of the Study Area

The study area is the Southeast geopolitical zone of Nigeria. Nigeria is divided into six geo-political zones—North-central, North-east, North-west, South-east, South-south, and South-west.

Southeast zone is made up of five states: Abia, Anambra, Ebonyi, Enugu, and Imo. This zone is also known as Igboland because it is largely dominated by the Igbo-speaking tribe of Nigeria. The zone is bounded on the north by Kogi and Benue States, on the east by Cross River State, on the south by Akwa Ibom and Rivers States, and on the west by Delta and Edo States. According to the National Bureau of Statistics, the 2016 population estimate of the area was 21,955,414 persons (NBS, 2017). The vegetation of the area is predominantly rainforest, which supports the cultivation of food crops, such as rice, maize, yam, cassava, oil palm, cowpea, sweet potato, cocoyam, plantain, banana, melon, bambara nut, breadfruit, groundnut, and various vegetables and fruit trees. The people of the region largely engage in farming and trading activities, as well as in other occupations, such as civil service, corporate businesses, etc. The region has divergent beliefs, perceptions, and attitudes about food and nutritional practices, especially during COVID-19. Data was collected for a period of 6 months starting from January to June 2021. Structural framework of food security and Covid 19 and geographical map of Nigeria showing the Southeast regions were shown in Figures 1, 2 respectively.


[image: Figure 1]
FIGURE 1. Structural framework, food security, and COVID-19 pandemic. Source: Munonye, 2022.
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FIGURE 2. Map showing the Southeast geographical zone of Nigeria. Source: Munonye, 2022.




Data Collection

The questionnaire was developed by the researchers and used as a survey instrument for data collection. It was prepared following the recommendations of FANTA (2020), FAO (2020a), WHO (2020a) and on dietary and nutrient food contents required for each household. The questionnaire was administered in person to the 240 selected households in Anambra, Ebonyi, and Enugu States, respectively. The researchers guided the filling of the questionnaire to ensure total compliance from the households (respondents). However, out of the 240 distributed questionnaires, only 209 were found useful for data analysis. This was based on sufficient information regarding the core objectives of the study. Others were voided due to errors and insufficient data. Data collected were carefully sorted out, standardized, coded, and entered in an excel spreadsheet for data analysis using descriptive and inferential statistics. Moreover, before the actual data collection, the first pilot survey was conducted using 20 households to determine the effectiveness of the questionnaire in terms of reliability. This action was repeated again, after 1 month. The test-retest reliability of the questionnaire yielded a correlation coefficient of 0.80 and was significant at 1 and 5% levels. This shows the overall reliability and suitability of the questionnaire for actual data collection. Items included in the final instrument were as follows:

• Demographic characteristics of the households estimated using mean and percentage.

• Different food categories consumed before and during the Pandemic, scored using frequency; that is the number of occurrences of respondents per food category.

• Food prices of commodities before and during the Pandemic. Respondents were asked to input the actual food prices or food cost per commodity listed and the mean value determined.

• Sources of food delivery, scored using the frequency

• Availability of food, scored using the frequency

• Factors affecting food availability, accessibility, and use, scored using the frequency

• Determinants of food security status of households, scored using binary numbers.



Sampling Technique (Participants)

The study was a cross-sectional study, and its eligibility criteria were based on the true experience and encounter of the households with COVID-19 Pandemic. The study adopted purposive and multi-stage sampling techniques. In the first stage, three states out of the five states in Southeast Nigeria were purposively picked due to worsening food security situations in the states orchestrated by COVID-19 as depicted by the National Food Council of Nigeria. The states were Anambra, Enugu, and Ebonyi. In the second stage, two local government areas mostly affected by the COVID-19 Pandemic according to regional reports of the National Food Council of Nigeria were purposively selected from each of the states, giving a total of six local government areas. In the third stage, two communities were randomly selected from the local government areas resulting in a total of 12 autonomous communities across the states. In the fourth stage, with the help of the community leaders, 20 households (respondents) were randomly picked across the selected communities, giving a sample size of 240 households.



Variables Used in the Study

The variables used in the study were identified and defined in the following section.


Demographic Factors Such as

Age of households (Years)

Number of males (Number)

Number of females (Number)

Male-headed household (Percentage)

Female-headed household (Percentage)



Food Groups Consumed and Food Prices

Cereals/grains

Fish and seafood

Root/tubers and plantain

Vitamin a rich fruits and vegetables

Other fruits and vegetables

Milk and milk products

Oil/fats

Meat (organ and fresh meat)

Edible insects

Seeds and pulses/nuts

Sugar/honey

Eggs

Miscellaneous (spices, condiments, etc.)

Note: Respondents were asked to indicate the food groups consumed and food prices before and during the Pandemic.



Food Requirements

Minimum food requirements

Source of food delivery

Availability of food during COVID-19 Pandemic.

Note: Respondents were asked to indicate their minimum food requirements, source of food delivery, and availability during the Pandemic.



Factors Affecting Food Availability, Accessibility, and Use During the Pandemic

Artificial scarcity

Increase in food price

Lockdown policy

Panic purchase

Lack of storage facilities

Lack of electricity supply

Low income

Lack of employment

Family size

Climate change

Poor government policy

Labor reduction.

Note: Respondents were asked to indicate the variable factors applicable to them.



Variable Determinants of COVID 19

X1 = Social distancing (Observed = 1, 0 = otherwise)

X2 = Lockdown imposition (Observed = 1, 0 = otherwise)

X3 = On-line orders (Yes = 1, 0 = otherwise)

X4 = Increase in disease spread (High = 1, 0 = otherwise)

X5 = Government policy on food market closure (Observed = 1, 0 = otherwise)

X6 = Loss of jobs (Yes = 1, 0 = otherwise)

X7 = Low income (Yes = 1, 0 = otherwise)

X8 = Household size (No. of persons)

X9 = Panic purchase (Yes = 1, 0 = otherwise)

X10 = Increase in food prices (Yes = 1, 0 = otherwise)



Food Index Variables

Percentage of households

Number of households

Mean of household size

Mean food security index/standard deviation

Mean household's daily calorie intake (kcal)

Mean households per capita daily calorie intake (kcal)

Food insecurity gap index

Food surplus gap index

Food surplus/insecurity gap index

Headcount ratio

Note: Measured in percentages, numbers, mean, and food security indices.





Data Source and Measurement

Demographic factors or characteristics of the households were sourced from field survey report 2021 and were measured using descriptive statistics. Food groups consumed and food prices were sourced from field survey report 2021 and were measured using descriptive and Z-test statistics. Food requirements were sourced from field survey report 2021 and were measured using descriptive statistics. Factors affecting food availability, accessibility, and use during the Pandemic were sourced from field survey report 2021 and were measured using descriptive statistics. COVID-19 variable determinants were sourced from field survey report 2021 and were measured using Tobit regression model. Food index variables were sourced from field survey report 2021 were measured using both descriptive statistics and food security model.



Bias

In accessing the effect of COVID-19 Pandemic on food security in Southeast Nigeria, the researchers carefully followed up on the household respondents in filling the data instrument (questionnaire) to ensure the correctness and ascertain the appropriateness of the data information provided in order to eliminate potential errors and/ or human induced bias.



Study Size

Initially, the researchers randomly selected 240 household respondents using multi-stage sampling technique. However, after careful examination of the data instrument, only the respondents from 209 households were finally used for the study based on the correctness and appropriateness of the data provided, which were carefully certified by the researchers for data analysis. The selected households were picked from the three states in Southeast Nigeria namely Enugu, Anambra, and Ebonyi.



Quantitative Variables

The variables used in this study were quantified and handled using food security index model and Tobit regression model.

The food security index model was proposed by Marion (2010) and adopted by Otu et al. (2014) and Saleh and Mustafa (2018). The model seeks to ascertain the household daily per capita calorie intake vs. the recommended daily per capita calorie requirements of households. The food security index model is specified as follows;
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Where

FSI = Food security index

HDPCCI = Household's daily per capita calorie intake

RDPCCR = Recommended daily per capita calorie requirement.

Furthermore, the food insecurity gap index (FIGi), food surplus gap index (FSGi), and the headcount ratio (HCR) of the food security were calculated for the sample households based on the food security index. The food insecurity gap measures the extent to which food in-secured households on average fall below the food security line and the food surplus gap measures the extent to which food secured households exceeded the food security line. The headcount index measures the percentage of the sampled households that are food insecured or secured. The HCR, food insecurity gap, and food surplus gap were also projected by Marion (2010) and are defined as follows:
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Where;

Hfs = Headcount index for food secured households

Hfi = Headcount index for food insecured households

FIGi = Food insecurity gap index

FSGi = Food surplus gap index

X = Number of food insecured households

Z = Total number of households in the sample

Y = Number of food secured households

Di = Daily per capita calorie deficiency or surplus for ith households

Ci = Daily per capita calorie consumption of food item for ith households

R = recommended daily per capita calorie requirement.

The recommended minimum daily calorie requirement per adult equivalent of 2,100 kcal by WHO (2020c) and the United States Committee on International Nutrition (USCIN, 2020), 1,800 kcal by FAO (2020b), and National Average Calorie Requirement of 2,700 Kcal (Babatunde et al., 2007) were used as baselines in defining the food security line for the study. Hence, households that are below the food security line are classified as food insecured households, while those households that are above are classified as food-secured households. Again, households' daily per capita calorie consumption was estimated using the food nutrient composition table as shown in Table 1. This involves a comprehensive list of standardized food groups and/or classifications consumed in Nigeria. The calories were calculated from the energy values of various food components which were converted into kilograms. The estimated daily calorie (energy) supply of the households was divided by the household size adjusted for adult equivalents using the consumption factor for age–sex categories. The food security model was used to determine the distribution of food security indices of households during COVID-19 Pandemic in Southeast Nigeria.


Table 1. Standardized food groups/classifications.

[image: Table 1]

Tobit regression model was proposed by James (1958) and had been used by many (Mazibuko and Antwi, 2019; Yang et al., 2019; Amore and Murtinu, 2021) in estimating censored or truncated continuous variables. Tobit regression model is explicitly expressed as follows:

[image: image]

Where

Y = a latent unobservable variable

B = Vector of unknown coefficients

Ui = Error term assumed to be independently distributed with mean zero and constant variance

Xi = Vector of independent variables.

If data for the dependent variable is above the limiting factor, zero, in this case, Y is observed as a continuous variable. If Y is at the limiting factor, it is held at zero. This relationship is presented mathematically in the following two equations:

[image: image]

[image: image]

i =1, 2, ————–N

Where

N = the number of observations

Yi = the dependent variable

Xi = the vector of independent variables

β = the vector of unknown coefficients

ui = the error term.

Equations 8 and 9 represent a censored/truncated distribution. The model assumes that there is an underlying stochastic index equal to (Xiβ + ui) which is observed only when it is positive and hence qualifies as an unobserved, latent variable. The Tobit model is used to estimate the expected value of Yi as a function of a set of explanatory variables (Xi) weighted by the probability that Yi> 0 (James, 1958). It estimates the probability of an outcome in which the dependent variable follows a continuous normal distribution of the event occurring; in this case, the dependent variable (FSI) is the probability of an event outcome that is different from having either 0 or 1 (just as it occurs in the use of Probit or Logit regression estimates). Thus, the dependent variable (FSI) was a continuous occurring variable with 0 and 1 occurring at extreme limits. Hence, the data set involves observations that are continuous but excludes any value that is outside the extreme values, 0 or 1. However, the use of continuous dependent variables with extreme limits of this nature gave rise to some censored or truncated values, which are more compatible with Tobit estimations. Hence, this informed the use of Tobit model in estimating the perceived effect of COVID-19 determinants on food security status of households in Southeast, Nigeria. Moreover, substituting Y in equation (7) above with (FSI), the Tobit model is specified as follows:

[image: image]

Where

FSI = Estimated food security index of ith households

B = Vector of unknown coefficients

Ui = Error term, assumed to be independently distributed with mean zero and constant variance

Xi = Vector of independent variables, which includes the following:

X1= Social distancing (Observed = 1, 0 = otherwise)

X2 = Lockdown imposition (Observed = 1, 0 = otherwise)

X3 = On-line orders (Yes = 1, 0 = otherwise)

X4 = Increase in disease spread (High = 1, 0 = otherwise)

X5 = Government policy on food market closure (Observed = 1, 0 = otherwise)

X6 = Loss of jobs (Yes = 1, 0 = otherwise)

X7 = Low income (Yes = 1, 0 = otherwise)

X8 = Household size (No. of persons)

X9 = Panic purchase (Yes = 1, 0 = otherwise)

X10 = Increase in food prices (Yes = 1, 0 = otherwise).



Statistical Methods

The statistical methods employed in this study were descriptive statistics and Z-test statistics. The descriptive statistics includes the frequency counts, percentage, standard deviations, and mean estimates.

The Z-test, statistic was propounded by Carl (1777–1855) and was adopted by Ryeji et al. (2018). The Z-test was used to test the statistical significance differences in mean households for ith food consumed/prices before and during the Pandemic. The Z-test is expressed as:
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Where;

Z = Z-test statistic

X1 = Mean household distribution of ith food consumed/prices before the Pandemic

X2 = Mean household distribution of ith food consumed/prices during the Pandemic

SD1 = Standard deviation distribution of ith food consumed/prices before the Pandemic

SD2 = Standard deviation distribution of ith food consumed/prices during the Pandemic

n1 = Total number of households for ith food consumed/prices before the Pandemic

n2 = Total number of households for ith food consumed/prices during the Pandemic.




RESULTS



Participants

The researchers made use of 209 household respondents who were carefully selected and were confirmed eligible for inclusion in the study.



DISCUSSION



Key Results

The food groups were structurally categorized into 12 groups and/or classifications consequent upon Objective I, which describes the standardized food groups/classifications.

The demographic characteristics showed that the households had a mean age of 49 years, household size of 9.6 persons, mean numbers of males and females households were 5.1 and 4.5 persons, and percentage of the male- and female-headed households were 82 and 18, respectively. This is consequent upon Objective II, which identifies the demographic characteristics of the sampled households.

The food groups consumed before and during the Pandemic showed that majority of the households attested to the fact that foods were consumed more before the Pandemic than during the Pandemic due to the ugly impact of COVID-19 and this is consequent upon Objective III, which ascertains the food groups consumed before and during the Pandemic.

The food prices before and during the Pandemic showed that the majority of the households indicated that foods prices were higher during the Pandemic relative to before the Pandemic due to the negative impact of COVID 19 and this is consequent upon Objective IV, which determines the food prices before and during the Pandemic.

The minimum food requirements, source of food delivery, and availability of food during COVID-19 Pandemic showed that the majority of the households did not meet the minimum food requirements as recommended by FAO, WHO, and FANTA. The majority sourced foods via online orders and home deliveries, while food materials were not readily available due to lockdown and border closures. This is consequent upon Objective V, which determines the minimum food requirements, source of food delivery, and availability of food during the COVID-19 Pandemic.

The factors affecting food availability, accessibility, and use during the Pandemic showed that a good number of factors, such as artificial scarcity, increase in food prices, lockdown, panic purchase, lack of storage facilities, etc. influenced the food security of the households during the COVID-19 Pandemic. This is consequent upon Objective VI, which isolates the factors affecting food availability, accessibility, and use during the Pandemic.

The estimated COVID-19 determinant of food security status of the households showed that lockdown imposition, increase in disease spread, Government policy, loss of jobs, low income, and household size were important significant COVID-19 determinants of food security status of the households in Southeast Nigeria. This is consequent upon Objective VII, which estimates the perceived effect of COVID-19 determinants of the food security status of households in Southeast Nigeria.

The food security indices of households during COVID-19 showed that 24.4% of the households were food secured while 75.6% were food insecured. The food secured households had an estimated food security index of 4.59 while food insecured households had a 1.21 index. The FSGi indicated a high index value of 2.10 for food secured households and a marginal index of 0.99 for insecured households. This is consequent upon Objective VIII, which estimates the food security indices of households during COVID-19.



Limitations

The study experienced constraints on the part of following up respondents of the 240 households regarding the filling of the data instruments. In some cases, the respondents of the households were absent on visits of the researchers thus making it a tedious exercise for the researchers who painstakingly revisited the respondents of the households on several occasions to monitor and ensure the genuineness of the data instruments.



Interpretations

The standardized food group/classification is presented in Table 1. This is sequel to the recommendations of WHO (2020a), FAO (2020a), and FANTA (2020) on dietary and nutrient food contents for each household. They were of the opinion that each household should integrate these groups of food into their meal consumption on daily/weekly bases to ensure adequate calorie intake, good healthy living, and be immune against infectious germs and diseases that attack the human body (Ahmed et al., 2015). Furthermore, these groups of foods reflect the dietary quality and balanced rations needed by every household for health sustenance, tissue growth, and general body development. Each household is expected to meet these food requirements as stipulated. From Table 1, the various classes of foods include “cereals/grains, fish and seafood, root/tubers and plantain, seeds/pulses/nuts, vitamin A-rich fruits and vegetables, other fruits and vegetables, milk and milk products, oil/fats, meat (organ and flesh meat) and edible insects, sugar/honey, eggs, and miscellaneous food (spices, condiments, and beverages).”

The demographic characteristic of the household is presented in Table 2. The mean age of the households was 49 years, with a high standard deviation of 12.30; this implies that the respondents sampled during the period of COVID-19 Pandemic were more of the young and energetic group. Having been incarcerated indoors as a result of the COVID-19 Pandemic, the young and energetic people put pressure on the available and limited household foods. As they were young, they consumed more food relative to the aging members of the family (Kiramat et al., 2022). The mean household size was 9.6 persons; this means that the household size of the respondents was relatively large, and this could have serious food security implications as large families found it difficult to cope with the available food during the Pandemic that caught the world unawares (Osuji et al., 2017; Egwue et al., 2020). The mean numbers of males and females were 5.1 and 4.5 persons per household; this implies the number of males and females per household who were impacted by the COVID-19 Pandemic. More so, this further means that there are more males relative to the females in a household and this posed a big challenge to household food security during the COVID-19 Pandemic, as male folks were considered to consume more food than the female folks (Agada and Igbokwe, 2015). The percentage of the male and female-headed households were 82 and 18, respectively; this implies that the male-headed household outnumbered the female-headed household with over 456%. This further shows that the household responsibilities were shouldered by men in providing for their families even during the COVID-19 Pandemic (Agbugba, 2020a). The COVID- 19 Pandemic interfered with this responsibility as the majority of the male-headed households were basically indoors and could not source food and other domestic family needs and thus affecting their food intake (Ekoh et al., 2020b).


Table 2. Demographic characteristics of the households.
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The food groups consumed before and during the Pandemic is presented in Table 3. The Table reveals that various foods were consumed before and during the Pandemic. About 82% of the households consumed cereals/grains before the Pandemic relative to the low consumption rate of 60.3% during the Pandemic. This implies that COVID-19 Pandemic negatively lowered food consumption in the Southeast zone of Nigeria due to incessant lock downs and indoor incarcerations (Egwue et al., 2020). Cereals/grains refer to staple food crops, such as rice, wheat, maize, guinea corn, etc., mostly eaten by over 80% of households in Nigeria (Mulubrhan et al., 2020). This indicated the high consumption rate recorded across the respondents both before and during the Pandemic. More of fish and seafood were consumed before the Pandemic with over 187% of the households. Fish and seafood are protein-rich food materials which are needed by each household in bodybuilding, tissue growth, and development (Akukwe, 2019). The impact of the COVID-19 situation which occurred suddenly deprived majority of the households from accessing the food material partly because of the forceful incarceration of the fishermen who were barred from fishing and also due to the unavailability of the food materials due to lockdown which prevented the smooth supply and delivery of such food materials by fish merchandise (Ohiaa et al., 2020). About 57% of the households consumed root/tubers and plantain, during the Pandemic which was far less than 74.2% of the households who consumed more of root/tubers and plantain before the Pandemic. This group of food refers to cassava, yam, coco-yam, plantain, etc. The COVID-19 Pandemic dealt with these food crops in the sense that farmers were constrained from visiting their farms to carry out their agricultural activities which brought about increased hunger, starvation, malnutrition, food shortage, low food supply, and poor food accessibility during the COVID-19 Pandemic (FAO, 2020a). In addition, most farmlands were rendered idle and unproductive due to the inability of the farmers to carry out their occupational operations (Arouna et al., 2020). Vitamin A-rich fruits and vegetables had an increasing consumption rate of over 167% before the Pandemic; this implies that more than 47.8% households consumed these food materials before the Pandemic relative to the 28.7% that consumed the food materials during the Pandemic. Other fruits and vegetables were equally consumed more before the Pandemic than during the Pandemic. These fruits and vegetables are very rich in minerals and vitamins required for body growth, bone formations, and tissue developments. About 49.3% of the households consumed milk and milk products before the Pandemic as compared to a minority of 24.9% during the Pandemic; these are products derived from farm animals both in raw or processed forms, such as extracted milks, processed milks, yogurts, etc. (Barrett, 2020; Yaffe-Bellany and Corkery, 2020). These set of food products are proteinous in nature and needed for body and organ development. The COVID-19 Pandemic impeded animal husbandry where such food products are got from and rendering breeders of livestock comatose (Barrett, 2020). Oil/fats were also consumed more before the Pandemic by 56% of the households as against the 43% consumption during the Pandemic. These food materials include margarine, butter, vegetable oil, bleached palm oil, groundnut oil, etc. They are known for muscle development, body formation, and tissue enhancement. Table 3 further shows an increasing 171% in meat consumption before the Pandemic; this implies that greater percentage of the households consumed more meat products before the Pandemic than during the Pandemic. This is also as a result of the COVID-19 situation that grounded animal husbandry in the Southeast Nigeria (Uche et al., 2021). Edible insects, such as termites, locust, and crickets were consumed more before the Pandemic than during the Pandemic; this refers to victual insects usually substituted in most times for their nutritional content capacities needed by the body for maximum growth and development. About 53.1% of the households consumed seeds and pulses/nuts before the Pandemic as against 34% during the Pandemic. These seeds and nuts include beans, groundnut, melon, walnut, cowpea, tiger nut, etc. Sugar/honey and eggs had an increasing consumption rate of 50% before the Pandemic with less than 22 and 31% of the households during the Pandemic; this implies a high consumption rate over these food groups before the Pandemic. Other miscellaneous foods (spices, condiments, etc.) were consumed by less than 37% of the households during the Pandemic which represents 72% less of consumption rate during the COVID-19 Pandemic. The COVID-19 Pandemic negatively influenced the food consumption rates during the Pandemic as lesser food categories were evidently consumed as shown in Table 3. This was obviously due to the frequent and total lockdowns imposed by both the federal and state governments in the Southeast zone of Nigeria which grounded all economic and agricultural activities leading to epileptic food supply, food shortages, low food quality, and higher food prices (Young and Crush, 2019; Oleribe et al., 2020). The lockdown experienced in the Southeast region coupled with other Covid-19 logistics adversely impacted on the provision of the needed food categories by different households. According to Ogunji et al. (2021), lockdowns arising from COVID-19 triggered a massive food recession and major disruptions in food value chains across the Southeast region in Nigeria. Furthermore, the Z-test statistics carried out indicated higher significance levels showing that the food consumption of the household before the COVID-19 Pandemic significantly differs from that consumed during the Pandemic; that is, the households were much better off with respect to food consumption before the Pandemic than during the Pandemic. This assertion validated the fact that COVID-19 Pandemic negatively grounded food security in the Southeast region of Nigeria.


Table 3. Reported food groups consumed before and during the Pandemic.
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The food prices before and during the Pandemic is presented in Table 4. The table reveals that the prices of food materials before the Pandemic was obviously lower relative to the high and exorbitant prices obtained during the Pandemic; for instance, the price of cereals/grains soared higher during the Pandemic as compared with the price before the Pandemic. The exorbitant price could be because of the demands on cereals/grains since they are majorly staple food consumed regularly by over 80% of the populace in Southeast Nigeria (Mbachu et al., 2020; Ogunji et al., 2021). These food materials are energy giving foods required by every household. Fish and seafood had over 62.2% increases in price during the Pandemic; this is due to the lockdown effects that crippled the fishing business and made fishermen to compulsory retire (Adebowale et al., 2021). Root/tubers and plantain were less than N33, 000 before the Pandemic as against over N76, 000 estimated during the Pandemic; this could also be because of higher demands placed on this food category especially cassava, yam, plantain, etc. They are mostly eaten in their raw form or processed into flour which could be on high demands during the Pandemic (UNSCN, 2020). Vitamin A-rich fruits and vegetables and other fruits and vegetables had the same triple effects on prices during the Pandemic than before the Pandemic; there is over 33.5 percentage increase in these food prices during the Pandemic; the high prices could be due to the medical advice for people to consume more of fruits and vegetables rich in Vitamin A (WFP, 2020). The essence was to build up body immune systems as to guard the body against contacting the dreaded coronavirus and other infectious diseases (UNSCN, 2020). This probably attracted the higher increases in prices during the Pandemic. Milk and milk products had a double increase in price during the Pandemic; this could be due to their protein contents heavily required for body build and nourishment during the Pandemic. Oil/fats equally doubled its price during the Pandemic; this could be a result of higher demands on domestic cooking which cannot be varied (UNDP, 2020). Meat (organ and fresh meat) had over 60% increase in price during the COVID-19 Pandemic; this increase in price could be as a result of limited meat shop sellers who took good advantage of the closed meat markets and other market where meats are sold to inflate their meat prices. This was sequel to the lockdown imposed by the governments which affected markets and other wholesale and retail shops (UNDP, 2020). Edible insects were equally sold at a higher price during the Pandemic relative to before the Pandemic. The price of seeds and pulses/nuts and sugar/honey were higher during the Pandemic than before the Pandemic; thus, these food categories doubled in their prices due to higher demands on them. Eggs and other miscellaneous food materials were also doubled in their prices, especially eggs which had a percentage price increase of about 47% during the Pandemic. The respondents reported buying eggs at prices higher than the usual price before the Pandemic. This arose as a result of the lockdown imposition across the Southeast zone which ultimately grounded poultry production and as a result of this, egg sellers, who were able to smuggle in eggs, sold eggs at exorbitant prices relative to their former price (Uche et al., 2021). Eggs are important food materials rich in protein required by every household during the Pandemic for healthy living and maximum growth, especially in children (UNDP, 2020). The overall implication of the result showed that food prices were relatively low before the Pandemic but during the Pandemic, prices of food items soared rapidly. The high prices of food materials during the Pandemic evidently benefited the marketers or sellers on the short-run chain; they made reasonable sales and profits arising from the lockdown escapade that brought the entire Southeast Nigeria to a sudden halt. No doubt, the COVID-19 Pandemic worsened food security in the Southeast Nigeria via uncertainty in food access and inadequate food supply chain thus creating a huge deficit–supply gap (Ogunji et al., 2021). Demands for available food increased tremendously and could not meet up with the supply; this resulted in the shortage of food supply in the long-run and induced higher food prices experienced in Southeast Nigeria (Oleribe et al., 2020). Furthermore, the Z-test statistics gave an overall significance value, indicating that a significant difference exists in food prices before the Pandemic and during the Pandemic. That is, the food prices before the Pandemic differs greatly from the food prices during the Pandemic.


Table 4. Food prices before and during the Pandemic.
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Minimum food requirements, source of food delivery and availability of food during COVID-19 Pandemic is presented in Table 5. From the table, it is understood that about 10.5% of the respondents met the minimum food requirements according to the reports from WHO (2020a), FAO (2020b), and FANTA (2020). This assertion was observed during the period of data collection from the households in view of the groups of food consumed during the Pandemic. It was further observed that these minorities of households were able to access the available dietary and nutritional food materials to meet the minimum food requirements. This resulted in panic purchasing of available food materials, which made households stockpile foodstuff (Worstell, 2020; Adebowale et al., 2021). This was done to avert possible hunger, starvation, malnutrition, etc. during the COVID-19 Pandemic. Again, 76.1% of the households had a no response to the minimum food requirements implying that they were not able to meet the minimum food requirements as specified basically due to the sudden emergence of the COVID-19 Pandemic which swept the whole world off their feet (WHO, 2020c). These groups of households reported making use of any available food at their disposals in satisfying their domestic food needs during the Pandemic and thus, did not bother meeting the minimum food requirements as specified. That is, they were of less concern to minimum food requirements owing to the negative effects of COVID-19 in term of food shortage and unavailability in Southeast Nigeria (Akukwe, 2019; Ekoh et al., 2021). However, 13.4% of the households gave a zero response to the minimum food requirements, implying that they were neither here nor there, regarding the minimum food requirements. They were speechless and dumbfounded due to the biting impact of COVID-19 Pandemic which impaired the food security of their households. About 45.9% of the households sourced their foods via available markets, opened stores, shops, etc. This was because the Covid-19 Pandemic led to the closing and shutting down of major markets, stores, shops, etc. across the southeast region whose aim was to avert the possible spread of the COVID diseases which was presumed to spread via close contacts with infected persons (WFP, 2020b). This singular act limited the number of available markets, stores, etc. Online orders/home delivery services was used by 54.1% of the households; this became an alternative to the physical buying and selling in the opened markets, shops, and stores as majority of the households resulted to online ordering of domestic foods, since they were not allowed to visit the open markets due to the COVID-19 lock down that greeted the entire Southeast region of the country (Mbachu et al., 2020). The online ordering request commands available foods to be delivered at doorstep under strict compliance with COVID-19 protocols put by the government (WFP, 2020a). Indeed, the online ordering was a source of relief to most homes that were suffering from food shortage and scarcity. Again, less than 55% of the households opined that food was not readily available during the Pandemic due to evidential reasons, such as the lockdown syndrome, the spread of COVID disease, ban on movements, grounding of agriculture, etc. (Torero, 2020). Due to the lockdown, vehicle movements were restricted in the Southeast zone, and this further restricted the movement of food materials across the Southeast zones (Uchechukwu et al., 2022). Furthermore, agriculture which happens to be the main stay of food production was grounded to pieces as the farmers failed to visit their farmlands due to the lockdown and the government's ban on movement due to the spread of COVID-19 disease (Terazono and Munshi, 2020). On the contrary, about 33% of the households gave a positive response toward food availability, implying that foods were readily available precisely on demands or online ordering and/or available markets (Barrett, 2020). They reported that they were able to access available food, though in limited quantity, due to available funds or capital. About 12.0% of respondents declined answers on food availability. Again, they were dumbstruck on the prevalence of the COVID-19 Pandemic ravaging the Southeast zones and other parts of the country.


Table 5. Minimum food requirements, source of food delivery, and availability of food during COVID-19 Pandemic.
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Factors affecting food availability, accessibility, and use during the Pandemic is presented in Table 6. The table reveals that 60% of the households opined that artificial scarcity affected food availability, accessibility, and use during the Pandemic; this means that the COVID-19 Pandemic created some form of artificial scarcity in the sense that some of the marketers or goods sellers took good advantage of the period and hoarded their wares, making it look scarce with an ulterior motive of making excess profits at sales (Agbawodikeizu et al., 2021). This attitude of the sellers or marketers really affected food availability, accessibility, and use during the Pandemic. About 86% of the households attested that increase in food prices hugely influenced negatively the three dimensions of food security (food availability, accessibility, and use) during the Pandemic; this implies that the COVID-19 Pandemic initiated increase in prices of food materials due to the total lockdowns imposed by the government that clapped down markets and other sources of food vendors thereby initiating artificial scarcity leading to increase in food prices of food materials (Oginni et al., 2020). About 64.1% of the households indicated that the lockdown policy embarked on by the government as an alternative measure to flatten the COVID-19 epidemic curve and curtail the spread of the coronavirus affected food availability, accessibility, and use during the Pandemic. This means that the lockdown policy led to the closure of open markets, shops, stores, and impeded vehicular movement of goods and products into the Southeast regions thereby threatening food security in the zone (Ohiaa et al., 2020). Panic purchase was testified by 30.1% of the households; this factor affected the availability, accessibility, and use of food during the Pandemic (Ekoh et al., 2021). In a bid to defeat hunger, starvation, and malnutrition during the Pandemic, out of panic, people purchased expired food products without checking or confirming their expiration regarding the dates, which they eventually did not consume or made use of during the Pandemic. Lack of storage facilities was reported by 57% of the households; this implies that storage facilities that were inadequate due to the lockdown imposition affected the availability, accessibility, and use of food during the Pandemic (Ekoh et al., 2021). Lack of electricity supply was also attested by 31.1% of the households; this factor worsened the storage and preservation of perishable items. thus affecting the availability, accessibility, and use of food during the Pandemic (Uchechukwu et al., 2022). About 64.1% of the households indicated low income; it was generally obvious and true that the COVID-19 Pandemic induced low capital since people's jobs and source of earnings were hugely interrupted resulting from the lockdown (Agbawodikeizu et al., 2021). As a result, incomes were affected, and this negatively influenced food security in the Southeast region. Lack of employment was reported by 48.3% of the respondents; similarly, the COVID-19 Pandemic heavily led to massive loss of jobs across the Southeast Nigeria. Majority of the private companies and business enterprises begun the act of laying off their staff due to the biting impacts of the Pandemic as the companies were not able to sustain their salaries and other allowances; this back drop bankrupts the affected staff and impeded their food accessibility and use during the Pandemic (UNDP, 2020). Family size was reported by less than 32% of the respondents, in truth, families with large households felt the seriousness of the Pandemic, as they were not able to cope during the Pandemic (Aven and Bouder, 2020). Climate change was also attested to and evidently affected food availability, accessibility, and use during the Pandemic. Alterations in weather and seasonal changes affected farm production (Uche et al., 2021), which transited to food shortage and supply during the Pandemic. Poor government policy and labor reduction were reported by over 90% of the households; this means that lockdown policy of the government without adequate and proper food provisions largely affected food availability, accessibility, and use during the Pandemic (Agbugba, 2020a). The government perceived the lockdown as an alternative measure without seeing the negative side effects on food security in the Southeast region of Nigeria.


Table 6. Factors affecting food availability, accessibility, and use during the Pandemic.
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The estimated COVID-19 determinant of food security status of households in Southeast Nigeria is presented in Table 7. The log-likelihood value of 176.990 was highly significant at 1% level, implying that the COVID-19 variables significantly declined food security in the Southeast zone of Nigeria. The high value estimated on Pseudo (R2) indicated the fitness of the model. The coefficient of social distancing, online orders, and panic purchasing were not significant even at a 10% probability level. The coefficient of lockdown imposition was significant and negative; this implies that an increase in lockdown imposition by the government declined the food security in the zone. This is true due to the effects of the lockdown imposition shut-down open markets and other marketing outlets where food materials could be sourced leading to food deficit and shortage (Ekoh et al., 2020a). The increase in disease spread coefficient was significant at a 1% level and negative; this implies that food security (availability, accessibility, and utilization) worsened as the coronavirus disease spreads rapidly. This was evidently true because the Southeast zone experienced increase in the virus spread, and this hugely affected food availability, accessibility, and use during the Pandemic (Uche et al., 2021). The coefficient of government policy was significant at 1% level and negative; this implies that increase in poor policies of government decreased the food security in the Southeast zone of Nigeria. This was on the bases of immature and sudden measures (policy) to curtail the spread of the coronavirus. These policies (lock-down, closing of food markets, shops, stores, closing of abattoirs, ban on vehicular movement, etc.) were sudden policies that crippled food security in the Southeast Nigeria Agbugba (2020b). Coefficient of loss of jobs was significant at 1% level and negative; this implies that food security aggravated in the Southeast zone due to increased loss of jobs. The COVID-19 period led to a massive loss of jobs in the Southeast zone, especially by private multinational and other private companies (Altieri and Nicholls, 2020; Mbachu et al., 2020; Torero, 2020), and this basically affected the income of workers and thus, translated to food deficit in the zone. The coefficient of low income was significant at 10% level and negative; this implies that the increase in the low income of the respondents exacerbated food security in the zone, the Pandemic period led to massive job losses and shut-down of businesses which affected the income of the populace, and this made it difficult to access or purchase food materials during the Pandemic (UNDP, 2020). The coefficient of household size was significant at a 5% level and negative; this implies that food security in Southeast Nigeria was exacerbated with an increase in the household size. Families with large household sizes found it extremely difficult to cope during the Pandemic, as the available food materials were limited and insufficient to satisfy their domestic food needs (Adebowale et al., 2021). The coefficient of increase in food prices was significant at 1% level and negative; this implies that food security in Southeast Nigeria got worsened with increased food prices. The sudden and imminent lockdown and closure of markets, shops, mini stores, had tremendous effects on food prices, as it doubled the usual market price (Devereux et al., 2020). This stems partly from the creation of artificial scarcity by marketers and partly from government inabilities to provide alternative measures to cushion the negative effects of their actions and policies. An increase in food prices was the major factor as averred by the respondents because it affected the three pillars of food security dimensions (availability, accessibility, and usability). Food availability was affected due to prohibitions on movement and closure of informal food markets to observe social distancing and to curtail the spread of the virus. Food access was threatened by high food prices and affected households with relatively low income (World Bank, 2020a). These high prices made retailers to have profiteered from panic purchases.


Table 7. Estimated COVID-19 determinants of food security status of households in Southeast Nigeria.
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The food security index of households during COVID-19 is presented in Table 8. The result shows that 24.4% of the households were food secured during COVID-19 Pandemic as against 75.6% that were not secured. This implies that a lesser number of the households were food secured while the majority of the households were not secured. The former could be due to the food accessibility, availability, and utilization as against the latter (Ogunji et al., 2021). Similarly, the total number of food-secured households was 51 relative to 158 insecured households; this means households in Southeast Nigeria had an increasing percentage of about 309.8% in food insecurity during the Pandemic; this may be due to the lockdown imposed in the states that shut down the economy of the Southeast Nigeria (Uchechukwu et al., 2022). The mean household size of food secured, and insecured households were 4.4 and 6.6, respectively; this implies a serious implication for food security in the zone (Agbawodikeizu et al., 2021). Food insecured households had approximately 6 persons per household and were worse-off during the COVID-19 Pandemic; this was due to their inability to access adequate and sufficient food materials needed to meet their domestic demands (UNDP, 2020). The food secured households had an estimated mean food security index of 4.59 relative to 1.21 obtained from the food insecured households. This means that food secured households had a higher mean food security index in comparison with the food insecured households with a lower food security index. The low food security index could result from the inability of the households to cope with the biting effects of the COVID-19 Pandemic and the limited food materials during the Pandemic due to the lockdown imposition and closure of markets experienced in the Southeast Nigeria (Ekoh et al., 2020a,b). This further implies an upward percentage increase of 379.3% in food insecurity in the Southeast Nigeria. The mean household daily calorie intake (kcal) of food secured and insecured households were 15,512.07 and 1,422.06, respectively, in addition to the mean household per capita daily calorie intake (kcal) estimated at 19,104.41 and 1,270.94 for food secured and insecured households. Here, the average daily calorie intake cum per capita daily calorie intake for food secured households were 15,512.07 and 19,104.41 kcal, which were higher than the recommended minimum daily calorie requirement of 2,100 kcal by (WHO) and (USCIN), 1,800 kcal by (FAO) and the national average calorie requirement of 2,700 kcal, signifying the maximal food security. While the average daily calorie intake cum per capita daily calorie intake for food insecured households were 1,422.06 and 1,270.94 kcal, respectively, which were lower than the recommended minimum daily calorie requirement of 2,100 kcal by WHO and USCIN) 1,800 kcal by (FAO), and the national average calorie requirement of 2,700 kcal, signifying a shortfall in the food security in Southeast Nigeria. These results further imply that the food secured households met the recommended calorie intake of 2,100 kcal by WHO and (USCIN, 1,800 kcal by FAO and the national average calorie requirement of 2,700 kcal, per capita per day as against the food insecured households that were unable to meet the recommended daily per capita calorie requirements of 2,100 kcal by WHO and USCIN, 1,800 kcal by FAO and national average calorie requirement of 2,700 kcal, during the COVID−19 Pandemic experienced in the Southeast Nigeria. This further indicated that a greater percentage of the households, 76%, were food insecured during the COVID-19 Pandemic. The reason for this variance still revolves around the sudden lockdown policy of the government that grounded every economic activity, for instance, food production and distribution in the Southeast Nigeria (Oginni et al., 2020). The FIGi gave estimated values of 0.89 and 3.98 for food secured and insecured households, respectively; this implies that food secured households had a marginal insecurity gap index as against food insecured households with a high prevalence index of 398%. Again, the FSGi indicated a high index value of 2.10 for food secured households and a marginal index of 0.99 for insecured households, meaning that the food secured households were able to access and utilized food materials during the COVID-19 Pandemic relative to the latter. The FSGi/FIGi which measure the extent of deviation from the food security line shows that food secure households exceeded the calorie requirement by 236%, while the food insecured households fell short of the calorie requirement by 24%. This shows a wide margin between the food secured and food insecured households in the Southeast Nigeria. The wide margin connotes the preponderance of the COVID-19 Pandemic in the zone (Uchechukwu et al., 2022). The result further revealed a HCR of 0.28 for food secured households and 0.97 for food insecured households; this implies that about 28% of the households were food secured and 97% were food insecured.


Table 8. Food security indices of households during COVID-19.
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Generalizability

The study proved that the ongoing COVID 19 Pandemic worsened food security status of households in the Southeast region with an emphasis on the estimated food security indices of households in Southeast Nigeria.



CONCLUSION

The findings of the study revealed that the food security situation in the Southeast, Nigeria during the COVID-19 Pandemic deteriorated and led to hunger, malnutrition, excruciating poverty, starvation, and food insecurity. The study showed that the mean household size was 9.6 persons; this means that the household size of the respondents was relatively large and this had serious food security implications as large families found it very difficult to cope with the available food during the Pandemic that caught the world unawares. About 82% of the households consumed cereals/grains before the Pandemic relative to the low consumption rate of 60.3% during the Pandemic. This suggests that COVID-19 Pandemic negatively lowered food consumption in the Southeast zone of Nigeria due to incessant lockdowns and indoor incarcerations. Cereals/grains refer to staple food crops, such as rice, wheat, maize, guinea corn, etc., mostly eaten by over 80% of households in Nigeria. This no doubt indicated the high consumption rate estimated across the households both before and during the Pandemic. The lockdown experienced in the Southeast region coupled with other COVID-19 logistics adversely impacted the provision of the needed food categories by different households. It triggered a massive food recession and major disruptions in food value chains across the Southeast region of Nigeria. Again, the prices of food materials before the Pandemic were obviously lower relative to the high and exorbitant prices obtained during the Pandemic; for instance, the prices of most staple foods soared higher during the Pandemic as compared with the price before the Pandemic. The exorbitant price could be as a result of its demands since they are majorly consumed regularly by over 80% of the populace in Southeast Nigeria. Again, the majority of the households, i.e., 76.1%, had a no response to the minimum food requirements implying that they were not able to meet the minimum food requirements as specified by WHO, FAO, and FANTA basically due to the sudden emergence of the COVID-19 Pandemic which swept the whole world off their feet. A good number of factors, such as artificial scarcity, increase in food prices, lockdown policy, panic purchase, lack of storage facilities, lack of electricity supply, low income, etc., affected the three dimensions of food security which include availability, accessibility, and utilization. Furthermore, social distancing, lockdown imposition, online orders, increase in disease spread, government policy, loss of jobs, low income, household size, etc., were recognized as COVID-19 determinants of food security status of households in Southeast Nigeria. About 24% of the households were food secured compared to 76% that were insecured during the Pandemic. The FSGi/FIGiwhich measure the extent of deviation from food security line shows that food secured households exceeded the calorie requirement by 236%, while the food insecured households fell short of the calorie requirement by 24%. This shows a wide margin between the food secured and food insecured households in the Southeast Nigeria.



RECOMMENDATIONS

The study recommended the following based on its findings.

1. Robust and effective policy formulations and implementations regarding food production in the Southeast Nigeria.

2. Revitalization and rejuvenation of the agricultural sector which is the primary source of food production in Nigeria by deployment of modern agrotechnologies to replace crude implements which induce fatigues.

3. Supply of agricultural incentives, such as land provision, improved seedlings, agrochemicals, soft agricultural -loans, etc. These incentives would no doubt motivate the poor household farmers to full scale-up-agricultural production.

4. Massive job creation and provision to cushion the effects of job losses during the COVID-19 Pandemic will enhance the financial capacity of the populace to access and meet domestic food requirements.

5. Childbirth in Nigeria should be regulated to allow for household heads to provide adequately for their families; this is because large families were the major hit by the COVID-19 Pandemic.
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COVID-19 has had a strong impact on the food supply chain (FSC) in many countries. The objective of this study was to determine the vulnerability of the FSC in a developing country, namely Peru. The main weakness of the FSC is its centralization, and COVID-19 aggravated this deficit in Peru. This prevents its stability on a large scale, especially in rural areas, which suffer from food and nutritional insecurity. In spite of this, the food system was stabilized due to agricultural, livestock and fishing potential of Peru. In addition, the efforts of local producers and informal vendors helped to maintain the availability of food throughout the country. Several examples of short (and decentralized) FSC were described, highlighting their importance for supplying the population in different areas of the country. In addition, they allow for rapid resolution of interruptions such as the current health crisis. Also mentioned are some suggestions for strengthening Peru's FSC such as the use of new technologies, self-production of food and the exploitation of non-conventional food sources. Emphasis is placed on the importance of environmental sustainability of the FSC and of implementing strategies to prevent illness among workers. This study aims to reflect on the importance of having a resilient and flexible FSC. Taking Peru as a model, the information provided is useful to understand how to improve the food system through the intervention of all the agents involved, such as government, academia, industry and the population.

KEYWORDS
  coronavirus, SARS-CoV-2, Peru, food supply chain, food system, food and nutrition security, sustainability


Introduction

As of 29 July 2022, there have been 572,239,451 confirmed cases of infection and 6,390,401 deaths due to coronavirus disease 2019 (COVID-19) (WHO, 2022). This is caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). COVID-19 has caused great impact in social and economic terms, affecting all industries (Singh et al., 2021). Specifically, COVID-19 has significantly affected the food sector. The food and beverage sector is one of the most relevant and fastest growing industries in the world (Mukhamedjanova, 2020; Memon et al., 2021). It had global revenues of $8 trillion in 2020 and is forecast to increase to $9.1 trillion by 2025 (STATISTA, 2021). On average, food manufacturing represents 12% of the Gross Domestic Product (GDP) of all countries (Bakalis et al., 2020).

The international blockade and the measures imposed by national governments to deal with the pandemic have disrupted the food supply chain (FSC) (Rizou et al., 2020). More than 450 meatpacking plants, more than 250 food processing plants and more than 90 farms were reportedly affected by COVID-19 in the United States. In addition, more than 54,000 workers in the FSC were infected by COVID-19 and more than 200 workers lost their lives. Similar cases were shown in Brazil, Ghana, Germany and France (Aday and Aday, 2020). Farmers in Bangladesh had significant losses of pointed gourd, yardlong beans, bottle gourd, cucumber and brinjal, valued at $692, $633, $223, $223, $131 and $59 per acre, respectively (Alam, 2021). In India, a 10% reduction in the availability of fruits, vegetables and edible oils was witnessed (Mahajan, 2021). In this context, the pandemic has demonstrated the vulnerability of the FSC at critical times and globally.

The impact on imports and exports was severe due to the disruption of international physical supply chains, resulting in high costs. Government restrictions on economic and personal activity (e.g., labor shortages due to not being able to go to work) threw the FSC into chaos, creating an economic crisis (Kerr, 2020) and disrupting the production of farmers, ranchers and fishermen. In the slaughterhouses of France, there was a 30% reduction in the labor force, and in India, the shortage was so high that it reduced cereal production by more than 20% (Rahimi et al., 2021). In addition, there was evidence of low demand and consequent significant loss of food due to the closure of restaurants and related businesses. In Arequipa, Peru, a large number of restaurants were closed, seriously affecting producers/sellers of chicken and potatoes (Malone et al., 2021). All this generated unprecedented food insecurity, a global problem that is being fought every day.

Arguably, all countries have the same battle against COVID-19, but developing countries have a greater challenge, primarily because many of them have a centralized food supply chain (CFSC), with participation and decision making by one or a few responsible agents. For example, the products are sold in a few markets, which are far from a large part of the population. In the case of exports, there are no seaports (there is only one in most cases) close to the production areas. According to Kumar et al. (2021), this makes production, processing, marketing and provisioning difficult. The pandemic has arrived late in Latin America, which has allowed Latin American countries to be better prepared. However, their health and technological deficits and socioeconomic inequalities have had a serious impact from which they have not yet fully recovered (Benítez et al., 2020). There are few studies in this field related to Latin American countries. Specifically, in Peru, although it is a world power in terms of agriculture and fisheries, its food security was strongly affected by COVID-19, leaving its vulnerability exposed. The objective of this study is to determine the vulnerability of the food system in Peru and the impact caused by COVID-19. In addition, some challenges of the topic will be defined and multiple alternative solutions will be offered to improve the country's food system. This is the first study of its kind focused on Peru and the information provided will also be useful for implementing strategies to improve food systems in other countries.



Peru's measures to combat the pandemic

Unlike in other continents, COVID-19 spread relatively late to Latin American countries. Peru was able to establish a contingency plan. It reported its first case of infection on 6 March 2020. On 11 March 2020, through Supreme Decree No. 008-2020-SA, a health emergency was declared at the national level, for a period of ninety (90) calendar days (Parlamento Andino, 2022).

On March 15, the government provided intensive and rapid responses to prevent the spread of the virus such as Ministerial Resolution N° 039-2020-MINSA and Emergency Decree N° 025-2020 focused on improving surveillance, containment and response systems to reduce the impact of COVID-19 (Parlamento Andino, 2022). Quarantine measures (for 3 months) and curfew (until January 2022) were established. The use of masks was enforced, it was suggested to keep a minimum distance of one meter, to wash hands frequently with soap and water and to avoid crowded spaces without natural ventilation (Velásquez-Quispe et al., 2021). A large number of health professionals were hired, and intensive care beds and equipment were acquired for cases of severe symptomatology (Benítez et al., 2020; Romero, 2020). In addition, social programs were implemented, early retirement pensions were allowed, and economic bonuses (such as the Urban, Rural, Independent and Universal Family bonus) were granted to maintain short-term stability for poor families (Siche, 2020), who were affected by the massive loss of jobs. Similarly, the government provided economic assistance to micro and small micro and small businesses (MYPES) to reduce the impact of the pandemic. The financings were quickly implemented through Emergency Decree N° 029-2020. Credits were also provided through the Business Support Fund for MYPES and the Reactiva Peru Program (Parlamento Andino, 2022).

According to Marco (2020), the Peruvian government first spent more than US$25 billion, which represents 12% of GDP. This proportion was the largest in all of Latin America. Argentina, for example, spent only 1% of its GDP. Despite this, Peru has multiple deficiencies due to its health system, labor informality, and the large number of migrants from Venezuela, among other factors (Vázquez-Rowe and Gandolfi, 2020). These factors make it vulnerable, also considering that, as an emerging economy, it faces greater barriers to its sustainability (Bunclark, 2021). Shrestha et al. (2020) determined that Peru is one of the countries with the highest pandemic vulnerability index in the world, considering factors such as economy, health capacity, globalization through travel, event cancellation, work index, FSC and academic level. Therefore, in relation to COVID-19, Peru is one of the countries with a very high mortality rate. As of 01 August 2022, 3,909,870 positive cases and 214,303 deaths have been confirmed (Worldometer, 2022).

It should be noted that Peru remains in a state of health emergency until August 2022 according to Supreme Decree N° 003-2022-SA (Parlamento Andino, 2022).



Food and nutrition insecurity


Background

During this health crisis, life-saving activities are essential, but the scarcity and inaccessibility of food makes this battle difficult (Singh et al., 2021). Therefore, it is also vital to maintain and improve food and nutritional security, through its four fundamental pillars (Figure 1) (Sharma, 2020; Burlea-Schiopoiu et al., 2021; Kumar et al., 2021). One of the factors causing the food security deficit is food waste (sale and consumption) and loss (production, transformation, etc.) at the stages of the FSC, especially if the food is perishable. This leads to a reduction in the availability of nutritious foods and a substantial increase in costs. For example, due to low demand, if a farmer, rancher or fisherman does not sell their food, they must store it. This means an increase in costs and also a reduction in product quality.
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FIGURE 1
 Basic dimensions of food and nutrition security.


Peru is one of the countries with the highest rate of food loss and waste in Latin America, with annual values of approximately 12.8 million tons, representing more than 47% of total production (Banco de Alimentos Perú, 2021). According to the study by Bedoya-Perales and Dal' Magro (2021), based on data from Peru from 2007 to 2017, the average loss/waste per capita was 426.56 kg/year across all FSC stages, and 67.34 kg/year at the final consumer stage. In the study by Requena-Sanchez et al. (2022), from 2019 to 2020 there was no evidence of an increase in food waste in Comas, Lima, Peru. However, an increase in the waste of single-use plastic containers and bags was reported, which is related to the increase in food delivery services.



Impact on Peru

Restrictions on business, people and transportation affected local commerce. In the food sector, the stability in the capacity and efficiency of farmers, food manufacturers, wholesale distributors and retailers has been lost (FAO, 2020a). Border closures, trade measures in Peru, crisis in foreign markets and with strategic partners [Ministry of Agriculture and Irrigation of Peru (MINAGRI, 2020)] affected the FSC (Mukhamedjanova, 2020). The impact was more severe than expected due to Peru's dependence on imports and its leading position in agri-food exports (van der Ploeg, 2020). In addition, the isolation affected the dynamics of economic activity in general (Varona, 2021). For example, transit restrictions limited the fishing and subsequent distribution of different marine products in Lima (Peru's capital) and other areas of the country (Bassett et al., 2021).

Several studies have confirmed the vulnerability of the Peruvian food system. Erokhin (2020) analyzed the impact of COVID-19 in 45 countries, concluding that Peru was severely affected in trade, foreign exchange and food supply. From March to August 2020 there was a reduction in fishing and purchase of fish (e.g., 83% less hake). As a result, 620 jobs were affected with an overall loss of approximately US$913 thousand (Grillo-Núñez et al., 2021). In addition, in one of the first studies conducted at the beginning of the pandemic, it was determined that there was a significant reduction in income of 37% of the participants (Sanchez et al., 2020). This generated greater limitations in the acquisition of food, mainly for Peruvians who subsist on their daily income (Cañari-Casaño et al., 2021). This deficit increased health problems and the prevalence index of food insecurity (PIFI) (Bakalis et al., 2020; O'Hara, 2021).

Regarding socioeconomic status, a study conducted from March to December 2020 found that Peruvian families with low incomes were 42% more likely to experience food insecurity (Curi-Quinto et al., 2021). From May to June 2020, Cañari-Casaño et al. (2021) found that Peruvians with incomes below $255/month were highly likely to experience moderate or severe food insecurity. This is ironic considering that currently (25 February 2022) the minimum salary in the country is PEN 920 (US$ 242.17). According to the study by Cuenca Jaque et al. (2020), from March to April 2020, 57.3% of Peruvians were already experiencing economic problems and difficulties in acquiring basic necessities. In addition, 69.8% of Peruvians indicated that they only had enough food for 1 week and 56.8% indicated that with the money they had they could only buy enough food for 2 weeks. A study conducted in May 2020 found that 56.9% of Peruvians spent more on food than before the pandemic (Cequea et al., 2021). These results are worrisome and the crisis increased as the isolation prolonged. It should be considered that the PIFI before the pandemic was already negative. From the period 2014–2016 to 2018–2020 in Peru, severe food insecurity increased by 10.6% and moderate or severe insecurity by 5.7%, as shown in Figure 2.
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FIGURE 2
 Prevalence of food insecurity in Peru. Based on data from (FAOSTAT, 2021).





Centralization in the food supply chain

A food system must be multidisciplinary and interconnected (Han et al., 2021). It should cover the greatest number of people (producers, government, industry, consumers) and avoid inequalities regardless of their geographic location within the country (Cable et al., 2021). The main factor contributing to internal food shortages is centralized distribution, which, due to lack of adequate logistics, concentrates all raw materials and/or products in one place or in very limited areas. This affects the availability of food for the population living in discriminated cities (Cullen, 2020). It also increases the costs of products when they are sold in areas far from production and/or transformation. This is chaotic when crises such as the current pandemic occur because it is more difficult to solve problems (Abdullah et al., 2021). Does not allow for quick responses to disruptions at any stage, demand surges or product shortages. Figure 3 shows the United Kingdom's FSC with the number of participants at each stage. Compared to the other stages, there is a bottleneck in the Suppliers and Supermarkets stage. The number of agents involved in the Purchasing companies and in Supermarket concepts (red boxes) stage is very low. This means that only a selected group of organizations acquire and control a large part of the food consumed. In the event of a crisis in this small group of organizations, the FSC would suffer an untimely and difficult-to-solve disruption. This example clearly shows how most FSCs are vulnerable because they are dominated by a few large, but centralized, organizations (Hobbs, 2020).
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FIGURE 3
 Graphical representation of the agents (numbers in white) involved in each stage of the United Kingdom's FSC. Adapted from Bakalis et al. (2020).


To solve this problem, FAO (2020b) mentions that it is essential to create regionalized food supply chains (RFSCs) at strategic points throughout the country. This will provide greater linkages between urban and rural areas, allowing for local production and availability, short-distance transportation and few intermediaries between producers and consumers (Marusak et al., 2021). The short distance also makes it possible to obtain fresher and cheaper foods (Barman et al., 2021). In case of risk, the self-sufficiency of each RFSC allows mitigating the adverse effects, reducing the overall damage (Thilmany et al., 2021). This confirms the resilience of RFSCs, which means that they are flexible and adaptable. This type of short chain has been successful in rural and urban areas in all European Union countries (Bakalis et al., 2020). Marusak et al. (2021) evaluated the effect of RFSCs on the resilience of food systems based on seven case studies from Texas and Iowa. It was concluded that the RFSCs are faster in terms of adaptation, managing to be efficient in maintaining sustainability in this COVID-19 context. Chenarides et al. (2021) used a FSC model for fresh onions in the United States based on real options theory. Increased flexibility was found to increase the resilience of the FSC. The results also showed that these types of adaptable FSC have a higher value in the market.


Resistance of the Peruvian food system to centralization

Despite the efforts made, Peru has greater centralism than other Latin American countries such as Brazil, Chile, and Colombia (Binder, 2018). This is due to the few initiatives taken by the authorities, the lack of infrastructure, the scarce and deficient interconnection routes between regions. The food industry in Peru is conditioned to serious structural and logistical limitations that force it to be dependent on privileged zones (Lazo, 1984). A clear example is Lima, which receives the highest proportion of state support. Although moderate poverty and chronic malnutrition have been significantly reduced throughout the country in the last two decades, progress has been uneven in rural and Amazonian areas (Vargas et al., 2021). Useche (2016) highlight that between urban and rural areas in Peru there is a wide gap in terms of food security. According to Castro-Bedriñana et al. (2021), the average chronic malnutrition rate in Lima is 5% and in rural areas it is over 33%. In rural areas of Peru, 4 out of every 5 children between 6 months and 2 years old suffer from malnutrition (UNICEF, 2019). Similarly, Abizaid et al. (2020) evaluated the effect of the pandemic in marginalized areas of Ucayali, a region of the Peruvian Amazon. It was corroborated that the population of Ucayali received fewer economic bonuses and there is no guarantee that the people who needed them received them. There was also a scarce and unequal distribution of food by the state.

Coffee, cocoa and quinoa exports are some examples of non-integrated logistics chains (or RFSCs). Briceño-Garmendia et al. (2016d) mention that these products are transported in small and medium-sized informal vehicles that travel long distances. As shown in Table 1, the production areas are very distant from the seaport destined for export. New ports should be implemented in different strategic areas of the country to reduce the distance with the production areas. In the case of cocoa cultivation in Piura, the port of Paita can be used, which is located in the same region. Quinoa is mainly produced in the south of the country; however, this area lacks seaports. In the case of coffee, the port of Paita can be used to receive coffee from Piura, and for the production of other zones, the port of Callao can be used. Similarly, potatoes are produced in cities such as Junín and Ayacucho, but are processed in Lima, with a significant number of intermediaries between each stage (Delgado et al., 2021).


TABLE 1 Examples of some CFSCs in Peru.
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Regarding onion, 52% of its production occurs in the south of the country, but only 2% is shipped through the port of Matarani, which is located in the same region (Arequipa). The rest of the production is transported to the ports of Callao and Paita, which means an increase in distance of up to 1,000 km (Briceño-Garmendia et al., 2016d). In addition, it should be considered that onion is a susceptible product that loses its quality during long transportation. This can be solved with the decentralization of the ports, considering that the ports of Callao and Paita should not cease to be used. On the contrary, it is important to take advantage of the fact that onions can be produced in all areas of Peru.

Other evidence of the importance of decentralization in Peru comes from Mercado (2017), who evaluated the quinoa FSC in Puno and Junín. They concluded that the chain containing linkages between collectors, processors and exporters ensured a more efficient and coordinated trade. However, producers acting alone had a very poor organization and lower sales of quinoa. Contreras (2018) determined that the CFSC of non-perishable foods manufactured in Lima and Callao produce a substantial increase in costs when distributed to supermarkets in the south of the country. Long distances restrict a quick response in case of any problems during transport, if there are shortages in the supermarket or if demand increases.



Peru's potential to combat food and nutrition insecurity

Despite the difficulties due to the pandemic and the centralization, Peru's megadiversity makes it possible to produce a large quantity and variety of foodstuffs and to regulate their cost. As shown in Figure 4, the production index has remained stable and dynamic.
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FIGURE 4
 Food production indicators. Based on information from INEI (2021), provided by MINAGRI and the Ministry of Production (PRODUCE), on agricultural-livestock and fishery production, respectively.


The panic due to the pandemic caused people to buy essential products excessively. This increase in demand caused producers and/or merchants to raise the price of products (law of supply and demand). The price of foods such as lemons, sugar, potatoes, beans, tomatoes, spinach and peas increased from 14 to 30% (Enfoque Derecho, 2020). For price control purposes, through article 2 of Supreme Decree 044-2020-PCM, the Peruvian government guarantees the supply of food and medicines during the state of emergency. MINAGRI was in charge of monitoring the supply and price of products. Also, agricultural products were rapidly depleting due to increased exports, and as a result, decentralized production increased in fertile areas such as Olmos (Lambayeque region), Majes (Arequipa) and Chavimochic (La Libertad).

The resilience of the Peruvian food system was also due to the massive appearance of street vendors, as in the case of Arequipa. They indiscriminately distribute the products of necessity, through the modality of peasant markets, rural agricultural fairs and itinerant markets. Although sales conditions are in very poor sanitary conditions (Ramirez-Hernandez et al., 2020), this increases product availability and is reported to have influenced a 15–20% reduction in prices (Vargas et al., 2021). This information was verified in the study by Zimmerer (2020). The population of South America, specifically Peru, relied on informal traders to access a wide variety of food products. When the large markets (such as La Parada) closed in Lima, a large number of street vendors appeared and were able to supply food to the population of each locality. Even with their own funds, the vendors bought biosafety equipment to sell in the early hours of the morning, thus reducing the risk of COVID-19 infection (Coletto et al., 2021). However, informal vendors in Peru, who represent more than 50% of the population, have no benefits and are vulnerable to critical situations, especially due to the lack of health insurance (Vázquez-Rowe and Gandolfi, 2020). According to the above, emphasis is placed on supporting informal producers/traders as they represent a key point in support of decentralization. In this case, MINAGRI provided financing to small producers throughout the country to organize their itinerant markets.




Challenges and solution strategies

This COVID-19 pandemic is an opportunity to address FSC weaknesses and enhance its strengths by transitioning from CFSC to RFSCs. According to the survey conducted by Luckstead et al. (2020), with this pandemic, the U.S. population is more aware of the importance of FSC, especially at the stage of small producers. The study by Blazy et al. (2021) found that, although COVID-19 severely affected the Caribbean agricultural system, weaknesses were improved. These include the search for short marketing channels, the cultivation of more varied products according to the needs of the population and mutual assistance among farmers. To achieve this in Peru in the long term requires the support of industry, academia and other stakeholders (Ramirez-Hernandez et al., 2020). Solutions should be focused on achieving a resilient food system at local, regional, national and global scales (Han et al., 2021). Hecht et al. (2019) interviewed 26 companies and organizations in the food sector and identified 10 factors with significant influence on FSC resilience. It was concluded that the resilience and strengthening of the food industry is achieved with the active participation of government, industry, policy makers and consumers.

We must eliminate the erroneous idea that Peru is only the capital and other privileged cities (Lazo, 1984). The central government must improve and create new policies to support RFSCs, considering their high deficit in infrastructure, logistics, experience and knowledge (Gemmill-Herren, 2020). The first step toward decentralization is to interconnect all cities, through strategic routes that allow rapid communication between all FSC agents (Bedoya-Perales and Dal' Magro, 2021).

On the other hand, labor is required in large quantities and restrictions were a limiting factor. This mainly affected countries where foreigners represent a considerable percentage of the workforce, such as the United States, Mexico, China and India. In Canada, more than 60,000 Mexicans work in agribusiness, and in India, the reduction of labor affected vegetable and fish farming, significantly reducing production (Chitrakar et al., 2021). In the case of Peru, in July 2020 there were 1.2 million Venezuelan migrants (more than 3.5% of the Peruvian population), of which a large part worked in the country's food industry [World Bank (Banco Mundial, 2020)].

Understanding the stages of FSC will allow us to identify bottlenecks and propose alternative solutions. Human (knowledge) and social (connections) capital and strong investments are required to support the community, mainly in rural areas. In a study focused on Bangladesh, Amjath-Babu et al. (2020) found that maintaining the robustness of a food system requires important components such as logistics for distribution of safe and quality inputs with circular flow. Adequate storage facilities, efficient management tools and, above all, credit opportunities to cover essential expenses, especially for small farmers, are also required (Aday and Aday, 2020). Support can also be received from international entities related to the field of food and nutrition security. An appropriate funding tool for this context is the Global Agriculture and Food Security Program, founded in response to the 2007–2008 food crisis (Cullen, 2020). It was reported that in Tunisia, Egypt and Morocco, financing was provided to workers, mainly temporary and informal workers (Hashem et al., 2020). Limited support does not allow the full potential of food products to be exploited. Ramos et al. (2021) indicate that cañihua, quinoa and kiwicha have received greater attention in the world for their nutritional quality, but deficits in seed supply, transportation, storage and packaging limit their true potential.


Use of new technologies

To improve the interconnection between each stage of the FSC and between each RFSC, Bakalis et al. (2020), García et al. (2020), Siche (2020), Vaio et al. (2020), Chitrakar et al. (2021) suggest implementing automation. This includes the application of digital and intelligent systems such as the internet of things (IoT), artificial intelligence (AI), and information and communication technologies (ICT). For example, drones can be used to deliver products, monitor and evaluate crop fields, farms, and aquaculture areas. In South Africa, an IoT system was created to manage social distancing and monitor the number of people in a facility in real time (IoT.nxt, 2020). In Shanghai, China, drones are widely used to deliver food and other products without contact (Parkhill, 2022). These technologies reduce person-to-person contact and should also be applied for e-commerce, which has increased significantly (Thilmany et al., 2021) with promising results shown in Morocco and China (Hashem et al., 2020).

Smart packaging technology (modified/controlled atmosphere packaging, active packaging and intelligent packaging) can be used in the food industry. In addition, smart detection systems (electronic tongue, electronic nose, spectroscopic techniques, machine vision and artificial intelligence) and thermal (sterilization) and non-thermal (cold plasma, pulsed electric fields, ultrasound and microwave) technologies can be used with emphasis on virus elimination (Chitrakar et al., 2021). According to the above, extensive training on these tools should be provided to FSC agents. A study assessed the effect of the pandemic on the FSC of JD.com, an Asian e-commerce giant that sells a wide variety of products, including food. Shen (2021) determined that, although JD.com did not take many actions to combat the crisis, the impact was minimal due to the proper management achieved by the smart platforms.



The importance of self-production of food

Lal (2020) recommends home production through home gardens. Another option could be hydroponics, aquaponics, small animal husbandry, which is practiced in many remote areas of Peru. Through online surveys, it was determined that due to the food impact of COVID-19, 96% of Latin American people had to carry out home farming. 90% of them indicated that their initiative contributed to preventing imminent food insecurity (Tittonell et al., 2021). In addition to home production, Castro-Bedriñana et al. (2021) indicate that more than 71% of rural families in Andean communities in Peru have farmland (potatoes, corn, barley, beans, etc.). They also raise cows, sheep, pigs, chickens/hens and guinea pigs for self-consumption and sale, in proportions greater than 44%, 34%, 29%, 40% and 63%, respectively. To this measure, the range of cultivation/breeding options can be expanded. For example, 25% of potato producers and 74% of coffee producers interviewed in Peru indicated that they would introduce new crops to improve food security (Vargas et al., 2021).

Castro (2015) evaluated the effects of these measures on the reduction of nutritional problems in children under 5 years of age in Andean communities (Acobamba, Chambará, Huamalí, Pancán and Tapo) in Peru. For a period of 3 years, assistance was provided in the development of the necessary capacities for the production of potatoes, corn, barley and mashua vegetables (in orchards and farms), the raising of guinea pigs and chickens, including their consumption and sale. This influenced the reduction in the prevalence of chronic and anemic malnutrition in ranges from 0.75% to 31.35% and from 3.2% to 20.3%, respectively.



Alternative/non-conventional food sources

It is projected that in 2050 there will be 34% more people in the world and in turn, the demand for food production will increase by 70% (Mariutti et al., 2021). In this sense, researchers are making immeasurable efforts to find new sources of food. They must be mass-produced, renewable and low-cost. It was determined that cockroach milk and flour will contribute to the prevention of food shortages due to their high protein content (Galanakis, 2020).

In the pandemic context, it was determined that the population of Cusco, Peru increased the use of edible plants such as eucalyptus, kion, garlic, matico, chamomile and coca, in proportions of 70.2%, 68.3%, 58.8%, 49.6%, 34.0% and 21.6%, respectively. These plant products have a high biological activity with potential in the prevention and possible therapeutic treatment of COVID-19 (Villena-Tejada et al., 2021). With respect to decentralization, the curious thing is that the population of the Peruvian capital has migrated to the country's marginalized cities because there is greater food potential in these areas. At the beginning of the pandemic, more than 700 people from Lima went to live in the Andean communities mainly to grow their own food and subsist (Lanza and Narváez, 2020).

Other new sources of protein-rich foods include insects (such as cockroaches), algae, and by-products of meat, fish and dairy processing (Hashem et al., 2020). The substitution of red meats such as poultry and pork for vegetable sources such as quinoa was reported (Galanakis, 2020). Other widely studied sources include pseudocereals and grains, and edible flowers. Amaranth, chia and quinoa grow in tropical and subtropical regions and have been included in the diet of the Incas for centuries. A relevant pseudocereal is kiwicha, which is cultivated in several American countries, including Peru (Mariutti et al., 2021). Other Andean grains cultivated in the country are quinoa, cañihua and tarwi, which have a high nutritional value (Padulosi et al., 2014). Regarding edible flowers, flowers of Brassica rapa subsp. Campestres L., Tropaeolum dipetalum R. et P., T. minus L., T. peregrinum L., T. seemanni Bush., T. smithii D.C., T. tuberosum R. & P., Typha dominguensis Persoon., Carica papaya L., Cucúrbita moschata Duch., Typha angustifolia L. are consumed in Peru (Súmar, 2004).

This measure is also aimed at animal feed. In the Amazon region of Peru, Godoy et al. (2021) evaluated the effect of supplementation with rice polishing and a new alternative supplementation based on coconut flour, cocoa husk, rice polishing and rice flour in lactating cows. Cows supplemented with the non-conventional mixture produced more milk (1.4 kg/cow/day extra) and had more weight (0.13 kg/day extra). In addition, with the alternative supplementation, there was an extra income of US$ 1.72/day (considering US$ 1 = PEN 3.846).



Does food transmit SARS-CoV-2?

Although COVID-19 has not been shown to spread through food, constant vigilance during FSC is crucial. The necessary activities to prevent the transmission of SARS-CoV-2 should be carried out (Han et al., 2021), which are more risky during the later stages due to the greater involvement of peoples (Rizou et al., 2020). According to current sanitary requirements, some strategies implemented in two food markets in Lima are shown in Table 2. In the case of La Parada market, many vendors did not continue with online sales because it was less profitable than going to the market (Coletto et al., 2021). On the other hand, in the Santa Anita Market, the measures implemented were stricter (Table 2). This was due to formality, which generates greater support from the authorities.


TABLE 2 Measures implemented in two of the most important food markets in Lima, Peru.
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Although it is difficult to maintain distance under these sales conditions, these measures were necessary to prevent person-to-person transmission of the virus. At that time, measures were also aimed at preventing the presence and survival of the virus on surfaces, but currently, that is considered unlikely. Singh M. et al. (2021) did not detect the presence of SARS-CoV-2 on high-contact surfaces (n = 97) with food in retail stores in Canada.

Current recommendations for reducing the economic and public health impacts of COVID-19 in the food sector can be found in FoodCoVNET (https://foodcovnet.ces.ncsu.edu/welcome-to-foodcovnet/).



Another key element: Sustainability of the food system

The correct implementation of RFSCs must also be evaluated in terms of environmental sustainability. The strategies employed are often not sufficiently sustainable (Hashem et al., 2020). For example, artificial meat farming is not a sustainable source of protein, but it is possible to use biological and recoverable sources such as algae (Galanakis, 2020) or others previously mentioned. Likewise, although the cold chain is essential during food distribution, if the distance is very short, it is recommended to transport fresh and not frozen food to reduce energy consumption (Ramos et al., 2018).

Food sustainability is a scenario that is often overlooked, but we must be aware of its consequences. Food contributes approximately 17% of the total carbon footprint (Bakalis et al., 2020). According to a study on the evaluation of restaurants in Lima and Tacna, only 18% indicated that they manage organic waste (Cordova-Buiza et al., 2022). Ramirez-Hernandez et al. (2020) suggest applying sustainable strategies at each stage of the chain based on national and international standards. This will ensure food quality and safety and increase consumer confidence, as well as national and international markets.




Conclusion

COVID-19 has aggravated existing vulnerabilities in Peru's FSC due to its centralization. According to the literature, Peru has a weak food system in terms of knowledge, technology, infrastructure, logistics, transportation, interconnection routes, among other factors. In addition, the scarce support provided by the government is only directed to privileged areas, causing serious food insecurity in rural areas. However, despite the crisis generated by the interruption of the FSC, Peru remained stable due to its high agricultural and fishing potential. In addition, thanks to the support of small producers and informal vendors, food supply was ensured throughout the country. This has demonstrated the importance of decentralizing FSC, transcending to a robust, adaptable and sustainable food system at local, regional, national and global levels. The RFSC also offers the advantage of being more resistant to disturbances and of acting quickly in case of risk. The information obtained serves as a reflection to take advantage of the current situation and improve the Peruvian food system. It is suggested to implement strategies such as the use of technologies, self-production of food, ingestion of non-conventional food sources, in addition to improving hygiene measures to ensure food safety and the protection of the agents involved in the different stages of the FSC.
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The Covid pandemic has exposed fissures of inequality through heightened food insecurity and nutritional deficiency for vulnerable social cohorts with limited coping mechanisms. Given the multi-dimensional pathways through which its effects have been felt, several researchers have highlighted the need to analyse the pandemic in specific contexts. Using random and fixed effect regression models, this study analyzed longitudinal survey data collected from 103 Mandinka households in rural and urban Gambia. The study employed convenience and snowball sampling and involved the monthly collection of detailed income, food consumption, expenditure, sourcing, migration, health, and coping mechanism data through mobile phone interviews which yielded 676 observations. Food insecurity was manifest in terms of quality, not quantity, and spread unevenly across food types and households. Dietary outcomes and sourcing strategies were associated with location, improved sanitation, household size, changes in monthly income, Covid policy stringency, and Covid cases but these associations varied by food group. Staples were the most frequently consumed food group, and dark green vegetables were the least. Rural communities were more likely to eat more healthy millets but much less likely to consume dairy products or roots and tubers. Access to own production was also important for Vitamin A-rich foods but higher incomes and markets were key for protein and heme-iron-rich foods. Tighter Covid policy stringency was negatively associated with dietary diversity and, along with fear of market hoarding, was positively associated with reliance on a range of consumption and production coping mechanisms. Resilience was higher in larger households and those with improved water and sanitation. The number of Covid cases was associated with higher consumption of protein-rich foods and greater reliance on own produced iron-rich foods. Very few households received Government aid and those that did already had access to other income sources. Our findings suggest that the nature of food insecurity may have evolved over time during the pandemic. They also reiterate not only the importance of access to markets and employment but also that the capacity to absorb affordability shocks and maintain food choices through switching between sources for specific nutritious food groups varied by household and location.

KEYWORDS
 nutrition, COVID-19, dietary diversity, food security, coping mechanisms


Introduction

The impacts of the COVID-19 pandemic have been routed via direct pathways to physical and mental well-being and indirect ones through reduced employment, income, and consumption (1–4). Their magnitude, nature, and duration have exposed pre-existing fissures of inter and intra-country economic and health inequality most vividly manifest in heightened food insecurity (5–9). The pandemic has highlighted the need for policy makers to focus on the links between nutritional diversity and health (10, 11) and livelihood resilience during external shocks (12).

From the outset of the pandemic, many countries witnessed changes in food supply and demand. Early impacts were often contingent upon state support, food markets, social networks, and nutritional knowledge (9). Thereafter, food insecurity evolved along with country-specific pathways (13). Several studies have highlighted a preference for online food sourcing and home cooking in developed countries (14). The pandemic has also been associated with healthier diets in Mexico (15) but not in Italy (16) or the United Kingdom (5, 17) in Ethiopia, the immediate effects of policy restrictions appear to have been short-lived (18), but elsewhere in Sub-Saharan Africa (SSA) lockdown restrictions may have exacerbated food insecurity through income shocks, poor targeting of social welfare, and the undermining of long-term resilience (19).

In many countries, income and food effects persisted long after policy easing (20). Subsequent pandemic phases saw a shift to less expensive foods with shorter supply chains (13) as many countries reported restrictions on specific food choices but not overall availability (14). Irrespective of policy regime or food system disruption, the impacts of the pandemic have been unevenly distributed across numerous divides. Dou et al. (14) have highlighted varying resilience capacity within social and income cohorts, not simply across them. In Bangladesh, income and diet deterioration were most evident amongst rural residents, informal workers, and the less well-educated (21). Further research highlighted the importance of age, occupation, and gender, rather than location, as these are associated with pre-existing food insecurity (22).

One driver of such resilience is access to alternative food sources. There is voluminous literature on the relative attributes of production, income, or market pathways to dietary diversity under normal circumstances (23). However, spatial and temporal fluidity suggest that people switch between complementary sources depending on food type, season, and the nature of the external shocks (24). In India and SSA, pandemic coping mechanisms included the use of agriculture as an income and food source substitute (25, 26). In Burkina Faso, Nigeria, and Ethiopia, Madzorera et al. (27) found that crop production was associated with stable dietary diversity in the pandemic, whilst non-producers' diets were more vulnerable to affordability shocks.

The incomplete separation between urban and rural spaces and livelihoods ties in with the idea “migration-food security nexus” (28, np), which allows for fluidity of people, occupations, money, and food as part of food security coping strategies. The potency of the pandemic's multi-dimensional employment, income, and expenditure impact pathways (14) is therefore likely to be linked with household-specific livelihood and sourcing strategies, not just food environments or lockdown regimes. To appreciate the dynamic and intricate nature of these interactions requires an understanding of specific contexts (20).



Method


Study background

The Migration, Nutrition and COVID-19 (MNC19) study sought to contribute to this understanding through a longitudinal investigation of the indirect impacts of the pandemic in The Gambia from November 2020 to September 2021. Impacts were assessed in terms of perceived threat, coping strategies, and nutritional outcomes. The study was an interdisciplinary collaboration as part of the Research on Millets and Nutritional Enhancement Traits for Iron bioavailability project (MillNET_i)1. Design, training, and coordination were led by researchers from the Department of Land Economy at the University of Cambridge and the MRC Nutrition and Bone Health Research Group in the United Kingdom, and the survey was conducted by members of the Nutrition Theme in the MRC Gambia at London School of Hygiene and Tropical Medicine, The Gambia. Data analysis was completed through co-operation between the Universities of Cambridge and Bahir Dar, Ethiopia.

The Gambia's socio-economic geography makes it an informative case study. Ranked 174th in terms of the Human Development Index (HDI), The Gambia is a relatively urbanized service-driven economy reliant upon tourism and remittances (29). The country's predominantly Muslim population of 2.3 million is made up of several large ethnic groups – Mandinka, Fula, Wolof, and Jola (30). With significant levels of domestic and international mobility, there is a high dependence upon remittances of food and money but foreign cashflows were expected to fall by 20% during the pandemic (31, 32). This was expected to exacerbate a pre-existing triple burden of malnutrition that was manifest in the form of dietary insufficiency, excess, and low quality. This has contributed to a high incidence of diabetes, hypertension, and iron deficiency (33, 34). With a semi-arid climate and low agricultural capacity, the Gambia imports 40% of its cereals, especially rice (34). In terms of health, reliance on transport, employment, incomes, and diets, the country was therefore vulnerable to an external shock (32, 35–38).

The Gambia saw a spike in reported COVID-19 cases from July to September 2020, a smaller rise from January to April 2021 and another spike after June 2021 (39). During the period of the MNC19 study, there was 260% increase in cumulative cases. By 30 September 2021, there had been 9,935 cases and 338 fatalities (40). However, according to the Oxford COVID-19 Government Response Stringency Index2, Gambian restrictions were never as severe as those in India or parts of Europe and were relaxed after September 2020, despite a rising number of Covid cases (41) (Figure 1).
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FIGURE 1
 Policy stringency and Covid cases [Own graph, data sources (40, 41)].


In early 2020, the national incidence of food insecurity rose from 5% in 2016 (33, 34) to 25% (6). By July 2020, this fell to 20% (42), in part due to the provision of government food aid. The easing of policy restrictions allowed children to return to school but subsequent phases of the pandemic have seen the continued erosion of incomes through job losses, enforced job switching, or lower remittances. Seasonal factors temporarily eased employment concerns but the rural poor remained three times more likely to be food insecure due to low affordability (43).



Study design

Our research objective was to unpack the drivers of these pockets of food insecurity as the pandemic unfolded in terms of perceived threats, coping strategies, and nutritional outcomes. To realize our objective, monthly household food consumption, income, expenditure, and migration data were collected from November 2020 to September 2021. Data collection began after initial Gambian lockdown restrictions began to ease but before case numbers started to accelerate. With a high dependence upon remittances, imported food, and foreign tourism, we hypothesized that the effects of the pandemic were as likely to come via indirect pathways (both perceived and actual) and direct ones. Given the initial spread of the pandemic was concentrated outside The Gambia, indirect effects were likely to precede direct ones.



Sampling, data collection, and ethics

Our unit of analysis was the household which we defined as those who regularly shared cooking facilities in accordance with Gambian government surveys (44, 45)3. Our design sought to reflect the “multi-nodal” nature of these households, which requires researchers to rethink the notion of location and context (28). We, therefore, surveyed both urban and rural households and those that we had reason to believe contained members who were geographically mobile. We recruited Mandinka households through randomized selection from an urban convenience sample previously used by one of the authors4 in Brikama and Kanifing. This was supplemented by adopting a snowballing technique from urban contacts to identify rural respondents in the West Kiang District of Central River Region. Snowballing within one ethnic group enabled us to identify intra-group interlinkages and control for inter-group dietary variations. As the survey was conducted remotely, we were restricted to those who had mobile phone access and whose numbers were still in use.

Prior to data collection, households were informed they would be called approximately once a month for up to 12 months. They were advised that there was no reward for participation or penalty for non-participation or non-completion. Respondents were given 24 h to consider their participation before the survey commenced. If they agreed5, audio-recorded informed consent was obtained from both the household head and any other nominated adult respondent who would complete all or part of the survey. A total of 106 households were recruited but three dropped out (due to sickness or migration) after the initial call, leaving 60 urban households and 43 rural. We collected data6 on household composition, income, migration and expenditure, coping strategies and consumption, and the sourcing of 35 food items chosen and categorized in accordance with FAO guidelines (46) (Table 1). Recruitment and questionnaires were completed remotely by mobile phone throughout the entire study. Data were collected on tablets using Redcap survey software (47). Enumerator training was conducted remotely by lead researchers and in person by local supervisors under appropriate social distancing protocols. Training involved seminars, discussions, and pilot interviews which provided feedback on the list of foods and question content and ordering. All procedures were approved by the Scientific and Ethical committees of MRC Gambia/London School of Hygiene and Tropical Medicine, the Gambia Government/MRC Joint Ethics Committee, and by the Department of Land Economy at the University of Cambridge.


TABLE 1 Food list for consumption questions.
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Data analysis


Data cleaning

Due to a range of pandemic-related problems and the nature of the snowballing process, recruitment lasted from mid-November, 2020 until the start of March 2021. We started recording income and consumption data immediately and not all households could be reached at every round or each call made in a particular calendar month. To address these unbalanced panel data, we applied two sets of filters. As there were only 26 recruits prior to 31 December 2020, we excluded income and consumption data before then but included household background information. For all others, we excluded calls less than 20 days apart. Of 779 surveys completed, this left us with 676 observations across 103 households. We had at least five observations for 97 households but with some time gaps. Of the six with only three or four valid observations, four were uncontactable after May and the other two were infrequently available (Table 2).


TABLE 2 Phone call schedule.
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Variable specification
 
Dependent variables

We used a range of nutritional proxies to test the robustness of our findings (Table 3). The Household Food Insecurity Access Scale (HFIAS) assesses a household's psychological experience of food access over the previous 4 weeks (48). Although open to response bias (49), questions on perceived food insecurity form a useful complement to other indices measuring actual consumption behavior within a given socio-cultural context. Respondents were asked how frequently they worried about food availability; a number of questions about dietary diversity (including whether they had not been able to eat preferred foods, forced to eat non-preferred foods, or eat a more limited variety); and questions regarding the impact of having insufficient food (50). In terms of actual consumption over the previous 7 days, we calculated Food Consumption (FCS)7 and Food Consumption Nutrition scores (FCS-N). FCS categorizes food item frequencies into eight groups weighted in accordance with their calorific and nutritional content (50). FCS-N provides a more direct indication of Vitamin A, protein, and heme-iron (He) intake (51). We also used our food sourcing data to calculate FCS and FCS-N scores by market and own production.


TABLE 3 Variable specifications.
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Independent variables

We defined an income trend variable which had a value of 1 if income had risen compared to the previous month, or 0 otherwise. Each of employment, business, and remittance income was assigned a value of 1 if it was cited as a top 3 source in the previous month, or 0 otherwise8. For expenditure, we adopted the Gambian concept of “fish money” that was a commonly used indicator of a household's monthly disposable cash for spending on food. This was normalized by dividing by the number of household members in each round. We used the absolute sum of in- and out-migration to gauge population fluidity and changes in household dependency ratios. Perceived and actual external risks were measured using the number of times food hoarding was cited as perceived impact9, the Oxford COVID-19 Government Response Stringency Index (41), and the official number of national Covid cases per million (40). We also used a number of control variables – household head characteristics (gender, age, education); location (rural or urban); and services (improved water and sanitation). For health, we allowed for pre-existing self-reported health conditions of the household head and the incidence of changed health conditions for any household member each month. We also included a specific control variable for observations during Ramadan (12 April to 12 May).




Econometric model specification

We acknowledge issues of endogeneity and causality. According to Holland (52), x is said to have an effect on y if the following three conditions are met (i) y follows x temporally, (ii) y changes as x changes (relationship is statistically significant), and (iii) no other causes should eliminate the relation between x and y, referred in the literature as an omitted variable (53). While the first two conditions are arguably accounted for in the study, we did not roll out the third condition associated with model specification. To this end, we have included location dummies and months in the regression to account for location and time-specific factors that are not observable and referred to in the literature as unobserved heterogeneity. However, we acknowledge that there may be other factors that may, for example, affect covid cases and outcome variables simultaneously.

Panel data allow control for unobservable intra-household factors or variables that change over time but not inter-household heterogeneity. The most commonly used techniques to analyse panel data are fixed effects and random effects models (54). A fixed effects model assumes that household level factors may influence the outcome variable and hence need to be controlled. Once the effect of time-invariant characteristics has been accounted for to avoid omitted variable bias, we can assess the net effect of the predictors on the outcome variable. A fixed effects model also assumes that the time-invariant features are unique to a household and should not be correlated with other household characteristics. More formally, a fixed effects model can be specified as:
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where Yit the dependent variable; X represents explanatory variables; αi (I = 1, 2, 3, … n) is unknown household-specific intercept and n is the number of households; β are coefficients to be estimated; i indexes households and t indexes time; and uit is the error term. Unlike the fixed effects model, a random effects model assumes that the variation across entities is random and uncorrelated with the explanatory variables. The advantage of a random effects model is that you have a chance to include time-invariant or household level variables in the regression (53). However, this may lead to omitted variable bias.

Formally, the model can be specified as:
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where ξit is between household error term, eit is within household error term, and others as defined above.

The estimation procedure depends on the outcome variable. We used multiple linear regression for continuous outcome variables and negative binomial models for count outcome variables. Although Poisson regression models could be used for the latter, the negative binomial model does not restrict the variance to be equal to the mean. This is referred to as “overdispersion” and measured by “alpha” in the estimation model. If ‘alpha' is significant, the negative binomial is preferred.

Our selection of random or fixed effects models was guided by a Hausman specification test, which adopts a null hypothesis that the household level error term (ξit) is not correlated with the regressors, in which case a random effects model is used (53).




Results


Descriptive statistics
 
Household backgrounds

The total number of 1,406 residents meant that the average initial household size was just under 14 (Table 4). Urban households were 40% larger than rural households but dependency ratios were lower; 98% of residents were Mandinka, 2% Fula, and 53% female; 46% were born in the Mandinka region of Kiang West and a further 30% in the Brikama and Kanifking urban districts; 47% were under 16 years old and only 4% over 65; 68% lived in a compound occupied by a single dwelling and most had water piped to the dwelling or compound and private sanitation.


TABLE 4 Descriptive data.
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A total of 85 households had a sole male head, 12 had a sole female head and in three households headship was shared between one male and female10. Most heads had no education, especially in rural areas; 97% were married – two-thirds of marriages were polygamous. The self-reported incidence of hypertension or diabetes was especially evident in urban household heads (23.3%)11. Of those who specified a sector, most household heads worked in business, service, construction, or farming. Nearly 40% had multiple occupations, but 17% were unpaid (unemployed or housewives).



Pandemic awareness

To avoid over-attribution of dietary behavior to the pandemic, we were careful not to lead respondents and asked a number of questions regarding perceived household exposure to all types of external shock. 30% of households experienced food shortages during the previous year, usually in July and August. In terms of the current shock, awareness remained high throughout the survey period. Initial fears of the market and school closures and reduced employment eased over time but food prices were a consistent worry and concerns of hoarding rose with the number of Gambian Covid after April 2021 (Figure 2). These patterns reflect the relatively few government restrictions and reliance on food markets (32, 34).
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FIGURE 2
 Perceived Covid impacts by month (Own graph, data source Survey data).




Consumption

Our food frequency results were similar to those of the most recent one-off national surveys (33, 34, 42) but also showed variation over time (Table 5). Staples were the most frequently consumed food group, and dark green vegetables were the least. Rice and bread were the most popular staples but more healthy options, such as millets, regularly consumed in Wolof and Fula communities (42) were noted mainly in rural households during harvest periods. Consumption of Vitamin A-rich fruit and vegetables peaked between May and July and was lowest in February and March. Rural consumption of dairy products and roots and tubers was much lower than in urban areas.


TABLE 5 Main Food consumption patterns by location and month.
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All male household heads ate full meals outside the house on average 3 three times a week throughout the survey period. Markets were visited just over 6 days a week and were the main household food source (Table 6). Market reliance was highest in urban areas but visit frequency was lower, especially before the relaxation of policy in March and as Covid cases began to rise after July. Own production was intermittently important for fruit, vegetables, and millets, especially in rural areas and gifting was only noted in urban Vitamin A-rich fruit.


TABLE 6 Main food sourcing patterns by location.
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We used the data for foods consumed at home over the previous 7 days to calculate a number of food security indices (Table 7). Average FCS scores were 12% lower in rural areas (especially in February and March), but average FCS-N rural protein and heme-iron scores were 25% lower and FCS-N Vitamin A scores 29% lower. August saw below-average intakes of Vitamin A and heme-iron-rich foods but not of protein-rich foods. Spatial disparities were most evident in February to March but the widest inter-household dispersion from May to July may also reflect non-locational factors.


TABLE 7 Food consumption indices.
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These consumption and sourcing patterns suggest that pandemic impacts may vary by season, location, and food group. This was also evident in our HFIAS scores. Our results reveal constraints on food choice rather than quantity. These were addressed most frequently through the use of savings or borrowing food or money, rather than cutting non-food expenditure or begging. Urban HFIAS scores were higher, especially in February and March but only 3% of observations had a score greater than 4. HFIAS scores were lowest during April (the period of Ramadan) and after July.

However, these scores may reflect a greater ability to borrow cash or food to maintain consumption patterns, not necessarily a greater need.



Income and expenditure

Sixty-seven percent of calls witnessed no change in household monthly income and only 14% witnessed declines. February and September saw the highest incidence of falling incomes but the distribution was skewed in favor of net gains in all other months, especially June. However, income falls were concentrated in 47% of households. This was evenly split by location but rural households were nearly twice as likely to experience multiple monthly declines and were particularly affected June to September. The most commonly cited reason was usually lower production (irrespective of location) but declining remittances were also significant in July and September.

Employment and business were the most frequently cited income sources12 but urban households were twice as likely as rural households to cite business. The importance of remittance receipts (from domestic or international sources) rose after May in urban areas and after July in rural areas. These were usually in monetary form (rather than goods or food) and used to buy food. As such, their receipt may be a key factor in dietary diversity, especially during the lean period and when Covid cases begin to reaccelerate.

However, a diverse range of income sources was not universal. Whilst 74% of households received remittances, 35% of recipients received only once. Government aid was received by <9% of households and accounted for only 2% of observations. Moreover, all households who received aid also received remittances. Income and remittance reliance may also be related to the movement of people; 43% of households had instances of new people entering the household and 57% of people leaving. All 72% of households (especially in urban areas) had some type of resident mobility. This confirms our prior expectation of household fluidity.

Household budgets were also subject to fluctuations on the expenditure side; 42% of calls recorded increased monthly expenses, especially in August. This was usually attributed to higher rice prices (69%) but also to cooking oil. The affordability of nutritious foods, such as dairy or fish, was seldom mentioned. Based on historical price data (55), the 67% rise in vegetable oil prices since March 2020 appears to be more of a pandemic-specific effect (Figure 3). By contrast, the 14% rise in rice prices is not extraordinary by historical standards and has been offset by the falling cost of millets which to some degree are a staple substitute. However, this did not appear to impact the consumption frequency of either.
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FIGURE 3
 Market food prices [Own graph, date source (55)].


The impact of these budgetary fluctuations was gauged by analyzing the Gambian concept of “fish money” – a household's monthly disposable cash. As this was a clearly understood local concept, it was one of the few variables we asked respondents to quantify. As respondents sometimes could not remember or were unwilling to reveal the amount, we collected only 642 estimates but had data for all households. The average of these (normalized for household size) was 449 Gambian Dalasi (GMD) and peaked at 549 GMD in August. However, dispersion around the mean was significant (standard deviation of 391 GMD). The urban average (531) was 1.6 times the rural average (327) and those in the top quintile had more than three times as much fish money as those in the bottom quintile.

Each of our consumption, income, and expenditure indicators, therefore, suggested a degree of spatial, temporal, and inter-household variation.




Regression analysis

Table 8 summaries the descriptive data for our regression variables, and Table 9 shows our tests of association between 20 independent variables and our 13 dependent variables. They identify a number of significant associations (especially for HFIAS, Vitamin A, Vitamin A market, and Protein market) but the explanatory power is weaker for own production and iron-rich food.


TABLE 8 Variable data for regression model.
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TABLE 9 Regression model results.
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The most frequently significant independent variables are location, improved sanitation, household size, changes in monthly income, Covid policy stringency, and Covid cases but there was some variation by the dependent variable. Contrary to our a priori expectations, we found no association between migration and most dietary metrics which may be attributable to variable specification.

Household Food Insecurity Access Scale was significantly negatively associated with being a male household head (though the number of female heads was small); positive income changes; income from any source; and Ramadan. Although the number of Covid cases had no effect, case numbers only began to rise in August so may not affect all observations. A link between personalized perception of risk and behavior was more apparent in the positive relationship between HFIAS and any resident becoming sick, the fear of hoarding, and the education of the household head.

Food Consumption associations with income changes, Ramadan, policy stringency, business, and remittance income sources mirrored those of HFIAS as expected. Income from employment and hoarding was not significant but we did identify additional positive associations with location, improved sanitation, and household size. However, the direction and magnitude of these associations varied by food source. The negative association between own production sources and location is intuitive but our results also showed a negative relationship with household head age and education, improved sanitation, and Covid policy stringency and a positive one with Covid cases. FCS market was positively associated with location, improved sanitation, household size, positive income changes, and Ramadan but negatively associated with Covid cases.

These relationships may suggest a degree of switching between food sources, as well as a number of household-specific choice constraints, such as age, income, and location. The indirect effects of the pandemic are also implied through the negative association between stringency measures and own production (possibly attributable to restrictions on movement or higher costs of transport back to farms). However, higher Covid cases seem to encourage more reliance on own production. The perceived effects of hoarding do not seem to have a bearing on consumption patterns, only coping mechanisms to maintain them.

Our nine FCS-N nutritional intake variables provided corroboration of our HFIAS and FCS findings that indicated the importance of location, household services (sanitation or water supply), Covid policy stringency, and cases. However, there was some variation by nutrient type. We found a positive association between location and market sourcing for all nutrients and for protein and iron scores but not Vitamin A scores. Covid policy stringency had a negative association with all but two of our FCS-N variables – protein own and iron market13.

Covid cases were associated with nutrient sourcing but not nutrient scores. Moreover, the impact was inconsistent. Covid cases had a negative association with Vitamin A rich food consumption from either source and with iron rich foods sourced from the market. This may reflect the seasonal availability of own produced Vitamin A-rich food. By contrast, Covid cases were positively associated with protein scores from both own production and markets (possibly due to people trying to improve health resilience).

We also found a positive association between Vitamin A scores and male household heads, improved water supply, positive income changes, business income, and Ramadan and a negative association with age. Male household heads and larger households with improved water supply were more likely to rely on market sources of Vitamin A, but female-led households those who feared market hoarding were more likely to rely on their own production. However, it should be noted that the number of female-led households was relatively small.

Protein scores were also positively associated with higher monthly income, access to business and remittance income, improved water supply, and household size but not with the gender, age, and education of the household head. Each of the latter variables was positively associated with market sourcing of protein-rich foods. Reliance on own production had a negative association with urban location, age, and health of household heads, improved sanitation, fish money but was positively associated with reliance on employment income and Covid cases.

The patterns for iron-rich food were rather different. As for other nutrients, urban living, improved sanitation, household size, and positive income changes were positively associated with higher iron intake and reliance upon markets. However, there were no significant associations with income sources, household head gender, age or education, Covid cases, or Covid-induced hoarding. We found a negative relationship between Covid policy stringency and iron-rich food intake but this seems to be driven through own production, not market sourcing. This particular effect is also suggested by the positive association between Covid cases and own production and a negative association with market sourcing. Reliance on own production is also positively associated with a deterioration in the health of a household resident.

The positive relationship between the Ramadan dummy and FCS, iron, and Vitamin A and the negative association with HFIAS can be attributed to households trying to ensure they maintained a diversified diet during a period of fasting but this did not seem to include protein.




Discussion

The primary strengths of this study are its longitudinal nature and its analysis of food indices disaggregated by source within a particular social group. This enables our results to identify specific dimensions of inequality (such as household resources) that limit the resilience of households in the face of the pandemic shock. Our findings, therefore, corroborate many of those from the literature and provide some contextual nuances.

We found that functioning food markets and adoption of a range of production and consumption coping mechanisms were paramount (13). As only 9% of households in our survey received government aid, we were unable to rigourously test previous findings on the importance of social safety nets in the early stages of the pandemic (9). We simply note the small number of recipients and that all of these also received remittances. To the extent that pandemic restrictions impair markets or coping strategies, they may limit dietary diversity (19), especially in rural areas (21). This may be through more restricted food choices or higher costs of transport in rural areas to find work.

Although we found some suggestions of gender-specific associations with coping mechanisms and Vitamin A consumption, we could not replicate findings elsewhere in the literature (20) that gender was more widely associated with vulnerability, as our dataset had only a small number of sole female household heads (Table 4). However, we did confirm the continued importance of agriculture as an income source and food source (Table 6) (25–27). The maintenance of dietary diversity through seasonal switching between own and market sources is well-documented (24), but our results highlight which particular households and for which particular food groups (Table 9).

Our descriptive results also suggest a range of household, spatial and temporal factors that drive dietary behavior over time. All households were from the Mandinka social group and frequently featured large, mobile and polygamous households usually led by male household heads with a low level of education and a poor state of health (Table 4). Diets were heavily dependent upon staples across all locations and market food sources, especially in urban areas (Tables 5, 6). As Kundu et al. (21) found in Bangladesh, we found that Gambian rural micronutrient intake was consistently lower than in urban households (Table 7). Whilst this echoes findings of higher food insecurity in rural areas of The Gambia (43), growing inter-household dispersion from May to July was not location specific (Table 7).

Our findings did not suggest the same degree of food insecurity in terms of availability identified in national Gambian surveys conducted earlier in the pandemic (6, 42). Food security in our survey was manifest in terms of restricted food choice, rather than quantity (Tables 5, 7), but households employed coping strategies to ensure stable nutritional intake during Ramadan. Income falls occurred mainly in February and September and were concentrated in a sizeable minority of the survey population. Rural households were more reliant upon employment and production income and susceptible to multiple monthly declines, especially after June. Less than 50% of households received remittances more than once and less than 9% received Government aid (Table 8). The wide dispersion of disposable spending money suggests that some household budgets were more squeezed by rising food prices than others. This may mirror Dou et al.'s (14) finding of varying resilience capacity within income cohorts, not just across them though we were not able to replicate Crush and Si's (22) finding that this dispersion may reflect pre-existing food insecurity driven by age, gender, and occupation.

This array of factors highlights the multi-dimensional pandemic impact pathways (20) and had a strong bearing on our regression results. We identified significant associations between dietary behavior and six key variables: location, improved sanitation, household size, changes in monthly income, Covid policy stringency, and Covid cases (Table 9). These associations are suggestive of spatial, temporal, and pandemic effects but the magnitude of these varied by dietary metric and the specific Covid impact. These findings echo those of Teachout and Zipfel (19), which suggest that lockdown restrictions may have exacerbated food security issues for some households and those of Egger et al. (20) which suggest these effects persisted long after policy easing. We found that food insecurity was manifest in terms of restricted choices (14), rather than availability or affordability (13).

In terms of psychological effects, our HFIAS results (Table 7) suggested that tighter policy stringency and fear of pandemic-induced hoarding encouraged wider use of dietary coping mechanisms to maintain food choices. As Covid cases did not rise until toward the end of the study, they had less effect on most dependent variables but were associated with greater reliance on own production for some food types. This echoes the findings of Madzorera et al. (27). The positive association between the incidence of household illness and coping strategies and reliance on own produced iron-rich foods may suggest that behavioral change actually occurs only when a health risk is perceived to be personal.

Policy stringency had a negative association with most dietary diversity scores and with reliance on own production of all food types as found elsewhere in SSA (27), except those rich in protein where market sources were negatively associated (Table 9). This appears to confirm Teachout and Zipfel's (19) finding that policy restrictions may undermine long-term resilience. Increased national Covid cases were associated with own production of protein and iron-rich food scores and perceived fears of market hoarding Covid was also positively associated with own production of Vitamin A-rich food scores. These differences may not only reflect seasonality to some extent but also suggest that the impact of each different aspect of Covid needs to be assessed by a specific food group.

Income changes were also significantly associated with several dependent variables (Table 9) but it is unclear if these can be attributed directly to the pandemic. Although our variables may not explain changes in the intake of nutrients, they may indicate changes in food sourcing. An important finding is that the associations were not consistent by nutrient type or location. Urban location was associated with improved dietary outcomes using all metrics (21), except Vitamin A-rich foods, which were largely sourced from own production. Iron-rich food intake was not associated with income source or Covid cases but reliance on own production sources for iron was positively associated with household sickness and Covid cases. Although we found that female-headed households were more likely to eat Vitamin A-rich foods and adopt more coping strategies, the small number of observations does not allow us to definitively determine a gender effect (22).

As well as spatial factors, the ability to adapt dietary and sourcing habits appears to be subject to household-specific constraints (14). Households with improved services (which may be deemed a wealth proxy) and larger households (which may be deemed an income-earning capacity proxy) were more resilient in terms of diversity and nutritional outcomes, though most households took steps to ensure stable food intake during Ramadan (Table 9). Although we found no relationship between migration and dietary outcomes per se, it is possible that migration had an indirect income effect through remittances.

Our results suggest that Covid policy restrictions and the rise in cases have had a negative effect on dietary outcomes and altered food sourcing behavior to some degree (19, 20). However, neither Covid policy nor cases appear to have affected the frequency of market visits (especially in rural areas) or of eating out (Tables 6, 9). In the face of the pandemic, households have adopted a range of food-specific coping strategies (Tables 6, 7), including dynamically switching between sources as available (13). Therefore, the effects of the pandemic have been filtered through location and household-specific wealth and income proxies that have constrained household resilience.

In terms of policy implications, our findings reiterate those from elsewhere in SSA (19) that there is scope for more sophisticated targeted of Government aid as it does not appear to have reached most households and certainly not those most in need, particularly those with higher dependence on employment income and no access to remittances. We do not try to suggest that the absence of social safety nets was a cause of dietary hardship (due to insufficient data) simply that not many received any aid and those who did had alternate safety nets. The fact that there is some inconsistency across food groups may also suggest that a strategy to address one dimension of micronutrient deficiency is not necessarily one that can address others.

We acknowledge a number of limitations in our study. Our findings are limited by the size of our sample population, reliance on those with regular access to a mobile phone, the use of convenience and snowballing techniques, and the small number of female household heads, as well as the fact that Covid incidence was relatively low and local policy relaxed for most of the survey period. Nevertheless, circumstances did make collection and co-ordination rather problematic. We had hoped to follow-up on some of the questions raised in our survey through individual interviews and focus groups but resources, timing, and Covid restrictions precluded this. We also recognize that we relied on nutritional frequency proxies in terms of dietary intake at the household level, rather than measuring individual intake or nutritional outcomes directly. We have tried to take reasonable steps to address issues in our dataset but recognize that as not all potential causes of error can be fully mitigated (54), these may limit the robustness of our results.



Conclusions

This longitudinal study examines the multi-dimensional impact pathways of the Covid pandemic within one ethnic group located in urban and rural areas of The Gambia. It thereby contributes to the literature in terms of improved understanding of the interaction between food environments, lockdown policy regimes, and household coping strategies in specific contexts (20).

Food insecurity was manifest during the 9-month survey period mainly in terms of lack of choice and nutritional variety, rather than quantity. Our regression analysis demonstrates that dispersion of household dietary outcomes and sourcing strategies were associated with location, improved sanitation, household size, changes in monthly income, Covid policy stringency, and Covid cases. An important finding is that there were variations in food group consumption by location and by food nutrient group. Rural communities were more likely to eat more healthy millets (sourced from own production) but much less likely to consume dairy products or roots and tubers. Access to own production was important for Vitamin A-rich foods but higher incomes and markets were key for protein and hem-iron-rich foods. Tighter policy stringency was negatively associated with dietary diversity and positively associated with increased reliance on a range of coping mechanisms. Resilience was higher in larger households and those with access to improved water and sanitation. Higher consumption of protein-rich foods and greater reliance on own produced iron-rich foods was associated with the number of Covid infections.

As well as reaffirming findings from other contexts, this paper highlights how different aspects of the pandemic affect dietary diversity in different ways and that impact pathways are contingent upon an array of spatial and household-specific variables. Through further research, these findings can hopefully serve as a platform through which targeted policy measures can be designed to address food-specific deficiencies and the inequalities in resilience capacity that has been so widely exposed by the pandemic.
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Footnotes

1MillNET_i was funded by the Biotechnology and Biological Sciences Research Council (BBSRC)-Global Challenges Research (GCRF) from April, 2019 to October, 2021 (Grant Reference BB/S013954/1). Additional funding was received October, 2021 − March, 2022 from the Transforming India's Green Revolution by Research and Empowerment for Sustainable food Supplies research project (TIGR2ESS) also funded by the Global Challenges Research Fund (Grant reference BB/P027970/1).

2Measured from 0 to 100, this scale of pandemic measures includes school and work closures, public event and travel bans, information, testing and vaccination campaigns (41).

3We are aware that, as a consequence, we do not address intra-household inequities.

4Kiang West Women's Migration Study (WMS) ((SCC1389v2) and a Feasibility study (SCC1222v2 L2013.56)) conducted by Dr Sarah Dalzell at the MRC Gambia unit.

5There were no refusals.

6Household composition data was collected on the first call and updated for any changes in health or employment status and household entrants or exits on each subsequent visit. In accordance with WFP guidelines (48), consumption data was collected on the basis of the previous 7 days and all other data was based on the previous month.

7These were preferred to the Household Dietary Diversity (HDDS) score as gauge of nutrition (50).

8We had insufficient observations to use government aid.

9Other responses had insufficient variability (e.g., prices) or overlapped other variables (e.g., jobs).

10Three male heads were absent during the survey but were consented prior to consenting their wives.

11During subsequent calls, we found 84 instances of a new health condition – 18 percent of which related to hypertension, diabetes, respiratory illness or obesity.

12As we were wary of difficulties in estimating numbers in a remote survey and our pilot surveys indicated some reluctance, households were not asked to quantify income, only to cite top three sources.

13Protein rich food sourced from own production and iron rich food sourced from markets respectively.
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The disruptions wrought by the COVID-19 pandemic on food systems worldwide have endangered food and nutrition security for many consumers. The resource-poor, especially those in urban areas, are more susceptible to pandemic-related disturbances. This study uses primary data collected from 2,465 households located in and outside of informal settlements (slums) in Nairobi, Kenya to assess how COVID-19 and related public-health measures have influenced diets of urban consumers, their purchasing patterns and overall food security. Questions about food security and consumption behavior, including household dietary diversity scores, were used to capture the pre- and mid-pandemic situation. The data show that low-income households in the informal settlements were more affected than middle-income households. About 90% of slum households reported dire food insecurity situations, including being unable to eat preferred kinds of food, eating a limited variety of foods, consuming smaller portions than they felt they needed, and eating fewer meals in a day. With a score of four food groups out of nine, household in the informal settlements have lower dietary diversity than middle-income households, whose score is five out of nine. The consumption of nutritious foods, including fruits, vegetables, and animal products, fell among people living in slums during the pandemic. In addition to assessing dietary changes, this study highlights the factors associated with quality food consumption during the pandemic period such as household income levels and male-vs-female headed households. Our research demonstrates the need to attend to slums and vulnerable, poor consumers when enacting mitigation measures or designing and implementing policy.
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  COVID-19, urban poor consumers, consumption, diets, nutrition, Africa, Kenya


Introduction

Food and nutrition security are ongoing concerns for global public health. The FAO's State of Food Security and Nutrition in the World 2019 report showed that an estimated 821 million people were undernourished between 2016 and 2018, most in low-income countries (FAO, 2019). In addition, undernourishment, micronutrient malnutrition, and rates of obesity are increasing rapidly in Africa, especially in urban areas, driven by dependence on markets and increases in food prices (Ruel et al., 2010). In Kenya, a large portion of the population is undernourished, with 26% of children under five stunted, 11% underweight, and 4% wasted (KNBS, 2014). Among women of reproductive age (15–49 years old), 27% are anemic. In urban informal settlements (slums), the prevalence of stunting among children under five and among women can exceed 40% (Olack et al., 2011; Kimani, 2014; Kimani-Murage et al., 2015). Inadequate nutrition harms the development and health of children and women. A recent study of the informal settlements in Nairobi indicated that 87% were food-insecure, with 46% severely insecure (Wanyama et al., 2019).

Food and nutrition insecurity is expected to rise significantly because of the COVID-19 pandemic; those who are already vulnerable, such as the urban poor, are likely to face the worst consequences (HLPE, 2020; U. N. Habitat, 2020). Governments are putting various measures in place to mitigate the spread and the effect of the COVID-19 pandemic. In Kenya, the government has been adopting several measures (Center for Policy Impact in Global Health., 2020). During the first 6 months of the pandemic, government restrictions included social distancing; a nationwide dusk-to-dawn curfew; border closures; the closure of traditional markets, learning institutions, and places of worship; and mandatory quarantine for international travelers (Quaife et al., 2020). The government also identified “hot spots” where higher numbers of infections were reported and restricted movement into and out of those regions. Nairobi, Mombasa, Kilifi, and Kwale were all identified as hotspots.

While public health measures are critical to mitigate the spread of COVID-19, they can pose a significant threat to livelihoods and food and nutrition security, especially in low- and middle-income countries (Demeke et al., 2020; International Labour Organization, 2020; UN Habitat and World Food Programme, 2020). Likewise, they disproportionately affect the urban poor, who often rely on low-wage, casual employment and depend on frequent market purchases for food (Wanyama et al., 2019; Bundervoet and Arden, 2020; Hirvonen et al., 2020). Social distancing and stay-at-home orders significantly limit the informal employment sector and the restriction or closure of traditional markets reduces food access and security (FAO, 2019; Wanyama et al., 2019; Wertheim-Heck et al., 2019; IPES Food, 2020; Wertheim-Heck, 2020). Income and food access disruptions may cause households to change their consumption behavior, for instance, addressing their immediate hunger needs with cheaper but nutritionally poor, less diversified diets. These changes curtail on-going initiatives to promote nutritious foods. The COVID-19 crisis is expected to increase demand for nutrient-poor foods while reducing demand for high-value, nutritious foods like fruits, vegetables, and animal products (Headey and Marie, 2020). Restrictions on food supply chain logistics, increased transaction costs, and speculative hording could all exacerbate this trend (Reardon et al., 2020).

Existing evidence shows that while food remained generally available in most low- and middle-income countries, COVID-19 restrictions limited consumers' access (GAIN, 2020). Urban, lower-income, and migrant populations face greater affordability and access barriers (GAIN, 2020). In Ethiopia and India, preliminary findings demonstrated declining consumption of high-value, nutritionally rich foods like fruits, vegetables, and animal products (Harvard University, 2020; Hirvonen et al., 2020; Tamru et al., 2020). Income loss, which ties directly to consumption patterns, has also been reported in 70% of households across nine countries in Africa, Asia, and Latin America (Egger et al., 2021). A study on urban consumers in Ethiopia showed that income loss was more likely to be reported by less-wealthy households than wealthier households (Hirvonen et al., 2020). Results from a nationwide telephone survey conducted in Kenya showed that about 30% of the respondents were absent from work because of temporary layoffs or reductions for technical or economic reasons (KNBS, 2020).

While these broad findings provide important insights, there is still limited understanding of the ways in which COVID-19 and the measures put in place to reduce its spread influence household diets, purchasing patterns, and overall food security in Kenya. This paper provides early evidence of these changes, with a focus on households in urban informal settlements (slums), using primary data collected in April and May of 2020. The study surveyed 2,465 households in and outside of slums in Nairobi, Kenya. The data allow us to analyze consumption and purchasing behavior for nutritious foods—especially fresh fruits and vegetables—and to assess effects of the COVID-19 in the early months of the pandemic, on food security and nutrition. These findings identify potential entry points for food and nutrition interventions targeting vulnerable households and can help policy makers to prioritize the needs of poor urban consumers.



Materials and methods

This study was conducted in urban Nairobi, focusing on households living in urban informal settlements and those living in middle income areas of Nairobi. The goal of the study was to understand how COVID-19 has affected the two consumer groups and document evidence on the early effects of the pandemic on consumption behavior and diets of low-and-middle income urban consumers in Nairobi. We conduct comparative analysis with the two groups to gain a better understanding of the similarities and differences on the effects so that targeted solutions can be formulated to address dietary challenges by policy makers and programs.


Sample selection and data collection

The study uses primary data collected between 26 April and 13 May 2020 in Nairobi, Kenya. The survey period falls within the first national COVID-19 lockdown in Kenya which began on March 25th, 2020. Within this period, the government of Kenya put in place several measures to reduce the spread of the disease, such as social distancing, nationwide dusk-to-dawn curfew, border closures, closure of traditional markets, learning institutions and places of worship, and mandatory quarantine for travelers from foreign countries, among others.

Respondents of the study were resource-poor consumers in urban informal settlements and middle-income consumers from urban areas. More than 50% of the urban population in Nairobi city lives in slums (World Bank, 2016). A multi-stage sampling strategy was used to select respondents for this study. Based on official data (KNBS, 2014) and information from the government administration, a list of residential estates and slums in Nairobi was developed and ordered by average incomes as a proxy indicator for living standard. Next, the estates were grouped according to low, middle and upper income. From the low income category, the Kibera and Mathare slums were chosen because they have the highest poverty levels in Nairobi based on national statistics (KNBS, 2014). Then, six middle-income residential estates—Nairobi West, Embakasi, Kaloleni, Waiyaki Way, Langata, and Dagoretti Corner—were randomly selected from the middle income category. Due to resource constraints, not every household in the selected estates could be interviewed. The study sought to interview 2,600 households, 1,300 from each group category. However, about 5% of the respondents refused to be interviewed so we ended with a total sample of 2,465 households: 1,298 in slums and 1,167 in non-slum sites. Within each residential estate, households were selected for interviews using a systematic sampling procedure. Starting from the center of each slum, every fifth household in all directions (north, south, east and west) was selected.

Physical interviews were conducted using Swahili language, the country's national language that is spoken by the vast majority of the population and each interview took about 1 h. The government of Kenya's ministry of health COVID-19 recommendations to reduce spread of the virus such as wearing masks and use of sanitizers were observed. The target respondent at the household level was the main decision-maker on household food consumption; in most but not all cases, this was the main female in the household.

The study tool captured household demographics and asked questions about food security; consumption behavior, including the diversity of foods like fresh fruits and vegetables eaten; and the impact of the COVID-19 pandemic on household consumption behavior. The study has a special focus on fruits and vegetable owing to their importance in improving diet quality of consumers. FAO (2020b) affirms that consumption of fresh fruits and vegetables is essential for healthy lives, better mental health, and lower obesity risks among other benefits. Data on food consumption during COVID-19 period were collected with a reference period of the past 4 weeks to capture the COVID-19 lockdown period by the government of Kenya. Household Food Insecurity Access Score (HFIAS) questions were modified, adapted and used to measure the effects of the pandemic on household food security. Due to the pandemic and recommendations by the Kenyan ministry of health to reduce human interactions to avoid the spread of COVID-19, the study questionnaire was shortened to give a quick understanding of the consumption behavior during the pandemic using selected HFIAS questions. As such, the study does not compute the HFIAS index because not all HFIAS questions were asked. Ethical clearance for this study (#2020-IRB02) was obtained from the International Center for Tropical Agriculture (CIAT) Institutional Review Board.



Dietary diversity score

Using a 7-day recall period, food consumption data were collected to generate dietary diversity scores. A seven day recall period was used instead of the 24 h recall to ensure that certain food groups that are consumed once or twice a week by poor households, such as animal products, are captured. Dietary diversity scores from 7-day recall data are likely to be systematically higher than those from 24 h recall because more of the day-to-day variation in food consumption is captured. Therefore, results from studies using 7-day recall may not be directly comparable with those using 24 h recall.

Dietary diversity scores offer a simple count of the number of food groups consumed by an individual or household within a specified recall period (Gina et al., 2010). A household dietary diversity score indicates the economic ability of a household to access a variety of foods; individual dietary diversity scores can also be collected (Gina et al., 2010). Previous analyses have shown that the correlation between household and individual dietary diversity scores is significant (Sibhatu and Qaim, 2018; Wanyama et al., 2019). Since households typically try to satisfy food energy needs before diversifying their diets, these scores are used as a food security proxy (Headey and Ecker, 2013; Vhurumuku, 2014).

The household dietary diversity score was originally developed by the Food and Nutrition Technical Assistance II project as a measure of household food access and it has been widely used since then (Swindale and Bilinksy, 2006; Headey and Ecker, 2013; Chege et al., 2015; Fongar et al., 2019). Scores can be generated using nine, 12, or 16 food groups; the higher the number of indicators, the higher the demands are for the data collection process (Gina et al., 2010; Martin-Prevel et al., 2015). Studies using only nine food groups have nevertheless been robust, as they exclude food groups with low micronutrient density: oils and fats; sweets; and spices, condiments, and beverages (Sibhatu et al., 2015). For this study, we generated scores based on nine food groups: cereals; white roots and tubers; vegetables; fruits; meat; eggs; fish and other seafood; legumes, nuts, and seeds; and milk and its products. While a higher score indicates higher dietary diversity, there is no consensus on a household dietary diversity score threshold that would mark households as food secure (Gina et al., 2010). These scores do not take into account the quantities of foods consumed, but it is easy to collect the data required to generate them and they are easy to measure.



Statistical analyses

We conducted descriptive and econometric analyses to understand the socioeconomic, demographic, and food security and dietary situation in households located in slums and non-slum areas. Descriptive analyses present the diet characteristics and consumption behavior of sampled households. We computed mean values, percentages, and t-tests to describe the consumption levels of different food groups; the effects of COVID-19 on the diversity, frequency, and quantity of foods consumed; and the frequency with which preferred foods were eaten. Further analyses explore the effect of COVID-19 on the consumption of nutritious foods, especially fresh fruits and vegetables by slum and non-slum consumers using the Difference-in-Difference model.

To show the influence of various factors on household diets, we estimated a simple regression model of

[image: image]

where HDDS is the household dietary diversity indicator based on nine food groups, α and β are estimated parameters, and ε is the random error term. X is a vector of controlled variables including the head-of-household's gender, education, and occupation; household size; consumption of fresh fruits and vegetables; and the location of the household in a slum or non-slum area.




Results


Descriptive results

Households in the slums constituted slightly more than half of the sample size, at 52% (Table 1). Overall, 62% of the study households were headed by a male. In the aggregate, household heads had an average of 12.7 years of formal education; with 14.9 years of education, non-slum heads outperformed the 10.7 years of their peers living in the slums. At the time of the survey, most household heads were working as casual laborers, salaried workers, or were self-employed. Employment varied by group: nearly 48% of household heads living in the slum areas were employed as casual workers, while 34% of those in non-slum areas were salaried, and 34% were self-employed. Although most heads of household were working, at the time of the survey 16% of those in the slums were not, compared to only just over 5% from the non-slum areas.


TABLE 1 Demographic characteristics of the study sample.
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Households in the slum areas were larger than those in the non-slum locations. In addition, the average monthly income of a household in the slums, USD 78, was significantly lower than in the non-slum households, where the average was USD 382. The wide difference between the two income groups is expected given that the low income residents mainly obtain their incomes from casual employment, which is informal employment on a short-term basis and have lower wages (Wanyama et al., 2019). Residents in the non-slum locations have relatively higher incomes, mainly from formal employment and businesses, and are more likely to off-set their income risks from the pandemic (Kansiime et al., 2021). At four out of nine groups, the mean household dietary diversity score in the slums was significantly lower than for middle-income households, which averaged five of nine groups.

To understand how the food security situation of households has been affected by the current pandemic, we used a range of questions adopted from the Household Food Insecurity Access Scale to elicit respondents' perceptions of their food security or insecurity over a four-week recall period (Coates et al., 2007). More than 65% of all respondents reported reduced food security, with households located in the slums reporting at a much higher rate than those in non-slum locations (Table 2). In total, 90% of households in the slums were not able to eat their preferred foods during the recall period, compared to 56% in non-slum households. Moreover, 92% of households in the slums reported having to eat a limited variety of foods, compared to just 53% for households in the non-slum locations; 89% of households in the slums and 42% of non-slum households had to eat smaller quantities at meals; and 88% of households in the slums ate fewer meals, compared to 46% of non-slum households.


TABLE 2 Percentage of households facing various food insecurity challenges.
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In terms of the types of foods consumed, consumption behavior varied depending on the location of households (Table 3). Almost all the study households consumed cereals and fresh vegetables. However, 89% of non-slum households consumed fresh fruits, compared to 52% within slum areas. Likewise, only 23% of households in slum areas consumed meat, compared to 46% of non-slum households. Patterns for eggs and dairy products replicate these trends: in middle-income areas, 57% reported eating eggs and 82% consumed dairy products, compared to 37 and 51%, respectively, in slum areas. Conversely, fish consumption was higher, at 57%, among households in the slums, compared to 43% in non-slum areas. The most consumed fish was silver fish, locally known as omena; it is relatively cheap and frequently consumed in low-income areas.


TABLE 3 Consumption of various foods groups in seven days prior to interview.
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To further understand changes in diet quality, indicated by changes in fresh fruit and vegetable use in the study areas, we asked households how their behavior differed relative to the four weeks prior to the study (Table 4). Almost all the households in the slums reported reduced consumption of fruits and vegetables; at 92%, their reduction was almost double the 55% in non-slum households. Additionally, while 42% of the non-slum households reported no change in the frequency and quantity of their fruit and vegetable consumption, only 7% of households in the slum areas reported the same. The respondents who reported reduced consumption were further asked about the reasons for this change. Among middle-income households, 89% indicated that fruits and vegetables had become more expensive; 95% of households in the slums attributed the shift to reduced incomes. Very few households indicated low supply or non-availability as a reason.


TABLE 4 Changes to consumption of fresh fruits and vegetables (FFV).
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Econometric model results

In addition to the descriptive analysis, we conducted two econometric analysis; (1) to understand consumption of fruits and vegetables by the slums and non-slum households using Difference-in-Difference analysis (Tables 5, 6), and (2) to understand the factors that may be associated with higher or lower household dietary diversity during the COVID-19 pandemic using simple econometric regressions (Table 7).


TABLE 5 Difference-in-difference model results on household fruit consumption before and during COVID-19 in slum and non-slum areas.
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TABLE 6 Difference-in-difference model results on household vegetable consumption before and during COVID-19 in slum and non-slum areas.
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TABLE 7 Poisson regression for determinants of household dietary diversity.
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To understand the changes in consumption of fruits and vegetables by all households, an indicator of diet quality, respondents were asked to indicate the three fresh fruits and vegetables they primarily consumed before and during the pandemic period. The results were analyzed using Difference-in-Difference approach comparing consumption of fruits and vegetables by the slum and non-slum households before and during the pandemic, Results are presented in Tables 5, 6. Table 5 shows that relative to non-slum households, there was a significant increase in the proportion of slum households that did not consume any fruits as part of their diet during the pandemic period compared to the period before. Results also show a significant decline in the proportions of slum households consuming other fruits such as mangoes, bananas, citrus fruits, watermelon, pineapple, pawpaw, guava, avocado, and apple relative to non-slum households. For example, relative to non-slum households, there was a 0.55 decline in the proportion of slum households who consumed mangoes during the COVID-19 period compared to the period before. The decline was 0.75 for ripe bananas, 0.66 for citrus fruits, 0.37 for watermelon and 0.35 for pineapples.

The story is similar for the consumption of vegetables. Overall we observe a decline in the proportion of slum households that consumed various vegetables relative to the non-slum households, before and during the pandemic (Table 6). There was a significant decline in the proportions of slum households consuming Tomatoes, Amaranthus leaves, Black night shade, Spider plant, Spinach and Carrots. On the other hand, results show a significant increase in the proportions of slum households consuming Kales and Onions during the pandemic relative to non-slum households. Kales are the most available and affordable leafy vegetables in Nairobi.

Table 7 shows results of the simple econometric regressions used to analyze factors that may be associated with higher or lower household dietary diversity during the COVID-19 pandemic. Households headed by males tended to have higher dietary diversity scores than those headed by females. The education level of the household head was only significant among the non-slum households, where increased educational levels corresponded to higher dietary diversity. Likewise, where the head was either salaried or self-employed, the household was likely to have a higher dietary diversity score; stable employment corresponds to higher diversity.

Decreased consumption of fruits and vegetables is positively associated with lower diet diversity scores in the overall model and in households in the slums. Increased food prices are also associated with reduced dietary diversity for these households. In sum, the overall model indicates that households in the slums have a lower and more precarious dietary diversity than those in the non-slum locations.




Discussion and policy recommendations

In this paper we have analyzed effects of COVID-19 on diets in slum and non-slum areas in Nairobi, Kenya. Our descriptive analysis illustrates the pandemic's effects on households in terms of socioeconomic factors, food security, and nutrition. We also assessed the factors with the greatest influence over diets during the pandemic period using household dietary diversity scores.

The initial descriptive results show that around 5% of households in non-slum areas experienced unemployment during the study period, compared to 16% in slum areas. Other studies conducted in developing countries in 2020 also found a decline in employment during the COVID-19 period compared to the period before. Egger et al. (2021) in their study conducted in 2020 found that in Kenya, there was a 37% decline in employment at the national level, and 17% for low income groups in the rural areas. Kansiime et al. (2021) through their online survey with both rural and urban respondents also reported job losses and reduction in incomes in Kenya and Uganda. Similar findings have been reported by other studies (ILO (2020);U. N. Habitat, 2020; World Bank, 2020). Unemployment and a divergence of working situations, with casual labor more common in the slums than in the non-slum areas, could explain the low monthly incomes reported. Furthermore, pandemic-related movement restrictions and curfews enacted by the government could have further endangered the economic situation of households that derive their income from casual labor. Generally low dietary diversity scores were attributed by study participants to reduced income and increased food prices.

Using self-reported information about food insecurity during the pandemic period, we found that about 90% of households in the slums were not able to eat the kinds of foods they preferred; most also reported eating a limited variety of foods, smaller meals, and fewer daily meals due to the pandemic. Food insecurity measures were considerably lower in non-slum locations, ranging between 42 and 56%. While all households in the study indicated food insecurity, households in the slums were more vulnerable, exacerbating their general levels of precarity. These findings are in line with other studies conducted with both urban and rural households in Kenya where food insecurity of 88% of the population during COVID-19 period was reported compared to 50% before COVID-19 (Kansiime et al., 2021). Previous studies conducted in the slums of Nairobi before COVID-19 showed that only 13% of the sampled households were food secure, 46% were severely food insecure, and 41% were moderately or mildly food insecure (Wanyama et al., 2019). The high rates of food insecurity may be due to reduction in incomes and food supply disruptions due to government restrictions during the lockdown period FAO, 2020a; Reardon et al., 2020). In addition, increased food prices due to disruptions in the supply chains could also lead higher food insecurity.

Analyzing the consumption of various food groups, constituting the household consumer behavior, we found that 98% of all study households consumed cereals in the 7 days prior to interview. However, 89% of non-slum households consumed fresh fruits in the same period, compared to 52% in the slums, a significant difference. Further, we found that animal products, which usually offer higher-quality nutrition but are also more expensive, were consumed more by non-slum households than households in the slums. The small share of animal products eaten by households in the slums could be attributed to high prices and low incomes. Fish was an exception, as it was more commonly consumed within the slums than outside of them, but the wide availability and low cost of omena, or sliver fish, explains this finding (Cornelsen et al., 2016).

Our findings also show that 99% of study households consumed fresh vegetables, although the specific varieties changed due to the pandemic. While kales and onions were widely eaten prior to the pandemic, their share rose considerably during the study period. Conversely, the consumption of nutritious indigenous vegetables fell significantly during the pandemic period across all study locations. Other vegetables, such as tomatoes, spinach, eggplants, cucumbers, and carrots, were also eaten significantly less frequently during COVID-19 in all study households. These trends could be attributed to the availability and costs of various kinds of vegetables.

An analysis of changes in fresh fruit and vegetable consumption patterns during the study period found that 92% of households in slums and 55% of those outside ate fresh fruits and vegetables less frequently and in smaller amounts under pandemic conditions. Most households in slum areas noted reduced incomes as the main reason for this shift, as reported in other studies (World Bank, 2020; Kansiime et al., 2021). Government measures to control COVID-19, including market closures, stay-at-home orders, and social distancing, have more drastic effects on the types of casual income-generating opportunities on which these households rely. Insufficient day labor opportunities cut incomes and purchasing power. However, 90% of the non-slum households also cited financial considerations, noting increased prices as the reason for eating fewer fresh fruits and vegetables.

In addition to changes in quantity, the variety of fruits consumed also narrowed. Households reported consuming almost all fruits less frequently during the pandemic period, with greater changes in the slum-based households compared to those in non-slum areas. The Difference-in-Difference models show a decrease in the proportion of slum households consuming fruits and vegetables during COVID-19 relative to the non-slum households. This included the nutrient-dense fruits, such as mangoes and paw paws—both rich in vitamin A. However, it is important to note that mangoes were out of season locally, which may have rendered them less available and more expensive. The decreased consumption could be attributed to increase in prices and decreased household incomes FAO (2022).

The econometric regression analysis, which assesses determinants of household dietary diversity, confirms the descriptive results. We found that in the slum model, male-headed households had higher dietary diversity than female-headed households, perhaps because men tend to have more diverse income portfolios, and if one of them is affected by a shock, others may remain unaffected (Kansiime et al., 2021). At the same time, because women do considerable work in the informal sector (and are less likely to be employed formally as wage workers), they are quite exposed to COVID-19 health controls. Furthermore, during the pandemic male heads of household could generate income from casual jobs, while female heads may be kept from such employment by the need to care for children. Government-mandated school closures meant that all children were at home during the study period; households with young children were likely to have assumed greater child-care responsibilities and increased cost of food with more mouths to feed. For the low income neighborhoods, school also provides an opportunity for students to eat healthily through the school feeding programs (Van Lancker and Parolin, 2020). Our analysis also shows that that the education level of the head of household was associated with improved diet diversity, but only in non-slum households. This result could be due to greater opportunities outside of slum areas for salaried or self-employed work that requires higher levels of education. Further, we found that decreased consumption of fruits and vegetables was associated with lower diet diversity scores for the households in the slums. While the non-slum households may have replaced fresh fruits and vegetables with other foods, it is possible that households in the slums did not, instead lessening the diversity of their diets. Increased food prices were also associated with reduced dietary diversity for the slum households, perhaps due to meager household incomes. Overall, our analysis showed that households in the slums had a lower household dietary diversity score than non-slum households. Ongoing income shocks from COVID-19 control measures mean that the dietary quality of households in slums will likely continue to be suboptimal; the implications for health and wellbeing, especially among children and women, are troubling.

Several conclusions can be drawn from our findings. First, in terms of food security, nutrition, and economic factors, the COVID-19 pandemic has affected resource-poor consumers in the urban slums more than middle-income consumers in non-slum locations. Employment opportunities in the slums tend to be in casual labor; the pandemic disrupted these jobs, and household incomes shrunk. Second, households in slum areas significantly lessened their consumption of nutritious foods—especially fruits, vegetables, and animal products—during the pandemic compared to those in the non-slum areas. These changes indicate a reduction in diet quality which increases their risk of chronic and non-communicable diseases and other nutrition related challenges. Third, increased prices for fresh fruits and vegetables are at the root of dietary pattern changes among all households in the study, with diminished incomes in the slums presenting an additional constraint.

These findings can inform policy development. First, food and nutrition security policies need to be responsive to the needs of different income segments of the population. We find that slum and non-slum households were affected differently by the COVID-19 pandemic. Differentiated policies and solutions could address the food and nutrition security challenges of poor and middle-income groups simultaneously. For example, given that higher prices during the pandemic were a limiting factor on the consumption of fresh fruits and vegetables in both middle- and low-income households, interventions aimed at reducing food prices such as production cost reducing strategies at farm level, strategies for improved post-production value chain efficiencies to ensure unconstrained supply of commodities to consumer markets, and price subsidies to cushion consumers from shocks, will help to improve their food security and nutrition. However, such interventions would not necessarily guarantee improved food security and nutrition for resource-poor households, who first need economic empowerment solutions to access nutritious foods. A generalized approach to policy formulation and implementation my not be effective.

A second insight generated by the study is the stark gender differences in experience of the impacts of the pandemic. We find that male- and female-headed households were affected differently by COVID-19. Women, who have lower formal employment opportunities and are also generally assigned more productive and reproductive roles in the household, may find it harder to achieve food and nutrition security when they head their households. This general situation was exacerbated by the pandemic and concurrent movement restrictions, which together reduced casual labor opportunities, and market and school closures that limited physical access to food and increased their workload. Further analysis of the gender impacts of COVID-19 is however required for a clear understanding of how different genders are affected by the pandemic.
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Globally, foodborne zoonoses are responsible for approximately one third of all foodborne disease burden and this picture is likely to worsen if consumption of animal source foods continues to rise with insufficient attention to risk mitigation. Traditional markets represent highly important nodes that can be targeted for risk mitigation; in this series of case studies, we discuss food safety interventions relevant to this nexus. We illustrate that to improve food safety within traditional markets it is essential to consider some of the motivations and incentives of the stakeholders involved and the cultural, social, and economic context in which interventions are undertaken, highlighting barriers, enablers future interventions should aim to avoid, embrace. We also conclude that a holistic approach to foodborne zoonoses control will require the institutionalization of One Health across food systems of which traditional markets are part.
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1. Introduction

Consumption of animal source food (ASF) is rapidly increasing especially in low-and middle-income counties (LMIC), driven by population growth, urbanization, and increased income (De Balogh et al., 2013; Abebe et al., 2020). ASFs supply calories, along with multiple bioavailable nutrients, lacking in plant-based diets, such as Vitamin B12 (Watanabe, 2007), providing the nutrients required for healthy human development and growth (Adesogan et al., 2020). ASFs contain high quantities of protein and more bioavailable nutrients including vitamin A, folic acid, vitamin D3, iron, and zinc, than many plant-based foods. Simultaneous consumption of animal and plant-sourced foods can synergistically enhance overall nutritional bioavailability and improve health outcomes (Adesogan et al., 2020). Livestock value chains also have numerous other roles in livelihoods, culture, and human wellbeing (Randolph et al., 2007; Alders et al., 2021). ASFs, however, are also closely associated with foodborne disease, harboring numerous bacterial, viral, and parasitic foodborne hazards (Li et al., 2019).

The One Health concept acknowledges the interconnectedness of the health of humans, animals, and the environment, and advocates for multi-disciplinary collaboration and the engagement of multiple sectors (multi-sectoral) for the enhancement of health across these three domains. Food safety, especially the control of foodborne zoonoses (FBZ), sits at the nexus of the human and veterinary spheres and as such is an exemplar of a “One Health” challenge, in which multi-sectoral and multi-disciplinary collaboration is imperative for their control. The environment here may relate both to the health of the physical environment in which food systems operate as well as a healthy enabling institutional and governance environment in which the food system actors operate. One Health interventions implemented to date have focused more on surveillance and disease control in the animal host, with little consideration of other One Health issues. We believe, however, that a One Health lens can be applied to interventions at multiple nodes along the food-system, and acknowledging the need for multi-disciplinary collaboration is critical in ensuring this is achieved.

The majority of ASF products in LMICs are sold through traditional markets, where many vendors congregate with official recognition and governance structure, or through informal street vendors (Smit, 2016; Grwambi, 2020), with the proportion of food sold through modern formal retail (supermarkets and convenience chain stores) remaining low, even in large cities (Kang'ethe et al., 2020). This is especially the case for perishable foods such as ASF. Traditional markets are important hubs of trade and commerce; they supply the growing ASF demand to urban populations and are a source of employment for small-scale livestock owners and all those who ensure the products are delivered and sold through these markets (Roesel and Grace, 2014), including women and youth. Infrastructure in many of these markets is poor and this makes food safety issues within them a matter of concern (Grwambi, 2020). Traditional markets are often located close to where low-income earners live, especially those in urban areas, and are characterized by no or irregular provision of electricity, lack of piped water, poor drainage and sanitation, poorly built structures and floors, all of which increase the risk for food contamination and foodborne diseases (Resnick, 2017). Some of these markets operate outside in open air, either partially or entirely (King et al., 2000; Muyanja et al., 2011).

It should be kept in mind that traditional markets play a vital role in fragile food systems in LMIC (Béné, 2020), as they are important for the food security and livelihoods of many of the most vulnerable populations, and as such merit protection and support through integrated safe food approaches. Despite high foodborne disease burdens, caution against demonizing traditional markets just because they belong to an unregulated sector must be observed (Chukwuocha et al., 2009). Firstly, informal market food is often safe for consumption and foodborne hazards, which are very common in traditional markets, do not necessarily always translate into foodborne risks at the point of consumption (Roesel and Grace, 2014). Secondly, supermarket food, commonly believed to be safer than informal market food, is sometimes no better (and sometimes worse) at meeting standards than food sold in the informal sector (Grace, 2015).

In addition to the risks related to the traditional markets in which ASF are sold, the inherent nature of ASF has the potential to increase the risk to consumers from specific foodborne zoonotic hazards. Vertebrate animal species are natural reservoirs for many zoonotic pathogens, which can be transmitted through food (Abebe et al., 2020), as well as non-zoonotic pathogens resulting from contamination. The human health burden of FBZ increases as consumption of food of animal origin increases (Carrique-Mas and Bryant, 2013). The burden from just 13 zoonoses in ASF is estimated to be 168 (137–219) DALYs lost per 100,000 of the population, or ~35% of all foodborne disease burden (Li et al., 2019) with three hazards found to be responsible for 70% of this burden: non-typhoidal Salmonella spp., Taenia solium, and Campylobacter spp., and Africa is the continent with the highest burden of FBZ (Li et al., 2019). As the analysis took into account only 13 FBZ and did not consider several other pathogens commonly found in or contaminating ASF such as Listeria, Clostridium, Yersinia spp., Coxiella burnetti, or Echinococcus, it under-estimates the actual burden of this important subset of food safety hazards. Country-level studies have hinted at under-estimation, as 78 and 71% of foodborne disease burden in the UK and India is attributed to ASF (Grace, 2015). It can be argued, therefore, that consumers of ASF in LMIC face a double-edged sword scenario: while they stand to gain nutritional benefits from high-quality animal-sourced protein, they also run the risk of becoming infected with foodborne zoonoses, with negative health consequences. Table 1 outlines the health burden associated with some of the main ASF zoonotic pathogens in LMIC. Consumers of non-ASF may also be at risk of the same diseases, for example, vegetables can become cross-contaminated by zoonotic pathogens when they get irrigated with contaminated water or through poor vendor storage and hygiene practices (Desiree, 2019; Schwan et al., 2021).


TABLE 1 Key foodborne zoonoses of particular relevance to LMICs in Africa and Asia.

[image: Table 1]

In higher-income countries (HIC), an effective method used to mitigate risks associated with FBZ is a “farm to fork” system of surveillance, allowing full traceability and transparency along the supply chain (Jaffee et al., 2018). Unfortunately, such systems, which would identify how and where ASFs become contaminated, have thus far proven too costly in LMIC (Thomas et al., 2020) and may not be feasible in what is largely an informal sector. At present, hygiene-improving interventions addressing infrastructure, resources, and knowledge of the multiple actors along the ASF supply chain, necessary for successful food safety (Aiyar and Pingali, 2020), are scarce. Given the significant role that traditional markets have in food security and food safety (Roesel and Grace, 2014), and the growing consumption of ASF (Grace et al., 2012b), investigating how FBZ transmission risk changes and evolves before, at, and after the informal market nexus, is increasingly becoming important, from a public health perspective.

In this review of selected case studies the traditional market is presented as the interface where a vendor and a producer of an ASF producer meet the consumer (a key moment in understanding transmission pathways for ASF-borne diseases). Approaches at local, regional, and governmental and multi-sectoral levels, sourced from literature previously identified through two bodies of work (Grace et al., 2018; Global Alliance for Improved Nutrition, 2021) and supplemented by a non-systematic literature search focusing on the infrastructure of informal markets, their vendors, consumers and their governance are reviewed. The aim is to gain a better understanding of how interventions to reduce FBZ and other foodborne pathogens, have been applied specifically at the traditional market level, and to highlight barriers or enablers to successful implementation.



2. Interventions focused on infrastructure

The working environment of ASF vendors in traditional markets is often responsible for major breaches in food safety, vendors operate within challenging occupational settings, often without electricity, clean potable water, waste disposal, and sanitation facilities (Grwambi, 2020). The lack of refrigeration provides opportunities for cross-contamination for highly perishable ASF (Muyanja et al., 2011), especially when leftover raw materials are retained for the next day‘s use without appropriate storage facilities (Alimi, 2016). Vendors use open-air, crude structures such as push carts, wooden display tables, or chop bars, to display goods, thus facilitating contamination and transmission of foodborne pathogens (Alimi, 2016). Poor market infrastructure, specifically inadequate sanitation and water supply is linked to increased foodborne disease burden. In a study in Uganda, lack of public sanitary facilities within an informal market was linked to poor personal hygiene among meat vendors (Muyanja et al., 2011), predisposing both the vendors and their food products, to foodborne pathogens. Lack of running water forced milk vendors in a Tanzanian market to wash their utensils in basins designed for hand washing, thus increasing the risk of food contamination (Kilango, 2011). In Vietnam, meat workers reportedly used unclean water to wash utensils and this increased opportunities for cross-contamination of meat products (Thi Nguyen et al., 2019).

Given this context, it is assumed that infrastructural development is a highly influential mechanism for improving food safety, yet despite substantial investment in infrastructural development, these are often the interventions least often evaluated. Lack of evaluation is partly because infrastructure investments are regarded as a development rather than a research activity and hence do not lead to scientific evaluations published in journals. Examples of such investments are: building/upgrading market infrastructure, building abattoirs, building dairy chilling plants, sewage, and waste disposal, building/upgrading laboratories, electrification, improvement of roads, and other transport. It is often assumed that such interventions can only produce benefits, an assumption that makes research evaluations less common. However, as the following case studies show, investments in modern infrastructure may result in under-utilized equipment lying dormant, or worse still, have unintended negative consequences on food safety.

In Uganda, more than 90% of milk is sold in the informal sector without treatment. A development project installed 3 dairies in Gulu district, two of which had cooling tanks, to improve milk quality. A study of the milk value chain observed that of these cooling tanks only one was used, the other was never used as the dairy staff considered it too expensive and slow, consumers generally wanted to purchase milk immediately upon delivery without waiting for the cooling process, therefore such equipment demonstrated a poor return on capital investment (Rock et al., 2016).

Abattoirs are a major point of contamination as animals are often slaughtered and skinned on the floor which is covered in feces allowing cross contamination. A study in one of the largest abattoirs in Nigeria, built in 1986 with poor maintenance history, found that 98% of meat failed to meet standards for total aerobic bacterial counts (indicators of potential presence of pathogenic organisms) (Thi Nguyen et al., 2019). A participatory, peer-to-peer, low-cost intervention that took the form of an interactive training workshop for Butchers Associations' representatives was found to reduce unsafe meat by 15% (Grace et al., 2012a). Despite this successful intervention, in 2014 the government initiated a public-private partnership to build a new modern abattoir, citing unhygienic practices. However, this abattoir was far from customers and butchers found the fees charged unacceptable. They returned to the previous abattoir which did not benefit from meat inspection. Authorities tried to remove them by force resulting in riots, nine people were shot dead in the street and a police station was burnt to the ground. Meat in the old abattoir was less safe than before the relatively successful intervention (Grace et al., 2019).

Similarly, street vendors in Zambia who were moved into new and hygienic premises were soon found to have returned to their former market location; the improved market, despite having better environmental conditions, meant less accessibility to customers and higher transaction costs for vendors (Ndhlovu, 2011). In Mozambique, as in most of Africa, women usually own, are responsible for, and slaughter chickens. However, only men are employed in the modern slaughterhouses highlighting how when food systems modernize, women are displaced from their traditional roles (Roesel and Grace, 2014), an important consideration when developing inclusive food safety interventions.

Infrastructural development is by its nature expensive and difficult to test under formal experimental conditions. The examples above, however, illustrate the need to consider unexpected and unintended consequences of infrastructural investments aiming to improve food safety. We would highly recommend investors, be they public or private sector, to first ensure that the needs and concerns of the end-users are fully considered and invest time and effort in managing the change and adoption process by ensuring stakeholders are prepared, supported, and equipped and by reducing the friction involved in adopting new ways of working (Thaler and Sunstein, 2008).



3. Interventions targeting vendors of animal source foods in traditional markets

Vendors are important players in the etiology of FBZ outbreaks (Grwambi, 2020). How vendors prepare and handle food can lead to cross-contamination and promote the transmission of foodborne zoonosis (Alimi, 2016). One study in an informal market in Vietnam, showed how Salmonella enterica, a bacterium from cattle and poultry, had contaminated multiple food products across the market due to the poor sanitation practices among the market vendors, unaware of the impact of their actions (Schwan et al., 2021). Understanding and improving vendor awareness regarding FBZ has been one area of focus for interventions.

Studies have demonstrated a widespread lack of knowledge in LMIC settings, among vendors of ASF, leading to the perpetuation of unsafe practices (Chukwuocha et al., 2009; Insfran-Rivarola et al., 2015; Lindahl et al., 2015). Although echinococcosis—a FBZ caused by Echinococcus granulosus—is endemic in some areas of Morocco, butchers and meat vendors, unaware that dogs play a role in the transmission, continue to dispose of offal where these animals have access to it (Thys et al., 2019). They strongly believe that their actions do not, in any way, contribute to the disease problem in the community. Similarly, in Pakistan, butchers are identified as being at high risk for echinococcosis, yet few knew the transmission pathway for the disease, an important predisposing factor for the infection (Khan et al., 2017). In many African countries, it is not uncommon to see meat retailers turning carcasses destined for human consumption into sitting chairs or resting platforms with little or no concern over the potential effects of their actions (contamination of the meat or themselves indirectly contracting infections from the carcasses) (Okoli et al., 2005). There is evidence that interventions that have addressed low knowledge levels have reduced foodborne disease transmission risks, training of meat vendors in Nigeria and milk vendors in India saw a significant reduction in coliform bacterium, indicators of fecal contamination (and in turn of the potential presence of pathogenic organisms), in meat and milk post-intervention (Grace et al., 2012a; Lindahl et al., 2018a) and a hygiene educational intervention showed increased hand washing among food handlers in Malaysia, in a 6 weeks post-intervention follow-up study (Nh et al., 2018).

The premise that the provision of information will lead directly to a change in attitude and, consequently, a change in behavior or practice can be successful in the short term, however, it's long-term sustainability is questionable (Insfran-Rivarola et al., 2015). In Nigeria, a follow-up study 9 years after the training intervention saw coliform bacterial load (an indicator of potential food safety risk) in meat creep back up to previously high levels again (Grace et al., 2019). In India, milk sold by producers and vendors 3 years post the training intervention was highly contaminated with E. coli (Lindahl et al., 2018a). It appears, therefore, that knowledge-focused interventions can create temporary improvements in food safety, but time-limited educational efforts may only partly improve long-term food safety practices of food vendors (Singh et al., 2016). This suggests the need for both repeated educational efforts over the long-term and that other aspects of vendor beliefs and behaviors within the market context must be considered when designing interventions.

Several studies illustrate how interventions to mitigate FBZ among ASF vendors must consider local beliefs and values regarding zoonotic disease transmission pathways and that knowledge alone does not translate in to practices (Zanin et al., 2017). One Kenyan study highlights how cultural and religious practices influence informal market vendors' perceptions to food safety risks, disease transmission, and ultimately their willingness to adopt biosecurity measures: some vendors, when asked, believed that disease outbreaks were a divine punishment (Nyokabi et al., 2018), a perception that can greatly impact adoption of health interventions. A study among pastoralists in Mali found they believed milk was naturally a pure and wholesome substance and so could not, by definition, contain harmful substances. This belief, alongside a fear that soap would taint the milk, led to a reluctance to wash milk containers with anything but water (Roesel and Grace, 2014). Naturally, any food safety intervention in these contexts would first have to develop a strategy to overcome such beliefs.

As well as addressing vendors' current knowledge of food safety and their underlying beliefs and values, we should also consider the context within which they work and their ability to comply adequately with food safety protocols. In Kenya, when milk vendors were asked why they failed to wear the mandatory personal protective equipment (PPE), which the Kenya government requires them to wear, they said the PPE was cumbersome, reduced their productivity, and did not generate any tangible benefits (Nyokabi et al., 2018), illustrating the need for interventions to be feasible for the actors, within the context in which they work.

Limitations to sustained adoption of hygiene practices in infrastructure-constrained settings reflect a still-developing understanding of the factors that influence these practices (Dreibelbis et al., 2013). We know that interventions used to reduce FBZ transmission risks are likely to fail if engagement with local, key actors is lacking (Grace, 2015). It is therefore imperative that we address knowledge gaps, local values, and beliefs shared by ASF vendors in specific communities, whilst also addressing vendors' capacity to undertake a desired behavior without undue burden, if interventions are to succeed.



4. Interventions targeting consumers of animal source foods in traditional markets

Consumers across traditional markets in LMIC comprise heterogenous groups with varying demographic characteristics (Ajayi and Salaudeen, 2014; Abebe et al., 2020). Despite this heterogeneity, most consumers of products from traditional markets state that they care about food safety (Grace, 2015), although specific knowledge on hazards and protective measures are often lacking as demonstrated through a 2017 review on consumer demand for food safety in LMIC (Ortega and Tschirley, 2017). A dichotomy between consumer knowledge of a risk and their capacity to mitigate that risk has been demonstrate, for example, pork consumers in South Africa, were aware that T. solium cysticercosis could be harmful but lacked the knowledge on how to identify T. solium cysts in pork, they also lacked sufficient knowledge regarding butchery certification processes including disease control, slaughter, and food preparation (Sithole et al., 2020), In Nigeria, consumers at an informal market claimed to be knowledgeable and aware of hazards and food pathogens which caused health risks, yet still engaged in risky eating habits; they did not wash their hands prior to eating consumed products made from raw milk, drank untreated water from boreholes and consumed suya, a beef product prepared under unhygienic conditions and linked to many foodborne disease outbreaks in Nigeria (Ajayi and Salaudeen, 2014) and a scoping review of studies conducted in Ethiopia also highlighted the lack of translation from consumer knowledge and attitudes to food-safety and their food-safety practices (Parikh et al., 2022). Attitudes and behaviors, therefore, are highly influenced by customs and beliefs, and knowledge of disease risks does not always curb local customs or eating traditions. From the examples given, it is possible to foresee how consumers may wrongly provide the impression that they know and observe basic food safety practices, masking the need for interventions. Therefore, similar to the case of vendors, interventions aimed at consumers of products from traditional markets will require a prior consideration of local beliefs and awareness about FBZ, but how these can be translated to practices to better mitigate FBZ remains a challenge (Ajayi and Salaudeen, 2014; Umar et al., 2019).

Despite sub-optimal practices, the increasing awareness of consumers of food-safety issues does present a valuable entry-point for interventions to reduce FBZ, through heightened consumer demand for safe food and through improving the food-safety practices of consumers (Riaz et al., 2016). Shifts in consumer purchasing behavior because of food safety concerns have been observed. As much as 40% of consumers reported switching to alternative meats in the wake of animal disease epidemics (Roesel and Grace, 2014), for example moving to poultry meat away from pork after a swine flu outbreak in Asia (Shao et al., 2011). Willingness to Pay (WTP) studies seek to determine the value to consumers of a particular attribute of a commodity demonstrated through their revealed or stated willingness to pay for a particular product. They have been used as a tool to gain insights into the value consumers place on safe food (Alimi and Workneh, 2016). The WTP literature in LMIC, particularly in sub-Saharan Africa is still scarce (Ortega and Tschirley, 2017) yet a growing body of work demonstrates an increasing consumer demand for safer food products, particularly in urban settings (Jabbar et al., 2010; Ifft et al., 2012; Tran et al., 2022).

Several studies demonstrating consumer demand for safe food indicate the potential benefits of a certification scheme as a signal of safety to the consumer (Owusu-Sekyere et al., 2014; Tran et al., 2022). Such an example was seen in India, where growing concern among consumers about the purity and quality of milk marketed by informal milk vendors and the possible health risks it posed, paved the way for the introduction of a successful milk certification programme (Lindahl et al., 2018b). Currently, official certification in traditional markets is scarce, and often not trusted by consumers (Roesel and Grace, 2014): the generation of trust, and an awareness of consumers' food control risk perception, are two key attributes that must be considered in successful implementation (Akinwehinmi et al., 2021; Tran et al., 2022). There is also a need for certification schemes to be based on appropriate standards, however, in many LMICs such standards for food quality and safety are either non-existent or exist defined by public health norms in developed countries, with no real relevance for traditional markets in resource-poor settings (Jabbar et al., 2010).

The ability of consumers to pay the premium which they state to place on food safety is another key barrier to the successful leverage of consumer demand to improve food safety. What a consumer may want but what they actually can access may differ. Therefore, despite their stated willingness to pay more for safer products, consumers can find themselves in a vulnerable situation where they rely heavily on the hygiene practices of vendors (Akinbode et al., 2011) and other market forces, prohibiting their access to safe products (Thi Nguyen et al., 2019), and for certain demographics, food safety is not an attribute which influences their purchasing decisions (Asiegbu et al., 2016). There is certainly a research gap on food-safety interventions focussing on leveraging consumer demand, through certification schemes or other mechanisms. These interventions must, however, be designed in line with contextually relevant standards, with concomitant trust-building so that the certification is accepted by consumers and in line with consumers' ability, as well as willingness, to pay. Importantly such schemes will only flourish if consumers are equipped with relevant and accurate knowledge about food-safety risks.

Although low food-safety knowledge and practices have been demonstrated in LMIC consumers, targeted food-safety education interventions directed at these consumers are few. A 2016 systematic literature review identified 246 studies on consumer-focused interventions, of which just 22 were from Asia, six from Central/South America, and the Caribbean and no studies identified from the African continent (Sivaramalingam et al., 2015).

However, it is interesting to note that inadequate knowledge of food safety is not only restricted to consumers of traditional markets in LMIC. For example, a survey of 1,008 German consumers demonstrated that only 11.5% knew how to protect themselves from infection with Campylobacter spp., an organism that is the most reported causative agent of foodborne bacterial infection in Germany (Henke et al., 2020).

In a similar way to educational interventions directed toward vendors as discussed above, short-term efficacy of consumer-focused interventions to improve food-safety knowledge has been demonstrated, predominately through un-controlled, before-after trials (Young et al., 2015), with changes in the incidence of foodborne illness and microbial contamination being infrequently monitored. Randomized controlled trials (RCTs) of educational interventions for food safety are still relatively scarce and short follow-up periods reduce our ability to judge long-term efficacy. Even within HIC, RCTs are relatively rare with only 79 studies identified in a 2015 systematic review and meta-analysis, with heterogeneous outcomes leading to a weak evidence base (Young et al., 2015). A 6-week follow up of an RCT for mothers of young children in Nepal which used a behavioral-centered approach to its' intervention demonstrated an increase in target behaviors (Gautam et al., 2017). Longer-term studies of educational interventions are rare, though a computer-based educational tool for T. solium “The Vicious Worm” has been evaluated after a period of 1-year and students were found to have retained higher than baseline knowledge through this period (Hobbs et al., 2019) and a 2-year follow up of community-based training for food-safety in Vietnam also demonstrated an improvement in the majority of target behaviors through the period (Takanashi et al., 2013).

It is important that educational interventions focussed on consumers consider the relevant contextual factors including beliefs and values and the capacity of consumers to enact change, as we discussed in relation to vendors. The gap between knowledge and practice as identified in several studies (Parikh et al., 2022), should be explicitly considered and educational interventions which aim to increase knowledge without creating an enabling environment for change may find success elusive. If consumers are to be agents of change, both through their own practices and through their demand for safe products, there is a need to establish their trust in the food systems that serve them. This brings into play the question of governance and if interventions to improve governance of these markets can improve consumers' access to safer food.



5. Interventions focused on governance


5.1. Local governance

ASFs flow through informal market chains with much diversity among the many actors involved and poor official regulation and governance throughout the market chain (Roesel and Grace, 2014). While opportunities to improve food safety in traditional markets through restructuring of governance exist, their feasibility and effectiveness are not well-understood (Grace, 2015). For vendors in traditional markets, attempts to regulate through a “command and control” method does not appear to improve food safety (Johnson et al., 2015). In Ghana, one-third of meat vendors obtained meat from unlicensed sources ignoring the government certification requirements and in spite of being harassed by authorities (King et al., 2000). In high-income countries, risk-based approaches are becoming popular and are now a recognized standard for food-safety governance in many areas, where sufficient data is available to inform the probable risks to exposed populations (Grace et al., 2012a; Barlow et al., 2015). In LMIC settings, where traditional markets dominate, risk analysis is not widely used mainly because of human and financial resource constraints and the paucity of reliable data (Fahrion et al., 2014). To make risk-based approaches more commonplace in traditional markets, several challenges firstly need to be addressed; lack of pre-existing information on diverse structures and practices, difficulties of working with informal sector participants due to poor relations with local government officials, and lack of local laboratory capacity (Grace et al., 2008).

Food safety interventions in traditional markets which try to enforce specific practices rather than principles can impact negatively on food safety (Johnson et al., 2015). For example, washing hands could pose a health risk if the water is not clean and if soap is not used (Roesel and Grace, 2014). Therefore, attempts to set mandatory safety standards at traditional markets alone can be unsuccessful in mitigating foodborne zoonoses, and the banning or criminalizing of vendors of ASF, on the basis of poor food safety, can have far-reaching negative implications for health and nutrition overall (Johnson et al., 2015). A “light touch” governance approach has shown to yield better results, an example being the voluntary training schemes for milk suppliers and traders in Kenya which saw a marked improvement in milk safety (Blackmore et al., 2015). When hard-line approaches are taken, with violent crackdowns on informal market vendors, there may not only be serious consequences for food security (Resnick, 2017), but also loss of life (Grace et al., 2019). A draconian food safety policy can make things worse (Grace, 2015). Interventions to regulate traditional markets will require public policies that are inclusive and consider everybody along the food chain if the health of vendors and consumers is to be protected (Alimi and Workneh, 2016) and in a similar way to the implementation of infrastructural investments, legislative change should consider society at large and may require careful monitoring and evaluation to identify and mitigate unintended consequences.

Across many of Africa's urban food markets, a vibrant set of market vendor associations have emerged in recent years (Resnick, 2017). Understanding the social structures between and among these vendor groups or associations can identify opportunities for interventions to mitigate FBZ. Informal food safety standards “rules in use” can differ among groups and subgroups of traders, as seen among butchers' associations in Nigeria, with better hygiene standards among female butchers compared to their male counterparts (Grace et al., 2012a). Such subgroups within the marketplace could act as champions of good food safety standards, future research should endeavor to understand the social dynamics within the marketplace and how this could leverage improved food safety standards.



5.2. National governance

Decision-makers at the policy level need to be convinced of the benefits of improving food safety in traditional markets (Fahrion et al., 2014), this will require more empirical evidence on the cost-effectiveness of food safety interventions (Hall et al., 2004). The use of standardized metrics and formal assessment of the health and economic burden of foodborne zoonoses can advocate for their relative importance and improve resource allocation (Grace, 2015). In LMIC, however, accessing data for these parameters is challenging (Thomas et al., 2020). Data forming a business case for interventions that improve food safety at the informal market level should be made available for policy decision-makers. These may take the form of cost-effectiveness data (the cost per unit of “health,” often a Disability Adjusted Life Year or Quality Adjusted Life Year) or cost-benefit analysis (Thomas et al., 2020), where the cost of interventions to improve food safety, such as training meat retailers in traditional markets may be far cheaper than the health care costs linked to the diarrhea suffered by those who eat unsafe meat, as seen in a Nigerian study (Grace et al., 2012b). A surveillance system would need to be developed to capture the required data, and monitor these to assess the interventions.

While mitigating foodborne zoonoses and improving food safety should be a long-term goal of improved governance of traditional markets, a consequence of improving governance is that as standards ratchet upward, there is a risk that poor producers and value chain actors will be displaced from rapidly growing domestic markets (Resnick, 2017). This has already occurred in export markets where smaller farmers are forced to drop out, as they lack the human and financial capital needed to participate in highly demanding markets (Grace, 2015). Costly farm-to-table tracking systems effective in HIC, may not be an option within traditional markets in LMIC settings. Instead, locally orchestrated, vertically integrated systems may have merit in reducing food safety risks and in providing small-scale farmers with increased access to markets, locally, and internationally (Hall et al., 2004).

Training on developing businesses and facilitating the establishment of contracts between farmers and markets to improve food safety and gain certification may counteract growing pressure on small-scale producers, retailers, and distributors (Grwambi, 2020). Governments need to promote accreditation programs for food safety including offering training to promote traceability, record-keeping, and sharing of information along the value chain (Jaffee et al., 2018). Long-term investments in food safety can have significant positive development impacts. Countries with agri-food sectors that have a limited capacity to manage food safety might find themselves excluded from lucrative export markets or face periodic yet costly rejections of products; improving agri-food exports contributes to sustainable economic development and poverty reduction (Jaffee et al., 2018).



5.3. One health governance

Addressing challenges at the human, animal, environment interface through multi-disciplinary, collaborative approaches, requires institutions and policies which enable an integrated form of governance not traditionally observed in our highly specialized, siloed institutions. In animal, human and environment health at the national and international levels there is a predominance of vertical, programmatic-based approaches to individual challenges without acknowledgment of the complex systems in which they occur. A radical restructuring of global health governance mechanisms has been suggested to optimize the policy-development-setting-evaluation cycle through enhanced multi-sectoral learning, systems thinking, use of multi-criteria analysis frameworks, data sharing frameworks, and appropriate institutional structures for co-ordinated action (Hitziger et al., 2018). For food-safety governance, collaboration and coordination mechanisms are required between the health, veterinary, and environmental sectors including formal data-sharing agreements, mechanisms for inter-sectoral communication which escape the highly hierarchical protocols often existing within government institutions, and for intervention implementation inter-sectoral budgetary sharing agreements may be required. Such factors were recognized by health and veterinary surveillance officers in Western Kenya as being key enablers for integrated surveillance and response to zoonoses; including foodborne zoonoses (Thomas et al., 2021). Recent declarations, including from the G7 and the G20, regarding the need for a One Health approach specifically targeting pandemic prevention & preparedness, should provide a platform under which global One Health governance will be strengthened (G20 High Level Independent Panel, 2021; G7, 2021). The inter-sectoral policies and institutional structures developed within the realm of pandemic prevention and preparedness will also provide collaborative platforms relevant to all One Health challenges including food safety.




6. Improving food safety intervention design through an understanding of context and use of participatory methods

Contextual consideration is potentially missing in some interventional design, through the increased acknowledgment of the need to develop multi-disciplinary teams with a strong representation from the social sciences, will continue to enhance intervention design, implementation, and evaluation (Ngwili et al., 2021; Di Prima et al., 2022). Qualitative studies drawing on ethnographic methodologies are an important yet underutilized method when it comes to fully understand the behavioral context within which interventions are designed (Bardosh et al., 2014; Crandall et al., 2016; Nordhagen et al., 2022), and such studies can be supplemented by contextual analysis through systematic literature reviews (Nordhagen et al., 2022), structured surveys, or direct observations (Lee et al., 2022). Ethnographic methods can also be applied to understand why interventions fail to yield improvements, such as in the case of understanding community norms and beliefs on latrine use in light of a disappointing uptake of a community led total sanitation program in Zambia aiming to reduce exposure to T. solium (Bulaya et al., 2015; Thys et al., 2015).

To successfully draw upon the knowledge of the target community for interventional design, implementation, and evaluation various methodological frameworks are available that explicitly require stakeholder participation. One method which has proved effective in understanding social structures and in the development of a shared sense of ownership of interventions among vendors and improving the safety of ASF is Participatory Learning and Action. Participatory Learning provides a tool to navigate the complex dynamics among vendors and their supply chains in traditional markets (Nyokabi et al., 2018). In Nigeria, interactive training workshops were held for Butchers Associations' representatives, who were then responsible to pass on information and training to their groups, in addition, a gender analysis identifying tasks differentiation by gender was carried out. The findings present gender and group membership as important food safety determinants and both as promising entry points for interventions to improve food safety (Grace et al., 2012a). The Nigerian Participatory Learning intervention underpins how food safety has both gender equity and empowerment implications which warrant consideration in future interventions.

Another participatory model utilized with success for the control of FBZ has been the PRECEDE-PROCEED model (Porter, 2016), a nine-phase planning model facilitating the design of health promotion interventions in a contextually relevant way. The model requires that communities participate both in the definition of the problem and in the development and implementation of solutions. The PRECEDE-PROCEED model has been used to develop control strategies for T. solium in Tanzania, Nepal, and Burkina Faso which include the education of pork consumers who access their pork through traditional markets (Carabin et al., 2018). In Tanzania and Burkina Faso, the approach was implemented within the context of a Randomized Controlled Trial, and the resulting educational intervention was demonstrated to significantly reduce the consumption of infected pork by 20% in Tanzania, whilst the cumulative incidence of active human cysticercosis was demonstrated to be reducing in Burkina Faso. Utilizing participatory frameworks such as these in an attempt to create interventions that acknowledge context and provide empowerment to the stakeholders involved is an important step to achieving tangible and sustainable improvements in food safety.



7. Traditional markets and the emergence of diseases of zoonotic origin

Traditional food markets, in addition to contributing to the potential transmission of FBZ and other pathogens, may also play an important role in the emergence—as well as prevention—of FBZ emergence. The multi-factorial drivers of zoonotic spill-over is a particularly striking example of wicked problems at the human, animal, environment interface for which One Health concepts are needed. The emergence of the SARS-CoV2 virus, suspected to be from an unknown animal source in or around the vicinity of the Wuhan Seafood Market in late 2019 is just the latest, and most dramatic, example of a disease emergence event of zoonotic origin. It follows the relatively recent emergence of Severe Acute Respiratory Syndrome (SARS), Middle East Respiratory Syndrome (MERS), Nipah virus, “Swine Flu,” and the Highly Pathogenic Avian Influenza (H5N1) (Thomas et al., 2020). Although not a foodborne zoonosis, COVID-19 demonstrated the challenges in preventing and controlling such pathogen spill-over and spread worldwide and the lack of preparedness to tackle the pandemic. The One Health approach has been highlighted by many as a much-needed paradigm shift to prevent such occurrences in the future (Amuasi et al., 2020), understanding the causes, as well as consequences, of such events can avoid the “ripple effect” and disruption of local food systems in LMIC, brought about when movement restrictions are implemented (Béné, 2020; Mutua et al., 2021).

Several factors can drive the emergence of new zoonotic pathogens and the re-emergence of endemic zoonoses. Epidemics like Ebola and HIV were driven by poverty and food insecurity, where an increase in demand for wild animals for consumption and related trade led to increased contact between wild animals and humans (Roe et al., 2020). Climate change can increase foodborne disease risks by causing novel vectors and pathogens to move into temperate regions, or by temperature-associated changes in contamination levels (Grace, 2015; Aiyar and Pingali, 2020). Ecosystem degradation due to rapid urbanization, intensification of animal production, modernization of food marketing systems as well as changes in food consumption habits have increased human exposure to animal pathogens (Carrique-Mas and Bryant, 2013). Intensification of bovine and dairy production in Vietnam, for instance, has increased the prevalence of bovine tuberculosis and brucellosis (Carrique-Mas and Bryant, 2013). As urban populations grow, livestock enterprises tend to expand, and whilst intensive units may be found in peri-urban locations and those rural locations relatively close to urban and conurbation areas to facilitate supply to markets, urban livestock keeping is also present in many LMIC cities increasing mixing of people, livestock, other domestic animals and wildlife, and creating a fertile ground for zoonotic disease transmission (Gilbert et al., 2020). Furthermore, the lack of food-safety standards enforcement in traditional markets, where improper management of animals, overcrowding, inadequate hygiene, and improper disposal of feces and carcasses routinely occur, can cause markets to become infectious disease hot spots (Aiyar and Pingali, 2020). Human behavior; consumer purchasing practices and preferences, as well as low perception of disease risk on behalf of vendors, has impacted on avian influence transmission rates (Kuo et al., 2011), showing how traditional markets are hotspots for zoonoses transmission in general, not just FBZ.

This consumer demand for bush meat and other “exotic” foods has also increased the risk of human exposure to animal pathogens (Roesel and Grace, 2014). In countries like China, Myanmar, Vietnam, and Thailand, the social status, prestige, and gastronomic exclusivity deriving from ye wei (literally “wild taste”) is the main driver of the demand for wild meat, particularly among the wealthiest and those aspiring to be, with the consequence of increasing sale of wildlife meats in markets (Volpato et al., 2020). Interventions that address the problem by banning wet markets, wildlife trade, and wildlife farming, without driving down the demand for wild meat, may not succeed as they risk driving the illegal trade underground (Roe et al., 2020). Also, research shows that bans on wildlife markets often, and wrongly include calls for bans on “wet” markets, but the two are not the same thing, and wet markets (synonymous with “fresh” markets) can be a critical underpinning of traditional food systems (Volpato et al., 2020). Therefore, the complex interplay of social, economic, and cultural reasons behind the increasing pressure on the sale of wildlife must be taken into consideration, in efforts to address the challenge. If not, interventions that try to control or regulate these markets or practices could potentially lead to undue pressure on fragile food systems and indeed undermine human rights and harm sustainable development (Roe et al., 2020).

Another area of intervention key in mitigating foodborne disease emergence is the development of integrated surveillance systems based on a One Health approach, integrating data from the human, animal, and environment sectors (Bordier et al., 2018; Thomas et al., 2020). Research on the self-regulating systems that local communities put in place to avoid overexploitation of specific resources, as well as political ecological research on how governance systems at different levels impact ASF supply chains (Volpato et al., 2020), are other areas where interventions to mitigate FBZ emergence could be developed. Overall, taking proactive steps to incorporate One Health expertise along with food safety interventions may reduce the risks of the emergence of new diseases (Aiyar and Pingali, 2020) as it brings in perspectives that single disciplines or single sectors may ignore.

The race to investigate the pathogenesis and epidemiology of COVID-19 has seen governments and funding agencies allocate substantial resources to fund COVID-19-related research proposals with unusual swiftness (Prudêncio and Costa, 2020). Such international collaborations and funding were not always apparent; previously the emergence in China of two emerging zoonoses, severe acute respiratory syndrome (SARS) and H5N1 avian influenza virus, failed to get the attention of the international community to address the lack of surveillance systems associated with handling and consuming ASF (Shao et al., 2011). While further scientific inquiry to ascertain the zoonotic origin of COVID-19 is required, integrated wildlife, livestock, and human surveillance and response may contribute to preventing future zoonoses outbreaks (Zinsstag et al., 2020). Major challenges still exist concerning the reorientation of market incentives and food safety standards, yet in the light of COVID-19 consumers are increasingly aware of the broader effects of current food systems (Thomas et al., 2020). A possible silver lining to this pandemic may be that policymakers will work harder to reshape global food systems to support better health for all.



8. Conclusion

The sale and consumption of ASFs within traditional markets represents a potentially risky activity, yet traditional markets provide a vital source of nutrition for much of the world's population and most foods available are safe. The potential link between the emergence of COVID-19 and the Wuhan Seafood market has put traditional markets in the spotlight and interventions, both at the traditional market nexus and within the wider food system are certainly required to mitigate potential risks to communities that markets serve. This review highlights several areas in which market-based interventions may be of value, but also some key challenges in implementing these interventions.

Improving the knowledge of vendors and consumers on food safety is important, yet an understanding of the motivations and incentives behind stakeholder behavior and the physical and social determinants of food safety must be considered to drive long-term improvements. A one-size-fits-all approach for consumers and vendors will not work. Site-specific cultural, social, and economic factors make tailored intervention design a necessity. Governance of traditional markets is complex and draconian measures to regulate them have been demonstrated not to work. Interventions that focus on marketplace regulation need to take a grassroots approach that considers the actions and values of all traditional market stakeholders; such values must be considered when introducing mandatory changes.

It is unlikely that interventions that concentrate on a single subset of actors or one single stage in the value chain will have a lasting and sustainable impact. Rather, utilizing the ethos of One Health, implementing multi-disciplinary collaborations for the enhancement of human, animal, and environment health, the interventions discussed in this review under the auspices of ‘vendors, consumers, and governance' should be considered as a toolkit from which to select multiple approaches that can work synergistically, to enhance food safety in traditional markets. The market-based approaches identified here should also be supported by veterinary input in the pre-market value-chain to improve the health of livestock “at source” as well as by post-market interventions focused on consumer practices within the home.

Fostering teams of clinicians, veterinarians, environmental health specialists, microbiologists, nutritionists, ethnographers, anthropologists, policy analysts, behavior change, and communication specialists to work together to solve “wicked problems” is an exemplar of One Health in action. This approach has gained increasing traction considering the recent COVID-19 pandemic. While there are logistical and economic challenges to implementing a One Health approach, it should remain an optimistic goal for those working in food systems development.
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Components Lockdown phase (May-June, 2020), Unlock phase (Sept-Oct, 2020), p value!

n (%) n (%)
Allindigenous  Sauria Santhal  Munda  Allindigenous  Sauria Santhal  Munda
communities ~ Paharia  (N=35) (N=68) communites  Paharia  (N=20)  (N=59)
(N =152) (N =49) (N =151) (N=72)
Change in overall food 12(7.9 3(6.1) 5(14.3) 469 4@Q7) - 1) 36.1) 0.394
production
Type of change
1. Negative impacts 1(7.2) 3(6.1) 5(14.3) 3(4.4) 2(1.4) - - 2(3.4)
2. Positive impact® 107 - - 1(15) 2(1.4) - 16) 10.7)
Changes in sale of farm 66(43.5) 33(67.4) 12(348)  21(30.9) 60 (39.8) 39(54.2) 7(35) 14238 0550
produce
Type of change*
1. Distress selling 50(32.9) 28(57.1)  8(229  14(206) - - - =
2. Selling at higher prices = - - = 47(312) 36 (50) 5(25) 6(10.2)
3. Reduced sales 38(23.9) 10(204)  11(314)  17(25.0) 1(7.3) 2(28) 2(10) 7(119)
4. Increased sales - - - - 3@ 1(1.4) - 2(3.4)
Change in farming schedule 47 (30.9) 39 (79.6) 5(14.3) 3(4.4) 35(23.2) 32 (44.4) 2(10) 1(1.7) 0.411
Type of change
1. Early sowing 38(25) 3715 3(86) - 3() 101.4) 2(10) -
2. Delayed sowing 8(53) 3(62) 2(58) 3(4.4) 10.7) - . 1(1.7)
3. Not sowing 10.7) 121 - - 31(206) 31(43.1) - -
Reduced access to farm 74 (48.7) 6(12.2) 21 (60) 47 (69.1) 35(23.2) - 735 28(47.5) 0223
inputs
Reasons*
1. Inability to purchase seeds 60 (39.5) 6(12.2) 19(548)  85(51.5) 21 (14) - 5(25) 16 (27.2)
2. Inability to purchase fertiizer 51(33.6) - 12343 89(57.4) 32(212) - 6(30) 26 (44.1)
3. Inability to purchase seeds 43(28.3) - 10(286)  83(48.6) 19 (12.6) - 4(20) 15 (25.5)
and fertilizers
4. Reduced access to labor 22(145) - 6(172)  16(236) 7@.7) - 16) 6(10.2)
Concern over future impact 0.192
of COVID-19 on farming
Ability to purchase seeds 72 (47.4) 7(14.3) 20(57.1)  45(66.2) 33(22.2) - 6(30) 27 (47.4)
Abilty to procure farm inputs 37 (24.3) 2(4.1) 18@7.1) 22323 17(115) - 7(35) 10(17.6)
Abilty to sell crops 82(53.9) 18(36.7)  15(429) 49 (72.1) 98(65.8) 64(88.9) 8(40) 26(45.7)
Availabilty of manual labor 35(29) 2(4.1) 13(87.1)  20(29.4) 6(.1) - 2(10) 4(7.4)
Changes in food access 0951
1. Easier 37 (24.4) 11 (22.4) 7 (20) 19 (27.9) 27(179) 707) 3(15) 17 (28.8)
2. Harder 54(355) 12(245)  18(37.)  29(427) 22(14.6) 56) 6(30) 12 (20.3)
3. Same as before 61(40.1) 26(53.1)  15(429)  20(29.4) 102(67.5) 61(847)  11(5)  30(50.9)
Change in food prices 136 (23.7) 45018)  28(80)  63(92.7) 187(00.7) 68(044)  12(60)  57(96.6) 0659
Change in sources of food 95 (62.5) 19(388)  28(80)  48(706) 37 (24.5) - 7(35) 30(508)  0.199
access
Changes in diet 66 (43.4) 37(755)  17(86)  12(17.6) 33(21.9) 17 (236) 4(20) 12(20.3 0866
Reduced HH income 17 (77 42(857)  28(80) 47 (69.1) 64 (42.4) 3143.1) 7(35) 26(44.1) 0307
Reason for change*
1. Less opportunities for daily 68(44.7) 21(429)  14(40)  33(485) 37 (24.6) 26(36.2) 4(20) 7(119)
wage laboring
2. Reduced sale of farm produce 54 (35.5) 27(55.1)  15(429)  12(17.6) 25(16.6) 8(11.2) 4(20) 13 (22.1)
in local markets
3. Others (reduced business, 2(1.3 12 = 1(1.5) 9(6) - 2(10) 7(11.9)

lack of transport, fear of
infection, migration)

TChi-square test wes used to determine the differences between lockdown (N = 152) and unlock (N = 157) phases.

*Multiple reasons were reported.

$Negative impact of COVID-19 on food production include delayed/early cultivation, high prices of seeds and farm equipment, shortage of labor and manure, etc. whereas positive
impact includes more production.

HH, household.
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Categories and Proportion of respondents %
description

Farmers Food Food service Consumers
distributors  operators

N=96) (N=60) (N=84) (N=237)

Gender
Male 66.7 533 500 312
Female 333 467 500 688
Age (years)

<25 42 183 167 212
25-44 56.3 517 429 518
45-64 396 233 35.7 259
265 00 67 48 12

Level of education

Primary school 104 133 48 06

Secondary school 167 400 3.7 124
Vocational/technical 63 33 74 59

training

Tertiary 66.7 433 52.4 812
No formal education 00 00 00 00

Country

Trinidad and Tobago 104 367 429 682
Barbados 104 250 238 82

Eastern Caribbean 6838 233 333 14.4
Jamaica 104 150 00 9.4

Rurality

Rural 625 60.0 574 424
Utban 375 400 429 576
Household size (members)

1-3 479 383 440 429
46 a7 633 536 518
=7 10.4 33 24 53

Monthly household income (USD?)

<500 167 200 143 82

500-1999 292 200 14.3 300
2,000-3,999 292 433 202 3.4
4,000-5,999 16.7 133 15.5 14.4
6,000-7,999 21 00 167 65

28,000 63 33 19.0 88

Employment status

Governmentemployed  n/a* wa wa 206
Privately employed na wa na 288
Self employed wa wa na 19.4
Unemployed n/a a na 253
Student wa wa wa 44

Retiree/Pensioner na wa na 18

Land ownership status

Rent or leased state 250 wa na na
land

Rent or leased private 167 wa wa wa

land

Full ownership 16.7 na wa na

Famiy-owned land “7 n/a wa na

Time in operation (years)

<2 125 300 17.5 wa

25 188 233 200 na

6-10 313 100 238 na

11-15 188 67 1.3 na

>15 188 300 275 na

Business type

Sole proprietorship wa 633 61.9 wa

Partnership wa 200 202 wa

Limited liabilty na 16.7 17.9 wa

company

Business registration

Registered wa 533 762 a

Unregistered wa 467 238 na

Type of food service

Dine in restaurant na n/a 250 na

Fast-food restaurant na n/a 238 wa

Street food stall/ shop na n/a 345 na

Catering service wa n/a 16.7 na

“n/a, not assessed.
*USD, United States Dollar.





OPS/images/fsufs-06-861570/fsufs-06-861570-t002.jpg
Categories and Respondent impact ranking (Mean  SEM)
description

Farmers Food Food service
distributors operators

Gender

Male 588+£0263  500£0836  8.62+0337a

Female 581+0872  507+£0359  2.67+0337b

P-value! 0.891 0.885 0.049

Age (years)

<25 650+1.058 427 £0542ab  4.71+0547a

2544 570+0287  539+0328a 3504 0341ab

45-64 600+0842  543+0480a 213+ 0374b

265 000 300£089b 20010240

P-value 0660 0089 0001

Level of education

Primary school 420406420  425+0667 85041118

Secondary school 6.00 + 0.508ab 4.83 £0.385 2.93 £0.408
Vocational/ technical ~ 7.00+0.82%a  6.00 & 1.334 4.33+0913

Tertiary 597+£0254ab  546£0370  3.09+0.337
P-value 0.037 0.401 0.567
Country

Trnidad and Tobago 5,60 £0.651  6.41+0399  3.89+0.353a
Barbados 720£0651  540+0483 200404740
Easter Caribbean 561£0253  420£0500  3.000.400ab
Jamaica 6.40+0651  4.67+0623 0.00
P-value 0.115 0.268 0.007
Rurality

Rural 587+0272 52240315  2.88+0.320
Utban 583+£0351  475+0385  350+0.369
P-value 0940 0346 0204
Household size (members)

13 578+0811  510£0429  8.41+0364
46 585+0834  500+£0311  8.02+0.330
=7 620+0668  500£1357  1.001.567
P-value 0852 0982 0.289
Monthly household income (USD*)

<500 425+£0451  500+0478bc  2.75+0.618
500-1,999 6.21 £0.341 6.12 + 0.478ab 2.58 £0.618
2,000-3,999 536+0341  485:0824bc  2.41+0520
4,000-5,999 625+0451  825+0585c  8.46+0.504
6,000-7,999 800+ 1.276 0 2860573
28,000 900£0737  800+1.170a  4.63:+0.536
P-value 0.001 0.001 0055
Land ownership status

Rentorleasedstate  5.75 +0.418 n/at n/a

land

Rentor leased private  4.75 + 0,512 n/a n/a

land

Full ownership 6.63 £0.512 na n/a
Family-owned land 6.05 +0.324 a na
P-value 0,050

Time since operating (years)

<2 6000596  5.11+036%bc .14+ 0.605
25 6560486 3570418 3940566
6-10 5600877  767+063%  3.42+0519
11-15 6330486  600+0782ab 2440754
>15 50040486  500+036%bc 27340482
P-value 0.116 0.001 0.434
Type of business

Sole proprietorship n/a 521:£0306  3.48+0306
Partnership n/a 443+£0505  2.65+0535
Limited Liabilty n/a 5250668  2.53+0570
Company

P-value 0397 0.206
Business registration

Registered n/a 5630317  8.16+0280
Unregistered n/a 4360338 3.10+0500
P-value 0008 0.922
Type of food service

Dine in restaurant n/a wa 3.48 0,490
Fast-food restaurant n/a na 3,00 + 0508
Street food stall/ n/a wa 2.86.+0.417
shop

Catering service n/a n/a 3.43 £ 0.601
P-value 0748
Overall mean 5850214 5030244 3140243

“n/a, ot assessed.
*Means within a category, for each group of respondents, that do not share a common
letter s significantly ifferent at the p-value stated.

P-value from one-way ANOVA.
*USD, United States Dollar.
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Producer perceptions
of impact of COVID-19
on

Farm management
practices
Cultivated crops in 2020

Plans for cultivated crops
in 2021

Impacted by
COVID-19 (%)

318

432
25

Not impacted
by COVID-19
(%)

68.2

56.8
75

0.01

0.37
0.01

Producer perceptions of the impact of the COVID-19 pandemic on farm management
practices and cultivated crops in 2020 and cultivation plans for 2021 (% of al responses,

n =53
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Farming practice Apply practice
% of all
responses (n)

Sustainable tilage* 62% (33)
Sustainable fertization™* 70% (37)
Cropping system diversification™** 72% (38)

“Conservation tilege or direct seeding.

"Use of compost, compost tea, charcoal, and/or manure.
“Crop rotations, intercropping and/or cover cropping.
“Moderate relationship.

PWeak relationship.

Not apply practice
% of all responses (1)

19% (10)
13% (1)
11% (6)

No response % of all
responses (1)

19% (10)
17% (9)
17% ()

Out of farms that apply practice

Changedue  Nochange  Cramer'sV
to COVID-19 due to coefficient
CovID-19
33% (1) 67% (22) 003>
28% (14) 62% (23) 0.08%
32% (12) 68% (26) 0.01°
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Farming  Apply practice  Notapply  No response % Out of farms that apply practice
practice %ofall  practice % of ll ofall
responses (n)  responses (n)  responses (n)

2020 cropping choices %(n) 2021 cropping choices %(n)
Changedue Nochange CramersV Changedue Nochange  CramersV
toCOVID-19  dueto  Coefficient toCOVID-19  dueto Coefficient
covip-19 covip-19
Sustainable  62% (33) 19% (10) 19% (10) 45% (15) 55% (18) 0.05° 27% (9) 73% (24) 0.07°
Tillage*
Sustainable 70% (37) 13% (7) 17% (9) 49% (18) 51% (19) 0.22* 30% (11) 70% (26) 0.23*
Fertiization™*
Cropping 72% (38) 11% 6) 17% ©) 42% (16) 58% (22) 0.06° 21% (8) 79% (30) 0.23°
system
diversification***

“Conservation tilege or direct seeding.
Use of compost, compost tea, charcoal, and/or manure.
“Crop rotations, intercropping and/or cover cropping.
aModerate rolationship.

PWeak relationship.
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Impactof  Noimpact of P

covID-19 COVID-19
(%) (%)

Access to food 159 84.1 <001
Food prices 386 61.4 0.13
Diet 15.1 849 <001
Community’s food 623 377 007
security
Access to commodities 273 72.7 0.01
and farm inputs
Price of commodities a7 523 076
and farm inputs
Available farm labor 341 659 0.03
Farm income 623 377 007
Future of farming 81.1 189 <001
Household income 455 545 0.54

Perceptions of surveyed producers on the impact of the COVID-19 on their and their
community’s food security as well as their farm economy (% of all responses, n = 53).
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Characteristics Lockdown phase  Unlock phase  p value’
(May-June, 2020) ~(Sept-Oct, 2020)

N =152) (N =151)
Age of the respondent 382 (+112) 3152(£88)  0.148
[Mean (SD)]
Gender of the 0.764
respondent, n (%)
Male 116 (76.3) 113 (74.8)
Female 36(23.7) 38(252)
Households, n (%) 0011
Sauria Paharia 49(32.2) 72(47.7)
Santhal 35(23.0) 20(13.3)
Munda 68 (44.8) 59(39.0)
Type of farming*, n (%) 0000
Only Farm 18(11.9) 30(19.9)
Only Kurwa 24(158) 47312
Only Bari 3(2.0) 10.7)
Any two sources 97 (63.9) 71(47.0)
Al three sources 95 (62.5) -
None 3(20) 2(1.4
Primary source of 0.939
income, n (%)
Agriculture 110 (72.4) 112 (74.2)
Daily wage labor 28(18.4) 26(17.2)
Others (own business, 14(9.2) 13(8.6)

remittances, etc)

“Multiple responses were captured as households practiced multiple types of farming.
' <0.05.

TContinuous variable (age of the respondent) following a normal distribution between
the indigenous communities were compared using independent t-test and the remaining
categorical variables were compared using Chi-square test.
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Analytical Specific objectives
categories

Activities* conducted to reach objectives

Generate alternative income sources
in response to income losses caused
by the pandemic crisis.

Sustain local food offer supply during
lockdown.

Establish mesting points for social
interaction and collective action
during lockdown.

Solidary peer-to-peer support to cope
with socio-economic challenges.

Reactive short-term mitigation
Economy; Production; Consumption;

Commurity development

Generate alternative and diversified
income sources beyond shock
mitigation.

Create consumer-producer proximity
without intermediaries.

Expand and diversify markets in
support of the local economy.
Incentivize local/healthy/diversified
consumption.

consumption

Expand and diversify markets based
on local farming and processing
practices.

Strengthen local/agroecological
production.

Production

Markets as social meeting points, and
places of learning.

Strengthen local and solidary social
networks for collective action.

Proactive longer-term transformative

Communiy development

- Collaborate with municipalities to open markets. (g)
- Implement COVID protocols in the markets. (g)

- Improve markets’ physical infrastructure. (g)

- Provide material/labor support by peers/consumers. (g)

- Establish social media to organize/promote shops/markets. (g)
- Ask peers to start farming/processing business. ()

- Exchange knowledge on farming/processing practices. (q)

- Start prodcing beyond self-consumption. ()

- Implement bartering practices. (g)

- Work voluntarily in market organization. (g)

- Purchase staple food as community (food coops). (g)

- Negotiate with municipalities for continuing support (physical places, food safety protocols, permits). (g)
- Offer products on different local markets. ()

- Collectively define fair prices. (g)

- Implement bartering practices. (g)

- Purchase primary products from local peers. ()

- Use social media to attract more consumers. (g)

- Share knowledge among producers and consumers (consumption and farming practices). (g)

- Organize seed/seeding exchange events. (g)

- Generate networks between markets to complement product ranges to attract consumers. (q)

- Prioritize local (agroecological) products offered. (g)

- Promote agroecological practices within the marketing groups. (q)

- Ask peers to start farming/processing business. ()

- Purchase primary products from local peers. ()

- Organize seed exchange events. (g)

- Start producing beyond self-consumption for sale. ()

- Offer trainings and workshops on agroecological practices. (g)

- Develop group-based and participatory organizational structures and tools for producer shops. (g)
- Train participants in relevant organizational topics. (g)

- Implement remuneration schemes for rotational attendance by market participants. (q)

- Implement social media platforms to organize and promote markets. (g)

- Exchange knowledge between peers and with other local markets (processing, market organization). (g)
- Link market spaces with other community activities (workshops, trainings, events). (g)

- Conduct solidarity peer activities to overcome economic cisis. ()

- Purchase staple food as community (food coops). (g)

*Conducted by individuals at the farm and processing level (i); at the SOPG level (g).
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Food security indices

Percentage of households

Number of households

Mean of household size

Mean food security index/ Std. Dev.

Mean households daily calorie intake (kcal)

Mean households per capita daily calorie intake (kcal)
Food insecurity gap index

Food surplus gap index

Food surplus/insecurity gap index

Head count ratio

Source: Field survey data, 2021.

Food secured households

24.4
51
44
4.59/(3.47)
156612.07
19104.41
0.89
2.10
2.36
0.28

Food in-secured households

756
158
66
1.21/0.98)
1422.06
1270.94
398
0.99
024
0.97

Pooled

100
209
1.0
5.8/(4.45)
16934.13
20875.35
4.87
3.09
26
127
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Variables

Constant

Social distancing
Lockdown imposition
On-line orders
Increase in disease spread
Government policy
Loss of jobs

Low income
Household size

Panic purchase
Increase in food prices
Log likelihood

Pseudo (R?)

N

Source: Field survey data, 2021. Significance at 1°, 5", and 10%"" levels.

Parameters

bo
by
by
bs
by
bs
bg
by
bg
by
bio

-0.8499
-49160
~08414

06635
-0.7769
—4.8314
~3.6436
-0.8847
—4.9674

08978
-0.0304

—176.990"

08999

209

t-values

—2.8104"
—1.4466ns
—4.0494"
1.4584ns
—a.8474"
—4.8470"
~3.9138"
—16577"
—2.4904"
1.0953ns
—4.4986™

Std. Error

0.3014
3.3983
0.2077
0.4549
0.1602
0.9967
0.9309
05337
1.9874
0.8197
0.0088
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Factors Frequency Percentage

Artificial scarcity 125 50.8
Increase in food price 179 856
Lockdown policy 134 64.1
Panic purchase 63 30.1
Lack of storage facilties 119 569
Lack of electricity supply 65 31.1
Low income 184 64.1
Lack of employment 101 483
Famiy size 64 306
Ciimate change 56 268
Poor government policy 115 550
Labor reduction %2 440

Source: Field survey data, 2021.
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Variables Frequency

Meeting minimum food requirements during COVID-19

Yes
No

No response

Total

Sources of food delivery during the Pandemic
Visit available markets, stores, shops, etc.
Online orders/Home delivery services

Total

Availability of food during the Pandemic
Readily available

Not available

No response

Total

Source: Field survey data, 2021.

22

159
28
209

96
13
209

69

115
25
209

Percentage

105
76.1
13.4
100

459
54.1
100

33
55
12
100
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Food groups

Cereals/grains
Fish and seafood

Root/tubers and plantain

Vitamin a rich fruits and vegetables
Other fruits and vegetables

Milk and milk products

Oil/fats

Meat (organ and fresh meat)
Edible insects

Seeds and pulses/nuts
Sugar/honey

Eggs

Miscellaneous (spices, condiments, etc.)

Before the Pandemic

5492.86
4672.30
3208.80
2618.80
2131.82
4080.54
3210.71
3868.11
3111.22
3158.82
2690.98
3302.71
3172.00

Source: Field survey data, 2021.Significance at 1°, 5, and 10%"*,

Food prices Mean (N)

During the Pandemic

9610.71
7506.08
7756.31
6493.00
7688.64
8381.61
5054.29
6389.86
5642.33
6284.31
6801.37
7068.64
5956.67

Z-test

4.144
2.225
2918
22711
3.211
4.150
5.641
4.001
2.149
3.998
3.438
1.921
1557

P-values

0,000
0020
0004
0210+
0,002
0,000
0.400"
0,002+
0.084*
0300
0,001+
0192"
0.125*
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Food groups

Cereals/grains
Fish and seafood

Root/tubers and Plantain

Vitamin a rich fruits and vegetables
Other fruits and vegetables

Milk and milk products

Oil/fats

Meat (organ and fresh meat)

Edible insects

Seeds and pulses/nuts

Sugar/honey

Eggs

Miscellaneous (spices, condiments, etc)

Before the Pandemic

171(81.8)
146 (69.9)
155 (74.2)
100 (47.8)
120 (57.4)
108 (49.9)
117 (66.0)
135 (64.6)
48 (23.0)
111(53.1)
105 (50.2)
105 (50.2)
107 (51.2)

Source: Field survey data, 2021. Significance at 1°, 5, and 10%"".

Frequency/(Percentage)

During the Pandemic

126 (60.3)
78(37.9)
119 (56.9)
60(28.7)
89 (42.6)
52(24.9)
90(43.0)
79(37.8)
32 (15.3)
70(33.5)
43(20.6)
62(29.7)
77 (36.8)

Z-test

4.8532
6.66692
3.7054
4.0261
3.0825
5.1643
2.6413
5.4797
1.9893
4.0472
63411
4294
29559

P-values

<0.00001***
<0.00001***
0.0002***
<0.0001***
<0.00244**
<0.0001***
<0.0083**
<0.0001***
<0.0466*
<0.0001***
<0.0001**
<0.0001***
<0.00308™
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Variable Mean/% Standard deviation

Age 488 12.30
Household size 96 296
Number of males 5.4 1.56
Number of females 45 1.64
Male headed household 81.8% 0.67
Female headed household 18.2% 047
Sample size 209

Source: Field survey data, 2021.
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Food group
Cereals/grains
Roots, tubers, and plantain

Vitamin a rich vegetables
and fruits

Other fruits and vegetables

Meats, organs, and edible
insects

Eggs
Fish and seafood
Pulses, nuts, and seeds

Milk and milk products
Oiland fat
Sugar/honey
Miscellaneous

Examples

Corn/maize, rice, sorghum, millet or any other grains o foods made from these (e.g., bread, cor flakes, golden morn, noodes,
spaghetti, pap, agidi, or other grain products)

Potatoes, yam, cassava, cocoyam, plantain, or other foods made from these roots and tuber (e.g., garr, tapioca, fufu, plantain chips,
potato chips)

Banana, papaya, mango, carrot, palm fruit, red/yellow sweet pepper

Garden egg, fresh and canned tomatoes, African pear, avocado pear, pineapple, apple, watermelon, African star apple, ube mgba,
guava, soursop, orange, cucumber, grape, cabbage, lettuce, green, spinach, pepper fruit, waterleat, onion, garlic, ginger, scent leaf,
bitter leat, okazi, oha, coconut, pumpkin leaf, okra, garden egg leaf, date, wild fruts, and fruit juice.

Beef, pork, mutton, chevon, goat, game, turkey, guinea fowl, chicken, duck, other birds, insects (termites, locust, crickets), snail, liver,
kidney, intestine, heart, or other organ meats or blood-based foods

Eggs from chicken, duck, guinea fowl or any other egg
Fresh, frozen or dried fish, crayfish, crab, shelffish, and other sea foods

Beans, groundnut, melon, walnut, cowpea, tiger nut, soybean, cashew nut, bambara nut, oil bean, breadiruit, jackfruit, akid, paim
kemnel nut, pigeon pea, or foods made from these (e.g., moi-moi, akara, peanut butter)

Mik, yogurt
Margarine, butter, vegetabie oil, bleached palm oil, groundnut oil ofive ol etc.
Sugar, sugar cane, honey, ice cream, chocolates, candies, sweet, chewing gum, cookies, and cakes

Black pepper, salt, condiments (Onga, Maggi cube, Royco cube, Knor, Ajinomoto, Vedan) hot sauce, Uda, Uziza seed and other local
spices, beverages, alcohol, ete.

Source: FANTA (2020), FAO (2020a), and WHO (2020b).
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Benefit of
participating in
community gardens

Providing tasty food
Providing fresh food
Providing healthy food
Connection to nature

Exercise
Education
Relaxation

Culture
Saving money

Social
interaction/relationships

Environmental
stewardship

Food stability

Food sourcing
Providing enough food
Earning money

Satisfaction with 2020  Significant fixed effects
garden season benefit on satisfaction with

2020 season
5[4,5] NA
51,5 Age (p=—0.077,
p=0004)
414,8) Male (B = 1.713,
p=0036)
418,85 Age (B =—0.061,
p=0005)
414,8) Age (p=—0.081,
p =000
30,4 NA
30,4 NA
32,4 Age (B = —0.054,
p=0028)
NA NA
NA NA
NA NA
4(4,5] NA
0[0,1.8) NA
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Participant #

P10

P11

P12

P13
P14

P15
P16

P17

P18

P19

P20

P21

P23

P24
P25
P26

Age
(vears)

30

27

33

NA

58

49

34

68

39

33

53

48

NA
ul

NA
47

36

66

34

48

NA
NA
33

NA
NA
70

Gender

Female
Female
Female
Male
Female
Male
Male
Female
Female
Female
Male
Male

NA

Female

NA

Female
Female
Female
Male
Male

NA
NA

Non-
binary/Gender
fuid

NA
NA

Female

Race

Black

White

Asian

White

White

Asian

White

White

Asian

White

Asian

White

NA
White

NA
Asian

White

White

Two or

White

NA
NA

Two or

NA
NA
White

Household
income
bracket (USD)
$12,501-25,000
>8100,000
>8100,000
>8100,000
$75,001-
100,000
$50,001-75,000
$75,001-
100,000
>8100,000
75,001~
100,000
$25,001-87,000
$50,001-75,000
$25,001-37,000

NA
$50,001-75,000

NA
$12,601-25,000

>$100,000

$50,001-75,000

$75,001-
100,000
>$100,000

NA
NA
$37,001-50,000

NA
NA
$25,001-37,000

Educational
attainment

Bachelor or
equivalent
Masters or
equivalent
Doctoral or
equivalent
Doctoral or
equivalent
Masters or
equivalent
Doctoral or
equivalent
Masters or
equivalent
Masters or
equivalent
Doctoral or
equivalent
Bachelor or
equivalent
Doctoral or
equivalent
Masters or
equivalent
NA
Bachelor or
equivalent
NA
Masters or
equivalent
Masters or
equivalent
Masters or
equivalent
Masters or
equivalent
Bachelor or
equivalent
NA

NA

Bachelor or
equivalent

NA

NA

Bachelor or
equivalent

Garden
community

Harlem

Ilthaca

Ithaca

Ithaca

Ilthaca

Ithaca

Ilthaca

Brookiyn

Ithaca

Ithaca

Ithaca

Brookiyn

Buffalo
Buffalo

Buffalo

Ilthaca

Ilthaca

Buffalo

Harlem

Ithaca

Buffalo
Binghamton
Buffalo

Ithaca
Ilthaca

Harlem

Garden
management
approach

Plot-based

Plot-based

Plot-based

Plot-based

Plot-based

Plot-based

Plot-based

Communal

Plot-based

Plot-based

Plot-based

Communal

NA

Communal

NA

Communal

Plot-based

Plot-based

Communal

Plot-based

Communal
Plot-based

Communal

Plot-based
Plot-based
Plot-based

Garden urban
development

Urban

Suburban

Suburban

Suburban

Suburban

Suburban

Suburban

Urban

Suburban

Suburban

Suburban

Urban

Urban
Urban

Urban
Suburban

Suburban

Urban

Urban

Suburban

Urban
Suburban
Urban

Suburban
Suburban
Urban
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Urban area Urbanized area Urbanized area

population median per
density capita income

(people/mi?) (USD)
Binghamton 1,982 27,956
Buffalo 2,439 33,768
Ithaca 2213 30,276
Brooklyn 36,901 37,352
Harlem 9,637 38,830

Note that survey and interview participants are not exclusive.

Urbanized area
median age
(vears)

37

24

36

Garden

Otsiningo Gardens

Pine Street
Community
Garden

Lincoln
Community
Garden

FeedMore WNY
Garden

Putnam Street
Community
Garden

Pelion Community
Garden

Jewish Family
Senvices
Community
Garden

Cornell
Community
Garden

West Vilage
Community
Garden

Ithaca Community
Garden

Floral Avenue
Community
Garden

Prospect Heights
Community Farm

Maple Street
Garden

Nehmiah Ten
Greenthumb
Garden

Shugah Baybees
Garden

Community
garden
management
approach

Plot-based

Plot-based

Communal

Communal

Plot-based

Communal

Communal

Plot-based

Communal

Plot-based &
Communal

Communal

Communal

‘Communal

Plot-based

‘Communal

Instrument

Interview
Survey
Interview

Survey
Interview

Survey
Interview
Survey
Interview
Survey

Interview

Survey
Intenview

Survey
Interview

Survey
Interview

Survey
Interview
Survey
Interview
Survey
Interview

Survey
Interview

Survey
Interview
Survey

Interview

Survey
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Type of
infrastructure

Physical

Social

Social/
Economic
Economic

Regulatory

Regulatory/
Marketing

Marketing

Action/Investment

Make local and state/provincial investments in scale-appropriate
infrastructure (e.g., working waterfronts, postal service, food
hubs, etc) that is conducive for direct-sale of seafood products.
through multiple channels and locations.

Provide affordable, accessible health care for essential food
production workers in the seafood industry that reflect the
seasonality of fishing.

Develop fair and affordable financial tools to help young and new
fishermen enter highly competitive and costly fisheries.

Estabiish financial incentives for domestic seafood purchasing
and consumption, with priority on sustainability of stocks and fair
labor practices.

Streamline and simplify regulatory requirements for fishermen to
sell their catch directly to consumers or local retail outiets.
Streamlined regulatory requirements exist for land-based
farmers, but are currently much more arduous for seafood
producers.

Acknowledge the diversity of domestic seafood markets (ASNs,
large-scale), and expand the definition of what “local” means in
terms of labeling so as to include products harvested elsewhere
by local residents.

Provide leadership at the state/provincial and federal level to
highlight and promote the value of North America’s commercial
fishing fleets and emphasize local, U.S./Canadian caught/raised
seafoods (i., national seafood counci) and consumption of
local, sustainably-harvested, underutiized species.
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Average number of days consumed per week

Food

Rice
Millets

Roots/Tubers

Pulses

Dairy

Eggs

Dark green Vegetables
Vitamin A-rich vegetables
Vitamin A-rich fruit
Other fruit

Flesh meat

Fish

Oils & Fats

All

61
20
29
15
52
25
17
36
27
57
17
62
57

Urban

68
23
37
17
55
24
17
34
31
62
23
68
57

Rural

65
27
19
11
37
14
15
18
27
62
17
65
52

Jan

62
29

14
50
18
19
28
06
60
18
69
53

Feb

59

33
14
37
16
18
23
05
63
13
60
52

7.0
29
32
14
42
18
18
24
12
59
16
7.0

67
19
32
13
50
20
16
33
31
62
23
68
62

May

69
20
27
15
58
21

38
57
64
27
7.1
62

Jun

69
32
28
15
49
20
16
28
63
60
18
72
56

Jul

42
08
21
14
59
39
19
57
27
41
10
51
6.1

Aug

70
27
37
23
56
26

31
28
63
26
48
53

Sep

7.0
25
28
15
6.1
30
16
31
07
64
19
60
53
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Household data All Urban

Location (1) 103 60
Location (%) 100% 58%
Households with improved water (%) 82.5% 73.3%
Households with improved toilet (%) 83.5% 81.7%
Initial household size (mean) 13.7 157
Initial dependency ratio (mean) 11 08
Household head male! (%) 87% 87%
Household head age (mean) 57.0 593
Household head education 56% 50%
none/primary (%)

Household head education secondary 4% 50%
or higher (%)

Household head health condition at 19.4% 23.3%
start (%)

ncludes three households with both a male and female head.

Rural

43
2%
95.3%
76.7%
11.0
16
84%
538
65%

35%

14.0%
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Data type Description Specification Variable name

Control Location Urban yes /no Location
Gender household head Male Yes/no HHHgender (male)
Age household head Numeric HHHAge
Education houschold head None yes/no Educdummy
Health household head Self-reported diabetes or hypertension HHHhealthstart
Improved water supply Yes/no HHImpwaterdummy
Improved sanitation Yesio HHImptoiletdummy
Independent Household size “Total number of r Hhsize
Household dependency ratio Ratio non-working age residents to Depratio
working age residents
Resident health change Self-reported any new health conditions for  Anyresidentsick
any resident
Resident migration Absolute migration in and out Mobility
Cash expenditure Fish money per resident (Dalasi) Fishmoney (GMD)
Income change Income up yes/no Income up
Income source: employment Cited as a top 3 income source Employment
Income source: business Cited as a top 3 income source Business
Income source: remittances Cited as a top 3 income source Remittance
Covid policy measures Oxford Policy stringency index monthly Policystring
data
Covid cases Monthly National cases per million John covideases
Hopkins data
Covid perceived impact Hoarding cited yes/no Hoarding
Dependent Household Food Insecurity Access Scale Each of nine questions scored (0-3) HFIAS

depending on the frequency of response
(Never, rarely, sometimes, often). Sum is
HFIAS score (0-27)
Food Consumption score (FCS) all sources  Sum of Staples (2); Pulses (3); Veg (1); Fruit ~ FCS!
(1); Meat/Fish (4); Milk (4); Sugar (0.5); Oil
(0.5) all sources. Max 7 each group; weights

in brackets

FCS market sources As FCS, market sources only FCSmarket

FCS own production sources As FCS, own production only FCSown

FCS-Nutrition (FCS-N) Protein all sources  Pulses; Milk and dairy; organ meat; flesh Protein
meat; fish; and eggs

FCS-N Protein Market sources As FCS-protein, market sources Proteinmkt

FCS-N Protein’ own production As FCS-protein, own production Proteinown

FCS-N Vitamin A* all sources Milk, dairy; Organ meat; eggs; Orange VitA

vegetables; dark green leafy vegetables;

Vitamin A rich orange fruits

FCS-N Vitamin A Market sources As FCS-VitA, market sources VitAmkt
FCS-N Vitamin A own production As FCS-VitA, own production VitAown
FCS-N Heme? iron all sources Flesh meat and fish Iron

FCS-N Heme iron Market sources As FCS-iron, market sources Tronmkt
FCS-N Heme iron own production As FCS-iron, own production Ironown

!Food Consumption Score s calculated for foods sourced from own production and the market, as well as the total.

2Food consumption Nutrition Score for Protein is calculated for foods sourced from ovwn production and the market, as well as the total.

*Food consumption Nutrition Score for vitamin A is calculated for foods sourced from own production and the market, as well as the total.

#Food consumption Nutrition Score for Heme iron is calculated for foods sourced from own production and the market, as well as the total.

GMD, is the official currency of the Republic of Gambia; HFIAS, Household Food Insecurity Access Scale; FCS, Food Consumption Score; FCS-N, Food Consumption Nutrition Score;
FCS-Protein, Food Consumption Nutrition score for Protein-rich food: VitA, Food Consumption Nutrition score for Vitamin A rich foods; FCS-Tron, Food Consumption Nutrition

score for Heme-iron rich foods.
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Data collection period Households (HH) recruited Totalcalls  Households called

Start New  Dropouts withdata  Drop-outs no data  Net

Nov-Dec 2020 0 2 1 2 0 0
Jan-21 25 17 2 0 4 38
Feb-21 0 47 87 85 73
Mar-21 87 16 1 102 110 93
Apr-21 102 2 100 %0 90
May-21 100 1 £ 97 91
Jun-21 9 10 89 89 84
Jul-21 89 12 77 52 52
Aug21 77 16 61 45 2
Sep-21 61 0 61 65 6l

106 3 103 676 103
Phone call frequency distribution

Number of calls per household Percentage of sample Cumulative

3ord 6 58% 6%
5 13 12.6% 18%
6 26 9% 4%
7 37 35.9% 80%
8 14 13.6% 93%

9 7 6.8% 100%
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10

1

12

Food
group

Staples

Roots &
Tubers
Nuts,
Pulses,

legumes

Dairy

Fish

Meat

Vegetables

Fruit

Sweets

Oils & Fats

Condiments/

Spices

@ w o woa oW

10
11
12
13
14
15
16
17

18
19
20

21

2

23
24
25
2
27
28
29
30
31
32
33
34
35

Food item

Rice (Mano): mono, nyakatango, fajiringo, benechin,
other rice

Millets (Sanyo/Suno)

Fonio (Findo)

Maize (tubanyo): cob, roasted, futo, nyelengo
Sorghum (Kinto): nyelengo, futo

Bread

Pasta

White roots and tubers

Groundnuts

Pulses

Nuts and seeds

Milk and other dairy products

Eggs: from Chicken, duck, guinea fowl or other
White fish

Bony fish

Canned fish

Shellfish: Oyster (Nganya), mussels, sea snail, crabs,
shrimps, lobster

Flesh meat

Canned meat

Organ meat: liver, kidney, heart and/or other organ
meats

Orange Veg and Tubers rich in Vitamin A: Carrot,
Red pepper, Pumpkin, Orange Sweet potatoes,
orange vegetables

Dark green leafy vegetables: Baobab leaf (naa/lalo),
sorrel (kucha/domoda), amaranth (morongo), spinach,
water leaf, cassava leaf, okra (kanjo), Moringa
(nebedayo) and/or other dark green leaves

Other vegetables

Orange fruits rich in Vitamin A

Other Fruits

Tealcoffee with sugar

Sugary drinks

Cakes, biscuits/cookies, pastries

Other sweets

Groundnut oil

Palm oil

Palm kernel oil

Vegetable oil

Margarine/butter

Condiments/Spices
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Market Type of trade Measures

La Parada Informal street vending Acquisition of a large number of masks and biosafety suits for personnel.

‘Weekly cleaning and disinfection of the market.

Online sales option (via Facebook, whatsapp, etc.), mandatory for vulnerable persons.
Santa Anita Formal closed market Regular COVID-19 testing.

ion of masks.

Acqui
Installation of water faucets and use of liquid soap.

Installation of footbaths.

Floor painting to define the distance between people.

Temperature control of vendors and customers prior to entering the market.

Prohibition of entry to vulnerable persons.

Private security to prohibit the entry of informal workers who disturbed the order and established measures,

Organization of buyers in rows.

Prepared from information from Coletto et al. (2021) obtained from February to September 2020.
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United States China

N Lowest income® Lost income® N Lowest income® Lost income®
Wories about not being able to feed 5 13 (28.9%) 27 (60.0%) 188 51(27.1%) 140 (74.5%)
family before pandemic
Worries about not being able to feed 507 39(7.7%) 213 (42.0%) 360 92 (25.6%) 265 (78.6%)
family since pandemic
Skipping a meal or going to bed hungry 16 6(37.5%) 11(68.8%) 81 34 (42.0%) 63 (77.8%)
due to food shortage before pandemic
Skipping a meal or going to bed hungry 33 4(12.1%) 17 (51.5%) 52 23(44.2%) 46 (88.5%)
due to food shortage since pandernic
Access to food from government or 91 5(65%) 41(45.1%) 124 29(23.4%) 88 (71.0%)
charity organization during pandemic
Access to free meals provided to 112 4(36%) 41(36.6%) 57 15 (26.3%) 36 (63.2%)

school children during pandemic

Number of people reported worrying about or experiencing food shortage went up in both U.S. and Chinese cohorts, particularly those in the lowest income category or with the
household member(s) losing income during the pandemic. More than 10% of all survey participants reported having access to free food from the govemment or other organizations.

@ <$25,000 per U.S. household, <50,000 RMB per Chinese household,

bHousehold member(s) lost income during the COVID-19 pandemic.





OPS/images/fsufs-04-577153/fsufs-04-577153-t002.jpg
United States China p-value for U.S.

vs. China
No. (%) No. (%)

“Do you feel stressed N=1327 N=1611 P <0001

these days’

Notatall 93(7.0%)  546(33.9%)

Only alitlle 362(27.3%)  515(32.0%)

To some extent 459 (34.6%) 440 (27.3%)

Rather much 263(198%)  83(5.2%)

Very much 150(11.3%) 27 (1.7%)

“What has happenedto  N'= 1,326 N=1615 P <0001

your weight during the

pandemic”?

Gained > 10 Ib (4.5kg) 27 2.0%) 173(10.7%)

Gained 5-10 Ib 143(10.8%) 221 (13.7%)

(2.3-4.5kg)

Gained <5 b (2.3kg) 267(20.1%) 307 (19.0%)

Stayed the same 508(30.4%) 752 (46.6%)

Lost <51b (2.3kg) 186(14.0%)  78(4.8%)

Lost5-101b (2.3-4.5kg) 61 (4.6%) 29 (1.8%)

Lost >101b (4.5kg) 14(1.1%) 10 (0.6%)

Don't know 105 (7.9%) 45 (2.8%)

“During the pandemic, N = 1,325 N=1610 P <0001

have your physical

activities changed (and

exercise)?”

Increased 301(205%)  325(20.2%)

No change 360(272%)  516(32.1%)

Decreased 574(433%) 769 (47.8%)

All analyses were conducted with two-sided tests of hypotheses and a p-value < 0.05
indicating statistical significance.
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Product

Cocoa

Quinoa

Coffee

Place of production

Cusco
Piura

San Martin
Amazonas
Ayacucho
Junin
Puno
Arequipa
Cusco
Ayacucho
Apurimac
Junin
Hudnuco
Ucayali
Junin
Pasco
Cajamarca

Piura

Main port of export

Callao (97% of total production)

Callao (88.4% of total production)

Paita (54.8% of total production)

Approximate distance (km) References

1,000 (Briceito-Garmendia et al., 2016a)
900
800
700
500
200
1,200 (Briceito-Garmendia et al., 2016¢)
1,000
1,000
500
400
200
1,100 (Bricefio-Garmendia et al., 2016b)
1,000
1,000
800
500

Same region
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Global burden
(DALYs/100,000)
with 95%

uncertainty interval
attributable to ASFx

Animal source food
and approximate %
of burden

attributable to ASFx

Details on transmission

Campylobacter spp.

27 (19-40)

Poultry, Beef, Pork, Small
ruminant meat, Dairy (90%)

Recognized as the leading cause of bacterial foodborne diarrheal
disease. Infections with Campylobacter spp. are commensals of many
vertebrate species, but infections are most commonly associated with
poultry meat. Other sources of infection is consumption of water
contaminated with animal feces (Hall et al., 2004)

Non-typhoidal
salmonella enterica

49 (30-76)

AlL ASFs (80%)

Fecal pathogens of animals which can cross-contaminate ASF at many
points of the value chain. Cause a generally self-limiting gastroenteritis’
with complications in the young, old, and immunocompromised
(Roesel and Grace, 2014)

Brucella spp.

2(0.6041)

Dairy, Beef, Pork, Small
ruminant meat, (95%)

Predominately transmitted to humans through unpasteurised milk or
through direct contact with infected animals. Human infections lead
to an undulant fever, joint pain, and weakness (Li et al., 2019)

Toxoplasma gondii

9 (6-14)

Beef, Pork, Small ruminant
‘meat, Poultry, Dairy, eggs
(70-80%)

One of the most ubiquitous zoonoses. Humans become infected
through consumption of cysts from undercooked meat or through
contact with food and water contaminated by the sporulated oocysts
from cats, the definitive host. Toxoplasmosis is generally sub-clinical,
but adverse outcomes can arise in the fetuses of pregnant women and
in the old and immune-compromised (Roesel and Grace, 2014)

Taenia solium

41 (31-52)

Pork (100%)

The parasitic zoonoses T. solium has pigs as its intermediate host.
Consumption of undercooked pork meat leads to infection with the
definitive stage of the tapeworm (Taeniosis) yet subsequent fecal-oral
transmission can result in an aberrant intermediate stage infection in
humans, resulting in neurocysticercosis, a leading cause of epilepsy in
endemic areas (Khan et al,, 2017)

Mycobacterium bovis

9(7-33)

Dairy (100%)

M. bovis is transmitted to humans from cattle predominately via
unpasteurised milk. Symptoms in humans are indistinguishable from
those of M. tuberculosis. The highest burden of zoonotic TB is
assumed to be borne by Africa given the prevalence in cattle and lack
of pasteurization for the majority of milk consumed (Barlow et al.,
2015)

Fishborne trematodes

13 (10-15)

Finfish (100%)

Metecercaiae are harbored in the muscles of fish which are then
consumed by humans and can cause chronic liver disease, pancreatitis
and cholangitis in some people, These trematodes are common across
South East Asia (Carrique-Mas and Bryant, 2013)

Paragonimus spp.

15 (11-21)

Shellfish (100%)

Humans acquire this zoonotic parasite through the consumption of
raw/undercooked shellfish. The immature flukes migrate to the lungs
where they are responsible for pulmonary signs linked to
inflammation, through aberrant migrations including to the CNS can
occur. The parasite is most commonly distributed across Asia where
cultural practices relating to the consumption of raw shellfish
propagate the life-cycle (Grace, 2015)

*Lietal. (2019).
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Variables

Male household head (dummy)
Household head education (years)
Occupation of the head (base = none)
Salaried employment
Casual laborer
Self-employment
Household size
Decrease in consumption of fruits (dummy)
Decrease in consumption of vegetable (dummy)
Increase in food prices (dummy)
Slum dweller (dummy)
Constant
LR chi2(9)
Prob > chi2
Log likelihood

Number of observations

"P<01,"P<05"" P <00l

Model 1
(Overall)

Coefficient

0058+
0.002

0166
0.032
0.138°
0.001
0,055
—0.042*
~0.015
—0.089**
1632+
184.970
0.000
~4,922.062
2,65

std.

Error

0019
0.001

0.034
0032
0033
0.005
0.024
0.022
0.023
0.020
0042

Model 2
(Slum)

Coefficient

0.127%
0.001

0092
0.024
0.120°*
~0.006
—~0.120%**
—=0.077*
~0.083"

1,687
93220
0.000
~2,574.092
1,298

std.

Error

0.027
0.001

0.047
0038
0042
0.007
0.034
0.030
0.039

0.062

Model 2
(Non-slum)

Coefficient

0.000
0.005*

0.150%
0.000
0.097°
0.009
—0021
—0012
0.008

1575
38.300
0.000
~2,327.8804
1,167

std.

Error

0026
0.002

0058
0.060
0058
0007
0033
0033
0.028

0071
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Commodities

Kales/Sukuma wiki
Onions
Cabbage
Tomato
Amaranth leaves
Cowpea leaves
Black night shade
Spider plant
Egg plant
Pumpkin

Pumpkin leaves
Spinach

Carrot

“P<05" P <00l

Residence * time Coef

0225%
0.165*
—0055

~0.182"

—0.248"
~0.146

—0.178"

6
—0222
-0222
~0.200

—~0.509***

—0616**

SE

0073
0072
0.077
0073
0.096
0.090
0078
0.084
0.183
0341
0171
0.082
0201

m households and reference time i

Constant

—0048
—0035
0687
0.089*
—0701%**
—0.840***
0313+
~0.704**
2009
2348
1963
—0.696""
— 1607

before COVID-19.

SE

0.037
0.037
0.040
0.037
0.040
0042
0.037
0.040
0.081
0112
0.078
0.040
0.060

Observations

4,930
4,930
4,930
4,930
4,930
4,930
4,930
4,930
4,930
4,930
4,930
4,930
4,930

Model Prob > chi2

0.0000
0.0000
03428
0.0000
0.0000
0.0000
0.0000
0.0000
0.0207
0.0000
0.0000
0.0000
0.0000
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Commodities

None
Mango

Ripe bananas

Citrus - Lemon, Orange, Tangerine
Plums

Watermelon

Pineapple

Pawpaw

Guava

Avocado

‘Wild fruits (wild berries, zambarau)
Apple

Passion fruit

Residence * time Coef

0.474%
—0.551""
—0.75%
—0.664%
0244
~0.366**
0351
~0.364"*
—~0.870"
—0.478"*
~0.160
0363+
0.192

m households and reference time i

SE

0.131
0.081
0074
0073
0381
0.086
0.104
0.130
0374
0.083
0281
0.153
0261

Constant

2214
0.048**
0366
0242°%

—2.384"

~0.169**

Ll

—1461%*

2566

—0732°

—2420

—1237%

2512

before COVID-19.

SE

0.099
0037
0038
0037
0.116
0037
0042
0055
0.141
0040
0.121
0.049
0133

Observations

4,930
4930
4,930
4930
4,930
4930
4,930
4930
4930
4,930
4,930
4930
4,930

Model Prob > chi2

0.000
0.000
0.000
0.000
0020
0.000
0.000
0.000
0.000
0.000
0041
0.000
0211
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Variables Category

Over the past 4 weeks, how has the frequency or quantity of houschold No change
fresh fruits and vegetables consumption changed?
Increased
Reduced
Reasons for reduced frequency or quantity of fresh fruit and vegetable FFV not available
consumption
FFV became expensive
Reduced incomes
Low supply

Reasons for increased frequency or quantity of fresh fruit and vegetable More household members

consump!

Own supply from rural home

Number of observations

Means are presented with the standard deviation in parenth \ces between slum and non-slum locations

Overall

249 (432)

05(7.0)
74.7 (43.5)
04(6.2)

34.1 (47.4)
64.8 (47.8)
08(8.7)
917 (289)

8.3(289)
2,465

Slum

7.7(26.7)

0.0(0.0)
92.3*** (26.7)
0.0(0.0)

43(202)
957 (202)
0.0(0.0)
0.0(0.0)

0.0(0.0)
1,298

sted for statistical significance; ™"

Non-slum

44,0 (49.7)

10** (10.1)
55.0 (49.8)
L1*** (10.4)

8977 (30.4)
7.0 (25.6)
'+ (14.6)
917 (289)

8.3 (28.9)
1,167

P <001
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Absorb

Transform

Small-scale farmers

 Early 2020 change in market
prices did not significantly affect
farmers s harvest had
concluded when COVID-19
pandermic started

« Significant loss of crop prior to
harvest due to impact of Eta
and lota, especially in
Honduras, Guatemala,
and Nicaragua

« Farmers, cooperatives, NGOs
worked together to implement
sanitary measures to adapt to
new restrictions and protect
workers, especially hired labor.
In small-scale family farms, this
assessment was not possible

« Adaptation to cope with cimate
change effects not evident in all
countries and within countries,
itis stil a challenge for the
majority of farmers

« Transformation at farm-level is
slow. Agricultural practices
such as renovating plantations
with new varieties or hybrids
adapted to pests and drought
takes time and resources not
available to all. Access to credit
stil reported as a major hurdle
for coffee farmers

Local traders

 No major shocks for
middlemen and local traders
as COVID-19 measures
implemented after harvest
concluded

« Landslides, loss of
infrastructure made access to
coffee farms difficult in
Honduras, Guatemala,
and Nicaragua

* Middlemen and traders face
access challenges due to loss
of infrastructure caused by
hurricanes. Adaptation
contingent on governments’
abilty to quickly restore roads
and improve access.

« No evidence of longer-term
transformation

« Access to coffee plantations
difficult, especialy if
infrastructure must be rebuilt in
Honduras, Guatemala,
and Nicaragua

Exporters

« Initial uncertainty with regards to
drops in market price, but as
market price increased, more
capacity to absorb shocks

* Loss of infrastructure in Honduras,
Guatemala, and Nicaragua after
hurricanes also impacted
cooperatives and exporters

* Exporters and cooperatives
supported the implementation of
sanitary measures o adapt to new
restrictions and protect workers,
especially hired labor. In Costa
Rica, these measures include the
protection of migrant hired workers
from Nicaragua and Panama

« Oniine coffee auctions were an
adaptation mechanism

* Guatemala reports higher sales of
roasted coffee at the regional level,
opportunity to transform coffee
value chain. Costa Rica has similar
strategy, also focusing on direct
trade

« In the future, online auctions likely
to remain and exports can benefit

Entire sector

« COVID-19  pandemic ~created
disruptions which sector could
absorb, as harvest had concluded
when confinement measures were
implemented

« Hurricane impacts were severe in
Honduras, Guatemala, Nicaragua,
difficulties absorbing shock

* Evidence of institutional
coordination to improve
agrioultural practioes, but process
will reqiire time before effects
are seen

* Slow change in international trade
patterns, although  direct trade,
blockehain  technologies  offer
opportunity to transform

o Central  America  extremely
wiherable to climate  change
effects

* Transformation of sector
remains challenging
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Food groups

Cereals

Roots and tubers

Nuts and pulses

Fresh vegetables

Eresh fruits

Meats

Eggs

Milk and dairy products
Fish (including omena)

Sample size

Means are presented with the standard deviation in parentheses; mean differences
Detween slum and non-slum locations were tested for statistical significance; P < 0.1,

P <001

Overall

97.7 (14.9)
320(467)
33.1(47.1)
99.4(7.2)
69.6 (46.0)
344 (47.5)
46.7 (49.9)
663 (473)

5099 (50.00)

2465

Slum

97.6(15.3)
327 (46.9)
352(47.8)"
99.7(5.5)
52.2(50.0)
23.9(42.7)
37.4(48.4)
514 (50.0)

57.9 (49.4)*

1298

Non-slum

97.8 (14.5)
313 (46.4)
30.7 (46.1)
99.1(8.8)
89.0 (31.2)**
46.2 (49.9)*
57.1(49.5)*
82.9 (37.6)
43.4 (49.6)
1167
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Variables

In the past 4 weeks, household members were not able to eat the kinds
of foods they preferred because of the COVID-19 pandemic

In the past 4 weeks, houschold members had to eat a limited variety of
foods due to a lack of resources occasioned by the COVID-19
pandemic

In the past 4 weeks, houschold members had to eat a smaller meal than
they felt they needed because there was not enough food due to the
‘COVID-19 pandemic

In the past 4 weeks, household members had to eat fewer meals in a day

because there was not enough food due to the COVID-19 pandemic

Number of observations

Means are presented with the standard deviation in parenth

Overall

74.3 (43.7)

740 (43.9)

67.4(46.9)

68.7 (43.4)

2,465

\ces between slum and non-slum locations

Slum

90.6** (29.2)

924 (26.6)

89.8°* (30.2)

89.0"* (31.3)

1,298

Non-slum

56.1(46.6)

53.6 (499)

425 (49.5)

462 (49.9)

1,167

sted for statistical significance; ™" P < 0.01.





OPS/images/fsufs-06-718443/fsufs-06-718443-t001.jpg
Variables Overall (n = 2,465) Slum (n = 1,298) Non-slum (n = 1,167)

Male household head (dummy) 62.2(48.5) 615 (48.7) 63.1(48.3)
Household head education (years) 128(8.1) 108 (94) 150 (5.5)
Occupation of the head
None 115(31.9) 168 (37.4) 57(23.0)
Salaried employment 233 (42.3) 134 (34.1) 343 (47.5)
Casual laborer 37.2(48.4) 47.9(50.0) 25.4(435)
28.0 (44.9) 21.8 (41.4) 347 (47.6)
Household size 3.8(2.0) 43 (1.9 33019
Average Monthly income (USD) 2224 (2,267.1) 788 (145.4) 3822 (3,284.7)
Mean household dietary diversity score during COVID-19 (out of 9 scores) 53(17) 49(18) 58(16)"
Study sites
Kibera 323(468) 613 (48.7) 0(00)
Mathare 20.4 (409) 38.67 (48.7) 0(0.0)
Nairobi West 0.1(29) 0(0.0) 0.8(4.1)
Embakasi 113(31.7) 0(00) 239(427)
Kaloleni 12:6(33.2) 0(0.0) 26.6 (44.2)
Wayiaki Way 112(31.6) 0(0.0) 23.7(42.6)
Langata 26(145) 0(0.0) 45(208)
Dagoretti Corner 9.98 (30.0) 0(0.0) 21.1(408)
M are presented with the standard devi n in parentheses; the USD-KE e of the survey of KES 107.11 = 1USD; HDDS stands for houschold

dietary diversity slum and non-shum locatios P <00l
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Variable HFIAS FCS Vitamin A Protein Heme-Iron

Scale
ECS Own Market FCS-N Own Market FCS-N Own Market FCS-N Own Market
score production  sources Vitamin  production sources Protein production sources Heme- production sources
sources Ascore  sources score sources iron sources
Score

Location 0.049 64217 —5.439" 12,548 0662 —0.947+** 19257 0.804° —2.187 1,095+ 0162 —0.488 0.186*
Gender —0695° 3879 23 1697 1106 ~0673* 119 0451 0955 0154 0.008 ~0.019 0.003
household head
Age household 0.012 0.044 ~0.130 0127 ~0.026* ~0.001 ~0.003 ~0.009 —0.048° 0.003 0.000 —0.016 0.001
head
Education 04617 —0072 —2.558 2093 —0.156 —0232 0234 —0.124 —0367 0.078 0.005 0021 0.009
household head
Health household 0.068 —1.489 —1.013 —1.607 017 —0.154 0052 ~05378 ~0978° ~0.166 ~0.063 ~0.052 —0071
head
Improved water 0.077 2328 0316 2451 0933 043 Lz 0713 ~0.677 0.461 003 0.855¢ 0.011
supply
Improved —0018 4.092¢ —4910"+ 7301 0287 0.066 1152 0444 0,671 0.241° 0203 0219
sanitation
Houschold size 0.002 03557 0.053 0263 0.051° —0.029 0.030¢ 0,043+ 0048 0,031 0,014 0.009 0.015%
Household 0.025 0918 0253 —0716 0022 0039 0014 ~0.006 —0.014 0.007 —0.033 —0.021
dependency ratio
Resident health 0485 0.942 0497 0.148 0.048 —0.121 0021 ~0.028 0079 ~0.048 ~0.062 0575 ~0.090°
change
Resident 0.004 1038 0.019 0431 0016 0.023 0,063 0.014 0096 0.021 0.002 0134 ~0.002
migration
Cashexpenditure ~ —0.028 0249 ~0.093 0233 —0.005 0.019 ~0.008 —0.009 ~0.102 ~0.007 0.002 ~0.001 0.004
Income change —0225%% 3497 0.685 3,032+ 0102 —0.024 0.059 0,087+ ~0.158 0,095+ 0,091 ~0.261 0106
Income source: —0746"  0.207 0.005 —0172 —0.004 0119 0.063 0.006 0.349° —0011 —0.034 ~0.052 —0.041
employment
Income source: —0436 4141 0528 1378 00927 0.039 0.113+ 0,077+ 0.086 0,064 0.014 0.045 ~0.007
business
Income source: —0861 39577 —0321 1.668 0036 0.019 01727 01177 0085 0.115% —0.023 —0.008 —0.047
remittances
Covid policy 0.031° —0547°  —0247% —0177 ~0.016* 0075+ —0.008* —0.005¢ —0018 ~0.006* —0.006* ~0.061* 0.0004
measures
Covid cases ~0.001 ~0.007 0,007+ ~0.020* 0.001 ~0.001° ~0.001* 0.0001 0,002 0.0003** 0 0,008 ~0.001°**
Covid perceived 0.875% —0.018 ~0723 —L144 —0.008 0.209° ~0.032 0.008 ~0.096 0011 —0012 017 ~0.004
impact
Ramadan ~0.499* 5036 —0228 2943 0243+ 0283 0.125% 0.053 011 0.045 0,086+ 013 0054

HFIAS, Household Food Insecurity Access Scale; FCS, Food Consumption Score;
Vitamin A rich foods; FCS-Iron, Food Consumption Nutrition score for Heme-iron rich foods.
ignificance at a 9% confidence
a95% confidence level.

, Food Consumption Nutrition Score;

-Protein, Food Consumption Nutrition score for Protein-rich foods; FCS-VitA, Food Consumption Nutrition score for
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Control variables Independent variables Dependent variables

Name' Mean SD Name Mean SD Name Mean SD
Location? 58% 05 Anyresidentsick 13% 03 HFIAS 038 16
Household head (male)* 88% 03 Mobility 14% 05 FCS 931 167
Household head age 57.0 120 Fishmoney(GMD) 449 391 FCSmarket 760 173
Education dummy 53% 05 Incomeup 20% 04 FCSown 73 92
Health household head 19% 05 Employment 68% 05 Protein 240 93
HHImpwaterdummy 83% 03 Business 51% 05 Proteinmkt 24 98
HHImptoiletdummy 83% 03 Remittance 3% 04 Proteinown 14 26
Hhsize 139 66 Policystring 396 53 Vit 144 68
Depratio L1 09 covidcases 110.3 989 VitAmkt 111 64
Hoarding 70% 04 VitAown 32 38

Iron 104 45

Tronmkt 100 16

Ironown 03 13

!Refer to Table 3 for variable specifications.
258% for location means that 58% of the respondents used in the regression are from urban area (please refer to Table 3 for reference group of dummy variables). Others can also be
interpreted with the same fashi
3Household head data Includes three households with both a male and female head.

SD, standard deviation; GMD, Gambian Dalasi the official currency of the Republic of Gambia; HFIAS, Household Food I

“onsumption Score.

ecurity Acc
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Month HFIAS FCS FCS-N Protein FCS-NVitA FCS-N Heme iron
TOT URB RUR TOT URB RUR TOT URB RUR TOT URB RUR TOT URB RUR

Jan L1 L1 14 88.5 89.8 792 233 242 170 123 13.0 72 11.0 13 82
Feb 14 16 1.0 852 93.0 729 212 250 151 102 124 69 9.4 12 66
Mar 09 L1 08 87.4 943 794 27 27.0 178 107 135 7.5 10.4 121 83
Apr 05 04 0.6 942 985 88.9 237 265 203 146 17.6 108 107 17 94
May 06 06 06 99.7 1015 97.4 259 272 241 192 194 188 17 124 109
Jun 07 038 06 95.7 1023 88.4 246 285 204 172 200 14.1 108 124 9.0
Jul 03 02 04 98.7 102.1 932 261 276 237 17.5 194 144 10.7 109 103
Aug 06 09 01 98.8 1042 90.6 257 284 218 145 17.3 10.4 87 9.9 69
Sep 07 07 06 93.0 1013 83.8 244 284 199 139 16.2 113 91 105 7.5
Mean 08 08 0. 93.1 98.1 86.1 240 269 200 144 164 116 10.4 116 87
SD 158 171 136 16.7 137 17.9 93 84 91 638 63 64 45 43 43

sample; URB, Urban sample; RUR, Rural sample; HFIAS, Household Food Insecurity Access S Food Consumptio
iion score for Vitamin A rich foods ron, Food Consumption Nutrition score for Heme-iron rich foods; SD, Standard deviatior

umption Nutrition score for Protein-rich foods;
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Food Totals Urban Rural

Market! Own production? Gift> Market Own production Gift Market Own production Gift

Rice 97% 3% 0% 99% 1% 0% 92% 8% 0%
Millets 84% 13% 2% 95% 4% 2% 67% 30% 3%
Roots/Tubers 84% 15% 0% 91% 9% 0% 69% 30% 1%
Pulses 83% 15% 2% 90% 8% 2% 71% 26% 3%
Dairy 97% 2% 1% 99% 0% 1% 94% 5% 1%
Eggs 95% 5% 0% 99% 1% 0% 89% 1% 1%
Dark green Vegetables 56% 44% 1% 72% 27% 1% 30% 70% 0%
Vitamin A rich vegetables 91% 9% 0% 96% 4% 0% 83% 17% 0%
Vitamin A rich fruit 38% 56% 6% 45% 50% 5% 26% 68% 6%
Other fruit 86% 13% 2% 89% 10% 1% 77% 19% 5%
Flesh meat 88% 9% 3% 90% 7% 2% 82% 13% 5%
Fish 99% 0% 0% 100% 0% 0% 99% 1% 0%
Oilsand fats 100% 0% 0% 100% 0% 0% 100%. 0% 0%
"Refers to food purchased at the market.

2Refers to food sources from own production.
3Refers to foods

urced from friends or family with no monetary exchange.
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Parameter Question topics (examples)

Agroecosystem resilience

Ecological self-regulation Existence of riparian buffers, hedgerows,
polinator strips, and/or trees on farm

Connectedness Use of intercropping, cover cropping,
intraspecific diversity
Spatial and temporal heterogeneity Diversity of cultivation practices; use of crop

rotations

Integration of local natural capital  Use of compost and manure

Food system resilience

Autonomy and local Contribution of farming to household income

interdependence

Food security Access to food; community food security

Food system vulnerability

Shock exposure Access to commodities and farm inputs;
available farm labor

Shock sensit Anxiety

Questionnaire sections

Farm background;
farm management and crop diversity

Farm background;

food system resilience and vulnerabity;
effects of COVID-19 pandermic on farm
management, farm economy and food

systems

Food system resiience and vulnerabilty;
effects of COVID-19 pandermic on farm
management, farm economy and food
systems

Results section

Impact of COVID-19 on farm
management and crop choices

Producer perceptions of the impact of
COVID-19 on food security and
ivelihoods

Impact of COVID-19 on farm econormy

Impact of COVID-19 on producers’
emotional well-being

Parameters of the adapted agroecosystem assessment framework (Cabell and Oelofse, 2012) enhanced with food system resilence and vulnerabilty parameters, their refation to the

survey questionnaire, and results section where findings are presented.
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Indicator Montana South Dakota

Farm size
Farm > 100 acres 12
Farm < 100 acres 19

Farm’s contribution to household economy

Farming < 75% of income 19
Farming > 75% of income 12
Destination of farm outputs

>90% of production for sale 14
50-80% of production for sale 10
<50% of production for sale 7
Farm ownership

Own farmland 23
Lease farmland or employed 8
Farming experience of (surveyed) farm manager
Farming experience 1 year 6
Farming experience > 1 < 5 years 9

Farming experience > 5 years 16

No response
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Parameter
Ecological self-regulation (ES)
Connectedness (CO)

Spatial and temporal heterogeneity (HE)

Integration of local natural capital (IN)
Autonomy and local interdependence (AU)
Food securlty (FS)

Shock exposure (SE)

Shock sensitivity (SS)

Processed values

Number of farms using riparian buffers (xr), hedgerows (xis), pollinator
strips (xps), and having trees on the farm (xrs)

Number of farms using intercropping (i), cover Gropping (Xco), and
cultivating intraspecific diversity (xip).

Diversity of cultivation practices (DCP); use of crop rotations (xo)

Number of farms using (xco) and manure (xya)
Percentual contribution of farming to household income (CO)

Number of farmers who did not perceive an impact of COVID-19 on their
diet (xor) and community food security (xcrs)

Number of farmers who did not perceive an impact of COVID-19 on access
to commodities and farm inputs (xcr) and available farm labor (xor)

Number of farmers who did not perceive anxiety due to COVID-19 (xax)

Equation

Xes = (£1%%)

Rse = (T1%m)

Xes = 1:&;@:{)
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Baseline to follow-up 1 (May to June 2020) Follow-up 1 to follow-up 2 (June to August 2020)

Increase in dietary diversity* Decrease in dietary diversity* Increase in dietary diversity* Decrease in dietary diversity*

Crop diversity (Kharif 2020)
1 crop Ref Ref Ref Ref

2 crops 1.10 (064, 1.86) 0.52(0.35, 0.78) 0.90(0.56, 1.44) 1.07 (065, 1.76)
3 or more crops. 1.71 (1.01,2.88) 0.48 (0.31, 0.75) 0.80(0.48, 1.33) 1.11(0.66, 1.87)
Covariates

Education

No formal schooling/primary school Ref Ref Ref Ref
Secondary school 0.99 (0.60, 1.64) 1.81 (1.19,2.75) 1.29(0.80, 2.10) 1.80 (1.08, 3.01)
Grad/post grad/Professional 1.29(0.76, 2.19) 1.81(1.15,2.84) 215 (1.30,3.58) 1.97(1.13,3.43)
Caste

Scheduled caste/tribe 0.68(0.37,1.24) 0.60(0.36, 1.01) 1.34(0.74,2.41) 0.81(0.44, 1.48)
Backward caste 1.05(0.64, 1.72) 1.14(0.77, 1.69) 1.59 (0.99, 2.55) 0.79(0.49, 1.27)
Other/no answer Ref Ref Ref Ref
Farm size

Landiess (0 ha) 065 (0.17,2.47) 0.82(0.27,2.29) 227 (0.84,6.16) 097 (0.25,3.79)
Small/marginal (0.01-2.00 ha) Ref Ref Ref Ref
Medium (2.01-4.00 ha) 0.81(0.47,1.39) 0.55 (0.35, 0.88) 037 (0.21, 0.67) 0.74(0.43,1.27)
Large (>4.00 ha) 0.76 (0.44, 1.31) 0.82(0.53, 1.25) 0.30 (0.17, 0.52) 0.63(0.38, 1.06)
Livestock ownership

No Ref Ref Ref Ref

Yes 1.08 (0.83, 1.40) 1.11 (0.0, 1.37) 0.88(0.69, 1.13) 0.85(0.65, 1.11)
Kitchen garden

No Ref Ref Ref Ref

Yes 0.71(0.46,1.10) 0.43(0.30, 0.61) 053 (0.35, 0.79) 0.52(0.34, 0.81)

Values are adjusted relative risk (95% confidence intervel) from multivariate polynomial logistic regression. Bold values indicate statistical significance at the p < 0.05 level.

“Dietary diversity score calculated based on consumption of eight food groups over the pst 7 days including: (1) starchy steples (rice, wheat, and potatoes), (2) pulses, (3) nuts, (4)
vegetables, (5) i, (6) dairy, (7) eggs, and (8) fleshy foods (meat, poultry, and fish). Those who consumed a food group every day in the past week were assigned a value of 1" and
those who did not were assigned a value of “0" and the values across these eight food groups were summed. Thus, the dietary diversity score ranged from 0 to 8 with 8 representing
maximum dietary diversity.
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Total (n = 833) No change in dietary Decrease in dietary Increase in dietary P-valuet

diversity* (n = 421) diversity* (n = 285) diversity* (n = 127)
Gender
Male 942 (786) 93.3(399) 94.4(269) 969 (129) 033
Female 58(8) 6.7 (28) 56(16) 314
Age, years 422(12.5) 43.4(12.6) 41.1(125) 407 (11.6) 002
Household size
13 98(82) 10.2 (43) 8.8 (25) 11.0(14) 015
4 23.3(194) 27.1(114) 21.1(60) 15.7 (20)
5 205 (171) 19.5 (82) 21.8(62) 213(7)
6 or more 463 (386) 432 (182) 48.4(138) 52.0(66)
Educational attainment
No formal schooling/primary school 33.3(277) 385 (162) 24.6 (70) 35.7 (45) 0.01
Secondary school 382(318) 36.1 (152) 432 (123) 34.1(43)
Grad/post grad/professional 285 (287) 25.4 (107) 32392 302(38)
Caste
Scheduled caste/tribe 23.6 (195) 29.3 (123) 16.0 (45) 213(27) 0.01
Backward caste 37.2(308) 33.8(142) 2416(117) 386 (49)
Other/no answer 39.3(325) 369 (156) 42.3(119) 402 (51)
Children <5 years, % yes 345 (287) 287 (121) 38.9(111) 433 (55) 001
Farm size
Landless (0 ha) 6.4(59) 69(29) 68(19) 40() 021
Smallmarginal (0.01-2.00 ha) 51.2(429) 48.7 (208) 54.3(152) 52.8(66)
Medium (2.01-4.00 ha) 18.9(156) 21.4(90) 13.9 (39) 216@7)
Large (>4.00 ha) 235 (194) 23.07) 250 (70) 2167
Crop diversity (Kharif 2020)
1 crop 45.4 (352) 38.0 (149) 61.8(162) 33.9 (41) <0.01
2 crops 280 (217) 31.9(125) 22.1(69) 28.1(34)
3 or more crops 26.6 (206) 30.1(118) 16.0 (42) 38,0 (46)
Simpson’s index* 0.24(0.26) 029 (0.27) 0.15(0.28) 029 (0.26) <001
Livestock ownership, % yes 76.8(640) 78.1(329) 74.4212) 78.0/(99) 048
Income from livestock, % yes 26.7 (171) 28,6 (04) 24.1(51) 26.3(26) 051
Income from wages, % yes 32.0(259) 35.7 (147) 252 (70) 35.0 (42) 001
Received food rations, % yes 475 (304) 47.1(198) 51.2(146) 40.0(50) 041
Kitchen garden, % yes 55.0(458) 47.7 (201) 65.3(186) 55.9(71) <001

Values are percent (n) or mean (SD).
“Ditary diversity score calculated based on consumption of eight food groups over the past 7 days inclucing: (1) starchy steples (rice, wheat, and potatoes), (2) pulses, (3) nuts, (4)
vegetables, (5) i, (6) daiy, (7) eggs, and (8) fleshy foods (meat, poulry, and fish). Those who consumed a food group every day in the past week were assigned a value of “1” and
those who did not were assigned a value of 0" and the values across these eight food groups were summed. Thus, the dietary diversity score ranged from 0 to & with 8 representing
maximum dletery diversity.

*P-value from chi-square test for categorical variables and one-way ANOVA for continuous varizbles.

*Simpson's Index calculated using the equation: Simpson’s Index =1 — Y-} P2 where P s the area proportion of the ith crop in the gross cropped area and n is the totel number of
crops cultivated per farm. Values range from 0 to 1 where 0 coesponds to monocropping and 1 to the highest achievable crop diversity.
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Total (n = 775) Cultivated 1 crop Cultivated 2 crops Cultivated 3 or more P-valuet

(n =352 (=217 crops (n = 206)*
Gender

Male 95.2 (738) 935 (329) 96.8(210) 96.6(199) 0111

Female 48(37) 65(23) 32() 30(7)

Age, years 42.41 (12.57) 42.45 (13.15) 41,62 (12.95) 43.15(11.05) 0.458
Household size

13 95(74) 11.1(39) 10.1(22) 63(19) 0501

4 227 (176) 21.6(76) 235 (51) 23.8(49)

5 20.4 (158) 21.9(77) 175 (38) 20.9 (43)

6 or more 47.4(367) 455 (160) 48.8(106) 49.0 (101)

Educational attainment

No formal schooling/primary school 31.1(241) 23.6(83) 34.1(74) 41.0(84) <0.001
Secondary school 39.1(303) 41.8(147) 36.9 (80) 37.1(76)

Grad/post grad/professional 297 (280) 347 (122) 29.0(63) 22,0 (45)

Caste

Scheduled caste/tribe 217 (167) 11.2(39) 26.4(67) 345(71) <0001
Backward caste 39.1(301) 402 (140) 37.5 @1) 38.8(80)

Other/no answer 39.2(302) 486 (122) 36.1 (78) 267 (55)

Children <5 years, % yes 34.8(270) 33.8(119) 34.1 (74) 37.4(77) 0.669
Farm size

Landless (0 ha) 28(22) 1.7(6) 23(6) 5.3(11) 0.032
Smal/marginal (0.01-2.00 ha) 52.3 (405) 545 (192) 532 (115) 47.6(98)

Medium (2.01-4.00 ha) 202 (156) 19.6 (69) 16.2 (35) 252(52)

Large (>4.00 ha) 247 (191) 24.1(85) 282 (61) 21.8(45)

Crop diversity (Kharif 2019)

1 crop 47.6 (362) 96.0(332) 108 (23) 35(7) <0001
2 crops. 265 (217) 35(12) 81.7 (174) 7.9(16)

3 or more crops. 25.9(197) 062 7.5(16) 886 (179)

Simpson’s index* 0.54(0.17) 0(0) 0.36 (0.18) 0.17 (0.54) <0.001
Livestock ownership, % yes 79.4 615) 75.6 (266) 783(170) 86.9(179) 0,006
Income from livestock, % yes 263 (162) 28.9(77) 22.4(38) 26.3(47) 0313
Income from wages, % yes 286 (216) 23.4(78) 30,6 (66) 35.1(72) 0010
Received food rations, % yes 45.2 (349) 45.6 (160) 46.5(100) 432(89) 0778
Kitchen garden, % yes 55.0(458) 68.8 (242) 49.3(107) 46.6(96) <0001

Values are percent (n) or mean (SD).

“Crop diversity was calculated based on the number of crops cultivated by a farmer in Kharif 2020.

*P-value from chi-square test for categorical variables and one-way ANOVA for continuous varizbles.

#Simpson’s Index calculated using the equation: Simpson’s Index = 1 — 3"} P2 where P; s the area proportion of the i-th crop in the gross cropped area and n is the total number of
crops cultivated per farm. Values range from 0 to 1 where 0 coresponds to monocropping and 1 to the highest achievable crop diversity.
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Bioactive plant
molecules

Flavonoids

Other aromatic
compounds

Sulfur compounds

Compound

Quercetin

Kaempferol

Naringenin

Hesperetin

Curcumin

Phloretin

Epigaliocatechin
gallate
(EGCG)

Sulforaphane

Main Source

Capers
Buckwheat
Orions
Capers
Saffron
Brassicaceae

Citrus fruits
Tomatoes

Citrus fruits

Turmeric

Apple
Kumquat
Pear
Strawberry

Tea

Brassicaceae

Food Concentration
(mg/100g)

Capers (raw) 234
Buckwheat 184-535
Onions 120

Capers (raw) 259
Saffron 205
Brassicaceae 30-60
Grapefruit 53
Orange 11

Tangerine 11

Tomato 5-12
Orange 20-60
Tangerines 8-46
Lemon 4-41
Grapefruit 2-17

3,000

40

Green tea 7,380
White tea 4,245
Black tea 936

Broccoli 1,400

Effectiveness Against CoVs

SARS-CoV-2 proteases (3CLpro,
PLpro), ACEZ receptor,
glycoprotein-RBD Spike
SARS-CoV-2 protease,
glycoprotein-RBD Spike, NF-kB

SARS-CoV-2 protease (3CLpro),
ACE2 receptor, NF-kB

SARS-CoV-2 protease (3CLpro),
glycoprotein-RBD Spike, ACE2
receptor

SARS-CoV-2 protease (3CLpro),
glycoprotein-RBD Spike, ACE2
receptor

Activation Nrf2 pathway,
epigenstic regulation

ACE2 receptor, NF-kB,
epigenetic regulation

Activation Nrf2 pathway,
epigenetic regulation

References

(20-23)

(24,25)

(26-28)

(29)

(30,31)

(30,32, 33)

(34,35)

(36,37)
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Dish

Salad

TOoT

Pasta with tomato
sauce

TOT

Polenta taragna

TOT

[RDA inferred from (158)].

Ingredients

Radicchio (ov.
Chioggia)

Onion (ov. Karmen)
Tomato (cv. Daniella)
Capers

Olive oil

Salt

Tomato sauce (cv.
Daniela)

Onion (cv. Karmen)
Capers

Pasta

Olive Oil

Salt

Buckwheat flour (cv.
Valtelinese)

Corn flour
Water
Salt

Indicative
quantity
(g/serving)

100

40
100
10

qs
qs

200

40
10
80

qs
qs

50

20
300

qs

Quercetin
content

(mg/100g)

17

254.9
436
234

5495
436

2549
234

4889
764

764

Quercetin
content
(mg/serving)

17

102
43.6
23.4

186
87.2

102
23.4

1254
382

382

Processing

Fresh

Peeling, trimming
Fresh
Fresh

Peeling, trimming
Fresh

Quercetin loss (%)

39%

Quercetin intake
after processing and
cooking (mg/serving)

17

62.2
43.6
234

1462
87.2

778
234

101.2
2712

2712

Quercetinintake  References
after processing and
cooking) (% RDA)

034 (143)

12.44
8.72
4.68

26.18
17.44 (159)

1556 (143)
468

37.68
54.24 (160)

54.24
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