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Introduction: Food security is an important aspect of sustainable development at global, national and local levels. However, differences in resource endowments and control thereof, may privilege some households and regions than others. As a result, households’ diets may be varied leading to differences in food security status. Various initiatives that seek to diversify diets through legume integration on farms have been promoted in developing countries; but, their effects on household food security remains undocumented. In order to address the above knowledge gap, this study compares the food security indicators of male and female-headed households that integrate legumes in their farms in Nandi County, Kenya.

Methods: Using cross-sectional data from 374 respondents, various food security scores were computed. Subsequently, the ordinary least squares regression model was applied to determine factors that influence the food security scores.

Results and discussion: The results revealed that the food security scores were in the normal range; acceptable food consumption score of 62.20 and medium household dietary diversity score of 5.24. In both the male- and female-headed households; land size, access to credit and distance to nearest open-air market from the household significantly affected food security scores positively, while number of meals per day had significant negative effect. Further, in the male-headed households, the food security score was positively affected by household size and years of farming experience, while the household head’s age negatively affected the food security score. These findings provide useful insights on the need to target specific interventions that support the attainment of desired levels of food security in male- and female-headed households based on their distinct levels of resource endowments and control.
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1 Introduction

Global food insecurity is a concern due to rapid increase in population, climate change and limited arable land. Food systems aim to produce enough nutritious food in environmentally sustainable ways while facilitating fair and equitable livelihoods, social justice and respect for cultural values (Marshall et al., 2021). However, environmental and social sustainability have often been compromised within food systems. Moreover, enough production may not always translate to affordability, accessibility or proper utilization of the food for healthy diets. Consequently, poverty, hunger and poor diet related diseases are on the rise, inequalities are extensively experienced, and environmental degradation has become a menace (Ambikapathi et al., 2022). The ongoing climate crisis highlights more than ever the need to diversify agri-food systems to more climate-smart ways of producing food, strengthening supply chains and improving diets, especially for farmers and low-income consumers in vulnerable regions (Ngigi et al., 2022). In this regard, legumes can be exploited as sustainable, climate change resistant and high-quality healthy protein sources. Grain legumes play an important role in increasing productivity in farming systems and improving food security in Sub Saharan Africa (SSA; Snapp et al., 2019). In Kenya, legumes are mostly intercropped with other cereals in push-pull technology systems aimed at controlling weeds and crop pests (Buleti et al., 2023). Intercropping cereals with multipurpose legumes improve soil fertility, increases crop yields and reduce chances of crop failure (Mupangwa et al., 2021).

Legumes can contribute to increasing the resilience of farming systems as they improve soil biodiversity and are crucial components of multiple cropping systems (Lal, 2017). For instance, they produce several compounds that feed soil microbes and benefit soil health especially by increasing the soil organic carbon (Lasisi and Liu, 2023) and as cover crops, they help in retention of soil moisture. Legumes fix nitrogen, a major crop nutrient, from the atmosphere into the soil, making it available to plants to increase productivity. In addition, they aid farmers to reduce use of synthetic fertilizers. Legume crops are also known to fight off plant disease-causing pests, thereby reducing dependency on chemical fertilizers and pesticides (Snapp et al., 2018; De Jager et al., 2019). Further, legumes produce a smaller carbon footprint, indirectly reducing greenhouse gas emissions. In most developing countries, legumes are grown as secondary crops with their potential being underutilized (Desire et al., 2021). Some legumes like lablab can be used as animal feeds for pigs, goats, sheep and cattle (Wangila et al., 2021). The legumes also improve the quality of manure from animals.

In recent food security debates, there is an increasing interest in proteins from plant sources as opposed to animal protein (Ismail et al., 2020; Perraud et al., 2022; Fouillet et al., 2023). Scientific evidence suggests that legume consumption reduces the risk of numerous chronic diseases (Conti et al., 2021) such as certain types of cancer, cardiovascular disease (CVD), and type 2 diabetes (Didinger et al., 2022). They also contain high levels of macro, micronutrients and bioactive metabolites with synergic effect against inflammation, which plays a role in disease onset or progression (Zhu et al., 2018). This means they are suitable for human health (particularly pregnant mothers) and young children as they offer a cheap and affordable source of protein and serve to prevent malnutrition. As noted by Sharma et al. (2022) legumes contain twice the amount of protein found in whole grain cereals. Legumes also maintain their high nutritional value even when stored for a long period (Singh et al., 2022). This trait is particularly valuable for smallholder farmers who depend on the food they store between harvests.

The Food and Agriculture Organization of the United Nations (FAO) supports a Strategic Framework 2022–2030 for sustainable agri-food systems anchored on “Four Betters” (FAO, 2022), that is, better production, better nutrition, better environment and better life. Legumes perfectly fit into this paradigm due to their characteristics. They come with many advantages to human nutrition and environment. Low dietary diversity is one of the major causes of malnutrition in Kenya. As a result, the government and other partners have been promoting the uptake of plant-based legumes such as groundnuts, dolichos lablab, soya bean and common bean in order to address the rising cases of poor nutrition (Okelloh et al., 2023) in different parts of the country. Unfortunately, their consumption remains low at 25 g/day in sub Saharan Africa against the potential level of 50 g/day recommended by the EAT—Lancet Commission on food, planet and health (Willett et al., 2019). In Kenya, common bean is the most cultivated and consumed legume. Bean consumption is estimated at 14 kg per year but it can go up to 66 kg per year in the western part of the country (Nduati et al., 2023), where there are high incidences of poor dietary diversity despite existence of multiple food crops.

Farmers in these regions have been introduced to diverse ways of legume consumption to increase its nutritional benefit. For instance, porridge flour made from legumes and other cereals has been promoted (Gitau et al., 2019). Moreover, some legumes are baked into snacks, others roasted and some taken as soups and stews. Despite the enormous potential of legumes to contribute to household diets and better nutrition, the level of food security among households that integrate the legumes has not been fully documented; more so on a gender dimension.

This study therefore explores the dimensions of food security in male- and female-headed households in Nandi County, Western Kenya in relation to legumes. Nandi County is relevant to this study because of its high level of depletion of soil fertility (Njoroge and Zingore, 2017). In addition, Nandi County experiences incidences of food insecurity and malnutrition [Nandi County Integrated Development Plan (NCIDP), 2023]. Legumes can be used to reclaim the lost soil fertility in this region as it improves soil health. In addition, farmers in this region are less resource endowed making them vulnerable to food insecurity and malnutrition. Therefore, the idea of legume integration in this region came in handy considering its multi-purpose nature. Employing agro-ecological principles in this region using legumes ensures a circular economy while sustaining the farmers’ resource levels (Bezner Kerr et al., 2019). Socio-cultural heterogeneity in Nandi County [Nandi County Integrated Development Plan (NCIDP), 2023] affects utilization and preferences for legumes among the male and female members. Therefore, this study contributes to the knowledge gap around dietary diversity in male and female-headed households. Further, the study builds on the suggested area for further research by Amoah et al. (2023), on gender-specific factors associated with legumes consumption.



2 Methodology


2.1 Study area, sampling procedure, and data collection

The study was conducted in Nandi County, western Kenya (Figure 1). According to the national census data, Nandi County has a total population of 885,711 (KNBS, 2019), with a land area of 2,884.4 Km2 and population density of 310 persons per Km2. Due to the high population, there has been land fragmentation and continuous cropping in the region, leading to the depletion of the natural resource base, malnutrition and increased poverty levels.
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FIGURE 1
 Map of Nandi County, Kenya.


A three-stage sampling technique was employed; in the first stage, Nandi County was purposively selected since it is an experimental site for a legume integration project. In the second stage, stratified sampling was applied to select three sub-countries in Nandi (Koibem, Kiptaruswo, and Kapkerer). The selection of both the County and three sub-counties were based on the fact that legume options had been rolled out in the regions by the collaborative crops research program (CCRP). In the third stage, systematic random sampling was used to select households. A starting point was identified from a list given by the local extension officer, then every 5th household was selected from the list. The choice of every 5th household was to avoid selection bias of very close relatives.

Focus group discussions (FGDs), one in each of the three sub-counties, were conducted to help identify issues around food security in households integrating legumes. The issues identified included; legume management at the farm, legume utilization within the households, legume marketing and the influence of legumes on food security. The issues identified were later used in designing the survey tool. The selection criteria for the FGD participants included sex and age group; with 6 male and 6 female participants in each group. All the participants were farmers who integrated legumes in their farming systems. In addition, there was a balance between the old and the young in the groups for both sexes. The young were defined as those below 40 years, while the old were defined as those above 40 years old. The FGDs comprised 12 members each, which is the acceptable number for an FGD.

A follow-up household survey was conducted after the FGDs through face-to-face interviews, which guarantee high response rates besides enabling clarification of survey questions in interviews. The survey used semi-structured questionnaires to collect data on the cultural, socio-economic and institutional characteristics. Data collection was done using a pretested, semi-structured questionnaire programmed in Open Data Kit (ODK).

The formula adapted from Fisher (1983) was used to calculate a reasonable sample size for the study (Equation 1).
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where,

n, the desired sample size (if the target population is greater than 10,000);

Z, the critical z-value at the required confidence interval;

P, the proportion in the target population estimated to have integrated legumes;

q, 1 – P;

d, confidence interval or statistical significance.
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A value of p of 0.5 was used with an assumption of maximum variability in the population. In addition, assuming a normal distribution, a confidence interval of 95% covered representation of extreme values (Singh and Masuku, 2012). Further, a corresponding Z-value of 1.96 was used. Due to potential challenges of non-responses and incomplete questionnaires since data was collected during the advent of Covid-19, where movements were restricted, the calculated sample size was adjusted upwards by 10% in line with the suggestions of Israel (1992) to 423. However, after data cleaning, the valid sample size dropped to 374 households. The data cleaning and analysis were done in Excel and STATA version 14.1 software.



2.2 Conceptual framework

The conceptual framework (Figure 2) was adapted from Kanter et al. (2015) which shows the links between agriculture, food, nutrition and health. The key theme for this framework is on ‘gender’ and ‘household quality care’ which are related to household activities and dietary diversity. A modification was made on the framework to cover only aspects of the relationships between agriculture, food and nutrition since the study focused on dietary diversity. The framework begins from the point of ‘input and innovation’ where a farmer is exposed to different technological and agricultural practices that include integration of legumes in the farming systems. It then follows a primary agricultural production line where the farmers’ interest is on the quality produced, quantity produced, diversity within the farming systems and farm gate prices. Once production is completed, farmers have the liberty to choose whether to store and consume the products, sell the products and get income or channel them to non-agricultural enterprises. Should farmers choose to produce and consume, then they need to worry about food availability, diversity, nutrition quality and food prices outside what they produce. The ultimate focus is on individual or population consumption which influences household quality care in terms of feeding, education and knowledge on consumption, time to participate in agricultural production, and knowledge on the nutrition and dietary diversity. Gender is specifically referenced in the household quality of care domain of the framework because gender roles considerably influence nutrition pathways and outcomes. The framework posits that the role and impact of female empowerment is deeply rooted within the household where decision-making occurs around food acquisition, income and dietary sources.

[image: Figure 2]

FIGURE 2
 Conceptual framework.




2.3 Measurement of food security

Food security can be measured using different indicators: household dietary diversity score (HDDS), food consumption score (FCS), coping strategy index (CSI), household food insecurity access scale (HFIAS) and months of adequate household food provisioning (MAHFP). The CSI and HFIAS capture accessibility and stability dimension of food security (Maxwell et al., 2013) while MAHFP captures food availability and stability dimensions (Bilinsky and Swindale, 2010). However, this study focused on measuring dietary diversity which are outside the scope of CSI, HFIAS and MAHFP. Therefore, this study adopted HDDS and FCS, which are not only composite measures of dietary diversity but also capture frequency of food consumption and nutritional importance (Vhurumuku, 2014). Further, the two indicators capture the utilization dimension of food security (Bilinsky and Swindale, 2010).

Table 1 illustrates calculations and classifications of HDDS and FCS adapted from Mutea et al. (2019). The HDDS is calculated by summing up equally weighted response data on the consumption of 12 food groups (i.e., cereal grain staples, roots and tubers, vegetables, fruits, meat, eggs, fish, legumes and nuts, dairy products, oils and fats, sugar, and condiments). The respondent was asked if anyone in the household consumed any item from each food group in the previous 24 h. These responses were summed up to obtain a score from 0 to 12 (Jones et al., 2013).



TABLE 1 Calculation and classification of each food security indicator.
[image: Table1]

The FCS uses a seven-day food frequency data, grouping all food items into 9 food groups (i.e., staples, vegetables, fruits, meat and fish, legumes, milk, oils, and sugar and condiments). The seven-days for this study was with reference to a week before data collection. Consumption frequencies for the same food groups were summed up. The value obtained was multiplied for each food group by its weight to create a new weighted food group scores (Vhurumuku, 2014). The weighted food group scores were then summed up to obtain the FCS that ranged between 0 and 112 (WFP, 2008).



2.4 Analysis of food security scores

Data was analyzed and standardized as required. For example, livestock ownership was converted to tropical livestock units (TLUs) by a factor (cattle = 0.7, goats/sheep = 0.1, poultry = 0.01) according to Rothman-Ostrow et al. (2020). Means and standard deviations of the key variables were calculated and tabulated by the gender of the household head. The FCS and HDDS were computed using the international standards for food security as per the food and nutrition technical assistance for communities (FANTA) document (WFP, 2008). The FSS was given as a summation of FCS and HDDS for the households (Equation 2). The summation of the FCS and HDDS to create a composite measure is guided by the logic that food security cannot be measured independently using one measure.
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where, [image: image], [image: image], and [image: image] are composite food security score, food consumption score, and household dietary diversity score, respectively for the nth household.

Since FCS and HDDS measure similar aspects on dietary diversity (Jones et al., 2013) with a close relevance of the recall questions asked on food consumption, they are likely to be correlated. Therefore, this study used a spearman’s rho correlation to test the correlations (Mutea et al., 2019) between FCS, HDDS and FSS.

Considering that the FSS obtained was a continuous variable, an ordinary least squares (OLS) regression, which has also been used in previous food security studies (Bhalla et al., 2018; Coulibaly et al., 2023), was employed to analyze the factors affecting FSS between the male-headed households (MHHs) and the female-headed households (FHHs). In the OLS regression specified, (Equation 3) represents the response variable as a function of different regressors. Equation 4 introduces the intercept, and the unobserved random error accounting for influences upon the response variable other than the regressors. Equation 5 represents the linear model used to determine the response variable. male-headed households (MHHs) and the female-headed households (FHHs).

The OLS regression model was specified below:
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where,

[image: image] = Composite FSS

[image: image] = Constant

[image: image] = Coefficients of the specific variables shown in Table 2

μ = error term.



TABLE 2 Description of variables included in the OLS regression.
[image: Table2]




3 Results and discussion


3.1 Descriptive statistics

Table 3 presents the characterization of key household demographics. About two-third of the interviewed households were male-headed. The finding is in agreement with other studies conducted in the same region by Onyango (2019) and Nyamasoka-Magonziwa et al. (2021) who found most of the households to be MHHs. The average age of the household head in FHHs was higher than in the MHHs. Nevertheless, in both categories, the household heads’ ages were below that of an average farmer in Kenya; 60 years against a life expectancy of 65 years [Ministry of Agriculture, Livestock and Fisheries (MoALF), 2018]. The pooled average age of 49 years is an indication that younger persons were also involved in farming. The analysis also showed that slightly more than half of the household heads had completed primary education.



TABLE 3 Household characteristics.
[image: Table3]

The FHHs had more farming experience than MHHs. Apart from farming activities, men are more likely to be engaged in other off-farm activities like formal employment as opposed to women. This makes men have less time to concentrate on farming activities unlike the women, hence the more years of farming experience in FHHs than MHHs. Moreover, FHHs having more time on farming partly explain why they generated more income from farming than MHHs. The MHHs had larger acres of land than FHHs. This corroborates the assertion in the FGD that land ownership is culturally skewed toward men among the communities in Nandi County. A similar trend was also recorded by Wudil et al. (2022) that only 12% of women in Sub Saharan Africa own land as sole owners. Further, 42% of MHHs had access to credit as opposed to a third of FHHs. The main sources of credit for legume farmers in the study site were friends, relatives, and neighbors; informal savings and credit groups particularly women group/table banking/merry go round as opposed to formal microfinance institutions and commercial banks.

The average TLU was 0.66 for FHHs and 0.86 for MHHs. Every household reported having had at least two meals per day in the previous week. This corroborates the findings of Keya et al. (2019) who found that 57.1% of households in Kenya take two meals on average and that reducing number of meals is a coping strategy for most poor households who find food market prices expensive. The distance from homesteads to the nearest open-air market was approximately 4 km.



3.2 Food security scores

Table 4 shows different food security scores between the FHHs and the MHHs that grow legumes. The HDDS, FCS and FSS were generally higher in MHHs than FHHs; though the differences were statistically insignificant. This is contrary to Muthini et al. (2020) who found the dietary diversity of MHHs to be higher than in FHHs. At least 5 out of the 12 food groups were consumed by both categories of the households and they also had acceptable FCS of above 35. However, it is worth noting that higher and acceptable FCS above 35 may not always reveal how food secure a household is. Ideally, some households may have consumed foods that are at the borderline that cumulatively give a higher score. For example, a household that consumed milk (FCS score of 4) for breakfast, vegetables (FCS score of 1) for lunch, and staples (FCS score of 2) for supper, gets a lower FCS than a household that consumes legumes (FCS score of 3) for the three meals. According to the FCS score scale, the second household is considered better than the first one; an observation that is contrary to expectations from the nuances in food security. The first household achieves diversity of foods and balanced diets while the second household is likely to suffer from malnutrition since it maintains the same food group. Therefore, FCS is considered a conservative indicator and may not always reflect the real dimension of food insecurity within the households (WFP, 2008).



TABLE 4 Indicators of food security score.
[image: Table4]

Considering that HDDS and FCS are correlated, a spearman’s correlation coefficient was computed between the two and the composite FSS to determine the strengths of the correlations (Table 5). At a 1% level of significance, the FCS and HDDS were strongly correlated. This was expected given the nature of similar questions asked for the food intake data (Vaitla et al., 2017) with a slight difference on the recall period. The composite FSS was strongly correlated with both HDDS and FCS at 0.794 and 0.998, respectively.



TABLE 5 Spearman’s correlation coefficients between HDDS, FCS, and FSS.
[image: Table5]



3.3 Factors influencing food security scores

Table 6 presents results of the OLS regression on factors that affect FSS between FHHs and MHHs. The overall pooled results of the OLS regression showed a significant OLS equation with F(10, 363) = 13.65, value of p associated with the F test (0.0000), and adjusted R2 of 0.25. Farm experience, land size, access to credit, and distance to the nearest open air market had positive effects on the FSS at 1% level of significance. However, at the same level of significance meals per day had a negative effect on FSS. In addition, age had a negative effect on the FSS at 5% level of significance.



TABLE 6 OLS regression results on factors affecting FSS.
[image: Table6]

The number of meals taken per day negatively affected FSS in both FHHs and MHHs. This can be attributed to monotonous diets eaten throughout the day. Penafiel et al. (2022) in a study on healthy eating in Western Kenya concluded that dietary diversity is linked to consuming a variety of food in meals throughout the day. This was contrary to the expected results where it was hypothesized that more meals taken per day would increase the nutrient density hence higher FSS scores. This result also contradicts the findings in Ethiopia by Huluka and Wondimagegnhu (2019), which indicated that frequency of meals taken per day was positively related with HDDS. Legumes play a significant role in diets contributing to about 10 to 40% of protein consumption in Sub-Saharan Africa (Ngigi et al., 2022). The forms of legume consumption include; cooked legumes for stew, fried, eaten in porridge flour and baked for snacks (FGD). However, proteins alone cannot contribute to the overall FSS. As the number of meals increase, households should also be keen to include the other food groups like vegetables and carbohydrates in their diets for a balanced diet, and increased FSS.

An increase in age of the household head in the MHHs reduced the FSS. This is due to reduced consumption of legumes in MHHs. Legumes often require long time for sorting, cooking and more fuel for cooking, hence may be undesirable for MHHs (Wood, 2017). The results are contrary to those of Korir et al. (2021) which reported an increase in food security with an increase in age in Kenya. The contradiction emanates from the fact that the study separates FHHs and MHHs. In addition, Korir et al. (2021) used an entitlement approach to measure food security while the current study used dietary diversity scores. Nevertheless, the results of this study are similar to those of Kumar et al. (2020) which showed that age negatively correlated with dietary diversity in Nepal. Among the FHHs, age positively influenced FSS but was insignificant.

Farm experience increased FSS in MHHs. With more farm experience, one acquires more knowledge and is able to diversify their farming systems. Globally, legume production is done in marginalized regions on infertile grounds while the fertile grounds are left for cereals (Popoola et al., 2022). Similarly, the regions in Nandi County where legumes are grown suffer loss of the natural resource base, which makes it hard increase legume productivity. As farmers in the MHHs gain experience, they get well versed with the right technologies and practices to employ in legume production. Consequently, they get to understand the inherent useful agronomic, genetic and biochemical traits of legumes. Further, increased legume integration generates more revenue, and more consumption eliminates micronutrient and protein deficiencies in diets (Khan et al., 2021). This results to balanced diets and food diversification leading to increased FSS.

Land size positively affected FSS in both the MHHs and the FHHs. Those with larger farms integrated multiple varieties of legumes in their farms. These legumes were planted based on particular niches for example; for food, feed, weed control, for sale among other purposes. This implies resilience of the households in times of climate and market fluctuations. With such resilience and diversity, households are able to maintain sustainable agricultural systems where legumes play a key role and high food security scores. These results align with those of Mudzielwana et al. (2022) who found land positively relating to food security among irrigation farm workers in South Africa.

Access to credit had a positive effect on both the FHHs and MHHs’ food security scores. Farmers used part of the credit to obtain more improved legume seeds other than the landraces to incorporate into their farming systems. In addition, with increased access to credit they were also able to try new legume technologies and amendments. This contributed to increased productivity, which improved access to food within the households, and more income for households that were able to commercialize. Further, extra income from the credit could be used to purchase extra food and meet production deficits (Mutea et al., 2019) thus increasing dietary diversity. Similar results were reported by Ingutia and Sumelius (2022) in the Western part of Kenya where access to credit increased food security among female farmers. In addition, Acheampong et al. (2022) in Ghana found that an increase in credit increased use of purchased production inputs, which positively contributed to food security.

An increase in household size increased FSS in MHHs. This was contrary to expectation. A plausible explanation for this can be the fact an extra household member provides more labor for farming. Thus, increasing efficiency in production, and maintaining levels of food consumption, resulting to increased FSS. This conforms to Jones et al. (2013) who found household size to positively influence HDDS. Contrary results in Ethiopia (Fikire and Zegeye, 2022), and South Africa (Abegunde et al., 2022) reveal that increasing the household size increased dependency and in turn increases food insecurity.

As distance increased away from the nearest open-air markets, both the male and female headed households were likely to be food secure. Limited market access tend to divert the attention of farmers toward subsistence farming in maintaining their food reserves (Muthini et al., 2020). Open-air markets are quite far at about 4 kilometers from the homesteads in Nandi County. This enables farmers to be more innovative in their cropping. Legumes are intercropped with other cereals and tubers. This helps in increasing nitrogen context in the soils for other crops. In addition, they help prevent some weeds like striga. More healthy crops imply diversified diets, increased availability and better access to food, resulting positively to improved FSS. However, these results are contrary to those of Manda et al. (2018) who found that an increase distance to the market had negative impact on food security in Zambia.




4 Conclusion and recommendations

This study has demonstrated that on average, households had medium dietary diversity scores and acceptable level food consumption scores; an indication that the sampled households were not badly off in terms of food utilization in both male-headed and female-headed households. The main determinants of food security score were land size, access to credit and distance to the nearest open-air market.

Based on the findings of this study, policy interventions that are geared toward diversification of legume options in the farming systems according to the farmer’s needs are suggested. Since legumes fetch higher prices in the market, the county government of Nandi should link farmers with ready markets to help them get more income. This can be done through contract farming between the farmers and the county government entity responsible. When farmers have more income, they will be able to buy other food crops not produced within their farms to maintain their nutritional food status.

Through the county health extension agents, programs to enlighten farmers on different ways of legume preparation should be advocated. This will ensure that legumes are consumed in a more palatable way, without any stomach discomforts. Due to gender implications, innovative but simple ways of processing legumes should be adopted to stir up consumption. These include advocating for development of and improving access to less-time consuming equipment and methods for value addition on legumes; for instance portable locally-made shelling equipment.

This study was limited to dietary diversity. Future studies should cover the composite FSS using the other food security indicators not included in this study; CSI, HFIAS and MAHFP, which would provide insights on other dimensions of food security. Considering the other measurements of food security will give a more concrete conclusion on food security status. Further insights can also be derived from a comprehensive analysis of the effect of various factors on food security indicators in different agro-ecological zones.
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