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Editorial on the Research Topic
 Agroecology in policy and practice




In the past years, there has been steady growth in research and work relating to agroecology. People-centered, knowledge-intensive, and rooted to sustainability, it is now well-established that agroecology's holistic approach matches the transformation to food systems called for by the 2030 Agenda; a transition to sustainable food and agriculture systems that ensures food security and nutrition for all, provides social and economic equity, and conserves biodiversity and the ecosystem services on which agriculture depends. Although not a new concept, agroecology is gaining interest worldwide among a wide range of actors as an effective answer to climate change and the interrelated challenges facing food systems, finding expression in the practices of food producers, in grassroots social processes for sustainability and in the public policies of many countries around the world.

While agroecological elements have been applied and honored by communities for centuries, they have rarely received much respect in the intergovernmental and scientific communities until fairly recently. Regional networks such as SOCLA in Latin America, Alliance for Food Sovereignty in Africa and the Asian Farmers Association for Sustainable Rural Development in Southeast Asia increased interest, practice, and support for agroecology. At the international level, the process for a food system transformation started with the International Assessment of Agricultural Knowledge, Science and Technology for Development (IAASTD)- a UN initiated process calling for agroecology. Two international symposia convened by the Food and Agriculture Organization of the United Nations, multiple regional symposia, the adoption of the Ten Elements by FAO's governing body, and the commissioning of the High Level Panel of Experts report to the World Commission on Food Security on “Agroecological and other innovative approaches for sustainable agriculture and food systems that enhance food security and nutrition” among other initiatives further demonstrate that Agroecology has landed on the global agenda.

In recognition of this, the World Futures Council 2018 Future Policy Award was dedicated to recognizing policies that scale up agroecology, contribute to the protection of life and livelihoods of small-scale food producers, ensure sustainable food production systems, and implement climate resilient agricultural practices. As a follow up, WFC facilitated this special issue of Frontiers in Sustainable Food Systems on “Agroecology in Practice and Policy.” The aim of this Research Topic was to gather contributions from scientists and practitioners working in diverse disciplines who have common interests in agroecology policy and practice. We asked for examples contributing to the protection of the life and livelihoods of small-scale food producers and empowering them, nurturing sustainable food production systems, promoting resilient agricultural practices that help maintain ecosystems, strengthening capacity for adaptation to climate change, and progressively improve land and soil quality. An overarching goal was to demonstrate the breadth of agroecology policy and practice, and foster understanding between different scientific communities who may not always be aware of one another's work. We looked for contributions about policy and practice examples that would inform about the opportunities and challenges of agroecology as well as entail a set of recommendations for a range of stakeholders (policymakers, academia, NGOs, international organizations, etc.) on what has to be done, in order to scale up agroecology in that particular context. Furthermore, we were interested in methodologies to identify and evaluate agroecology policy and/or practice examples.

Under the umbrella of this Research Topic, a total of 13 articles were published. We were open to a wide variety of types of articles. Amongst them were mostly Original Research (6), but also articles on Methods (1), Hypothesis and Theory (2), Policy & Practice Reviews (1), Reviews (2), and Systematic Review (1). We elaborate on the different types of articles publish and provide more detailed description of a few of them below.

A good number of articles examined public policies and their impact, such as the one on Brazil's semi-arid region (Brandão et al.) or those on the Ecuadorian capital Quito (Rodríguez et al.) and Los Angeles in the US (Daniels and Delwiche). Both cities have stepped up their work for agroecological urban agriculture and food resilience and their policies in this regard were honored with the Future Policy Award 2018 of the World Future Council, FAO, and IFOAM-Organics International. Struggles at different levels shape these public policies, from local arenas to national and the international food policy arena. As the article on “the innovation imperative“ well-exemplifies, often disputes occur at the level of discourse (Anderson and Maughan). As can be anticipated by the advancement of a system of food and farming that challenges the conventional model of high-input production—even if this is showing many weaknesses, Agroecology has met with considerable forces to push back and reshape its key concepts. As articulated in the article by Anderson and Maughan, as the transformative concept of Agroecology has entered mainstream discursive arenas such as intergovernmental fora, it has been subjected to an “innovation frame,” which poses a number of issues not just for Agroecology, but for sustainability transformations in general. This insightful article- analyzing the discourse around public comments—is very helpful in parsing the complex dialogue around an ultimately political and social—as well as agronomic- topic.

Another set of articles researched agroecology practices, their benefits and challenges to implementation, such as the significance of long-term nutrient management in an intensive rice-wheat cropping system for soil sulfur (Meena et al.). Articles are available on the complexity of smallholders' intense use of glyphosate in maize crops from South Mexico (Monroy-Sais et al.) or on benefits of decentralized wastewater treatment for rural villages in India (Friedrichsen et al.). One of these takes a particular farming system as a point of departure: Freed et al. focus on the importance of maintaining diversity of integrated rice and fish production, a production system in Asia with tremendous scope for holistic approaches.

A focus on strong local food systems, conferring diversity and circular economies on communities, is central to agroecological approaches. The article by Heindorf et al. illustrates the substantial contribution of local food markets to maintaining agrobiodiversity in region of Huasteca Potosina, Mexico. Yet the skewed proportion of markets fostering such biodiversity points to the need for political action to maintain and promote this diversity into the future.

Last but not least, a third set of articles are dedicated to research methods for evaluating agroecology. One of the expected responses to a system that challenges the status quo is to ask for more evidence of its performance. Evidence of agroecological approaches has been well-documented in its many beneficial aspects, including environment, food and nutrition security, and households' incomes, all the more remarkable in the face of the reality that research into agroecology has been consistently underfunded (Biovision Foundation for Ecological Development and International Panel of Experts on Sustainable Food Systems, 2020). Nonetheless, performance evaluation has been one of the requests on the intergovernmental level, in particular from the 26th Committee on Agriculture of the United Nations Food and Agriculture Organization (COAG, 2018). Recognizing that this request provides an opportunity to compile global, multi-scalar, and multi-dimensional documentation in a format that can be used to inform policy-making processes, 70 representatives of agroecology-related organizations worldwide worked together to respond to this need. The article by Mottet et al. in this special issue documents the process undertaken to develop such a tool, called “TAPE: Tool for Agroecology Performance Evaluation.” One can only hope that initiatives to develop such metrics- such as the newly-launched CGIAR Program on Agroecological Transitions Program for Building Resilient and Inclusive Agricultural & Food Systems -will build on this well-elaborated foundation (CGIAR, 2023).

The research focused articles in this special issue argue for a new understanding of the centrality of agroecosystem actors and their capacity for agency (Gallardo-López et al.), and for the need of long-term participatory action research (PAR) in agroecology (Sachet et al.). One can find practical recommendations, which requires addressing specific questions in research, technology, and policy development. The article by Tittonell et al. on how to mainstream agroecology among large scale farmers makes the point that large scale conventional/industrial farming uses 70% of the agricultural land area, and therefore cannot be ignored as a huge potential for transformation toward agroecological practices. Given the amount of subsidies that this sector received, it presents an opportunity to redirect these subsidies toward the transformation and achieve many objectives that relate to the conservation and promotion of biodiversity, with nature inclusive agricultural landscapes that re-establish ecosystem services, and manage water and nutrient cycles. Such an agroecological redesign requires a change in policies along the entire value chain, backed by a new research agenda that will address the farmers needs for the deep system transformation.

In sum, this special issue provides in-depth analysis of a range of policies, practices and research methods which support agroecology in many regions around the world, further opening the space for agroecology. Looking forward to more research on this topic, we are thankful to all contributors and especially toward Frontiers, guiding us through the rigorous scientific peer-review selection process.
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The global narrative on food sustainability revolves around the need to improve food security, right to food, environmental performance, social-ecological resilience, reducing poverty, and inequality. Such principles were guiding a food policy shift for addressing the needs of family farmers, taking place in Brazil. However, how these policies were seen from the point of view of family farmers has not yet been investigated sufficiently. Consequently, this paper presents the results of an assessment of how food policies have impacted the food system in terms of production practices, market structure, land access, and food security, through the perception of family farmers. Our study concerns the semi-arid part of the state of Bahia (Brazil), in which rainfed food systems prevail. The perception of family farmers on the food policies related to credit, public procurement, technology, knowledge, and land access showed three main results: (1) concerning production practices, there was an increase in crop diversification (formerly collected wild plants are currently cultivated) and the dissemination of agro-ecological techniques (organic matter as a fertilizer and seed bank). However, credit is limited, not being translated into significant investments in the production process; (2) with regard to market structure, the public food procurement programs created a specific market for farmers assuring to provide reliable and stable income and trade through economies of scale. The negative factor regarding public food procurement programs is the dependence of farmers from institutional markets organized by the government; (3) food security was increased, due to the stable income, but the lack of policies directed at on-farm autonomy makes production for self-consumption difficult to be achieved. Also, the legal basis for land access does not meet the expectations and needs of farmers, placing them in a position of vulnerability to land grabbing. We conclude that the new food public policies had positive impacts, through a double strategy, consisting in first, the improvement of individual food system activities, and second, interconnecting single food system activities in such a way that they create synergies among them, in view of basic principles of sustainable food systems.

Keywords: food system, public policies, Fundo de Pasto communities, actors's perception, food sustainability


INTRODUCTION

The productivist paradigm emerged 60 years ago as a seemingly straightforward approach to tackling food insecurity by increasing food production (de Schutter, 2014). The so-called Green Revolution—based on mechanization and intensive use of agro-industrial inputs, natural resources, and chemical fertilizers—served as the main policy strategy for boosting agricultural productivity and solving the mismatch between supply and demand for food (Borlaug and Dowswell, 2003). After decades of such policy, however, a 2006 Food and Agriculture Organization report showed that, despite per capita increases in agricultural output, the percentage of hungry people only slightly declined from 1950 to the 1990s (FAO, 2006). And more recent data from 2018 showed that while more than enough food was produced to feed the global population in a year, as much as 34% of it never even reached the tables of consumers, leading to 821 million people being food insecure (FAO, 2019b). Indeed, achieving universal food security requires more complex mechanisms that consider political interventions, sustainability, holistic perspectives, and structural human development (FAO, 2019a).

In 1972, the Stockholm Conference and the Club of Rome unambiguously emphasized the importance of more socially and environmentally friendly development models. The Stockholm Conference was convened by the UN to define sustainable forms of development, and the Club of Rome authored the ground-breaking report “The Limits to Growth,” which for the first time denounced humanity's plunder of non-renewable resources, concluding that we will have reached our natural limit of development by the year 2072 if unsustainable models of progress continue (Paul, 1993). Indeed, already decades ago, productivist agriculture and similar approaches caused crises that led to wider environmental and social movements around the world, beginning especially in the mid-1970s. In Brazil, the environmental movement was eventually further strengthened by ongoing struggles for restoration of democracy after years of military dictatorship (Abramovay, 1992; Paschoal, 1995). In the 1980s, measures toward re-democratization brought about important changes in Brazilian political–institutional and social arenas (Santos, 2011), including agriculture. The 1988 Brazilian Constitution set a milestone for recognition of family farming as a professional category, in particular by including family farmers in the country's social security retirement programme (Grisa and Schneider, 2015). Overall, ending hunger and protecting family farmers' rights became official public policy during the government of former President Luiz Inácio Lula da Silva (2003–2010), when various food policies were institutionalized at the federal level.

Against this background, there are many studies—mainly based on regional statistics and modeling—that highlight the socio-economic effects of Brazil's recent food policies on living conditions among the country's family farmers (Sabourin, 2007; Belik, 2010; Silva, 2011; Grisa and Schneider, 2015; Del Grossi, 2019). However, there are few empirical analyses of how farmers perceive the influence of these public policies on food systems at the local level. Thus, the present study aims to fill this research gap by investigating family farmers' perceptions of the socio-economic impacts of Brazil's newer food policies on key food system features, including production practices, market structures, food security, and access to land.

The perceptions of individual actors are an important indicator for use in interpreting social transformation processes and assessing people's subjective motivations and political involvement. Perception is also a relevant construct for evaluating the extent to which a state, in its diverse manifestations, is committed to incorporating historically neglected social groups. Further, social participation and inclusion contribute to proper monitoring of public policies, in addition to being fundamental to representation of collective interests (Soratto and Witt, 2013).

The main research questions that guided this study were: (1) What are farmers' perceptions of impacts of new public policies on different socio-economic outcomes, including production practices, market structures, food security, and access to land? (2) How are these policies and outcomes related to specific features of the food system of family farmers?



CONCEPTUAL FRAMEWORK

The food system approach contributes to understanding the complexities of agricultural activities (input provision, producing food, processing, distributing, and consuming) and key actors by interconnecting inputs, flows, and outputs (FAO, 2018). The food system concept is ideally suited to address the links of food insecurity within wider socio-economic contexts, in contrast to narrowly defined productivist approaches that lead to limited technical solutions. It enables policymakers to view the agricultural system more fully, facilitating policy coordination and diverse actors' participation in building more efficient instruments to tackle food insecurity, poverty, social inequality, environmental degradation, and unsustainable production practices (FAO, 2018).

Rastoin and Ghersi (2010) define a food system as interconnected but independent networks of stakeholders (NGOs, public and private organizations, citizens, financial institutions, and companies) coexisting in a geographic space (region, state, multinational region) that contribute directly or indirectly to generation of flows of goods and services oriented toward meeting the food needs of groups of consumers located in the same geographic space or elsewhere. Some experts define food systems as social-ecological systems (Berkes et al., 2002; Ericksen et al., 2010; Rist and Jacobi, 2016), emphasizing that they are sourced from biophysical and social elements along specific agri-food value chains and, through these, establish human relations around natural resources, information, services, and policy interests.

Public policies play a crucial role in shaping food systems by constructing legal frameworks to achieve food security, supporting investments in family farmers, increasing people's access to markets, and mobilizing societal resources to push food systems toward sustainability—based on resilience, adequate working conditions, environmental integrity, and provision of healthy food (Kay et al., 2018). However, the efficiency of public policies depends on a combination of factors, including the political context, social conventions, people's adaptability to specific production models, and monitoring via popular participation (Perrucci and Perrucci, 2014; Albers et al., 2018).

There is substantial literature debating what would constitute the most appropriate agricultural production practices to achieve sustainable food production (Huang et al., 2002; Phipps and Park, 2002; Tilman et al., 2002; Prasifka et al., 2009). Agricultural production practices range from highly technological models to more ecology-based techniques. Adoption of chemical fertilizers and pesticides and implementation of environmentally taxing production methods generally lead to unsustainable development (Piesse and Thirtle, 2010). However, various other food policies show promise of merging sustainability and productivity aims on behalf of family farmers, including provision of means of production, credit, and fairer conditions of market competition and movement of goods. Historically, production practices such as organic fertilization, seed selection, crop rotation, and biological control of pests have been successfully applied all over the world. More recently, these techniques have been referred to collectively as agroecological practices (Altieri, 1995; Wezel et al., 2009).

Synergies and trade-offs between sustainable agricultural practices and food security cannot be neglected, since food availability and access depend on the conditions under which it is grown, processed, distributed, and consumed (Colonna et al., 2013). Food security is determined by the arrangement and management of food systems, flows of goods, market configurations, diverse actors and their interconnected value-adding activities, and the different scales of production and demand for food that define where and how it is grown, processed, distributed, and consumed (FAO, 2018). The 1996 World Food Summit in Rome defined food security as the situation in which “all people, at all times, have physical and economic access to sufficient, safe, and nutritious food to meet their dietary needs and food preferences for an active and healthy life” (FAO, 1996). In the literature, there has been an active debate regarding public procurement of food and school meal programmes as pathways for ensuring food security, since they contribute directly and indirectly to improving food distribution and access (de Schutter, 2010; Sidaner et al., 2013). Public procurement programmes are mediated market models, designed to transform trade into a more “socially efficient” process, guaranteeing basic social welfare needs in rural areas, especially where food-insecure households are prevalent (Rocha, 2007).

Equitable access to land is crucial to achieving food security and sustainable development in countries of the global South, where frequent instances of land grabbing are driven by worldwide demand for food commodities, biofuels, mining and other environmentally taxing and socio-economically demanding goods and activities. The concept of land governance aids understanding of the links between secure land rights and food security (Landesa, 2012). Land governance can be understood as sets of processes comprising access to and use of land and natural resources, the related forms of organization and distribution of political power, and the manner in which conflicting land interests are reconciled (FAO, 2009). The International Land Coalition (ILC, 2010) argues that equitable access to land and sustainable management of natural resources would enable reduction of hunger and poverty while promoting dignified livelihood conditions.

According to the FAO, sustainable food systems are those in which the production, processing, distribution, and consumption of food effectively protect and respect natural resources, biodiversity, and ecosystems, while providing a sustainable diet that is “culturally acceptable, accessible, economically fair and affordable; nutritionally adequate, safe and healthy; while optimizing natural and human resources” (FAO, 2010, p. 7). As conceptualized by Rist and Jacobi (2016), food sustainability comprises five pillars: food security, the right to food, reduction of poverty and inequality, environmental integrity, and social-ecological resilience. These can serve as normative foundations to transform the configuration of food systems, going beyond issues of production to incorporate and shape a wide range of aspects related to rural livelihoods.

Figure 1 summarizes how we used the food system approach to build our research questions. It provides a wider perspective on interactions between actors, public policies, and food system activities, the combination of which leads to multiple outcomes.


[image: Figure 1]
FIGURE 1. Conceptual framework.


Our study hypothesis is that food-related public policies implemented to encourage the sustainability and resilience of family farming generate dynamics in the food system that influence value chains and livelihoods, triggering changes in production practices, market structured forms of commercializing family farmers' goods, food security, and land governance. Within the pillars of food sustainability described above (Rist and Jacobi, 2016), we prioritized the pillars of food security and reduction of poverty and inequality in the present research. Some aspects related to environmental sustainability were evaluated as observed impacts in regards to sustainability-related management practices. In the next section, the public policies selected for this study will be detailed, namely.



PUBLIC POLICIES TARGETED AT FAMILY FARMERS IN BRAZIL (STATE OF BAHIA)

Most of the policies were implemented at the federal, regional, and state levels. The majority of the programmes' financial resources were transferred from ministries to states, municipalities, NGOs, and private/public companies tasked with local operationalization of policies. The origin of the funds was centralized, but the policies' implementation, monitoring and operationalization were decentralized. In this section, we will present the main features of the key food policies that were implemented in the study area.


Rural Credit Programmes

The National Programme for Strengthening Family Farming (Programa Nacional de Fortalecimento da Agricultura Familiar, PRONAF) was launched in 1996 and provides credit for productive rural activities, targeted at family farmers (Aquino and Schneider, 2015). The family farmers must be enrolled in a national administrative register such as the Declaration of Aptitude to PRONAF (Declaração de Aptidão ao PRONAF, DAP), which is a tool used by Federal Government to identify the Family Units and give them legal recognition. This programme is financially supported by the Ministry of Agrarian Development (Ministério do Desenvolvimento Agrário, MDA), and the credit is provided by banks situated around the municipalities.

The Garantia Safra was launched in 2002 to grant financial compensation to family farmers who experience weather events (e.g., drought) that damage overall output (MDA, 2019). To become part of the programme, farmers must meet the following criteria: (1) monthly household income of maximum 1.5 times the Brazilian minimum wage; (2) holding between 0.6 and 5 hectares of land; (3) cultivating annual crops (e.g., onions, beans, cassava, maize); and (4) possessing the Declaration of Aptitude to PRONAF (DAP) (SEAD, 2018). The municipality reports to the Ministry of Agrarian Development a loss of 50% of the municipality's crops in the ongoing year. In the following year, the ministry transfers the amount to the municipality, which passes on the money to the family farmers.



Food Security and Mediated Markets

The National School Feeding Programme (Programa Nacional de Alimentacão Escolar, PNAE) was first implemented in 1955, and was transformed over the years from a regional focus to a national programme. In 2003, it assumed its current form, with the objective of providing school meals to students in all stages of basic public education. The federal government transfers the financial resources to states and municipalities that must use at least 30% of their total budget to obtain food from the local family farm sector (Brasil, 2009a). To participate in this programme, family farmers must be connected to farmer associations or cooperatives.

The Food Procurement Programme (Programa de Aquisição de Alimentos, PAA) was launched in 2003 to provide access to food in sufficient quantity, quality, and regularity for populations in situations of food and nutritional insecurity (Brasil, 2012). The Ministries of Social Development (Ministério do Desenvolvimento Social, MDS) and Agrarian Development are responsible for managing and distributing the financial resources to the National Supply Company (Companhia Nacional de Abastecimento, CONAB1), and state and municipal governments, as these are the public bodies operating the programme at the local level. These agencies purchase family farmers' products (individually or via farmer associations or cooperatives) by means of public calls and channel them into public food stocks, which are directed to food insecure communities (Peraci and Bittencourt, 2011; Sambuichi et al., 2019). Further, the food produced and marketed through the PAA is incorporated into the municipal public nutrition programmes of schools, food banks, hospitals, etc. (Sambuichi et al., 2019).



Technology and Knowledge

The programme One Million Cisterns for Drinking Water (Um Milhão de Cisternas Rurais, P1MC) was created in 2003 to provide cisterns to family farmers to store rainwater for domestic consumption (MDS, 2017). To benefit from the cistern programme, families must meet the following criteria: (1) live in a rural area; (2) have a per capita income of maximum R$ 154.00 per month (15% of the Brazilian minimum wage); (3) lack access to water; (4) have a house with a roof to capture rainwater; (5) not have been assisted by another programme with the same purpose (Brasil, 2011). The cisterns programme emerged from social mobilizations organized by civil society and the umbrella NGO Semi-arid Articulation (Articulação Semiárido Brasileiro, ASA), which operates in the semi-arid region and manages the programme. Though a federal policy, it has a regional focus—the cisterns are mainly distributed in the municipalities of the semi-arid region (MDS, 2017).

Another programme aimed at promoting technology in rural areas is “Light for All” (Luz para todos), created in 2003. In isolated rural communities not supplied by electricity-grid networks, the programme provides solar panels. It is a federal policy coordinated by the Ministry of Mines and Energy (Ministério de Minas e Energia, MME), operated by the public power company Centrais Elétricas Brasileiras S. A. (Eletrobras), and implemented locally by concessionaires (Brasil, 2009b).

Concerning technical knowledge, the Technical Assistance and Rural Extension programme (Assessoria Técnica e Extensão Rural, ATER) became policy at the national level in 2010. Its main goal is to transfer technical knowledge to family-farm food systems via environmental education, introduction of endogenous production techniques, and transition to agroecology (Brasil, 2018). The state governments in Brazil are in charge of its definition and implementation. In Bahia, policymakers opted for outsourcing this service to NGOs and other private entities, which are contracted through public calls.



Land Regularization

In Brazil, the land regularization is arranged at the state government's discretion. In 2013, the State of Bahia launched a plan (Law 12.910) aiming at regularization of public lands in rural areas that have been occupied by traditional communities. This law provides for a contract regarding the right of land usufruct for up to 90 years, with the possibility of renewal for an equal period.




THE STUDY AREA: RAINFED FOOD SYSTEM AND THE FUNDO DE PASTO COMMUNITIES

Our case study site is situated in the municipality of Casa Nova, belonging to the semi-arid region of the state of Bahia (Brazil). High temperatures and droughts are characteristic of the region, which features annual average rainfall and temperature of 800 mm and 25.4° C, respectively (Casa Nova, 2019). Its aridity relates to spatiotemporal precipitation concentration, with 71% of rainfall occurring between January and April (FUPEF, 2007). In addition, the rate of evaporation of 3,000 mm/year is three times higher than the precipitation (Malvezzi, 2007).

The Municipality of Casa Nova covers an area of 9.697 km2 and is home to 64,940 inhabitants, 42% of whom reside in rural areas (IBGE, 2010). While the municipality is close to the São Francisco River (as seen in Figure 2), farmers do not use the water from the river for irrigation due to the lack of suitable infrastructure.
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FIGURE 2. Location of the Municipality of Casa Nova.


Local semi-arid agriculture is mainly rainfed, dominated by small traditional agriculture and livestock for family consumption and trade. The main activities consist of small animal husbandry (e.g., goats, sheep, free-range chickens, and pigs), annual crop cultivation (e.g., onions, beans, cassava, maize) and agro-extractivism (medicinal plants, native fruits, and vegetables). Common locally processed foods include cheese, juices, sweets, jams, cakes, cookies, tapioca, cassava pudding, etc. The sale of fresh, stored, or processed foods occurs in two different ways: (1) autonomously, via direct sale to middleman, or via local markets; or (2) collectively, via associations, or cooperatives whereby family-farm goods are pooled together and sold.

The fundo de pasto communities have adopted rainfed food system techniques to make a living. The main feature of the fundo de pasto communities is that of communal land, which is used for extensive animal rearing (Garcez, 1987), combined with individual areas for family crop growing (Cotrin, 1991). Three communities took part in the present study, Melancia, Riacho Grande, and Ladeira Grande. Table 1 shows the key characteristics of each community.


Table 1. Main features of the fundo de pasto communities participating in this study.
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METHODOLOGY

The present study employed a qualitative approach to generate knowledge on people's perceptions, behavior, experiences, and interactions (Pathak et al., 2013). This can provide detailed information and resources for researchers to challenge other dominant or naturalized socio-economic and political concepts and understandings (Patton, 2002). We used content analysis to examine and quantify our qualitative data, thereby identifying, coding, and classifying topics and patterns from our interviews and questionnaires (Downe-Wamboldt, 1992). Collected data also were interpreted using descriptive statistics (Woodrow, 2014).

Fieldwork was conducted in three municipalities of the semi-arid region: Casa Nova, Petrolina, and Juazeiro. The communities of fundo de pasto that took part in the study are located in the municipality of Casa Nova. Petrolina and Juazeiro, neighboring municipalities to Casa Nova, are home to urban centers that host NGOs, government institutions, universities, etc. Because we also interviewed people from these institutions, we included Petrolina and Juazeiro in the course of our fieldwork.

The fundo de pasto communities of Melancia, Riacho Grande, and Ladeira Grande were selected for the study based on the following criteria: (1) importance of the rainfed food system to the socio-economic development of the semi-arid region; (2) good access of communities to food public policies; (3) previous contacts with a community member who enabled us to link up to and interact with local families—traditional communities are often closed to outsiders.

During fieldwork, our data collection included participatory observation, focus groups, semi-structured interviews, and questionnaires. We took notes and made audio recordings. We organized six focus groups with community members, each involving 4–12 farmers. Additionally, 11 semi-structured interviews were conducted with academics and representatives from NGOs, social movements, and private and public institutions2. Finally, questionnaires were conducted with 54 families from the fundo de pasto communities located in the municipality of Casa Nova (18 families per community).

Concerning the sampling method for the questionnaire application, families were selected using the following criteria: (1) self-recognition as fundo de pasto members; (2) belonging to one of the communities selected for the study (Melancia, Ladeira Grande or Riacho Grande); and (3) presence of an adult (regardless of gender) identifying as the head of the family. We prioritized local leaders to answer the questionnaires because they were more involved in policy procedures and more aware of community needs. From the total respondents, 34% were community leaders and the remainder were regular family farmers. For the focus groups, participants also needed to belong to one of the three communities and be available to participate in our discussions and share experiences and information from a qualitative point of view with the researchers. For the focus groups, we invited community farmers, local leaders, and elderly people who were knowledgeable about historical community events and the dynamics of the rainfed food system. Data collection was oriented around the qualitative research methods, with the main goal that of capturing detailed information, regardless of the number of participants.

The focus groups, strategically, were carried out prior to implementation of the questionnaires. This enabled us to use the information gathered in these collective reflections to design consistent questions and obtain more precise information from families. The public policies considered in our study were selected by the focus group participants, as were the guiding topics we discussed in the six meetings. The topics participants chose for the focus groups' debates became indicators, as follows:

• Production practices

• Market structure

• Food security

• Land access.



RESULTS

In this section, we analyse—from stakeholders' perspectives—policy effects on food system activities (input provision, producing, processing, trading, and consuming), considering related impacts on production practices, market structures, food security, and land access. Figure 3 shows the degree of families' participation in each programme, based on data from questionnaires.
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FIGURE 3. Families' participation in the programmes.



Policy Impacts on Production Practices (Access to Credit, Technology, and Knowledge)

The Garantia Safra is a compensation mechanism granted by the federal government in times of proven harvest loss due to weather events (e.g., drought), serving as an emergency financial aid (SEAD, 2018). Only 16 families (30%) reported having received such compensation. They received an average of about R$ 850 (currently US$ 257) to compensate for harvest losses. These families used the money to buy food, make home repairs, and purchase inputs such as machinery and animal feed. While only 30% reported having received the grant, all families claimed to have lost part of their harvest. Figure 4 shows the reasons why families did not access the Garantia Safra financial support.
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FIGURE 4. Main reasons why farmers did not access Garantia Safra.


Only four families managed to access the PRONAF credit, (~7.4%). The credit was invested in productive activities such as purchase of animals, purchase of inputs, or improvements to property infrastructure like small repairs (e.g., fixing fences, adjusting roof of the house). The remaining 50 families that never accessed the credit opportunity explained their non-participation in the programme by mentioning the reasons illustrated in Figure 5.
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FIGURE 5. Main reasons why farmers did not access PRONAF.


Access to credit and financial support for production was very limited among the families. However, when comparing the two programmes, we noted that PRONAF beneficiaries were fewer in number than Garantia Safra beneficiaries, as seen in Figure 6.
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FIGURE 6. Percentage of families that accessed PRONAF or Garantia Safra.


During the focus groups, participants indicated their perception of a geographical distinction in the distribution of the credit—one that strongly favors states in Brazil's southern region where there is a concentration of capitalized family farming. In terms of budget, the programme saw an increase from R$ 38 billion in 1996 to R$ 165 billion in 2016 (BCB, 2017). However, the uneven geographical distribution of credit is confirmed by the fact that, between 2013 and 2017, family farmers in the state of Bahia received 4% of the total programme budget while family farmers in the state of Rio Grande do Sul received 15% (IBGE, 2017). Despite receiving a smaller amount of credit, the state of Bahia accounts for 15% of the total rural properties in Brazil, while the state of Rio Grande do Sul accounts for only 7% of the total (IBGE, 2017).

Regarding technologies, the cisterns were indicated by participants as the most important technology-related policy in terms of mitigation of the effects of drought. Photovoltaics were also cited as a significant technological advance, but not one that significantly changed food system activities. All 54 families participating in the survey benefited from the cisterns (P1MC) and “Light for All.”

The cisterns enabled storage and consumption of rainwater. Previously, people collected unsuitable water from dams located far from the communities. Farmers stated that the cisterns enabled them to diversify their production by facilitating cultivation of a variety of fruits and vegetables. All respondents agreed that the cisterns helped to increase their production; 73% of the interviewed families already grew vegetables and fruits before the cisterns; 82% of the families believed that the diversification of production led to improvements in family consumption and food security; 93% of the interviewed families stated that they increased their consumption of fruits and vegetables.

Most of the fruits previously consumed were collected from wild plants. However, after installation of the cisterns, families began cultivating some of these wild fruits on their farms. Table 2 shows the diversity of fruits and vegetables before and after the cisterns.


Table 2. Crops cultivated before and after installation of cisterns.
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The cisterns' efficiency depends on the availability of rainfall throughout the year. As reported by the participants in focus groups, due to recurrent droughts the water in the cistern runs out in certain periods of the year, forcing families to rely on government assistance for water supplies. To improve people's autonomy regarding water access, one academic interviewed recommended implementation of water adductor systems to connect the communities to the São Francisco River.

According to participants, access to energy has always been limited in the rural areas of the Casa Nova municipality. Despite being located 50 km from the Sobradinho hydroelectric power plant (see Figure 2), the rural communities that participated in this study do not have access to electrical grid networks. Instead, photovoltaic technology became an alternative to enable access to electricity.

All families who answered the questionnaire had a domestic photovoltaic system featuring a solar panel but no energy storage. Solar panel capacities are 40–50 W, enabling use of low-voltage devices, such as portable radios, televisions, and cell phones. However, use of larger electronics, such as refrigerators, is not possible. The impossibility of refrigerating food was cited by 92% of the families as one of the biggest limitations to their photovoltaic systems. Due to such difficulties in storing food, farmers cannot trade goat milk and must make cheeses daily that keep longer in uncooled environments. The following statement, captured in a focus group, describes household use of photovoltaic systems:

“Solar energy has replaced the oil lamp and that was great, but the umbu processing unit and the pudding factory run on diesel-powered generators. We have machinery, but we have no energy. Equipment is not used due to a lack of energy. During the umbu season, we process the fruit to make the pulp, which needs to be taken immediately to the urban center to be frozen. The costs get very high this way. Sometimes it makes production almost impossible” (informant 1, a farmer of the Ladeira Grande community, who participates in PAA).

Finally, concerning access to knowledge, 42% of the participants benefited from NGOs' technical assistance, subcontracted by the State of Bahia. Local NGOs develop projects to improve environmental education, food security, and agricultural practices. Environmental education includes discussions of sustainable solutions to cope with the semi-arid climate. Regarding food security, the NGOs assist farmers and associations with applying for public calls to participate in the PNAE (National School Feeding Programme) and PAA (Food Procurement Programme). Concerning agricultural practices, the projects involve assistance with soil management, creation of a seed bank, and preservation of the region's characteristic biome (Caatinga). The NGOs also encourage the transition to agroecology through the use of organic matter as a natural fertilizer (thus avoiding use of chemical fertilizers).

The families domesticate seeds by selecting the most adapted and productive varieties. Participants spoke about the importance of the seed bank and its role in preserving local biodiversity and avoiding genetic erosion, especially in critical periods of drought. Regarding soil management, participants highlighted the importance of knowing techniques that enable coexistence of multiple crops, such as beans and corn cultivated on the same land. By diversifying production and maintaining soil productivity, they avoid exhausting soils.

Regarding the transition to agroecology, farmers reported that certain agroecological techniques have long been applied in the communities, for example fertilization of greens and vegetables with animal dung; chickens are fed part of the corn planted on farms and, where kept, pigs are fed part of the domestic food and crop waste. Nonetheless, they indicated that despite their good prior knowledge of certain techniques, outside technical assistance helps to improve them based on scientific findings. Many participants reported that the technical assistance enabled them to understand the benefits of agroecological practices that they applied intuitively, providing insights into how they work to maintain a resilient environment.

One of the problems identified by the communities was that by outsourcing the technical assistance service, the number of family farmers receiving support had fallen. Participants stated that when the state government provided the service in the past, it covered more families. They said that the institutions that replaced the state in this function have a limited budget, which translates into less coverage. Participants pointed out that since some families were not informed and properly guided regarding the procedures and bureaucratic steps involved in applying for contracts, they had difficulties accessing public policies.



Policy Impacts on Market Structure

Accessing markets is one of the challenges faced by fundo de pasto families in Casa Nova, due to both geographical distance to urban centers and lack of economies of scale. Approximately 67% of the families (N = 36) sell their production through the PAA (Food Procurement Programme) and PNAE (National School Feeding Programme). The remaining 18 families that were not part of these programmes belong to the Riacho Grande community. This community is known for being resistant to dialogue with the government due to previous violence related to disputes over accessing land. Usually, they market their products directly to middlemen, and less frequently, trade via local markets.

Before the PAA and PNAE, trading involved middlemen or local markets. Both options fluctuated throughout the year, as sales depended above all on the purchasing power of locals. The main changes around the programmes were the creation of an alternative market for family farmers' products, at a fair price. According to one of the focus group participants, the agreement between the community association and the municipality/state regarding goat supplies set the price of live animals3 at R$ 14.00 per kg (~US$ 3.45 per kg for an adult animal weighing around 12 kg; the total price would be US$ 41.4). By contrast, middlemen usually paid only half this price. All families that answered the questionnaire raised goats as their main economic activity and source of income. Figure 7 shows how families market goats.
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FIGURE 7. The ways in which families market goats.


Our study found that the PAA and PNAE programmes strongly encouraged cooperativism and associativism among the members of the communities. Cooperatives and associations generally enable more efficient organization of family farmers, helping them cope with the difficulties imposed by highly competitive and challenging market structures. Strategically, these forms of work organization enable economies of scale by multiplying production to meet the demands of PAA and PNAE contracts, without increasing costs. Moreover, by participating in these collective organizations, farmers have more opportunities to obtain agricultural inputs that they cannot access individually. All families that answered the questionnaire participated in associations of small rural producers and 66% were integrated in cooperatives.

In addition, the families that traded their products via the PAA and PNAE perceived more advantages in the institutional market for two main reasons: price stability and household income. Since prices are set in advance for the entire duration of the contract, farmers do not suffer the downsides of price fluctuations that are typical of agricultural markets. Also, with the guaranteed market, family farmers increased their opportunities for income generation, leading to household financial stability.

Similar to the cisterns, the PAA and PNAE also encouraged farmers to diversify their production. A remarkable example of this process was described by one of the participants who reported that the umbu, a very typical and abundant fruit of the semi-arid region, was not commercially exploited by the community before the programmes. However, thanks to the programmes, they were motivated to cultivate umbu to produce juice, pulp, and jelly. Another example is cassava pudding, a community-created recipe that was offered to the programmes for school meals.

PAA and PNAE became the main source of agricultural income for most of the participating families. On the one hand, it means that they have access to a stable source of income; on the other hand, it indicates a strong dependence of farmers on the programmes. To reduce this dependency on institutional markets, additional financial resources could be applied to diversify farmers' agro-processing activities, encouraging them to produce value-added goods from raw materials that are usually discarded, such as goat leather. Also, the communities could invest in logistics to diversify their market opportunities and sell products to new consumers.



Policy Impacts on Food Security

Income instability used to be one of the major concerns of farmers before the food procurement programmes (PAA and PNAE), especially due to the difficulty of marketing. Inconsistent monthly income was associated by participants with vulnerability to food insecurity. Income is important to food security because farmers need off-farm food to satisfy their dietary needs in quantity and variety (e.g., salt, couscous, sugar, cooking oil, rice, etc.), despite producing an important amount of food themselves. Droughts were also cited as an aggravating factor contributing to food insecurity.

Farmers indicated that the PAA (Food Procurement Programme) played a decisive role in addressing food insecurity in times of drought, thanks to food provisioning. Information collected through questionnaires revealed that 33% of the interviewees received cassava and 25% received beans from the programme between 2005 and 2009, when there was a severe drought. Both products were produced by other communities that did not suffer significant consequences from the droughts.

One topic raised repeatedly by participants was the desire to become self-sufficient in terms of food production at the household level. Participants emphasized the lack of public policies that encourage on-farm food-production autonomy. Despite this, they expressed satisfaction knowing that kids from the communities—and also those enrolled in public schools in the municipality of Casa Nova—had access to good quality food through the PNAE. They indicated that before the PNAE children were fed canned and processed foods supplied by large industrial food companies. According to the participants, children now have access to fresh fruits, vegetables, and other healthy foods produced by local family farmers.

Finally, participants expressed concern about their further participation in policymaking processes following cessation of the Food and Nutrition Security National Council (Conselho Nacional de Segurança Alimentar e Nutricional, CONSEA) in January 2019. The purpose of the council was to link policymakers and society to enhance food security policies. According to a CONSEA representative, cessation of the council harms local democracy, as the body was created to encourage participatory public policy design.



Policy Impacts on Land Access

The members of the three communities under analysis expressed dissatisfaction with the Law 12.910 of the State of Bahia, launched in 2013, which granted land usufruct for a limited number of years. Participants reported that they have rights to this land and, for this reason, they claim deserve land titles, not simply an authorization to occupy the land for a certain period. They also stated that accepting the contract meant confirming the premise that the land does not belong to them, as dictated by the state government.

Importantly, people's connection to the land goes beyond productive needs related to their food system. Participants stated that the notion of territoriality is essentially linked to people's identity, manifesting the interweaving of culture and nature. In this way, having access to and control over land enables these communities to reduce their food insecurity, to increase their income stability, and to maintain relationships with nature consistent with cultural identities built up over time.

As reported by interviewees, the communities' land struggles began in the 1970s when the federal government built the Sobradinho hydroelectric dam, flooding an area of 4,214 km2 and displacing approximately 12,000 families, including some of the study participants. Currently, they occupy the land of the municipality of Casa Nova or “New Home.” The dam construction set a precedent for land grabbing in the region. Land grabbing is an old practice in Brazil, typically beginning with irregular occupation of land, supported by fraud and falsification of property titles. In 1979, there was an intense and violent conflict between the communities and a company that illegally occupied their lands for cattle raising. Families were displaced, farmers were threatened with death, and a community leader was murdered. Nowadays, communities fear losing their lands to wind power companies, agribusinesses, and mining companies, which have been advancing in the region with the collusion of the government of Bahia4.



Links Between Food Policies and Rainfed Food System Activities

The public policies affected food system activities (input provision, production, processing, trading/selling, and consumption) and communities in different ways. In this section, we will summarize what was reported by the participants regarding public policies, highlighting which policies contributed most to food system activities and communities in terms of financial stability, food security, and cooperativism, as shown in Figure 8.
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FIGURE 8. Contribution of food public policies to the food system and communities.


According to the perceptions of farmers, the Garantia Safra (financial support), cisterns (enabling access to water), and the technical assistance were the public policies that contributed the most to input provision. Farmers viewed these programmes as helping to diversify production, reduce water insecurity, and adopt agro-ecological production practices. By contrast, the rural credit programme—especially the PRONAF—was seen as structurally flawed, very restricted in scope, and overly bureaucratized.

According to participants, the cistern and public food procurement programmes (PAA and PNAE) contributed to the diversification and growth of production, especially of vegetables and fruits. Technical assistance also played an important role in production and processing, by providing knowledge support for more conscious and efficient use of resources. However, the food system would be more efficient if there were enough electricity to meet the demands of the communities concerning food processing and storage.

Both trading and consumption were driven by the PAA and PNAE programmes through increased marketing capacity for small-scale farmers. They were equally important for food security by creating food stocks for public nutrition programmes and by providing school meals. Thanks to the guaranteed market and long-term contracts, farmers finally achieved some income stability, which translated into food security. The main issue now is their economic dependence on the public institutional markets, with most of their household income coming from the public food procurement programmes.

The combination of public policies led to complementary outcomes in the food system. For instance, crop diversification related to cisterns and the public food procurement programme also led to improved quantity and quality of production on behalf of community families, schools, and groups. However, some public policies stood out more than others, exhibiting more contributions to the performance of the food system. According to the interviews, focus groups, and questionnaires, the most successful policies were those that affected not one, but several interrelated food system activities. In this sense, the PAA and PNAE played a fundamental role in linking input provision, production, processing, trading, and consuming.

The main community benefits from the food public policies relate to financial stability, food security and cooperativism. The institutional market opened up space for commercialization of goods produced by the communities. Further, the guaranteed market, fixed prices, and reliable long-term contract arrangements stabilized incomes for the families, aiding household financial planning. This new reality is completely different from the previous situation, in which families were caught—on uncertain terms–between middlemen, local markets, and supermarket contracts. Indeed, the PAA and PNAE represent possible solutions to the communities' historical trading difficulties, effectively improving household resilience and food security. Another great benefit of the food procurement programmes for the communities has been the encouragement they provide toward cooperativism and collective sales. Marketing organized through cooperatives and associations brought together a significant number of family farmers, enabling creation of economies of scale. Regardless of the institutional market, communities are now organized and prepared to market their production at local, regional, and national levels, with greater consistency.

However, land regularization remains an unsolved dilemma, as the proposal for the right of usufruct of the land for 90 years was rejected by the communities due to the conditional terms of access to land. Communal lands are fundamental to the communities' main economic activity and source of income (goat rearing), demanding large expanses of land. Further, the territory is interwoven with the culture and identity of the communities, whose connections with the land go beyond aims of capital reproduction. Above all, as long as the communities lack land titles they remain vulnerable to displacement, especially in light of the recent advance of capital in these areas and the frequency of land grabbing. According to Germani (2010), expansion of capital and increases in demand for land in semi-arid areas has made the spaces occupied by traditional communities valuable to outsiders, attracting the attention of various companies. According to the author (ibid.), government measures to attract capital in rural areas—such as tax exemption, credit extension, and flexible labor laws—have contributed to the “territorialization” of capital and the “deterritorialization” of family farmers.




DISCUSSION

Our research emerges from a critical perspective on “productivist” agricultural development, highlighting the inconsistencies of this model that emphasizes technological intensification and expansionary production (Stiglitz, 2007). Productivist-oriented food systems reinforce inequalities and injustices in rural and urban areas (Dias, 2014). More comprehensive food public policies are needed to build sustainable food systems. They must apply holistic approaches to improve input provision, production, processing, trading/selling, and consumption, and aim at provision of year-round access to food that meets people's nutritional needs (FAO, 2014). Further, public policies are fundamental to ensure respect for human rights, labor standards, and promote duties of preserving environmental integrity (Rist and Jacobi, 2016).

The present study examined family farmers' perception of positive and negative impacts of food policies on their food system. Participants felt that the integrated set of public policies enabling family farmers' participation in markets and those disseminating technology and knowledge had positive effects on the sustainable socio-economic development of the rural economy and food security. Farmers' increased access to institutional markets enabled communities' to sell their goods at fair prices, generating stable incomes and better family livelihoods. Public food procurement programmes (PAA and PNAE) made the greatest contribution to the performance of the food system, improving the areas of input provision, production, processing, trading, and consuming. The PAA and PNAE also enabled economies of scale, while reducing food insecurity at the household and community levels. The technical assistance programme was also highly relevant, serving to aid the dissemination of agroecological practices, promote techniques for soil management (less chemical fertilizer use), build a community-based bank of selected seeds for crop diversification, and promote the conservation of biodiversity and local ecosystems. Finally, the increased access to water enabled by cisterns helped communities achieve water security, while boosting diversification of production.

However, the food public policies also exhibited contradictions and flaws. One of the major problems is the policies' broad approach, which fails to attend to the specific needs of the heterogeneous and socially diverse categories of family farmers in Brazil (Schneider and Nniederle, 2008). For instance, the credit offered by PRONAF for rural activities is unequal in its geographical distribution, appearing to favor capitalized family farmers located in the south of Brazil. Farmers also cited obstacles such as excessive bureaucratization and lack of orientation regarding application procedures, which harm the effectiveness of the credit and financial support policies (PRONAF and Garantia Safra). With respect to technical assistance programmes, the photovoltaic systems provided in the “Light for All” intervention do not support use of devices that demand high-voltage energy, such as refrigeration equipment that would benefit the food system. Finally, the failure to resolve land titling/tenure issues points to deep structural constraints that are hindering the medium- to long-term resilience of the communities in terms of food security, cultural identity, and preservation of the ecosystem. Ongoing territorial disputes (due especially to land grabbing) threaten the existence of the fundo de pasto communities who are strongly connected to the land.



CONCLUSION

In conclusion, our assessment of the perceived impacts of public food policies on rainfed farming in Bahia reveals opportunities as well as challenges. Several recommendations regarding public food policies emerge from our analyses, and could serve as starting points for further policy discussion and scientific study.

First, with respect to the rural credit granted via PRONAF, we recommend reformulating the programme's budget distribution based on the quantity of rural properties existing in each state. Second, the technical assistance programme should strive to better inform farmers about credit application, streamline its procedures, and reduce bureaucracy. Third, local access to energy could be improved by expanding the grid network to reach communities and supply them with reliable electricity. Fourth, to reduce their dependence on public food procurement programmes (PAA and PNAE), farmer associations and cooperatives could invest part of their financial resources in diversifying production and adding more value through processing activities, therewith expanding their marketing options.

In addition, the fundo de pasto communities expressed their concrete desire to produce enough food for self-consumption. This would require new policies that encourage and support on-farm food production and consumption. Finally and crucially, stable long-term access to land is fundamental to conserve the rainfed food system, enable maintenance of specific territorialities, protect the environment, ensure high quality nutrition, and protect the rights of traditional communities. In this sense, there is an urgent need for fair distribution and democratization of the land, enabling emancipatory development of the communities and sustainability.
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AUTHOR'S NOTE

Food security, access to market, land, knowledge, and means of production are challenges for traditional family farmers, located in the Brazilian semi-arid region. Historically traditional family farmers were neglected by the Brazilian State, however, from 1950/60s onwards the shift away from the “Green Revolution” and productivist model triggered a rural development paradigm change toward sustainability. The new comprehensive socio-economic and environmental food policies targeted at family farmers caused profound changes in the ways of how this group are integrated into Brazilian society. The lack of studies that interpret the farmers perspective of the impacts promoted by public policies on their food system motivated us to develop this study, aiming to fill this research gap. The stakeholder perspective on public policy is an indicator for interpreting social transformation processes and assessing the actor's subjective motivations and political involvement. Also, social participation and inclusion contribute to the monitoring of public policies, besides of being fundamental to the representation of collective interests. Through this paper the claims and the recommendations of the traditional family farmers were formally organized and analyzed, serving as a basis for the improvement of world wile public policies.
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FOOTNOTES

1CONAB supports the activities carried out by the other entities in the execution of the programme (state and municipal governments). Its main role is to build public food stocks for later transfer to programme beneficiaries CONAB, 2016.

2The institutions that participated in this study break down as follows: Brazilian Agricultural Research Corporation (Empresa Brasileira de Pesquisa Agropecuária, EMBRAPA), Food and Nutrition Security National Council (Conselho Nacional de Segurança Alimentar e Nutricional, CONSEA), Regional Institute for Appropriate Small Farming and Animal Husbandry (Instituto Regional da Pequena Agropecuária Apropriada, IRPAA), Advisory Service for Rural People's Organizations (Serviço de Assessoria a Organizações Populares Rurais, SASOP), Pró-Semiárido, Pastoral Land Commission (Comissão Pastoral da Terra, CPT), Agrarian Development Coordination (Coordenação de Desenvolvimento Agrário, CDA) and Secretariat for the Promotion of Racial Equality (Secretaria de Promoção da Igualdade Racial do Governo do Estado da Bahia, Sepromi). We also interviewed two academics and accessed publicly available data on policies and programmes from government websites, statistical institute, Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatistica, IBGE) and the government think tank Institute for Applied Economic Research (Instituto de Pesquisa Econômica Aplicada, IPEA).

3When the animal is sold to the government, through the institutional market, it is alive. The government is in charge of taking the animal to a slaughterhouse that follows the rules of municipal health surveillance.

4The government of Bahia implemented a series of measures to attract investments, including offering concessions of state land for industrial and agricultural use and energy production; offering reductions and exemptions from state taxes, and offering low-interest financing (FIEB, 2019; SEI, 2019).
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Rice and fish are preferred foods, critical for healthy and nutritious diets, and provide the foundations of local and national economies across Asia. Although transformations, or “revolutions,” in agriculture and aquaculture over the past half-century have primarily relied upon intensified monoculture to increase rice and fish production, agroecological approaches that support biodiversity and utilize natural processes are particularly relevant for achieving a transformation toward food systems with more inclusive, nutrition-sensitive, and ecologically sound outcomes. Rice and fish production are frequently integrated within the same physical, temporal, and social spaces, with substantial variation amongst the types of production practice and their extent. In Cambodia, rice field fisheries that strongly rely upon natural processes persist in up to 80% of rice farmland, whereas more input and infrastructure dependent rice-shrimp culture is expanding within the rice farmland of Vietnam. We demonstrate how a diverse suite of integrated production practices contribute to sustainable and nutrition-sensitive food systems policy, research, and practice. We first develop a typology of integrated production practices illustrating the nature and degree of: (a) fish stocking, (b) water management, (c) use of synthetic inputs, and (d) institutions that control access to fish. Second, we summarize recent research and innovations that have improved the performance of each type of practice. Third, we synthesize data on the prevalence, outcomes, and trajectories of these practices in four South and Southeast Asian countries that rely heavily on fish and rice for food and nutrition security. Focusing on changes since the food systems transformation brought about by the Green Revolution, we illustrate how integrated production practices continue to serve a variety of objectives to varying degrees: food and nutrition security, rural livelihood diversification and income improvement, and biodiversity conservation. Five shifts to support contemporary food system transformations [i.e., disaggregating (1) production practices and (2) objectives, (3) utilizing diverse metrics, (4) valuing emergent, place-based innovation, (5) building adaptive capacity] would accelerate progress toward Sustainable Development Goal 2, specifically through ensuring ecosystem maintenance, sustainable food production, and resilient agricultural practices with the capacity to adapt to global change.

Keywords: food systems, integrated agri-aquaculture, inland fisheries, food security, food policy


INTRODUCTION

The world's food systems are simultaneously overreaching planetary boundaries and failing to meet nutritional needs (Gordon et al., 2017; Willett et al., 2019). In response, transformation of current food systems is increasingly called on to minimize environmental impacts and sustain livelihoods while also producing food of sufficient quantity and quality to meet the growing needs and demands of populations globally (Ericksen et al., 2010; IPES-Food, 2016; Schipanski et al., 2016). A food system incorporates “all the elements (environment, people, inputs, processes, infrastructures, institutions, etc.) and activities that relate to the production, processing, distribution, preparation, and consumption of food, and the outputs of these activities, including socio-economic and environmental outcomes” (HLPE, 2014). Transformation toward more sustainable and equitable food systems is a foundation of the Sustainable Development Goals, directly for the second goal “Zero Hunger” and as a critical enabler of many of the other goals (Caron et al., 2018). To re-shape food systems to meet the environmental, economic, and social challenges of sustainability, we must shift away from a narrow productivity focus that dominated previous “revolutions” in agriculture (Pingali, 2012; Blesh et al., 2019), aquaculture (Troell et al., 2014), and fisheries (Ratner and Allison, 2012).

Agroecological practices are important in the package of solutions needed to transform food systems (IPES-Food, 2016; HLPE, 2019) and to build resilience of livelihoods and landscapes in the face of global change (Sinclair et al., 2019). Agroecological practices are diverse, but can be characterized by a generic set of agroecological principles, such as a preferential use of natural processes and a focus on local suitability, equity, and systems management (Altieri, 2002; HLPE, 2019). The principles are conceptualized in categories of technical and/or biophysical and of organizational, institutional and/or socio-economic attributes (Therond et al., 2017; AFD CIRAD, 2018) and their application occurs in varying degrees along a gradient (HLPE, 2019). These gradients can be used to develop a typology that organizes and describes the diversity of practices within a production sector, e.g., maize and livestock production in central United States (Blesh and Wolf, 2014). A typology of production practices can guide evaluation of the contribution of various practices to food systems objectives (Blesh and Wolf, 2014) and facilitate planning for transformation pathways to sustainable food systems. We demonstrate this approach in the context of Asian agricultural landscapes and diets, which have been dominated by rice and fish for more than a millennium (Ruddle, 1982; Miao, 2010).

Rice cultivation occurs in a range of agroecosystems, including lowland areas that are seasonally inundated by rainfall and floodplains extending from the edges of rivers and lakes (Heckman, 1979; Fernando, 1993). These agroecosystems also provide habitats for a “wide range of aquatic species (including finfish, crustaceans, mollusks, reptiles, insects, amphibians, and aquatic plants) used for consumption and/or sale” (FAO, 2014). Rice-fish production practices (RFPPs) are those where the cultivation of rice takes place while allowing the simultaneous or rotational presence of: naturally occurring fish and other aquatic species that are harvested through fisheries; and/or introduced fish populations that are cultured (FAO, 2014). Throughout Asia, RFPPs have developed, persisted, and been transformed under a range of environmental, social, and agricultural policy contexts and comprise diverse fish species and rice varieties (e.g., Heckman, 1979; Halwart, 1998; Amilhat et al., 2009). Presence of fish within agri-food systems is observed globally (Halwart and Gupta, 2004) and is especially important in food insecure nations (Fisher et al., 2017). Despite this, incorporation of fish in agricultural food security programs is lacking (Fisher et al., 2017) and fish are rarely more than anecdotally mentioned in agroecology and food systems literature, despite their relative resource efficiency among animal sources of dietary protein and rich micronutrient content for diets (Kawarazuka and Béné, 2011; Béné et al., 2015).

In addition to the production of rice and fish for food and nutrition, RFPPs can provide a range of ecosystem services and farmer benefits, depending on the approach and application of agroecological principles. For example, RFPPs can make efficient use of scarce water and land resources (Frei and Becker, 2005), maintain biodiversity (Liu et al., 2013; Freed et al., 2020), regulate water flows and water quality (Zhang et al., 2012), and reduce the need for agrochemicals for rice production (Halwart, 1994; Cheng-Fang et al., 2008; Xie et al., 2011). RFPPs can also provide local food and nutrition security (Garaway et al., 2013; Halwart, 2013), income benefits (Hortle et al., 2008), generate more revenue per hectare than rice monoculture (Dwiyana and Mendoza, 2006), and produce higher rice yields (Halwart and Gupta, 2004; Dubois et al., 2019), although rice monoculture can be more cost and labor efficient (Dwiyana and Mendoza, 2006) and in some contexts, the economic return from fish replacing a rice crop in a rotational system can be lower than the return from the second rice crop (Ahmed et al., 2011). RFPPs are not the only agroecological alternatives to rice monoculture: ecologically engineered farm design can enhance biodiversity and ecosystem function (Horgan et al., 2016); and alternate wetting and drying can reduce water and input use in irrigated systems (Tirol-Padre et al., 2018).

The nutritional, environmental, and cultural value of integrated rice and fish production has been recognized in contemporary agricultural discussions since the 1948 convening of the FAO Rice committee (Halwart and Gupta, 2004). However, interest in RFPPs has periodically waxed and waned, and has yet to gain traction alongside the more locked-in monoculture production focus (Halwart and Gupta, 2004; IPES-Food, 2016). This is at least in part due to the disciplinary approaches to agricultural and aquatic systems research and development that impedes integration among crops and wild and cultured aquatic resources (Amilhat et al., 2009; Tezzo et al., 2020). Currently, agricultural investments increasingly seek to achieve food and nutrition security as well as environmental sustainability objectives (Asian Development Bank, 2015; McCartney et al., 2019), leading to increased interest in agroecological approaches (e.g., FAO, 2019; HLPE, 2019). To assist in these efforts, we describe the range of RFPPs and evidence of their respective advantages, constraints, and contributions toward sustainable food systems outcomes. This focus is particularly urgent, given that the types of RFPPs that actively stock, enclose, and feed fish are expanding in China and elsewhere in Asia (Hu et al., 2015; Miao, 2016; FAO, 2019), without consideration of other types of RFPPs that are more aligned with agroecological principles.

To bridge the evidence gap constraining decision-making, we draw on literature to develop a typology to distinguish RFPPs based on the nature and degree of: water infrastructure and management, the use of inputs, the source of fish populations, and the institutions that control access to fish. We illustrate these variations across four RFPP types for which we also highlight current and potential research and innovation to improve delivery of food system outcomes (specifically, food and nutrition security, equitable and secure incomes, and ecological integrity). We review the trajectory of RFPPs in four case studies from South and Southeast Asian countries and examine the enabling and constraining factors determining the contributions of each RFPP to food systems objectives. We discuss how RFPPs might contribute to different pathways for food system transformation in rice producing nations, and explore ways in which research, innovation and policy might enable achievement of multiple food system objectives.



RICE-FISH PRODUCTION PRACTICE TYPOLOGY

Rice-fish production practices vary substantially between different contexts and countries. Scholars have noted distinctions based on biophysical and technical attributes such as relative use of naturally occurring or stocked fish, water control measures, intensity, and volumes of production inputs (e.g., Welcomme and Bartley, 1998; Koohafkan and Furtado, 2004) and organizational and institutional attributes such as the fit with, and use of, a range of governance institutions (e.g., Dey et al., 2013). Drawing on literature and field observations, we developed a typology of RFPPs along an agroecological continuum. The continuum runs from high levels of human control and substitution of natural processes to lower levels of control and greater reliance on natural processes for five variables; (1) fish stocks, (2) water control, (3) inputs to support fish production, (4) inputs for rice, and (5) institutions that control access to fish (Figure 1). Rice varieties, fish species, water access, and rice planting methods are also variable, but do not help to distinguish RFPPs as they vary as much (or more) within types than between them. The typology is not meant to be an exhaustive catalog of all factors that vary and all types of RFPPs, but instead aims to elucidate at a broad level distinguishing characteristics that influence RFPP performance in terms of food systems outcomes. The typology is also not meant to impose a “good-better-best” ordering of production practices, as RFPP suitability is highly context dependent. In addition, differing contexts and drivers of change can also result in variable outcomes within each RFPP type. In this sense, RFPPs are only one component necessary for delivering food systems objectives. Below, we describe in greater detail each exemplar RFPP in terms of the five aforementioned attributes.
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FIGURE 1. Typology of rice-fish production practices with (A) illustrations and photos that depict each of four exemplars (3–6) and their monoculture reference points (1,2). (B) The types can be distinguished by use of agroecological attributes along a continuum of (high to low) control and substitution of natural processes in terms of; (1) fish stocks, (2) water control, (3) inputs to support fish production, (4) inputs for rice, and (5) institutions that control access to fish. Notes: *May include some naturally present; **May include some stocking; ∧Water control is low during monsoon season and fish production, but irrigation is used during dry season for rice cultivation; ×May include privatization of fish remaining in ponds within rice fields after flood recession; ××Commons for small wild fish harvest, contractual shared access for cultured and wild fish.



Rice Field Fisheries

Rice field fisheries lie on the “natural” end of the agroecological continuum. Rice field agroecosystems often contain both rice fields and water bodies such as canals, streams, ponds, and ditches. The harvest or capture of naturally occurring (or “wild”) fish, aquatic animals, and plants from these rice field agroecosystem habitats is referred to as “rice field fisheries” (Gregory, 1997). An important contributing factor to these fisheries is the natural inundation of rice fields that occurs following seasonal rainfall and/or rising water levels in rivers and other water bodies. During the inundation period, many fish and other aquatic species migrate from perennial water bodies to the shallow rice field wetlands to feed and spawn. Studies on the aquatic biodiversity of rice field fisheries across China and Southeast Asia reveal that between 32 and 147 species are caught and used (Supplemental Table 1; Supplemental Figure 1). Flood waters and fish may be considered a common pool resource even when occurring in privately owned rice fields. Wild fish are most prevalent when water management infrastructure (dikes and irrigation) and agrochemical use is minimal (Ali, 1990). Stocking may occur in rice field fisheries, but if it does occur is usually minimal. Small water bodies within or near the rice field may be managed as perennial refuges for fish, or may function as trap ponds from which fish are harvested when the pond is pumped or dries out.

Historically, rice field fisheries were the most widespread form of integrated rice and fish production (Coche, 1967; Ruddle, 1982), and are most common in rainfed and deepwater rice growing areas (Vo, 1975; Gregory, 1997). Rice field fisheries have been an important source of food and nutrition security, and livelihoods for rural communities in low and middle income countries across Asia, including in Bangladesh (Dey et al., 2013), Cambodia (Freed et al., 2020), Lao PDR (Nguyen Khoa et al., 2005; Garaway et al., 2013), Myanmar (Gregory, 2017), and Vietnam (Berg et al., 2017; Nguyen et al., 2018). The level of formal recognition and management support for these fisheries varies greatly, with the greatest support occurring in Cambodia (e.g., Fisheries Administration, 2011; MAFF, 2014). While rice field fisheries are a long-standing RFPP, associated agricultural and water use practices and infrastructure have changed substantially in many places. Community fish refuges (Kim et al., 2019) and “fish friendly” irrigation (Baumgartner et al., 2016) are two examples of contemporary rice field fisheries research and innovations for improving environmental connectivity, biodiversity conservation, and food and water security.



Community-Based Fisheries and Aquaculture

Community-based fisheries and aquaculture straddles the intervention and natural ends of the agroecological continuum. This practice emerged out of three decades of research in Bangladesh on floodplain aquaculture and community-based fisheries management (Sheriff et al., 2010) and was introduced and adapted in Vietnam, Cambodia, Mali, and China, but was not as widely adopted or expansive as in Bangladesh (Joffre and Sheriff, 2011). Community-based fisheries and aquaculture occurs in lowland flood-prone areas where one crop of rice is grown only during dry months. During the monsoon, rice fields are inundated to a depth of 2–3 m. The resulting inundated water bodies were traditionally common areas to harvest wild fish and aquatic plants. Under community-based fisheries and aquaculture, the water bodies are managed for both wild fish and fish culture through technical and water governance innovations that allow wild fish (and fishers) to remain while introducing a communal governance model for cultured fish production (Joffre and Sheriff, 2011). For example, inlets and outlets are fenced to keep cultured fish in while allowing passage for smaller wild fish. Community-based fisheries and aquaculture includes stocking the water body with fish; most commonly cultured fingerlings of carp species (e.g., Hypophthalmichthys molitrix, Labeo rohita), but also wild-sourced broodfish of mola (Amblypharyngodon mola), other small indigenous species such as darkina (Esomus danricus), chela (Chle phulo), puntius (Puntius spp.), and indigenous species of catfish (Clarias spp.) and snakehead (Channa spp.). Ongoing social (e.g., water governance), economic (e.g., market connections and resilience), and ecological (e.g., optimal stocking densities and biodiversity) innovations continue to be tested and refined in Bangladesh.



Rice-Fish Culture

Rice-fish culture lies predominantly on the intervention end of the agroecological continuum, yet comprises a broad range with many variations in practice. Rice-fish culture is the deliberate introduction of fish from cultured or wild sources into a rice field. While some practices may include natural water flows to retain wild stocks and biodiversity, these are recused in areas with greater water control and physical barriers to prevent escape of cultured fish (Lu and Li, 2006). Water is actively managed to control inflow during the dry season, and dikes are used in the wet season to prevent flooding. In many contexts, rice-fish culture is privately managed by the rice farmers who own or lease the plot of land.

There are two main sub-types: concurrent culture and alternating culture. Concurrent culture is where rice and fish are cultivated together in the same space and at the same time. Alternating culture is where production cycles of rice and fish crops are sequential. It is possible for both concurrent and alternating culture to take place within the same rice plot, as in extended growing seasons for fish beyond the rice harvest, or multiple crops of fish with fewer crops of rice (e.g., Halwart and Gupta, 2004; Dwiyana and Mendoza, 2008). Input use is often determined by the extent of intensification and the timing and duration of the fish culture (Halwart and Gupta, 2004). Fish are often fed when present at high densities and for fish grow-out, while low densities of fish and/or short duration fish culture are likely to require either no inputs or only the application of fertilizers to promote phytoplankton growth and enhance the natural food web that supports fish (Halwart and Gupta, 2004).



Concurrent Rice-Fish Culture

In concurrent culture, also referred to as rice fish co-culture, the rice field is modified with the addition of small water bodies such as trenches, small ponds, or depressions that retain water for fish habitat when water levels become low in the rice field. Concurrent culture tends to use fewer agrochemical inputs than alternating culture or rice monoculture and aquaculture. Fish can feed from the biodiversity in the flooded rice field and have a symbiotic relationship with rice crops; fish are eating insects and so reduce the pest load, and fish waste contributes nutrients to the water and soil. Concurrent rice-fish culture requires a relatively high degree of management, for water levels in the rice field and the fish shelter through irrigation and dikes. A drop in water levels in the rice field can undesirably shorten the duration of fish culture, especially toward the end of a monsoon season or as water availability declines during a dry season. In Asia, rice fish co-culture has been practiced for over a 1,000 years, with documented cases in China, Indonesia, Thailand, Vietnam, Philippines, Malaysia, Bangladesh, and Myanmar (Halwart and Gupta, 2004). Recent innovations for this long-standing practice focus on diversifying production through fish polyculture and integrated (i.e., plant and vegetable) farming (FAO, 2019).



Alternating Rice-Fish Culture

Alternating culture of rice and fish allows the use of crop-specific inputs during both rice and fish culture. The use of inputs for both fish and rice is relatively common, and as such alternating culture is considered an intensive form of rice-fish culture. During fish culture, the rice field is managed as a shallow pond for fish. Feed and other inputs may be used to maintain and grow fish. Alternating culture also occurs in coastal areas, such as the “gher” in Bangladesh and rice-shrimp culture in Vietnam, in which a monsoon season rice crop is followed by a dry season shrimp crop that coincides with saline water intrusion in the rice field. Production of fish fingerlings in alternating culture has emerged as aquaculture growth has boosted the demand for fingerlings, particularly in Indonesia (Costa-Pierce, 1992) and Bangladesh (Barman and Little, 2006). Recent research investigates technical and social innovations that might improve institutional arrangements among stakeholders and across scales (Joffre et al., 2018; Nguyen et al., 2020). A primary focus of this research is to improve management of organic and agrochemical effluents from culture ponds and rice cropping (Joffre et al., 2018).




FISH, RICE, AND FOOD SYSTEM TRANSFORMATION

The Green Revolution and transformation of rice culture into intensively farmed monoculture began in Asia around 55 years ago (Hazell, 2009; Pingali, 2012). The changes to farming practices included increased use of agrochemicals and more rigid control of water flows and storage that reduced connectivity to floodplains and water bodies (e.g., Shankar et al., 2005; Tong, 2017). Resultant gains in rice production were substantial; across all developing countries rice yields increased 109% (Pingali, 2012), and across Asia total rice production rose steadily and rice prices decreased (Hazell, 2009). However, these farming practices also resulted in losses of long-standing integrated rice and fish production in, at least, Malaysia (Ali, 1990), Vietnam (Berg et al., 2017), and China (Lu and Li, 2006). In Bangladesh, Cambodia, Vietnam, and Myanmar, rice yield per hectare doubled between 1965 and 2000 and rice production tripled by 2013 (FAO, 2020c). Rapid growth in aquaculture production occurred around the same time globally (Troell et al., 2014) and across Asia (Ahmed and Lorica, 2002).

While these agriculture and aquaculture revolutions gained substantial investment and policy attention, inland capture fisheries persisted, but were underappreciated and largely ignored (Cambodia is a notable exception). Recent research illustrates the magnitude of inland capture fisheries contributions to food and nutrition security (Fluet-Chouinard et al., 2018). Yet, the low profile of inland fisheries in national and global policies, including their absence in the Sustainable Development Goals, persists to this day (Cooke et al., 2016; Funge-Smith and Bennett, 2019). This is most likely due to a combination of factors, including the difficulty of collecting reliable data to fulfill official statistics (Coates, 2002; Bartley et al., 2015), the popular crisis narrative of declining fisheries (Friend et al., 2009), and of the fact that fisheries are not easily amended to the Green Revolution approach of increasing productivity. This lack of policy support for fisheries greatly reduces the nutrition provision potential of food systems (Thilsted et al., 2016).

Current conditions are ripe for transformation in Asia's rice and fish sectors, yet there are multiple interpretations about what this transformation might entail. Rice producing regions are now contending with issues of climate change (Johnston et al., 2009) and factors exacerbating persistent rural poverty, such as increasing indebtedness and loss of land (Ingalls et al., 2018). Local, regional, and international demand for rice and fish are expected to increase for decades to come (Reardon and Timmer, 2014; Chan et al., 2017). Fish demand is tracking faster than population growth, with increases in per capita consumption associated also with rising incomes (Chan et al., 2017). Rice demand is expected to continue to grow as populations do, but at a slower rate given that as incomes rise, diets tend to diversify away from staples (Reardon and Timmer, 2014; Cramb and Newby, 2015). Growth in both rice and inland capture fishery production have recently slowed or reversed in the case study countries. Rice production seems to have peaked in Myanmar (in 2009) and Vietnam (in 2015) and production growth is slowing in Bangladesh and Cambodia (since 2010; FAO, 2020c). Inland capture fisheries production has begun to level off or gradually decline (since 2009 for Bangladesh, 2013 for Cambodia, 2016 for Myanmar, and 2001 for Vietnam; FAO, 2020a). As of 2013, capture fisheries still contributed substantially to inland fish production in Bangladesh (36%), Cambodia (86%), and Myanmar (49%; FAO, 2020a). While growth in aquaculture production has continued, the relative contributions of inland capture fisheries remain sizeable in terms of fish production (Edwards et al., 2019; Funge-Smith and Bennett, 2019), food provision (Arthur and Friend, 2011; Fluet-Chouinard et al., 2018), and nutrition (Halwart, 2006; Kawarazuka and Béné, 2011; Thilsted et al., 2016; Golden et al., 2019).

The Green Revolution aim of increased rice production was adopted to varying degrees in Bangladesh, Cambodia, Myanmar, and Vietnam. Yet, the cases below (illustrated in Figures 2–6) illustrate how each country also adopted different objectives and strategies for food system transformation, including different policies, investments, and institutions that influenced the various roles RFPPs played. For each country we examine: (1) the changes to RFPPs and the trajectory of rice and fish sectors since 1980; (2) prevalent RFPPs, innovations, and evidence of RFPP contributions to food systems objectives; and (3) current gaps to achieving food system objectives and the potential pathways for rice and fish production to address these challenges.
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FIGURE 2. Transformation pathways for rice-fish production practices. Starting from similar initial practices (predominantly rice field fisheries), rice-fish production in the four case study countries transitioned or transformed along different pathways according to their context and the objectives that followed from the Green Revolution (ca. 1985) onwards. During the present opportunity for food systems transformations, four potential pathways are foreseen, once again depending on the context and objectives in the push for sustainable food systems.



Cambodia

Rice field fisheries have been maintained, initially as consequence of socio-political crisis, but more recently through deliberate policy recognizing their importance as a productive fishery, their provision of food and nutrition security, the cultural appreciation of wild sourced foods, as well as the difficulty to compete with already advanced aquaculture in neighboring countries. Regaining food self-sufficiency was Cambodia's initial food system objective following the Khmer Rouge crisis, while a longer-term objective has been to employ the large rural population. Rice and fisheries contributed to Cambodia's substantial GDP growth from the 1990s, although the contribution from these sectors has declined in recent years (The World Bank, 2017a).

Rice field fisheries are prevalent in Cambodia's 2.6 million hectare wet season rice landscape, due to relatively little irrigation (17% of total area) and expansive rainfed lowlands (80% of total area; MAFF, 2017, 2018) with relatively little flood control. Official estimates place rice field fisheries at 30% of national inland fisheries production, while field-based studies estimate a higher contribution equivalent to 60–70% (Chheng et al., 2016; Freed et al., 2020). It is estimated that more than 50% of Cambodian rural households engage in fishing at least occasionally (Nasielski et al., 2016). Cambodia law stipulates that wild aquatic species in flooded rice landscapes are a common pool resource available to anyone who chooses to fish, provided non-destructive gear is used as stipulated by law. At least 150 wild aquatic species are present within the rice field landscape of Cambodia's Tonle Sap Region, including finfish, snakes, frogs, bivalves, prawn, crab, turtle, waterbirds, insects, and aquatic plants (Freed et al., 2020). The majority of aquatic species are used for food, and in sum these fisheries can provide more than 60% of the fish and other aquatic animals consumed within local farming-fishing households (Freed et al., 2020).

Cambodia's government has formally recognized, in the form of an enhancement strategy, the values and potential of rice field fisheries for national food production and food and nutrition security (Fisheries Administration, 2011; CARD, and TWG-SP&FS, 2014). The enhancement strategy centers around scaling community fish refuges, which are perennial water bodies (i.e., a small pond or part of a large reservoir) that provide habitats for fish within the rice field landscape (Figure 3). Research and pilots implemented throughout the Tonle Sap region have informed the development of best management practices for community fish refuges, including co-management, community engagement, and fisheries management strategies as well as habitat improvement and conservation measures (Kim et al., 2019).
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FIGURE 3. Timeline of events that influenced rice-fish production practices in Cambodia.


One of Cambodia's primary food system challenges is to ensure more secure farming livelihoods, as evidenced by the concentration of poverty in rural areas, pronounced rural migration (Ingalls et al., 2018), and low Gross National Income per capita ($1,063, the lowest among the four case study countries; The World Bank, 2017b). Another challenge is to improve nutritional outcomes. Despite relatively high availability of freshwater fish per capita (Supplementary Table 2; FAO, 2020a), Cambodia performs poorly in terms of childhood stunting (ranked third among case study countries; GHI, 2019) and prevalence of maternal anemia (ranked fourth among case study countries; WHO, 2016). Potential impediments to achieving nutritional benefits from the relatively high fish consumption rate include demographic or geographical pockets of low fish consumption (for example, low fish consumption in children under 2 years of age) and issues of food safety, sanitation infrastructure, and lack of available clean water (Kawarazuka and Béné, 2011; Vyas et al., 2016). A transformation focused on availability of affordable fish for consumption and production of high-quality rice and fish for income generation could address these nutritional and livelihood challenges. Production of high-value rice and fish and ensuring their quality along the value chain could also improve international trade in the face of the large volumes of cheap rice and fish produced in nearby countries. Quality assurance would most likely require substantial investments, properly targeted incentives for value chain development, and improvements in regulatory policies and their implementation (Ponte et al., 2014).

Water demand is a growing challenge due to recurrent dry periods and increased frequency and/or severity of adverse conditions during rice cultivation (Chhinh et al., 2014; Thangrak et al., 2020), the limited capacity of existing reservoirs in the Tonle Sap basin (Johnston et al., 2014), “water-scavenging” irrigation at farm level (Mukherji et al., 2009), and large scale upstream hydropower development affecting the Mekong and its inflow into the Tonle Sap (Arias et al., 2014). This last factor has already been linked to an expected decline in food and nutrition security through loss of fish availability (Golden et al., 2019). Local mitigation measures such as effective water management, “fish friendly” designs for irrigation development (McCartney et al., 2019), and continued community fish refuge support and scaling of best management practices (Kim et al., 2019) are essential for sustaining rice field fisheries. Some policies have recognized the benefits of rice field fisheries and supported innovations to enhance performance. However, more policy consistency is needed to ensure irrigation and agricultural intensification are not carried out at the expense of natural water flow and biodiversity, for example the directive on irrigation development (MAFF, 2017) and the promotion of rice dry season crop intensification in the Tonle Sap region (RGC, 2008).



Bangladesh

Integrated rice and fish production practices diversified during the Green Revolution in Bangladesh due to aims of livelihood diversification alongside irrigation development for food system transformation. Diversification pursued due to famine, very low income per capita (the second lowest among all nations in 1975; World Bank Group, 2015), high levels of landlessness, and very small farm size. Bangladesh's economy also diversified away from agriculture (World Bank Group, 2015). However, rice and fish remain important agricultural products and dietary staples. Fisheries, and aquaculture in particular, may be considered key sectors for livelihood diversification and food and nutrition security, especially in rural areas. Around 11% of Bangladesh's population is employed in fisheries full or part-time (DoF, 2018). Aquaculture in particular provides rural income opportunities for landholders and landless alike (Belton et al., 2014). Improved fishery and aquaculture production remains a policy objective of Bangladesh for enhancing both employment and income, and food and nutrition security. Fisheries and aquaculture remain important contributors to agricultural gross domestic product and recently became productive enough to consider the nation's fish supply as self-sufficient (DoF, 2018).

Rice field fisheries in Bangladesh were once widespread, but diminished as dry season fish habitat was lost to intensification of dry season rice cultivation (Dey et al., 2013). Rice-fish culture is prevalent in southern Bangladesh, supporting the livelihoods of an estimated 600,000 people, including farmers, fish traders, and processors (Karim et al., 2014). Referred to in Bangla language as a “gher” farming system, rice-fish culture in this region consists primarily of alternating culture and most commonly incorporates shrimp and prawn, selected for their export value and high income potential for producers (Rahman et al., 2006; Belton, 2016; Faruque et al., 2017). The widespread production of shrimp and prawn has led to the development of hatcheries and irrigation infrastructure, adoption of compatible rice varieties, and more employment opportunities.

Two additional RFPPs, rice field nurseries and community based fisheries and aquaculture (covering approximately 3,000 and 50,000 hectares, respectively), are emerging through innovations responding to investment, climatic, demographic and/or economic changes (Figure 4). The rice field nursery model emerged in the 1980s and 1990s, when farmers opted to pilot fingerling production that required less investment than fish grow-out and was more amenable to the rice production cycle, using lower water depths and shorter growing periods (Barman and Little, 2006). Increased demand for fingerlings, availability of inputs including fry and commercial feed, and the relatively low risk and quick return on investment also encouraged farmer adoption of rice field nurseries. Currently, little information is published on the environmental, food security, and income benefits of these nurseries.
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FIGURE 4. Timeline of events that influenced emerging rice-fish production practices in Bangladesh.


Community based fisheries and aquaculture emerged largely in Bangladesh's northwest (e.g., Rajshahi district) and central regions (e.g., Cumilla district; Toufique and Gregory, 2008; Dey et al., 2013). Innovation of the management model was essential for this RFPP's success. A community based committee is formed from diverse stakeholders, receives training, and develops functional rules and regulations with support from formal institutions such as local government, Department of Fisheries, non-governmental organizations, and members of civil society (Joffre and Sheriff, 2011). Governance is challenging, especially to ensure inclusion of fishers and landless individuals and equity of benefit sharing (e.g., Toufique and Gregory, 2008). When managed inclusively, employment opportunities are generated and fishers gain additional fishing opportunity for up to 6 months each year (Haque and Dey, 2017). Successful examples have demonstrated that community based fisheries and aquaculture increased expenditure equality by 15% among community participants (Haque and Dey, 2016). In addition, the increased fish production bolstered fish consumption, especially for landless non-fishers (33% increase in annual per capita fish consumption) and improved household incomes from fish by a factor of 3.7 (Haque and Dey, 2017).

Adequate nutrition remains a challenge in Bangladesh, particularly in terms of hunger and maternal anemia (ranked fourth and third among the four case study countries, respectively; WHO, 2016; GHI, 2019). Natural disasters and climate change effects are also key challenges, with diverse patterns affecting food production across the country (Dastagir, 2015; Raihan et al., 2020). Scaling of RFPPs with an emphasis on resilience to climate change and accessibility for local consumption could ensure the contribution of rice and fish production to improved nutrition. Community based fisheries and aquaculture is a suitable candidate for scaling, considering the demonstrated positive benefits for household consumption. Effective scaling will require development of policy conducive to RFPPs and producer-focused initiatives such as dissemination of farm management best practices, market development for inputs and outputs of fish culture, as well as initiatives to support the entire value chain (e.g., transportation facilities and financial and information technology instruments).



Myanmar

Rice production has remained the primary focus of agricultural and food policy in Myanmar since the Green Revolution, despite delivering relatively low yields and economic returns per unit of land area (Ministry of Agriculture, Livestock and Irrigation, 2018; World Bank, 2018). Rice and fish are the fourth largest contributors to gross domestic product and are the main sources of rural incomes (Raitzer et al., 2015; FAO, 2020b). The government has declared revitalization of the agriculture sector as a priority, following the impacts of a tumultuous political history (Figure 5).
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FIGURE 5. Timeline of events that influenced and ultimately restricted rice-fish production practices in Myanmar.


Rice field fisheries have continued as an abundant but “hidden harvest” in Myanmar. Myanmar's 2012 Farmland Act has reinforced the stringent conditions required for the conversion of rice fields for any other permanent purpose (Gregory, 2017), constraining physical modifications to the rice farming landscape for fisheries enhancement or integration of aquaculture. Nevertheless, informal rice field fisheries are very common (Gregory, 2017; Oo and Mackay, 2018). While not officially recognized, rice field fisheries remain important for food and nutrition security in rice farming regions and may in fact constitute a large proportion of inland fisheries production in Myanmar. A survey of 180 leasable fishing lots in the Ayeyarwady Region found that 34% of these lots included seasonally flooded wetlands that were used for rice cultivation during the dry season. Fish productivity in these areas was comparable to the most productive seasonal floodplains in Bangladesh and Cambodia (Tezzo et al., 2018). Most households participating in rice field fisheries benefitted from savings due to self-supply of fish and income from selling surplus catch (Gregory, 2017). Fishery decline is observed, however, likely due to large numbers of fishers, increasing use of agrochemicals, and electrofishing (Gregory, 2017). Rice-fish culture is also present in Myanmar, but much less prominent. Shrimp are produced in saline zones through alternating rice-fish culture, but very little rice-fish culture occurs in fresh and brackish water areas (Gregory, 2017). The number of farmers practicing concurrent rice-fish culture in freshwater regions is currently limited due to restrictions in the 2012 Farmland Act.

Myanmar is showing signs of shifting from a monoculture focus to diversified production. Recent on-farm piloting of concurrent rice-fish culture showed positive benefits for rice yield, agrochemical reduction, and mean gross margin (which was 25% greater than that of rice monoculture; Dubois et al., 2019). These results highlight the improved resource efficiency and potential economic benefits of adopting concurrent rice-fish culture in the Ayeyarwady Delta without compromising rice production. Approximately 70% of the fish produced in the research trials was sold to the local market and purchased by rural and peri-urban consumers, while 30% was consumed by the farming households (Dubois et al., 2019), indicating the potential to improve the diets of rice farming households and contribute to food and nutrition security in the region.

Economic inequality and food insecurity remain important challenges. Myanmar has the highest income inequality among the four case study countries (19.9% as of 2018; UNDP, 2020). Hunger and malnutrition affect large segments of the population and food insecurity remains a serious problem among resource poor people (Robertson et al., 2018). Inequalities in fish consumption exist, with the poorest households consuming less than one-quarter of the amount consumed by wealthier households (Wilson and Wai, 2013). In terms of environmental challenges, the central dry zone of Myanmar faces water availability limitations (Boori et al., 2017), while coastal regions face saline intrusion along with sea level rise (Oo et al., 2018).

Further studies are needed to assess the extent and benefits of RFPPs in Myanmar. Rice field fisheries likely make substantial contributions to food and nutrition security. Concurrent rice-fish culture could maintain rice production relative to rice monoculture, with the added benefit of fish as a more nutritious food and higher value commodity, however this has yet to be tested at scale (Dubois et al., 2019). Monoculture-focused policy and practices have limited the extent of RFPPs and land use regulations limit widespread adoption of rice-fish culture. The fast modernization of the agriculture sector may constitute another significant barrier to RFPPs. Further research on the current status and benefits of RFPPs to women and men in farming and non-farming households could provide guidance for policy makers to facilitate adoption and/or restoration of RFPPs toward local incomes and food and nutrition security.



Vietnam

Transformation of fish and rice sectors have been pronounced since the Green Revolution in Vietnam. The improvement in rice yields and production secured self-sufficiency and exportation, and the Mekong delta remains the “rice bowl” of the country, producing 50% of Vietnam's paddy rice (25 million tons) and 90% of its rice exports (Demont and Rustaert, 2017; Thang, 2017). The once prolific rice field fisheries of Vietnam's Mekong delta declined in tandem with rice intensification. Although the delta once produced up to 90% of total inland fisheries production in southern Vietnam (Taki, 1975), rural households in the delta have experienced significant decreases in wild fish catch and consumption (Berg et al., 2017; Nguyen et al., 2018).

Environmental and infrastructure changes have been profound as well. The Mekong Delta now hosts over 10,000 km of canals and 20,000 km of dykes, and irrigation infrastructure encompasses 90% of its cropland (Nguyen et al., 2020). Saline water intrusion is increasing in the delta due to land subsidence (to which groundwater extraction for irrigation is a contributing factor; Minderhoud et al., 2017), sea level rise, high levels of downstream sand mining, and reduced upstream flow of water and sediment (largely due to hydropower infrastructure along the Mekong and its tributaries; Eslami et al., 2019). Variability in soil fertility and large areas of acid sulfate soil further constrain the intensification of rice culture in the delta (Husson et al., 2000).

Policy mandates and market incentives have operated to convert and intensify RFPPs in the Mekong Delta. Intensification and commodification of fish (including prawn and shrimp) production followed the initial Green Revolution push for rice production and commodification (Figure 6). In response to the low farm-gate prices for the high-yield but low quality rice (Demont and Rustaert, 2017) and increased use of inputs that keep farmer incomes low (Berg et al., 2017), farmers have diversified production in increasing numbers since the early 2000s. The high value and salt tolerance of shrimp motivated farmers to convert a large area planned for rice intensification to shrimp aquaculture and alternating rice-shrimp culture (Hoanh et al., 2003).
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FIGURE 6. Timeline of events that influenced rice-fish production practices in Vietnam's Mekong Delta.


Extensive alternating rice-shrimp culture now covers 160,000 hectares (Hai et al., 2016), or about 5% of the wet season rice cultivation area of Vietnam (General Statistics Office, 2016). Freshwater finfish aquaculture has also increased in the delta (Nguyen et al., 2020), as have alternating culture of freshwater prawn and rice (Nguyen et al., 2020) and concurrent culture of rice- freshwater prawn followed by shrimp (Penaeus vannamei or Penaeus monodon) is also increasing in the coastal zone of the Mekong Delta (Hai et al., 2017). Net returns of alternating rice-shrimp culture can be as high as $3,000 per hectare annually (AMDI, 2016). When compared with rice monoculture, rice-shrimp culture can improve economic and social equity and provide significantly higher net income at the household level, but may be difficult for poorer households to implement because of the high initial investment and reliance on household labor (Grassi et al., 2017). Although the shrimp sector is known for “boom and bust” cycles, alternating rice-shrimp culture in Vietnam appears to be more stable, at least in part because it is less prone to disease outbreaks than intensive aquaculture (Joffre and Bosma, 2009; Duc et al., 2015). While the rice may be consumed locally, nationally, or internationally, the shrimp are exported and rarely consumed locally, limiting the direct contribution to food and nutrition (Vu, 2012). Nonetheless, of the four countries we examine here, Vietnam has the lowest rates of childhood stunting and maternal anemia (WHO, 2016; GHI, 2019), due in part to increases in animal source food consumption in recent decades (Stür and Gray, 2015).

Currently, climate change, freshwater availability, and water quality are the greatest challenges for Vietnam's rice and fish sectors. Semi-intensive rice-shrimp culture can release exotic species, nutrient loads, and anti-biotic and agrochemical residues, even though rice-shrimp producers tend to report lower application of pesticides and antibiotics than in intensive shrimp culture (Be et al., 1999; Binh et al., 2018; Braun et al., 2019). Promotion of rice-shrimp management practices that limit nutrient discharge and restore connectivity between the plot and the wider ecosystem (e.g., Joffre et al., 2018) could mitigate some of the environmental and health concerns of high-input practices.

Recent severe drought and increasing saline intrusion is causing crop loss, particularly for rice (South China Morning Post, 2020). Alternating rice-shrimp culture may expand in the delta as saltwater intrusion continues, but it may be replaced by shrimp monoculture in areas where the duration of saline intrusion increases. The Ministry of Agriculture and Rural Development plans to develop the rice-shrimp area in the Mekong Delta to 250,000 hectares producing 125,000–150,000 metric tons by 2030, rendering a value of up to $1.3 billion and providing stable jobs for over 1 million people in rural areas (AMDI, 2016). At the same time, if there are no adaptation efforts, profit from intensive and semi-intensive shrimp farming is estimated to fall by $41 per hectare by 2050 due to climate change (affected in particular by increasing temperatures and lack of fresh water; Kam et al., 2012). Rising temperatures are anticipated to not only adversely affect shrimp, but also rice yields (Nhan et al., 2011). Although expansion of other RFPPs could further contribute to food system sustainability, continuing salinization and subsidence of the delta may require more dramatic shifts or a conversion to alternative production practices.




DISCUSSION

Food and nutrition security challenges are intensifying in the face of increasing demand for food as well as climate change and associated water stress and environmental degradation (Hanjra and Qureshi, 2010; Myers et al., 2017). In its current form, agriculture is overreaching the limits of global environmental sustainability (Gordon et al., 2017; Gerten et al., 2020). The typology and case studies in this review demonstrate how long-standing, adapting, and emergent agroecological practices can contribute to addressing these challenges in rice and fish producing nations. Reflecting on the Green Revolution approach to transforming food systems, the typology and case studies illustrate five shifts in approach, set out below, that could nudge food systems toward greater sustainability and better nutritional outcomes.

The first shift toward sustainable and nutrition-sensitive food systems is to apply an agroecological lens when identifying the range of production practices that can be enabled, improved, and scaled. The Green Revolution primarily promoted high-input practices and in doing so, sidelined other practices that are evidenced to effectively manage water availability, soil fertility, and pest control (Tilman, 1998; Tilman et al., 2002). The RFPP typology we developed illustrates the range and diversity of available agricultural practices for rice and fish production, including nutrition-sensitive practices. This typology broadens the solution space under consideration and illustrates opportunities for new practices or strengthening of agroecological features associated with existing practices.

The second shift in the approach to food system transformations is to account for the diversity of food system objectives. The Green Revolution focused primarily on the objective of increasing quantities of staple crops (Hazell, 2009; Pingali, 2012). Our review illustrates that, alongside this production goal, national food systems were also attuned to other objectives: nutrition gains and biodiversity conservation in Cambodia; livelihood diversification in Bangladesh; self-sufficiency in Myanmar; export value in Vietnam; and improving rural incomes in all cases. The contemporary demands for more sustainable and nutrition-sensitive food systems explicitly prioritize a much broader suite of objectives than the Green Revolution (De Schutter, 2017) and present an opportunity to build upon the breadth of food systems objectives found in the national food systems of Cambodia, Bangladesh, Myanmar, and Vietnam. The degree to which each objective will continue to be prioritized depends on the influence of divergent views of what constitutes a sustainable food system (Béné et al., 2019) and potential transformation pathways (Bezner Kerr, 2012; Blythe et al., 2018) within investments and policy.

The third shift is to align decision-making and planning tools with the broader range of recognized objectives, particularly through adjustments of metrics and evaluation frameworks. Food systems decisions during the Green Revolution were evaluated against indicators and targets relating to production, yield, Gross Domestic Product, and (in some cases) employment (IPES-Food, 2016; De Schutter, 2017). As public and private actors increase commitments toward sustainable food systems (Asian Development Bank, 2015; McCartney et al., 2019), evaluation metrics must align with, and ensure accountability to, a broader set of nutrition, equity, and environmental targets. In addition to evaluating food system performance, a shift in approach to metrics can improve tracking of feedback loops among food system components and outcomes and can facilitate course-checking and course-correction. Existing measures must also be refined to better distinguish among production practices, especially to better account for fisheries and diverse aquatic foods (Thilsted et al., 2016; Funge-Smith and Bennett, 2019). For example, in rice and fish producing nations, rice monoculture and aquaculture areas are often well-represented in national statistics, but areas of integrated and agroecological production such as rice field fisheries remain largely unrepresented or misrepresented as rice monoculture.

The fourth shift brings equity to the fore through contextualized and inclusive approaches to research and innovation. The Green Revolution has been criticized for relying on generic technologies and innovations that are disseminated globally with too little consideration for social, ecological, and agricultural context and diversity (Horlings and Marsden, 2011). Transformations devoid of agroecological practices are prone to excluding and marginalizing certain stakeholders, most notably vulnerable rural farming households (Bezner Kerr, 2012), and can enhance social and environmental inequalities (Bezner Kerr, 2012; Blythe et al., 2018). An emerging paradigm shift in agronomy emphasizes support for local innovation to develop emergent and adaptive solutions that suit the heterogeneity of farmer-fisher contexts and objectives (Sinclair and Coe, 2019). Ensuring the alignment of innovations, institutions, and policies is also necessary for effective transformation (Horlings and Marsden, 2011; Bezner Kerr, 2012; Joffre et al., 2018). The suite of production practices represented in the RFPP typology allow for continued testing and refining of innovations to further improve nutrition, equity, and environmental outcomes. The innovations emerging from RFPPs demonstrate gains or promise in enhancing management of landscape connectivity (in the Mekong Delta; Joffre et al., 2018; Nguyen et al., 2020), equity and inclusivity (in Bangladesh; Haque and Dey, 2016), and enabling adaptation in the face of changing environmental and sociopolitical conditions (in Myanmar; Dubois et al., 2019). Even for the long-standing rice field fisheries in Cambodia, innovation and research have enabled adaptation to the contemporary agricultural, ecological, and institutional context (Kim et al., 2019).

To support this contextualized and inclusive approach to research and innovation, research must more consistently investigate food and nutrition provision, equitable benefit sharing, and environmental outcomes of different production practices. These shifts in research focus will help meet Blesh et al. (2019) call for “place-based, adaptive, and participatory solutions that simultaneously attend to local institutional capacities, agroecosystem diversification and ecological management, and the quality of local diets.” For example, rice field fisheries outcomes can vary due to environmental conditions (both natural biophysical characteristics and managed attributes such as barriers to water flow and migration) and fishing practices, including access to fishing grounds (Freed et al., 2020), and also differ from outcomes of other RFPPs. Understanding the range of outcomes produced under variable contexts and among practices would help guide decision-making on whether to invest in enhancing a rice field fishery, an alternative RFPP, or another farming approach. Research is also needed on actors and practices along the rest of the value chain, institutions, and policies, to determine their influence on food systems equity and sustainability (Ericksen et al., 2010; Horlings and Marsden, 2011; De Schutter, 2017).

Finally, the fifth shift in the approach to food systems transformations is to build adaptive capacity to cope with evolving challenges and harness opportunities that arise during the implementation period. Substantial environmental change is occurring across South and Southeast Asia, e.g., salinization in the deltas in Vietnam, Myanmar, and Bangladesh (Dastagir, 2015; Minderhoud et al., 2017; Oo et al., 2018; Eslami et al., 2019); increasing frequency and severity of already disastrous extreme weather events in Bangladesh (Dastagir, 2015; Raihan et al., 2020); and water scarcity in parts of Myanmar and Cambodia (Chhinh et al., 2014; Boori et al., 2017; Thangrak et al., 2020). RFPPs can help maintain adaptive capacity in the face of environmental change, especially in coastal Bangladesh and Vietnam (Hai et al., 2016; Faruque et al., 2017). This adaptability is a unique feature of diversified agroecological production practices, in contrast to the “lock-in” effect observed in monoculture systems (Chhetri et al., 2010; De Schutter, 2017; Magrini et al., 2018). A lock-in, or the “cumulative outcome of technological trajectories adopted by farmers and promoted by extension services, agricultural policies, and agricultural research systems” (Chhetri et al., 2010), requires concerted efforts across institutions, disciplines, and scales to break (Chhetri et al., 2010; Meynard et al., 2018).



CONCLUSION

Systems perspectives to the concurrent environmental and food and nutrition security challenges we now face are gaining traction in policy arenas, providing an opportunity to embrace diversity in visions of agricultural change. Enabling the contribution of agroecological approaches to transforming food systems has the potential to improve progress toward the “Zero Hunger” Sustainable Development Goal (SDG). The evidence we synthesize demonstrates this for rice and fish producing regions. Integrated and agroecological rice-fish production practices can contribute to productivity and income for small-scale food producers and to ecosystem maintenance and capacity for adaptation to climate change and natural disasters, in alignment with SDG targets 2.3 and 2.4. Implementation of the five shifts we propose for food system transformations could maintain or further improve sufficient rice yields and production of rice and fish. Beyond that, these shifts support ecological integrity and biodiversity conservation alongside the provision of a broad range of nutrition and livelihood benefits, commensurate with a holistic vision of sustainable food systems.
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There is increasing interest in agroecology as a way to move toward more sustainable agriculture and food systems. However, the evidence of agroecology's contribution to sustainability remains fragmented because of heterogeneous methods and data, differing scales and timeframes, and knowledge gaps. Facing these challenges, 70 representatives of agroecology-related organizations worldwide participated in the development of the Tool for Agroecology Performance Evaluation (TAPE), to produce and consolidate evidence on the multidimensional performances of agroecological systems. TAPE is composed of: Step 0, the preliminary step that includes a description of the main socio-economic and demographic characteristics of the agricultural and food systems and an analysis of the enabling environment in terms of relevant policy, market, technology, socio-cultural and/or historical drivers; Step 1, the Characterization of Agroecological Transitions (CAET), based on the 10 Elements of Agroecology adopted by FAO and its member countries, using descriptive scales to establish scores and assessing the degree of transition, with information from the farm/household and community/territory scale; Step 2, the Core Criteria of Performance listing the key dimensions considered relevant to address the Sustainable Development Goals (SDGs): Environment & climate change; Health & nutrition; Society & culture; Economy and Governance. Finally Step 3, a participatory validation of the results obtained from the previous steps with the producers and relevant stakeholders. TAPE can be used (i) to assess the extent of agroecological transition among agricultural producers in a community or a territory, (ii) to monitor and evaluate projects by characterizing the initial and subsequent steps in an agroecological transition, and/or (iii) to evaluate widely diverse agricultural systems against agroecological elements and how they contribute to the achievement of the SDGs. Its application can support the transition of all forms of agricultural systems toward more sustainable practices and the formulation of adequate policies to enable this transformation. Preliminary results from pilot applications show that TAPE can perform in a variety of geographic regions and agroecosystems and that it allows assessment of performances of various criteria that move beyond classic indicators to begin to build a global evidence base for agroecology and support transformation to sustainable agricultural production and food systems.

Keywords: agroecolgy, sustainability assessment framework, indicators, multicriteria evaluation, farm, territory, participatory process


INTRODUCTION

The global food system is facing environmental, social, and health challenges. While nature and ecological principles were applied by family farmers for millenia, agriculture became increasingly dependent on external inputs, including synthetic fertilizers, in the last century, particularly in large scale production systems. Agroecology is an alternative and systemic approach that builds on local and ecological knowledge, enhances social capital and confronts the proliferation of agrochemical inputs (HLPE, 2019). This approach is at the same time a scientific field, a set of agricultural practices and a social movement (Wezel et al., 2009). Since its origins in the 1930's when scientists started to use the term agroecology to refer to the application of ecological principles to agriculture, its scale and dimensions have grown tremendously (Altieri, 2002, 2018; Ollivier and Bellon, 2013). With an initial scope of studying the production system, agroecology extended to cover the larger agroecosystem and, more recently, to the level of a food system, including agri-food supply chains and consumption patterns (Gliessman, 2015). Due to this long history, tripartite origin, systemic scope and transformational aspiration, agroecology presents a promising approach for shifting toward more sustainable food systems.

As agroecology has been increasingly brought into the international dialogue on the future of food and agricultural production, there have been calls for building the evidence base of its performance across its multiple dimensions. Over the last decade, a growing body of literature has demonstrated the positive impacts of agroecology, on several aspects: environment (Francis et al., 2003; Gliessman, 2015; Modernel et al., 2018); food and nutrition security (Luna-González and Sørensen, 2018; Deaconu and Mercille, 2019; Kerr et al., 2019a) and on households' incomes (D'Annolfo et al., 2017; Van der Ploeg et al., 2019). Yet these results remain fragmented due to heterogeneous methods and data, differing scales, contexts, and timeframes. Since agroecology is generating growing political interest for its potential to make our food systems more sustainable, there is a need for global and comparable evidence on its multidimensional performance at the different scales of agroecological practices that can be used to inform policy-making processes. This evidence needs to be co-constructed with a diversity of actors, operating at different scales, timeframes, and contexts, and dovetailed into their existing work. It also should be able to contribute to evaluating a wide range of agricultural systems against the 10 Elements of Agroecology approved by FAO member nations (FAO, 2018a; Barrios et al., 2020). This need for evidence has been expressed at the intergovernmental level, by the 26th Committee on Agriculture of the United Nations Food and Agriculture Organization (COAG, 2018), and also by the High Level Panel of Experts of the multi-stakeholder Committee on Food Security (HLPE, 2019).

In response to this call, FAO coordinated the participatory development of the Tool for Agroecology Performance Evaluation (TAPE), whose general objective is to produce consolidated evidence on the extent and intensity of the use of agroecological practices and the performance of agroecological systems across five dimensions of sustainability: (i) environment, (ii) social and cultural, (iii) economic, (iv) health and nutrition, and (v) governance. These five dimensions were identified as priorities during the consultative process. They include the three pillars of the initial definition by the Brundtland Commission (economic, social, and environmental) as well as two additional dimensions of particular relevance for policy makers in the area of food and agriculture, which were also included by other frameworks for the assessment of agricultural sustainability: governance (see for example SAFA (FAO, 2014) and nutrition [see e.g., (Peano et al., 2014), RHoMIS (Herrero et al., 2017), or IDEA (Zahm et al., 2008)].

This paper was prepared by the FAO coordination team and a number of the members of the technical working group that supported the development of the TAPE. The paper presents TAPE and the methodological choices that were made through the process of co-development. These relate to: the scale of assessment, the diversity of production systems to consider at the global level, and the multicriteria and integrated nature of the evaluation. We argue that such a tool can contribute to the assessment of the sustainability of our agricultural and food systems in a multidimensional manner and in a variety of contexts. We also argue that its application can support the transition toward more sustainable food systems. We illustrate the use of the tool for different types of applications, from project monitoring to regional assessments or comparative analysis, and in different geographical contexts.



METHODS


Process of Development and Participants

The development process of TAPE was coordinated by FAO and included (i) a review of existing frameworks and indicators for assessing sustainability in agriculture, (ii) a participatory and inclusive multi-stakeholder consultation phase based on a review and prioritization of over 70 indicators by more than 450 participants over 4 months and (iii) an international in-person workshop with 70 participants from academia, non-profit, government, social movement, private sector, and from international organizations. After this workshop, a technical working group of 16 people was formed, including scientists and civil society representatives working on agroecology in different parts of the world. The technical working group in collaboration with the FAO coordination team further developed an analytical framework upon which an operable tool could be built to assess performance indicators that go beyond standard measures of productivity (e.g., yield/ha) and that better represent the benefits and trade-offs associated with different types of agricultural systems (FAO, 2019a). This work benefited from the expertise of the technical working group members in assessing sustainability in agriculture and food systems and in implementing agroecology projects. This process contributed to their work by providing them with a global platform to showcase projects and results and with an opportunity to reflect on their approach of agroecology and better coordinate with other on-going initiatives. TAPE is currently being pilot tested in over 10 countries, including Cambodia, China, Laos, Vietnam, Mexico, Peru, Argentina, Nicaragua, Senegal, Mali, Tanzania and Spain. Its final version will include feedback from these pilot assessments. Pilot assessments require initial training of enumerators which have been carried out both in person and in remote form, with a duration varying from 8 h to 2 days.



Founding Principles and Key Attributes of TAPE

Twenty founding principles were agreed upon during the participatory process of TAPE's development, which cover:

a) Processes: building on existing frameworks and datasets; using approaches for both sector-specific and integrated production systems; testing the tool with partners involving producers;

b) Scope of the tool: globally applicable; producing evidence at various scales, using the farm/household as assessment unit but collecting information and being relevant at the community/territory level;

c) Relevance of the evidence produced: linking closely with the SDGs; informing global sustainability challenges; and

d) Characteristics of the tool and methodological choices: simplicity, requiring minimum data collection, but extendable; scientifically robust but operationally flexible; characterizing agroecological transitions using the 10 Elements of Agroecology (FAO, 2018a) and evaluating the performance of the systems using objective indicators.

Reviews of sustainability assessment frameworks usually conclude that there is no one-size-fits-all solution (Schader et al., 2014) and that the method that is most suitable to the context and the evaluation process should be selected (Cândido et al., 2015; De Olde et al., 2016). Our non-exhaustive review of existing frameworks and consultation with experts led to the definition of key attributes for TAPE to respond to the mandate given, which are summarized in Table 1. These key attributes also respond to the founding principles described above.


Table 1. Main key attributes retained from a number of existing frameworks reviewed and main differences between those frameworks and TAPE.
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In particular, the Evaluation of Natural Resource Management Systems, or MESMIS by its Spanish acronym, inspired the team to take a stepwise approach for TAPE. MESMIS is a reference evaluation framework commonly used in Latin America, which provides principles and guidelines for the derivation, quantification and integration of context-specific indicators through a participatory process involving local actors. The MESMIS evaluation cycle features an inextricable link between system evaluation, system design, and system improvement (López-Ridaura et al., 2002).

The stepwise approach adopted in TAPE is summarized in Figure 1. It is based on two central steps (1 and 2) that consist of assessing the level of agroecological transitions and quantifying impacts on the core criteria of performance. While Step 1, based on the 10 Elements of Agroecology, provides a diagnostic on where the system stands in terms of its transition toward sustainability, Step 2 measures in quali-quantitative terms the impact of agroecological systems on the various dimensions of sustainability. This duality is a response to one of the basic principles identified during the consultation phase. The two core steps are complemented by a preliminary description of the context (step 0), with the facultative inclusion of a typology of transitions (step 1 bis), and a final analysis and participatory interpretation of results (step 3). The 2 core steps (Step 1 and 2) can be undertaken with an electronic survey form, using KoBoToolbox1, a suite of free and open source tools for field data collection specially developed for humanitarian work and challenging environments. This tool directly populates a central database. Step 1 and Step 2 can be undertaken simultaneously in the field and will take a maximum of 3 h, but they can also be carried out in two separate visits of ~1 h and 2 h.


[image: Figure 1]
FIGURE 1. The stepwise approach for implementing the Tool for Agroecology Performance Evaluation (TAPE) (FAO, 2019a).


When assessing agroecological systems at farm scale, a sample of respresentative farms/households within the same territory or landscape across a spectrum of production systems should be included in the survey in order to create inference spaces on the relative performance of these systems (Section Scale of Assessment, Data Collection, and Sampling Methodology). If these units are homogeneous and meet other statistical robustness parameters, they may be aggregated to then provide a “snapshot” at a territorial level of the overall performance of the systems.



Scale of Assessment, Data Collection, and Sampling Methodology

While the elementary unit for agricultural management is the farm/household, the territory/community is the scale at which a number of processes necessary for the agroecological transition take place (Gliessman, 2015). In TAPE, the farm/household is the elementary unit of measure, but as in any systems approach immediate lower (e.g., plot, herd) and higher (landscape, territory or community) levels need to be considered and results made relevant at such levels. In this article we focus mostly on asessments at farm/household level, as the current versions of the analytical tool and e-forms are ready, available and operable at this scale. Specific methods for better including agroecological transitions and performance at higher levels (community, region, etc.) are under construction to complement the current farm-level tool. Step 0 integrates context and enabling environment information from wider scales, such as the regional or national if relevant. Similarly, as for completing Step 1 (Characterization of Agroecological Transition—CAET), enumerators also need to take into account some features of the productive systems at the community or territorial level (especially for assessing the elements of Co-creation and Sharing of Knowledge, Circular and Solidarity Economy and Responsible Governance). Data collection for Step 2 (Core criteria of performance) is conducted at the farm/household level, with information specifically collected from individuals (both women and men), but results can be aggregated to the territory/community level, in particular in the case of the application of Step 1 bis, the typology of transitions to reduce the size of the sample of systems to be assessed based on the result of the CAET (Step 1).

Aggregation at higher scales requires carefully defined farm sampling methods, closely related with the objectives of the analysis (more information is provided in the Supplementary Information). A stratified or purposive sampling may be used. Farms and/or household units are sampled within the same territory to provide a territorial snapshot (i.e., making deductions about a particular territorial population using some form of sampling drawn from that population) under the assumption that units belonging to the same territory are more similar to each other than units in different territories. Therefore, it is hoped that the majority of differences between observations (variance) belonging to the same territorial group should come from their level of application of practices. This methodology can be adapted to any level of analysis; in fact, the generic terms ‘region’ or ‘territory’ may refer here to different strata such as a municipality, a watershed, a province, an administrative region, or any other defined area.




DESCRIPTION OF ASSESSMENT STEPS


Step 0—Systems and Context

Recognizing that any assessment of performance should be placed in its specific context, Step 0 is a preliminary step that collects information from the territorial, regional and national levels. This step is first conducted as a desk review using a template with a common core set of questions that includes: a description of the main territory of interest in which TAPE will be used, demographic characteristics of farms/households in that territory, descriptions of the ecological environment, descriptions of the social and productive environment and of the market structure in the territory, and descriptions of the enabling environment for agroecology. The enabling environment can include a listing of public policies at national, state/province, and local levels that can support or hinder the transition to agroecology, and the existence of local actors, groups or networks and educational institutions that can support the agroecological transition of local producers. It can also include elements of local economy and power relations between actors that can influence opportunities for farmers or cooperatives. Beyond simply listing these attributes, stakeholders completing this step (e.g., enumerators, CSO workers, government agents, academics, etc.) can provide evidence, links, and secondary information (published literature and existing meta-data, such as reports by government and UN organizations, national statistics, CSO project documents etc.) to support this step. In addition to implementation via a desk review, this step can also include a semi-structured consultation with key stakeholders, in the form of a workshop for example.

Several key indicators of Step 0 are also collected at the producer level as part of the survey. These data include the location of the farm/household (with geolocation), size of the farm, basic demographics of the household, market access, etc.

The detailed templates for Step 0 are provided in Supplementary Information.



Step 1 — Characterization of Agroecological Transition (CAET)

Step 1 consists of characterizing the degree of transition to agroecology of agricultural systems (e.g., farms/households, communities/territories) based on the 10 Elements of Agroecology (Figure 2). It can be completed as a guided exercise with intermediaries or as through a self-assessment by producers after initial capacity building.
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FIGURE 2. The 10 Elements of Agroecology (FAO, 2018a).


The 10 Elements are used as criteria to define semi-quantitative indices that take the form of descriptive scales with scores from 0 to 4. As an example, Table 2 provides the relevant indices for the element “Diversity,” which are: (i) Diversity of crops, (ii) Diversity of animals, (iii) Diversity of trees, and (iv) Diversity of activities, products and services. The scores of each index for this element range from 0 to 4, depending on how diversified the production is. The scores of the four indices are summed (e.g., 2+3+3+4 = 12) and the totals are standardized on a scale from 0 to 100% (12/16 = 75%) to obtain the general score for the element “Diversity.”


Table 2. Characterization of agroecological transitions (CAET): Descriptive scales and scores for the element “Diversity.”
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The same method is applied to all 10 Elements. While no prescriptive threshold is defined, systems with high scores across all 10 Elements are considered already well-progressed in their agroecological transition. Each element is described with three or four indices, for a total number of indices to be scored in the CAET of 36. Indices for the other nine elements are presented in Table 3 and descriptive scales are provided in Supplementary Information. Step 1 requires a participatory preliminary translation in the local context as the five different scale for each index should describe the current and possible future positions of agroecological systems in each territory. It can be completed as a self-assessment by producers or community leaders or as guided exercise led by technicians, CSO workers, extensionists, scientists or government agents. It requires about an hour to be completed.


Table 3. Indices used for each of the 10 Elements of Agroecology.
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When a large number of cases are assessed using the CAET within a relatively homogeneous territory or spatial scale, and are shown to be fairly homogeneous in their variances, it may be desirable (or necessary in some cases) to draw upon a subsample of systems (or case studies) before proceeding with the performance criteria (Step 2). Selecting these case studies may be done by means of a typology. Step 1bis is proposed as an optional step that consists of analyzing and categorizing the individual farms/households. Criteria used can be location in the landscape, main orientation of production or any relevant criteria to the analysis. The results of the CAET can also be used to define the typology. Similar profiles of CAET scores over the 10 Elements can be aggregated in clusters. Farms/households can be clustered along a gradient of agroecological transition according to their aggregate CAET score over the 10 Elements.



Step 2—Core Criteria of Performance

Step 2 aims to document the multiple outcomes of agroecology, as opposed to the often singular focus in much of agricultural research (e.g., yields). It consists of assessing the performance of the farms/households on the five key dimensions identified as priorities for agriculture and food systems to achieve the Sustainable Development Goals (SDGs). The key dimensions were identified during the International Expert Workshop on Multidimensional Assessment of Agroecology (8th−9th October 2018, Rome). They correspond to the priority areas of work for policy makers.

Step 2, similarly to Step 1, was designed to be applicable and relevant to all contexts, agroecological zones and production systems. It should also be simple enough to use in a limited amount of time and with limited resources. The criteria used to assess the performance of systems should be able to generate harmonized data across countries, but should also be flexible enough to reflect specific characteristics and priorities in the local context. On the basis of the results of an on-line consultation and of the expert workshop and in order to comply with these requirements, a list of 10 core criteria was prioritized based on an initial list of almost 60 indicators. This list of 10 core criteria is presented in Table 4, as well as the proposed method for each of them and the main key dimension to which each contributes.


Table 4. Ten Core criteria of performance of agroecology and their links to SDG indicators.
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In order to aggregate the results for all 10 core criteria, a traffic light approach similar to the one used in other assessment methods is recommended with three levels: unsustainable (red), acceptable (yellow), and desirable (green). A proposal for the interpretation of results and possible thresholds used to define the three levels for each criteria are provided in Supplementary Information.

Data collection for Step 2 should be conducted after Step 1 (CAET) or simultaneously if the enumerator is familiar with the questionnaire and can move easily between sections. Parts of the survey are conducted through interviews with the women in the household (women's empowerment) and some data are collected disaggregated by sex (land tenure, dietary diversity, youth employment). Another part of the survey is conducted as a transect walk on the farm and surroundings (agrobiodiversity), which can also help to inform the core criteria and ground-truth the collected data (e.g., exposure to pesticides, secure land tenure, soil health). Each criterion is presented in detail in the following sub-sections. The suggested protocols and complete questionnaire for data collection can be found in Supplementary information. Step 2 should take between 1 and 2 h to complete, depending on the size and complexity of the productive system.

The 10 core criteria do not aim at being exhaustive in assessing sustainability, for which more detailed and comprehensive frameworks already exist (cf. Table 1). Each criterion individually does not inform the whole dimension it addresses. Additionally, one criterion can address several dimensions. For example, secure land tenure is only one aspect of governance that can support more sustainable food and agriculture systems. Other aspects of governance include existing policies (addressed in Step 0), access to genetic diversity (addressed by core criteria “agricultural biodiversity” under the main dimension environment) or to water, among others. Additional or advanced criteria may be added to the list depending on the context of the evaluation, the question to be answered by the research and/or the availability of methods and data. These may include water use (e.g., FAO, 2019b), greenhouse gas emissions (e.g., FAO, 2016a,b), decent employment (e.g., FAO, 2015a), and resilience to climate change (FAO, 2015b), thereby offering the enumerator or conductor of the research the ability to dive deeper into additional criteria of interest and to look for relationships between agroecology and other key attributes of agricultural systems.


Secure Land Tenure (or Secure Mobility for Pastoralists)

Equitable access to land and natural resources is key to social justice and gender equality, but also to providing incentives for the long-term investments that are necessary to protect soil, biodiversity and ecosystem services and increase resilience to system stressors. Agroecology is tied to the concept of food sovereignty (Pimbert, 2018), especially when it has been found to have significant political implications (Méndez et al., 2013). It aims to make producers autonomous and self-sufficient, and to define their own models of development. Agroecology plays a central role in rural social movements, particularly in the context of land redistribution. Therefore, it can be expected that in regions where social movements are advocating for agroecology, the transition would be closely linked to a change in land tenure of farmers and/or secure mobility for pastoralists.

The criterion is based on the methodologies for SDG indicators 1.4.2, 2.4.1, and 5.a.1 (FAO, 2018b,c) which consider whether farmers have legal or secure claims to their land. It is completed with specific considerations for pastoralists, with data disaggregation for men and women. Specifically, it aims to measure legal and perceived rights to land by exploring the following aspects:

• Existence of legal recognition of access to land (mobility for pastoralists);

• Existence of formal document and presence of name on it;

• Perception of security of access to land; and

• Existence of the right to sell, bequeath, and inherit land.



Productivity

Measuring productivity provides information on the amount of resources necessary (i.e., production factors like land, capital and labor in classic economic terms, but also water or nutrients) to produce a given quantity or volume of product (Cochet, 2012; Sickles and Zelenyuk, 2019; Van der Ploeg et al., 2019). It is usually a measure of the relationship between the sum of all inputs and all outputs in physical terms (Timler et al., 2020). Improving the volume of production over time relative to the amount of inputs or resources used is an important aspect of performance. Improvements in agricultural productivity contribute to better food availability in a world with limited resources. They can also contribute to reduce environmental impacts of agriculture. While measuring productivity, it is important to consider the diversity of production systems and the need for accounting for all products and activities on farm.

The method proposed for measuring productivity with TAPE is the gross output value per hectare (based on SDG indicator 2.4.1 (FAO, 2018b) and in particular sub-Indicator 1) and the gross output value per person working within the productive system, in order to better account for productivity in extensive and often mobile systems such as pastoralism. This criterion therefore also informs SDG indicator 2.3.1 (Production per unit labor). The farm output corresponds to the total volume of agricultural output at farm level (crops, animals, trees, and animal products). Since the volume of agricultural outputs is not measured in commensurate units (e.g., not all outputs are measured in tons, and tons of different outputs represent different products), outputs are converted to monetary terms by multiplying them with the prices at the gate in local currency and converted to purchasing power parity (OECD, 2019). Alternatively, when dealing with farming systems specialized in food production, all outputs may be expressed as calories or grain equivalents or nutritional carrying capacity (number of people that can be fed per hectare with the available nutrient considered) (e.g., Timler et al., 2020). The farm agricultural land area is defined as the area of land used for agriculture within the farm (FAO and UNSD, 2012). The number of persons working on the farm is the total number of working persons, including family and paid labor, in full time equivalents.



Income

An important part of sustainability in agriculture is the economic viability of the system. This is driven to a large extent by profitability and the net income that the producer/household is able to earn from agricultural operations relative to the investment in land, labor and other assets. The profitability of the production system is one of the key measures on which many decisions are based and is considered a driver of agricultural policies.

Improving producers' efficiency through the enhancement of biological processes and reduction of costs from external inputs can increase net income of producers and create more inclusive and innovative markets that reconnect producers and consumers in a circular and solidarity economy (Van der Ploeg et al., 2019). For example, adopting agroecological practices increased farm profitability in 66 percent of cases analyzed by D'Annolfo et al. (2017).

The method proposed is based on SDG indicator 2.4.1 (FAO, 2018c), and in particular the sub-Indicator 2 (Farm net income), and for SDG 2.3.2 (income of small-scale food producers) (FAO, 2019c) and on the evaluation of economic performance from Levard et al. (2019). The family net agricultural income is calculated as follow:

Revenue from agricultural activities (quantity of crops, animals, animal products, and other activities sold multiplied by the price at the gate for these items):

+ Subsidies

- Cost of inputs (seeds, fertilizers, pesticides, breeding stock, feed, veterinary products and services, energy)

- Taxes, cost of hired labor, interest on loans, cost of renting land and depreciation of machinery and equipment over time

In this way, income is not a reflection of monetary availability only, because food that is produced and consumed by the household is also included. Similarly, special attention should be put on the value of inputs provided by the household, considering their opportunity cost. Moreover, a separated analysis should be done for the subsidies in order to analyze their relative importance in the total income of the family. The results should be converted into purchasing power parity (OECD, 2019).



Value Added

While income is a basic indicator of how a system performs economically, it does not provide sufficient information on how a production system creates value for producers. As explained by Van der Ploeg et al. (2019), value added is a central concept in agroecology because it contributes to income and is considered to be the gross value of production minus the costs of production. Agroecological producers seek to maximize the ratio between the value added and the gross value of production, rather than just trying to increase the gross value of production. From such a starting point, the logical guiding principle of conventional farming is to increase the total production realized per unit labor, which, in practice, translates into ongoing scale-enlargement and/or reducing labor input. On the contrary, agroecological farms tend to be more diversified than conventional ones, make labor in farming central, try to enhance as much as possible the quality of internally available resources, and seek the balance between these and external inputs. Therefore, they tend to show higher levels of net added value.

The net value added of a productive system represents the creation of wealth obtained through the system itself (Levard et al., 2019). It is calculated by subtracting all the expenditures for inputs, the intermediate consumption, and the depreciation of machines and equipment from the gross value of the agricultural production. It excludes subsidies and does not deduct expenses related to taxes, hired labor and renting land or interests on loans, which makes it a distinct criterion from income. For example, producers in situations of high debts may have a low income because of high interest they have to pay every year but they may still generate important added value from their system. It is calculated as follow:

Gross output value of the agricultural production

- Cost of inputs (seeds, fertilizers, pesticides, breeding stock, feed, veterinary products and services, energy)

- Depreciation of machinery and equipment over time.



Exposure to Pesticides

Synthetic pesticides are extensively used in crop production to control harmful pests and prevent crop yield losses or product damage. Because of negative biological activity and, in certain cases, long persistence in the environment, synthetic pesticides can cause undesirable effects to human health and to the environment - soil, water, flora and fauna (World Health Organization, 2020). Producers and agricultural workers can be routinely exposed to high levels of pesticides, at usually a much greater rate than consumers (Praneetvatakul et al., 2013; Lekei et al., 2014; Gangemi et al., 2016). Producers' exposure mainly occurs during the preparation and application of the pesticide and during the cleaning-up of application equipment. Producers who mix, load, and apply pesticides can be exposed to these chemicals due to spills and splashes, direct contact as a result of faulty or missing protective equipment, or even drift. However, producers can be exposed to pesticides even when performing activities not directly related to pesticide use, e.g., producers who perform manual labor in areas treated with pesticides can face major exposure from direct spray, drift from neighboring fields, or by contact with pesticide residues on the crop or soil. This kind of exposure is often underestimated.

Producers' exposure to pesticides can be reduced through the elimination of the use of Highly Hazardous Pesticides (World Health Organization, 2010) and the correct use of the appropriate type of personal protective equipment in all stages of handling regulated pesticides and, overall, through reduced use of pesticides. Both men and women should be provided with this information and with the appropriate equipment and measures to reduce risks to their health (Waichman et al., 2007). Agroecology promotes different measures to reduce pesticide use, such as biological control, the integrated management of pests based on ecosystem approaches, the use of cover crops to reduce weed infestation, the integration of animals to remove weeds and/or pests etc. A fundamental measure of the benefits of agroecology is therefore the degree to which it reduces the use of harmful, and often costly, pesticides.

The proposed method is based on the sub-indicator 7 of SDG 2.4.1 (management of pesticides) (FAO, 2018b), and more specifically on the quantity of bio-pesticides and synthetic pesticides applied, their level of toxicity (highly/moderately/slightly, according to Damalas and Koutroubas, 2016) and the existence of mitigation techniques (e.g., use of protection before and after spraying, signaling the sprayed areas) when applying the pesticides and for other people living and working around the interested area (Ross et al., 2015). The implementation of practices for the ecological management of pests that can substantially reduce the need of chemicals are also incorporated (PAN, 2015). More specifically, the recommended desirable score for this criteria corresponds to using organic pesticides and not using highly and moderately toxic synthetic pesticides, while using at least 4 mitigation techniques if synthetic fertilizers of low toxicity are used (see Supplementary information).



Dietary Diversity

Today, there are still gaps in nutrient supply in some regions of the world, especially for nutrient-dense food groups (Herrero et al., 2017). To address the imbalances in our food systems and move toward a zero-hunger world addressing all forms of malnutrition (hunger, micro-nutrient deficiencies and obesity), increasing production alone is not sufficient. Re-balancing food habits, promoting diverse and healthy food production and consumption, and supporting the right to adequate food are all elements of an agroecological transition (FAO, 2018a). For example, species richness on farm, one measure of biodiversity, has been found to be highly correlated with micronutrient adequacy in human diets (Lachat et al., 2018).

Obtaining detailed data on household food access or individual dietary intake can be time consuming and expensive. It requires a high level of technical skill both in data collection and analysis. Dietary diversity is a qualitative measure of food consumption that reflects household access to a variety of foods and is also a proxy for nutrient adequacy of the diet of individuals.

The index proposed for TAPE is the Minimum Dietary Diversity for Women (FAO and FHI 360, 2016). Because women often prioritorize the nutrition of other family members, especially children, and there is evidence showing the association between maternal and child diversity (Nguyen et al., 2013), they can be considered as a proxy for the nutritional status of individuals within the household.

The dietary diversity score consists of a simple count of how many food groups were included in the food consumed over the preceding 24 h. Foods are grouped in the following 10 groups: grains, white roots, tubers, and plantains; pulses (beans, peas, and lentils); nuts and seeds; milk and dairy products; meat (red), poultry, fish; eggs; dark green leafy vegetables; other vitamin A-rich fruits and vegetables; other vegetables; other fruits. These groups are standardized and are of universal applicability; as such they are not culture-, population-, or location-specific and can be collected in a gender-disaggregated manner in a short amount of time.



Women's Empowerment

Women contribute ~43% of all agricultural labor in low and middle-income countries (FAO and ADB, 2013). They also play a vital role in household food security, dietary diversity and health, as well as in the conservation and sustainable use of biological diversity (especially in regard to conservation and management of seeds, in building resilient livelihoods and in transforming food systems. But in spite of this, they face persistent obstacles, economic constraints, and remain economically marginalized and vulnerable to violations of their rights, while their contributions often remain unrecognized. For example, in a study by Smith and Haddad (2015), food quantity only accounted for an estimated 18% of reduced stunting, food quality contributed 15% and women's education contributed 22% to the total reduction in stunting.

Women tend to have poorer access to productive assets, such as land, capital, inputs, technology, information and services. Therefore, their decision-making capacity remains limited, including in community decisions over natural resources. For example, in sub-Saharan Africa, agricultural productivity levels of female farmers are between 20 and 30% lower than those of male farmers, because of the gender gap in access to resources (FAO, 2011). Gender inequity in Malawi, for example is persistent in terms of access to extension, land and credit, despite women making up a significant proportion of the agricultural labor (Place and Otsuka, 2001; Farnworth and Colverson, 2016; Deininger et al., 2017). Globally, rural women experience poverty and exclusion disproportionately, and fare worse than rural men as well as urban women and men on every gender-sensitive indicator for which data are available. Women and girls also face a higher risk of undernourishment (FAO, 2020). Addressing pervasive gender inequality will generate multiple benefits in terms of food security and poverty alleviation, especially for the family unit (FAO, 2017a).

Through agroecological approaches, women can develop higher levels of autonomy by building knowledge, through collective action and creating opportunities for commercialization, and enhancing their negotiation and leadership skills (Oliver, 2016; Kerr et al., 2019b; Michalscheck et al., 2020). Opening spaces for women and girls to become more autonomous can empower them at household, community levels and beyond —for instance, through participation in producer groups, and increasing their access to agricultural services and rural institutions (FAO, 2018a).

The Women's Empowerment in Agriculture Index (WEAI) is a survey-based index designed to measure the empowerment, agency, and inclusion of women in the agricultural sector (IFPRI, 2012). The WEAI has been used extensively since 2012 by a variety of organizations to assess the state of empowerment and gender parity in agriculture, to identify key areas in which empowerment needs to be strengthened, and to track progress over time. The methodology proposed for TAPE is an adaptation of the Abbreviated version of the Women's Empowerment in Agriculture Index (A-WEAI) (IFPRI, 2015), which measures the roles and extent of women's engagement in the agriculture sector in five domains of empowerment: (1) decisions about agricultural production, (2) access to and decision making power over productive resources, (3) control over use of income, (4) leadership in the community, and (5) time use. The questionnaires is completed with the main female in the household and it also measures women's empowerment relative to men within their households, by providing answers to questions about decision making or asset management such as “Myself or both my husband and I” or “My husband or someone else.”



Youth Employment Opportunities

In many countries, rural youth face a crisis of employment. Globally, some 620 million young people are neither working nor studying, and 1.5 billion are working in agriculture and in self-employment (World Bank, 2013). About 37% of migrants are below 30 years old (UNDESA, 2019). High rates of unemployment and underemployment are among the root causes of distress out-migration from rural areas (FAO, 2016c). In Africa, 325 million young people (from 15 to 24 years old) will be looking for jobs by 2050 (Christiaensen, 2020).

Approaches to agriculture that are based on knowledge and skilled labor, such as agroecology, can provide a promising solution as a source of decent jobs, by offering rural employment and opportunities that meet the aspirations of rural youth and contribute to decent work (FAO, 2018a). For example, Dorin (2017) showed that innovations requiring investments that save labor may not be seen as desirable where labor is more readily available than monetary resources, making labor-saving technologies less advantageous.

A common indicator for measuring the creation of decent jobs for youth in rural areas has not been established yet. The method proposed for TAPE is an index similar to SDG indicator 8.6.1 (ILO., 2018) and based on the proportion of youth (aged 15–24 years) in the household enrolled in education, employment or training and the proportion of young people who have migrated or that wish to migrate. To the extent possible, the collection of this data should be sex-disaggregated to better highlight the differences between boys and girls of different ages (e.g., Michalscheck et al., 2018). Scores and weights to aggregate all indicators into one score are provided in Supplementary information.



Agricultural Biodiversity

Biodiversity for food and agriculture includes the domesticated plants and animals raised in crop, livestock, forest and aquaculture systems, harvested forest and aquatic species, the wild relatives of domesticated species, other wild species harvested for food and other products, and what is known as “associated biodiversity,” the vast range of organisms that live in and around food and agricultural production systems, sustaining them and contributing to their output (FAO, 2019d). Meeting the challenges of climate change, improving nutrition and health, and achieving a transformation toward more sustainable and equitable production systems all require the conservation of agricultural biodiversity.

Areas of the world with higher agricultural diversity produce more nutrients (Herrero et al., 2017). Very small, small and medium-sized farms, found mostly in traditional and mixed production systems, produce more food and nutrients in the most populous (and food insecure) regions of the world than large farms in modern food systems (Pengue and Gemmill-Herren, 2018). In addition, 5 billion people are estimated to live in traditional and mixed food systems relying on a diversity of plants, animals and activities, which is about 70% of the world's population (Ericksen, 2008; UNEP, 2016; HLPE, 2017; Pengue and Gemmill-Herren, 2018). Numerous studies have found a positive relationship between diversified farming systems and human nutritional outcomes for smallholder farms (Jones et al., 2014; Powell et al., 2015; Bellon et al., 2016; Demeke et al., 2017). Mixed crop-livestock farming systems that occur in all agro-ecological zones, are estimated to cover 2.5 billion hectares globally, and to produce 90% of the world's milk supply and 80% of the meat from ruminants (Herrero et al., 2013).

Various elaborated methods to assess agricultural biodiversity were developed in different contexts (Teillard et al., 2016; Leyva and Lores, 2018; PAR, 2018; BI, 2019). The proposed methodology follows the approach of sub indicator 8.1, 8.6, and 8.7 of SDG indicator 2.4.1 (FAO, 2018b, which rely on an inventory of all species, varieties, and breeds used. The proposed methodology corresponds to a composite indicator taking into account the diversity of species, varieties and breeds and their relative importance. It is based on a Gini-Simpson index of diversity for crops (including cultivated trees) and animals, and on an index assessing the presence of natural vegetation, trees, pollinators, and other beneficial animals. The data are collected during a transect walk on the farm during the survey. The Gini-Simpson index of diversity is calculated with the following formula:

[image: image]

in which pi is the relative importance of each variety or breed used for production (also called abundance) and i the proportion of agricultural land (or number of animals) found in the ith species. D is subtracted to 1 in order to have 100% as the highest diversity score and 0 as the lowest.

More information on how to calculate the proportions of each crop variety and livestock breed, and how to include pollinators and natural vegetation is available in the Supplementary Information.



Soil Health

Soil underpins agricultural output and ecosystem functioning. Sustaining the quantity and quality of organic matter in agricultural soils is a key element of sustainability in agriculture (FAO, 2017b). Soil health includes the stabilization of soil structure, the maintenance of soil life and biodiversity, retention and release of plant nutrients and maintenance of water-holding capacity, thus making it a key criterion not only for agricultural productivity but also for environmental resilience (FAO, 2005).

A number of practices used in agroecological systems can contribute to improving soil health, for example, minimal mechanical soil disturbance, organic fertilization from animal manure or compost, permanent soil cover (organic matter supply and thus increase in water retention capacity through the preservation of crop residues and cover crops or animal manure), crop rotation for biocontrol and efficient use of the soil profile, rotational grazing management, and minimal soil compaction.

Several methodologies for assessing soil health have been developed, some more sophisticated (e.g., Pheap et al., 2019; Thoumazeau et al., 2019), and others more farmer friendly (UTT, 2014; MAONIC, 2019). The method proposed was developed in Nicholls et al. (2004) and then disseminated by the Sociedad Científica Latinoamericana de Agroecología (SOCLA). The 10 proposed soil health indicators can be applied and interpreted jointly by farmers and researchers. The method is conducted at the same time as the transect walk for assessing agricultural biodiversity. The SOCLA 10 indicators of soil health are: soil structure; degree of compaction; soil depth; status of residues; color, odor, and organic matter; water retention; soil cover; signs of soil erosion; presence of invertebrates; and microbiological activity.

Each indicator is valued separately, and a value is assigned between 1 and 5, according to the attributes observed in the soil (one being the least desirable value, three a moderate or threshold value and 5 the most preferred value). Every indicator is provided with a description for supporting the evaluator. For instance, in the case of the indicator of soil structure, a value of 1 is given to a “dusty soil, without visible aggregates,” a value of 3 to a “soil with some granular structure whose aggregates are easily broken under soft finger pressure,” and a value of 5 to a “well-structured soil whose aggregates maintain a fixed shape even after exerting soft pressure.” The details of the descriptions of the 10 indicators are provided in Supplementary Information. Once all soil indicators are assessed, individual indicators can be presented in a radar type graph or an average score of soil health can be calculated.




Step 3—Participatory Analysis of Results

The diagnostic based on the 10 Elements of agroecology (Step 1) and the analysis of performance based on the core criteria (Step 2) are used to reveal the strengths and weaknesses of the systems assessed and to explain their performance in the context of the enabling environment from Step 0. For example, a system with high synergies between plants and animals and high levels of recycling in Step 1 may still perform poorly in terms of income (Step 2) if it has limited access to markets (Step 1 “Circular and solidarity economy” and Step 0).

Step 3 should be conducted in a participatory manner with the community or territory identified in Step 0 and in which the farm surveys were conducted in order to (1) verify the adequacy and performance of the framework; (2) confirm/interpret the analysis to make it context-relevant (including the sampling and up-scaling from farm to territory and to adjust the thresholds used on Step 2 for the traffic light approach); and (3) design/discuss possible ways forward to enhance the enabling environment and support the transition, potentially utilizing the tool to monitor progress. This step can also include the following points to contextualize the interpretation of results:

• The review of CAET results (Step 1) and a proposal for weighting the various indices within each element to emphasize critical aspects in the analysis to ensure contextualized relevance;

• The review of the performance criteria results (Step 2) and a review of the thresholds applied to each of the criteria for the “traffic light” approach;

• The review of the aggregation of farm/production unit level results for an analysis at territorial level as well as of the sampling method chosen.




PRELIMINARY RESULTS

TAPE is being piloted in several geographic regions and production systems in order to assess its relevance and validate the underlying methodological choices. Further data consolidation and data collection to populate the global database are needed but several conclusions can already be drawn from these pilot studies. Here we take some of these ongoing efforts in the field to illustrate two possible applications of TAPE: (1) assessing the degree of agroecological transition in a given territory (for example to assess the impact of a policy or a project) and (2) evaluating the multi-dimensional performance of agroecological farms (e.g., to compare farming systems across regions or territories). These two types of application are not exhaustive. TAPE can be applied to reach different objectives, including, for example, for project formulation or corporate assessments in private companies, and more results will be available as pilots are completed. More lessons learnt will also be available after completion of Step 3 (participatory validation of results), as well as more insights on possible weightings of elements and indices in Step 1 and thresholds for the traffic light approach in Step 2.


Assessing Agroecological Transitions

Figure 3A shows the application of the Step 1 of TAPE to assess the degree of agroecological transition in a family farm in Cuba, comparing three stages: conventional monoculture of tobacco; intermediate transition status with increased diversity in production, synergies within the agroecosystem and use of self-produced inputs; and the last stage of this transition. Results presented in Lucantoni (2020) show that the transition, supported by a specific public policy, had positive impacts on food security, income, biodiversity, soil health, youth employment, and exposure to pesticides.
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FIGURE 3. Results of the CAET (Step 1) from (A) a family farm in western Cuba at different stages transitioning to agroecology (Lucantoni, 2020); (B) a smallholder farm of Central Angola, before and after a project for sustainable rural development and improved nutrition and (C) 25 farms in Patagonia (Argentina) after using the Step 1-bis Transition Typology (Álvarez et al., 2019).


Figure 3B shows the application of Step 1 of TAPE to a smallholder farm in Central Angola, before and after the implementation of a 4-year project aimed to improve producers' livelihoods and nutrition by reducing dependence on synthetic fertilizers, improving soil health and reintroducing animals in the agroecosystem. The CAET spider charts show that average scores for the 10 Elements have all improved, ranging between 10 and 30% before the project and between 30 and 50% after the project. This illustrates how TAPE can be used for project monitoring and evaluation.

Results from the application of Step 1 and 1bis (typology) in 25 farms in Patagonia (Argentina) show that mixed crop-livestock systems have a higher level of diversity, synergies and resilience (Figure 3C). Mixed and crop production systems score better in terms of circular and solidarity economy due to better connection with short value chains. Farms specialized in livestock production show higher average scores in recycling but lower in co-creation and sharing of knowledge, because these systems are normally situated further from urban areas, with less organizations for local support and hence limited access to new agroecological knowledge (Álvarez et al., 2019; De Pascuale Bovi et al., 2019). Almost all the farms were already engaged in an agroecological transition even though the environment was not favorable. These results showed the role of local cultural heritage and traditional management practices for agroecological transitions, especially in the absence of specific support for agroecology.



Evaluating the Multi-Dimensional Performance of Agroecological Farms

Steps 1 and 2 were applied to an integrated farm in Thailand. Results in Figure 4 show that the high level of diversity (rice, vegetables and fish production as well as its activity as a training center), together with the relatively high score in circular economy (e.g., products sold directly to neighboring households through social media), explain the high level of productivity but also of income and added value compared to the country average. However, limited synergies and recycling were found between the different sub-systems, which explains the relatively low score in agricultural biodiversity (significant share of the farmland is in rice monocropping) as well as the high exposure to pesticides.
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FIGURE 4. Results of Step 1 and Step 2 applied to a farm in Thailand.


Steps 1 and 2 were also applied to 228 farms in Cambodia. Preliminary results show that higher average scores in Step 1 (CAET) are linked to more positive results from Step 2 (Figure 5A). Step 2 results are presented using the traffic light approach where green scores +1, red −1 and yellow 0, for a total ranging from 10 to −10 (y axis). Figure 5B shows that productivity per hectare and per person seems to be higher for farms with higher scores in Step 1 (i.e., those that are further in their transition to agroecology based on the 10 elements). Figure 5C shows the same trend for agrobiodiversity. Such results illustrate the strong coherence between the two steps of the method and the coherence of the 10 Elements of agroecology in order to achieve a sustainable production. Logical links between the 10 elements of Step 1 and the 10 criteria of Step 2 also contribute to explain these results. Deeper analysis as recommended for Step 3 (participatory interpretation of results) is needed to clarify.
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FIGURE 5. TAPE results from 228 farms in Cambodia. (A) Average score from the traffic light approach (Step 2) per quintiles of CAET (Step 1). (B) Average Gini-Simpson index for agricultural biodiversity (Step 2) per CAET quintiles (Step 1). (C) Average gross value of production per hectare and per person (from Step 2) by CAET quintiles (Step 1).





DISCUSSION

Building on existing indicators and sustainability evaluation frameworks, and capitalizing on the experience of a vast network of participating organizations worldwide, the Tool for Agroecological Performance Evaluation (TAPE) is presented as a simple, operable, yet comprehensive quali-quantitaive approach to assess the degree of transition of farms and communities to agroecology, and measure their impact on key attributes of systems necessary to the achievement of the UN Sustainable Development Goals (SDGs): a healthy environment, people's health and nutrition, societal and cultural values, economic development and sound governance systems.

The application of TAPE will generate harmonized and global evidence, whether from new data collection or from existing datasets revisited with or completed for TAPE. This global database, available on a United Nations server, will be used by FAO and partners to develop a number of studies and recommendations for policy makers at various scales of aggregation. The intention is to further this research agenda by beginning to provide data on (i) the characterization of agroecological transitions (CAET, Step 1) and (ii) the contribution of such transitioning farms to more sustainable food and agriculture systems (Step 2) and being able to connect these data with inferences about the enabling contextual environment defined in Step 0. This will allow addressing questions such as how many farms are engaged in an agroecological transition; how far have they progressed in the transition; what are the combinations of practices that are most common; are there regional, territorial clusters that can be linked to economic, social and environmental impacts at national and regional scales?—all relevant questions for baseline characterization and monitoring and evaluation of the impact of national or regional policies designed to enable agroecological transitions. The geospatial data that is collected through TAPE could be linked to existing national and international datasets and eventually be integrated into participatory foresight models (Cradock-Henry et al., 2020) that are increasingly being used for policy making. The original contribution of TAPE in this regard is that it can be applied to all types of production systems and territories, which means that through progressive data collection, we will begin to be able to visualize these transitions as they unfold over time and help direct producers and policy makers toward sustainability.

Measuring the sustainability of agriculture has long been a research question -as well as one of overall sustainable development. During the eighties and nineties, there was a multiplication of tools based first on individual indicators and later on indexes aggregating several indicators, which were used to score the systems assessed (De Olde et al., 2016; Migliorini et al., 2018). With the recognition of the value of citizen-science in transitions to sustainability (Sauermann et al., 2020), more recent efforts have focused on developing approaches that could guide a process of co-development and participatory evaluation. This means offering users a structured approach to define meaningful indicators along the entire process of evaluation, from design to the organization of data and interpretation (Cândido et al., 2015). MESMIS is an example of such a framework (Table 1) where the properties of the system or the system attributes can be mobilized by users to define criteria and indicators in a structured way. Indicator frameworks that examine resilience between farming systems, including agroecological ones, have been developed and applied in different contexts (e.g., Jacobi et al., 2018), but they do not consider the transition process as such. In the last years, methods and concepts to specifically study agroecological transitions have been developed borrowing from sustainability transition theory (Anderson et al., 2019), considering ‘performance’ indicators (e.g., Trabelsi et al., 2016), the dynamics of famers' networks (Teixeira et al., 2018) or merging these with complex adaptive systems and state and transition theories (Tittonell, 2020). TAPE proposes a synthesis of these approaches and concepts.

TAPE is also inspired by the MESMIS approach in the sense of using system properties (i.e., the 10 Elements of Agroecology, five SDGs dimensions) to develop evaluation criteria, but aims to take this approach one step further by encouraging harmonization at the criteria level, monitoring of real-life transitions over time, and creating inter site comparisons by building public global databases. TAPE is therefore simplified in terms of the number of criteria considered and is more prescriptive than tools that are designed purely for research purposes yet flexible in terms of indices and scores, in order to be of relevance for development actors and policy makers. While frameworks such as MESMIS that leave the selection of indicators solely to the user are very useful to support local decision-making processes, their results can often not be comparable given the highly contextualized results that they produce. One of the motivations for the development of TAPE has been to generate harmonized and consistent evidence at the global level, which requires some level of prescription and systematization. The first field applications of TAPE show that the tool is well-received by CSOs and agricultural extension agents, who have been able to adapt it to their situations without losing the overall comparability. These experiences also report that the participatory approach also contributed to the emergence of new research questions and collaborations with farmers (e.g., Álvarez et al., 2019; De Pascuale Bovi et al., 2019). First results show that there is a strong coherence between the two main core steps of TAPE, the first one aiming at characterizing the agroecological transition and the second one aiming at characterizing some of the performances and impacts of such systems. While the information collected for Step 1 (CAET) and Step 2 (core criteria of performance) may be perceived as partially redundant for some indices/criteria, the treatment of this information and the purpose of each step are actually complementary: Step 1 informs about how far the system has progressed in its agroecological transition, contributing to better describe and define agroecology globally in a diversity of contexts, while Step 2 provides an assessment of the system's impact in quantitative terms, and therefore how its performance links to its degree of transition. The complementarity of the two steps may provide farmers and local actors with a useful information to assess and pilot their own transition and developing sustainable agroecological systems.

Despite the large promise of TAPE, there are a number limitations in its current form that have been identified through the piloting process. First, the core criteria of TAPE and the selected methods to assess them may seem to be more directly applicable to family farming than to large scale commercial/industrial farming (e.g., nutritional diversity, youth employment). However, TAPE can support agroecological transitions in all forms of production. Its application to large scale farmers, including in the case of cooperatives and corporate farming, requires some adaptation, which will need more pilot testing, and it can help identify how these systems can better contribute to nutritional diversity or youth employment, for example. Second, TAPE requires a translation into local contexts and languages: while it has global relevance, the pilot tests show that its application requires a translation of the questionnaires to include local characteristics of agroecosystems and socio-economic contexts (e.g., soil health indicators, food groups for the nutritional diversity). The status of local populations in terms of food security could also be a critical element of context for the assessment, in addition, and as a preamble, to nutritional diversity (e.g., Timler et al., 2020). This preliminary step that has already been identified in several assessment frameworks. In addition, adequate capacity development is required for local partners to apply and use TAPE in their work and share the information, promoting horizontal relationships between people applying the framework and contributing to a community of practice.

TAPE is being piloted in different contexts and by different partners. Lessons learnt from these experiences will contribute to its development and the participatory learning approach adopted for the design of TAPE will continue so that the final guidelines will be robust and more widely applicable. Plans for the further development of the approach will include, for example, how to better address the territorial level. Some dimensions that are evaluated are also relevant at higher scales than the farm/ household level (e.g., Novotny et al., 2020). This is the case for example for nutrition, which is assessed in agricultural households only and not across the supply chains that structure food systems (Fanzo et al., 2020; Vonthron et al., 2020). Youth employment is another example where non-agricultural job opportunities are considered, but not analyzed at the relevant scale of the territory (Losch, 2016). The creation of territorially appropriate criteria and indicators, in lieu of simple aggregation, will shift the frame of thinking from individual farms/households to more collective strategies that can ensure broader social, environmental and economic benefits. In this development process, it will be important to ensure at the same time that (i) the method and indicators (including potential advanced ones) suit the goals of the specific assessments and (ii) TAPE remains sufficiently harmonized to allow consolidation and comparison at the global scale.



CONCLUSION

The recent report from the UN Committee for Food Security called upon more rigorous and consistent evaluation of agroecology, including shared performance indicators that assessed a broader range of dimensions beyond productivity (HLPE, 2019). TAPE is a first step based on collective efforts at international level to address this knowledge gap.

Building upon various existing assessment frameworks, TAPE is proposed as a comprehensive tool to assess the multi-dimensional performances of agroecosystems across different aspects of sustainability and to support a transition toward more sustainable food systems. It was designed to remain simple and to require minimum training and data collection.

The process that led to the development of TAPE included the horizontal participation of a large diversity of worldwide stakeholders, who shared their interests in assessing the extent of agroecological transition, monitor progress on the various dimensions of sustainability, and compare the performance of agroecosystems around the world. TAPE has hence a global relevance and can be applied to all types of production systems, to generate information relevant to policy makers, scientists, CSOs, international organizations, the private sector and producers. It is at the same time broad in the number of dimensions of sustainability covered and simple in its application. It can be used to support the re-orientation of public investment toward more sustainable agriculture and food systems.

This tool can also provide a framework for governments and public actors for the adaptation and re-design of research and development programmes and the evaluation of policies, as well as rural advisory services and extension programmes to properly address sustainable agriculture in the context of the SDGs. Indeed, the information collected by TAPE can be used to inform various SDG indicators, including 2.4.1 (sustainable agriculture), 1.4.2 (land rights) or 8.6.1 (biodiversity).

More specifically, TAPE can help farmer, but also governments, extension services and scientist, identify strengths and weaknesses of productive systems and food systems. By providing a diagnostic of the agroecological elements that are (or are not) implemented within the farm, Step1 can support the adoption of practices that contribute to these elements (e.g., for more diversity or more co-creation of knowledge). Moreover, the application of TAPE itself can help support the co-creation and sharing of knowledge and spread agroecological practices at community level. Consultations between (local) experts and producers often follow a top-down approach, while TAPE can be used as a peer-to-peer tool to identify and prioritize actions. Finally, the tool makes an overall assessment of a system through a simple survey and gives immediate and quantifiable results in a short amount of time, which is valuable for all actors in food systems.

FAO is currently working with partners in more than 10 countries for piloting TAPE and is inviting more partners to engage in this piloting phase.
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Agroecology promises a third way between common global agriculture tradeoffs such as food production and nature conservation, environmental sustainability and ecosystem services. However, most successful examples of mainstreaming agroecology come from smallholder, family agriculture, that represents only about 30% of the world agricultural area. Mainstreaming agroecology among large scale farmers is urgently needed, but it requires addressing specific questions in research, technology and policy development to support sustainable transitions. Here we take stock of the existing knowledge on some key aspects necessary to support agroecological transitions in large scale farming, considering two contrasting starting points: highly subsidized and heavily taxed agricultural contexts, represented here by the examples of Western Europe and temperate South America. We summarize existing knowledge and gaps around service crops, arthropod-mediated functions, landscape and watershed regulation, graze-based livestock, nature-inclusive landscapes, and policy mechanisms to support transitions. We propose a research agenda for agroecology in large scale farming organized in five domains: (i) Breeding for diversity, (ii) Scalable complexity, (iii) Managing cycles beyond fields and farms, (iv) Sharing the cultivated landscape, and (v) Co-innovation with farmers, value chains and policy makers. Agroecology may result in a renewed impetus in large scale farming, to attract the youth, foster clean technological innovation, and to promote a new generation of large-scale farmers that take pride in contributing to feeding the world while serving the planet and its people.

Keywords: sustainability, intensification, agriculture, landscape, ecosystem services, South America, Europe


INTRODUCTION

As the extent and output of agriculture still grows to new global records, so does the awareness of societies on the multiple contributions of land ecosystems to human well-being. Agroecology, or the application of social and ecological principles for the design and management of sustainable agroecosystems, sits at the core of this tension promising one of the very few ways out from the current trade-offs between food production and security and the broader well-being of humans and nature. Over the last decades large scale farming led to increasing production but also caused substantial environmental degradation, as such increases were mostly based on its expansion onto natural areas and greater use of external inputs and other forms of intensified use (IPBES, 2019). Meanwhile agroecology developed and became most successful in small scale family farming, which contributes roughly more than half of the food consumed by humans by one estimate, farming on <30% of the agricultural land (Graeub et al., 2016; Lowder et al., 2019). The potential of agroecology to become a “third way” model, able to address the tradeoffs between food security and other ecosystem services has raised interest among governments, development agencies, scientists and farmers (e.g., HLPE, 2019; WWF, 2020 etc.). Yet, the necessary step for the expansion and global scaling of agroecological approaches needs to consider their adaptation to large-scale commercial contexts. While several enlightening examples exist, we think that an open but assertive research agenda is still needed.

Large scale farming, which occupies the majority of the global agricultural area, is defined here as the highly mechanized, commercial cropping and livestock keeping activities that take place in privately owned or rented land by an individual farmer, company or family enterprise. This sector is responsible for 70% of current deforestation, the largest share of agriculture-related GHG emissions and agricultural water use, and habitat disruption resulting in biodiversity loss (IPBES, 2019).

Although examples do exist of large-scale commercial farming that follows the principles of agroecology, both in the Americas and in Europe (Kleijn et al., 2019), a full transition toward agroecology in large scale farming entails yet a number of challenges. Among them, the lack of appropriate knowledge, management practices and technologies adapted to large field sizes, mechanized farming, several commercial and value chain impediments, and high dependence on external input technologies (often recommended by agronomic “advisors” provided by the companies that produce or commercialize those inputs, or profit from high outputs). An additional factor deterring a wide scale transition to agroecology among large scale farmers is the distortion created by financial measures such as production subsidies, mostly in the North and heavy taxation, mostly in the South. Western Europe, and the temperate regions of South America are conspicuous examples of these two end points, from heavily subsidized to heavily taxed agricultural systems.

Beyond market incentives, high input agriculture models in western Europe evolve and are shaped as the result of simultaneous top-down incentives and disincentives in the form of governmental subsidies, private credit loans, EU agri-environmental measures, regulations such as on nitrogen emissions or the EU Natura-2000 directive, or incentives for the maintenance of cultural heritage landscapes. However, high productivity per unit land or per animal is also often seen as a mark of “efficiency” by EU farmers and related sectorial actors, which has also deep-rooted bonds with traditional cultures and rural styles of living (van der Ploeg, 2013). This high productivity per animal or unit land is even frequently presented as being environmentally friendly, based on “land sparing” arguments, despite its very high environmental impact per unit area of farmland (Loconto et al., 2020). The pursue of high productivity results in elevated use of external inputs and consequent high environmental impacts per unit area in the production region, in spite of several EU regulations designed to mitigate them. A growing number of farmers and their associations, governments, and environmental NGOs tend to see agroecology as an opportunity to reduce environmental impacts (e.g., nitrogen emissions, biodiversity loss) while continuing to maintain current productivity levels.

In the Pampas and Campos natural regions of Argentina, Brazil and Uruguay large scale, export-oriented agriculture and livestock systems contribute substantially to the national economies and represent an important source of livelihood and incomes. As these systems operate without any form of subsidy, economic efficiency is a central attribute to their functioning and long-term sustainability. In the case of Argentina, for example, tax policies impose a heavy burden on farmers, with export retentions of up to 30% for the dominant crops like soybean. While agroecology tends to draw the attention of large-scale South American farmers as a means to reduce production costs or risks of failure, possible yield penalties during the initial phases of the transition deters farmers from undertaking agroecology. In the absence of subsidies or other governmental incentives, any strategy oriented to support the transition to agroecology in large scale farming needs to secure incomes and profits from the very onset of the transition.

Our objective is to take stock of the knowledge available and identify key open research questions critical for the transition of large-scale farming systems to agroecology, from the realm of agronomy, ecology and social sciences. To do that, we will first describe the space of recommendation domains for large scale farming defined by the wide gradient from subsidized to taxed agricultural contexts, and their consequences for the resulting agricultural systems. We will briefly summarize the state of knowledge on six key areas of research that need to be addressed to inform the agroecological redesign of large-scale systems, namely:

(i)   Multifunctional service crops;

(ii)  Arthropod-mediated ecosystem services (from plot to landscape);

(iii) Watershed regulation and soil conservation (and restoration);

(iv) Regenerative grazed-based livestock systems;

(v)   Nature inclusive agricultural landscapes;

(vi)  Policy and finance to foster agroecological transitions.

We end by proposing an agenda and discussing the socio-technical and political implications that promoting such changes entail. We are aware that agroecological transitions and the necessary innovation systems are complex, adaptive, and entail multiple dimensions, actors and levels (cf. Tittonell, 2019, 2020). But instead of diving into socio-technical transitions, upscaling and their inherent complexity—which comprise a number of research questions in themselves—here we chose to focus on the more practical, end-user-oriented research questions that we receive in our daily practice from farmers, advisors, policy makers, and third sector organizations engaged in biodiversity and environmental sustainability.



INTENSIFICATION IN LARGE-SCALE AGRICULTURE

The design of agroecosystems based on the principles of the green revolution coined in the 60's focused almost exclusively on obtaining products that can be harvested, without a systemic look or evaluation of the social and environmental impacts of agriculture. Specialization resulted in a simplification of the agricultural landscape, with a consequent decline in its ability to deliver ecosystem services due to a gradual loss or degradation of the natural capital (e.g., Tsiafouli et al., 2015). Economic productivity measured as income and profit has been a major driver of agricultural intensification, especially but not exclusively in terms of input intensification. Figure 1 presents a simplified model of the relationship between input intensification and (broad sense) economic productivity, measurable for example in terms of gross monetary income. The economically rational level of intensification would be, simplistically, that at which the maximum gross margin (GM = income minus costs) is attained. In many parts of the world, however, large scale intensive or industrial farming dominated by mono-cultures or intensive livestock husbandry has aimed at maximizing productivity (imax; Pmax), even at the expense of their gross margins, fueled by subsidies and other incentives, producing beyond the level of input intensification that an economic rationale would indicate (iopt; Popt—Figure 1A). High production costs and narrow margins lead to high risks of failure, which is normally absorbed by subsidies or other forms of economic compensation.
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FIGURE 1. Schematic representation of the relationship between level of input intensification (i) and productivity (P), for example in terms of gross monetary income. (A) The widest gross margins (GM) can be attained at lower than maximum productivity levels (Popt), at a context-specific optimum level of intensification (iopt); current farmers' preferred intensification level (imax) however leads to high investment risks and narrower attainable margins, and increased intensification generally reduces ecosystem services and natural capital. (B) Countries or regions that subsidize their agriculture render imax intensification levels apparently profitable, but if subsidies were removed or externality costs (social, environmental) internalized current technological choices would render the system unprofitable. (C) Countries that tax agricultural exports render imax intensification levels totally unprofitable, leading to the misinformed perception that government tax policies are the main reason for the economic failure of such high input agriculture models (while maximum GM would still be attainable at iopt intensification levels).


Following this simple, archetypal model, the effect of subsidies can be seen as a modification in the relationship between costs and productivity that creates the false impression that these systems are “efficient” because they are highly productive (Figure 1B); or worse, that the only way of achieving efficiency is through attaining the highest possible yields per unit land area or animal head. On the other hand, if the true costs of this form of agriculture were computed, that is, including their environmental and social externalities, then the responsible levels of optimum and maximum productivities and input intensification would be much lower than those of nowadays. At the other end of the gradient (Figure 1C), countries that tax agricultural exports render imax intensification levels totally unprofitable, leading to the misinformed but common perception that government tax policies are the main reason for the economic failure of high input agriculture models. Under heavy taxation, however, the maximum GM would still be attainable at iopt intensification levels according to this simplified production function.

Yet, maximum gross margins are not necessarily attained at environmentally or socially sustainable intensification levels. The model in Figure 1 considers costs, income and margin but disregards the biophysical resource flows to and from the agricultural system, such as carbon, nutrients and water associated with the different levels of intensification. To do that, we added a new y-axis parallel to productivity that indicates increasing flows of these biophysical factors, necessary to maintain a balanced, sustainable use and long-term conservation of natural resources (Figure 2A). The ideal level of input intensification in this new model is indicated as isust, corresponding to a higher productivity (Psust). This point, arbitrarily depicted as a half-way productivity between Popt and Pmax in Figure 2A, represents a level of input intensification that ensures for example soil nutrient replenishment through fertilization, greater flows of carbon from plant litter to soil, more efficient use of rainfall water, or more diversified feeds and/or direct foraging resulting in greater animal welfare in livestock systems. Such a higher level of intensification may not necessarily result in the widest margins nor in the highest productivity, but can be seen as an investment in maintaining the natural capital. Subsidies or tax policies could be in some cases an instrument to regulate intensification levels following this logic (Figure 2A). However, there is a limit to the ability of these instruments to shape sustainable forms of agriculture, and virtually none to promote by themselves a transition to agroecological farming.
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FIGURE 2. Steps in the agroecological transition of large-scale farming systems. (A) First step consists of regulating productivity to address short- and long-term goals. A new y-axis (S) is added to the model of Figure 1 that represents desirable shifts in terms of local resource use (water, nutrients, carbon) and a proposed ‘sustainable’ productivity level (Psust) compatible with balanced, efficient water use while ensuring soil fertility maintenance (isust); costs are higher than economically optimal, but can be seen as investments in long term productivity. (B) Second step consists of a thorough agroecological redesign of the farming system to favor process- in detriment of input-intensification. A new model is proposed replacing input intensity (ii) by process intensity (ip) in the x-axis; optimal productivity is closer to maximum productivity, which allows a reasonably gross margin (GM); and further intensification beyond iopt does not necessarily result in greater margins but in building of natural capital (i.e., long-term productivity) and greater provision of ecosystem services. (C) Combining input and process intensification using principles of agroecology to foster ecosystem services. Continuous lines indicate income and costs under current baseline (cf. Figure 1A) whereas dotted lines include the addition of ecosystem services to incomes and costs.


Figure 2B illustrates a theoretical, full transition to agroecology of large-scale farms, in which the productivity increases as a result of “process” intensification (ip), extending the notion of intensification to include the “intellectual” inputs that characterize agroecology, such as managing landscape complexity, diversity, synergies, natural regulation, and ecosystem services. Under process intensification, it is assumed that production costs do not grow linearly, as in the case of input-intensification, but they reach a plateau as the relative importance of processes in the system outgrows that of the minimum inputs. Optimal productivity would be closer to maximum productivity (NB: in a real agroecological system, productivity is measured for all different activities on the farm simultaneously, not just a single crop species, or a single activity such as annual cropping), providing a reasonable economic margin (GM) with low risk, and ideally with no financial debts. Intensifying beyond this point may not result in much higher overall productivity but in the long-term building of the natural capital of the system, in the form of fertile (often regenerated) soils, balanced water flows, greater biodiversity and positive biological interactions, quality habitats for wildlife species, carbon sequestration, etc. In other words, in a more efficient provision of ecosystem services of local and global importance, that may even result in lower production costs for farmers and/or in alternative sources of income in some cases, through e.g., financial incentives for nature conservation, agro-tourism, etc.

In reality, however, a limited number of large-scale farmers are or would eventually be able to fully transition to agroecology relying exclusively on process technologies. A most plausible scenario, represented in Figure 2C, is one in which large scale farmers would use agroecological principles for a combined input and process intensification (ii+p) of their system, making efficient use of ecosystem services to increase incomes and reduce costs. Under this model, there is a limit to intensification (imax) beyond which economic productivity, measured as gross income, starts decreasing due to resource degradation, excessive pesticide inputs, loss of natural enemies and pollinators, resistance to pesticides or antibiotics, or other pollutants.

We hypothesize that agroecology can provide the tools and knowledge to make efficient use of the natural functionalities that ecosystems offer, so that the reliance on external inputs of non-renewable resources or toxic molecules can gradually decrease along a so-called ecological intensification trajectory (cf. Tittonell, 2014). Although several factors preventing the transition to agroecology among large scale farmers are political, commercial or even cultural, we still consider that current agricultural research, from breeding to agronomy, ecology or social sciences, has a number of urgent calls in order to inform, sustain, and promote transitions. In the following section, we highlight selected areas of knowledge that are currently providing, but also require more, innovation to inform such transitions. They form the basis of the research agenda for agroecology in large scale farming that we propose toward the end of this manuscript.



PROMISING AVENUES TO ENHANCE AGROECOLOGICAL TRANSITIONS


Multifunctional Service Crops

Traditional, pre-twentieth century agricultural practices were largely based on growing multiple plant species, several of them not to be harvested. Cover crops, green manures, trap crops, green bridges, and a variety of other multipurpose species are able to provide regulation and support ecosystem services, which are important locally (ecosystem services that affect agricultural production), regionally (ecosystem services that are provided by rural landscapes), or globally (ecosystem services that benefit humanity). These associated, non-harvested species or service crops represent a valuable—necessary but not sufficient—tool within agro-ecologically managed systems.

The benefits of service crops in terms of the provision of ecosystem services is well-known and recognized nowadays in the agricultural research community (Schipanski et al., 2014; Pinto et al., 2017; Garcia et al., 2018), but less so among large scale farmers. Agricultural census data in the Americas show that service crops were adopted in <5% of the total agricultural land (e.g., 3.9% in the US in 2017: Zulauf and Brown, 2019). Data from Europe indicate that cover crops, plant residues and multi-annual plants occupy shares of 8, 7, and 8% respectively in arable land during winter (EUROSTAT: online data code: EF_MP_SOIL, updated 03/08/2020). In Argentina, the area of cover crops is increasing rapidly from 4 to 5% until 2015 to 13% in the 2019/2020 season (Bolsa de Cereales, 2020), largely associated with conservation tillage practices. Among the reasons that farmers put forward for the limited adoption of service crops are the perceived extra costs associated with the practice, and the limited availability (and high price) of seeds of several species used as service crops in local markets. Yet there are also farmers that consider service crops as an investment, since they help to regenerate the structure and functioning of degraded agroecosystems, reduce external inputs costs, contribute to increasing agricultural productivity and long-term sustainability (Schipanski et al., 2014).

Most species and their cultivars used nowadays as service crops have been bred or improved usually for fodder production (Scholberg et al., 2010), and hence their plant architecture, growth habit, phenology or functional traits do not always respond to the objectives for which they are grown in agroecological schemes. To integrate service crops in agroecological design and management, breeding programs for multipurpose traits are urgently needed, taking into account desirable morphological attributes that can contribute to multiple objectives, such as deep rooting, high leaf to stem ratios (or the opposite according to needs), promiscuity in terms of symbiotic N fixation, drought resistance or high water use efficiency, short or long cycles, propensity for mycorrhizal infestations, attractiveness to pests and/or to natural enemies, competitive ability against weeds, allelopathy, etc. (Kell, 2011; Wayman et al., 2017). A major challenge in this regard is the potential tension between private and public, non-profit plant breeding programs, that shape interests and determine asymmetrical investments in breeding programs (Brummer et al., 2011). Programs should include breeding for in-field diversity, and participatory breeding programs where farmers take action in the selection of plans leading to rapid local developments and adoption (Weltzien and Christinck, 2017). In addition, there is need for further collaboration between plant breeders and ecologists to develop future cultivars that fulfill both food production and ecosystem services restoration and maintenance, which will require stable and long-term funding sources (Brummer et al., 2011).

Research is needed to functionally link plant traits with ecosystem service provision in the specific context of agroecological design and management, which implies that service crop and their mixtures should provide multiple functions simultaneously according to variable designs of the mixtures. In agroecological systems, service crops will be incorporated in heterogeneous space-time combinations that will affect the expression of different traits in the service plants, hence plasticity is important. Several research questions arise also from practice, for example:

- How to regulate cover/companion crops vigor in order to avoid competition with the main cash crops for space, water and nutrients, reduce air moisture to avoid plant diseases, especially in wetter climates;

- How to reduce soil water depletion by cover crops during winter in drier climates;

- How to improve cover crop establishment in the dry conditions of late summer;

- How to terminate (vigorous) cover crops, maintaining soil cover, while ensuring viable seeding and germination conditions for the main cash crop:

- Under which conditions are perennial service crops (e.g., grass-legume mixtures) and biomass transfers for mulching a viable alternative in ecological and economic terms;

- How can service crops periods be used to replenish soil nutrients, control weed seed banks, and/or regulate pest populations so as to benefit the main cash crops in the rotation;

- What extra specific traits are needed when service crops are incorporated in crop-livestock, agroforestry, or agro-silvo-pastoral systems?

These are just a few examples of questions that arise from practice. Next to them, there is also the major challenge of mechanizing these activities, several of which cannot be efficiently accomplished with the machinery currently available on the market.



Arthropod-Mediated Ecosystem Services

In large scale agriculture, larger field sizes are usually associated with landscape simplification, a main driver of the loss of arthropod species providing biological pest control or pollination services (Dainese et al., 2019; Martin et al., 2019). Garibaldi et al. (2016) presented consistent evidence that larger fields reduce arthropod-mediated ecosystem services. This global study quantified to what degree enhancing pollinator density and richness improved yields on 344 fields from 33 pollinator-dependent crop systems in small and large farms from Africa, Asia, and Latin America. Worldwide, the benefits of flower-visitor density to crop yield were greater for smaller than larger holdings, and when flower-visitor richness was higher. For fields of <2 hectares, it was found that yield gaps could be closed by a median of 24% through higher flower-visitor density. For larger fields, such benefits only occurred at high flower-visitor richness. Improving flower-visitor richness in large fields is a challenge that will require a combination of practices, the effectiveness of which is context dependent, including sowing flower strips and planting hedgerows, providing nesting resources, more targeted use of pesticides, and/or restoration of semi-natural and natural areas adjacent to crops (Garibaldi et al., 2014). A recent synthesis of 89 studies with 1,475 locations showed that pollinator and enemy richness directly supported ecosystem services in complementary ways to abundance and dominance (Dainese et al., 2019). This review shows that negative effects of landscape simplification on ecosystem services were importantly mediated by richness losses of service-providing organisms, with negative consequences for crop yields. Given the positive influence of edge density on arthropod communities providing biological pest control or pollination services (Martin et al., 2019). A possible way to counteract the negative effects of large fields is to design them in strips to increase edge density without compromising the amount of area effectively cropped. Promising experiences in this direction are increasingly being documented (e.g., Ditzler et al., 2020). When agroecological designs imply using field hedges as uncultivated habitat/feeding environments for beneficial organisms, the tradeoffs with potential agricultural productivity losses need to be weighed also against overall costs and risks at farm scale, in the short and the long terms.



Watershed Regulation and Soil Conservation

Agriculture and its multiple management practices influences the way in which water and its load of sediments, nutrients, salts and pollutants are routed through the landscape and the hydrological system. As a result, it affects the long-term performance of production (e.g., modulating soil erosion rates and rainfall infiltration—Basche and DeLonge, 2017) as well as critical ecosystem services such as water provision (e.g., amount, timing, quality) or the regulation of downstream aquatic systems (e.g., their hydrological regime or pollution levels). Some of the most promising interventions in large-scale agricultural systems regarding these impacts involve landscape designs in which croplands coexist with other fixed or rotating vegetation types including cultivated pastures, tree plantations, and natural vegetation. Key decisions in this regard include the fraction, grain, and landscape position in which these non-agricultural patches are located, in order to mitigate the most concerning degradation processes.

In small watersheds of the North American corn-belt, 10% area of prairie filter strips either at foot slopes or contour strips were sufficient to cut run-off and sediment transport by 30 and 95%, respectively, in the dominant simplified farming systems, improving water availability for crops, protecting soils and water quality, and providing many additional services (Helmers et al., 2012; Schulte et al., 2017). In the drier part of the flat plains of Argentina, relatively low intensity farming systems with long fallows and extremely simplified landscapes, experience gradual water table level raises that end in massive waterlogging and salinization (Jobbágy et al., 2008; Nosetto et al., 2012; Kuppel et al., 2015). Sustaining evapotranspiration from waterlogged areas in wet years with dedicated natural wetland areas, or through the inclusion of flood-tolerant service crops, and “rescuing” deeply recharged water in dry years with native forest patches or rotating deep rooted grasslands are viable options to regulate a deleterious hydrological shift that damages farmland, infrastructure, and settlements (Mercau et al., 2013; Nosetto et al., 2015; Giménez et al., 2016). In more intensified settings in Europe and North America, ditch networks can be designed (e.g., density, topology) and managed (e.g., dredging, weeding/mowing regime) in a way that simultaneously regulates waterlogging and provides water cleaning, hydrological regulation, and habitat protection services (Dollinger et al., 2015). Plot to whole farm level designs that include patches of non-agricultural vegetation should be accompanied by whole watershed initiatives that include an explicit design (width/length/vegetation type) of riparian corridors (Cole et al., 2020).

As explicit landscape design becomes embraced by farmers and land and water policy makers, many questions will emerge. From a biophysical standpoint, developing reliable functions that depict how ecosystem services (e.g., water flow magnitude and timing; or sediment, nutrient, and pollutant loads) respond to the fraction of different types of non-agricultural land covers that are included in the landscape, is an ambitious but critical target, that can be approached gradually through adaptive management strategies in which interventions are used as experiments and modeling frameworks are used to integrate knowledge (e.g., Groot et al., 2016). For this reason, explicit monitoring and comparison plans are crucial in large-scale farming systems shifting toward agroecological management. These strategies need to consider the episodic nature of many disservices such as massive erosion and sediment transport, which can be assessed sporadically.

Landscape level non-linearities are among the most difficult but also promising aspects of watershed management. For example, pure forests and pure cropland may display a hydrological balance that is not maintained when they coexist as a patchwork in the landscape. Understanding aerial, surface and subsurface lateral transport of energy, water, and nutrients in increasingly complex farming landscapes is still an open challenge. From a human standpoint, knowledge on the perception and values of farmers and settlers regarding different land covers and landscape arrangements is also critical to achieve sound agreements or at least steer negotiations. Where watersheds are larger than individual farms, understanding how neighbors distribute the costs and benefits of agroecological landscape designs is a necessary step to develop sustainable incentives and agreements. Finally, a “fractal” approach to landscape diversification, in which tools from the realms of precision agriculture (within plot), landscape design (across plots), and watershed management (whole landscape) are integrated, is a promising avenue for further research to support agroecological transitions in large scale farming.



Regenerative Graze-Based Livestock Systems

Transition to agroecology in graze-based livestock systems may provide a way to increase productivity and income without increasing the use of external inputs and risks, to restore the productivity of degraded or overgrazed grasslands, and at the same time enhancing the provision of ecosystem services. For example, simply organizing the herd and the grazing regime to increase forage allowance, forage height, and plant biomass leads to enhanced energy consumption per animal and forage production by native grassland species (Carvalho et al., 2011; Carriquiry et al., 2012; Do Carmo et al., 2016). Other agroecological strategies include matching grassland growth rates during the year with forage demands by different animal categories, multi-species grazing designs to stimulate complementarity, matching spatial heterogeneity to different quantity and quality of forage requirements, respecting reseeding, and maintaining a permanent soil cover, all of which have proven successful at both experimental and real farm conditions, doubling current productivity levels (e.g., Albicette et al., 2017; Do Carmo et al., 2018). These transitions require also animal breeding support, an agenda that has been highlighted for ruminants, pigs and poultry (Phocas et al., 2016). Yet, as in the case of cropping systems, two broadly distinct approaches are needed for the agroecological transition of livestock systems in currently extensive vs. intensive production systems and contexts.

Livestock production based on native grasslands as the main source of animal nutrition is an example of large-scale farming producing meat, wool, and leather with low inputs of chemical fertilizers, fossil energy, and pesticides (Picasso et al., 2014). This form of privately-owned livestock operation is often referred to as ranching, and it is more common in the Americas than in Europe. Large areas of tropical forest are being cleared for the establishment of pasture lands, particularly in Brazil's Amazon and Mato Grosso regions (Pinillos et al., 2020). Here, however, we refer to native grasslands, areas that have not been forests since the last glacial period. Such is the case of the Rio de la Plata grasslands, i.e., the grassland biome that covers south Brazil, North East Argentina and the whole of Uruguay are a hotspot for biodiversity (Bilenca and Miñarro, 2004; Overbeck et al., 2007), and provide ecosystems services such as carbon sequestration, moderating regional climate, preserving the soil from erosion and maintaining water quality. However, the degree of ecosystem service provision across space and time and the tradeoffs between these and animal or economic productivity need to be more rigorously quantified (Tittonell et al., 2016). The sustainability of these grazing systems is threatened by overgrazing, which results in poor economic results, deterioration of the natural grassland, increased erosion rates, reduction of the carbon stock and increase in greenhouse gas emissions per unit area and product (Altesor et al., 2005; Overbeck et al., 2007; Modernel et al., 2018). This process has also increased the vulnerability of these systems to drought events (Modernel et al., 2019). While measures for their ecological intensification do exist and prove technically viable, their wide adoption by farmers is still challenging, no less due to the aging of this farming population and the gradual disappearance of this traditional lifestyle. When ranching farmers retire, the land is often leased out to agricultural enterprises that grow export crops (Albicette et al., 2017).

In intensive livestock systems and environments, where animal stocking rates are higher as sustained by external inputs such as in Europe, animal health and welfare considerations are central, as these affect production and product quality. Dumont et al. (2013) summarized key principles for the transition to agroecology in such animal production systems:

(i)   Management practices that improve animal health;

(ii)  Decrease the amount of inputs needed for production;

(iii) Optimize the metabolic functioning of farming systems;

(iv)  Enhancing diversity to strengthen resilience;

(v)   Preserving biological diversity in agroecosystems.

Even in intensively managed sown pastures, that are normally simple grass-clover mixtures, plant species diversification (forbs) can greatly improve efficiency of nutrient use by plants and grazing animals, soil quality and biological activity (de Haas et al., 2019; Hoogsteen et al., 2020). Yet many of the benefits of plant diversity are only evident in the long term (e.g., Cardinale et al., 2007), which is not always compatible with the current management of short-lived (3 years) pastures within intensive rotations. As in the case of extensive livestock on native grasslands, regenerative management of intensive grasslands includes their species diversification, water table/runoff management, balanced combination of direct grazing and mechanical mowing during the year, sometimes mechanical interventions to loosen compacted soil and/or inter-sow desired grassland species, inclusion of trees and fodder shrubs (also relevant to improve animal health), nutrient restitution (preferably together with organic matter through solid manure), watershed protection, increased permanent soil cover, natural re-seeding enclosures, multi-species grazing, selection of animal breeds adapted to agroecological management, etc. Yet, an agroecological transition cannot be described as a blueprint recipe or a set of predefined steps to be followed. Farmers are diverse not only in their resource endowment, socio-economic and bio-physical environments but also in their ability to experiment, modify, and adapt technologies to their conditions.



Nature Inclusive Agricultural Landscapes

The trade-off between increased productivity through increased inputs vs. declining ecosystem services and natural capital summarizes a complex underlying process of changing species-environment relations. Different species groups are differentially sensitive to agricultural intensification; some plants, invertebrates, and bird species can still find a (temporal) habitat in large-scale agriculture, while others cannot. These differences reflect underlying niche differences between species in their relations with environmental factors modified by agriculture, such as nutrient availability, soil pH, hydrology, and disturbance regimes. For example, plants or insects that have natural habitats with stable, low nutrient inputs as temperate peat bogs, and tropical upland forests, will be much more sensitive to agricultural intensification than species that evolved under more nutrient rich and dynamic conditions, such as riverine floodplains and shores. In such habitats, large-scale agricultural intensification can lead to complete species replacement of the local species pool, in many cases by invasive species from other continents (Mack et al., 2000).

Higher nutrient inputs generally lead to less coexistence opportunities for different plant species, as competition shifts from several belowground resources to mostly for light, often with a single-best competitor (Tilman, 1988). Reductions of inputs will therefore not only add species to the local species pool, but also cause turnover of species that are better adapted to the new conditions. Less diversity of plants is generally associated with less diversity of invertebrates due to less resource diversity for specialized species, and can lead to a decline of soil biodiversity and associated ecosystem services as soil fertility. Various recent studies show a strong decline of both insect biomass and insect diversity with a potential cause in agricultural intensification (Hallmann et al., 2017), as in increased inputs of nutrients and pesticides.

For birds that are mobile, large-scale agriculture can serve a key role during parts of their life cycle, such as a foraging ground during migration or as a breeding ground. But also for birds, agricultural intensification generally leads to a decrease in bird diversity, and their associated benefits as seed dispersal and pest control (Hendershot et al., 2020). Including agroecological principles in large-scale agriculture can potentially retain such benefits (Holland et al., 2016). In Northwestern Europe, meadow birds—associated with mostly dairy farming grasslands—have strongly declined, likely due to declining food availability for their mostly precocious young (independently foraging directly after hatching). While low-input flower-rich grasslands in spring provided a diversity of food for such species, high-input grasslands dominated by only a few productive grasses do not offer these opportunities anymore, where the combination of reduced food, increased disturbance frequency and enhanced predation due to changing food web structure are likely fatal (Kleijn et al., 2004; Kentie et al., 2016). Additionally, frequent mowing and often early in spring destroys the bird nesting habitats and offspring, resulting in severe population declines (Gill et al., 2007).

But too strong declines in nutrient availability is also not beneficial for such species as this leads to decreasing soil fauna as earthworms, an important food source; these species typically profit from low-input agricultural practices that may not be economically feasible anymore by generating too little net revenue. Efforts to generate new revenue models for combining payments for meadow bird protection with dairy farming (so payment for ecosystem services, see below) have until now show little success, as this species group is still in very strong decline (Howison et al., 2018).

Even large scale, high input agriculture can form a breeding habitat for some species of birds, even for highly endangered species such as Montagu's harrier or the short-eared owl (Koks et al., 2007). Such species can profit from the relative safety from predators of very large, uniform agricultural fields, given that suitable foraging habitat to feed the young is nearby. Especially when combined with active nest protection by volunteer groups, this can lead to the surprising return of nearly-extinct endangered raptors (Schlaich et al., 2015).

In summary, different species groups respond differently to the primary axis of intensification depicted in Figure 1, with generally a loss of diversity but also opportunities for particular endangered groups at different levels of agricultural inputs that still can be economically feasible. Protecting such species requires good knowledge of the life history and niche dimensions of these different species, and specific interventions aimed at protection of nests (delayed mowing, nest caging) have been deployed. However, this has not stabilized populations of these species until now, calling for alternative strategies for agroecological farming that is still compatible with preservation of some components of the biodiversity characteristics of historic agricultural landscapes. Examples do exist of nature-inclusive, yet high output farming in western Europe, such as in the intensive Dutch dairy sector on the Flevopolder (cf. Figure 3), combining diverse grasslands and vegetated waterways, solid manure applications, self-production of fodder and grain crops and adapted local breeds (Blaarkop × Holstein) of animals that live up to 15 years on the farm, with milk productivity levels in the order or 8 t animal−1 year−1. Such examples are common in practice but unfortunately still seldomly documented in the scientific literature, and hence the actual tradeoffs between their economic viability and the other ecosystem services they provide remains an important research question to explore further.
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FIGURE 3. Images of a nature-inclusive farm in the intensive polder farming area of Flevoland, in The Netherlands. (A) Highly diversified grasslands, combining grasses, legumes and forbs and grazed directly; (B) Monitoring and intensive management of water table levels throughout the year to create spatial heterogeneity; (C) Storing and composting of solid manure; (D) small water bodies necessary for insect and bird diversity, creating better conditions also for animals; (E) Stable with deep bedding system (straw), free gates in and out and free access to a milking robot (in red, at the back); (F) Adapted, on farm bred herd combining Blaarkop (local breed) and Holstein lines, merging productivity, longevity and rusticity; (G) Interconnected biodiversity corridors throughout the farm. Pictures taken in September 2020 by P. Tittonell.




Policies and Financial Mechanism to Foster Agroecological Transitions

Several policies have been developed and implemented in the contexts of both heavily taxed to highly subsidized agricultural systems. The effect of such policies in terms of promoting a transition to agroecological farming has been variable, but generally weak (Figure 4). In heavily taxed contexts, such as in the flatland regions of South America, tax reduction per se will not result in a transition to agroecology but probably the opposite (e.g., tax reduction on fertilizers), unless tax cuts are tied to the provision of specific ecosystem services or to agroecological transitions. Incentives for good agricultural practices may result in less and more efficient use of external inputs, but is not enough to promote a thorough transition to agroecology. Access to soft credits to finance agroecological transitions may have positive impacts, although their effectiveness will also depend on farmer accountability (i.e., to what extent are credit beneficiaries using the credit to finance agroecological transitions), which is more easily ensured in situations with strong institutions and where farmers are used to reporting their activities to the government every year. Government financed advice and support on agroecology, on the other hand, may have a greater effect in heavily taxed contexts, where agroecology is seen also as an opportunity to reduce production costs.
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FIGURE 4. Possible net effects of several policy and financial mechanisms on the likelihood of large-scale farming systems to transition to agroecological farming from their current industrial farming practices. Blue circles indicate the approximate position of average farming systems nowadays, in both heavily taxed and highly subsidized contexts and blue arrows their expected trajectories toward agroecological farming.


In the context of highly subsidized agriculture, subsidies for set aside or rewilding programs (which are, in a way, also a form of payment for ecosystem services) have had a timid effect on promoting more sustainable agricultural practices (Batáry et al., 2015). Government financed support and advice on agroecological transitions are likely to have a limited effect as well (Figure 4), since there is no real incentive for the transition under the current policy, regulatory and market environments (e.g., Stassart et al., 2018). Fines and other forms of disincentives for ecosystem dis-services, such as water or air pollution, may be a mechanism to promote more agroecological practices, provided that they are applied in combination with the development of alternative practices and technologies available to farmers (e.g., Deverre and de Sainte-Marie, 2008; Elzen et al., 2017; Ministére de l'Agriculture and de l'Agroalimentaire et de la Forét, 2017). Perhaps the most daring hypothesis proposed in Figure 4 is that, in a context of heavily subsidized agriculture, an overall reduction of subsidies and the selective subsidy of agroecological practices and redesigns will have the greatest effect at fostering agroecological transitions.




DISCUSSION

A research agenda to support the transition to agroecology among large scale farmers should contemplate societal goals beyond economic productivity. There is an increasing awareness that agricultural land benefits to society are not just about food production (IPBES, 2019). However, given the pressing financial situation in which most large-scale farmers operate, and the fact that economic considerations often come up as a top priority in discussions with farmers, policy makers, and other sectoral actors, we took economic productivity as the entry point for our reflection on intensification pathways (cf. Figures 1, 2). Also due to the increasing awareness among these actors that agroecology is able to reduce production costs and risks, while generating additional benefits to society as a whole (Wezel et al., 2018; WWF, 2018; Anderson et al., 2019). Our agenda goes however beyond simplified production functions as those used in Figures 1, 2, and considers five domains in which research is most urgently needed (Figure 5). Specific innovation pathways can be then identified within these major domains, which correspond to different levels of integration and spatio-temporal scales.
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FIGURE 5. Five major domains defining a research agenda to support agroecological transitions at different levels of integration. At higher levels of integration from genome to sector the number and complexity of stakeholders involved in the process increase.


From an agronomic perspective (domains I and II in Figure 5), research to support agroecological transitions should focus on increasing the diversity of available—and economically viable—production crops or animal breeds, leading to more options to farmers for diversification. This has been indicated as breeding for diversity in Figure 5 but it entails also the smart use of existing genetic resources, such as native grass species as forage, natural fallows, locally adapted ancient cultivars as service plants, creole breeds of domestic animals and their backcrossings in marginal or low input environments, etc. Over the last decades, however, a large divergence of yield gains is seen in mainstream crops like dented maize vs. flint maize or sorghum that are left behind (Parra et al., 2020), not to mention non-soy legumes (Shunmugam et al., 2018). Breeding for diversity implies then including more crop species in the portfolio of the strongest breeding institutions (both public and private), breed more effective service crops adapted to local environments, and develop community breeding strategies in which multiple species are bred together (i.e., symbionts + plants, consociated crops; Denison, 2015).

When considering available knowledge and technologies currently at farmers' reach, service crops appear as one of the preferred tools because they are relatively easy to implement without a thorough structural reconfiguration of the farming system. Their benefits and the knowledge available on their management have already been highlighted, as have also the needs for breeding strategies aiming at increasing their adaptability and performance (cf. section Multifunctional Service Crops). But including service plants or multiple cropping designs such as strip- or intercropping requires new technologies, especially in terms of mechanization, able to cope with the greater complexity inherent to multi-species systems at higher scales.

A key pathway to support the transition to agroecology in large scale farming is the management of carbon, nutrient, and water cycles beyond the scale of the agricultural plot (Figure 5). This is nowadays referred to as circular agriculture (Hoes et al., 2018), or the integration of crop and livestock systems through biomass transfers at different scales, from single farms to landscapes and regions. The differences between circular agriculture, and integration of crop-livestock systems at farm scale proposed in agroecological systems (e.g., Botreau et al., 2014), are hard to see. Whenever possible, integrating crops and livestock within the same production systems has a number of advantages as it reduces the need for transport and/or processing of bulky biomass, facilitates the rotation between annual crops and pastures over time, opens opportunities for the economic utilization of multi-purpose service plants, incentivizing their adoption by farmers, promotes nutrient recycling within the farm and a diversification of land uses, with more opportunities for ecosystem service provision at landscape level, especially when wetland or forest patches are used as grazing units. The latter point takes us to the next domain in our research agenda, the identification of strategies and spatio-temporal arrangements to share the agricultural landscape with nature.

The interspacing of non-agricultural patches that are co-beneficial in terms of supporting production (e.g., pollinators, natural enemies, flow regulation, etc.) and multiple other ecosystem services can render agriculture more stable, less risky, and less dependent on external inputs (e.g., MacFadyen et al., 2012; Kristensen, 2016; Modernel et al., 2016; Douglas and Landis, 2017; Geneletti et al., 2018; Maldonado et al., 2019).

The last domain of research we see as fundamental to support agroecological transitions is the co-innovation with farmers, value chains and policy makers to develop new technologies, markets and policy environments that are more conducive for alternative farming. While co-innovation between farmers and researchers has seen much progress in the last decade (e.g., Lacombe et al., 2018), organizational innovations with higher scale actors have been less common (Duru et al., 2015). This domain may develop in parallel with a redirection of taxes and subsidies to stimulate all the above interventions. The level of complexity of the system changes required in agroecological transitions may be also a constraint for some farmers to be able to select and adapt the technologies just by themselves. Collective action, sharing, and co-innovation is often needed.

In innovation systems thinking, innovation is seen as an interactive, non-linear process resulting from the interaction between heterogeneous actors and emerging technological and institutional change (Fagerberg, 2009). Formal agronomic research is an important part of this interactive picture (Sumberg et al., 2012). In the context of innovation platforms (cf. learning centers, e.g., Tittonell et al., 2012) researchers, resource users such as farmers or herders, and other stakeholders come together not just to share their previous knowledge, but to design, experiment, discuss results, make decisions, engage in debate, raise new questions, etc., in a way that allows them to learn together and co-construct new knowledge. The new, emerging mental frames form the basis for more creative and collective solutions. We refer to this collective process as co-innovation or co-design (Dogliotti et al., 2014). Involvement of farmers, extension agents and researchers is essential to develop innovative agroecological systems as well as and innovative advice tools and decision support methods to foster shared learning (e.g., Luedeling and Shepherd, 2016).

Although not explicitly outlined in the rather agronomy-focused research agenda presented here, a number of research questions emerge on the most effective ways to design and organize participation, learning and communication within innovation platforms across different socio-cultural settings and production systems (e.g., Berthet et al., 2018). Context-specific system innovation tools may also be necessary to anchor local innovations with the potential to deliver global scale solutions, as a pre-requisite to their out-scaling (Tittonell et al., 2016). A long-lasting example of bottom-up innovation platforms in the context of large-scale agriculture are the CREA farmer groups in Argentina and Uruguay (CREA: Regional Consortia for Agricultural Experimentation). Emerged in 1957 as a spontaneous organization of a group of farmers (https://www.crea.org.ar/historia) to experiment and learn together, they soon disseminated the idea to other regions and created a national association of regional consortia. Today, they count some 2,000 private farmers organized in 208 regional co-innovation groups that support knowledge development, testing and evaluation of technologies and practices, relying on strong links with the academia. Their success and long-standing experience have been often the object of research studies from the domain of social science, knowledge systems and organizations (e.g., Peirano, 2010; Pacín and Oesterheld, 2014). Although the activities of the CREA groups have been to date far from promoting any form of agroecological transitions in large scale farming, their experience, their horizontal, and context-specific nature, plus their demonstrated adaptive capacity over time make them a potentially interesting platform to launch a wide agroecological transition program in large scale farming.


Down to Earth

Agroecology is defined by principles, not by a set of practices (Tittonell, 2020). This is why it becomes so difficult to decide to what extent any farming system is an agroecological system, or at which point in the transition it sits, or what set of practices needs to be implemented for a system to become agroecological, etc. (FAO, 2019). These are common questions among farmers and agronomists, but also among scientists and policy makers who often wonder what options are readily available to engage in a transition. Far from being universally applicable, specific practical recommendations for the transition to agroecology should be designed considering the type of farming system, its context, and the starting point in the transition. This is illustrated in Table 1 for arable agriculture, particularly large-scale grain production (cereal, pulses, and oil seed crops) in the two contrasting contexts of governmental interventions described earlier, taxes, and subsidies. Management measures for the transition to agroecology in these cases are largely identified in response to the currently most pressing problems associated with industrial agriculture in each context. The list is not exhaustive, and excludes more transformative measures such as integrating livestock in the system, switching from tillage to conservation agriculture, or integrating trees as part of an agroforestry strategy. Such transformative measures would require a thorough redesign of the agricultural system, even re-training farmers and advisors, in parallel with a redesign of associated value chains and sectoral policies (cf. the co-innovation domain in Figure 5). Let us not dream too wildly: in most industrial agricultural settings a transition to agroecology, if any, is likely to be gradual, partial, and generally slow.


Table 1. An illustration of possible measures to transition from current industrial to agroecological intensification in arable agriculture (grain production).

[image: Table 1]

From the general measures illustrated for arable farming in Table 1, a number of finer-grain agronomic and ecological questions remain to be addressed to support agroecology. For example, through ad-hoc consultation with farmers, fellow researches, and field agronomists we identified at least 20 fine-grain research questions that we present here:

  1. How do above- and below-ground species interact to provide multiple ecosystem services?

  2. How many supportive and regulating species are needed and which ones?

  3. Is it possible to improve not only yields but services as well through breeding and selection?

  4. Under what circumstances does biodiversity improve crop yield, crop quality and yield/quality stability?

  5. To what degree can ecosystem services replace, complement, or interact synergistically with agricultural inputs to achieve resilient and productive farming?

  6. What are the impacts of the reduction of feeding resources for beneficial organisms resulting from herbicide use?

  7. What are the impacts on pests and beneficial arthropods of long-term exposures to sub-lethal concentrations of different agro-chemicals?

  8. How much area of natural or semi-natural habitat is needed within a farm or a landscape?

  9. How should these areas be distributed across the landscape? What is the minimum area required?

10. Which variables should be measured for habitat quality?

11. How much soil organic matter is needed in different cropping systems?

12. What fractions of soil organic matter are strategic to protect or restore in each case?

13. Can DNA-extraction based methods for soil biodiversity identification be used as decision support indicators in soil management?

14. How does plant diversity affect water cycles?

15. What mix of annual crops and perennials is needed?

16. How can local practices complement or interact synergistically when integrated into landscape design?

17. What is the potential productivity boundary of agroecological livestock system with different levels of external inputs?

18. How can ecosystem services and other externalities of farming systems be effectively incorporated into decision making?

19. How effective are different approaches to training and skills development in delivering agroecology?

20. How best to quantify tradeoffs between economic viability, biodiversity conservation and ecosystem service provision in agricultural landscapes?

Intensive agriculture is not only affecting biodiversity within its own fields itself, but also in neighboring nature areas, e.g., through nitrogen emissions, pesticide losses, lowering groundwater tables for agriculture (e.g., Hallmann et al., 2017). In the Netherlands, for example, export-oriented horticulture, agriculture, and livestock systems form an important land claim: 0.7% of all households in the country are farmers, but together they use 54% of the land surface (2019). The mounting evidence on such impacts are a strong argument against land sparing approaches for nature conservation. More insight is needed on the relation between intensive agriculture and neighboring nature areas, particularly in the context of Western Europe where both land uses coexist within single landscapes. At which scale can these be in a mosaic? What is the scale of the checkerboard necessary for biodiversity in nature areas to be spared from the impact of intensive farming and still survive? Also, if we were to include a third curve in Figure 1 to represent natural capital or ecosystem services, we would likely draw an exponential decline indicating loss of biodiversity as input intensification increases. A classical tradeoff. However, we think there is room for smart agroecological interventions that would render the relationship between profit and nature synergistic, allowing for high economic productivity and biodiversity conservation (e.g., Modernel et al., 2018; El Mujtar et al., 2019; Pinillos et al., 2020). In this sense, agroecology supports land sharing approaches to conservation, due to the co-benefits that can be expected from greater biodiversity and ecosystem services.

Yet addressing each one of these questions without embedding them into broader strategies that are context-aware (e.g., Table 1) and integrative across scales and levels of organization (e.g., Figure 5) would be of little use. In this regard, rooting convergent avenues of agroecological research and innovation at the core of each large-scale farming belt of the world is critical, since knowledge gains from one region are unlikely to get easily transferred to another as it may happen with many industrial agriculture technologies. Also critical is the development of knowledge co-production schemes that are based from their early stage on real life large-size farms. Otherwise, unrealistic promises derived from “boutique” demonstration plots may create more frustration than transformation. Agroforestry initiatives offer a reminder in this sense, with many ecological benefits well-documented in experimental settings for decades, but management systems and business models for large-scale, commercial implementation being still rare (but see Duru et al., 2015).



Beyond Profits

Although the models presented in Figures 1, 2 to illustrate intensification pathways assume that large scale farmers are generally gross income maximisers, this is obviously a simplification, as in reality farmers tend to also maximize gross margins and profits. However, economic profit is not the main driver of technology choice among large scale farmers. Socio-cultural factors, such as being perceived as modern farmers that attain high productivity per unit land or animal, or use the latest technologies available is also an important motivation to select intensification means and levels (Dessart et al., 2019). Particularly in highly subsidized systems, farmers tend to pursue the highest possible productivity levels fueled also by the processing sector and by an aggressive commercial push by input and technology suppliers (Levidow et al., 2014).

A similar picture can be seen in heavily taxed contexts, although the economic failure or risk of high input intensification schemes is often attributed, by farmers and other sectoral actors, to the tax burden (OECD, 2019). A comparison between Argentina and Uruguay, however, may indicate otherwise. While the agrarian structure, land use and agricultural practices are quite similar in both countries, public policies with regards to agriculture differ broadly. Tax policies impose a much heavier burden on Argentinian farmers (export tax of 30% for soybean), and although many claim that the economic failure of high input agriculture is due to the government tax policy, the experience in Uruguay where the taxes are much lower shows exactly the same pattern of economic risks, failure and consequent land concentration associated with the expansion of large scale agriculture.

A controversial point about agroecological transitions is their possible impact on labor requirements, especially when several practices for landscape restoration or agroecological management are not yet mechanizable to date. Progress in the fields of robotics, big data, sophisticated precision agriculture or automation is fast and promising, and represents an opportunity when combined with the other sources of knowledge mobilized in agroecology (HLPE, 2019). Labor is still seen as a high cost by farmers, and it may be even seen as rather prohibitive in certain contexts and production systems such as those of Western Europe. Current labor requirements in agriculture range widely across the world, from e.g., 0.004 h Tn−1 grain in Argentina, to 0.010 h Tn−1 in France or 0.060 h Tn−1 in Brazil. Yet unemployment is a major concern affecting livelihoods all over the world. Biodiversity-intensive landscapes can provide more employment in a real economy. A global study using country-level agricultural and socio-economic data showed that countries where crop diversity increased also supported more agricultural jobs (Garibaldi and Pérez-Méndez, 2019). Such effects were independent of differences among countries in the size of the agricultural sector, fertilizer use, crop yields, socio-economic development or economic growth. Moreover, the study found no evidence that the jobs lost in the rural areas were incorporated into other sectors of the economy. Thus, there is evidence for a positive link between two of the United Nations Sustainable Development Goals (SDGs), in the sense that enhancing crop diversity (SDG 2) can also contribute to improving employment rates (SDG 8).

Transforming this labor demand into attractive jobs and livelihoods in large-scale farming contexts will still remain as a challenge that calls for integrating agroecological innovation and social programs. Here again, co-innovation in policies, incentives and regulations are urgently needed to make this shift both viable and attractive to large scale farmers and society as a whole.




CONCLUSIONS

A broad transition to agroecology in large-scale farming across the diverse set of contexts in which it operates will generate returns on four capitals (www.commonland.com): on social capital, by creating jobs, education, business, and security; on natural capital, by restoring biodiversity, soil, water quality and carbon; on financial capital, by realizing long-term sustainable profit: and on inspiration (being a sort of emotional or psychological capital) by giving hope and a sense of purpose to people. Biodiverse farming, as proposed through agroecology, can create more jobs in rural areas, restore biodiversity and ecosystem services, and renew inspiration among large-scale farmers, reduce risks of economic failure in farm business models and provide long term stability (NB: the authors have not yet encounter cases in their practice in which farmers who transitioned to agroecology went bankrupt or failed economically; the opposite was often observed: bankrupt or fatigued industrial farmers that moved toward agroecology).

But knowledge gaps remain, at both practical and theoretical levels, to inform real life strategies for the transition of large-scale farming to agroecology. We identified five domains of research that need to be prioritized to foster this agenda:

- Breeding for diversity;

- Scaling up complexity management;

- Managing cycles beyond fields and farms;

- Sharing the cultivated landscape;

- Co-innovating with farmers, value chains and policy makers.

The figures and models used in this paper to describe the current situations of large-scale farming present unidirectional developments. In reality, however, large scale farming landscapes are shaped by several simultaneous drivers—topography being not a minor one—that result in rather homogeneous but not identical situations on each single farm or landscape. We argue that optimum economic productivity does not necessarily occur at the balanced resource use level of intensification, as it may be higher or lower depending on the context. Yet we do know that subsidies will push input intensification and overuse of local resources, while taxes tend to have the opposite effect. Thus, at some point, these instruments may contribute to tune optimum resource use, albeit in a poorly targeted way. Incentives that operate more directly on critical inputs and impacts would be more desirable. For example, by redirecting agricultural tax revenues to restoring soil phosphorus in South America, or through subsidies applied specifically to farmers that cut fertilization or irrigation inputs in Western Europe. A step further would be to tune taxes or subsidies based on the specific incorporation of agroecology's high “intellectual” inputs in the form of landscape complexity management, crop diversity, co-innovation, etc. Yet we see the tuning of taxes and subsidies as a necessary but not sufficient condition to promote transitions to agroecology, which will also require the engagement of other actors along a value chain, including consumers.

Large scale farmers are not necessarily happy in their current situation. They are seen as responsible for environmental degradation while often complaining that they have to spend more time filling in papers than running around on their tractors or in the field with their animals. No doubt that under such circumstances, in both taxed and subsidized agricultural contexts, the average age of large-scale farmers is reaching 60 years old. We hope agroecology can set the scene for a renewed impetus in large scale farming, to attract the youth and its innovative capacity, to foster clean technological innovation, and to promote a new generation of large-scale farmers that take pride in contributing to feeding the world while preserving the planet.
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In 2012, an estimated 50% of rural households in India had a system of drainage for moving wastewater away from their homes, but 0.0% have access to safe, reuseable, treated wastewater. Constructed wetlands can provide decentralized wastewater treatment for rural villages and lead to multiple benefits, such as reusable water, reduced disease, and decreased environmental pollution. However, the maintenance of decentralized wastewater technologies is poorly understood. We used a case study design across four communities and six constructed wetlands to understand the social and cultural variables impacting the maintenance of constructed wetlands for decentralized wastewater treatment to provide agricultural irrigation water. Semi-structured interviews (n = 39) and focus groups (n = 4) were conducted with people from Telangana and Karnataka, India. Interviewees were classed into four groups: (1) Scientists, (2) Farmers, (3) Privileged Community Members, and (4) Socially Disadvantaged Community members. Inductive, constant comparison qualitative data analysis was used to develop a model for explaining the existing practice of wetland maintenance. Three themes emerged from the data: mental models of constructed wetland maintenance show plural valuation of ecosystem services, yuck as a leverage point for decreasing social cohesion in the community, and recommendations for improving maintenance through human-centered design. Based on the results, we propose a model for understanding how to incorporate the plural valuation of ecosystem services provided by constructed wetlands and human-centered design to support long-term adoption and maintenance of decentralized wastewater treatment technologies.

Keywords: water reuse, perception, agroecology, adoption, public health, WASH, irrigation, caste (untouchability)


INTRODUCTION

Over 1.3 billion individuals live in India. Wastewater (WW) from hundreds of millions of individuals goes untreated and is released back into the environment, leading to an increased incidence of disease and environmental pollution. Decentralized WW treatment (DWT) is one reasonable option for some rural communities. Yet, there is no widespread adoption despite many different available technologies and a significant amount of capital devoted to providing a solution.

Without proper water, sanitation, and hygiene (WASH), developing countries face limited growth in their Gross Domestic Product, high child mortality, limited life spans, and stunting in children (LoPalo et al., 2019). Historically, WASH programs focused on water supply and behavioral sanitation practices, and little research looked at how communities manage downstream WASH infrastructure. Wastewater treatment is an essential component of WASH for minimizing exposure to pathogens.

Constructed wetlands (CWs) are a proposed technology for water treatment and are widely used for primary and secondary WW treatment (Vymazal, 2011; Starkl et al., 2015). CWs are often regarded as a green solution for WW treatment for their relative simplicity, reliance on natural systems, green space, habitat for wildlife, limited energy requirement, and low level of technical skills needed for maintenance (Kumar and Dutta, 2019). Constructed wetlands require regular and reactionary maintenance to ensure that the physical, chemical, and biological treatment mechanisms continue to function effectively for delivering high-quality treated outflow (Werellagama and Karunaratne, 2011). The maintenance activities depend upon the plants' growing conditions inside of the CWs, the water quality of the inflow, WASH conditions of the community, and storm water related reactionary maintenance. Little is known about the process and impacting variables that affect long-term adoption and maintenance of CWs in rural communities.

This research answers the call by Desai et al. (2015) to provide in-depth case studies of the maintenance of infrastructure in India and of Schouten and Moriarty (2003) to provide a critical evaluation of existing community water management programs and insight into improving maintenance and community management of water systems in developing countries. This research also helps better understand the impacts of power and plural valuation, divergent perceptions of how nature benefits human well-being, and ecosystem services within community development (Jacobs et al., 2020). The perception differences of how the various stakeholders perceive the ecosystem services of CWs for WW treatment have not been explored to date. The studies herein examine the challenges for long-term maintenance of six CWs in South Central, India. This research explores the nexus of the existing theories and knowledge of agricultural WW reuse, maintenance of decentralized WW systems, and community-based water management.

Friedrichsen et al. (2020) describe the gaps in communication related to ecological knowledge, maintenance, and monitoring of constructed wastewater wetlands, but does not address the socio/cultural barriers to the maintenance of constructed wetlands. The objectives of this study are, therefore, to investigate what factors limit community maintenance and how these interrelate. The yuck factor and other plural values of CWs need to be incorporated into the design and implementation process of CWs to facilitate sustained maintenance. The findings enabled us to suggest recommendations for the design and dissemination process of CWs as community development projects for enhancing community WW treatment. Three key research questions are addressed in this investigation: (1) How does the plural valuation of ecosystem services impact maintenance of CWs for DWT? (2) How does the yuck factor influence social cohesion and plural valuation of ecosystem services of CWs? (3) How can the design of CWs be human-centered to account for the plural valuation of ecosystems?

While some studies have explored engineering and water quality aspects of CWs and DWT, few develop a social understanding of perspectives and maintenance of DWT. Due to the degree of personal contact and maintenance required, the adoption of decentralized units differs significantly from centralized units due to the yuck factor (Mankad and Tapsuwan, 2011). However, it is not clear how these differences extend to the adoption of DWT for agricultural irrigation or how they affect maintenance behavior of predictive maintenance models (Devitt et al., 2016). The psychological socio-cultural response to WW has often been characterized in the literature as the yuck factor (Mankad and Tapsuwan, 2011) or attributed to religious contextual differences (Saad et al., 2017). The yuck factor is the immediate emotional disgust or repugnance that causes aversion. The yuck factor is culturally taught (Schmidt, 2008) and disgust can be caused by several factors, such as violation of morality including ideas of holiness and purity, aversion of pathogens, or sexual defilement (Rozin et al., 1999; Rozin, 2015).

Case studies across the globe provide insight into barriers to maintenance and why CWs may fail. Across four CWs in India, barriers to maintenance included lack of perceived ownership, lack of effective institutional structure to raise maintenance funds, lack of equitable access to valued output (e.g., harvested, composted aquatic vegetation), and lack of finances (Kumar et al., 2016). In Thailand, the lack of a key person to take responsibility for maintenance, lack of skill in maintaining effective community engagement and participation, ineffective regulation of the CW, high rate of construction error, and lack of perceived value of the generated services (i.e., wastewater treatment, composted sludge, etc.) provided by the CW all limited maintenance (Laugesen et al., 2010a; Brix et al., 2011). In Latin America, Gauss (2008) observed the maintenance of 10 CWs, identifying lack of access to consistent influent water flow, ownership, community organization, equipment, community involvement in planning, appropriate skill level, accounting for maintenance in the planning process, and limited financial resources as barriers to maintenance of CWs (Gauss, 2008). In a meta-analysis of sanitation infrastructural project case studies across India, Mexico, and South Africa, the lack of appropriate, effective, long-term engagement of the community from the initial planning through maintenance was identified as the mechanism leading to failure of the systems (Starkl et al., 2013b). However, little research has examined how the yuck factor has impacted maintenance.

The governance of natural resources reflects the most powerful stakeholders' values and their cultural worldview (Colvin et al., 2015; Suhardiman et al., 2019). All people value fairness and purity and seek to avoid harm, but how those values are applied by different groups result in priority differences (Haidt, 2007). This can impact behavior and lead stakeholders to support different environmental governance policies (Stern, 2000). Several lines of research explore this work, including the plural valuation of ecosystem services (Arias-Arévalo et al., 2018; Jacobs et al., 2020), nature's contribution to people (NCP) (Díaz et al., 2018), and critical theory of environmental social justice. Values are important determinants of behavior, and other theories explain how values impact the way individuals make decisions about environmental behaviors (Stern et al., 1999), how values impact the governance of landscapes (Schulz et al., 2018, 2019), and how to account for trade-offs across the relational, intrinsic, and instrumental values in ecosystem management policy (Ellis et al., 2019).

However, it is particularly difficult to articulate the values of an ecosystem service and incorporate them into policymaking, especially when their derived value can attenuate the social division of socially disadvantaged communities from those in power, influencing intrinsic and intangible dimensions of well-being (Wegner and Pascual, 2011). There is a substantial impact on group identity and political power that influences how various stakeholders support particular environmental policies (Kahan, 2010). Decisions in the political sphere may be based on moral foundations that appeal to the most dominant group (Haidt, 2007).

Plural valuation of ecosystem services recognizes that different stakeholders perceive varying values, connect ecosystem services to well-being, and recognize power dynamics between stakeholders perpetuate inequality and conflict related to environmental management (Arias-Arévalo et al., 2018; Jacobs et al., 2020; Zafra-Calvo et al., 2020). If not accounted for in environmental management, plural valuation of ecosystem services may contribute to social division eroding a community's social cohesion (Berbés-Blázquez et al., 2016). For example, in the United States, a wastewater reuse project was plagued by power dynamics and discrimination (Lejano and Leong, 2012). Social cohesion is the “nature and extent of social and economic divisions within society” (Easterly et al., 2006). Social cohesion is strongest when there are limited leverage points where divisions and inequality can be aggravated, but instead, the community embraces and is empowered by its diversity to improve wellbeing (Easterly et al., 2006). Without social cohesion, there is limited capacity for the community to have effective communication channels for providing feedback for maintenance. If the ecosystem is ignored, community development programs may not function as intended and may even negatively impact environmental management (Zafra-Calvo et al., 2020).

The caste system was a type of social order in India before British colonization and was exacerbated by colonial policy. It has led to widespread discrimination and marginalization, reducing social cohesion. The concepts of purity and pollution imply that garbage, human feces, and wastewater are polluting elements, and individuals who work with those resources are thusly polluted (Gupta et al., 2016; Doron, 2018). Some socially disadvantaged individuals and groups seeking to improve their social hierarchy do not want to be associated with their historical occupation and do not want employment in these sectors. Socially disadvantaged community members may include scheduled castes, scheduled tribes, and other backward castes (Gupta, 2005). Additionally, individuals of higher castes still do not want to be associated with polluting objects and occupations (Desai and Dubey, 2012). This has minimized the number of individuals motivated to manage waste in India. India's government has done very little to motivate or increase the capacity of individuals to enter into jobs associated with waste management (Doron, 2018).



MATERIALS AND METHODS

This study is an iterative, inductive, constructivist qualitative (Charmaz, 2014) case study examining the maintenance process of CWs for DWT that provides agricultural irrigation water. Mental models were indirectly elicited through semi-structured interviews (Jones et al., 2014). The first author relied on the constant comparison process (Charmaz, 2014) between each of the constructed wetlands, communities, and stakeholder groups to understand the dimensionality of the process of maintaining the CWs.


Theory: Mental Models and Plural Valuation

How to best elicit, share, and examine the plural valuation of ecosystem services in community development to limit the effects of power between stakeholders has not been thoroughly explored (Arias-Arévalo et al., 2018; Jacobs et al., 2020) but has been widely seen as problematic (Zafra-Calvo et al., 2020). Mental models may provide a method for eliciting stakeholders' plural valuation of the CWs. It allows multiple perspectives to be collected in a way to develop an understanding of how communication and power are dealt with across gaps and overlaps between stakeholder groups (Friedrichsen et al., 2019).

Mental models are cognitive structures of how the world works. Mental models are built through experiences and cultural norms. Individuals from the same sub-cultural background will hold a collective cultural model of how the world works. Individuals use their mental models to filter incoming information and predict the future outcomes of decisions (D'Andrade, 2005; Quinn, 2005; Jones et al., 2011). Individuals may have multiple partial or whole cultural models depending upon their group memberships (Quinn and Holland, 1987).

Comparing and contrasting stakeholder mental models to identify gaps and overlaps can provide insight into how natural resources are managed and used to facilitate community development (Jones et al., 2014; Friedrichsen et al., 2018, 2019). The study of mental models can be elicited individually or in group settings, depending upon stakeholder preference, power structure, and how stakeholders prefer to express their values.



Study Design and Sampling

This study was designed to examine the maintenance of CWs within established research and extension programs. The International Crop Research Institute for the Semi-Arid Tropics (ICRISAT), as part of their Integrated Farmer Participatory Watershed Management Model (IFPWM), built ~30 CWs for communities across south India that had limited access to water for crop production and existing concrete drainage systems that collect mostly gray WW. ICRISAT aimed on increasing agricultural irrigation water quality and improving the food safety of crops grown with WW through disseminating CWs (Datta et al., 2016, 2018). The horizontal flow, gravity-based CWs mimic and recreate natural wetlands' ecosystem services by delivering clean water via supporting processes of filtration and sedimentation of particles, uptake of extra nutrients in wastewater, and reducing microbial loads in outflow (Figure 1). The CWs were in various degrees of surface and subsurface flow at the time of observation. Of the six CWs observed, two CWs had primary treatment (gravel tanks or sedimentation pond). CWs often lack primary treatment in developing countries (Denny, 1997).
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FIGURE 1. Basic design of horizontal flow CW implemented in the communities.


The designed capacity of the CWs ranged from 20 to 56 (m3/d), serving between 70 and 500 households. The primary maintenance activities recommended by ICRISAT for CWs include harvesting of aquatic vegetation and backwashing every several months. ICRISAT recommended the cleaning of the gravel and sand in the wetland beds approximately every 5 years. Other major, routine, and non-routine maintenance activities were identified by stakeholders, including replacing gravel and sand in wetland beds, mosquito management, and leveling of the wetland bed material to prevent stagnation (Friedrichsen et al., 2020).

IFPWM is based on a participatory development model where a watershed committee is formed that consists of various stakeholders who represent a wide range of religions, gender, and castes. IFPWM is mainly funded by social-responsibility corporations. The watershed committee then chooses what innovations to adopt in the community from a suite of innovations, the innovations' placements, identifies willing farmers, and communicates between the community and ICRISAT. (Wani and Ramakrishna, 2005; Wani, 2008; Wani and Sidhu, 2009; Datta et al., 2018). ICRISAT aims to foster ownership of the CWs by farmers who use the outflow through either monetary contribution to the construction or donated labor. ICRISAT fostered ownership by the community through celebrations centered around the beginning and end of the construction of the CW and handing over responsibility. For the CWs, watershed committee members along with the farmers using the outflow approved the construction, identified the location of the constructed wetland, and oversaw construction and maintenance of the CWs during the IFPWM project duration. Scientists and extension agents provided reactionary advice to the CW's functionality during the IFPWM project duration and collected water samples to monitor water quality. The IFPWM project durations varied per community, depending upon funding available with a minimum of 4 years.

This cross-sectional design compares the mental models of scientists, farmers, privileged, and socially disadvantaged community members, allowing for the examination of how plural valuation of ecosystem services of CWs impacts the dissemination, adoption, and maintenances in the community. Six CWs in four communities were selected to be part of this research study. Selection criteria for their inclusion included: (1) proximity to ICRISAT to ensure that there was communication and knowledge exchange between ICRISAT researchers and the participants, (2) CWs were past their adoption phase by the community and within their maintenance period, and (3) outflow water of the CW was being used for agricultural crop production. The study aimed to include constructed wetlands that were constructed 6 months to 5 years prior and were at the time in a period of needing maintenance. Data saturation was determined when no new concepts arose from interviews with two additional extension agents in a seventh constructed wetland in a fifth community (Bernard, 2011). Each community was visited at least twice with at least a month between the initial and final visits. The first author was a research fellow within the CW project at ICRISAT and had prolonged engagement (4 months) with the scientists and extension agents during the entire data collection period.

Sampling purposefully selected individuals who represented all of the various dimensions of maintaining the CWs (Table 1) (Bernard, 2011). Interview participants (n = 39) were identified and approached by their local extension agents to initiate the conversation with a trusted individual (Warren and Tracy, 2015). Focus groups were conducted with neighbors living near the constructed wetlands (n = 4), with each focus group having 3–6 participants. The categories of participants used for the sampling frame in Table 1 were then grouped into how they perceived the CW valuation: Scientist, Farmers, Privileged, and Socially Disadvantaged community members (Table 2). Extension agents had mental models that included segments of various other stakeholder groups' mental models. In general, watershed committee members and the Sarpunches (village president) had values aligned with the category of privileged community members. In contrast, neighbors and community WASH representatives held values that aligned with socially disadvantaged community members. The research was reviewed and approved by the University of Florida Institutional Review Board. The participants provided their oral informed consent to participate in this study.


Table 1. Participants by stakeholder group.
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Table 2. Stakeholder groups, cultural models and mental models of CW maintenance.
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Data Collection

Data were collected through semi-structured interviews (Laukkanen and Wang, 2015), observations, and tours of the CWs and surrounding communities (Abel et al., 1998). The first author conducted all interviews (n = 43) in the spring of 2018 as a research scholar at ICRISAT. All participants gave informed consent. The interviews were conducted in the participants' offices, houses, on roads next to the CWs, or in nearby community areas to improve reliability and validity of their responses (Jones et al., 2014). The interview guide was developed and pilot-tested with extension agents (Zahnd and Willis, 2007). The interview guide was developed during data collection as preliminary data analysis occurred throughout the data collection process to include emerging themes (Charmaz, 2014). The objective of the interviews was to elicit the stakeholders' mental models of the maintenance of the CWs. Interview topics included the CW planning process, perceptions of water quality of effluent, CW functionality and maintenance, responsibility for CW maintenance, implementation process, barriers to implementation, design suggestions, explanations of design modifications over time, and challenges and benefits of the CW. Most participants were eager to participate in the research, especially the farmers and watershed committee members. They gave tours of the CWs and the farmland where the irrigation water was used. Local politicians and some scientists were less eager to participate, although they did consent and find time to contribute. Socially disadvantaged community members were meager but appreciated the opportunity to share their perspectives. Interviews lasted from 15 min to 2 h. Interviews with CW neighbors were shorter and interviews with scientists, extension agents, and farmers using the wastewater were longer. Interviews with scientists and extension agents were conducted in English. Interviews with other participants were conducted in their first language, either Kannada or Telugu, using three translators. A subsample of the Telugu interviews was spot translated by the second translator to ensure accuracy. Field notes were taken after community visits.

All interviews were audio-recorded and then transcribed by the first author. Participants were asked to draw the constructed wetland during the interview, which added to understanding their perceptions of the unit (Literat, 2013). Interviews lasted from 15 min up to 2 h, depending on the individual's level of interaction with the CW.



Data Analysis

A constant comparative method was used for data analysis (Glaser and Strauss, 1967). The first author, who used peer debriefing during the initial data analysis, coded all the interviews in NVivo (version 12). There were 166 emergent themes, grouped into 15 categories (Bernard and Ryan, 2010). Table 3 presents the codebook with all categories, and Table 4 gives an example of emergent themes from one code category with representative quotes. The 3CM card sorting technique (Kearney, 2015), coupled with debriefing conservations, was used with three participants to provide feedback on the findings of the emerging categories during data collection and analysis as a form of member checking (Birt et al., 2016). Memos were written during data collection, analysis, and diagramming (Charmaz, 2014) to understand the differences between varying CWs and communities (Glaser and Strauss, 1967). Mental models were created and represented with influence diagrams for each stakeholder group (Jones et al., 2014; Friedrichsen et al., 2018). A process model (Morgan, 2018) was created to explain the maintenance of the constructed wetlands. It was developed through iterative diagramming during the data collection, data analysis, and peer debriefing (Charmaz, 2014). Peer debriefing was used throughout the data analysis process (Saldana, 2015). The model builds upon the work in Friedrichsen et al. (2020) of the importance of ecological knowledge on monitoring the CW performance within stakeholder communication and perceived utility of maintenance for water quality.


Table 3. Code book for data analysis.
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Table 4. Codebook example of themes grouped under the category of CW labor and maintenance.
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RESULTS

The development of the maintenance process of the CWs within the communities followed a linear process that led to the current state of plural valuation, governance, and maintenance (Figure 2). The results are divided into three sections that address each of the research questions. The first section compares and contrasts the mental models of experts, beneficiaries, privileged, and socially disadvantaged community members related to the plural valuation of ecosystems of CWs. The second section examines how the yuck factor impacted CW maintenance related to being a leverage point for social division and decreasing the dignity of the maintainers. The third section gives suggestions to improve the human-centered design of the CW to overcome the plural valuation of the ecosystem services perceived by stakeholders to address the yuck factor. Minimizing the yuck factor promotes maintenance and increases the perceived benefit for maintenance and, consequently, motivates maintenance.


[image: Figure 2]
FIGURE 2. IPFWM CW implementation and maintenance process.



Plural Valuation of Ecosystem Services

The mental models of CW ecosystem services held by experts, beneficiaries, privileged, and socially disadvantaged community members were strikingly different (Figure 3). Scientists perceived the CWs provided a valuable ecosystem service of treating WW in the community while providing irrigation water for nearby crops. Of non-scientists, only beneficiaries perceived a direct benefit of the CW's ecosystem services, which was the value of improving their occupational health. The community did not perceive the CW provided any ecosystem services to them. They only saw the CW as providing an ecosystem service to the farmer and socially disadvantaged community. Perceived misconceptions by the community related to WW reuse and food safety may have limited perceived value and ecosystem services, influencing their motivation to contribute to maintaining the CW.


[image: Figure 3]
FIGURE 3. Mental models of plural valuation of ecosystem services by stakeholders.



Plural Valuation of CW Maintenance Among Stakeholders

Stakeholders had contrasting and divergent mental models of ecosystem services provided by the CW. Privileged community members and socially disadvantaged community members did not perceive any ecosystem services (Figure 3). Experts perceived that the CW would be maintained by the community because of the multiple ecosystem services the CW provided the beneficiaries, privileged, and socially disadvantaged community. Scientist 51 said, “They are facing water scarcity. If we build a wastewater treatment it means it will be helpful to them…We can help the farmer, villagers, to give the technology [and] to give the technological support but maintenance they have to take care.” Experts perceived the communities would perceive value from the multiple ecosystem services provided by the CWs.

However, there was little perceived ecosystem service value by the community to maintain the CWs for the sake of improving public health. No privileged nor any socially disadvantaged community members mentioned a public health benefit from the CWs or maintaining the CWs. Instead, sanitary worker 12 said, “Farmers are ready to pay [for the maintenance]. They are getting a benefit; they are getting water.” When asked what would happen after ICRISAT officially ended their IPFWM and left the CW maintenance to the communities, extension agent 46 said, “This project will end because no one will spend the money to maintain it.” The extension agent went on to explain that only once the community understood and valued the benefit of the CW to improving their environmental and health conditions would they spend money to maintain the CW.

Most farmers using the CW outflow had used WW previously, so they did not perceive changes in their water supply. However, several noted that the CW infrastructure (drains and outflow holding tank) did improve their ability to collect WW for irrigation. Several farmers did perceive health benefits:

I am not getting any types of health problems. That time [before the constructed wetland], I also have some health problems. Allergies. That time. This time [with the constructed wetland], I am not getting any type of health problem—allergies. (Farmer 4)

In addition to saying the water quality had improved since CW installation, Farmer 4 also asked that the CW be expanded to improve the quality of the outflow. Farmer 5 noted reduced skin allergies from using the outflow of the CW in addition to improved crop yields. Farmer 5 said, “[Now,] I am getting good water, good yields, good crops. No problem for this crop. Before, [when] I was using the [untreated] wastewater. The crop was somewhat affected.” Also, several farmers said that wastewater is better than groundwater because it provides nutrients to the crop.



Food Safety

There was a limited perception of an improved food safety benefit by the privileged and socially disadvantaged community, or farmers. Several misconceptions and hesitations impacted the use of the outflow of the CW, likely further increased social stigmatization of the CW, limiting the perceived food safety benefit. When probed about the safety of using WW for crop production, Farmer 18 replied:

They are growing and eating spinach, eggplant, leafy vegetables. There is no effect [on our health]. [However, vegetables are grown] inside [the soil], potato, carrot, these types of crops no need to grow using treated wastewater… When the root vegetable is growing inside in the ground. The wastewater is going inside, and the vegetable will absorb any chemicals. Leafy vegetables are grown above the ground [and will not be exposed to the wastewater]. (Farmer 18)

This belief was also echoed by Farmer 31, who was using the outflow from a CW to grow only above-ground vegetables (eggplants and tomatoes) instead of below ground vegetables (onions). The various levels of understanding and misconceptions related to public health and WW in agricultural irrigation are also noted by scientists working on the project.

Food contamination is very important. Actually, farmers or villagers are not that aware of food contamination, so this is an aspect that is important from the policy side. What I see is local people irrigating salad crops directly with raw wastewater. I don't think they really understand the relation with wastewater and their health and well-being. I don't think that awareness is there. (Scientist 26)

The misconceptions and lack of knowledge of food safety related to WW for fresh vegetable production may perpetuate negative opinions within the community related to reusing WW. This may have impacted both acceptance and perceived benefit of maintaining the CWs for improving public health. The lack of an assigned value of the ecosystem services provided by the CW resulted in both the privileged and socially disadvantaged community members and farmers performing limited maintenance on the CWs.

Since the communities do not perceive or value the experts' expected ecosystem services from the CW, the privileged and socially disadvantaged community members are not willing to place a monetary value on its maintenance.

What I feel the end user [the consumer], I don't think he will worry very much about the maintenance of the wetland. That is what I feel. If there is a farmer who has the experience, like directly seeing a difference, like how his skin is being impacted, he will definitely fight for the wetland, for the maintenance. (Extension Agent 25)

Farmers, privileged, and socially disadvantaged community members did not perceive value from the treated WW. They, therefore, were unwilling to spend time or money on the maintenance of the CW.




Cultural Beliefs: Morality and Yuck

This section explores the moral dimensions of the plural devaluation of the ecosystem services through the yuck factor. More specifically, the perceived devaluation of the ecosystem services provided by the CW and WW treatment contributes to social division and discrimination within the community. Experts perceived a value in the ecosystem services provided by the CW, however, the community saw the CW as morally degrading. The contrasting mental models of ecosystem services valuation and their relationship to the CW maintenance led to limited maintenance by stakeholders. Instead, it fostered social tension, stigmatization, and marginalization (Figure 3).


Location

ICRISAT devotes a considerable effort to identifying and working with a diverse group of individuals on the watershed committee board that represent multiple genders, castes, and religions. These watershed committee boards are charged with participatory planning and selecting the location of the constructed wetland.

The upper castes don't want to strongly relate themselves to wastewater. That you might have seen. So a lot of the time, locations of the wetlands are all towards a certain area, which is in proximity to the lower caste community… The location is always closest to the least favored community. (Scientist 25)

However, the participatory planning escalated social inequality within the community, exposing the socially disadvantaged community members to moral pollution and violating their purity by locating the CWs within their neighborhoods.

Due to the topography, WW flow may influence where one community (with greater or lesser social hierarchy) lives in the village. This can lead to individuals perceiving an unequal distribution of the polluting nature and nuisances of the CW.

The plants in the constructed wetland are dropping their leaves right now and blocking the constructed wetland… Because of the dropping leaves, there are mosquitos, children are falling sick, and the odor is like hell in the night times. Whenever we tell the sarpanch [village president], field officers, watershed committee they are not taking care of it…they said that we need to clean it on our own. How can we do it? It is complete village. (Socially Disadvantaged community member, CW Neighbor 15)

The local officials are privatizing the CW nuisances, placing the responsibility to maintain the CWs on the socially disadvantaged neighbors. The local officials do not see maintenance as a larger community public health effort and the CW as a public resource. At the time of data collection, the CW next to neighbor 15 had been modified to reduce the nuisances that the lack of maintenance had caused—the cement drainage system in front of the inlet tanks was broken and the inflow was being directed around the CW and across neighboring fields.

The water got blocked there. We diverted the canal. There is a jam. There is a small stone, we took out the small stone, so now it goes out the other canal and not going into the constructed wetland. We did not do that. The municipal person that came, we told him the problem, we just complained about the problems, mosquitos, pigs, garbage, he diverted that canal…. Whenever people like you come, they come and look at the conditions, they talk about the constructed wetland, other than that no one is going to talk about the constructed wetland except you guys. The maintenance is not good. …We told 3-4 times, we told the committee members, but they did not respond. (Socially Disadvantaged community member, CW Neighbor 15)

Socially disadvantaged community members may lack the necessary social capital, power, or empowerment to provide feedback essential for timely and effective maintenance. Without effective maintenance, the CW becomes a devaluing ecosystem service and is a source of moral impurity, which negatively compounds socially disadvantaged community members' social standings and mitigates the value that the CW brings to the community. The net result is a degeneration of social cohesion in the community.



Social Division

When promoting a CW's maintenance, the yuck factor can exacerbate divisions within the community, bringing out prejudices between the individuals with power and socially disadvantaged community members. One stakeholder perceived difficulty in communicating with the community to stop putting garbage inside of the CW. Watershed committee member 18 said, “They are not learning. They did not hear. So once again they put inside… The community people are Dalit, low caste, so they are not understanding those words. They are aggressive people like that.” The prejudice by the watershed committee member responsible for maintaining the CW and securing resources from ICRISAT has limited the community's ability to act cohesively and tackle the CW's poor maintenance issue.



Dignity and Labor

Finding labor to maintain the CWs was difficult. It often required hiring daily labor from other villages, costing 1.5-2 times the local daily wage, because there was no perceived value in the CWs. A community sanitary manager 11 said, “I am doing technical work, not hard work. I'm not doing the work. I am advising laborers. Not doing the work. Members are there [from] panchayt [local village administrative units] office, 20 members. These people only doing this work, otherwise they will get from outside laborers.” The community sanitary manager 11 is not a socially disadvantaged community member, consequently, he did not work inside the CW. Instead, he contracted individuals to do manual labor of maintaining the CW, which is considered polluting.

In some of the communities, it was perceived that only socially disadvantaged community members could do the maintenance since the CW was associated with WW. Scientist 52 explains,

Cleaning and other things certain caste people might not like to get their hands dirt. But when there is some economic benefit coming out of it. The farmer who is enjoying the benefit might put his own money to get that cleared—if he really wants. He might hire people and get it cleared, [and] get it maintained because it needs certain cleaning periodically. (Scientist 52)

Even when the CW work could be mechanized, communities preferred to hire socially disadvantaged community members to do maintenance. Watershed Committee Member 18 said, “Actually, weed whacker is difficult. Manual work is good…Need to do work with manpower only. Laborers also getting some work. They are getting some job, some money; the work is only doing Dalits.” In contrast, one farmer requested a weed whacker during the interview, and one extension agent mentioned their utility when labor is unavailable. Maintenance of the CW degrades individuals' purity by doing the maintenance and contributes to poor social cohesion in the community. Thus, only individuals who are already perceived by the community as having degraded sanctity will do the manual work within the CWs, and they will then seek machinery to avoid physical contact with the WW.



Compounding Social Stigma

Without proper tools to do the CW maintenance, there is increased social stigma associated with maintaining the CWs. Instead of appearing as a dignified job, maintenance becomes associated with manual scavenging. Jumping into the WW inflow, Farmer 42 removed sludge and garbage with his hands while standing mid-thigh deep in the untreated WW. Farmer 42 had no tools or safety protection to do this work. In addition, another farmer and one maintenance individual requested protective safety clothing from ICRISAT to maintain the CW during the first author's visits to the CWs. Not having the correct tools to maintain the CW reinforces the perception of categorizing the maintenance of the CW with manual scavenging.

The cost of maintenance of the CW caused further burden social stigma to the socially disadvantaged farmers using the WW outflow. The farmers who accepted the CWs frequently had already been using untreated WW. In attempt to improve their social status and purity, they accepted the adoption of the CW. However, these already impoverished farmers unexpectantly became saddled with the burden of maintenance because the community perceived they were receiving the benefit. The focus group of neighbors in community 23 responded to the question of who should pay for the maintenance by saying, “Farmers of [village] only. Why? Because they are getting benefit from it. The reason they have to maintain these wastewater treatment plants.” The limited profit the farmers were receiving from irrigating an acre or two would be considerably less than the cost of maintenance. The yuck factor of WW leads to the degradation of the sanctity and dignity of the individual maintaining the CW. The maintainers' dignity is further compromised by their lack of available appropriate tools and the financial burden of maintenance. Without proper maintenance, tools, and available capital for maintaining the CWs, then the CW nuisances are compounded. For example, in extreme weather events and flash flooding, “If rain comes, water stagnation will be here. And usually because of the stagnation of this water bad smell mosquitos, malaria and typhoid,” said Participant 43.

However, with the installation of the CW, one farmer perceived an increase in the social acceptability of his practice of using WW, leading to an increase in social standing and dignity within the community. This was because the farmer gained attention from the national level news and foreign visitors to his farm. That attention improved the farmer's social status.

The yuck factor impacts the location of the CWs, the communication feedback loops about the necessary maintenance, and who will do the maintenance work in the CW (Figure 3). The yuck factor is currently augmented by the limited availability of tools and inadequate financial capacity for the maintenance work. All of which further degrades the maintainers' dignity. The CW maintenance work is perceived to be so yucky or polluting that individuals who are already spiritually impure are the only ones that can do the work, which decreases social cohesion in the communities. Without proper maintenance, the nuisances foster a perceived severe public health situation.




Human-Centered Design to Promote Maintenance

The participants were excited to share suggestions for improving the CWs. Many of the suggestions provide important insight into how to design and disseminate the CWs for overcoming the yuck factor and giving value to the maintenance of CWs to promote ecosystem services. Improving the functionality of CWs and preventing the cascading nuisances that create negative social stigma in the community are essential design considerations for accommodating the stark differences in the plural valuation of the CWs' ecosystem services.


Design of the CW

Participants stated that an appropriate design would shift the maintenance work from manual to mechanized. Manual work with human feces, “manual scavenging” is illegal in India and is considered spiritually polluting (Permutt, 2011). The participants perceived that the maintenance of a CW was, to a degree, “manual scavenging.” Designing CWs so that the maintenance work can be done with machines will enable maintenance work to be less degrading and spiritually polluting. For example, creating a design that allows for the use of “honey suckers,” tankers designed to empty septic tanks, to remove the built-up sludge would eliminate the need for manual work inside the inflow tanks of CWs. Farmer 13 said “Cleaning you are asking? Manpower is not workings inside, machinery is better, easier to work.”

The participants had many additional suggestions for improving the CW's design for overcoming the yuck factor. Their suggestions included: improving the adaptability to the local context, aesthetics, ease of maintenance, and reducing clogging (Table 5).


Table 5. Design suggestions for improving the maintenance and acceptability of the CW within the community.
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An advantage of DWT in India is that it can be designed to accommodate local conditions associated with purity and social stigma. However, local and climate constraints are not known until the CW is installed and begins to function. Even if communities are involved with the CW's design and placement, they may have varying valuations of the CW, and often have no realistic understanding of the system. The community members are not prepared for the social stigmas that might arise or barriers to efficient maintenance. They do not have an existing mental model that could help them understand what the CW does or its maintenance requirements. A CW design needs to be easily modifiable with little expense to the community as they learn about its functionality, social implications, and maintenance needs to ensure successful long-term implementation. The design of CWs need to account for and limit maintenance situations that contribute to social stigmatization and instead provide opportunities for social advancement through maintenance. These design parameters may help improve the perceived value of CWs' ecosystem.

The aesthetics of a CW is essential for building an additional ecosystem service for the community to value while preventing social stigmatization. Scientist 52 said, “This water should be used and then create a green patch out of know where, someone sees a green patch it becomes really spectacular people will come and look at it. [And the community will ask] When everything else is gray, how is this green?” Scientists often complained that the participants were spreading rumors that the CWs were breeding locations for mosquitoes. Designing CWs to promote positive attitudes and values toward their aesthetics may prevent rejection of the CWs by the greater communities after installation. Suggestions include developing a park or planting flowers within or nearby the CW.



Reducing Maintenance Frequency

Watershed committee member 33 suggested creating a second set of “four tubs” or siltation tanks to serve as a second inlet. The community could divert the inflow into the second set of tanks when the first four siltation tanks are clogged with sludge. This would improve the functionality of the CW and ease maintenance. “When the sludge is silted in that particular place… We have suggested, one more four tubs besides that. First three months this one, second three months this one.” This would allow the community time to clean or replace the gravel in the siltation tanks every three months, diverting the water to another set of siltation tanks instead of around the CW. This would improve functionality and prevent public nuisances of the CW associated with the clogged inlet tanks, such as smell, stagnant water, and mosquitos.



Associated Community Infrastructure

Without proper community infrastructure and public programs, the CW becomes the defacto stigmatized infrastructure dealing with everything impure (garbage, feces, and use of the site as an open defecation location), increasing the community's perception of purity. Accompanying the dissemination of the CWs with solid waste management and open defecation awareness programs helped prevent the cascading impacts of insufficient WASH infrastructure. In two communities, ICRSAT and the local government worked together to find land and establish a solid waste collection service to diminish the amount of solid waste that would flow into the CW from stormwater and individuals disposing of garbage.

The CWs are stigmatized as being polluting in nature due to their association with open defecation. In one community, the sarpanch, the panchayat president, discussed the extensive and effective anti-open defecation behavior modification program she had created to change her community members' behavior to improve public health. She emphasized her program of finding individuals and posting murals across the community to change the social norm of the acceptability of open defecation. Reduction of open defecation decreased CW's use as an open defecation site.

The yuck factor associated with CWs may be diminished and the perception of instrumental ecosystem valuation improved with the human-centered design of the CWs. Additionally, the establishment of an associated WASH community infrastructure and programs to limit open defecation and promote solid waste management will improve the inflow to CWs and associated perceptions.





DISCUSSION

In this case study, we examined the yuck factor's moral dimensions as related to WW and strategies for overcoming the yuck factor to promote the maintenance of decentralized WW treatment. The foundational moral value of purity or sanctity was not appropriately and effectively included in the planning, design, implementation, adoption, or maintenance of CW. We showed that the yuck factor might become a leverage point for social division and inequality in the community if there is not strong enough social cohesion. ICRISAT has done a considerable amount of work to identify ways to address these variables, however, without also addressing plural valuation of WW, yuck factor, social cohesion, social stigma, and perceived benefit of untreated WW, it may be difficult to move forward. This case study provides an essential comparative piece for examining plural valuations of ecosystem services of a constructed environment and the role of the value of sanctity, as well as its relationship to adoption, maintenance, and long-term implementation of an innovation. Based on this case study, we propose a preliminary innovation process model that integrates a plural valuation framework (PVF) and human-centered design to facilitate CW maintenance by communities. This proposed model overcomes the challenges of contrasting plural valuation, yuck, and power differentials within communities and may facilitate long-term maintenance of CWs (Figure 4).
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FIGURE 4. Plural valuation and human-centered design for CW innovation.



Plural Valuation Framework

In reference to community water management, Schouten and Moriarty (2003) stated, “At its worst, community management is nothing more than the dumping of what used to be government's responsibility on to the community.” The management and maintenance of decentralized WW treatment technologies is a dynamic and difficult behavior for ensuring voluntary continuity within communities. Other variables identified in DWT literature include accountability, willingness to pay, ability to pay, enforcement of rules, sense of community ownership, social cohesion, the existence of appropriate governance rules and regulations, and leadership. They all contribute to reinforcing or undermining social cohesion (Schouten and Moriarty, 2003; Saravanan et al., 2009). Inappropriately assuming that communities have created an equitable cooperative agreement during participatory planning and adoption may be at the core of why community-based watershed management has not succeeded (Saravanan et al., 2009; Starkl et al., 2013b).

PVF, a natural resource management planning process developed around the concept of plural valuation, recognizes power dynamics impacts certain cultural groups' values of nature, intentionally or unintentionally, excluded from ecosystem service valuation (Arias-Arévalo et al., 2017). Therefore, using PVF as a template for a CW implementation's planning and innovation process may prove beneficial to addressing these variables. People tend to value and prefer opportunities to demonstrate competence (Deci and Ryan, 2012), protect community status, and environmental quality (Haidt, 2007). How they choose to do this, however, is a function of culture and opportunity. The PVF focuses on providing an equitable space for social learning to solve these challenges. The first step is eliciting the plural valuation of the CW (e.g., mental models) and understanding the community's cultural landscape in a manner that is comfortable to all community members. Then, PVF suggests managing power dynamics through creating a third place, a place removed of pre-existing historical power dynamic struggles, that is comfortable for everyone, providing a place of social learning through the implementation process of the CW (Jacobs et al., 2020).



Human-Centered Design of CW

To facilitate long-term adoption and maintenance, the CW design must be perceived to be appropriate for and straightforward to the community members. To accomplish this, CWs need to be redesigned (Denny, 1997; Laugesen et al., 2010a; Møller et al., 2012). Human-centered design is an iterative, participatory design process that focuses on emphasizing and understanding the users' experience, needs, and cultural context, and then refining the design based on a formative evaluation. Human-centered design relies on a participatory methodology to understand the community's needs, including the cultural meaning they create from interacting with the CW (Giacomin, 2014).

This case study suggests that CWs could be made more appropriate if their designs would limit human contact with WW, consequently facilitating and enhancing dignity, even improving social cohesion within the community. To minimize human contact with WW, CWs need to be designed with human-centered design standards that focus on the how the CW is maintained, its ergonomics, and its yuck factor, while being considerate of the users' meaning of the maintenance. Additionally, the CW should be designed to adapt with accompanying capable governance systems responsible for maintenance, including modifying the system based upon feedback from the community.

Proposing a human-centered design approach is a paradigm change in the innovation process of how CWs are designed from a science-based, reductionistic approach to designing a system for achieving specified environmental quality thresholds that include the cultural contexts of the use and meaning of the CWs (Gauss, 2008; Laugesen et al., 2010a).

CW implementation planning should incorporate every stage of the WW system from collecting wastewater, treating wastewater, managing and creating valued outputs (e.g., treated WW and composted sludge), providing energy or renewable energy for the system, integrating the CW with the local situation making a park or providing wildlife habitat as appropriate to needs of community, creating an institutional structure that supports management and finances for supporting maintenance (Laugesen et al., 2010a), and implementation with the associated missing WASH infrastructure (e.g. solid waste management) (Gauss, 2008).

We would like to acknowledge that this process model was developed from only one case study and that once the plural valuation of ecosystem services, yuck factor and social cohesion, and human-centered design are addressed by technology transferring institutions, new variables may arise that impact maintenance.



Limitations

Because there was limited maintenance by the community at the time of data collection, this case study does not include a thorough understanding of governance and agency within the community as related to maintenance of the CW.

The author is a white female from the United States, who was a research scholar at ICRISAT during data collection. ICRISAT provided the translators and drivers. The participants may have perceived the author as a member of ICRISAT. Individuals who were interviewed may have altered their responses depending on their alignment with ICRISAT and IFPWM. To mitigate this limitation, the sample of individuals came from street intercepted neighbors living next to the CWs. The sample of participants was not limited by ICRISAT's contacts. Scientists were not present nor involved during participant identification or data collection. Data collection and participant selection only occurred with the translator. During data collection, ICRISAT was writing grant proposals to renew Water4Crops.

The case study within this research is only one example, and the explanations cannot be generalized to other DWT units' maintenance. We would like to encourage future research into the maintenance of DWT units, so a general theory could be developed over time and improve DWT outreach globally.



Recommendations

Key insights from the literature on the dissemination of the CWs and to facilitate participatory development and long-term maintenance include:

1. Human-centered design is adaptable, modifiable, and durable, facilitating adoption and maintenance in the face of change with limited non-routine maintenance requirements (Laugesen et al., 2010b). The design must support maintenance that does not cause anyone to compromise their physical or social-religious concerns about purity.

2. Low-cost design and maintenance of CWs (Laugesen et al., 2010b). Access to tools and finances to appropriately and effectively maintain the CW without social stigma or financial burden.

3. Dissemination and participatory planning which does not aggravate existing or create new social divisions within the community (Arias-Arévalo et al., 2018; Jacobs et al., 2020; Zafra-Calvo et al., 2020).

4. Appropriate institutions to support regulation, fundraising for maintenance, generate public support for the project and take responsibility for maintenance (Brix et al., 2011; Møller et al., 2012; Starkl et al., 2013b). For example, technical assistance for communities could be provided at a clustering of DWT scale (Gauss, 2008; Starkl et al., 2013a).

5. Long-term maintenance planning with local community commitment and buy-in (Laugesen et al., 2010b; Rashid and Pandit, 2019).




CONCLUSIONS

Constructed wetlands in rural India have the potential to provide important ecosystem services of DWT. Currently, most of the WW in India from 1.3 billion people goes untreated and is released into the environment or reused without treatment in agricultural irrigation (National Sample Survey Office, Ministry of Statistics and Programme Implementation, 2016). DWT provided by CWs offers the potential to reduce disease and environmental degradation in rural communities. However, widespread adoption and maintenance of DWT units has not occurred despite technological innovation and capital investment. This case study provides a preliminary understanding of how plural valuation of ecosystem services, yuck, and moral disgust impact maintenance of DWT units. This case study is critical because few other community-based examples of plural valuation of ecosystem services related to WW treatment have been explored. This research is intended to provide a first example of examining the process of maintaining constructed wetlands. Additional case studies need to examine these dimensions across different contexts to build long-term adoption of DWT units, which could result in the construction of a theoretical model of a DWT innovation process managed by communities.

Decentralized WW treatment must anticipate plural valuation and devaluation of ecosystem services by not requiring anyone to compromise their physical health and social concerns about purity. Addressing the improved human-centered design of CWs, plural valuation of WW, power dynamics of community members, the current social stigma associated with the maintenance of CWs, the yuck factor, perceived benefit, increasing community WASH infrastructure and programs, and limiting antagonization of social divisions within rural communities are essential first steps before implementing any innovation or technology that treats WW for agricultural irrigation that also requires maintenance.
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Local markets are access points to local agrobiodiversity and to part of the informal seed systems on which most small-scale farmers worldwide depend. With the urgent need for more sustainable food systems, detailed studies of the food plant diversity in local markets contribute to a better understanding of the role of local markets in a functioning rural food system. In particular, the products that farmers trade and also use for plant propagation are of interest, i.e., seeds and other propagules such as cuttings, pseudostems, rhizomes, or tubers purposes, since they represent our genetic capital for food production. This study aims to show the role of local markets as access points for plant propagation materials and their contribution to regional in situ conservation of local food plant resources. We analyzed the inter- and intra-specific food plant diversity of the products from local merchants in 10 markets in the agrobiodiversity rich region of the Huasteca Potosina, Mexico. We recorded 275 different food plants consisting of 99 plant species, which have a high intraspecific richness of 210 variants. The list includes 58 species that are useful for propagation. The average number of variants suitable for propagation at each market is 58.4. The results show that the different richness parameters vary within and between the inventoried markets. They correlate partially to different factors like market size and origin. We conclude that local markets in the Huasteca Potosina are important components of the rural food system by providing access to a great variety of local food plants, as well as to seeds and other propagation materials for farming. However, diversity may be threatened, because of the high average proportion of unique and rare food plants (63.5%) in the markets. Also, almost half (45.1%) of the total richness is present in <1% of the inventoried stands. Political actions are needed to maintain and promote the use and conservation of this diversity in the future.

Keywords: agrobiodiversity, food plant diversity, plant genetic resources, seed network, seed access, Indigenous people, local markets


INTRODUCTION

Markets have always been places of gathering. In Mexico, some traditional farmer markets or tianguis (from Nahuatl tiankistli) date back to pre-Hispanic times when long-distance traders and their human carriers traveled across multiple regions, providing access to natural resources from different ecological zones. The economic activities at these markets involve cultural exchange, based on traditional knowledge, of products with commercial value and social significance. As such, tianguis or local markets were and still are “strategic focal points for evaluating society, economy and production systems which impact the relationship between plants and people” (Linares and Bye, 2016; Colin-Bahena et al., 2018).

Local and regional tianguis are places where small-scale farmers market their surplus produce. Contrary to big food supply chains and supermarkets that have become the main places to purchase food in the modern food system, local markets form a vital part of the traditional food system and are important food sources for the rural population (Maxwell and Slater, 2003; Ericksen, 2008). Local markets contribute to food sovereignty by providing access to local and regional food plants produced by small-scale farmers who apply traditional management practices. These practices promote associated biodiversity in the agricultural landscapes (see Chappell et al., 2013; Fanzo et al., 2013).

Local markets also function as access points and distribution centers for local plants and seeds (FAO, 2012; McGuire and Sperling, 2016). They are the principal sources for seeds and planting materials from outside the smallholders' communities and for some crops they even represent the most important supply source (e.g., FAO, 2016; Kansiime and Mastenbroek, 2016). Local markets become even more important during stress periods that cause shortages in farmers' seed stock and in the supply from social networks (Kansiime and Mastenbroek, 2016). Furthermore, they offer a wide range of plants and seeds from different farming communities in a centralized place, which promotes local and regional seed and plant flow, and makes them especially important as seed sources in a situation of post-crisis (McGuire and Sperling, 2013). However, local markets are neglected in seed system literature. The use of planting material from local markets is not sufficiently acknowledged in formal research and the seed sectors (Sperling et al., 2020).

Two main groups of seed supply systems exist: the formal and informal or traditional systems. The formal seed sector consists of improved and certified seeds produced by scientific breeders and distributed by private companies or through governmental interventions. The informal seed sector includes mainly local varieties, which are saved and distributed through farmers' social networks and local markets (FAO, 2016). The informal seed sector still plays an important role in seed access and distribution in the developing world, especially for the 475 million small farms (<2 ha) that belong to family farmers of a total of 570 million farms worldwide (Lowder et al., 2014). Different studies show that most farmers (75–90%) in the Global South depend primarily on seed and planting materials from the informal seed system (Almekinders et al., 1994; Sperling and McGuire, 2010; Poudel et al., 2015), as they obtain seed and planting materials from their own stock or from neighbors, relatives, and local marketplaces. Farmer seed circulation networks, which include local markets, facilitate access to new varieties and landraces (McGuire and Sperling, 2016). Since the beginning of agriculture, trading networks enable the dissemination of new crops, and their related technical knowledge. They even boost domestication processes, e.g., those reported for the case of Nubian cotton, when the Roman trade of cotton from India encouraged Nubian farmers to domesticate their own local cotton (Van der Veen, 2011; Meyer et al., 2012).

Fostering agroecological development and promoting the transition processes to more sustainable agricultural production involves access to local seed sources (Sperling and McGuire, 2010). Next to conditions such as access to agroecological knowledge, access to land, governmental support, and solidarity markets (FAO, 2018b; Anderson et al., 2019), agroecological transformation and scaling depend on native or local seeds as a non-replaceable good linked to multiple dimensions of the agroecosystem (Chable et al., 2020). One main advantage of autochthonous plant propagation resources is their optimal fitting to the local cultural and environmental setting with its particular biotic and abiotic conditions because they were keenly selected over time and coevolved with farmers' needs and preferences (Cleveland et al., 1994). A further advantage is the propagation of these local seeds and plants by the farmers themselves. This strengthens farmers' seed sovereignty, autonomy, and flexibility in decision making, while at the same time reducing their dependence on external inputs like new seed materials, fertilizers, and chemicals for pest control (Cleveland et al., 1994; Adhikari, 2014). The use of local seeds contributes to the conservation and evolution of traditional knowledge on farming management practices but also of the preparation and processing of traditional foods and beverages. Traditional food plant diversity keeps agroecological knowledge vivid and evolving. In sum, local plant materials and seeds are the fuel for social-ecological networks in agricultural societies in which agroecology is practiced, which is necessary for agroecological scaling (García López et al., 2019).

Mexico counts over four million family farms, representing 78.6% of the total agricultural production units. Most of these family farms (73.0%) are dedicated to agricultural production. Here, Indigenous and other small-scale farmers manage a high diversity of food plants in integrated agricultural-forestry systems, mainly providing subsistence diets (Altieri, 2002). Farmer and community-based seeds still play a central role in these agricultural-forestry systems, even when the country has an advanced formal seed development and supply system. Formally certified seed supply is mainly limited to some selected key crops like maize and bean. Commercial seeds are often not well accepted by the local farmers as they show a weaker performance regarding adaptation to local environmental conditions and management practices. Also, they are considered to have a less favorable taste and flavor (Bellon, 1996; Louwaars and de Boef, 2012; Coomes et al., 2015).

Despite the cultural importance and the diversity of products offered in the local markets, detailed inventories of market products are scarce and focus on medicinal plants and some selected food groups (e.g., Martínez-Moreno et al., 2006; Hernández-Rico and Moreno-Fuentes, 2010; Juárez Hernández et al., 2014). In Mexico, but also worldwide, complete and recent surveys that include information on intraspecific diversity in local markets are still missing. This hinders the understanding of “the role of these markets” in the access to food plant diversity in general and to plant propagation resources.

This study investigates the contribution of rural markets to the use and in situ conservation of local food plant resources. Local food plant resources include native and non-native food plant species, as both are part of the local diet and traditional knowledge system. Based on a case study, we show the reservoir of food plants on the tianguis in the Huasteca Potosina, Mexico, displaying their role as an important supply source of planting materials and seeds for local farmers. We analyzed the inter- and intraspecific food crop diversity of the commercialized products in 10 local markets. By “products,” we mean food plant species and variants that are merchandised in their complete natural form or parts (seeds, leaves, and fruits). We did not include processed foods. Emphasis was put on food plant propagation resources.



METHODS


Site Selection and Data Collection

For this study, we selected 10 local rural markets mentioned as important seed sources by key informant farmers in a previous study (Heindorf et al., 2019). All these local markets are situated in the Huasteca Potosina region in the southeastern part of the federal state of San Luis Potosí in Mexico (Figure 1). The Huasteca Potosina is an environmentally heterogeneous tropical mountainous region covering different vegetation types (Table 1). Most small-scale farmers in the Huasteca Potosina apply traditional management practices and manage a highly diverse agroecosystem. They usually do not depend on external inputs like fertilizers, pest control, or machinery but manage their agroecosystem based on agroecological methods and traditional knowledge. The use of native seeds is predominant (Heindorf et al., 2019).


[image: Figure 1]
FIGURE 1. Location of the markets in the Huasteca Potosina included in this study and the communities of origin of the local merchants.



Table 1. Characteristics of the research sites.
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Most of the markets included in the study belong to municipalities where the population is predominantly of Tének (Huastec Mayan) origin, yet marketplaces are arenas for social interaction between members of various ethnic groups (Table 1). Due to the seasonal effect in the variety of products, each of the 10 markets was visited twice, the first time during the rainy season (mainly May–August) and again at the end of the rainy season and the beginning of the dry season (mainly in November–May). At each market, all stands were counted and assigned to different stand types depending on the product category offered (e.g., fruits and vegetables, medicinal and ornamental plants, fish and seafood). In our study, a stand is a spot where people sell their products, which can be either a formal market stall, a place on the ground, or in the streets.

As the research focused on the rural markets as access points to local seed and plant variants, we included only local merchants and their products in this study. By local merchants, we refer to people from the surrounding rural communities who offer fruits and vegetables cultivated in their managed agroecosystem complex. Some offer the products from other farmers of their communities as well. Also, they may resell regional products purchased in urban centers. By non-local merchants, we refer to people who sell mainly food and products produced outside the region. Most of the non-local merchants do not live in the surrounding rural communities. Local merchants usually cannot afford to rent fixed market stalls with furniture to accommodate their products (Table 1, Figure 2). Instead, they display their products on wooden boxes or blankets on the ground or walk around to offer their merchandise (Pérez Castro, 2005). After a random selection process, we inventoried 63.3% (SD = 17.6) of these stands or selling points.


[image: Figure 2]
FIGURE 2. Examples of stands with products offered by local merchants in the rural markets of the Huasteca Potosina.


We interviewed 262 local merchants to obtain general socio-demographic data and information on the origin of their products. We recorded the edible inter- and intraspecific food plant diversity of each of their stands, together with the local names and descriptions. Local collaborators accompanied us during the market visits and interviews, as they are acquainted with local varietal descriptors and have expert knowledge on local food plant diversity. In several cases, interviews were exclusively held in Tének because local merchants were more familiar and at ease with their Indigenous language.

For some key crops in the region, planting material is not available at the local markets (e.g., banana cuttings). Likewise, not all food plants at these markets serve as propagation materials (Sperling, 2008). To show the contribution of local markets in the procurement of seeds and plant products and information about the suitability as plant propagation materials, we considered data from our main research project with 33 local farmers about the used plant propagation materials and the provenance of more than 1,700 inventoried food plants and their variants (Heindorf et al., 2019, in preparation).



Data Analysis

Our data on food plant diversity from the local merchants comprise both intraspecific crop diversity and total food plant diversity. Intraspecific diversity includes all food plants that have more than one recognized variant in the markets. We also analyzed market products that serve as propagation materials (e.g., seeds and other propagules).

We calculated food plant diversity for each market based on the Simpson Diversity Index (Magurran, 1991).
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To calculate relative abundance (pi), we used data on the presence-absence of plant species in the inventoried stands (Evangelista et al., 2012):

where pi = [image: image]

n = number of stands per market where the species i was recorded.

N = number of all stands per market.

Then, we calculated the Simpson Diversity Index separately for farmers' recognized variants (DFVar)

where pi = [image: image]

N = number of all stands per market.

n = number of stands per market where the variant i was recorded,

as well as for species of the seed and plant propagation materials (DProp)

where pi = [image: image]

N = number of all stands per market.

n = number of stands per market where the species of the seed and plant propagation materials i was recorded.

We created a rank-frequency curve to show species distribution. Linear regressions of diversity parameters, market size, and the number of local merchants complement the results. Furthermore, we present clustering heat maps to visualize species composition within each market and show the similarity of species composition and distribution among the 10 markets. We used Ward's method algorithm and Euclidean distance measure. The heat maps were modeled with the “pheatmap” package in R 4.01 (https://cran.r-project.org/). Additionally, we used Sigmaplot 14.0 (https://systatsoftware.com/products/sigmaplot/) and Past 3.20 Software (https://folk.uio.no/ohammer/past/) to calculate the diversity index and correlations.




RESULTS

In the Huasteca region, tianguis are local markets that operate on a rotating basis on separate days of the week in each location without competing with each other; on Sundays in the more important localities such as Ciudad Valles, and distributed over the rest of the weekdays in smaller places. In this regional market system, the most important local markets are centers for resource concentration and redistribution where products from different ecological zones converge. The smaller markets are less diverse and depend upon the more important ones for product provision.

Local markets are also called plaza, as they are often installed in the town's main square. In the Tének language, they are named bichow (lit. town, city) or nujumtaláb. Besides their importance for purchasing fruits and vegetables, markets are essential places to buy products that are not locally produced and thus connect with the globalized economic system. They are selling points for cheap, low-quality globalized industrial goods, such as sunglasses, jewelry, toys, music CDs, and plastic articles (Pérez Castro, 2005), presented next to traditional comales (clay or metallic griddles), candle holders, palm fiber fans, and other local handicraft products. Also, one can find stands with imported second-hand clothing and shoes, haberdashery products, or fabrics. Similarly, the agro-livestock sector offers local produce where people sell piloncillo (brown sugar), live birds, aromatic herbs, dairy products, and a great variety of chilis, among many other items (Pérez Castro, 2007). In small on street restaurants and stands on the market, women prepare traditional regional foods and beverages such as atole, sweet corn tamales, and zacahuil (the largest tamal of Mexico, of about 150–200 portions prepared as a special dish during festivities).


General Description of the Local Markets

The 10 markets are characterized by numerous stands with different products (Figures 1, 3). They have an average number of 252.1 stands, ranging from 70 in Tampaxal to 538 stands in Ciudad Valles, the biggest and most important market town in the Huasteca Potosina (Table 2). The others include marketplaces in municipal capitals but also a relatively large one in a village along the main road (Huichihuayán) and two more in smaller villages in remote areas (Tampaxal and Tamápatz). The highest proportion of stands include clothing, shoes, and accessories (20.5%) (Figure 3). Still dominating the rural market character (37.3%) are stands that offer agricultural goods (including products from local merchants, medicinal and ornamental plants, seasonings, coffee, and seeds). The average proportion of stands run by local merchants, who offer mainly local alimentary agricultural products, is 17.7%. Stands with commercial fruits and vegetables, offered by non-local sellers, comprise 11.4%. However, the high SD-values indicate that market structure and composition vary from market to market. For example, in Aquismón, the proportion of local merchants is the lowest (7.7%), whereas in Huichihuayán, the proportion of local merchants exceeds a quarter of all stands (25.6%) (Figure 3 and Table 2). Regarding the proportion of local stands, linear regression shows a significant correlation between the number of total stands and the number of stands run by local merchants (R = 0.89 with P < 0.001).
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FIGURE 3. Mean of the proportion (%) of stand types in 10 rural markets in the Huasteca Potosina.



Table 2. Inter- and intra-specific richness and diversity of local food plant diversity in 10 rural markets of the Huasteca Potosina.

[image: Table 2]



General Description of the Local Merchants

The local merchants offering local agro-alimentary products have an average age of 48 years (SD = 16.1). Most of them are of Indigenous origin, with a majority of Tének (61.1%), followed by Nahuas (31.3%), and a minority is of non-Indigenous origin (7.6%). The proportion of women is almost two-third (64.5%) and the average distance from the merchant's community to the markets is 20.5 km (SD = 20.6 km), ranging from <1 to 178 km. On each market, the local merchants come on average from 12.3 (SD = 5.2) communities. During one market day, each local merchant sells an average of 7.43 (SD = 4.12) different products for a value of 674.0 MXN (28.2 US-Dollar) with an SD-value of 509.1 MXN and ranging from a minimum of 26 MXN to 2,970 MXN. On average, the local merchants go out to sell 1.89 (SD = 1.72) times each week. Most of them (82.4%) sell their products on one single weekly market. For the great majority of them, this is their only income opportunity (94.3%).



Food Plants Provenance

Regarding the provenance of the recorded products, over three quarters (77.3%) are cultivated by the local merchants themselves, which shows the predominance of direct marketing (Figure 4). The most important production systems are the milpas and home gardens, where almost two-thirds (66.2%) of the products derive. Both systems are the principal production units for grains and regional staples. For example, most maize and bean variants are produced in the milpa fields. Maize, if not bought in other places, derives exclusively from the milpa fields (71.1%), as well as 74.4% of all the bean species (Phaseolus spp. and V. unguiculata). Other species that are mainly produced in the milpas include vegetables like tomato (Solanum lycopersisum, 87.2%), winter squash (Cucurbita moschata, 82.6%), edible weeds like amaranth leaves (Amaranthus hybridus, 76.9%), chilis (Capsicum spp. 55.9%), and nopal cactus (Nopalea cochenillifera, 55.6%).
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FIGURE 4. Provenance of the products from local merchants in 10 rural markets in the Huasteca Potosina.


Typical market products that are cultivated in the home gardens include regional staples like chayote (Sechium edule, 45.7%) and fruits like banana and plantains (Musa sp., 50.8%), and mango (Mangifera indica, 69.2%). The te'loms and fincas are the main suppliers of coffee (Coffea sp., 51.4%) and more than 80% of the recorded wild chili species (C. annuum var. glabriusculum). Crops that are not very common in the region, like chard (Brassica oleracea, 95.5%) or beetroot (Beta vulgaris, 80%), cultivated in more temperate zones, are purchased in other places outside the merchants' village or directly on the market from non-locals. The same applies to recently introduced crops like litchi (Litchi chinensis, 91.7%).



Local Merchants and Food Plant Diversity

The total food plant diversity on the 10 local markets covers 275 plant types consisting of 99 different species. They include 65 plant species with no intraspecific diversity (only one variant) and 34 species with ≥2 variants. The total number of variants that belong to species with intraspecific diversity is 210. The average number of variants per species is 2.12. Some species have a distinctly higher number of variants than average. These species include chayote S. edule, 51 variants), winter squash (C. moschata, 25), mango (M. indica, 12), and scarlet runner bean (P. coccineus, 11). Almost a third of all recorded plant species are fruits including berries (30.3%), and a quarter belongs to herbs and condiments (25.3%). We also recorded eight edible weed species (Figure 5A). Results differ when including the records of variants. In this case, grains, and regional staples (46.7%) dominate the product range of the local merchants, followed by herbs and condiments (21.7%), and fruits and berries (16.4%) (Figure 5B).
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FIGURE 5. (A) Usefulness of all documented plant species as propagation material. (B) Categories of edible plant species and variants from local merchants in 10 rural markets in the Huasteca Potosina. Note that the categories and grain and regional staples also include species like Sechium edule and Nopalea cochenillifera.


The average number of total plant types recorded per market is 87.3. This includes an average of 39.8 plant species. Worth mentioning is the high average of intraspecific richness with 69.5 variants per market (Table 2).

The high SD-values and the fact that the markets differ in size and the number of local merchants (Table 2) lead to suggest a correlation between these parameters and richness measures. Indeed, there is a statistically significant correlation between the total number of stands (market size) and the total richness of food plants of the local merchants (R2 = 0.74 and P < 0.01). The correlation is less strong for intraspecific richness (R2 = 0.64 and P < 0.01) but is still statistically significant. However, bigger markets do not necessarily provide access to a greater number of plant propagation materials (R2 = 0.37 and P < 0.1). Apart from market size, the number of local merchants is also related to the different richness parameters. A statistically significant and strong correlation exists between the number of local merchants and both the recorded total richness (R2 = 0.85, P < 0.001) and intraspecific richness (R2 = 0.80, P < 0.01). The number of local merchants and the richness of seeds and plants used for propagation showed a lower correlation (R2 = 0.50, P < 0.05). The number of different home localities of the local merchants and where they bring most of their products from does not correlate with the number of total richness (R2 = 0.27, P < 0.2) nor with the propagative materials offered (R2 = 0.26, P < 0.2).

The rank frequency curve demonstrates that almost half of all registered food plant types (124, 45.1%) was found in <1% of the 262 inventoried stands. Concerning the diversity subclasses, ~40% of the variants, botanical species, and species useful for propagation is offered by <1% of the local merchants (Figure 6).
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FIGURE 6. Proportional rank-frequency curve of different richness parameters of the food plants from local merchants in 10 markets in the Huasteca Potosina.


Of all recorded plant types, a few very frequent species and variants include the local coriander variant (Coriandrum sativum), found in more than a third of all stands (35.1%), followed by mint (Menta aff. spicata, 24.2%), bird chili variant (C. annuum, 18.3%), and wild chili (C. annuum var. glabriusculum, 14.8%). Regarding the species with propagation potential, S. edule (48.1%) is the most representative species available on the markets, followed by coriander (C. sativum, 41.2%) and chili (C. annuum, 35.1%). Nopal (Nopalea cochenillifera, 34.7%) is the most frequent species without propagation potential, for only its tender cladodes are sold.

A list of all recorded food plant species and variants is also presented in the heatmap cluster in Supplementary Material 1. The heatmap shows three main clusters and probably two reasons for their formation: market size and the local merchants' community of origin. The biggest markets, Ciudad Valles (VAL) and Xilitla (XIL), are clustered together as well as medium-sized markets like Tancanhuitz (TCH) and Axtla de Terrazas (AXT). However, one market, Aquismón (AQM), is very different in terms of its composition. This can probably be explained by the fact that most of its local merchants come from only one community, Jom te' Eureka, and these merchants were not present in the other markets. This would also explain why Tamápatz (TMZ), even though a relatively small market, forms part of the cluster of Xilitla and Ciudad Valles, because several of the local merchants who offer the products on these markets share the same community of origin. The heatmap also shows that only a few food plant species share a high abundance in almost all markets (e.g., S. edule) while many others have low abundance in each market and a low overall distribution (e.g., Ardisia venosa), which underlines the results of the rank-frequency curve. Interestingly, some exceptional cases occur, like the markets in Tampaxal (TMX) and TMZ, where S. edule and Coffea sp. were not recorded even though they are very frequent on all the other markets.

The Simpson diversity index confirms and complements the aforementioned results (Table 3). The values are high, especially for the total of all edible plant types. It indicates that almost no dominant species or variants were inventoried. In the case of the diversity of species with propagation potential, the average value is slightly lower and can be explained by the fact that some species, for example, S. edule and C. moschata, are more frequent on each of the markets (see also Supplementary Material 1, Figure 7), which decreases species evenness.


Table 3. Distribution of the food plant species useful for propagation in the markets in the Huasteca Potosina.
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FIGURE 7. Heatmap cluster displaying the proportion of local merchants in 10 local markets of the Huasteca Potosina who offer species with intraspecific diversity that are used as propagation material. Clustering heat maps were created using Ward's method algorithm and Euclidean distance measure. The dashed lines separate the end groups. The intensity of the red fillings according to the scale shows the proportional abundance. The number in the quadrants represents the number of total variants of the listed species at each market, and the number in brackets the total number of variants in the 10 markets. The numbers below the diagram refer to the total number of species with intraspecific diversity and propagation potential in each market.




Diversity of Plant Propagation Materials

More than 1,700 data points registered from food plant species and variants of 33 farmers in the region (Heindorf et al., 2019, in preparation) testify that almost half of them derived from the farmer's own stock (46.2%), more than a third from different sources in the farmer's village (33.3%), and 16.7% from outside the village. Most of the seeds and plants from outside the village were obtained from local markets (53.8%), where local merchants were the main sources for seed and plant materials (92.9%). The number of species obtained from local markets for propagation purposes was 50. The species with the highest level of occurrences within this group include Phaseolus coccineus (36.7%), Vigna unguiculata (36.0%), Carica papaya (30.4%), Persea americana (19.6%), and Zea mays (17.0%).

Our market inventory data show that not all products sold by the merchants serve as plant propagation materials. More than half of the 99 plant species recorded can be used partially (27.7%) or in all cases (30.3%) as plant propagation materials (Figure 5A). This depends mainly on the type of processing. For example, cooked chayote (Sechium edule) plants and fresh maize (Zea mays) cobs cannot be used for propagation purposes, whereas the uncooked chayote plants and dried maize seeds maintain their propagation potential, thus both species were considered as partially useful for propagation. The proportion of useful and partially useful material is highest for fruits and berries (90%) and grains and regional staples (83.3%). Edible weeds like Ipomoea spp. cannot be propagated (0%) if purchased on the markets, neither can many vegetables and herbs and condiments (Figure 5A).

The average number of species useful for propagation per market is 23.0. The average intraspecific richness of 58.4 for these species clearly exceeds the number of 6.7 for species with no intraspecific diversity. The average number of unique species and variants with propagational use within the same market is 34.6. The number of rare species and variants is slightly lower with 28.9. Only a few common food plants (1.6) that can be used as plant propagation materials can be found in more than 60% of the stands from the local merchants (Table 3). The clustered heat map (Figure 7) illustrates which species with intraspecific diversity have the highest coverage on each market. It shows that only a few species, e.g., S. edule or C. annuum, are frequent and abundant on all the markets. An exception is the market of Tamapaxal (TMX), which does not show the presence of S. edule or a higher abundance of C. annuum, which explains why this market forms a completely separated cluster. It is also the market with the lowest total number of species with propagation potential and does not show a high number of variants. There are two other main clusters with up to five end groups. Each endgroup includes markets with similar species composition and species distribution. For example, the markets of Tamápatz (TMZ) and Aquismón (AQM) share a high proportion of C. annuum. Huichihuayán (HUI) and Axtla de Terrazas (AXT) belong to the same end groups, as both markets have a lower richness and frequency of some fruit species (e.g., Citrus spp. and Persea spp.) and tubers (Manihot esculenta) but are the only places where all the bean species are available. However, the proportion of local merchants who offer P. dumosus and P. coccineus is highest for Xilitla (XIL). The other end groups of this cluster offer most of the propagation materials, ranging from 18 to 23 species. Moreover, it is shown that the biggest market, in Ciudad Valles (VAL), has the highest proportion (40%) of local merchants who sell Cucurbita moschata. However, Figure 7 also demonstrates that the value of the proportional abundance of a species does not necessarily mean that the varietal diversity of the species is equally high. For example, Aquismón has the highest proportion of local merchants offering S. edule (71.4%), but only 19 variants, whereas in Axtla de Terrazas chayote is offered by less local merchants, yet with a total of 35 recorded variants. A similar case is Ciudad Valles with 32 chayote variants. Results of linear correlations of the number of local merchants offering the propagation materials of a species with the total number of variants of this species show a statistically significant and strong correlation for C. moschata (R2 = 0.87, P < 0.001), but not for chilies (R2 = 0.18, P > 0.2) and chayotes (R2 = 0.33, P < 0.1).




DISCUSSION


Local Markets in the Huasteca Potosina as a Reservoir of Local Food Plant Diversity

As in other parts of Mexico, the markets of the Huasteca (Supplementary Material 2) offer a wide range of different products without losing their original function, which is being a platform for local farmers to sell their agricultural surplus derived from a variety of land use systems (Figures 2, 3). We identified seven different food product categories offered by local merchants, consisting of healthy and diverse products. These are made accessible to the consumers and contribute to local food and dietary diversity and nutrition security (Ambikapathi et al., 2019). In this regard, it is worth mentioning that some of the recorded edible weed species are rarely found outside the local markets. These are often rich in healthy nutrients (e.g., A. hybridus, Rumex crispus) (Ranhotra et al., 1998; Akubugwo et al., 2007) but are usually not available outside the region, because they have to be consumed shortly after harvesting. Some of these edible weeds (long-shaped and round-shaped suyo, Ipomoea spp.) are culturally important but are poorly known and not consumed outside the research area. Even though it is often stated that access to and use of neglected and underutilized crops (NUS) contribute to a more secure food supply and poverty alleviation, detailed studies on their contribution to nutritional benefits and income generation are missing (Padulosi et al., 2002; Heywood, 2013). Filling these knowledge gaps is necessary to enhance policy engagement to support local markets that still provide access to a wide variety of food plants and income for small-scale farmers who produce them on their fields or recollect them from the wild environment.

Our results show that the swidden milpa is the land use system from which most edible plant products originate (43.3%), followed by home gardens (22.9%) (Figure 4). This is congruent with the results of a market study in central Mexico (Colin-Bahena et al., 2018). In the Huasteca Potosina, the proportion of stands run by local merchants (17.7%) who offer food plants is higher than those of non-local merchants (11.4%) (Figure 3). Most of their goods is self-produced, which contrasts with studies about markets in bigger municipalities and towns with more infrastructure and where the number of purchasing and reselling activities increases (Guadarrama Martínez et al., 2017; Martínez-Moreno et al., 2019). Like in other parts of Mexico (e.g., Gómez Sosa and Arellanes Cancino, 2018), the better part of the local merchant population is female (64.5%).

The high proportion of local merchant population, mainly Indigenous, who offer products from their own land use systems may also explain why almost half of the recorded plant species (48%) originated in the diversity centers and centers of domestication within the American continent, including Mexico. This is similar to the results from Whitaker and Cutler (1966), who, several decades ago, recorded a high proportion of New World plants (42%) and native plants in the market of Tehuacan, Puebla, Mexico. For the markets in the Huasteca Potosina, this trend is ongoing. However, some important food crops did not originate in Mexico but are usually considered native and form part of the local food crop diversity. Those species include, for example, bananas and mangos, also frequently cultivated by the local people and with a high intraspecific richness.

In the Huasteca Potosina, the total species and variant richness of the food products from local merchants is high, counting 275 food plant types that belong to 99 plant species. These can be subdivided into 65 species with no intraspecific diversity and 34 species with intraspecific diversity. Other market studies in Mexico recorded between 59 and 106 plant species (Supplementary Material 2). Differences in sampling size (number of stands) and focus group (whether including non-local merchants or not) may explain the elevated numbers of some of these studies. For example, inventories of the food plant diversity from non-local merchants would include species like apples (Malus domestica) or grapes (Vitis vinifera), which are often brought from outside the region but not offered by the local merchants in the Huasteca Potosina, who focus mainly on locally or regionally produced fruits and vegetables.

The elevated number of variants shows the importance of intraspecific richness found at the local markets and was also reported by different authors for other markets in Mexico (Supplementary Material 2). Culturally more important crops in the region have a higher intraspecific richness. It is worth mentioning that the total number of chayote (S. edule) variants is 51, which exceeds by far the number reported in other studies. For example, Juárez Hernández et al. (2014) recorded 0–13 chayote variants in seven different markets in the Oaxaca Valley, which is known for its varietal diversity of this particular food crop. In our study, the number of variants is between 0 and 35 variants per market.



Heterogeneity of Local Markets in the Huasteca Potosina

The local markets differ in stand composition and structure. On average, 87.3 plant species and variants per market were recorded, but numbers vary considerably between the markets (Table 2). Bigger local markets offer a higher overall richness of food plant products. Further, the number of local merchants is positively correlated to the total richness as well. This should be taken into consideration to promote the participation of local merchants, who are the main contributors to the food product diversity and prevent a homogenization of markets and a dominance of “long-distance products” from outside the region, which is linked to the loss of crop diversity (Goland and Bauer, 2004). Access to markets is a well-known problem (Almekinders et al., 2009). In the Huasteca Potosina, infrastructure is challenging, and local transportation is often expensive. For example, local transportation costs are ~200 MXN to bring products to a market 40 km away, whereas local merchants sell an average of 509 MXN per day. Strategies to provide accessible transportation during market days are needed to make local agrobiodiversity accessible to a broader population.

Nevertheless, the role of smaller local markets should not be dismissed. They are often located in remote areas, like the markets of Tamapaxal and Tamápatz, and are important access points to fruits and vegetables for marginalized communities. The number of unique species and variants does not depend on the market size, probably because merchants in smaller markets focus on more selective products to enhance the selling probability. Further, the high number of food species and variants that are presented in <1% of the stands shows that every local merchant at each market contributes significantly to access to regional agrobiodiversity.

However, the number of different home localities of the local vendors is not positively correlated with the total richness of food plant products. The land use systems in the Huasteca Potosina are embedded in a highly heterogeneous landscape with significant differences in the crops cultivated within the same locality (Heindorf et al., 2019). This may also explain that product diversity on the marked is high, especially at the intraspecific level, even when farmers come from the same few villages. Yet, composition and abundance at the species level may be similar as shown in the case of the market in Aquismón. Here, most vendors are from the same locality and focus on species like the nopalea cactus (N. cochenillifera) or coriander (C. sativum) (Supplementary Material 1), but rarely offer their products in other markets, a reason why this market was clustered separately.

As shown in Supplementary Material 1, species proportion per market is not necessarily an indicator for its intraspecific diversity. Some specialized local merchants bring many different variants of one species and can be considered key distributors of crop genetic diversity. For example, in Ciudad Valles, <50% of the local merchants sold S. edule, but the intraspecific richness was considerably higher (32 variants) than in the market of Aquismon (19 variants), where more than 70% of the local merchants sold S. edule. Those key local merchants play a similarly important role as their counterparts in the field which refer to some very specialized farmers with a high number of variants of a particular crop (Heindorf et al., 2019).



Local Markets and Access to Plant Propagation Resources

Our results show that local markets in the Huasteca Potosina are crucial to access and use plant propagation materials, including 58 plant species. They constitute the most frequent source to obtain plant propagation resources outside the farmer's village. This evidences their important role as part of the informal seed system (Dalton et al., 2016; FAO, 2016; Kansiime and Mastenbroek, 2016). According to Kansiime and Mastenbroek (2016) and FAO (2016), local markets are especially important to access bean and maize seeds, but less important to access vegetatively propagated crops. In the Huasteca Potosina, some bean species (e.g., P. coccineus 36.7%, Vigna unguiculata 36.0%) and maize seeds (Z. mays (17.0%)) are also frequently obtained from local markets, next to locally relevant fruits such as C. papaya (30.4%) and P. americana (19.6%). To a lesser extent, our list includes commonly vegetatively propagated crops like I. batatas (4.1%) or Manihot esculenta (4.1%) that are partially obtained from local markets.

Farmers' preferences for local varieties are strongly linked to their favorable features in taste and adaptation to the local agro-ecological conditions (e.g., Badstue et al., 2006; Sibiya et al., 2013). These preferences are not sufficiently acknowledged in formal breeding programs and the supply of improved or certified seeds. Hence it is not surprising that commercial seed production and supply play a minor role for small-scale farmers and subsistence farmers in the Global South (e.g., Almekinders et al., 1994; Poudel et al., 2015; McGuire and Sperling, 2016; Hoogendoorn et al., 2018). Even seeds for staples from formal suppliers and that are accompanied by efforts to promote commercial seed distribution constitute only a small portion of the farmers' seed materials (Louwaars et al., 2013; Coomes et al., 2015). For farmers in the Huasteca Potosina, the provision of commercial maize seeds is irrelevant, because most of them cultivate local crop varieties (Heindorf et al., 2019). If seeds or planting materials are acquired outside their village and not from their own stock, local merchants are the main important source (92.9%), probably because goods offered by non-local merchants do not correspond to farmers' needs. At each market, we found an average of 58.4 variants of propagation materials, which underlines once more the significance of local markets to assure access to locally adapted and culturally accepted variants.

The overall food plant diversity used for propagation also includes neglected and underutilized crops (NUS). NUS are important at the local level but often lack presence in formal seed systems and are neglected in science and breeding efforts (Mabhaudhi et al., 2017). Yet, NUS have several advantages, such as better agro-ecological performance and a high nutritious value (Ebert, 2014). Their incorporation into the food system above the local level would also contribute to the diversification of a global food system that depends mainly on a handful of major food crops (the big three include rice, maize, and wheat), covering ~90% of the daily calorie intake of the world's population (Monfreda et al., 2008). The FAO (2018a) recently recommended increasing the availability of high-quality seeds and planting materials of NUS. Besides the farmers' personal networks, local markets included in this study already provide this access to underutilized crop species like chayote and plums (Spondias spp.), including local variants that are not considered in the formal seed supply system in Mexico. The inventoried food plants also include species with recalcitrant seeds that are difficult to supply and cannot be conserved and stored by conventional methods such as drying or freezing. To this group belong, for example, the recorded P. americana and L. chinensis, as well as the underutilized crops that were mentioned before, like C. papaya and S. edule.

As shown by the different correlations, the number of plant propagation materials per market does not depend on market size, the origin of the merchants, or the total number of food plant richness of each market. However, as shown in Figure 7, each market provides a specific supply of seed and plant material in the region. We also recorded a high number of unique plant species and variants propagation materials within each market, and the rank-frequency curve (Figure 6) shows the same trend among all the different markets in the region. Hence, each local merchant is a valuable conveyer of local genetic resources to be passed to other local farmers who frequent these markets. Local markets facilitate open access to those resources to a broader public. In Mexico and other countries, access to local seeds is limited because they can often only be found in the local communities in remote areas. Markets are platforms outside the communities that link local producers and consumers from elsewhere, who may depend exclusively on these sources to gather locally adapted seed and plant material. Therefore, local markets should be considered an option to gather plant propagation materials for home gardens and agroecological projects in the region. Very often such projects are initiated by lifestyle migrants, i.e., people moving to places that are perceived to provide a better or different lifestyle (Santiago, 2017), who have not yet established a well-functioning seed network or seed stocks of their own.

Especially in tropical climates, seed storage is challenging, and markets can serve as backup access points when seeds are lost due to failure in storage. Likewise, they may play a vital role in disaster situations (e.g., after droughts, hail) to gather plant propagation materials when farmers' own stock is destroyed (McGuire and Sperling, 2013). During this present SARS-CoV-2 pandemic, local markets in the Huasteca Potosina were suspended or significantly reduced for several months. This may have three main market-related implications for the local people: reduced access to diversified food; shrunken income opportunities; and loss of access to seeds, as farmers who lost their seeds and cannot substitute this loss by accessing other sources within their villages will not be able to harvest in the following season. Until now, these are assumptions that should be investigated further. New insights on this topic are essential to guide political decision-making processes that respect both the immediate response to local health issues and the midterm and long-term response of the local food systems to crises. The decisions should take into account that local food production and their commerce in local markets provide income, genetic resources, and food, besides their cultural importance.

Local markets in the Huasteca Potosina are important components of the rural food system and farmer's seed network by providing income, access to a great variety of local foods, and access to seeds and plant materials for farming. They strengthen local propagation materials sovereignty and broaden the options to achieve nutrition and dietary diversity. The diversity made accessible by local merchants is high, especially at intraspecific level, and is partially correlated to other factors like market size and provenance. However, the high proportion of unique and rare food plants within and among the markets shows that food plant diversity in the local markets is not a guaranteed resource and may be threatened. To maintain and promote the use and conservation of this diversity in the future, political actions are needed, e.g., to support market access and rural infrastructure.
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As the gravity of the global social and ecological crises become more apparent, there is a growing recognition of the need for social transformation. In this article, we use a combination of narrative case study and discourse analysis to better understand how transformative concepts, such as agroecology, are shaped as they as they enter mainstream discursive arenas. We probe the different characteristics of the “innovation frame” and how they qualify and give meaning to agroecology. Our case study narrates the recent emergence of agroecology in the UN space and its relationship to the discursive frame of innovation. We then undertake a systematic discourse analysis of comments provided in an online consultation process on the “Agroecology and Other Innovations” report by the 2019 High-Level Panel of Experts (HLPE) in the World Committee on Food Security. We examine how different actors positioned themselves vis-a-vis the innovation frame and we analyse the discursive strategies used to advance particular political agendas. Our analysis reveals three primary sub-frames within the innovation frame (Evidence; Technology; Rights) which were deployed by both proponents and detractors of agroecology. We focus on the notion of social agency, and its different presentations, within the three sub-frames which raises a number of problematics of the innovation frame, not only for agroecology, but for sustainability transformations more widely.

Keywords: agroecology, innovation, food policy, agricultural policy, technology, critical discourse analysis, FAO (Food and Agriculture Organization)


INTRODUCTION

For at least a decade, proponents of agroecology have been hammering loudly at the gates of international policy arenas. In essence, their claim has been that agroecology has the potential to address the myriad and intertwined crises of food sustainability and social justice. Agroecology's move into the mainstream has been glacial, punctuated by numerous small victories—for example the FAO's symposia on agroecology beginning in 2014. However, the response by proponents of conventional agriculture has consistently been that agroecology is unrealistic and unviable (Bellwood-Howard and Ripoll, 2020). In an attempt to rebut these criticisms, civil society groups—mainly via the Civil Society Mechanism (CSM) of the Committee on World Food Security (CFS)—requested the production of a report on agroecology from the High Level Panel of Experts (HLPE), a respected body designed to provide independent, evidence-based analysis, and advice to the CFS. This report would, as the authors themselves described it, gather evidence and make recommendations to inform “major transformation of whole food systems” (HLPE, 2019).

While the request was eventually granted—ratified during the 44th congress of the CFS, 2017—it didn't pass without a struggle, with numerous proponents of industrial agriculture insisting that the focus of the report be broadened to include more than just “agroecology,” but also “other innovations” for sustainability. It is this seemingly innocuous addition that is the subject of this paper. Why was the inclusion of “other innovations” so important to those routinely opposed to the transformational implications of agroecology? And what impact did it have on a report that many hoped would mark the belated entry of agroecology into the agricultural policy mainstream?

This article approaches these questions by focusing on discourse and its importance in shaping sustainability transitions. We focus on “innovation” as a discursive frame long in circulation in debates about social change and how it is being deployed in the more recent global discourse on agroecology. What kind of discursive maneuvers—or what we outline below as “framings”—are being used to influence rapidly emerging discourses of agricultural and agroecological innovation? Conversely, how can certain framings end up limiting “transformational” potential; that is, the ability of systems to move in the direction of justice and sustainability? To analyse the relationship between the innovation frame and agroecology, we explore the process behind the HLPE report (2019) mentioned above, in particular the public consultation which helped to shape its eventual content.


Sustainability Transitions and Discourse

While the technical and market-based dimensions of sustainability transitions have long been the focus of academic research, it is increasingly recognized that deep transformations to systems of production and reproduction are urgently needed (Scoones et al., 2015; O'Brien, 2016; Mummery and Mummery, 2019). In contrast to transition, a transformative approach centers the dynamics of governance, control and power as the key determinants of social-technical change (Stirling, 2014; Anderson et al., 2019).

Power is about more than wielding physical or material resources, it is also enacted and reproduced through discourse as words, images, and ideologies (Foucault, 1969). In regards to agroecology, the importance of discursive “disputes” or the “terrain of ideas, of theoretical constructs” is recognized as a critical factor in shaping the potential of agroecology (Fuchs and Glaab, 2011; Giraldo and Rosset, 2018, p. 546). In this case, discourse represents, “an ensemble of ideas, concepts and categories [expressed in language] through which meaning is given to social and physical phenomena, [and] which is produced and reproduced through an identifiable set of practices” (Hajer and Versteeg, 2005, p.175). However, discourse is not simply a matter of describing and representing social life, it is also closely related to power as it is socially constructed, shaping behavior, language, and thought of those who participate in it.

When discourses “enter and achieve salience or dominance in particular social fields or domains,” they inform new ways of acting, identifying and organizing (Fairclough, 2013, p.77, 358). Discourse thus plays an important role in providing legitimacy for some transition pathways, while delegitimizing, deemphasizing or re-casting others (Fuchs and Glaab, 2011; Geels et al., 2014; Montenegro de Wit and Iles, 2016). A particularly striking example of this can be seen in the prominent positioning of “feed the world” narratives in legitimizing expansions to existing industrialized production, and de-legitimizing ecologically productive, but lower-yielding production (Fouilleux et al., 2017; Anderson et al., 2020a). Through their discursive power, actors influence the perceptions and normative assumptions of definitions that are deployed in political arenas, which shapes the resulting policies, actions, norms, and procedures (Hajer and Versteeg, 2005). Our approach here offers insight not only on a highly contested discourse of agroecology—and in particular its development within a mainstream or hegemonic discursive arena—but more broadly in the ways in which such counter-hegemonic language in sustainability transitions is itself countered, reframed, and neutralized.



Framing Agroecology and Innovation

Agroecology has been routinely framed by its proponents as an alternative paradigm to the industrial food and agricultural regime (Nyeleni, 2015; Rosset and Altieri, 2017; Anderson et al., 2019; González de Molina et al., 2019). Yet, agroecology does not have a single fixed meaning and it has been argued there are multiple “agroecologies” (Méndez et al., 2013) as it is re-signified (Rivera-Ferre, 2018) and co-produced (Loconto and Fouilleux, 2019) by different actors with different values, intentions and worldviews (van Hulst et al., 2020). Indeed, agroecology, to some, is an ambitious and integrative set of principles intended to govern systems-level sustainability transitions. To others, agroecology is being cast as a small (minor) subset of production practices alongside many other options. Yet still to others, agroecology has been described as an outdated, impractical and even dangerous approach because it undermines the centrality of yield and profit as the object of agricultural development (Tom, 2020).

The recent global attention to agroecology in academia, policy-making, and amongst practitioners and social movements has simultaneously generated excitement and anxiety amongst proponents of a transformative agroecology. On the one hand, many view the institutional uptake of agroecology and its mainstreaming as a vital part of the transition to sustainable food systems. On the other, history has demonstrated how once radical and transformative frameworks for agriculture have become deformed and denuded of their transformative potential as they become adopted and incorporated into existing markets, policy-frameworks, and as powerful actors step in to discursively and materially control the dynamic (Levidow et al., 2014; Laforge et al., 2016; Giraldo and McCune, 2019; Anderson et al., 2020b). For example, the involvement and incorporation of organic agriculture into corporate-led chains has been derided for undermining the values and the transformative potential that the pioneering organic movement was founded on (Guthman, 2004).

In this article, we engage with the complexities and problematics of institutionalizing transformative concepts like agroecology, focusing particularly on what we refer to as the “innovation frame” and how it is being mobilized by different actors in relation to agroecology. Innovation has been used over time as a way of thinking about societal change, and in regard to sustainability and agriculture more specifically (El Bilali, 2019). The term was first popularized by Joseph Schumpeter, who defined it as, “doing things differently” (Schumpeter, 2005 [1939], p. 84); indeed, this simple framing might explain how innovation has become a ubiquitous concept in mainstream development models. However, whilst the term remains at the center of debates today about how society changes, it has continued to signal predominantly market-led and technological pathways for social change. As Pansera and Owen (2018: p.xxi) suggest, innovation “has the potential [to develop] a hegemonic framing that emphasizes features typical of neoliberal agendas such as competitiveness, ownership, productivity, efficiency, and market-orientation.” Indeed, leading economic thinkers have even begun to frame it in terms of the “innovation imperative” (OECD, 2015), elevating the fetish for novelty and technological “progress” into an existential ultimatum familiar in developmental discourse: modernize or disappear.

In the EU, the “Innovation Principle”—though slightly less insistent than the OECD's innovation “imperative” formulation (OECD, 2015)—has been criticized for its use in circumventing environmental and health safeguards in favor of market-ready innovations (Anderson, 2020). A growing number of voices, including those adopting post-development, feminist and critical agrarian studies perspectives (Kothari et al., 2019) have worked to unveil the colonial nature of the modernist assumptions of change that underpin terms like innovation. From these perspectives, innovation has been used to advance a linear conceptualization of change (toward a singular modernity), where things that are innovative are only valued as such when they pull in the same direction as technological “progress” and wealth accumulation.

In agriculture, the innovation, the innovation frame has been criticized for its preoccupation with increasing productivity, profits, and economic growth (Quist et al., 2013). An emergent literature has begun to examine the effects of a new generation of agricultural technology, sometimes referred to as “4th industrial revolution (4IR)” technologies, suggesting their claims to social and ecological benefits may be unsubstantiated (Miles, 2019), that their negative impacts are downplayed (Barrett and Rose, 2021), and may ultimately be incompatible with agroecological principles, especially the “undesirable side effects [.] of digital technologies [on] rural employment and rural-urban migration” (Klerkx and Rose, 2020).

Despite the intimate link between these technologies and the innovation frame, the general response of these authors has been to call for a re-purposing of innovation, toward more “responsible” and “inclusive” innovation systems. In doing so, they follow a number of scholars and activists from different backgrounds calling for a similar re-framing of innovation to mobilize it as a tool for pursuing the social, ecological and economic dimensions of sustainability transitions. There have been calls for a normative basis to direct what type of innovation should be promoted to foster transition toward sustainable food systems (El Bilali, 2018) and explorations of the potential of inclusive innovation (Levidow and Papaioannou, 2018), grassroots innovation (Seyfang and Smith, 2007), social innovation (Baker and Mehmood, 2015; Rover et al., 2016), retro innovation (Stuiver, 2006), coupled innovation (Meynard et al., 2017) and agroecological innovations (Uphoff, 2013; Berthet et al., 2015). In the field of agroecology, many have engaged with these traditions to modify or qualify innovation in some way to prioritize the agency of marginalized groups, to assert the importance of incorporating environmental and social aspects as a key goal of innovation and more generally to be much more inclusive of the wider range of activities that drive change in food systems (Rover et al., 2016; López-García et al., 2018; El Bilali, 2019; Schiller et al., 2019; Marchetti et al., 2020).

Despite this growing literature, innovation is very seldom historicised within the genealogy of capitalism, and can easily be repurposed unwittingly or disingenuously to contest capitalism itself. In an attempt to redress this, our article examines the discursive maneuvers of differently positioned actors in relation to innovation and agroecology, while bearing in mind this political-historic genealogy of innovation. Our article presents a discursive analysis to understand what the innovation framing “does” in debates on the governance of food and agriculture, and particularly for radical proposals for transformation such as agroecology. Can innovation be recast, as some have hoped, to bring it in line with the principles of agroecology? Or will innovation continue to foreground productivism and accumulation ahead of urgent social and environmental concerns?




METHODOLOGY

This study focuses on a particular discursive arena—The debates on agroecology and innovation in the United Nations. A discursive arena is an analytic boundary deployed in processes of deliberation and negotiation. It involves demarcating an arena and a process within which different views are performed, so that meaning, and understanding can be harvested for the purposes of analysis. In forums for public participation, for example, this analysis is often directly linked to policy-making processes. Indeed, high level policy documents have provided the focus of numerous studies of food and agricultural policy (Barrett and Rose, 2021; Lajoie-O'Malley et al., 2020; Maughan et al., 2020). In contrast, this study focusses on the deliberation of differently positioned actors within the discursive arena, rather than the policy outcomes themselves. The construction of discursive arenas is a political process where decisions on which views are included, and which perspectives and knowledge are harvested and prioritized, are made by those able to wield or gain power within the domain. Our approach is intended as a way to make legible the disparate and contrasting forces convened within policy-making processes.

The UN space is important because of its role in advising governments, directing resources, and the high visibility of UN debates and programs on the world scene. For these same reasons, the FAO is also a contested space where many actors jostle to shape the food and farming discourse. In order to contextualize, and to interrogate the innovation frame within this discursive arena, our study weaves together a combination of case study and critical discourse analysis. The narrative case study helps us first to understand how the particular discursive arena has been constructed and what the political dynamics behind its construction have been. We have already explained above in the introduction how the process of selecting the title for the HLPE report was marked by a conflict over the inclusion of the word “innovation.” The frame analysis of the comments from the public consultation on this report, which we embed within this narrative case study of agroecology in the UN, offers a snap-shot of the different and contesting voices often hidden in published policy documents. Mapping the dynamics of this contestation, we argue, will be vital for understanding the broader struggle to determine what innovation is for and whose interests it serves.


Participant Observation and Narrative Case Study

The first part of our analysis (presented in the first and final section of our results) reviews and analyzes the progression of agroecology in the U.N. system over the last decade—particularly the FAO and the HLPE of the CFS, culminating in a recent report on “agroecology and other innovations” (which is the focus of the second section of our results). The FAO is an international intergovernmental institution, funded and governed by nation-states and provides basic research, information gathering and dissemination, formulation of policy recommendations, technical assistance, and government consultation. The goals of FAO are to: “Help eliminate hunger, food insecurity, and malnutrition; Make agriculture, forestry, and fisheries more productive and sustainable; Reduce rural poverty; Enable inclusive and efficient agricultural and food systems; Increase the resilience of livelihoods to threats and crises; Establish technical quality, statistics, and cross-cutting themes” (FAO, 2020). It is a highly influential forum where discursive processes are highly visible, and translated into budgetary outcomes in FAO and indirectly in its influence on national policy-making.

In order to construct this narrative account, we draw from participant observations in the process, analysis of related UN literature, web-analysis, and a small number of interviews with key informants involved in the UN process. This narrative case study helps not only to contextualize the discursive dynamics at play in the UN policy arena (especially the types of actors and their different positionalities), but also to connect it to external events and trends. To this end, after the frame analysis we return to the narrative account in the following section, offering a brief examination of the final report as well as a number of other salient policy events. A full analysis of the final report was beyond the scope of this article, as it was our intention to prioritize not the policy publications (which get a lot of attention) but the often-hidden, largely implicit and typically highly divergent positions taken up by participants during the policy consultation and formulation processes.



Critical Discourse Analysis of HLPE Report on Agroecology and Other Innovations

The second component of our analysis (presented in the second section of our results) uses critical discourse analysis of 141 comments provided as a part of the official online consultation for the HLPE report “Agroecology and Other Innovations” (HLPE, 2019). The High-Level Panel of Experts for Food Security and Nutrition (HLPE) acts as the science–policy interface of the UN Committee on World Food Security (CFS). The CFS is the foremost inclusive and evidence-based international and intergovernmental platform for food security and nutrition (FSN). The HLPE produces scientific, policy-oriented reports, including analysis and recommendations, serving as a comprehensive and evidence-based starting point for policy debates at the CFS. The HLPE draws together existing research and knowledge to produce global, multi-sectoral, and multi-disciplinary analysis in high profile reports. HLPE studies combine scientific knowledge with experiences from the ground, through its consultative process. The topics and scope of the CFS are determined by the HLPE steering committee that start with a political question and request formulated by the CFS. The 14th report, on “Agroecological Approaches and Other Innovations” (HLPE, 2019), is the focus of this article.

The HLPE runs two open consultations per report: first, on the scope of the study; second, on a V0 “work-in-progress” draft. Consultations enable the HLPE to better understand the issues and concerns, and to enrich the knowledge base, including social knowledge, thriving for the integration of diverse scientific perspectives and points of view. Our analysis focuses on the publicly available comments that were submitted as a part of this second consultation. The HLPE committee incorporates the input from these consultations into a final draft which is subjected to external scientific peer-review. HLPE reports are then published and form the basis of policy discussions and debates in the CFS.

In response to the online consultation on the zero draft of the HLPE report on Agroecological Approaches and Other Innovations, 141 comments were submitted. These comments were provided—in many cases collaboratively—by representatives from 37 different countries. According to the HLPE's own synthesis of the report (HLPE, 2018), “7 contributions come from national governments, 32 from civil society and NGOs, 23 from the private sector, and 57 from academic or research institutes.” Despite this institutional spread, there was a clear regional bias with 50 percent of the contributions come from Europe, 21 percent from North America, and only 12 percent from Latin America and the Caribbean, 8 percent from Asia, and 6 percent from Africa. The remaining 2 percent from the Near East and South-West Pacific. Overall, 26 percent of the contributions come from “developing countries.”

Critical discourse analysis refers to a broad church of approaches to analyzing language which address its involvement in the production and reproduction of power (Fairclough, 2013). Methodologically, CDA is intended to interrogate discursive practices to understand how they reproduce and extend particular social and political relations by “normalizing” certain assumptions and delegitimizing others. Our study investigated these discursive strategies and interactions by differently positioned of actors around the role of agroecology as a framework for sustainability transitions in food systems.

In order to help make sense of the different ways that agroecology is being constructed, we employ the concept of framing. Frame analysis is an approach to discourse analysis used to understand how discourses are constructed to support particular ideological positions or worldviews (Steinberg, 1998). A frame is an interpretation that simplifies and condenses “the world out there” (Snow and Benford, 1992, p.137) and offers a way of understanding and projecting a particular position or concept. Thus, in any discursive arena where actors are debating or invoking agroecology, multiple frames are advanced by actors from different positions of power through an often-implicit political process of contestation. The discursive arena is thus co-constructed between different actors with differential power vying to frame and shape discourse (in our case about sustainability transitions) to promote justifications, prognoses, policies, and courses of action that align with their own interests. Frame analysis provides an approach that can make sense of these (often implicit) discursive dynamics, framing processes, and power relations.

We used n NVivo Qualitative Data Analysis software (V12) to code the 141 official comments in the HLPE process on the zero draft. All submissions were spot-checked and any that offered only minor or insubstantial inputs (e.g., tweaks in wording), that were duplicate entries or those that copied and pasted generic text (e.g., previous publications) were eliminated. The remaining 102 responses were coded to identify emergent themes. The two authors each open coded the documents, generating analytical memos focusing particularly on data that reflected the relationship between agroecology and innovation. The coding, content and analytical memos were then reconciled through dialogue between the researchers. As a part of this iterative process, the larger set of initial open-ended codes were iteratively combined and hierarchized into three main subframes. These sub-frames were constructed to understand the contested views on innovation as they relate to agroecology, and to better understand how each sub-frame is normalized and rationalized by actors. The contours of the three main sub-frames (Table 1) are articulated in Part B, below, presenting their main dimensions illustrated with emblematic quotes.


Table 1. Original codes and how they were grouped under final three “sub-frames.”
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RESULTS AND DISCUSSION


Part A: Case Study: The Progression of Agroecology and Innovation in FAO and the HLPE

While elements and practices of agroecology had been present in the FAO for many years, it was since ~2010 when civil society, in concert with a handful of supportive governments, began to push for agroecology in FAO in a substantial way. From 2015 to 2019, the FAO engaged in a Global Dialogue to examine the potential role of agroecology as a pillar of agricultural development (Loconto and Fouilleux, 2019). At the same time, support for agroecology was growing and being advocated for by some member states (the “Friends of Agroecology”). However, these efforts to elevate agroecology in FAO were opposed by some member states (Canada, Australia, Argentina, and especially the USA) who felt agroecology did not promote their own national interests or the vision of agricultural development they project into the world. Despite this opposition, the International Year of Family Farming in 2014 created a political opportunity for FAO to bolster the theme of agroecology (Loconto and Fouilleux, 2019).

The proposal was to hold a symposium on agroecology followed by a series of regional seminars. However, the approval was conditional with the USA insisting that:

1. The symposium had to be a technical symposium meaning it would have no formal political weight in FAO.

2. Speakers were also told they could not include certain words in the official program: international trade policies, genetically modified organisms (GMOs), or even the use of the term “food sovereignty,” which were viewed as too political and threatening (Giraldo and Rosset, 2018).

3. Whatever was organized for agroecology, a parallel process had to be organized for biotechnology (Source: interview).

Thus, FAO set forth to organize a two-stream process. An initial international symposium was organized in Rome for both agroecology (2014) and biotechnology (2016) resulting in final reports for each (FAO, 2016). Follow-up regional consultations were planned in both streams.

Seven agroecology regional consultations were then scheduled between June 2015 and August 2016 in all regions (Table 2) with the exception of North America, culminating in a final report that synthesized all of the debates across the meetings (FAO, 2018). Despite plans for a similar number of regional meetings on biotechnology, only two were ultimately organized. At the first regional meeting held in September 2017 in Asia/Pacific, social movements participated and used the forum to “ask inconvenient questions” (source: interview) and to raise criticisms of biotechnology in the public. Evidently concerned by these developments, the FAO biotech process and the remainder of the regional conferences were canceled (Source: Interview).


Table 2. Timeline of key FAO moments regarding agroecology and innovation. Source: interviews, FAO (2018).
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In 2018, a second international forum was held in Rome on agroecology as the culmination of the Global Dialogue on Agroecology where over 900 people attended and participated in the launch of FAO's “scaling up initiative.” The chair's summary, read at the end of the meeting, contained an emphasis on “transformation” and the rights and agency of food producers. But the summary was later censored and cut back (Loconto and Fouilleux, 2019). Meanwhile, proponents of biotech within FAO regrouped and started a process focusing instead on “innovation,” organizing an international “Agricultural Innovation for Family Farmers” in November 2018 (source: Interview). In this context, agroecology was discussed, alongside other emerging technologies, including big data analytics, automation, and GMOs.

This brings us to the episode with which we opened this article: the parallel process, pushed by civil society in the World Committee on Food Security, to initiate a High Level Panel of Experts (HLPE) report on Agroecology. While proponents of agroecology had long-advocated for an HLPE report that focused on agroecology, this was again obstructed by proponents of industrial agriculture (source: interview). Eventually, with enough pressure, an HLPE report on agroecology was confirmed, but with the concession that the report couldn't only be about agroecology, but rather about Agroecology and “Other Innovations.”

Thus, both in this HLPE report, and through the mutation of the biotechnology process into an innovation process in FAO, innovation functions as a frame to bring agroecology and contrasting (and arguably antithetical) approaches such as biotechnology into a common frame. This innovation “framing” is thus the focus of the next section where we report on our analysis of three innovation sub-frames we identified within the HPLE consultation process.



Part B: Frame Analysis of HLPE Consultation Process


The Evidence Sub-frame: Innovation as Valid Through Measurement

Decisions about how and what we measure shape material realities. Like frames, they simplify and condense information, foregrounding particular dimensions as indicators of success and failure, and ignoring or downplaying others. Accordingly, there was a strong focus on measuring and evidencing the impacts of innovation across the comments. Given HLPE's stated aim, to provide “a comprehensive overview of the [.] best available scientific evidence” (HLPE, 2019), this emphasis on evidence is not a surprise. While an appeal to evidence is often presented as a way to objectively value and compare different innovations, a closer review of the comments demonstrates that its use can also limit the horizon of what is considered “legitimate” when using the dominant methods and tools of documenting evidence.

The respondents who were more skeptical of agroecology often pointed out a shortfall in acceptable evidence, claiming, “the innovations as described are underrepresented in an essential area, measurement” [Donald Moore, Global Dairy Platform]. Others appeared to endorse the value of alternative measures of evidence such as for well-being, only to reject them in favor of established economic metrics:

While the well-being perception of local communities is an important subjective indication of sustainability, objective economic factors, including household income and variability, more clearly demonstrate contributions to the sustainability of communities and the agricultural system. [Kristen Hendricks, USDA]

In doing so, this commentator drew from familiar arguments about the relative immeasurability of social, cultural, political and many ecological outcomes, in contrast to those that measure economic outcomes and yield. The same respondent complained that, “It is not clear where the draft report stops being scientific and starts being political” [Kristen Hendricks, USDA], disparaging the impacts of innovation that cannot be “objectively” measured. At times, the same respondent demonstrated a clear distaste for the draft document, and the “description of agroecology” contained within it, suggesting that it was “aspirational, idyllic, utopian, and not based on reality” (Ibid.). Whatever the legitimacy of the respondents' concerns about evidence gaps, the dismissive language is noteworthy. This discursive maneuver disingenuously nods to the importance of social outcomes, such as well-being, but excludes the social and political from formal consideration (and evidencing) because they are immeasurable by conventional standards.

Elsewhere, more subtle discursive maneuvers were at play that—when read carefully —revealed the prioritization given to the profitability of agricultural innovations. One particularly interesting example stated, “With appropriate consideration given to potential consequences and trade-offs, responsible research should be the foundation of practices recognized as genuinely innovative.” [Brian Baldwin, IAFN]

On the surface, the comment appears to be sympathetic to an integrative approach to measuring innovation, positioning “responsible research” as the “foundation” of what is “genuinely innovative”—yet the claim is subtly caveated. The organizing principle here is in fact the “appropriate consideration given to potential consequences and trade-offs” [emphasis added]. If read in terms of earlier stated interests of “objective economic factors,” this must be seen as synonymous with the profit motive of the agricultural private sector, rather than, for example, long-term environmental impacts or human rights infringements. As such, this is an example of neoliberal double-speak—cementing the primacy of the market in the delivery of social goods while appearing to defer to responsible research.

A similarly subtle sleight of hand is visible again when the same respondent writes: “We encourage the HLPE to broaden the thinking on innovation from the current draft which demonstrates an extremely narrow focus placed solely on social process of innovation.” [Brian Baldwin, IAFN]. While disagreements routinely orbit around questions of salience like this—one person's broadening of focus, is another's narrowing—such statements bring to the fore the predominance of market logic in shaping our understanding of what innovation is for. While critics of agroecology sometimes argued for the breadth and depth of conventional measures, this was often in contradiction with their recommendations. Take, for example, discussion around farmer livelihoods. Conventionally this is measured in narrow market terms like GDP or household income, in a way that can side-line measures of other important factors such as mental health and ecological resilience. It was clear that for some respondents this is the way that it should stay. One respondent, for example, argued that, “Simply put, it is critical to recognize that farmers throughout the world are business owners”, downplaying their roles as ecological stewards, community members, and knowledge producers. “Simply put” is indeed telling here, as such a framing forecloses a consideration of farmers as anything other than passive participants in economic exchange, who, as the same respondent put it, “need to be provided with all of the means, in terms of both information and physical tools, that could support their objectives” [Donald Moore, Global Dairy Platform]. This framing is crucial, appearing on the surface to be about farmer agency (i.e., by supporting “their objectives”) while on the other had constructing their role as recipients of innovation. Here, farmers are provided with “all of the means” but are excluded from the innovation process, thereby limiting their political and practical horizons.

By contrast, some respondents were keen to point out that conventional economic measures were only one concern among many, and called for greater, “reflection on the role indicators play in the design and implementation of policies” [Katia Roesch, Coordination Sud]. Advocates of social innovation, for example, could be characterized by their attempt to reorient—even “widen”—innovation processes to include social needs rather than solely market outcomes. This was reflected in calls to move, “toward holistic agroecological indicators such as nutritional value, ecosystem biodiversity and services, climate change resilience, and farmer innovation.” [Fabio Leippert, Biovision].

While proponents of agroecology often acknowledged shortcomings in the agroecology evidence base, this was often presented as a frontier to be overcome rather than a fatal flaw as, “[one] of the missing pieces is the inadequate level of research to assess the impact of AE on women's economic and social empowerment.” [Tontie Binado, ActionAid]. In a similar vein, another respondent claimed that, “More nuanced and in-depth exploration is needed to elucidate how knowledge is linked to and permeates agroecological practice; and the unique ways in which agroecology spreads and scales out knowledge and innovation.” [Faris Ahmed, USC Canada].

While agroecology is hardly a new field of study, its calls for a “fundamental shift” in the way our food systems are measured (IAASTD, 2009) have long been hamstrung by a significant underinvestment in agroecological research e.g., (Pimbert and Moeller, 2018; Moeller and Devlaux, 2020). As one respondent illustrates, such “paucity of data [creates] a bias [toward] the economic benefits of industrial agriculture […] The data paints a biased picture and does not take into account local results in terms of food security.” [Katia Roesch, Coordination Sud]. Accordingly, many respondents to the consultation clearly conceived of agroecology as an ongoing project with evidence still to be gathered and emphasized the need for new measures capable of capturing the multiple benefits arising from agroecological systems.

In contrast to respondents who used the innovation frame to validate generalizable science and standardized indicators were those pointing out the importance of local and indigenous knowledge. Such perspectives raise important questions about the epistemological compatibility such perspectives with an indicator- and science- led approaches to innovation. As one respondent argued,

Local and traditional knowledge is often not documented in peer-reviewed studies, and much richness and local experience salient to these issues is lost. We suggest that a greater proportion of case studies and research from civil society organisations is included to balance the scientific “way of knowing” especially since agroecology seeks to foreground the local and traditional knowledges of food producers and consumers. [Vanessa Black, Biowatch].

As this respondent suggested, the appeal to standardized indicators as the measure of quality and worth can easily erase local, traditional, and farmer knowledge and the benefits that agroecological approaches have in ways that are highly specific to place. Advocates of agroecology have historically resisted such generalized approaches, citing the links between processes of universalisation and standardization and efforts to advance imperialist modes of “development,” and such views were strongly represented in the consultation.



The Technology Sub-frame: Innovation as Technology

The second major sub-frame concerns “innovation as technology,” in particular the dominant conception of technology as novel techniques, methods and tools, often packaged as machines or technologies deployed at the farm level. From the labor-saving technologies of the industrial revolution, to the use of robotics and genetic modification in contemporary systems, agricultural technologies have consistently stirred controversy. Have such technologies made life easier for farmers, eaters, and society as a whole? have they generated more and complex problems in the long-term? The innovation discourse has largely emerged alongside such controversies, being often seen as synonymous with “top down,” or “externally introduced technologies” (Joly, 2018). Despite efforts to develop broader conceptualisations of innovation that incorporate social processes, politics and other conceptual features, there remains a strong tendency to reduce innovation to uptake of novel technologies.

Unsurprisingly, the HLPE consultation surfaced familiar tensions in its consultation, with respondents positioning themselves differently in relation to technology by either—(a) endorsing the existing repertoire of industrial agricultural technology as a key driver in beneficial changes in the agricultural sector, or (b) problematising top-down approaches to innovation as technology, either with reference to the destructiveness of existing technologies, or by calling for a broader conception of what innovation and innovative technology is and the benefits it should produce.

A prominent feature of the innovation as technology frame were claims that existing technologies were being unfairly criticized. As one respondent puts it, “ISF regrets the negative tone that this paragraph takes on the technology and innovation that has so greatly benefited food security and nutrition in developed countries during the past decades” [Helene Guillot, ISF]. Here and elsewhere, pro-technology respondents argued as if controversies around certain technologies had already been settled. As another respondent put it, “The UN has already [.] formally supported the need for convergence of all the available technologies and their use in integrated solutions that are able to address local needs and societal requirements”. [Brian Baldwin, IAFN]. Here, technologies are framed as indispensable tools for meeting “needs,” though needs which are apparently defined from above, which pacify participants (by offering “food security” rather than meaningful involvement in decision-making), and which are vaguely defined (“societal requirements”). By contrast, any consideration of these technologies' long-term impacts, or of affected communities' collective rights to technology sovereignty are omitted.

As with the previous sub-frame, critics of agroecology sometimes pointed to the emotional and unreliable nature of oppositions to technology driven approach. As one respondent put it, the draft, “fails to consider unjust fears of technology and emotion-driven policy-making that is not based on science” [Brian Baldwin, IAFN]. In doing so, the respondent surfaced a long-running conflict between “precautionary” vs. “risk-based” approaches to technology development. Generally speaking, this debate revolves around how to deal with the lack of knowledge about the impact of technological or procedural change. Whereas the precautionary principle states that the “the proponent of an activity, rather than the public, should bear the burden of proof” (Brand, 2010), a risk-based approach contends that evidence for hazards be established before restrictions are imposed (Garnett et al., 2018). While “risk” might reasonably be seen as synonymous with (rather than opposed to) “precaution,” its use by organizations like the “European Risk Forum” (ERF) has illustrated its capacity to undermine the precautionary principle. The ERF's support of the “innovation principle,” for example, has been seen by some as a way to push through controversial innovations (Anderson, 2020), prioritizing the “needs” of the sector to bring new technologies to market, over those of the long-term risks of those technologies to human and planetary health.

While some respondents called for a commitment to, “the Precautionary Principle” as the only way to, “assess the consequences of innovation” [Sarah Schneider, MISEOR], “precaution” and “risk” also illustrate the confusing ways such debates play out in the innovation discursive arena. In this case, “risk” is deployed in an apparently misleading way to cover the less palatable interests of the private sector. Similar examples appear elsewhere, to such an extent that an increasingly shared discursive territory emerges, with key words and phrases bridging, hybridizing, and borrowing across the technophilic-technocritic spectrum. For instance, as one contributor suggests,

New plant varieties created through methods of biotechnology and novel breeding techniques have the opportunity to provide growers with varieties that are adapted to their local conditions and resilient to a changing climate. [Brian Baldwin, IAFN]

Rather than emphasizing productivity gains, this respondent draws on the urgency of climate change and local conditions—more readily associated with the agroecology and food sovereignty movements—to justify controversial and unpredictable proprietary technologies. This discursive overlapping repeats a familiar pattern of capture by the agricultural mainstream, aimed at absorbing the challenges which come from those advocating more radical transfers of power.

Another key area of shared language could be seen in the appeal to a number of marginalized stakeholders often associated with agroecology, such as women, smallholder farmers, and especially youth. Referring to the latter, respondents noted technology's role in attracting and empowering such groups to view agriculture as a legitimate option for their futures. Such an empowering process could not exist, so one respondent claimed, if innovation were to be seen as “largely limited to the adoption of historical practices” [Donald Moore, Global Dairy Platform]. Another respondent highlighted the role of “external inputs,” claiming that they,

could mean relief from backbreaking labor, particularly for the poor, women and children on whom this task often falls based on “local knowledge and traditional”. From a social just [sic] perspective this needs to be recognized. [Gloria Jaconelli, CropLife International].

Again, not only do we see the invocation of marginalized groups to justify externally introduced technology, but the simultaneous attempt to discredit “local” and “traditional” technologies and knowledges. Agroecology—in its affirmation of traditional technologies, local knowledge, and its aim to gain autonomy from expensive proprietary technologies and external inputs—is characterized not only as inefficient or outdated, but also “socially [un]just.” In line with the idea of the “innovation imperative,” top-down technological extension is advanced here not only as a rational choice, but as a moral imperative: to refuse such technologies is to abandon the poor and marginalized to destitution and even death. This caricature of agroecology as wholly anti-technology, when combined with this moral imperative, is a powerful though unrepresentative claim against agroecology and its proponents. As described in the following paragraphs, proponents of agroecology generally advocate for appropriate technology and science in agroecological systems, and for the importance of civil society governance in weighing the impacts, advantages and disadvantages of technology in the long term social, economic and ecological wellbeing of rural and urban people.

As one might expect, there were also many respondents who were critical of a technology-led approach, pointing to the long-term risks that certain technologies pose to food producers and society. Genetic modification was frequently cited and identified as problematic, with one respondent calling for the, “HLPE not to use this subject to advance GMOs […], new and under-researched gene editing technologies, […] CRISPR and allied technologies', concluding that ‘this is not what “innovation” is.” [Rahul Goswami, Center for Environmental Education, Himilayas]. Other respondents pointed to the toxic and unknown impacts of GMOs, arguing that nature should not be privatized but to rather treat, “seeds and biodiversity as a commons that cannot be enclosed by any form of IPRs.” [Laura Gutierrez Escobar, Grupo Semillas, Colombia]. These perspectives further contested the idea that such technologies were not only legitimate alternatives to agroecological innovations, but compatible with them. After dissecting biofortified food and GMO to reveal the risks and drawbacks of these approaches, one respondent suggested that

the title of the report to be modified, since it leads to the understanding that “other innovations for sustainable agriculture and food systems that enhance food security and nutrition” have agroecological character, which is not the case. [Carolina Alzate Gouzy, Núleo de Agroecologia e Produção Orgânica UnB, Brazil]

Such contestations reflected the subtle way in which the innovation frame offers a “menu of options” which are all vaguely presented as viable and desirable, and therefore difficult to refuse (Van Dyck et al., 2019). Some participants were well aware of the implications of such a framing, arguing that innovation in agricultural technologies is far from an exclusively modern or industrial phenomenon; on the contrary, agroecological innovations could be seen as historically integral to place-specific co-evolution of social and ecological systems. As one commentator put it,

It should be acknowledged that agricultural innovation has been taking place for thousands of years.…and has continuously adapted to changing social and ecological developments…This evolving relationship of coproduction underpins agroecology and differentiates it from “other innovations.” [Anisah Madden, AFSA]

While clearly problematising the simplistic relation between technology and beneficial social and environmental outcomes, such respondents were not necessarily “anti-technology.” Indeed, this same respondent acknowledged “the use of digital technologies to reduce Food Loss and waste is a positive application”, before reminding us that “this is not the only application of big data and digitalisation of the food chain' and calling for ‘more critical investigation and analysis.” [Anisah Madden, AFSA]. In short, those critical of technology, could consistently be seen to call for a revised understanding of technology and innovation, one which began by “decoupling” technology from the “concept of innovation” and recoupling it to a series of other social and environmental issues, such as “the right to adequate food and the pursuit of food security and nutrition.” [Stefano Prato, CSM]. At the heart of these claims, as we will explore in the next section, is a call for a re-integration of the innovation processes—arguably so long a feature of agricultural development—back into the lives of those most affected by them.



The Rights Sub-frame: Innovation as a Path to Fulfill Human Rights

While many respondents addressed the issue of rights in some way, much like in other sub-frames, there were contrasting views on the meaning of rights and how they should be secured. At root, a distinction could be made between arguments that foregrounded individualistic economic rights on the one hand, and collective and political rights on the other. The former placed an emphasis on the markets as the most empowering mechanisms of social change and on the rights of individuals to choose access technologies and innovations. Here, the emphasis is on the notion of “choice,” indicating that end-users should have the freedom to choose from all available technologies. As one response illustrates,

taking the example of improved varieties, which are the result of technology and innovation, ISF would like each farmer around the world to have the possibility to make an informed choice about which seed will best suit their personal circumstances. [Helene Guillot, ISF]

As we have seen already, farmers are sometimes framed as primarily business owners, and the right to access—or choose—from all available agricultural innovations was repeatedly claimed to be crucial to ensuring farmer livelihoods. Occasionally, such rights were framed in terms of “property rights,”

ISF emphasizes that effective intellectual property (IP) protection stimulates breeders to invest in the development and delivery of new varieties to provide farmers with the widest possible choices for productivity and success, thereby ensuring global food security. [Helene Guillot, ISF]

As with the technology sub-frame, the main thrust here was a call to protect, not the rights of vulnerable peoples directly, but to ensure the property rights of technology developers so that a wider range of improved products can be made available to farmers. This reflects an approach that underlines technology developers as having exclusive rights to own, control and profit, and the ability of individual farmers to have access to the use of all available technologies as an inalienable right. Again, justification for this power is given, not purely in economic terms, but that doing so would help to deliver wider social goods, like “global food security.”

In contrast to arguments in favor of individual economic rights, were those of collective political rights, such as the “right to food” and food sovereignty (defined as the right of all peoples “to define their own food and agriculture systems” (Nyeleni Movement for Food Sovereignty, 2007). The “stronger” formulations of these arguments were articulated in ways which highlighted the distorting impact of the innovation discourse on human and environmental rights. Some actively attempted to de-emphasize innovation altogether, claiming:

Rights is not another innovation. It is important to ground the entire analysis within the rights-based mandates of the CFS. Currently, Right-based innovations are included alongside other production systems, when they do not belong in that analysis. Rights provide a fundamental base that underpin all of SFS and FSN. [Maywa Montenegro, ARC]

In doing so, these respondents illustrated the profound divisions in approach to innovation which, as the above quotation suggests, can easily flatten out important political dynamics, making human rights or agroecology appear like “options,” rather than the moral foundations on which the socio-technical world ought to be built. Indeed, as another respondent put it,

Innovations should be considered as creative responses to challenging conditions and/or the mix of processes and practices that promote transitions to a new desired state. In the CFS context, the only innovations that should be considered are those whose explicit motive is the realization of the right to adequate food and the pursuit of food security and nutrition. [Stefano Prato, CFS]

Whether the rights in view were economic or political in focus, all contributors were interested in how actors could be included in the innovation processes and systems, reflecting the now-prominent concern in the innovation discourse generally (Cf. OECD and “inclusive innovation”). However, differing conceptions of rights highlight deep-rooted divisions in the way that participation is imagined. On the surface there appeared to be similarities—for example, even those conceptualizing farmers as primarily “business owners,” also argued that “decision-making for farmers should remain local.” [Donald Moore, Global Dairy Platform]—yet these decision-making processes were invariably contained within markets. Where political and collective rights were put forward, they tended to be much further reaching in scope, framing farmers not only as “beneficiaries,” but active participants in defining what innovation means in each context. For example,

Any assessment rubric for successful innovation should therefore be democratically defined, co-developed, and led by rural peoples' ecological knowledge and practices. Rather than treating smallholder farmers as beneficiaries of aid, they should be seen as experts with knowledge that is complementary to formalized expertise. [Anisah Madden, AFSA]

Such arguments could be distinguished in the way they understood innovation not as a “thing” whose value is implicit, but as a process whose aims must be continually assessed and revised, especially by those most affected by their potential impacts. Though both conceptions effectively forego a detailed definition of what innovation is, the reasons for this are quite different. Those using it to defend individualistic economic rights appears do so in a vague way: like Schumpeter, innovation is simply “doing things differently” as a way of bringing products to market, whatever their impacts. By contrast, those working on a basis of collective rights defer definition in an apparently deliberate way: what innovation is must be collectively and “democratically defined” and “co-developed” in specific contexts, and in close articulation with the social and environmental dynamics of that place. This market- vs. people-led distinction is often buried behind the seductive shimmer of “novel” technological innovation. In this discursive arena, we argue, the contrast between these two positions was brought powerfully to the fore, especially by those calling for us to reclaim and revise our understandings of what innovation means and what it is for.





THE FINAL HLPE REPORT AND BEYOND


The Final HLPE Report - A Shift in Framing

From December 2018 to February 2019, the HLPE committee considered and incorporated the views expressed through the online consultation on the V0 draft. These were used to develop a V1 draft which was then sent for expert peer review, revised again, and ultimately launched on July 3, 2019 in at the FAO Headquarters in Rome. While we did not conduct a full analysis of the report—focussing instead on the often-hidden discursive dynamics that played out through the individual interventions in the consultative process—some points are worth noting as they relate to the three innovation sub-frames. Perhaps the biggest shift between the V0 and V1 drafts involved a repositioning of the issue of human rights and the emphasis on the issue of agency. While in the V0 draft, “rights based approaches” were positioned alongside eight other proposed “approaches to innovation” in sustainable food systems, including “climate smart agriculture” and “agroforestry.” In the final version, the authors shifted the framing of the report, positioning human rights as a master frame and demoting both agroecology and innovation, claiming “This report starts from the recognition of human rights as the basis for ensuring sustainable food systems” [emphasis added]. This could be seen in the report's call to add “the emerging concept of “agency” as a fifth pillar of food and nutrition security to capture the importance of people's participation in decision-making.” Such a move highlights not only a strengthening of the rights agenda in this arena, but also the attempt to counter the tendency of the innovation frame to flatten out policy discourse to make things like human rights equivalent to—in some cases co-terminus with—commercial choice and economic freedoms. Further, the report also placed the notion of “transformation” more centrally in final report, a point that has since been contentious with governments who are wary of the ramifications and commitments demanded by a rights-based framing of transformation. Here, again, adopting an innovation framing is much safer and non-threatening for governments.

The report's approach to technology also registered an attempt to respond to challenges made in the consultation phase. Within its recommendations was the urge to move beyond the “technological paradigm” which has “become increasingly incompatible with present and future expectations.” Elsewhere, however, there was still evidence of top down approaches to “technology transfer mechanisms” which, while focussed on “technologies in agroecological and other innovative approaches,” were still framed in terms of technology “adoption […] by farmers/producers” rather than prioritizing innovation with these actors.



After the Scaling Agroecology Process and the HLPE Report

Ultimately, the efforts in the 5 years leading up to the launch of the HLPE report marked a substantial opening for agroecology. On the one hand, there is evidence that the re-framing efforts have watered down and depoliticized the radical agroecology being advanced by social movement actors (Giraldo and Rosset, 2018). On the other, actors in the UN discursive space, including in the final HLPE report, have pushed the boundaries, arguing for food system transformation, and framing of agroecology in a way that reflects many of the tenets of food sovereignty (Loconto and Fouilleux, 2019). This has also resulted in deliberate promotion of specific transformative elements in civil society and government spaces, leading to further research, advocacy, and programming at multiple levels. The FAO's Scaling Up Initiative has included the allocation of institutional budget in FAO to agroecology with dedicated staff, the development of a global tool for monitoring agroecology (called TAPE), amongst other concrete benefits.

That said, it is also true that these successes have also met a significant backlash by proponents of the status quo and there are now moves to attack, discredit, and exclude agroecology in the UN system. Firstly, the US government continued to obstruct the HLPE report after its release, blocking the utilization of the findings in the Food Systems and Nutrition Guidelines and also objecting to the appointment of the Iranian Permanent Representative as the Rapporteur of the Policy Convergence on the HLPE report. This essentially blocked and delayed the actual implementation of the results, “undermining well-established and agreed-on procedures and protocols of the CFS” (Agroecology Working Group of the Civil Society Mechanism of the UN Committee on Food Security., 2019). Eventually, under pressure from other member states, the US conceded, and the rapporteur was able to advance the policy convergence.

Secondly, while the HLPE report ended up being clearly focused on the need to support agroecology and a food system transformation, the policy recommendations developed during the policy convergence watered down the messages of the report (Committee on World Food Security, 2020). While the HLPE report incorporated many points that would indeed support agroecology (e.g., shifting funds to agroecology research, supporting cooperatives, etc.), the overall call for food system transformations based on an agroecology approach were substantially diminished. The positioning of “agency” and rights was decentred. Where human rights are invoked, there aren't calls to guarantee or to enforce human rights, but rather to “recognize,” “respect” or “promote” (Civil Society Mechanism for relations to the Committee on World Food Security (CSM), 2020). Further, despite a clear distinction in the HLPE report that agroecology was a vital approach that stands apart from “other innovations,” the recommendations make generalized calls to support “agroecological approaches and other innovations.” The policy recommendations thus continue to call for many of the business-as-usual approaches critiqued in the actual report, including approaches that “optimize agrochemical usage.” It positions agroecology as a complimentary approach to tweaks to conventional agriculture, sustainable innovation, climate smart agriculture, and other approaches that were argued in the HLPE report to be largely incompatible.

Third, at a broader level, the strong assertation of a rights-based and food sovereignty-based agroecology prompted a strong back-lash by proponents of green revolution style agricultural development. For example, the USA Permanent Representative to the United Nations Agencies for Food and Agriculture in Rome Kip Tom has made claims that the FAO has been co-opted by European NGOs, “spreading mis-information” about GMOs and pesticides, and disparaging approaches to agriculture that don't conform to “American values.” Using this platform he has made arguments for “the innovation imperative,” which positions “progress and innovation as obvious goods” which he describes as the acceptance of American values and technologies (Tom, 2020). In similar move, the Gates Foundation-funded “Cornell Alliance for Science,” whose main mission is to promote biotechnology in Africa, has also attacked agroecology as anti-science and irrational, claiming that it denies farmers the rights to access innovations, and in contrast, adopts an individualistic market-centered approach to rights (Conrow, 2020).

Finally, In October 2019, the UN Secretary-General's official announced a World Food Systems Summit to be held in New York in 2021. This major global summit aims to secure global commitments to address hunger, diet-related health and the environment. It is to be led by the World Economic Forum and has been widely critiqued for choosing a champion of biotechnology to chair the event. Although there are references to “multi-stakeholder” participation, the role of civil society and the issue of human rights have been effectively marginalized (Fakhri, 2020). Such events combine to remind us that while progress can be made shaping particular discursive arenas, the broader discursive landscape must also be considered. Indeed, more than simply being hostile, gains within specific discursive arenas can even prompt significant backlashes in the external environment. At time of writing the extent and impact of this 'reaction' remains to be seen.




CONCLUSIONS

Agroecology is being presented as an alternative vision of food and farming and, indeed, is gaining traction in local, national and global discourse. It is, however, a hotly contested term and its meaning and potential is being constructed through the interactions of a wide range of actors with different political agendas. Our study probed the ways that the innovation frame was mobilized in the United Nations debates on agroecology. We found that innovation can serve to contain and co-opt the transformative potential of agroecology (Anderson et al., 2019), and was intentionally mobilized by detractors of agroecology for that very purpose.

Although the ecological principles that underlie agroecology are critical, it is the emphasis on the collective knowledge, rights and agency of the most affected that separates agroecology from production-oriented proposals like climate smart agriculture and sustainable intensification (Pimbert, 2017). As a perspective rooted in the logic of increased production and technological modernization, our study showed how the innovation frame routinely overlooks and diminishes the social agency of individuals and communities—or as the HLPE themselves define it, the ability to, “define their desired food systems and nutritional outcomes, and to take action and make strategic life choices in securing these” (HLPE, 2019).

We identified three sub-frames of the innovation frame that played out in the discursive arena of the FAO. These focused on innovation in relationship with: evidence; technology; and rights. Within each of these sub-frames, it is clear that there were competing poles which can be understood through the lens of agency. On the one end, innovation is used to reinforce dominant conceptions of agency—overwhelmingly those exercised by individuals through markets—in ways that maintain the political status quo. On the other pole, proponents of agroecology put forward a counter-discourse for the collective rights and agency of the “most affected” as the basis for agroecological innovation (Figure 1). The agroecological approach challenges many of the assumptions that are bound up in the innovation imperative including: the centrality of agribusiness, the hegemony of abstract indicators, the notion that technology is the most important form of innovation and the casting of food producers as end-users or consumers. Centring the collective protagonism, voice, agency and autonomy of food producers and their communities in decision-making on the governance of food systems is a radical shift that is by in large side-lined by the innovation imperative.


[image: Figure 1]
FIGURE 1. The sub-frames of the innovation frame have both a “counter-pole” that centers the collective agency of people and a dominant pole that decenters people's collective agency.


The role of the innovation frame in undermining collective agency, and thus the political aspects of agroecology, might not be that surprising given its “Schumpeterian” origins and linked innovation systems in capitalist and neoliberal economics. The word innovation is used by many different actors for contrasting purposes, yet over almost a century of common usage, the term has become the friendly face of aggressive competition and freewheeling technological modernization. The innovation framing has consistently foregrounded the advantages to be gained by inventors, innovators, and intellectual property rights holders, while downplaying or masking the often-dire social and ecological consequences of technology, largely borne by the most disadvantaged. This dynamic continues to play out in deleterious ways in global food systems and beyond. To this end, we recommend that advocates of agroecology—and other holistic, political, and radical proposals for change—avoid the innovation frame in debates on policy, research, and visioning for the future, wherever possible. Where it is unavoidable, understanding the discursive dynamics across the sub-frames outlined in this article (Figure 1 for summary) can help understand, contest, and propose alternatives to the problematic dominant framing typical of mainstream innovation discourse.

Like sustainable agriculture, organics, and other related terms that have had their day in the sun as candidates for framing transformative change in the food system, the transformative thrust of “agroecology” is not a given. In many cases, concepts that have been initiated in a transformative perspective become warped and re-molded as they gain prominence and institutional uptake. This article highlights the framing of agroecology innovations as a potential strategy for undermining collective politics and the reassertion of a market fundamentalism. Re-centring collective agency as the basis for evaluating innovations is a seemingly subtle, but vital, discursive maneuver being led by social movements, and a strategy that has already led to important outcomes in the FAO for agroecology. While recent attacks on agroecology outside the HLPE discursive arena should cause real concern, substantial gains have been made to bring radical arguments into these institutional spaces and to make both discursive and material gains as a result.

Innovation—often framed as novel technologies, transferred to users, to increase yield and profit—is an imperative only from the perspective of those fastened to the treadmill of expensive and privately-owned technologies. In this article, we intended to unveil the oft-hidden politics which lies beneath the language of innovation, and the power and erasure that occurs through the demands of the “innovation imperative.” Whereas, agroecology has been advanced as a radical alternative to industrial agriculture, the innovation discourse often undermines its potential. A more pressing imperative today is to adopt a language and practice that enables us to escape from the discursive and material hold of industrial agriculture. These political discursive strategies and struggles are one key aspect of the desperately needed societal transformations that foreground the collective rights and agency of food producers and citizens ahead of the profit motive.
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The current framework of agroecosystem (AES) knowledge focuses on a systemic approach or static structures rather than on dynamic processes that are defined historically. The hypothesis is that agroecosystems are the product of the interdependence of a diversity of actors (present and absent) and, therefore, constitute complex social interfaces, which, in order to address them, require a new understanding of the centrality of the actors and their capacity for agency. Then, regarding this complexity, some aspects are not clearly defined in the systemic approach which need to be more explicit such as: (a) the implicit psychosocial aspects and (b) the relationships with their social environment, how these affect them and are affected by them. The purpose of this document is to suggest a theoretical and conceptual approach to correct these unclear areas. First, the centrality of actors (including their agency capacity) in the AES is recognized. Besides, their interdependence with the diversity of actors (present and absent) and therefore the need to analyze the AES complex social interfaces.
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INTRODUCTION

Agriculture is a key development, mainly for food production, for its origin and its effects on the population and society (Sarker, 2017). It is a complex activity that involves (1) the production of food and fiber (based on technological factors, natural resource endowments and capital impulses), (2) processes linked to the effects it produces on societies and ecosystems (Sicard, 2009). According to Gallardo-López et al. (2018), this refers to a complex society-nature relationship. As social actors become relevant, the challenge is to generate new ways of seeing and researching agriculture to consider disciplinary interfaces (Gallardo-López et al., 2019).

This complexity is accentuated in the modern age because farmers are operating in an increasingly complex and rapidly changing environment. They must balance conflicting demands involving social, political, economic, technological and environmental aspects (Hendrickson et al., 2008). Thus, this involves the traditional agrarian mode (peasant) and the agro-industrial mode (conventional) as two ways of conceiving, managing and using agroecosystems (Martínez, 2004). Furthermore, it implicates aspects related to increasing food productivity, resilience to climate change and reducing carbon emissions. In agroecosystems, unequal power relations, inequality and social injustice must also be taken into account and included in the policy and practice of agriculture (Chandra, 2017).

In fact, it is important to consider that an agroecosystem is both ecologically and socially important and that a genuinely transformative change in our food and agricultural systems is based on social and political change. Agroecology is here, the action-oriented approach to participate in this process (Gliessman and Ferguson, 2021). This involves several transitions at the social, biological, economic, cultural, institutional and political levels (Tittonell, 2019; Tittonell et al., 2020). It should be noted that agroecological science was originally developed by applying ecological principles to agricultural systems and then, by integrating social and political aspects that affect production in agriculture (Mason et al., 2020). Today, agroecology provides a path toward a new agriculture, one which goes beyond the routine of pesticides, enriches the matrix of nature and revitalizes and creates alternative systems of production (Altieri and Nicholls, 2020). According to these authors, it is evident that current and future agroecosystems have multiple challenges and the vision and transformative action needed to achieve such challenges lies in social change.

However, after analyzing the origin and evolution of agroecological science and its unit of study, agroecosystems, social aspects are later incorporated and still addressed as non-dynamic and ahistorical structures –as will be explained in the next section. In addition, contemporary research in AES focuses on increasing agricultural productivity disregarding the relevance of social aspects (Gallardo-López et al., 2020). Principally the psychosocial aspects implicit in agro-ecosystems (AES), their approach, as well as the relationship with the environment which affect and are affected, are not clearly defined. Therefore, this theoretical and conceptual proposal is suggested to address these unclear areas. The central hypothesis is that agroecosystems are the product of the interdependence of a diversity of actors (present and absent) and therefore constitute complex social interfaces, which require a new understanding of the centrality of the actors and their capacity for agency. Therefore, this document aims to provide some preliminary theoretical and conceptual considerations to address social interfaces in agroecosystems. Initially, the implications on the evolution of the agroecosystems concept are discussed. The centrality of actors is analyzed from an actor-oriented approach followed by the concepts of agency and social interfaces. Finally, the psychosocial and relational processes are understood in the context of the complexity of the AES.



IMPLICATIONS FOR THE EVOLUTION OF THE AGROECOSYSTEM CONCEPT

Although this work is not intended to provide a historical overview of the concept of agroecosystems (AES), it is important to review the approaches used to show the implications, scope and limitations of such evolution. Initially, agroecosystem concepts considered the components and functions of natural ecosystems, including local knowledge and production strategies based on ecological principles (ecological pest management, crop association and agroforestry systems) (Altieri, 1999; Gliessman, 2011). Then, it was framed in the systems approach and its main contribution was the application of the concept of hierarchies allowing the identification of different levels of agroecosystems (plant, crop, farm, region and larger scales) until transferring to a broader vision systems including ecological, economic and political aspects which recognizes the leading role that farmers that (Gallardo-López et al., 2018).

The concept of agro-ecosystems evolved along with systems thinking to complex systems thinking as described by Casanova et al. (2016). The authors mention that complex systemic thinking provides radical approaches to understand contemporary agricultural problems, but they have been ignored due to the scarce theoretical reflexivity, and the predominance of an analytical and empirical approach. Systems thinking has developed integrated analyses that favor the study of the components of the AES but not their interdependencies, hence it prevents them from being understood as a whole. In this sense, although even from the systemic conception, Gallardo López (2002) considered that the agroecosystem is a system which is a, product of the relationship between human and nature in which structure there is a socioeconomic component (the producer and his family) and another productive component (the farm).

Other concepts explicitly consider the complexity of the agroecosystem. In this regard, Sarandón (2014) mentions that agroecosystems are complex systems with biological components that have been distributed in time and space, interacting with socio-cultural components (objectives, rationalities, knowledge and farmers' culture). The complexity is determined by their components and the interrelationships between them within a management framework in which the human being is intimately inserted in a socio-cultural context that determines the way one makes his decisions. In line with this, Cruz-Bautista et al. (2019) conceptualize the agroecosystem as an abstraction or a cut-out of the agricultural reality, which is managed by a controller who makes the decisions concerning its structure and functioning.

From its practical notion, the agroecosystem is situated in an analysis toward the redesign of agro-ecosystems that work on the basis of a set of ecological principles. These comprise interaction, complementarity, and relationship in systems that provide the capacity to resist the problems that industrial agriculture controls with an impressive variety of inputs and practices (Gliessman, 2012). These principles are based on physical and biological aspects considered from the initial conceptions. From this perspective, Josol and Montefrio (2013) consider agro-ecosystems from the concept of resilience to analyze their response to external changes. Moreover, the authors claim that exposure to low-level disturbances promotes heterogeneity in the landscape and promotes renewal and reorganization within the system. It is important to emphasize that the most recognized and accepted literature uses the agroecosystem as a scale of analysis in agroecology (Gallardo-López et al., 2018) and that the conjunction of the agroecosystem and agroecological practices is called a mixed conception (Fernández González et al., 2020). The authors indicate that in this mixed conception, there is no unanimous understanding of transdisciplinary approaches and few studies investigate their implementation. Mason et al. (2020) propose analyzing the social and political problems affecting production agriculture and incorporating knowledge from various sources. However, they refer to the agroecosystems as studies conducted in the tropics with a focus on crop production and biodiversity.

There are also reflections on the analysis of agroecosystems with emphasis on autopoietic social systems. From this theoretical-conceptual perspective, the agroecosystem is a conceptual model that represents the agricultural reality, whose psychic system (producer) is the recipient of the autopoiesis of the agricultural system. Autopoiesis which is fed by the information that is communicated to it through the mass media (radio, TV, written press, internet), symbolically generalized media (money) and by the interaction systems (conversations held between two or more producers, producers and technicians, producers and institutional representatives, etc.). Such interactions provide them with new and valuable information that is used as a reference in decisions regarding the management of their agroecosystems (Casanova et al., 2016). It is also a model that represents the effects of autopoiesis, that of “subsistence, transitional and commercial production” systems. An approach that makes it possible to understand why a series of management practices are used by producers to modify ecosystems located in different geographic spaces for the purpose of producing food and raw materials (Casanova-Pérez et al., 2015).

While these abstractions recognize the farmer as a psychic system, in practice they place he as a passive subject who receives external information to be able to manage decisions in the agroecosystem. For this reason, it is needed to show a broader notion of people's behavior, mainly as active subjects with the capacity to construct their own reality, in line with what has been called in development sociology as the “Actor-Oriented Approach” (Long, 2001). Thus, it is necessary to first understand why they do what they do (Cittadini and Pérez, 1996).

Therefore, to identify and solve problems of the object of study of agroecology (nature-society relationship) such as agroecosystems, a greater dialogue between the abstract and the empirical is suggested. It is still pending the understanding of agriculture from different perspectives oriented to the use of paradigms in which the social actors, their development and the impacts of their social tasks are considered the main axis of the study (Gallardo-López et al., 2018). The lessons learned from this analysis concern this look toward complexity with the purpose of responding to the problems of the current and future agricultural reality through the concept of AES. It should not only be framed in the productive process, it must involve environmental, economic, social and political processes and certainly, the cultural context. A theoretical and conceptual evolution of the concept of AES is evident, which is supported by the contributions of the various authors cited in this section. However, this evolution is centered on a systemic approach or static structures and not on dynamic processes that are defined historically. In this current framework of agroecosystem knowledge, the assumption that agroecosystems are the product of the interdependence of a diversity of actors (present and absent) and therefore constitute complex social interfaces becomes relevant, and that in order to address them it is necessary to recognize the centrality of the actors and their capacity for agency. Therefore, within the approaches from the perspective of complexity, there are still aspects that need to be made explicit, mainly related to the implicit psychosocial aspects and the relationships with their social environment that affect and are affected.



THE CENTRALITY OF THE ACTORS IN THE AGROECOSYSTEM

As it was mentioned above, these psychosocial processes need to be focused on the actors. In order to do this, it is important to clarify the notion of actors and to recognize that farmers, and the actors with whom they interact, are social actors with agency – this is further explained –. The main purposes of actor-oriented methodologies are to clarify how actors attempt to create space for their own “projects” and to determine what elements contribute to or impede the successful creation of such room for maneuver (Leeuwis et al., 1990). The actor-centered approach developed by Long (2007) is used to explore how social actors, whether local or external, engage in intertwined battles for resources, meanings, control and institutional legitimacy in particular arenas. It implies a vision of social construction of change and continuity in which a society through actions and perceptions transforms a world of diverse and intertwined actors. It is characterized by being more dynamic –a counterpoint to structural analysis– since it helps to understand social change, it emphasizes the interaction and determination of internal-external factors and relationships, and recognizes the central role played by human action and consciousness (Long, 1990).

Social actors are all those social entities that can be said to have agency, in the sense of the capacity to know and assess problematic situations and to organize “appropriate” responses. These entities can take a variety of forms: individual subjects, informal groups or interpersonal networks, organizations, groupings, and what sometimes are described as macro actors (e.g., the government of a particular nation, a church, or an international organization) (Long, 2015a, p. 77–96). By emphasizing the voices and experiences of individual actors and their own knowledge of development and modernity, one can focus on the local, everyday practicalities of making a living and how people defend them (Turner, 2012).

A variety of social actors interact within the AES. Some are local, such as the farmers themselves, local authorities, associations and organizations. External actors, some acting locally, such as technicians, buyers, distributors, policy implementers, and other external acting in broader spheres, such as international organizations, the state, programs and projects designed in the governmental spheres. Although there may be other actors, this only shows an example of how a diversity of actors intervene in agroecosystems, all of them with the capacity for agency. If we talk about actors, we recognize the AES can be referred to as psychosocial processes from an actor-centered perspective. Therefore, this perspective requires a detailed ethnographic understanding of everyday life and the processes by which images, identities and social practices are shared, discussed, negotiated and sometimes rejected by the various actors involved (Long and Liu, 2009). Thus, focusing on the actor makes it possible to analyze the way in which different social forms develop, in the same or similar structural circumstances, that affect the way actors try to face or cope with certain situations (Roldán-Rueda, 2020).

This perspective supports the development of an empirical approach to psychosocial aspects in agroecosystems, taking into consideration the concept of human agency as a core part of this actor-centered perspective. In this way, it is proposed that AES are the product of a set of intertwined agencies; being conceived as a set of social, cultural and material elements, centered on the actor and rescuing the lived experience of the actors (Long, 2007). An important methodological guideline of the actor-oriented approach is to identify relevant actors without starting from preconceived notions of uniform actor categories or classes. Then, following this approach, the situated social practices of the actors are ethnographically documented including the way in which social relations, technologies and other resources (such as discourses and texts) are deployed (Hebinck et al., 2001).

Thus, if we take into account the technologies and material resources that are explicit and tangible in the agroecosystem, it is necessary to return to the notion of Actants. Long (2015b) in his work “Activities, Actants and Actors: Theoretical Perspectives on Development Practice and Practitioners” mentions that only actors are able to put actants into circulation. The precursor of “actants” was Latour (1996) who defined a symmetry of human and non-human components, showing how technologies, discourses (verbal and non-verbal) and other texts, material resources, symbolic elements, government policies, and human and non-human ways of life enter the development scene. In short, actants encompasses human actants (individuals and groups) and non-human actants (things, machines and other organisms) (Larrión, 2019). Therefore, discussing agency will not only include the actors present in the agroecosystems but also explicit tangible aspects such as seeds, fertilizers, machinery, irrigation systems, credit and development programs, to mention a few.



PSYCHOSOCIAL APPROACH IN AGROECOSYSTEMS

For the psychosocial approach in AES the essential element is the concept of agency as mentioned above. According to Long (2007), the notion of human agency is based on an anthropological and historical vision and the contribution of micro-sociology that touches the sphere of everyday life and it considers the influence exerted in this sphere by actions at the macro-social level. Long takes up the concept of human agency from the structuration theory of Giddens (2011), for the latter author, agency is the capacity of individuals to act independently and make their own choices freely.

In Norman Long's actor-centered approach, agency refers to the knowledge capacity, capability and social integration associated with acts of doing (and reflecting) that impact on or shape oneself and the actions and interpretations of others. Individuals or networks of individuals have agency and they can attribute agency to different objects and ideas which shape what actors see as possible. Agency is composed of a complex set of articulated social, cultural and material elements (Long, 2015a). In the attribution of agency to objects and ideas and the presence of material elements, the idea of actants explained in the previous section is taken up again. Long indicates that only actors are capable of putting actants into circulation. In this sense, agency implies the generation and use or manipulation of networks of social relations and the channeling of specific elements (such as demands, orders, goods, instruments and information) through nodal points of interpretation and interaction (Long, 2007).

It is also characterized by highlighting the main role of the individual as a social actor with the capacity to understand, interpret and question the macro-structures and dominant trends of Western development models –characterized by being exclusionary, authoritarian and, in general, designed in the bureaucratic spheres of the state, national and dominant elite –(Romero et al., 2012). Agency implies that social actors act according to their own interpretations of the situation and thus, assert their own normative values and goals, often through strategic actions (Landini et al., 2014a).

Recognizing that social actors have agency, social processes within AES are constituted by a series of psychosocial elements resulting from the relationships between the diversity of actors involved. This evidences local actors as active participants in development (not passive subjects). Agency helps to understand that the ways of doing and acting of local actors are based on their knowledge capacity (Long and Long, 1992). In other words, they make decisions according to their value preferences and the accumulation of available knowledge, resources and relationships. The farmer is seen as an active strategist who problematizes situations, processes information and gathers the necessary elements to act (Long, 2007). This main role shows how while interventions seek to assimilate their interests and practices, actors block, appropriate and assimilate them and in turn are mediated and transformed (Ye et al., 2009).

The intention of this work is to analyze psychosocial processes and this requires the inclusion of a psychological approach. This bridge between the social and psychological suggests an enriching and current approach to the recognition of social processes, material determinations, knowledge and technologies, all of which play a fundamental role in the context of rural development (Landini et al., 2014b). If agency goes beyond the local sphere, the complexity in these processes is recognized. Since the capacity for agency makes individuals try to solve problems and learn how to intervene in the flow of social events around them, they formulate and actively pursue their own development projects. Their plans may sometimes conflict with the interests of the people developing the external interventions or projects (Cieza and Vega, 2020).

An example that facilitates the understanding of agency is about the actors involved in the conservation of creole seeds. They have a list of factors that guide their choices and positions, which go beyond merely productive or external influences, and counteract the idea that socio-technical impositions reach all farmers homogeneously. Many farmers have biodiverse systems, i.e., agroecosystems in which the combination of social and organizational systems with productive systems of different species and varieties are important strategies to satisfy the different uses and needs of the families (Campos and Soglio, 2020).

This complexity in terms of a more or less rigid organization of elements and processes (both human and non-human) it is articulated at different levels and observable from different angles or scientific disciplines. It shows that these elements, processes or levels may be salient or more decisive in different situations or in regard to particular analyses, objectives or interests (Landini et al., 2014b). Considering that the AES are located in defined rural territories, it is useful to distinguish between these two types of contexts. The first is the spatial context which refers to extra-local or general (national or international) processes that have a discernible impact on the local processes under study, both at the psychosocial and non-psychosocial levels. The second is the non-psychosocial context which refers to non-psychosocial, local and extralocal factors (such as the economy, political structure and types of land tenure and agricultural technology) that have a psychosocial impact on our area of study. Therefore, this proposal places AES in the model of Agency and psychosocial processes in the context of the complexity proposed by Landini et al. (2014b) (Figure 1).
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FIGURE 1. Agency and psychosocial processes in the context of the complexity of agroecosystems (modified from Landini et al., 2014b).


It is recognized that psychosocial processes are articulated with socio-political, economic, biophysical realities or levels of analysis and how they can be integrated or combined with the concepts of agency and strategies as indicated by Landini et al. (2014b). In this regard, the agroecosystem is situated as part of the complexity that encompasses the biophysical reality and the psychosocial processes where the local actors are situated. It is acknowledged that the agroecosystem is not restricted to this alone, but that the economic and socio-political levels of analysis cause a dynamic among the actors involved and that each exerts some degree of agency (Figure 1). They can include technological elements such as seeds, fertilizers, machinery, irrigation systems or symbolic elements implicit in credit and development programs, among others. Thus, it is important to understand the psychosocial processes in the agroecosystem in terms of social interfaces of multiple actors and non-human actors, which will allow for processes and power relations in the dynamics of interaction.



SOCIAL INTERFACES IN AGROECOSYSTEMS

There are interactions of a range of different actors, not only between the actors present in certain face-to-face encounters, but also among those absent who nevertheless influence the situation and thus affect actions and outcomes (Long, 2007). In this regard, Long points out that the social interface constitutes a node that makes it possible to analyze situations in an integrated manner in their heterogeneity and dynamism and to compare phenomena that are often thought of independently. It is a way to organize the study in a procedural sense to finally have a dynamic vision of all the social actors.

Therefore, this proposal considers that agroecosystems are the product of the interdependence of a diversity of actors; therefore, they constitute complex social interfaces. The social interface is conceptualized as… “a critical point of intersection between different lifeworlds, social fields or levels of social organization where social discontinuities, based on discrepancies in values, interests, knowledge and power, are most likely to be located” (Long, 2007).

It also considers areas of knowledge and interaction that intertwine the perspectives of a great diversity of actors (state, non-governmental, the beneficiary population, providers of credit, technologies, machinery, tools and inputs). In other words, a field socially constructed on the basis of conflict and negotiation, in which the distribution of resources and the legitimization of the intervention processes of the different actors are defined (Feito, 2007). Pertaining to the above mentioned notion, social interfaces not only refers to whether perspectives, experiences and worldviews differ among the actors involved, but also how these encounters are shaped by unequal power relations, a now common approach in development cooperation (Gerharz, 2018).

Thus, the social interface is a conflictive space in which different frameworks of meaning are articulated and allows addressing the complex processes of appropriation, translation and reconfiguration of knowledge and recommendations that occur in this connection. It is relevant to consider that knowledge is a cognitive and social construction resulting from the experiences, encounters and discontinuities that arise at the points of intersection between the lifeworlds of different actors (interface). Then, the importance of interface analysis is to highlight the knowledge and power implications in this interaction and the mixing or segregation of opposing discourses (Landini et al., 2014b).

“The concept of interface, is not simply there to represent the ability of ‘structures’ to functionally reproduce themselves or accommodate increasing incompatibilities, but to identify the potential of different actors to innovate and thus create the conditions for people and resources to realign themselves in different combinations” (Long, 2015b). Interfaces are characterized by discontinuities in interests, values, power and their dynamics involving negotiation, accommodation and the struggle for definitions and boundaries (Long and Villarreal, 1993). According to the authors, a detailed study of interfaces provides important information on the processes by which: (a) policy is transformed, (b) how forms of power are generated, (c) how room for maneuver is created by both interveners and their beneficiaries, and (d) people are enmeshed within the projects of others through the use of development metaphors and images.

Social interfaces, however, extend beyond the rationalities of smallholder farmers to include the priorities and perspectives of various relevant development actors. Thus, they examine what happens when actors play different roles, have different identities, and exercise power in different ways (Tobin and Glenna, 2019). If the elements of the actor-centered perspective theory, agency and social interfaces are considered to understand the complexity of agroecosystems, it is necessary to deconstruct the elements located within the systemic approach in which the evolution of the AES concept is framed. If these processes are recognized as dynamic, we must focus on the practices and daily life of the actors.

According to Long (2007), social actors should not appear as mere disembodied social categories (based on class or some other classificatory criterion) or passive recipients of interventions. Rather, they should be seen as active participants who receive and interpret information and design strategies in their relations with the various local actors, as well as with external institutions and their staff. These approaches are contrary to what has been worked on with respect to agroecosystems and the implications of the evolution of the concept in this work.

Mainly when considering farmers as passive subjects that receive external information to be able to make management decisions in their agroecosystem or considering them as categories to organize their social life (e.g., producers categorized as self-consumption, transition and commercial strata). Now, if we visualize in practice how the concepts of agency and social interface are articulated in the AES, we have that agency shows the actors' strategies and discursive encounters. Moreover, due to the actants, actors put into circulation, as mentioned above, interfaces which implies encounters between actors and between technologies and material resources.

Certainly, in agroecosystems, the social interface is an opportunity to no longer look only at static structural elements but at changes, adjustments and readjustments, which in practice means that in the AES:

1) Diverse local and external actors (not only farmers) interact, with agency capacity.

2) Social actors are active participants. They are not passive subjects in agroecosystems and development processes.

3) Social actors sometimes share common objectives but in many cases they are opposed to each other.

4) Interaction between actors are not simple relationships, they involve complex social interfaces, where different frameworks of meaning are articulated and complex processes of appropriation, translation and reconfiguration of knowledge can be understood.

5) They are constituted by complex social processes of interaction of a multiplicity of actors, so understanding farmers' practices requires a broader vision that considers macro-structures that impose agency at the local level, and e.g., the market, the state, planned development interventions.

6) Making the psychosocial elements visible helps to understand the relationships of the actors with their environment that affect and are affected by them.

7) Farmers' management decisions have to do not only with monetary values or production purposes, but also with implicit psychosocial elements that determine “why they do what they do.”

8) The central elements in their social interfaces involve understanding the values, interests, knowledge and power of the actors involved.

9) It is relevant to consider the learning processes within the link between actors: farmers with technicians, policy designers and implementers, researchers, development agencies and a diversity of other actors.

10) Agricultural technologies, material resources and symbolic aspects implicit in development programs, credit -to mention a few- are actants that the actors put into circulation and form part of a set of interwoven agencies. These actants are transmitted by the actors and they are part of a set of intertwined agencies.

From these elements emerges the question: How can we visualize these elements within the AES? Methodologically, the following should be analyzed: farmers' practices, their encounters with technicians and extensionists, and the transactions (not only monetary) they carry out with marketers and collectors of their products. Besides, how they interact with the implementers of programs and projects planned by the State, organizations and institutions. At the same time, how the decisions of the State and the market exert political agency which is inserted in the daily life of local actors. All this represents, to a greater or lesser extent, the complexity of agroecosystems. Moreover, it should be emphasized that from this perspective, detailed ethnographic work is required to understand all these processes.

The ethnographic work “aims to elucidate internally generated strategies and processes of change, the links between the small worlds of local actors and global phenomena and large-scale actors, and the decisive role played by diverse and often contradictory forms of human action and social consciousness in the making of development” (Long, 2007). Ethnography, then, is a strategic process in which the researcher acts connecting experience and knowledge about the method with creativity and personal commitment. It is also a multitechnical strategy that achieves scientific rigor as it allows the emergence of the principles of creativity, systematicity, transparency and empirical reference (Nawrath, 2010). In consequence, we achieve a configuration of cultural contexts that takes into account the subjectivity, change and multilocal dynamics they hold and places us in a perspective that takes into account both the subjective and the social practices of the communities we investigate (Puentes, 2015).



DISCUSSION

From the actor-oriented approach, the social aspects of agroecosystems are not limited to farmers alone. But to a whole diversity of present and absent actors that operate in the social, cultural, political, economic, technological and environmental spheres. In addition, a series of aspects of social disorder rather than order are unraveled, showing the contradictions in social processes, as opposed to being interpreted as apathy in accordance with the dominant vision of progress that pretends to show a series of positive aspects and hegemonic character.

It is important to highlight that the predominant approach is oriented toward a problematic vision that evidences that the conception of agroecosystems is based on modern western rationality, centered on agriculture as a paradigmatic, manipulable and factory construct that considers the subject as an instrument that can create and manage it (Lugo Perea and Rodríguez Rodríguez, 2020), in other words, a Modern technical-scientific rationality that triggered the ecological and environmental crisis that encouraged its emergence (Sarandón, 2019). Even with these limitations, agroecological research and its object of study, agroecosystems, have now incorporated the social, economic, cultural and political factors that guide the path of the pluriepistemological character that is not very visible in the epistemological status of agroecology (Gallardo-López et al., 2019).

The challenge is still great, if we consider sustaining these visions from praxis. It seems that the guideline is to move toward the use of paradigms where the social actors, their development and the impacts of their social tasks in agriculture are considered the main axis (Gallardo-López et al., 2018). However, there are some important successes that consider agriculture as a social system that not only considers farmers, but also other actors that are related to them (Duru et al., 2015), the methodological scopes proposed by these authors focus on agricultural systems based on place and space, on the interactions between actors and on innovation processes that must be designed in a top-down manner. In this sense, we do not entirely agree, especially in the last aspect, since what we propose focuses on the actors and their capacity for agency, on relationships rather than interactions and on bottom-up processes that give protagonism to the actors in the local sphere. We clarify that we differentiate relationships from interactions because we recognize that agency requires the generation of relationships and guiding elements such as demands, goods, instruments and information through nodal points of interaction (Long and Villarreal, 1993). In this sense, the ten points we propose to address the social interfaces in agroecosystems are an opportunity that contributes to a new vision of agroecosystems from theory and practice.



CONCLUSIONS

This work shows that agroecosystems are the product of the interdependence of a diversity of actors (present and absent) and, therefore, constitute complex social interfaces, which require a new understanding of the centrality of the actors and their capacity for agency. The perspective centered on the actor, agency and the social interface was proposed as theoretical and conceptual tools to contribute to the understanding of these dynamic processes. They are principally related to psychosocial and relational processes in the context of the complexity of agroecosystems. Some initial considerations emerged from the analysis to visualize social interfaces in agroecosystems as well as some methodological guidelines which suggest a different approach to current approaches in the study of agroecosystems.
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There have been many calls for an agroecological transition to respond to food shocks and crises stemming from conventional food systems. Participatory action research and transformative epistemologies, where communities are research actors rather than objects, have been proposed as a way to enhance this transition. However, despite numerous case studies, there is presently no overview of how participatory approaches contribute to agroecological transitions. The present article therefore aims to understand the effect of applying participatory action research (PAR) in agroecology. We undertook a systematic review of articles reporting methods and results from case studies in agroecological research. On the one hand, our systematic review of 347 articles shows that the agroecological research scope is broad, with all three types—as science, a set of practices and social movement—well-represented in the corpus. However, we can see a clear focus on agroecology “as a set of practices” as the primary type of use of the concept. On the other hand, we found a few case studies (23) with a participatory approach while most studies used extractive research methods. These studies show that understanding the drivers and obstacles for achieving an agroecological transition requires long-term research and trust between researchers and farmers. Such transformative epistemologies open doors to new questions on designing long-term PAR research in agroecology when confronted with a short-term project-based society.

Keywords: systematic review, participatory action research, agroecology, transition, epistemic perspective


INTRODUCTION

For some decades, agroecology has been presented as a reliable alternative to conventional agriculture, even though the definitions vary significantly (Stassart et al., 2012). Agroecology is often seen as either a relatively standardized biophysical climate-soil-landscape framework that may benefit long-term agricultural production (FAO., 1996; Fischer et al., 2005) or a much broader approach to achieving sustainable food systems through ecological principles (Altieri, 1989; Francis et al., 2003; Gliessman, 2015). In other words, the term agroecology, which appeared primarily as a natural science field at the start of the 20th century, had its scope widened. Wezel et al. (2009) advocated that agroecology comprises three interlinked and complementary approaches: agroecology “as a scientific discipline,” “as a set of practices,” and “as a movement.”

Thus, the scale at which agroecology was being studied broadened from plots and fields to food systems and regimes, the latter intertwined with food sovereignty movements (Wezel and Jauneau, 2011; McMichael, 2014). More recently, the debate has centered on the politics of the agroecological transition and food system transformation versus agricultural conformism (Rosset and Altieri, 2017; Giraldo and Rosset, 2018). Indeed, food is at the center of social-political stability, and agroecology might provide resilience toward food shocks and crises (De Schutter, 2010; De Schutter and Vanloqueren, 2011; Pimbert, 2017; Rosset and Altieri, 2017).

Henceforth, research and discussion on agroecology have been enriched by questioning its scalability. Although several works have demonstrated the potential of agroecology as “truly sustainable” (Altieri and Nicholls, 2005; De Schutter, 2010; HLPE., 2019, Chapter 1), agroecology has still been to a lesser extent integrated into current agricultural public policy agendas (Migliorini and Wezel, 2017). Non-government organizations (NGOs) and academics promote agroecology in various international arenas such as FAO's Agroecological hub and the Scientific Society of Agroecology (SOCLA), but according to La Vía Campesina. (2018) efforts to develop public policies supporting peasant agroecology are still scarce. For this reason, some organizations and academics demand a radical change in the food research agenda and project funding: democratizing the research and steering agricultural extension funds to agroecological programs must be the foremost strategy to achieve the agroecological transition (Fernández, 2006; Pimbert, 2017; Barling et al., 2018).

To some extent, the FAO and the European Union have included aspects of agroecology in recent official agendas (European Union., 2017; FAO., 2018a). However, while there is some level of support for disseminating and scaling up agroecology at the country level, there is no consensus on achieving it. For example, within their distinct socio-historical contexts, several Latin American countries have dealt with agroecology at the policy level in various ways based on their visions of what constitutes (or not) agroecology (Sabourin et al., 2017). On the one hand, some call for the complete transformation of food systems, coined by the term “transformative agroecology.” On the other hand, some call for a “conformist agroecology,” which includes a portfolio of practices that congregate with other concepts, such as conservation agriculture and climate-smart agriculture (Pimbert, 2017; Giraldo and Rosset, 2018). Giraldo and Rosset (2018) mentioned that agroecology's multiple dimensions and definitions are the root causes of these divergences.

Agroecological approaches to food systems explain the dichotomy between transformative and conformist agroecology (Table 1). Conformist agroecology emphasizes the food security rationale and proposes agroecological practices as an add-on to the portfolio of “sustainable” practices, such as climate-smart agriculture or “ecological” intensification. From another perspective, transformative agroecology focuses not only on food sovereignty but also on food and nutrition security and promotes agroecology as an interconnection between science, practice, and social movements. In other words, agroecology is not solely a set of sustainable practices but a merging of approaches (science, practices, and movements) to achieve sustainable, equitable, and just food systems, while respecting ecological principles. Thereby, research on transformative agroecology would involve anthropological methods (e.g., to assess local knowledge, practices, and cultural values, and identify community priorities as part of bottom-up approaches), alongside the application of multiple scientific disciplines that encourage interdisciplinary methodologies.


Table 1. The dichotomy of agroecology worldviews (based on and adapted from Levidow et al., 2014; Giraldo and Rosset, 2018).
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Transformative agroecology requires a fundamental shift in knowledge production. Hence, researchers in agroecology should reorient methods supporting research results constructed through specific social contexts (Levidow et al., 2014). Such a positional shift means the inclusion of methodologies that promote the active participation of non-academic people in the research process. Participatory action research (PAR) facilitates such research co-design and activities through scientist-farmer alliances (Armitage et al., 2009; Bohensky and Maru, 2011; Huntington, 2011; Mauser et al., 2013) and has been discussed among the agroecological community (Fernández, 2006; Altieri and Toledo, 2011; Duru et al., 2015; Pimbert, 2017). It proposes mixed and pluralistic methods to improve understanding of the complexities associated with the transformation of agri-food systems (Chambers, 2015) and includes participatory methods in research cycles, which enable the assimilation of research design and outcomes by non-academics.

The rationales of PAR and transformative agroecology are closely related. The primary idea is to avoid the linear research typical in many research and development (R&D) projects in agriculture, in which the end process is knowledge/technology transfer (Levidow et al., 2014). Instead, PAR proposes a framework based on research cycles, in which communities are no longer a research object but become a research actor (Kindon et al., 2007a). Their participation in research aims at enhancing their self-determination and autonomy over the process (Kindon et al., 2007b; Fals Borda, 2013) by defining, in collaboration with the researchers, the research problem and the research design, and evaluating the outcomes expected. Framing research in such a way requires a highly sensitive and adaptive methodology and a philosophical/epistemological position that goes beyond classical agricultural science (Kesby et al., 2007; Kindon et al., 2007a; Fals Borda, 2013; Chambers, 2015). As Levidow et al. (2014) argue, democratizing research and increasing funds for PAR and agroecological research are needed, along with research design for autonomous learning and action.

PAR has been applied for agroecological implementation. For instance, Guzmán et al. (2012) demonstrated the rationale and the praxis of using a PAR framework to build local food webs in Spain. The experience exemplifies how to conduct PAR for agroecology with smallholders and presents a complete design of research phases with appropriate methods and participation levels. In a comparative study, Méndez et al. (2017) analyzed the lessons learned from two case studies integrating PAR and agroecology principles. They concluded that this methodological approach was essential for building long-term benefits of implementation via organized, constant, and trustworthy relations between researchers and the community.

Recent studies show the variety of PAR methods and instruments used for agroecological implementation. For instance, PAR opens space for role-playing games in multi-stakeholder arrangements to develop agroforestry landscapes supporting a collective plan for sustainable landscapes (Andreotti et al., 2020). Another example shows that a participatory guarantee system can support the agroecological transition in a local market network via PAR methods and principles (Chaparro-Africano and Naranjo, 2020). Thus, transformative methodologies, such as PAR, seem to be key to accomplishing the agroecological transition, particularly if it is to be upscaled. However, despite various case studies, there is no overview of how PAR has been included in agroecological research and the role PAR plays for the agroecological transition.

This article provides a systematic review to understand to what extent PAR is prevalent in transformative agroecology, and which of the different PAR epistemic approaches contribute to the agroecological transition.



METHODS

We searched two scientific abstract and citation databases to identify articles that describe agroecology case studies: Scopus® and Web of Science™. These databases were chosen as they include only peer-reviewed research and allow for systematic searches. We considered using other databases (CAIRN, Dialnet, DOAJ, HAL, Latindex, Redalyc, Scielo) to find more local case studies, but these were discarded as they included neither advanced research tool nor Boolean values (nor both) that allow systematic queries.

The query terms used were agroecolog* and case* stud*. The use of the wildcard “*” allowed including several wordings for each term. For the term agroecology, we employed three possible ways of writing it that may appear in the literature: agroecolog*, agro-ecolog*, and agro*ecolog*, separated by the Boolean operator “OR.” As the research query with sole agroecology resulted in many records (8313 in Scopus® and 6441 in Web of Science™), the choice of adding “case study” as a keyword was justified considering a systematic review. As Yin (2009) underline, case studies are an inclusive research design and permit various (mixed-) research methods. As such, the choice of using “case study” as keywords allowed us to have a representative sample of agroecological implementation research and methods used. In Scopus®, we typed query terms in the Title–Abstract–Keyword search field. In Web of ScienceTM, the terms were typed in the Topic search field, equivalent to the search field Title-Abstract-Keyword in Scopus®. We selected articles published until the 31st of December 2018. The queries in the two abstract and citation databases yielded 856 records.

We used the PRISMA statement to constitute the article database (Liberati et al., 2009; Moher et al., 2009). We conducted four filtering phases: identification, screening, eligibility, and inclusion (Figure 1). The screening consisted of an overview of the article's metadata, such as titles, type of documents, subject area, and authors. This phase helped us to ensure the first filtering of the database by removing duplicates (n = 246), records that did not meet peer-reviewed journal article standards (introduction, methods, results, discussion, conclusion; book chapters mainly, n = 45), records without any of the search terms in their title, abstract and keywords (n = 32) and records that were not in English, French, or Spanish (n = 31). As a result, we selected 502 records for the subsequent phases.
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FIGURE 1. PRISMA statement process undertaken for the selection of relevant articles. *22 records were annotated outlines; three records were literature reviews; two records were conceptual framework; two records were discussion paper; two records were editorial material; two records were about modeling without CS; one record was a forum paper; one record was a commentary; one record was a conference session summary; one record was a communication; one record was a dataset paper; one record was a Ph.D. thesis; one record was a review paper; one record was a synthesis; one record was a systematic review protocol.


The eligibility phase consisted of scrutinizing various article features to include the most relevant articles for the in-depth analysis. We filtered records that were not case studies (n = 40), not about agroecology (n = 62), not accessible (n = 6), and ones that were secondary case studies (i.e., relying exclusively on secondary data or reviewing case studies, n = 45).

It resulted in 347 articles to analyze primarily through a screening (see Table 2 and Supplementary Table S1). The articles referring to agroecology as agro-ecological zoning (AEZ) were included solely in the screening analysis (Database 1). AEZ defines an area's edaphic and climatic conditions for agricultural development purposes but does not provide any information about the interaction between agriculture and the broader socio-ecological food system. As such, most of the articles referring to AEZ do not use the meanings underlined by Wezel et al. (2009) but attribute the study area's characteristics through AEZ principles (see FAO., 1996).


Table 2. The analytical framework for analyzing extracted articles.
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The remaining articles were first analyzed by assessing the study area (continent, country, and region), the study's scale, and the academic disciplines involved. We mainly screened the titles, abstracts, and keywords to obtain information about these variables and coded articles in the database accordingly.

In a second step, we examined a set of articles (n = 145, Database 2) by screening the articles to highlight and code articles consistently with agroecological features, such as the type of agroecology (as a science, as a set of practices, as a movement) and the scale of agroecology (plot/field scale, agroecosystem, food system, food regime). Based on Giraldo and Rosset (2018), we also classified and coded the articles according to agroecological positioning, that is, their viewpoint on the agroecological transition (conformist or transformative).

The final step consisted of an in-depth analysis of case studies employing participatory methods (n = 23, Database 3, cells shaded in gray in Supplementary Table S1). By thoroughly reviewing the articles, we deepened the analysis on agroecological positioning and the participatory methods (i.e., inclusion of PAR or different methods), the rationale behind the method, and the epistemic perspective that the articles are engaging with. We mainly used Excel and R basic package for the descriptive analysis, chi-square analysis, and tables.



RESULTS AND ANALYSIS


Position on Agroecology in the Corpus

From all case studies selected (n = 347, see Table 3), 60% referred to agroecology as agro-ecological zoning, of which 202 articles were exclusively about AEZ (58%). A fair share of case studies focuses on agroecology as a set of practices (27% of overall; 64% of the articles without referring to AEZ). The proportion of articles referring to agroecology as a science or as a movement was similar.


Table 3. Type of agroecology referred to in the selected case studies.
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When crossing agroecological type and geographical location, case studies in Africa and Asia focus mainly on AEZ, that is, landscape zoning via agroclimatic conditions (Figures 2, 3 and Supplementary Figure S1). In comparison, case studies in the Americas and Europe, agroecology as a set of practices prevails. Hence, 22% of the articles (n = 21/95) conceptualize agroecology as a set of practices in South America and 13% in North America (n = 12/95). In South America, we found 45% of the articles addressing agroecology as a movement, with 60% of those in Brazil (Supplementary Figure S2).
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FIGURE 2. Regional location of case studies and the percentage of the agroecological type studied in each region. Distribution: North America (n = 23); Central America (n = 20); South America (n = 52); Europe (n = 68); Western Africa (n = 37); Eastern Africa (n = 54); Southern Asia (n = 42); South-eastern Asia (n = 27).
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FIGURE 3. Distribution of case studies according to the agroecological type and continental location. In the column heading, the gray bar represents the frequency of case studies on the continents. In the row label, the gray bar represents the frequency of case studies referring to agroecological type. Circles are proportional to the frequency of cases.


In the corpus, the scale of the case study related significantly to the agroecological type (Figure 4). For example, most case studies referring to agroecology as a science focus on issues at the field/plot level (agronomic trials, biological surveys, and laboratory analyses). In contrast, case studies referring to agroecology as a movement focus on a larger scale, such as the food system (78%). Agroecology as a set of practices is studied at all scales; nevertheless, most of those case studies (70%) focus on either agroecosystem (33%) or the food system (37%).
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FIGURE 4. Distribution of agroecological scale by the domain of agroecology considered in the articles.


The in-depth analysis shows more comprehensive positions that deepen agroecology's triptych as a science, a set of practices, or a movement. Above all, the primary justification for agroecology as a set of practices is that agroecology is a path for sustainable development (Holt-Giménez, 2002; Cools et al., 2003; Bergquist et al., 2012; Lanka et al., 2017; Ryschawy et al., 2017; Simon et al., 2017; van Niekerk and Wynberg, 2017; Stein et al., 2018; Bezerra et al., 2019). The rationale focuses on the diversification of techniques (praxis and technologies) that protect and respect local ecosystems, biodiversity, and ecologies (Holt-Giménez, 2002; Cools et al., 2003; Ryschawy et al., 2017; Simon et al., 2017; van Niekerk and Wynberg, 2017), but also the diversification of healthy food production (Bergquist et al., 2012; Stein et al., 2018). Furthermore, agroecological practices, via the ecological services generated, are shown to improve resilience to environmental degradation and climate change (Holt-Giménez, 2002; Rogé et al., 2014). Thus, agroecological practices are argued to improve sustainable livelihoods by restoring ecosystems and improving ecological services in agroecosystems (Lanka et al., 2017; Simon et al., 2017).

Besides studies demonstrating that agroecological practices improve sustainable livelihood via the preservation and use of ecological services and functions, other studies connect the different types of agroecology. Then, perspectives of agroecological praxis go beyond the portfolio of practices for sustainable agriculture. Practicing agroecology triggers new approaches to the food system via the design of the agroecosystem (Rogé et al., 2014; Ryschawy et al., 2017; Prost et al., 2018; Stein et al., 2018). This scope widens when practices reinforce cooperation between farmers, thus institutionalizing agroecological programs and strengthening community and family networks (Acevedo-Osorio et al., 2017; Lanka et al., 2017). Thus, agroecological practices become intertwined with social movements (or agroecology as a movement) through education and collective action (Guzmán et al., 2012; Rogé et al., 2014; Acevedo-Osorio et al., 2017; Bezerra et al., 2019).

Parallel to authors focusing on agroecological practices, the reviewed papers also indicated that agroecology as a movement supports sustainable agriculture (Holt-Giménez, 2002; Isgren and Ness, 2017; Stein et al., 2018). This line of thought considers that agroecology should empower farmers by realizing their influence in the food system (Tran, 2013; Rogé et al., 2014; Stein et al., 2018) and taking a significant part in food system decision making (Tran, 2013; Apgar et al., 2017; Misra, 2018). Agroecology is thus a movement that empowers small-scale farmers by increasing communitarian cooperation and subsequent autonomy (Holt-Giménez, 2002; Isgren and Ness, 2017; Lanka et al., 2017; van Niekerk and Wynberg, 2017). Thanks to such social empowerment, some authors suggest that agroecology diverges from conventional agriculture and “technocratic farming” (which focuses on food commoditization), and draws attention to structural problems in agriculture: input substitution, crop-livestock specialization, agrarian class conflicts, gender inequality, democratic processes (Isgren and Ness, 2017; Misra, 2018).

In turn, an agroecological transition is being proposed to restructure socioeconomic and political aspects in food systems to achieve a healthy, human-rights-based, and democratic decision-making process (Isgren and Ness, 2017; Misra, 2018). This relates closely to the food sovereignty movement that incorporates vital cultural significance into traditional knowledge and praxis (Wyckhuys and O'Neil, 2007; Acevedo-Osorio et al., 2017; Addinsall et al., 2017; Isgren and Ness, 2017; van Niekerk and Wynberg, 2017; Stein et al., 2018; Bezerra et al., 2019).



Use and Position of Participatory Methods

A balance of social science and life/natural science methods is applied among the case studies in our corpus. When comparing the agroecological types and methods (see Figure 5 and Supplementary Figure S3), we observed that case studies conceptualize agroecology as a set of practices or as a movement when the research focus was within the social sciences. In comparison, life/natural science methods were used in case studies conceiving agroecology as a science or as a set of practices.
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FIGURE 5. Distribution of case studies according to the type of methods applied and the field of agroecology conceptualized. The gray bar in column and row labels represents the frequency.


Ethnographic methods such as interviews (semi-structured and in-depth) and observations represent the majority (n = 84/145). Moreover, socio-econometric methods based on household surveys/questionnaires were well-represented, focusing mainly on the analysis of quantitative social phenomena.

One-sixth of the case studies (n = 23/145) employ participatory methods, including participatory rural appraisal (PRA), rapid rural appraisal (RRA), participatory learning, and PAR. As shown in Figure 5, participatory methods mainly focus on agroecology either as a set of practices or as a movement. All those case studies employ ethnographic methods (interviews and observation) and many use focus groups (n = 12/23), workshops (n = 6/23), and sociograms (n = 7/23). The scale of the studies focuses mainly on smallholder farming systems (Holt-Giménez, 2002; Guzmán et al., 2012; Hellin et al., 2013; Apgar et al., 2017), and in some cases specifically on autochthonous communities (Apgar et al., 2017; Lanka et al., 2017; Stein et al., 2018) or with a gendered focus (van Niekerk and Wynberg, 2017; Stein et al., 2018).

Farming communities are often engaged in research through cooperatives and formal associations (Holt-Giménez, 2002; Guzmán et al., 2012; Rogé et al., 2014; Acevedo-Osorio et al., 2017; Apgar et al., 2017; Isgren and Ness, 2017; Lanka et al., 2017) with a purposive selection of the population targeted by researchers (Holt-Giménez, 2002; Rogé et al., 2014; Ryschawy et al., 2017). In addition, some authors are looking to “confront” the knowledge between internal informants (mainly farmers) and external informants (mainly academics and experts) as a crucial part of the participatory approach (Cools et al., 2003; Hellin et al., 2013; Rogé et al., 2014; Addinsall et al., 2017; Ryschawy et al., 2017). Such studies aim to shed light on various perspectives on the agroecological transition, often pushed further via multi-stakeholder view analysis (Ryschawy et al., 2017; Simon et al., 2017, as in Borremans et al., 2018).

Above all, applications of participatory methods are diverse, reflecting various methodological approaches and agroecological positions. For example, several case studies applied focus groups with an extractive position, that is, as passive participation in which participants are consulted on a particular topic without opening space for co-learning, interaction, and potential self-mobilization (Hellin et al., 2013; Tran, 2013; Rogé et al., 2014; Addinsall et al., 2017; Lanka et al., 2017; van Niekerk and Wynberg, 2017; Borremans et al., 2018; Misra, 2018; Bezerra et al., 2019). In addition, PRA techniques in some studies consider a more reflexive approach. A popular one is participatory mapping, creating a space of discourse and visual support for knowledge sharing (Imbruce, 2007; van Niekerk and Wynberg, 2017). Other PRA exercises frequently employed are scoring techniques (Johansson et al., 2013) and sociograms (Bergquist et al., 2012; Guzmán et al., 2012). In the case of Bergquist et al. (2012), sociograms of energy flow systems were designed to co-construct knowledge and compared expert knowledge with academic knowledge.

Some research underlines the importance of participatory methods as a set of tools to (co)-design a more sustainable agroecosystem and food system (Halbe et al., 2014; Ryschawy et al., 2017; Prost et al., 2018). The extensionist approach, whereby technicians and academics provide a step-by-step implementation of the new portfolio of practices, is substituted by an approach that allows farmers to design their action plan and strategies (Ryschawy et al., 2017; Prost et al., 2018). Thus, farmers become participants in the research for agroecosystem design, providing their knowledge and expertise throughout the process (Ryschawy et al., 2017; Simon et al., 2017). Participatory methods then become tools to merge autochthonous/local/traditional and academic knowledge for the co-construction of alternative land uses and shared governability of resources (Bergquist et al., 2012; Apgar et al., 2017; Stein et al., 2018), thus embedding the agroecological transition within the participatory methods (Bezerra et al., 2019). Furthermore, as Hellin et al. (2013) stated, participatory action research offers more tools to elaborate concrete praxis of the agroecological transition adapted to the communities' livelihood and priorities.

Only six articles reported the application of participatory action research. For example, Holt-Giménez (2002) demonstrated the link between PAR and the agroecological movement based on the farmer-to-farmer methodology (campesino-a-campesino) that has surged in Nicaragua. Here, participatory methods co-construct an assessment of impact of natural hazards on conventional agricultural plots and agroecological plots. Farmers' associations and research teams collaborate to create such assessments and the study renders well the habit (the praxis) of researching by the campesino-a-campesino movement.

As Apgar et al. (2017) mention, the framework of PAR aims to empower the communities (as an internal informant) for the research object/subject to say: “… the community in question decides, steers, and guides the research…” (p. 60). As such, the research team (as an external actor) is not the leading designer of the research but provides only guidelines and facilitates the research process. Isgren and Ness (2017) demonstrated that PAR could trigger this institutionalization (or associativity) and provide more farmer-to-farmer strategic planning and autonomy. As Bezerra et al. (2019) emphasized, agroforestry, and agroecological transition depend on applying those methods to encourage participatory learning, collective action, empowerment, and autonomy.

Guzmán et al. (2012) stated that the agroecological transition moves forward by applying PAR techniques to induce direct implementation. The study provides a straightforward methodology and techniques of PAR for designing and implementing agroecological practices, and, in parallel, encourages an agroecological movement in the study areas. The assessment of agroecological practices led to the development of local sustainable food networks with the communities' active participation.



Agroecology, Participatory Methods, and Epistemic Perspective

As shown previously, agroecological positioning intertwines with the methodological objective: how the researcher's position on agroecology connects with the methodological position, and subsequent participatory methods employed. We call this the epistemic perspective.

Most of the articles have a perspective on knowledge production as an in-depth analysis of a specific context, such as exploring the impacts of agroecological practices on smallholder livelihoods (Cools et al., 2003; Imbruce, 2007; Addinsall et al., 2017). These articles explore the synergies between the design of agroecological agroecosystems and livelihoods, conservation, ecosystem services, home gardening, food security, and sovereignty (Cools et al., 2003; Imbruce, 2007; Tran, 2013; Halbe et al., 2014; Addinsall et al., 2017; Lanka et al., 2017; van Niekerk and Wynberg, 2017; Stein et al., 2018). This analytical position often calls for repeating the study in another context to provide more evidence of the potential of agroecology (principle of replicability) and deepening research questions (Hellin et al., 2013). Furthermore, various case studies call for deepening their studies on the grounds of a new conceptual framework applied to agroecological studies filling (new) research gaps (Imbruce, 2007; Wyckhuys and O'Neil, 2007; Bergquist et al., 2012; Halbe et al., 2014; Rogé et al., 2014; Addinsall et al., 2017; Lanka et al., 2017; van Niekerk and Wynberg, 2017; Prost et al., 2018).

Even when staying with the analytical process, this epistemic position is not purely monolithic: the researcher as an observer of reality and the “researched” as observation subjects. As we saw in the previous section, participatory methods extend the interaction with farmers and communities. An analytical position can be enriched by the participation of the research communities, even in a consultative position, to better understand their perceptions, priorities, and knowledge (Wyckhuys and O'Neil, 2007; Bergquist et al., 2012; Rogé et al., 2014; Stein et al., 2018).

Developing knowledge for formulating recommendations is a step further than keeping to a strict analytical position. Some authors mentioned a lack of employing autochthonous knowledge and local indicators to adjust recommendations to the context of the study area (Cools et al., 2003; Acevedo-Osorio et al., 2017). This allows constructing and co-designing better agroecosystem alternatives based on agroecological principles (Acevedo-Osorio et al., 2017; Isgren and Ness, 2017; Simon et al., 2017; Prost et al., 2018; Stein et al., 2018). Some authors emphasize the imperative for further research to highlight the perspectives of multi-actors in developing research incentives and development programs (Hellin et al., 2013; Borremans et al., 2018). As such, other authors recommend including smallholders and autochthonous viewpoints on the design of sustainable agroecosystems in public policies (Rogé et al., 2014; Ryschawy et al., 2017; Simon et al., 2017). Going further, Misra (2018, 485) suggests the necessity to democratize and reform the agricultural sector by empowering smallholders in decision-making over the food system that include agroecological and food sovereignty principles and subsequently improve their livelihoods. Isgren and Ness (2017) analyze agroecological transition potential and recommend in addition better transformative frameworks to foster agroecological implementation and movements.

The rationale of transformative knowledge production (a transformative epistemic perspective) occurred in our corpus. Thus, some case studies use research capacities to foster agroecological transition, notably via participatory (action) research methods. A transformative epistemic perspective employs participatory methods to identify local indicators and implement alternative practices, leading to farmers' design and direct application of sustainable agriculture (Holt-Giménez, 2002; Acevedo-Osorio et al., 2017; Bezerra et al., 2019). For example, in Holt-Giménez (2002), knowledge production is generated in collaboration with researchers and farmers, resulting from a long history of peasant-to-peasant movements aiming to emancipate rural communities.

The co-construction of knowledge with farmers is critical for agroecological transition as it explores communities' self-determination in the design of their sustainability (Apgar et al., 2017; Stein et al., 2018; Bezerra et al., 2019). It thus engages the researcher to work with established farming communities such as cooperatives and farmer associations (Holt-Giménez, 2002; Guzmán et al., 2012; Acevedo-Osorio et al., 2017; Apgar et al., 2017; Bezerra et al., 2019). Furthermore, as shown in Rogé et al. (2014, 807), participatory methods stimulate the communities to undertake self-determination by thinking about community-driven education and organizing collective action.

Finally, knowledge production with a transformative objective is a continuous process linked to collective action and decision-making in ecosystem management by and for the communities (Holt-Giménez, 2002; Rogé et al., 2014; Apgar et al., 2017). For example, the case of Guzmán et al. (2012) shows an iterative process based on a long-term vision to build and expand an agroecological food system. Furthermore, transformative science means that researchers are no longer external academic observers but part of a specific socio-historical context; consequently, the research design must include non-academics (Guzmán et al., 2012; Apgar et al., 2017).




DISCUSSION

Our systematic review shows that the broad agroecological research scope encompasses the three types of agroecology indicated by Wezel et al. (2009)—as science, as a set of practices, and social movement. We can see a majority of publications focusing on agroecology as a set of practices. This is not surprising, as most case studies focus on agronomic research, comparing practices and their effects on agroecosystems. However, our study shows that an in-depth analysis blurs the frontier between agroecology as science, a set of practices, and a movement. It supports the point made by Wezel et al. (2009) that the categorizing of agroecology could be fuzzy as its meanings are linked to cultural and socio-historical aspects. Therefore, the categorization is functional but always should be managed with care and not hinder the richness of agroecological positions taken by various studies.

Most case studies examining agroecology as a movement were located in the Americas, particularly in South America, whereas agroecology as a set of practices mostly occurs in North America, Central America, and Europe. It shows that the trends observed by Wezel et al. (2009) continued after more than a decade of their study. However, very few studies in Africa and Asia were found to use the agroecological typology of Wezel et al. (2009), despite calls for a global agroecological transition (De Schutter, 2010; Duru et al., 2015; Wezel et al., 2020). This does not necessarily preclude an agroecological transition taking place in Africa and Asia, but if that is the case, the science about it uses different terminology. Besides, our corpus shows a preponderant use of the AEZ type of agroecology in these regions. The meaning and application of AEZ might be out of the scope of agroecology as science, practices, and movement as it describes land use planning of a specific area for agriculture according to ecological and environmental conditions. Such polysemy of agroecology might lead to confusion of agroecology but reflect the “dispute” existing in the use of the concept: agroecology that connects science, praxis, and social movement against agroecology as a technical option for agricultural commodification (Giraldo and Rosset, 2018).

Our results align with Wezel et al. (2009), indicating that the broader the research scope (from agroecosystem to food system to food regime), the more likely the agroecology studied relates to practices and/or a movement. Such studies included interdisciplinary research using social and anthropological methods encouraging a more complex view of agroecology, notably by opening farmers' perspectives instead of solely focusing on a conformist view of agroecology. However, most authors in our corpus conceive agroecology as a path to sustainable practices and do not explicitly position their discourse through the lens of transformative or conformist agroecology (Levidow et al., 2014; Giraldo and Rosset, 2018).

Few studies in the literature reflected the use of participatory methods in the agroecological field (n = 23/145, 16%). The in-depth analysis of these articles highlights that agroecology is not solely a portfolio of practices but a necessary adaptation that farmers employ to secure their food system while preserving the environment (Acevedo-Osorio et al., 2017; Lanka et al., 2017; Ryschawy et al., 2017). This confirms the vital link between agroecology and food sovereignty as suggested in the literature (McMichael, 2014; La Vía Campesina., 2018). Above all, our corpus shows that the agroecological transition requires farmers to have an active role in research. Consequently, a shift of the researcher's positionality must occur in terms of understanding the praxis of agroecology and the praxis of conducting research.

Most case studies did not include communities in the research design process. While community participation in research is an attempt to shift the scientific role and position, there are different levels of participation. For example, several case studies employed focus groups as a participatory method, with which researchers can consult the participants' perceptions of the study subject instead of looking for active participation over the study object/subject. In other words, a focus group can be employed as an extractive method, in which farmers and communities are external informants and nothing else. This is very different from research where the communities appropriate the research object, including reflecting on objectives and expected outcomes, and farmers become researchers themselves. However, if such techniques support the exchange of knowledge and blur the barrier of the unilateral relation between researcher and “researched,” the use of these participatory methods shows different epistemic objectives. Accordingly, conducting PRAs can trigger a sense of mobilization. For instance, Rogé et al. (2014) showed that farmers, thanks to workshops and participatory assessments, called for deepening these participatory assessments by organizing themselves to engage in better agroecosystem management together, that is, by organizing collective action. Nevertheless, the full scope of what such participatory methodology offers is often not undertaken. It is barely a tool for co-constructing analysis on a specific topic, and not to open space for planning actions consequent to the knowledge construction (as in Bergquist et al., 2012).

Participatory methods can explore other directions, notably more emancipatory ones (Holt-Giménez, 2002; Bergquist et al., 2012; Guzmán et al., 2012; Apgar et al., 2017; Stein et al., 2018). Agroecological implementation must be preceded by the inclusion of smallholders in action research design and thus be steered by them (Méndez et al., 2017; Pimbert, 2017). Co-constructing knowledge then becomes evidence for fostering the transition when end-users of this knowledge are communities and academics, testifying to the place of PAR between empowerment and emancipatory epistemologies. Empowering communities in the research process is strongly intertwined with those communities' institutionalization as producer cooperatives or community associations (as in Apgar et al., 2017; Isgren and Ness, 2017). Many authors of our corpus mentioned and demonstrated that such a research process needs to be iterative and inherently based on various long-term research cycles (Holt-Giménez, 2002; Guzmán et al., 2012; Apgar et al., 2017).

As mentioned in the Methods section, we based our systematic review on case studies reported in scientific articles, thus limiting our scope to peer-reviewed research with scientific standards that may not fully represent the breadth of PAR in agroecology. For instance, extensive experience in transforming the food system in various countries has been published in book sections not indexed in scientific databases (Pimbert et al., 2017). In addition, experiences of civil society organizations with transformative agroecology illustrating the importance of empowerment and PAR have often been published in the gray literature. Likewise, other emancipatory and participatory approaches contributing to the agroecological transition that have been hardly documented in the scientific literature may also be found in the gray literature. For instance, the Farmer Field School (FFS) approach—in which farmers identify their problems, set their research objectives, and conduct research themselves—has been documented to be both empowering and helping farmers to build human, social, and natural capital (van den Berg et al., 2020). FFS borrowed methodological aspects from the experiential learning cycle, the learner-centered approach in adult education, and the framework for the technical, practical, and emancipatory learning, which are common methodological approaches in PAR. FFSs have been implemented within the field of agroecology, for instance, within integrated pest management in Africa (FAO., 2018b), on participatory plant breeding or on local food plants for nutrition (Visser et al., 2018; Cruz-Garcia et al., 2020). In these examples, farmers integrate local and scientific/technical knowledge while exploring their own solutions.

Additionally, we are conscious that the use of Scopus and Web of Science does not represent the full scope of scientific literature in this field and adding more contextualized abstract citation databases could potentially have enriched our study (such as Latindex, Scielo, Redalyc, Dialnet, DOAJ, HAL, and CAIRN). We chose Scopus and Web of Science to ensure that we only included papers that are in peer-reviewed journals that undergo scrutiny before being indexed as is the case in many similar synthesis studies (Magliocca et al., 2015), but we acknowledge that it renders a somewhat narrower scope. Future studies on the importance of participatory and empowerment approaches for agroecological transformation focused on reviewing gray literature and other abstract and citation databases are recommended. It has significant implications for the inclusion of agroecological transition in policies on integrating such transition to empower smallholders in the choice of their food system.



CONCLUSIONS

Our study shows that, despite a need for transformative methods, such as participatory action research, to support the scale-up to an agroecological transition, these methods are not often used in case studies published in peer-reviewed articles. To further scale up the agroecological transition and achieve a global transition, one option can be broadening the scope of agroecological research in Africa and Asia, that is, focusing not solely on agroecology as science but addressing processes of the agroecological transition in these regions, using PAR and other participatory and empowering approaches. Additionally, understanding specific contexts and perspectives that bring agroecology to praxis in these regions should fill research gaps just as much for agroecological research as for PAR. Furthermore, with an environment that foster more democratic decision-making (à la Pimbert, 2017), PAR can offer farmers a space to trigger agroecological research, which is an essential component for a long-term vision and collective action.

However, this shift in epistemic perspective is a difficult task. Most of the experiences reflect a long-term relationship between farmers and researcher-activists (Holt-Giménez, 2002; Castellanet and Jordan, 2014; Méndez et al., 2017). Short-term project-based science, which is typically the way science is organized and conducted, hampers generating the long-term relationships necessary for successful PAR and the agroecological transition. To respond to such hindrance, Méndez et al. (2017) mentioned some experiences where projects are written within active consultation with smallholders, notably by sharing grant proposal documents and moving forward only when feedback is received. Therefore, changing the way science on agroecology is organized is necessary to provide researchers engaged in PAR with the time and resources needed to conduct studies that will advance more transformative agendas and achieve an agroecological transition (see for instance Pimbert, 2017; Pimbert et al., 2017). This opens the door to new questions on designing long-term PAR in agroecology when confronted with short-term project-based society.
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Adopted first by the City of Los Angeles in 2012, the Good Food Purchasing Program® creates a transparent supply chain and helps institutions to measure and then make shifts in their food purchases. It is the first procurement model to support five food system values—local economies, environmental sustainability, valued workforce, animal welfare and nutrition—in equal measure and thereby encourages myriad organizations to come together to engage for shared goals. Within just six years, the Good Food Purchasing Program has catalyzed a nationwide movement to establish similar policies in localities small and large across the United States, and inspired the creation of the Center for Good Food Purchasing. First adopted by the City of Los Angeles in 2012, it is a procurement standard that offers institutions a system in which current investments toward food are redirected toward more sustainable and fair suppliers. It uses a metric-based, flexible framework that produces a star rating. The Good Food Purchasing Program promotes the purchase of more sustainably produced food, from local economies, especially smaller and mid-sized farms and other food processing operations, which results in production returns at a more regional and local level, and ensures that suppliers' workers are offered safe and healthy working conditions and fair compensation, that livestock receives healthy and humane care, and that consumers—foremost school children, patients, the elderly—enjoy better health and well-being as a result of higher quality nutritious meals. This article will detail its implementation since 2012, provide current information on the impacts the Program has had on the agroecology of regions in the US food system, and recommendations for policy changes that could catalyze more accelerated impact.

Keywords: purchasing power, institutions, GFPP, Los Angeles, values, transparency equitable, sustainability, regional food system


INTRODUCTION

Adopted first by the City of Los Angeles in 2012, the Good Food Purchasing Program (the Program or GFPP) is a procurement program1 that fosters a transparent regional food supply chain and helps institutions to measure and then make shifts in their food purchases. It is the first procurement model designed to elevate government based food service as a transformative tool, using its significant purchasing power to support five food system values—local economies, environmental sustainability, valued workforce, animal welfare, and nutrition—in equal measure. Its adoption model encourages organizations to collaborate toward shared goals. The Program offers institutions a feedback tool which helps them to redirect food budgets toward more sustainable and high road suppliers.

Using a metric-based, flexible framework that produces a star rating, the Program promotes the purchase of more sustainably produced food from local economies, especially small- and mid-sized farms and other food processing operations, which results in production returns at a more regional and local level, ensures that suppliers' workers are offered safe and healthy working conditions and fair compensation, that livestock receives healthy and humane care, and that consumers—foremost school children, patients, the elderly—enjoy better health and well-being thanks to higher quality nutritious meals. Within just 6 years, the Program achieved impressive impact, and has now expanded to 20 cities and enrolled over 45 municipal institutions across the country. The systemically holistic Good Food Purchasing Program was given favorable mention in 20182 by the World Future Council, the Food and Agriculture Organization of the United Nations (FAO), and IFOAM Organics International.



THE GOOD FOOD PURCHASING PROGRAM


Program Development, Expansion, and Impact

California is the world's fifth largest supplier of food, cotton fiber, and other agricultural commodities, the largest producer of food in the U.S.3, and in 2018 was the world's fifth largest economy surpassing that of the United Kingdom4. The Greater Los Angeles Area is the nation's second-most populous urban region in the United States, with 18.7 million residents as of 20155. The City of Los Angeles is the most populous of the many cities in the region (it is the second largest city in the country) and in 2018 the Greater Los Angeles metropolitan area had the third largest gross metropolitan product in the world at nearly $1trillion, behind New York and Tokyo6. It is the de facto leader of the Southern California region in terms of economic and other influence.

In September 2009, Los Angeles Mayor Antonio Villaraigosa announced the creation of the Los Angeles Food Policy Task Force. The announcement came as a key inflection point in the development of a regional food policy initiative, which was the conception and project of the author of this article, Paula Daniels, who was then a senior member in the administration of Mayor Villaraigosa, serving at the time as Commissioner with the Board of Public Works. Commissioner Daniels undertook to research and advocate for the City of Los Angeles to develop and advance a regional food policy framework to which the Mayor agreed. Along with the announcement of the creation of the Los Angeles Food Policy Task Force, was the Mayor's directive to prepare a report with recommendations to address certain key food system issues, including whether or not there should be a food policy council. The Mayor designated Commissioner Daniels to lead the task force; she then recruited the membership of the task force, with input from staff members of the Urban and Environmental Policy Institute of Occidental College.

The membership of the Task Force was a careful process of curation, with criteria for inclusion based on: (1) food system sector representation; (2) well-recognized leadership in their respective field; (3) gender and ethnic diversity; (4) ability to function well-enough in a team context to be able to synthesize ideas for a report (see Figure 1 for a list of the Task Force members).
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FIGURE 1. Image from page ii of the report of the Los Angeles Food Policy Task Force, called Good Food for All Agenda (2010), available at https://static1.squarespace.com/static/5bc50618ab1a624d324ecd81/t/5be5da9bc2241b38ebd245a7/15.


Concurrently, Commissioner Daniels secured funding for a staff position to assist in coordinating the work of the Task Force. Alexa Delwiche (co-author of this report) was hired as Task Force Coordinator and played a role in stakeholder engagement and program development.

The Task Force convened in November 2009 and was charged with developing a food policy framework for Los Angeles as the head of the Southern California region. The task force adopted a goal of becoming a “Good Food” region, with “Good Food” defined as food that is healthy, affordable, fair and sustainable. Over the course of 10 months, Task Force members conducted strategy sessions and developed a policy platform, incorporating input from over 200 cross sector individuals and organizations in extensively curated roundtable discussions and listening sessions. In July 2010, the Task Force released a report called the Good Food for All Agenda, which described the then existing food system challenges of Los Angeles, as follows:

Our current sources of food largely consist of cheap, high calorie, low nutrient and highly processed food, often shipped from far away and grown by unsustainable practices. Industrial farms and the extensive transportation of their output debilitate the natural environment through water use, chemical impacts, and air quality. At the same time, the health and well-being of farm and food workers are often sacrificed to meet demands for cheaper food…

Because of persistent poverty and growing unemployment in Los Angeles, hunger has remained a chronic problem in the region. For many families, the consumption of too many cheap calories and too little exercise has caused a diabetes and obesity epidemic. Good Food is not available in many low-income areas and neighborhoods of color…In these neighborhoods, convenience stores selling cheap, unhealthy foods overwhelm the neighborhood food environment.

The report recommended 55 action steps in six priority areas, directed toward the goal of building a more sustainable and equitable regional food system in the LA region of southern California7. Mayor Villaraigosa approved the report recommendations, and the Los Angeles Food Policy Council (LAFPC) was created as a result of one of the report recommendations.

Commissioner Daniels was named Chair of the LAFPC and along with the staff support of Alexa Delwiche, continued to develop the organizational infrastructure for it, including fundraising, staffing, staff development and mentorship, development of the organizational charter and mission, establishment of its non-profit status and fiscal sponsorship, and creation of the unique organizational structure of the LAFPC, as well as the creation of working groups to allow for unlimited stakeholder participation. As a senior city official, she secured meeting space for the council and the working groups at city facilities, and housed the growing staff of the LAFPC (for which she had raised funds) in her suite offices at City Hall (where the non-profit LAFPC continues to be housed as of this article).

The first meeting of the LAFPC was in January of 2011. Its membership was envisioned by the Task Force as a larger body than the Task Force itself, limited (in order to have balance of perspective) to two from each identified sector area. Most Task Force members also became LAFPC council members. (The vision for the LAFPC and its representation is found at pages 84–86 of the Good Food for All Agenda, fn 7). The initiative proved to be of great interest to the community at large, and participation in the working group meetings averaged well over 120 individuals representing various organizations. As a result of the increasing interest in and complexity of the LAFPC work, Mayor Villaraigosa named Paula Daniels as his Senior Advisor on Food Policy—the first such position at the senior staff level (equivalent to Deputy Mayor) in the country. By June of 2013, the end of Mayor Villaraigosa's second and final term in office, the LAFPC had grown to eight full time staff members operating as backbone, or secretariat, to the 40 member LAFPC council, and the hundreds of working group members (see Figure 2 for a depiction of the working group membership).
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FIGURE 2. Image created in 2013 by Alexander Tarr, (currently assistant professor of geography at Worcester University), to represent the number and category of stakeholders participating in the LA Food Policy Council. Each square represents a participating organization, arrayed according to the work area they participated in for the LAFPC. Shown in the left column is the work area Institutional Good Food Purchasing, which was the organizational home of origin for the Good Food Purchasing Program.


The well-staffed, local government supported LAFPCgave rise to the Good Food Purchasing Program (the Program), as one of its many initiatives.

The Program was designed through an extensive two year process, involving multi-sector, interdisciplinary, and multi-stakeholder collaboration and an iterative review process by the designated team of the LAFPC, which included the Mayor's Senior Advisor on Food Policy. After arriving at a program design with LAFPC Working Group input, the policy and program was vetted by more than 100 local, state, and national public, private, and non-profit organizations through a due diligence process led by the Mayor's office in its role as LAFPC lead.

At the culmination of the design, development and review process, Mayor Villaraigosa issued an executive directive ordering all general funded city departments that purchased over $10,000 of food to adopt the Program. A motion in support of the directive was also adopted by the Los Angeles City Council on the same day. Consequently, on Food Day, October 24, 2012, the City of Los Angeles became the first institution in the country to take the early risk of embarking on the new Program. Just weeks later, the Los Angeles Unified School District (LAUSD)—which served 650,000 meals each day and is the largest food purchaser in Los Angeles—became the second institution to sign on to implementing the Good Food Purchasing Program.

The LAFPC built out the Program in detail, to guide data collection and implementation. It provided programmatic support in areas such as increasing supply chain transparency, data collection, record-keeping, menu design, bidding processes, and assessing suppliers' adherence to the five values.

Within 1 year, the Program adoption at LAUSD met with the success that its design was intended to promote: local sourcing of produce rose from an average of 10% per year to an average of 60% per year, redirecting USD 12 million to the local food economy. As a result, 150 new well-paid food chain jobs were created in L.A. County, including food processing, manufacturing and distribution. In the ensuing years, 160 truck drivers in LAUSD's supply chain received higher wages and improved working conditions.

Due to the immediate success of the Program at LA Unified School District, interest in adoption by other cities was piqued. In 2015 the Program was spun off from the LAFPC and became the program of the Center for Good Food Purchasing, which was established to advance the national expansion of the Program. The Program has since expanded significantly. As of June 2020, there are 49 institutions in 20 cities across the US enrolled in the Program in addition to LA, including New York, Chicago, Boston, San Francisco, Minneapolis and many others. These institutions collectively spend over $1 billion on food annually.

As a result of its contribution to advancing agroecology, the Program was recognized with an honorable mention for the Future Policy: Scaling Up Agroecology Award in 20188 by the World Future Council, the Food and Agriculture Organization of the United Nations (FAO), and IFOAM Organics International.



Stakeholders and Beneficiaries

The Center coordinates a network of national partners, local coalitions, food service directors, and elected officials across the country to implement and scale the Good Food Purchasing Program. In cities across the country, the Center works with a network of cross-sector partners at the national and local levels to expand the Program's reach and impact. Among the key national partners are the Food Chain Workers Alliance, Real Food Media and the HEAL Food Alliance.

Local, multi-sector coalitions help to ensure that Program adoption and implementation in a city or region reflects community priorities and complements existing work on the ground. Local coalitions help to recruit institutions, secure formal program adoption through policy, and influence public procurement processes to ensure that institutions and their vendors are held accountable to their policy commitments and that public contracts reflect community priorities.

The Program is implemented by food service directors of public institutions, such as school districts, hospitals, jails, and municipally operated concessions such as recreation centers, entertainment venues, and airports.

Primary beneficiaries are the low-income individuals, families and children served by public institutions such as schools, municipal programs, corrections and hospitals. One of the primary reasons the program targets public institutions is because these institutions play such a critical role in ensuring access to healthy food by low-income children, families, and communities of color, including seniors. For example, free-and-reduced price lunch9 eligibility rates range from 65 to 85% in school districts enrolled in the Program, and as many as 90% of those are disadvantaged students of color.

Other beneficiaries of the Program who benefit from the additional economic support that the Program encourages include: (1) farm and food chain workers, a majority of whom are people of color, have extremely low incomes, are exposed on a daily basis to toxic pesticides, and lack access to safe drinking water due to groundwater contamination from agricultural runoff; and (2) small- to mid-sized producers practicing agroecological and high welfare farming and ranching, who struggle to compete with large, industrial producers in accessing institutional supply chains.



Purpose and Objectives

The Program's purpose is to harness the purchasing power of major institutions to encourage greater production of sustainably produced food, healthy eating, respect for workers' rights, humane treatment of animals and support for the local small business economy in order to achieve an economy of scale in a community oriented, “Good Food” system.



Methods and Modalities

The Program's metric-based, flexible framework (the Good Food Purchasing Standards) encourages large public institutions to measure and then make shifts in their food purchases. It is the first procurement model to support five core food system values—local economies, environmental sustainability, valued workforce, animal welfare and nutrition—in equal measure. By adopting the framework, food service institutions commit to improving their regional food system by implementing meaningful purchasing standards in all five value categories:

• Local Economies: The Good Food Purchasing Program (the Program) supports local small and mid-sized agricultural and food processing operations. The definition is based on a combination of farm size (based on revenue), farm ownership structure (family or cooperatively owned), and farm distance from the purchasing institution (based on driving distance). Farm sizes refer to USDA definitions.

• Environmental Sustainability: The Program requires institutions to source from producers that employ sustainable production systems that reduce or eliminate synthetic pesticides and fertilizers; avoid the use of hormones, routine antibiotics and genetic engineering; conserve and regenerate soil and water; protect and enhance wildlife habitats and biodiversity; and reduce on-farm energy and water consumption, food waste and greenhouse gas emissions; as well as to increase menu options that have lower carbon and water footprints. Examples of certifications include: Rainforest Alliance Certified, Seafood Watch, USDA Organic, etc.

• Valued Workforce: The Program promotes safe and healthy working conditions and fair compensation for all food chain workers and producers. The baseline is compliance with basic labor laws by the institution, vendor(s) and all suppliers. Examples of certifications or practices: union contract, worker-owned cooperative, Fair Trade Certified, Fair for Life, etc.

• Animal Welfare: The Program promotes healthy and humane care for farm animals. Examples of certifications in the Good Food Purchasing Standards include: USDA Organic, Certified Humane, Animal Welfare Approved etc.

• Nutrition: The Program promotes health and well-being by offering generous portions of vegetables, fruit, whole grains and minimally processed foods, while reducing salt, added sugars, saturated fats, and red meat consumption, and eliminating artificial additives. A 25-item checklist was initially developed with the L.A. County Department of Public Health, and is aligned with national standards, such as the Healthy Hunger Free Kids Act.

The Center conducts the verification; scoring and recognition are central components of Program adoption by the institutions [for those familiar with LEED certification (Leadership in Energy and Environmental Design), the Program functions in an analogous fashion, and a comparison could be made between the Center's role vis the Program and the role of the US Green Building Council for LEED]. The verification process works in this way: when an institution adopts the Program, the Center works with them to collect in depth information about purchasing and food service practices, and rates the institution according to the rubric of the Center's copyrighted Standards. Each of the five value categories has a baseline standard, which indicates that the institution has met the Good Food Purchasing standards in at least 15% of its sourcing in each of the five values. Meeting even higher standards results in more points being awarded. The accumulation of points across all values is used to calculate and award a star rating. The baseline and higher standard purchasing criteria are set out in the Good Food Purchasing Standards, which are regularly reviewed and updated with a new version every 5 years. There are five status levels of a Good Food Provider (1–5 Stars) that correspond to a respective range of points. In order to achieve a Good Food Provider–5 Star level, the institution must achieve 25 or more points. After the first year, purchasers are expected to gradually increase the amount of Good Food that they purchase.

The expansion of the Good Food Purchasing Program is a highly collaborative, networked strategy. Cross-sector collaboratives of community, local policymakers, institutions, and value-chain partners exist in every city where the Center works. The local organizations who lead local Good Food Purchasing initiatives are deeply rooted in their communities, and while they represent a diverse range of interests, they participate in Program adoption at a selected array of local anchor institutions, recognizing this procurement strategy as a key economic lever for transforming the local food system toward one with an enduring commitment to the agroecological principles of economic equity, healthy equity, and environmental sustainability. The Center's staff works in close partnership with these communities to support community-driven efforts to use the Program as a tool to advance their local food system priorities.



Examples of the Local Partner Engagement

As of June 2020, the Center is actively engaged in 20 US cities, with a number of additional regions in the pipeline. While each city's Good Food Purchasing Program efforts are unique, a typical engagement involves dozens of local and national partners, interfacing with the Center and institutional partners all along the Good Food Purchasing journey. The following are illustrative examples from four cities.


Los Angeles

In Los Angeles, the LAFPC is now the local lead partner, serving as an accountability partner to enrolled city departments and the LAUSD. The LAFPC convenes local cross-sector stakeholders, builds broad support for the Program, identifies new institutions to recruit into the initiative, leads local efforts with partners, ensures a rigorous implementation of the Program by participating institutions, and maintains local relationships with public officials.

In Los Angeles, the Program's impacts continue to ripple throughout the city and region. The Program has helped redirect taxpayer dollars toward more values-aligned suppliers for receiving institutional food contracts. For example, due to successful organizing efforts led by the Food Chain Workers Alliance and a coalition of local advocates, the meat processor Tyson Foods was prevented from receiving a multimillion dollar chicken contract from the Los Angeles Unified School District due to their repeated egregious labor violations, as well as Tyson's environmental and animal welfare practices.

LA Unified School District currently purchases over $17 million in food from local growers and manufacturers. As of 2018, the school district was purchasing 96 percent of its chicken raised without routine antibiotics—just shy of the goal of 100 percent they set in 2014 as part of their Good Food Purchasing Program commitment and Urban School Food Alliance membership.

LAUSD has also promoted a valued workforce in its supply chain through the Program, contributing to the Teamsters Local 63 and Joint Council 42's efforts to secure union contracts for truck drivers and warehouse workers at a food distribution company. The Local and Joint Council were able to make the case for higher wages and workplace protections for 320 drivers and warehouse workers based on LAUSD's Good Food Purchasing Program commitment. These workers have seen their base salary increase by over 40 percent. Additionally, they are guaranteed raises over the next three years, have a grievance procedure, a voice with management, and a new pay incentive program.



Chicago

The Chicago Food Policy Action Council and a coalition of over 40 organizations organized a successful campaign that led to the adoption of the Program in the City of Chicago, the Chicago Parks District, and Chicago Public Schools in 2017. And with leadership from then-Cook County Board Commissioner Jesus “Chuy” Garcia and the County's Commission on Social Innovation, the county followed suit in 2018, making it the first county (a distinct municipality from a city) in the nation to adopt the Program. In Cook County, enthusiasm for the Program came in large part from those businesses, workers, consumers, and farmers that have long been marginalized in the food system. Under the Program, the County will incentivize contracts with minority- and women-owned businesses. In addition, the County is using the Program as a tool to connect with and accelerate other high priority equity initiatives, such as urban farmland preservation with community ownership, and transitioning publicly owned vacant lots to minority-owned social enterprises and public land trusts.



New York

The Mayor's Office of Food Policy supports implementation efforts by offering sustained leadership, convening agencies and key stakeholders through a task force structure and serving as a de-facto project manager for the City of New York's Good Food Purchasing engagement. Concurrently a coalition of ~40 cross-sector organizations, led by Community Food Advocates, Food Chain Workers Alliance, and CUNY Urban Food Institute, meet regularly to coordinate their collaboration, the goal of which is to ensure the city's internal commitment to the five values is institutionalized through adoption of the Program, along with a Good Food Purchasing policy. The Mayor's office is also working to align the agency commitments with the community's priorities.



Austin

In February 2019, after a three-year pilot program, Austin Independent School District (AISD)—serving 75,000 meals per day on 129 campuses and managing a $13 million annual food budget—officially became the first school district in Texas to adopt the Good Food Purchasing Program. As a member of the Austin Good Food Purchasing Coalition, convened by the City of Austin's Office of Sustainability, AISD (along with two other Austin-based public institutions) was one of the first institutions outside of California to pilot the Program. Since 2016, the Center for Good Food Purchasing has worked with AISD to track and measure consistent improvement in their performance across the value categories. Expenditures on organic products tripled over the first 2 years in the Program. In 2018, AISD invested in dedicated staffing to help them obtain a four-star rating and earn their Good Food Provider status. Since then, AISD has made meaningful progress in implementing strategies to accelerate their good food purchases by releasing bids for bulk organic milk and grass-fed beef to bolster performance in environmental sustainability and animal welfare.




Aggregated Impact and Influence

Los Angeles (the first city to adopt the Program) is an example with the most longitudinal information. Since 2012, the Program has influenced ~750,000 meals a day in L.A. City Departments and LAUSD, which alone serves over 600,000 students. In addition to the immediate impacts noted above, continuous improvement has been made in that district. For example, LAUSD's bread distributor had been sourcing out-of-state wheat for its USD 45–55 million annual servings of bread and rolls; due to participation in the Program the bread vendor changed its sourcing so that now, nearly all of the L.A. school district's bread and rolls are made from wheat grown on 44 Food Alliance-certified farms in California, milled in downtown L.A. These impacts extend beyond LAUSD as the same vendor, Gold Star Foods, now distributes these same products to over 550 schools across the western United States.

There has been a 15 per cent decrease in spending on meat by LAUSD due to implementing Meatless Mondays, which each week saves about 19.6 million gallons of water. From 2011 to 2017, LAUSD reduced purchases of all industrially-produced meat (beef, poultry and pork) by 32 percent, which led to reductions in their carbon and water footprint by 20 percent and 20.5 percent per meal, respectively, since the baseline year of 2012. The reduced carbon footprint translates to about 9 million kg of CO2 emissions avoided per year—the equivalent to taking 1,930 cars off the road, and the water saved results in a total annual water savings of more than 1 billion gallons, enough water to fill 1,760 Olympic-sized swimming pools every year10.

Leading the way, L.A. City Departments and LAUSD set an example that has since influenced many further areas in the U.S. As highlighted by the Union of Concerned Scientists in their 2017 report on the impacts of the Good Food Purchasing Program in Los Angeles, the “benefits of a better supply chain are amplified across institutions and regions.”11 Indeed, the recent calculations of the Center, based on over 10 years of data acquired from the institutions enrolled in the Program show combined totals across institutions of over $56,000,000 in supporting local economies, over $32,000,000 in supporting fair labor, over $20,000,000 toward meat raised without routine use of antibiotics, and an additional $10,000,000 supporting environmental sustainability.



Complementary Laws and Policies

In his Briefing Note 8 (April 2014), “The Power of Procurement: Public Purchasing in Realizing the Right to Food,” UN Special Rapporteur Olivier De Schutter recognized that “Governments have few sources of leverage over increasingly globalized food systems—but public procurement is one of them. When sourcing food for schools, hospitals and public administrations, Governments have a rare opportunity to support more nutritious diets and more sustainable food systems in one fell swoop.”

Procurement is also one of the recommended actions of category five of the Milan Urban Food Policy Pact, which calls for a review of “public procurement and trade policy aimed at facilitating food supply from short chains linking cities to secure a supply of healthy food, while also facilitating job access, fair production conditions and sustainable production for the most vulnerable producers and consumers, thereby using the potential of public procurement to help realize the right to food for all.”12

The Good Food Purchasing Program is also consistent with the UN Sustainable Development Goals, and sustainable procurement goals of other organizations, as shown in Table 1.


Table 1. The good food purchasing program and its alignment with sustainable development goals.
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The Future Policy 2018 Award

The systemically holistic Good Food Purchasing Program was favorably recognized in 2018 by the World Future Council, the Food and Agriculture Organization of the United Nations (FAO), and IFOAM Organics International. Table 2 outlines their evaluation assessment and score.


Table 2. Qualitative Future Policy Standard evaluation results (World Future Council).
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ACTIONABLE RECOMMENDATIONS AND CONCLUSIONS

Based on the Center's experience in working with local and national partners, the following key elements are instrumental in utilizing a procurement policy, such as the Good Food Purchasing Program, in creating a more agro-ecologically oriented food system on a regional scale:

• A collaborative, multi-sector coalition (like a food policy council) focused on a localized food system with shared values of community, equity, economic and environmental health

• Supply chain infrastructure that includes mission driven centers of aggregation, processing, and distribution (food hubs), dedicated to the same vision and goals of the collaborative

• Deeply invested, community informed local government leadership to connect the necessary dots within and across the many city and county agencies that intersect with food – which should include the workforce and economic development teams, in recognition that the food system is an economic one that responds to financial incentives and investments.

In order to accelerate the economic viability of an agro-ecologically oriented regional food system, an overarching goal should be developed to:

• Establish aggregate, quantifiable goals across the range of large anchor institutions (schools, hospitals, jails, recreational venues) in a region, to direct the combined purchasing power of the large anchor institutions toward increasing economic viability along a values based supply chain (such as the goals found in the Good Food Purchasing Program).

The procurement processes of large institutions allow them to obtain reasonable percentages of values-based food within their budgets, as conveyed to the food service or supply bidders through Requests for Proposals. The financial security of the long term, high volume contracts of schools and other large institutions is a de-risking opportunity for the supply chain.

If cities as centers of regional food change were to coordinate their public food procurement contracts with value based goals, the combined purchasing power could be the basis for a more equitable, community centered mid-scale food supply chain, operating alongside the more globalized supply chain in the way renewable energy operates alongside the prevailing energy fuel system.

A mid-tier13 or community level system—one organized as a regional supply chain calibrated with value based purchasing policies with large scale commitments from public institutions—could support entrepreneurial responsiveness to the varied needs of a community.

• Cities and counties should adopt purchasing targets for all their large food service institutions that direct a meaningful percent of purchases to the public values of local economic support, fair wages and working conditions, and people and planetary health.

• Goals supporting local economies, sustainable production practices, fair labor practices, and nutritional health should be targeted and implemented with equivalent priority.

• Equity goals should be front and center, as shown in the Good Food policy resolutions of Cook County, Illinois14, and should incorporate access to land and capital for historically dispossessed communities15.

• City and county leaders should aggregate the institutional targets into regional targets. They should extend their reach beyond municipal and school food to include hospitals, military bases, jails and other publicly funded food programs available in each city. The aggregate dollars available to nurture a good food system, would be more than enough to make a difference in the regional food economy and in the well-being of their region.

• Those targets should be backed up with contractual commitments to producers and distributors.

• Develop and direct financial incentives to the anchor institutions to enable purchasing support for fair wage and climate friendly food production practices such as soil health. Incentives should include an increase in school meal reimbursements for the procurement of local, sustainable, fair, and humanely produced foods to provide all students access to nutritious, high-quality, local food, building on the pioneering local food incentive models established in Michigan16, Oregon17, and New York18.

A system that serves community health, workers, and local businesses along those supply chains, can be a more resilient system in times of crisis. Healthy food, and the ability to make a fair living producing, picking, packing, and processing it, are essential to the equitable well-being of everyone who participates in the food system. The food system provides an essential good and service, and managing it in a way that is sustainable for the planet and people is a social, economic and environmental imperative.
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In the last few decades, the deficiency of sulfur (S) has been noticed in the agricultural soils of India. Meanwhile, researchers reported that S plays a significant role in the productivity of the rice-wheat cropping system (RWCS). For the quantification of S response, a long-term field experiment was started at the Indian Council of Agricultural Research-Indian Institute of Farming Systems Research (ICAR-IIFSR), Modipuram, India. In total, 7 nutrient supply options were applied, i.e., organic, mineral fertilizer in the combination of integrated plant nutrition system (IPNS), and IPNS + berseem (B)/IPNS + cowpea (C) in the S availability of the soil in the RWCS. The results showed that the highest contribution in S availability by the total S (39%) is followed by the organic S (35%), sodium bicarbonate extractable sulfur (NaHCO3-ES; 7%), heat-soluble sulfur (SS; 7%), water-soluble sulfur (WSS; 4%), available S (4%), and inorganic S (4%) under different long-term nutrient supply options of RWCS. The continuous application of organic fertilizer and various IPNS options, such as the inclusion of pulses, significantly improved all S fractions in the soil and also offers an additional benefit in terms of sustainability of production and soil health as compared to the inorganic fertilizer fields. Overall, the results showed that IPNS showed its superiority over the rest of the treatment. The results also supported that the inclusion of pulses gives a further gain in terms of sulfur availability in soil systems under RWCS.

KEYWORDS
 nutrient supply options, sulfur, nutrient availability, mineral fertilizer, organic manure
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GRAPHICAL ABSTRACT. Graphical representation of soil sulphur availability impacted by different nutrient supply options.


Introduction

To attain UN Sustainable Development Goals (UNSDGs) globally, all nations have adopted these targets. To feed the rapidly growing global population, a sustainable food production system is required for confirming the overall development of society (Woolston, 2020). Similarly, sustainable management of the agroecosystem plays a significant role in attaining nutrition security (Singh et al., 2020; Dubey et al., 2021; Rakshit et al., 2022). Sustainable agriculture is also a decisive factor for society in developing nations (www.fao.org). Meanwhile, some of the agricultural activities are negatively affected, such as indiscriminate input use, intensive tillage, and puddled transplanted rice (Eisenstein, 2020).

Nowadays, researchers are giving more emphasis to higher productivity to feed the population with limited resources (Elferink and Schierhorn, 2016). As reported by the Food and Agricultural Organization of the United Nations (FAO), food production must be doubled by the year 2050 to feed a global population (http://www.fao.org) (Food and Agricultural Organization of the United Nations (FAO), 2009). Judicious application of S plays a major role in the growth and development of crops (Figure 1).


[image: Figure 1]
FIGURE 1
 Sulfur availability in soils: (i) soil organic matter quantity and quality, (ii) crop selection and cropping system design, (iii) and (iv) biological and biochemical mineralization rates. In addition to soil test S concentrations, these factors should be considered when making fertility recommendations.


Many researchers reported that the S has a significant role in crop production (Jamal et al., 2010; Nazar et al., 2011; Sahota, 2012; Kopriva et al., 2019; Zenda et al., 2021). Sulfur is gaining considerable importance for enhancing crop yields and quality of production in the context of Indian agriculture. Tiwari and Gupta (2006) reported a large gap between the removal (≈1.26 Mt/year) and replacement (0.76 Mt/year) of sulfur in India. Continued depletion of native reserves of S during post-green revolution period has led to its deficiency in many regions of the country. Since the last two decades, S deficiency has been reported globally (Scherer, 2009; Sahota, 2012; Kopriva et al., 2019). Approximately 46% of agricultural soils of India observed S deficiency, and out of them, 30% of soils are potentially deficient (Satyanarayana and Tewatia, 2009).

Worldwide long-term field experiments have been considered as valuable devices for providing information on productivity, profitability, and soil sustainability (Singh et al., 2000; Borase et al., 2020; Sandhu et al., 2020; Dhawan et al., 2021; Singh and Saini, 2021). Nevertheless, knowledge of various forms of S is of much relevance in assessing its long-run use under field conditions.

The supposition set for our study was that the accumulation of different fractions of sulfur might be affected by the various integrated plant nutrition system (IPNS) options in the rice-wheat cropping system (RWCS). To test this hypothesis, the aims of this study were (i) to quantify the IPNS and soil depths on sulfur pools and (ii) to assess the best nutrient supply options and quantitative sulfur status and relationship as compared to unfertilized plot in the long-run under RWCS.



Materials and methods


Site descriptions

The ongoing long-term field experiment (starting year 1998) site of the Indian Council of Agricultural Research-Indian Institute of Farming Systems Research (ICAR-IIFSR) (29°4'N, 77°46'E, 237 m above sea level) was selected (Figure 2). The average monthly minimum (7.2°C) and maximum (20.1°C) temperatures in January and corresponding minimum (24.2°C) and maximum (39.8°C) temperatures in May with an annual rainfall of 823 mm.


[image: Figure 2]
FIGURE 2
 Experimental site of long-term rice-wheat cropping system (RWCS).




Treatments and experimental design

The long-term cropping system experiment involving different nutrient supply options under RWCS is shown in Table 1. The experiment was conducted in large plots (individual plot area 1,000 m2). All treatments were a randomized block design (RBD) and had four replications (Meena et al., 2022). A total of seven nutrient supply option treatments were imposed in the long-term cropping system experiment as T1: control, i.e., no chemical fertilizer or organic manure; T2: recommended fertilizer dose to rice and wheat; T3: soil-test-based fertilizer application in both crops; T4: 75% of recommended N, P, and K through fertilizers + 25% substitution of recommended N through farmyard manure (FYM) in rice and recommended dose of fertilizer (RDF) in wheat crop; T5: 75% of recommended N, P, and K through fertilizers + 25% substitution of recommended N through FYM + every third wheat substituted with berseem (B) for rice and RDF for the wheat crop; T6: 75% of recommended N, P, and K through fertilizers + 25% substitution of recommended N through FYM + every third rice substituted with cowpea (C) for rice and RDF for the wheat crop; and T7: 100% of recommended N, P, and K through organic manures (FYM) in both crops.


TABLE 1 Experimental setup and treatments details for different nutrient supply options.

[image: Table 1]



Soil and data analysis

Soil available and water-soluble sulfur were determined using CaCl2 and NaCl methods, respectively (Chesnin and Yien, 1950; Williams and Steinbergs, 1959). Heat soluble sulfur was determined with 1% NaCl (Williams and Steinbergs, 1959). Sodium bicarbonate extractable sulfur (NaHCO3-ES) was determined with 0.5 M NaHCO3 at a pH of 8.5 (Kilmer and Nearpass, 1960), inorganic and organic S was determined with 0.01 M CaCl2 (Williams and Steinbergs, 1959), and total S concentration was determined by Tabatabai and Bremner (1972), followed by the turbidimetric method of Chesnin and Yien (1950) at 420 nm wavelength by spectrophotometer.



Statistical analysis

The generated data were processed for analysis of variance (ANOVA), and Duncan's multiple range test (DMRT) was used to compare the differences between the means using as applicable to RBD to assess differences among the treatment means as described by Gomez and Gomez (1984). Correlation coefficients were computed using the SPSS program (SPSS version 16) (SPSS 1990).




Results and discussion


Impact on soil available sulfur

The results revealed that the available S significantly varied among the different treatment combinations over the RWCS (Figure 3). It varied from 8.80 to 29.40 and 6.60 to 16.10 mg S kg−1 in the 0–15 and 15–30 cm soil depths, respectively. A significantly greater amount of available S in the surface and subsurface soil (0–15 and 15–30 cm) was maintained with organic farming (OF) management over the rest of the treatment combination (Figure 3). The build-up values of available S in the 0–15 and 15–30 cm depths were 29.10 and 16.10 mg S kg−1 in plots' OF management practices, respectively, against 8.80 and 6.60 mg S kg−1 in both soil test crop response (STCR)- and nitrogen, phosphorous, potassium (NPK)-treated plots, respectively. The available S was increased by ≈30 and 41% in the 0–15 and 15–30 cm soil depths in plots receiving OF management practices, respectively, over the STCR and NPK plots. The available S in the 0–15 cm depth was recorded in the following order: OF (29.40 mg S kg−1) > IPNS (24.10 mg S kg−1) > IPNS + C (22.60 mg S kg−1) > IPNS + B (21.20 mg S kg−1) > control (9.10 mg S kg−1) > STCR (8.80 mg S kg−1) ≥ NPK (8.80 mg S kg−1), and a similar trend was also observed in subsurface soils (Figure 3). The results clearly specify that the integrated use of nutrients has a constructive effect on soil available sulfur, which corresponds to the results presented by other authors (Soaud et al., 2011; Turan et al., 2013; Shi et al., 2016).


[image: Figure 3]
FIGURE 3
 Effect of long-term fertilization on soil available S in the 0–15 and 15–30 cm soil layer of rice-wheat cropping system (RWCS). Means of different treatments followed by the different lower-case letters (a–d) are significantly different at p < 0.05 levels of significance according to Duncan's multiple range test (DMRT).




Impact on water-soluble sulfur

The results indicated that the concentration of WSS significantly varied among the different treatment combinations (Tables 2, 3). Significantly highest WSS was witnessed in plots receiving OF 29.36 (0–15 cm) and 24.11 mg S kg−1 (15–30 cm) soil depths. It was ≈36 and 44% significantly higher as compared to unfertilized control plots under both 0–15 and 15–30 cm soil depths, respectively. In the case of surface soil (0–15 cm soil depth), WSS ranged from 10.60 to 29.36 mg S kg−1 under different long-term nutrient supply options in the RWCS. The maximum WSS was recorded with OF-treated plots (29.36 mg S kg−1) followed by the IPNS + C (24.13 mg S kg−1), IPNS + B (23.94 mg S kg−1), IPNS (19.63 mg S kg−1), STCR (15.98 mg S kg−1), and NPK (15.12 mg S kg−1) plots, and the lowest WSS (10.64 mg S kg−1) was recorded with unfertilized control plots.


TABLE 2 Impact of long-term integrated plant nutrition system (IPNS) options on soil sulfur fractions in the 0–15 cm soil layer of rice-wheat cropping system (RWCS).

[image: Table 2]


TABLE 3 Impact of long-term integrated plant nutrition system (IPNS) options on soil sulfur fractions in the 15–30 cm soil layers of rice-wheat system.

[image: Table 3]

Nevertheless, in the case of subsurface soil (15–30 cm soil depth), it ranged from 10.67 to 24.11 mg S kg−1 among the different nutrient management practices. The amount of WSS in the 15–30 cm soil layer was ~8% lower as compared to surface soil. Significantly highest amount of WSS was recorded in the OF (24.11 mg S kg−1) and the rest of the treatment combination was observed in the following order: IPNS + C (20.66 mg S kg−1), IPNS + B (20.44 mg S kg−1), IPNS (19.60 mg S kg−1), STCR (15.30 mg S kg−1), NPK (13.85 mg S kg−1), and control (10.67 mg S kg−1) plots (Tables 2, 3). The significantly higher content of water-soluble sulfur fraction with the integrated use of fertilizer and manure may be attributed to higher microorganisms in different treatment combinations that resulted in mineralization of organic sulfur to available sulfur (Dutta et al., 2013). Correspondingly, the integrated use of mineral fertilizers might have improved soil nutrient availability (Latare et al., 2014).



Impact on heat soluble sulfur

The results showed that the heat SS content of the soil under different treatments varied from 20.93 to 45.75 mg S kg−1 in surface soil and from 29.03 to 48.26 mg S kg−1 in sub-surface soil (Tables 2, 3). OF maintained higher heat SS (45.75 mg S kg−1) followed by IPNS + C (42.74 mg S kg−1), IPNS + B (40.41 mg S kg−1), IPNS (37.87 mg S kg−1), STCR (32.85 mg S kg−1), NPK (31.47 mg S kg−1), and unfertilized control (20.93 mg S kg−1) plots in surface soil (0–15 cm). Meanwhile, in case of subsurface soil (15–30 cm), significant highest heat SS was reported with OF (48.26 mg S kg−1) followed by IPNS + C (42.25 mg S kg−1), IPNS + B (40.71 mg S kg−1), IPNS (38.50 mg S kg−1), STCR (34.90 mg S kg−1), NPK (32.56 mg S kg−1), and unfertilized control (29.03 mg S kg−1). The plot receiving OF management practices showed its significant superiority by ~ 54 and 40% as compared to control plot. Nevertheless, the levels of heat SS content were lower in surface than subsurface soils (Tables 2, 3). Application of IPNS increased heat soluble sulfur fraction as compared to control (no fertilizer application), which was released with heat treatment (Bediger et al., 1985; Dutta et al., 2013).



Impact on NaHCO3-ES

Data revealed that the NaHCO3-ES concentration was significantly highest under OF at 39.69 and 36.89 mg S kg−1 in the 0–15 and 15–30 cm soil depths, respectively (Tables 2, 3). The significant variation among different treatments was also noticed in both soil depths. In surface soil, the concentration of NaHCO3-ES was observed in following order: OF (39.69 mg S kg−1) > IPNS + C (36.85 mg S kg−1) > IPNS + B (33.13 mg S kg−1) > IPNS (32.33 mg S kg−1) > STCR (29.66 mg S kg−1) > NPK (28.72 mg S kg−1) > unfertilized control (27.91 mg S kg−1) under RWCS over the period. Similarly, the 15–30 cm soil depth significantly varied from 27.08 to 36.89 mg S kg−1 among different treatment combinations (Tables 2, 3). The maximum NaHCO3-ES was recorded in OF-treated plots (36.89 mg S kg−1) followed by IPNS + C (34.76 mg S kg−1) > IPNS (31.26 mg S kg−1) > IPNS + B (31.01 mg S kg−1) > STCR (29.50 mg S kg−1) > NPK (28.93 mg S kg−1) > unfertilized control (27.08 mg S kg−1) treatments. Both soil depth treatments with OF showed significant superiority over the rest of the treatment combinations under RWCS over the period (Tables 2, 3). The significantly higher concentrations of NaHCO3-ES were found in the treated plot as compared to the unfertilized plot (Dutta et al., 2013).



Impact on inorganic sulfur

A significantly greater amount of inorganic S was maintained in OF treatment over the rest of the treatment combination in both surface and subsurface soil layers (Tables 2, 3). The build-up of inorganic S ranged from 25.98 to 24.39 mg S kg−1 in plots receiving OF against 9.77 and 8.97 mg S kg−1 in unfertilized control plots in surface (0–15 cm) and subsurface (15–30 cm) soil depths, respectively. The inorganic S was increased by ~33 and 37% in plots receiving OF in the 0–15 and 15–30 cm soil depths, respectively, over unfertilized plots. In the case of surface soil (0–15 cm soil depth), inorganic S ranged from 9.77 to 25.98 mg S kg−1 under different nutrient supply options in the RWCS over the periods. The maximum inorganic S was recorded with OF-treated plots (25.98 mg S kg−1) followed by the IPNS + C (22.98 mg S kg−1), IPNS + B (22.10 mg S kg−1), IPNS (17.41 mg S kg−1), NPK (12.97 mg S kg−1), and STCR (12.10 mg S kg−1), and the lowest inorganic S (9.77 mg S kg−1) was recorded with unfertilized control plot (Tables 2, 3).

Nevertheless, in case of subsurface soil (15–30 cm soil depth), it ranged from 8.97 to 24.39 mg S kg−1 among IPNS options. The amount of inorganic S in the 15–30 cm soil layer was ~10% lower as compared to surface soil. The significantly highest amount of inorganic S was recorded in the OF (24.39 mg S kg−1), and the rest of the treatment combination was observed in the following order: IPNS + C > IPNS + B > IPNS > STCR > NPK > unfertilized control plots under RWCS over the periods (Tables 2, 3). A similar trend like WSS was reported in the case of inorganic sulfur, and it might be due to the long-term effect of nutrient supply options that contribute to total sulfur, and in the form of mineralization, it will be available to crops. Kumar et al. (2011) also reported that higher inorganic sulfur was reported in IPNS as compared to control.



Impact on organic sulfur

Organic S is the second largest fraction contribution among all sulfur pools after total sulfur (Tables 2, 3). The results revealed that the concentration of organic S significantly varied among the different treatment options over the periods. It ranged from 141.07 to 194.07 mg S kg−1. It was also observed that the organic S was significantly influenced by different nutrient supply options over the periods, and it was reported in following order: OF (197.07 mg S kg−1) > IPNS + C (185.25 mg S kg−1) > IPNS + B (172.61 mg S kg−1) > IPNS (162.03 mg S kg−1) > STCR (150.68 mg S kg−1) > NPK (150.01 mg S kg−1) > unfertilized control (141.07 mg S kg−1) plots. Similarly, the 15–30 cm soil depth significantly varied from 110.83 to 168.72 mg S kg−1 among different treatment combinations (Tables 2, 3). A similar trend was observed in the subsurface (15–30 cm) soil depth. However, the levels of organic S content were lower (−12%) in the subsurface than in the surface soil layer. The organic sulfur is the largest pool among the different pools of sulfur, which accounted for ~90–95% of total sulfur. The lower quantity of organic sulfur in the unfertilized plots might be due to its mining to meet the RWCS supplies (Rongzhong et al., 2010; Dutta et al., 2013).



Impact on total sulfur

The plot with OF indicated its significant superiority over the rest of the treatment combination (Tables 2, 3). Data indicated that the total S significantly highest 0–15 cm (220.04 mg S kg−1) and 15–30 cm (193.11 mg S kg−1) was observed in OF-receiving plot. Total S fractions significantly varied from 150.84 to 220.04 mg S kg−1 among different IPNS options in surface soil. Data affirmed that in surface soil (0–15 cm depth), total S fraction was observed in the following order: OF (220.04 mg S kg−1) > IPNS + C (208 mg S kg−1) > IPNS + B (195.01 mg S kg−1) > IPNS (179 mg S kg−1) > STCR (167 mg S kg−1) > NPK (162.98 mg S kg−1) > unfertilized control (150.84 mg S kg−1).

Nevertheless, in the case of the subsurface soil (15–30 cm depth) layer, the concentration of total S considerably varied from 119.80 to 193.11 mg S kg−1 among different IPNS options over the periods (Tables 2, 3). A significantly higher total S content was recorded with OF observed by the IPNS + C, IPNS + B, IPNS, STCR, NPK, and unfertilized control plots. A plot with OF indicated its significant superiority over the rest of the treatment combinations. The improvement in total soil S may be due to the integrated nutrient supply options (Dutta et al., 2013).



Impact on sulfur fractions contribution

Organic and total sulfur were the dominant fractions of sulfur in both soil layers over the periods (Figures 4, 5). For both soil layers and different treatment combinations, total sulfur contributed the highest 41% in control followed by NPK and STCR 40% each and 38% each in IPNS + B, IPNS + C, and OF (Figure 4). Meanwhile, in the case of 15–30 cm soil layer, the results showed that highest 38% each total sulfur in control, IPNS + C, and OF followed by 37% each total sulfur in NPK, STCR, and IPNS + B, and the lowest total sulfur concentration 36% was reported in IPNS (Figure 5).


[image: Figure 4]
FIGURE 4
 Effect of long-term nutrient supply on soil sulfur fractions contribution in the 0–15 cm soil layer of rice-wheat cropping system (RWCS).



[image: Figure 5]
FIGURE 5
 Effect of long-term nutrient supply on soil sulfur fractions contribution in the 15–30 cm soil layer of rice-wheat cropping system (RWCS).


Data showed that cumulative results of different sulfur fractions varied in both soil layers among the treatments. Maximum fraction contributions in total S (39%) were followed by the organic S (35%), NaHCO3-ES (7%), heat SS (7%), and 4% each of WSS, available S, and inorganic S in the 0–15 cm soil layer. Nevertheless, in the case of 15–30 cm soil layers, they were reported in the following order: total S > organic S > heat SS > NaHCO3-ES > WSS ≥ inorganic S and available S under different nutrient management practices (Figure 6). IPNS options improve nutrient availabilities (Urkurkar et al., 2010; Subehia et al., 2013).


[image: Figure 6]
FIGURE 6
 Effects of long-term nutrient supply on soil sulfur fraction contributions in the 0–15 and 15–30 cm soil layers of rice-wheat cropping system (RWCS).




Relationship between sulfur pools

The relationship between different S pools was significantly influenced by different IPNS options (Table 4). The results showed the positive correlation of available S with WSS (r = 0.905**), heat SS (r = 0.858*), NaHCO3-ES (r = 0.907**), total S (r = 0.892**), inorganic S (r = 0.920**), and (r = 0.897**). In case of WSS, it was significantly correlated with heat SS (r = 0.965**), NaHCO3-ES (r = 0.955**), total S (r = 0.985**), inorganic S (r = 0.985**), and organic S (r = 0.977**). Similarly, heat SS was also positively correlated with NaHCO3-ES (r = 0.898**), total S (r = 0.944**), inorganic S (r = 0.939**), and organic S (r = 0.932**). This remark is in close pact with Borkotoki and Das (2008).


TABLE 4 Relationship (r-values) between S-fractions of rice-wheat cropping system.
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Conclusion

Sulfur mining due to the indiscriminate use of mineral fertilizers and manure has encouraged the occurrence of deficiency. The results of this long-run field experiment revealed that the integrated use of nutrients has significantly increased different sulfur pools under RWCS as compared to the unfertilized control plots. They indicated that different treatment combinations had a significant correlation with different pools of sulfur. Significantly, the highest sulfur fraction contributions as total S (39%) followed by the organic S (35%), NaHCO3-ES (7%), heat SS (7%), 4% each of WSS, available S, and inorganic S (4%), meanwhile total S > organic S > heat SS > NaHCO3-ES > WSS ≥ inorganic S and available S under 0–15 and 15–30 cm soil layer, respectively. We recommend that OF treatment combination contributed the highest in different sulfur pools, followed by IPNS treatment under long-run use of RWCS.
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The rural and urban divide, promoted by capitalism first and global neoliberalism later, has characterized the countryside as synonymous with “backwardness” and established the city as a model for “progress. ” In recent years, promoting agriculture in cities seemed counterintuitive. Nevertheless, during the last decades, agricultural practices in the urban realm have been encouraged, and with great effort, by a group of cities worldwide. Quito is one of them. The Participatory Urban Agriculture Project (AGRUPAR) has promoted and supported urban agriculture in Quito for almost 20 years. However, aware that the food situation of its population requires stronger efforts, the city has decided to go beyond urban agricultural production. Led by AGRUPAR, and together with other municipal actors, such as the Metropolitan Directorate of Resilience, and the Secretariat of Productive Development, the Municipality of the Metropolitan District of Quito (MDMQ) is implementing public food policies that have outlined, as one of their central objectives, the need to strengthen the city's food security and food resilience. This text presents a brief history of urban agriculture in Quito and reviews some of the achievements of AGRUPAR. Based on this experience, the authors hypothesize that cities that have gone from promoting urban orchards to establishing urban agricultural programs are in a better position to implement food policies as a contribution to resilience and sustainable urban development. This article displays the importance of clearly understanding the food value chain and the set of strategic dimensions that currently shape the agri-food system. The aim is to better connect the production, processing and transformation, distribution, sale and storage, commercialization, consumption, and post-consumption with the right to food, the right to the city, and a healthy environment to achieve food security. Although the results achieved thus far are valuable, if the benefits of urban agriculture are to contribute to improving Quito's food security and resilience, additional progress is necessary. Therefore, it is imperative that a proposal be presented which includes urban agriculture as part of a city-scale urban policy.

KEYWORDS
 urban farming, climate change adaptation, food policy, food resilience, agroecology


Agriculture and the city

Throughout history, cities have emerged thanks to increased food supply and availability due, among other things, to the introduction of irrigation, increased production, trade, and commerce (Soja, 2001). For Lefebvre (1978) and Maisels (1993) the origin of the city has to do with the agricultural revolution that results in the formation of the first agricultural villages. Along the way, the vision of nature changes from being a wild space from which we must protect ourselves to a basket of resources that we can use to our advantage (Gudynas, 2011; Harvey, 2018). For Mougeot (1999) and Da Silva (2006), urban agriculture is a process as old as cities themselves, and the perceived separation between agri-food production and cities is a recent invention in urban history, where “the Food stopped being a human right to become a business” (Duch, 2011).

For quiteños (inhabitants of Quito) agriculture is not a new practice. The Quitu-Cara culture, one of the first occupants in the territory, created important food infrastructures such as agricultural terraces on the slopes of mountains and ridge systems on the dried-up beds of the lagoons. These infrastructures provided local food supply, which later helped raise intensification of production, to allow for sustenance of the population growth over time. With the arrival of the Incas, criteria for maximizing soil use and sophisticated hydraulic systems were incorporated. This permitted the inhabitants to take advantage of the land considered unsuitable for agricultural production, and helped them to overcome the complications presented by adverse weather. As a result, tools, fertilization processes, soil conservation, and optimization of water use were innovated, while simultaneously managing to domesticate a wide variety of species in diverse climatic conditions and ecological floors. Incan practices included a sowing calendar, public infrastructure (under today's idea of public e.g., streets, parks, water utilities), and a research methodology to improve food production. These practices allowed locals to connect with the higher world. It is estimated that they cultivated and domesticated about seventy plant species.

Ancestral knowledge and alternative technologies are still present when working the “chacra” (small orchards) and applied to the small, cultivated fields managed under the Andean worldview. These are still considered important agroecological bases. Andean production techniques have proven their worth in both technical and scientific support, and in their constant contributions over time. However, with the Spanish colonization this all changed. New crops such as fruit trees, vegetables, cereals, and farm animals were introduced, surpluses were privatized, and the massification of other forms of production replaced traditional forms. People “forgot” tradition. These changes strongly impacted agricultural production systems and, consequently, the population's capacity to access food. Although food security with sovereignty of the entire colonial population was not always achieved, the engravings showing how agriculture was part of the walled cities guarantee to food, are well-known.

Centuries later, agricultural production left the cities and remained in the countryside eliminating the urban use of land for agriculture. Capitalism first and global neoliberalism later, assimilated the rural to “backwardness” and the urban to “progress.” With the Green Revolution, agricultural food production became the heritage of large agricultural companies with global practices based on monocultures and the use of chemical synthetic fertilizers. As a result, family agriculture was relegated from public policies (Holt-Gimenez et al., 2006; Altieri and Toledo, 2011), thus misleading the collective memory and original meaning of the people, its culture, and its environment (Maela, 2011). This adverse environment caused urban agriculture to be left out of agricultural public policies and urban development plans, and in turn, develop into an alternative that is practiced in low-income sectors and in the peripherals of the city.

Over time, urban agriculture has developed in Quito, based on the combination of traditional and ancestral practices inherited from the pre-Columbian era (mainly potatoes, corn, broad beans, zambo, pumpkins, beans) with the implementation of microtechnologies typical of urban production (Long, 1996). However, urban agriculture was not able to escape the influence of the Green Revolution (especially the suburban and rural neighborhoods) that triggered the indiscriminate use of agrochemicals, the loss of biodiversity, the irrational use of global common goods (soil, water, air), in addition to breaking with the ties and logic of community work and with the sense of belonging and connection to the land (Santandreu and Rea, 2018). The notion that water, soil, and air, are now referred to as “resources” instead of the idea of being “global common goods” exemplifies this moment in the history of modern agriculture.

Although activities related to agriculture and food production have been carried out since ancient times in Quito, the process of conceptualizing urban agriculture and healthy eating as part of public policy is recent. Furthermore, urban and peri-urban agriculture is seen as an alternative to the loss of productive areas due the accelerated urban growth propelled by the real estate market.



AGRUPAR, a participatory urban agriculture project

Despite finding multiple approaches and definitions, in this article, urban agriculture is defined as a renewed way of understanding the relationships between the countryside and the city, as well as those established by people with each other, and the correlation between nature and the city. Seeing as urban agriculture is not synonymous to rural agriculture on a smaller scale, it is necessary to analyze some of its characteristics in further detail. It should be kept in mind that although implementing urban orchards is necessary, it is not a sufficient condition to further urban agriculture as a policy for food and urban resilience.

A variety of activities need to be developed for urban and periurban agriculture to exist. These activities include: (i) the production and/or transformation of fresh produce and/or livestock into products based on agroecological principles, (ii) the promotion of short supply chains to improve food access in the “last mile” and to reduce the environmental burden of transport and storage, (iii) the stimulation of self-consumption and/or market exchange (barter or commercialization) based on social economic principles, (iv) the promotion of healthy foods and avoid offering ultra-processed foods, and (v) the sustainable management of residues that minimizes food loss and waste and favors circular economies, (vi) knowledge exchange as a two-way communication process where urban farmers receive training but also provide feedback to improve and scale better practices

Through the use of appropriate technologies and participatory processes, urban agriculture allows for a sustainable (re) emergence of global common and local goods that take into account local knowledge and culture. Such an approach enables social creativity and fosters the reconnection between people and nature. As a result, a forgotten philosophy of life is recovered (Santandreu and Rea, 2016; Rodríguez, 2018). This concept recognizes a cross-sectoral, transdisciplinary, and multi-stakeholder approach that considers the systemic complexity and multi-dimensionality of urban agriculture. Such approach allows for this activity to become permanent in cities and re-establishes urban agriculture as one of the cornerstones of health and food resilience.

In 2000, with the support of the Urban Management Program for Latin America and the Caribbean (PGU-ALC), the Municipality of the Metropolitan District of Quito (MDMQ) began to implement urban orchards in the northern, central, and southern parts of the city. Soon after, in 2002, The Participatory Urban Agriculture Project (AGRUPAR) was created to address urban and peri-urban production of agricultural products in the Metropolitan District of Quito. Since 2016, with the support of different organizations such as The RUAF Foundation and RIKOLTO, and with the leadership of the Secretariat of Productive Development, to which the Metropolitan Directorate of Resilience was later added, the MDMQ began promoting a public agri-food policy that had urban agriculture as one of its pillars.

AGRUPAR connects the food value chain with a set of strategic dimensions of the agri-food system Rodríguez and Proaño (2016). It promotes the social and solidarity economy that seeks to guarantee food security and sovereignty by incentivizing and enabling the practice especially by the most needed, supports responsible consumption focused on promoting healthy food environments, and seeks to manage losses and waste by exploring the notion of a circular economy. AGRUPAR's approach local agro-ecological food production with the human right to food; the city with a healthy environment; and the governance of the agri-food system to make better decisions to strengthen the city's food resilience (Carasso and Carasso, 2019).

From the beginning, AGRUPAR has transcended the urban border. According to the last census carried on by AGRUPAR in 2020, the project accounted for about 60 hectares of production distributed in spaces of up to 7,500 square meters, throughout its territory. This bridges the divide between sustainable production and healthy consumption, reaffirming a new way of understanding the urban-rural link. The project is estimated to have an annual output of more than 1,200 tons of healthy food. Around 53% of production is destined for self-consumption and 47% is commercialized through different channels.

This practice not only improves access to safe food, but it also promotes healthier family economies by decreasing food spending, increasing income, and becoming a means for living in low-income sectors. It provides an average income of $175 per month, per urban orchard (can belong to a family, an individual, or to the community). The implementation of urban orchards has implied a modification in the family and collective space, symbolically and in practice. This has transformed the dynamics of food environments.

Since 2000, five municipal administrations with different political perspectives and priorities have passed, but AGRUPAR has maintained its core values and principles. Furthermore, over the years, AGRUPAR has strengthened its relations with various Ecuadorian actors (different levels of government, civil society, the private sector, academia and with citizens) and has deployed international alliances with diverse cooperation agencies, researchers, and other governments, that have allowed access to resources and new ways of addressing problems.

The Programme has also contributed to strengthening social relations between producers and consumers, as well as the inclusion of small farmers and vulnerable groups in Quito's food system in Quito Chiara Tornaghi (2018). It has created subsystems for vegetables, fruits, and medicinal plant production. The programme also provides seedlings, seeds, organic inputs (e.g., fertilizers and mulch) and bio inputs (e.g., organic pesticides), complementing the urban farm with the technical raising of minor species, beekeeping and artisanal food processing for value addition. Innovations have also been made to improve productive tools and infrastructure such as micro greenhouses and drip irrigation systems. Furthermore, AGRUPAR has supported the production of certain types of seeds to create a seedbank, however, seed production is limited to the varieties that are supported by the climatic floor, hence making AGRUPAR dependent at a certain extent of imported seeds.

For example, the design of rainwater harvesting systems, low-cost drip irrigation with easy implementation, and mulch, among others, are direct effects of optimal water consumption in urban agriculture. By using a 3 mm sheet per square meter, irrigation systems optimize 95% of water used for production. This simple technology has been adopted by urban farmers to improve resource efficiency and the quality of the produce. Since the water used to irrigate is potable, these savings become even more important. Spreading the knowledge of these innovations among the population allows for urban agriculture in the city to continue to progress.

As a general rule producer's lack of access to appropriate capacities are often one of the main barriers for sustainable urban agriculture to gain scale. AGRUPAR has provided constant capacity-building support to the target populations, by disseminating sustainable urban agriculture practices and innovations throughout several trainings and knowledge building activities. In 2019, AGRUPAR supported training and technical monitoring for the cultivation and handling of small animals and food processing in more than 1,800 urban orchards (see Table 2). Currently, the program supports more than 2,200 urban orchards and aims at increasing this number by 200 urban orchards per year.

Food processing is given as an option to save food (when products do not meet the size, shape, color, or appearance for fresh marketing) and to offer longer conservation of products, while adding value through processing, thus becoming an interesting line of business in local bio-fairs. The Census of the AGRUPAR project, also was determined that food processing represents 15% of the entrepreneurial options of farmers. Farmers process 82 types of products of the total volume sold at fairs. Processed products represent 14.87% in relation to weight (kilos) and 29.24% in relation to sales generated in dollars.

AGRUPAR has 15 bio-fairs (with 19 weekly frequencies, an average of 850 bio-fairs take place per year) for the direct sale of surplus production, where more than 105 types of products are offered while also reducing the distance that products need to travel and creating shorter circuits (see Figure 1).


[image: Figure 1]
FIGURE 1
 Income per Bio-fair per year. Source: AGRUPAR's census 2020.


However, the scale in which urban agriculture shows the greatest contributions to the city, is at the neighborhood level. This article defines neighborhood as a subdivision of the urban territory that presents its own identity, which is historical, cultural, and urban, and gives a sense of belonging to its inhabitants, without having a specifically defined territory or population. Yet, in a neighborhood, various food neighborhoods can coexist, nucleated around, or connected to public food markets, or through the relationships established by their inhabitants, regardless of political or administrative differences. Today, urban orchards are considered an important component of food neighborhoods as it provides access to affordable and fresh and nutritious food locally produced.

AGRUPAR also distinguishes the scales of intervention. An activity such as urban agriculture typically has positive consequences at the food-neighborhood level by providing food to its population. However, it must be noted that on a larger scale, for example on a parish or metropolitan level, that is insufficient.

Currently, one of the challenges of urban agriculture, based on the type of agroecological approach that is implemented in Quito, such as developing creative solutions with a holistic, nature-based approach to agriculture. There is evidence of additional benefits such as erosion control practices which are used to recover degraded urban soil that does are not typically used for agriculture. This could achieved by conserving the fertility and soil biota (considering the soil as a living being that can be restored, maintained, and improved), using urban organic waste for compost and humus production, or utilizing the soil as a base for “hotbeds.” Additionally, minor animal farming in permitted areas of the city allows a regular supply of compost for the maintenance of soil fertility.

For food production in spaces that do not have soil available, such as balconies, patios, and terraces, it is essential to guarantee the supply of organic inputs with an agroecological base. These spaces have led individuals and communities to find practical and simple solutions, such as using boxes, bottles, tires, vertical PVC tube modules, among other alternatives. However, these solutions require external contributions of organic fertilizer. Combating weeds, pests, and diseases in crops, without putting public health at risk, requires the use of alternative means such as bio inputs and controlling invasive species by natural means.

These organic inputs are preferably made in the production unit itself, exchanged between farmers, or acquired externally. If acquired externally, these products must be compatible with organic regulations or certified. All in all, agro-ecological production has created alternatives that resemble the normal function of nature and thereby, enables circular economies.

For production practices, the use of seeds, seedlings, and dissemination training materials (please refer to Table 1) must respond to specific geographic conditions, seeking the rescue, preservation, and multiplication of own/native varieties, in addition to considering others that may initially be from an external provider, but necessary to increase agrobiodiversity from the urban farm and contribute to a diversified diet. Under no circumstances does AGRUPAR accept the use of genetically modified organisms (Rodríguez, 2018).


TABLE 1 AGRUPAR training topics.
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TABLE 2 Processed products in Quito.
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AGRUPAR represents an important source of income and savings for urban farmers. It is also an urban sustainability strategy that contributes to improving peoples' living conditions, enables nutrient recycling, develops water management, and promotes biodiversity. AGRUPAR also has a positive impact in the reduction of deserts and food swamps, increasing the availability of food in situations of chronic stress or of severe disruptions of the agri-food system due to environmental, political, or socioeconomic events.

Since 2002, AGRUPAR has been promoting the self-production of food by taking advantage of vacant, unproductive, or underutilized spaces in the city as a strategy to effectively increase food security with sovereignty and improve food and urban resilience. At a neighborhood scale, AGRUPAR improves the availability, access, and quality of food consumed by neighbors, while respecting the diversity of options typical of a multicultural society. Quito's urban orchards have a production capacity of 1.35 million kilograms of healthy food each year, of which 57% (769,000 kilograms) is consumed by producers and their families and 43% (581,000 kilograms) is sold via various short supply chains. Each week, about 11 tons of fresh and healthy food are destined for the city's most vulnerable neighborhoods.

Under a gender lens, according to a study (unpublished), “Growing More Than Food: Urban Agriculture & Empowerment, A Summary of Findings,” by Kate Oviatt from the University of Colorado, 2016, in terms of empowerment, the results of urban agriculture are positive. Regarding the economic independency of women, 88% of women expressed they have control over their own money and 11% noted they share control with their husbands. In reference to food literacy, it was determined that 89% of urban farmers have learned about healthy eating and 99% believe that urban orchards have improved their family's nutrition. In fact, 91% of urban farmers found that they were eating more fruits and vegetables. Additionally, 93% of these farmers noticed that they are more active during the day and 98% say that the quality of the food their family consumes has improved. In conclusion, 83% of urban farmers say that their overall health has improved.

Furthermore, researchers in Ecuador found a direct association between women's empowerment in agroecology and their diet. Women involved in agroecology are able to build social and human capital through their engagement in local markets and barter. These women also recognize that diversity in the farm is reflected in the diversity on their plate (Deaconu et al., 2019). Related to this, a study developed in the Peruvian highlands demonstrates a clear association between farm biodiversity and dietary improvement among women (Jones et al., 2018).



Urban agriculture, urban resilience, and food resilience

The generation and adaptation of food production systems to the urban ecosystem face fundamental challenges that go beyond urban farming and must be faced with broader sustainable food policies. To achieve the success of agricultural production in the urban area it is necessary to reflect on possible shocks and the effects of climate change. Accompanying measures must be applied to maintain stable and diversified food systems to improve the resilience of urban orchards, and in a larger extent, contribute to the food resilience of neighborhoods, first, and of the city, later. As of today, in the context of urban and socio-economic development in Quito, achieving food security with sovereignty means strengthening the city's capacity to face severe disruptive events of environmental, social, economic and political nature. Quito is no stranger to these types of disruptions that severely impact the nutrition and well being of the population.

In October 2019, indigenous organizations, and a large part of the population, protested in response to harsh economic measures established by the Executive Power. Such measures included the elimination of the fuel subsidy and cuts to public spending. Tens of thousands of people mobilized, blocking the access roads and the main roads of the city. After 14 days of blockades, the shortage of fresh food was notorious, especially in the low-income neighborhoods in the south and north- west of the city. This is not the only example of a social mobilization blocking Quito's streets and causing severe food shortages. Similar situations took place in 1997, with protests that culminated in the resignation of President Abdalá Bucaram. In 2000, President Jamil Mahuad resigned after an economic crisis that resulted in the dollarization of the country. In 2005, President Lucio Gutiérrez was also removed after deep social unrest. Today, the COVID-19 pandemic, once again, has tested the capacity of urban agriculture to contribute to food security with sovereignty, especially in the low-income sectors. These events have left us with important lessons.

Based on the urban resilience concept proposed by Meerow et al. (2016), we know that food resilience is a property of complex systems which exist when the socio-ecological and socio- technical networks that constitute the city (at different temporal and spatial scales) manage to maintain or can quickly return to previous functions, guaranteeing availability and access to sufficient and nutritious food for all people permanently.

Thus, it is the ability of a system to adapt to a changing context that can affect its operation. However, Quito's agrifood system is particularly vulnerable since only 5% of the goods consumed in the city are produced within the city's limits. This production is continuously threatened by the real estate and housing market. As a result today the concentration of supply goods occur in two opposite points of entry in the city that, in turn, connect with large areas of the country that are highly exposed to natural hazards. In this scenario, during the response to face political disruptions or the sanitary emergency, Quito's urban orchards were able to reconfigure some of its food outlets to offer solutions to the food provision problems at various scales and without losing the ability to provide healthy, uninterrupted, and diverse food for producing families. AGRUPAR assisted in the scarcity of food with surplus produce.

Surplus produce was sold via four channels:

a) Occasional sales as crops are ready for harvest (a few bundles of radishes, a few kilos of tomatoes or potatoes, a couple of heads of broccoli, cabbage, lettuce, and chicken, among others).

b) Weekly sale of baskets of 10–15 seasonal varieties (possibly including chicken, pork, or eggs) to families in the neighborhood or in nearby towns; transactions which take place in the garden.

c) Sale of a fixed quantity and selection of produce via collaborative supply chains. Transactions are made through a third party, who establishes contact with consumers, assembles baskets by collating surplus produce from various producers, and delivers them to homes.

d) Barter.

One of the best ways to increase the resilience of a population is to reduce the socio-economic vulnerability in the city in a sustained way to avoid increasing food risk, especially among the poorest. This is possible as shown above. However, it is important to remember that urban agriculture must be considered a constituent part of a much broader agri-food system. Its role and scope are essential and contribute to forming strategies that help to address challenges at different scales, and this should be incorporated into urban planning instruments and policies. Doing this, amplifies the city's response capacity and scale to a socio-economic vulnerability.

It is imperative to understand the role of the different actors in the system. In 2017, the Agri-Food Pact of Quito (PAQ) was created, where different representatives expressed their commitment to developing a sustainable and resilient agri-food system to guarantee the provision of healthy food for the entire population, especially for the most vulnerable (Santandreu et al., 2019). This organization created multiple synergies and thus, an opportunity to advance in the governance agenda in favor of further public policy planning and response capacity to face disruptive events.

Based on the Trajectories of Change approach (Santandreu and Betancourt, 2019), which starts by recognizing previous actions implemented by communities to identify problems and solutions, the Food Action Plan, as part of the Agri-Food Strategy of Quito, proposes key policies that cover at different scales the entire value chain and strategic dimensions of the agri-food system.

A conceptual framework, known as food hubs, aims at uniting the human right to food, the right to the city, and the sovereign approach to food security, as components of a sustainable food environment without degrading it (Cohen-Shacham et al., 2016). This framework is a result of a previous study carried out in Quito and differs from other studies of food hubs by going beyond a simple analysis of food distribution in cities (Argüello et al., 2017). This plan relates different components of the food value chain in a systemic understanding to plan for the improvement in the operation of the whole system (Jácome-Pólit et al., 2019a). The study identified food hubs as one of the food public policy actions most likely to strengthen food resilience by connecting, at the food neighborhood scale with a great diversity of actors in the agri-food system.

Examples of these include urban orchards, markets, bio-fairs food distributors (formal and informal), stores, supermarkets, hotels, restaurants, food programs, public food infrastructure, and consumers. Under this approach, urban agriculture has the potential to promote strong relationships between people and institutions on a local scale therefore improving the social fabric and the capacity for a collective response to a disruptive event. Although their contribution in the quantity of food is not significant at a city scale, their contribution to the connection between people in different components of the food system is extremely significant and increasingly necessary (Jácome-Pólit et al., 2019).

Later, understanding the environmental and social impacts that occur at each stage of this interconnected system is possible by identifying the links between production (urban agriculture and rural food production), transport and storage (logistics and urban mobility), marketing (in markets, fairs, stores, warehouses, supermarkets, hotels, and restaurants), consumption (by people, social organizations, and institutions such as schools), social programs (provide food), food reuse, and waste management programs.

To a greater extent, the Quito Agrifood System Resilience Strategy (a work in progress) proposes food hubs as centralities connected at a metropolitan scale (see Figure 2). As a mechanism, neighborhoods, urban and peri-urban areas, and rural agricultural landscapes, should be considered by the institutions that formulate public policies at different governmental levels to manage the whole system. In this context, food hubs are planned territorially and function as a distributed network that permanently offers accessible sociocultural-relevant foods, especially where they are most needed (see Jácome-Pólit et al., 2019b). A food hub has a level of autonomy, but at the same time, it can jointly work with other food hubs, creating an increasingly self-sufficient system. This is, arguably, the most important aspect that builds resilience into the city's food system.


[image: Figure 2]
FIGURE 2
 Map showing a representation on how food hubs can be understood. Source: Quito's metropolitan information system, AGRUPAR, Ministry of Health Ecuador.


This is where urban food production with an agro ecological base takes a different dimension. For this reason, the inclusion of food hubs as urban planning tools, that includes urban farming, is necessary. People are encouraged to produce healthy food locally, thereby responding to the need to expand the program which includes the development of urban agriculture, use of land, and work. These benefits are extended to other areas of urban management, and help create suitable and healthy food environments by taking advantage of the 13 sq. per capita of green areas available in the city that could offer local and fresh produce for more people.

Furthermore, in a recent study, Paredes (2019) analyses urban agriculture as a mechanism of climate change adaptation, but its effectiveness depends on the scale it intends to support (Adger et al., 2005) and recognizes its positive contribution at a neighborhood scale (Dubbeling and de Zeeuw, 2011). The contribution of this practice lies mainly on reducing vulnerability in social and economic dimensions (FAO, 2014) and, therefore, also reducing the risk posed by climate threats amplified by climate change. However, this capacity is closely related to the system's ability to adapt which in turn is determined by links and feedback loops with other parts of the system.

In the case of AGRUPAR, the reduction of vulnerability as a result of urban agriculture is highly evident at the household and food neighborhood levels. This results partly from strengthening capacities and implementing individual and community urban orchards with direct and continuous technical support for farmers, many representing a highly vulnerable population (Dubbeling and Rodríguez, 2016). The economic independence of female farmers, their improved eating habits, and the empowerment of women are among the documented benefits that show a reduction in vulnerability (Papuccio de Vidal, 2011). Additional factors are the inclusion of other vulnerable actors in decision-making, the developing and strengthening of social networks, personal satisfaction and trust, among others (Oviatt, 2016). Yet, on a metropolitan level, contribution to climate change adaptation and the strengthening of municipal food resilience is lesser.

As a response, urban agriculture has been included in the Climate Action Plan 2015-2025 (and its update to 2050), the Resilience Strategy, and the Agri-Food Strategy of Quito. These strategies, together with the Milan Urban Food Policy Pact signed by the Mayor of Quito in 2016, are all important steps toward a greater understanding of food as a systemic and complex phenomenon that has urban agriculture as one of its touchstones. In 2021 the Land Use and Development Plan, an instrument that guides and organizes the Municipality of Quito's actions allows for budget allocation, placed food security as the foundation of an inclusive and ecological development of the city, and strategic guidelines to scale AGRUPAR's operation have been included. Nevertheless, this is still not sufficient.

Positive contributions on neighborhood and community scales are largely defined by the availability of resources for logistics, which in turn, provide localized assistance to farmers. However, these regulation need to extend to the peri-urban and rural realms, especially when roughly 12% of the area in the Metropolitan District of Quito is considered urban. Until now, these demands for regulations and actions at planning levels go beyond the scope of the program. So far, urban and peri-urban agriculture programs and projects to scale and amplify the capacities of the local government to this end and have yet to be designed and implemented.

Furthermore, AGRUPAR's success shows that it has managed to meet the particular needs of urban farmers and families. This program also benefits from conditions such as the existing agricultural vocation of the population. Traditional and local knowledge that benefits the practice, and the social dynamics of associativism are prevalent in the communities enabling families to adopt AGRUPAR's plans and systems. Yet, the low occurrence of the project as a measure for adaptation to climate change and the city's food resilience shows a deficient capacity to formulate policies and programs that allow amplifying its benefits. This speaks to the complexity of the administrative system of the city and the country.

Relevant actors in the city planning processes have identified a lack of vision, political will, knowledge, and techniques when it comes to incorporating climate change measures in urban development policies. Similarly, in Quito there is evidence of risk management practices that are focused mainly on the response to face disruptive events, leaving prevention and mitigation aside, not to say that the food agenda is usually overlooked. Overcoming these barriers presents an opportunity to strengthen urban agriculture as a measure for climate change adaptation transcending the neighborhood scale. This will also help projects to advance beyond the socio-economic agenda and contribute to the environmental agenda as a possible climate change mitigation and adaptation strategy.

It has been recognized that sustainable and healthy food access impact in different ways all the sustainable development goals1 and that efforts improving nutrition extend beyond SDG2 and contributes to other SDGs, such as SDG3 improving health and SDG1 working to end poverty2, which in turn can contribute to close socioeconomic and spatial gaps in cities. This can have important consequences when managing risks in cities like Quito and others by improving the capacity to access and/or replace dwellings (see Hallegatte et al., 2017). In this light, multidisciplinary collaboration is required to contribute simultaneously to different agendas, such as climate change adaption and mitigation, drastically reducing biodiversity loss and tackling malnutrition in all of its forms.

Evidence indicates that important synergies can be created by designing interventions that support the nexus between biodiversity, sustainable production practices, reduced levels of malnutrition and enhancing the resilience of the communities. This systemic approach puts food at the center as the strongest lever to optimize human health and environmental sustainability while ensuring social equity, especially for the most vulnerable (FAO, 2021).



Conclusions

Urban agriculture allows us to envision a renewed relationship between cities and agri-food production while strengthening food security with sovereignty and resilience. This is the objective of The Urban Agriculture Program in Quito (AGRUPAR). The programme has managed to leverage the city's long-standing history with agriculture, its remaining practices to promote and support urban agriculture, and more recently, the construction of an agri-food public policy. For more than 20 years, AGRUPAR has promoted social cohesion, healthy nutrition, the adoption of agroecological principles, and a social and solidarity-based economy, all of which demonstrate important results reducing vulnerability at a neighborhood scale. Nevertheless, considering that Quito is prone to disruptive events, which will be exacerbated in climate change scenarios, AGRUPAR seeks to expand the impact of its practices to a metropolitan scale, triggering food resilience-building processes. These have positive consequences in different manners, among them: by becoming a valid alternative to a process of rapid urbanization that hinders the capacity of the city to produce food within its limits; by strengthening the capacity of quiteñas and quiteños to produce local, agroecological, diverse and nutritious food; and by conserving the fertility and soil biota while creating circular economy processes, among others.

Achieving food security with sovereignty requires important efforts on various points of the food chain such as, addressing underlying and multidimensional structural problems that make current food systems operate erroneously and contribute to the creation of vulnerability in the population. Multiscale analyses of the agri-food system demonstrate that urban agriculture is an important component that strengthens the social fabric and bring institutions and people closer. However, it must be part of broader actions and must accompany other strategies. In this context, the concept of food hubs is presented as a viable option to strengthen food resilience by connecting various actors of the agri-food system, forming collaboration between actors, and organizing systems. Quito's Agrifood System Resilience Strategy proposes that food hubs be planned and connected territorially and have the capacity to be self-sufficient on a higher degree, yet also work jointly with other food distribution centers building resilience into the city's food system. Together with this, and understanding that the urban periphery and rural area of the Metropolitan District of Quito is large and has a major agricultural production component, the program seeks to scale up urban agriculture and the proposed food hubs serve to take advantage of urban agriculture in a wider territorial scale, for example by promoting productive reconversion of land in peri-urban areas (such as green belts); the creation and management of legal figures for the protection and promotion of agricultural soils (such as urban and peri-urban “soils”), the promotion of agricultural educational parks and the further integration of urban agriculture into the city landscapes. The development of land management policies and secure access to land are fundamental for the sustainability of the local food system and have been included in the Development Plan of the city, yet they remain to be implemented.

Although the amount of food produced under the program may seem insufficient on a metropolitan scale, the adoption of urban agriculture as a means to reconnect people, nature, and cities, is key. Urban agriculture is pivotal in the development of a metropolitan resilient agri-food system and the establishment of food hubs in the city. The success and continuity of AGRUPAR has allowed it to build a strong network across the food chain and lead important public policy processes such as the construction of the Agri-Food Strategy of Quito and the inclusion of urban agriculture in the city's Climate Action Plan, compounding important steps toward the much-needed transformation of the system and the city's future.
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Footnotes

1 A new way of viewing the Sustainable Development Goals and how they are all linked to food, available online at: https://www.stockholmresilience.org/research/research-news/2016-06-14-the-sdgs-wedding-cake.html.

2 NUTRITION AND THE INTERLINKS WITH ALL GLOBAL GOALS, available online at: https://www.powerofnutrition.org/nutrition-and-the-sustainable-development-goals/.
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Recently, Mexico has launched policies of agroecological transition that seek to foster healthier agri-food systems. One of these policies is the reduction and eventual elimination of glyphosate by 2024. Despite being the most used herbicide in Mexico and the world, little information exists about what factors determine a greater or reduced use of glyphosate in different socio-ecological contexts. This study aimed to explore different agricultural management, biophysical and social variables and their effects on glyphosate use in maize crops by smallholders (<8 ha). A questionnaire and semi-structured interviews were performed with 142 farmer families in four regions of the state of Chiapas to document the use of herbicides and glyphosate. By using regression trees, we identified those variables that determine a greater or lesser use of glyphosate for each region and jointly. The average volume of glyphosate for the four regions during an agricultural cycle was 2.7 l/ha−1. Sets of variables were associated with syndromes of greater use of glyphosate and herbicides in general, such as small plots (<0.67 ha), indigenous population, younger farmers, fewer family members, rainfed conditions, and plots without mechanization. These results can help the design of contextualized and flexible policies of transition, consistent with the socio-ecological heterogeneity of Mexico.
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 glyphosate, milpa, paraquat, Chiapas, annual crops, agroecological transition, 2,4-D Amina


Introduction

Efforts directed toward having more resilient and sustainable agri-food systems are currently considered a worldwide priority (Food Agriculture Organization, 2018; Wezel et al., 2020). Mexico has launched a series of policies to move in this direction and foster healthier agri-food systems. Among these policies, the gradual reduction and the prohibition of the herbicide called glyphosate have been raised. In response to the available evidence regarding the effects to human health and ecosystems, in 2015 the World Health Organization (WHO) and the International Agency for Research on Cancer (IARC) reclassified glyphosate as a “probable carcinogen for humans” (International Agency for Research on Cancer, 2017). In December of 2020 in Mexico, a presidential decree was issued that prohibits the use of this agrochemical starting in 2024 and the supposed staggered elimination of the same starting from 2021. The decree likewise prohibits the planting of transgenic maize and urges the creation of scientific research that helps transition toward “sustainable and culturally adequate alternatives” (DOF, 2020). Mexico is not the first country to implement measures like these and recognize the toxicity of this herbicide, in addition to establishing the need to put into practice alternatives for its use (PAN, 2018; Malkanthi et al., 2019; Beckie et al., 2020; CONACYT, 2020; MacLaren et al., 2020; Ramírez Muñoz, 2021).

On a worldwide scale, the use of glyphosate has increased by 1,500% since 1996 (Clapp, 2021). Mainly, this increase was because of the commercialization and the sowing of genetically modified crops tolerant to glyphosate, as well as the release of its commercial patent in 2000 (CONACYT, 2020). Currently, approximately 56% of the global use of glyphosate in agriculture is destined for transgenic crops (Benbrook, 2016). Nevertheless, it has also been found that glyphosate has managed to penetrate peasant and small-scale agriculture (Mariaca-Méndez et al., 2007; Bernardino et al., 2016; Mascorro-de Loera et al., 2019). In the case of Mexico, even though transgenic crops on the commercial scale are banned, the use of glyphosate has been widely adopted. At the national level ~60% of the open-air farmers use chemical herbicides in their production (INEGI, 2019). Glyphosate is the pesticide with the highest import volumes at the national level; however, there is no information on how it is distributed and used in the country (Instituto Nacional de Ecología y Cambio Climático et al., 2020). It has been identified that glyphosate is used for diverse crops, underscoring its application to maize with 35% of the total national use (Alcántara-de la Cruz et al., 2021).

Maize is the most important crop in terms of human consumption and for the volume of production in Mexico (Sweeney et al., 2013). Smallholders contribute around 50% of the national production of such a crop (Puyana, 2012; González-Ortega et al., 2017), in addition to supporting self-sufficiency to millions of peasant families and for diversifying their livelihood options (Bellon et al., 2018). Mexico it's the center of origin and domestication of maize, dating from 6,000 to 10,000 years ago (Perales and Golicher, 2014). Traditionally, maize cropping by smallholders was associated with the system called “milpa,” which involved little use of external inputs, the use of native seeds or landraces, polyculture, and little or no mechanization (Toledo et al., 2003; Bellon et al., 2018). During the last decades, this type of production has experienced drastic changes. Much of the labor has been mechanized, and the use of agrochemicals has been generalized (Vigouroux et al., 2011). In particular, the use of manual means of weed control has been substituted by herbicide application (Vázquez et al., 2004; Parsons et al., 2009; McClung de Tapia et al., 2014).

Even though different agroecological alternatives exist for weed management (Liebman et al., 2004; PAN, 2018; CONACYT, 2020; MacLaren et al., 2020; Ramírez Muñoz, 2021), various factors have encouraged the increasingly greater use of chemically synthesized herbicides and glyphosate (Desquilbet et al., 2019; Anaya-Zamora et al., 2020; Clapp, 2021). In Mexico, historically, the countryside policies have promoted the adoption of technology packages associated with the use of improved maize varieties and agrochemicals (Bellon and Hellin, 2011). These agrochemicals are frequently imposed as part of agricultural subsidies to farmers. The role of national and international agribusiness in this strong adoption has been key, partnering with different government agencies. On the other hand, the North American Free Trade Agreement (NAFTA) since 1994, also promoted a massive migration of peasants to urban centers or the United States by creating a collapse in maize prices (García-Barrios et al., 2009; Puyana, 2012). Those who continued their production—above all market-driven—resorted to the application of chemically synthesized herbicides with backpack sprayers that implied a decrease in human labor and an investment in time. Currently, the scarce availability of a workforce in the countryside affects practices like manual weeding (Keleman et al., 2009). Herbicide adoption is also influenced by biophysical conditions of the plots, such as hillside agriculture where mechanized labors are limited and soil conditions that favor weed growth (Beckie et al., 2020).

To reverse this dependence on the use of glyphosate and of chemically synthesized herbicides in general, it is necessary to understand how this complex ensemble of agricultural management, social, and biophysical conditions act favoring or diminish their use. In this sense, the objectives of this study are: (i) to make an agronomic characterization of the use of glyphosate and other herbicides in maize crop systems by smallholders; and (ii) to identify sets of variables (management, social, and biophysical) that explain the variability in the volume application of glyphosate specifically. We develop our research in the state of Chiapas in southern Mexico, which possesses a great ethnolinguistic, ecological, and biophysical diversity, as well as native maize varieties (Brush and Perales, 2007). Although various factors can affect high or low glyphosate and herbicides use by farmers (Colbach et al., 2020), it is possible to identify groups of characteristics or syndromes that can result in greater use of glyphosate and/or herbicides in general. These syndromes can help us to understand the needs of different groups of farmers for a transition to not using glyphosate. Although we focus on glyphosate because its ban is approaching in the coming years, we explore the use of other herbicides, since it has been documented the use of various herbicides in the region (Bernardino et al., 2016; Mascorro-de Loera et al., 2019). This research strives to contribute information to create agroecological alternatives for the use of glyphosate within the context of a country with great socio-ecological heterogeneity like Mexico.



Materials and methods


Study site

Our research employed a case study design with aggregated units (Yin, 2003), the units represent four municipalities of different socioeconomic regions within the state of Chiapas (Figure 1). The state of Chiapas is among the five largest maize producers in Mexico, mostly by smallholders' production in rainfed areas (Eakin et al., 2015). In Chiapas, for more than 60 years, the use of agrochemicals (fertilizers, herbicides, and insecticides) has been promoted through different programs and government supports (Bellon, 1991; Eakin et al., 2014). Chiapas poses high levels of poverty, around 75% of its population is considered in a condition of poverty (CONEVAL, 2020). The selected regions have a high ecological and cultural value, with the presence of different indigenous groups, many of whom plant maize as part of their livelihoods. Some of the common characteristics among regions is that all farmers plant maize for the double purpose of self-consumption and selling the surpluses to the market. The use of improved varieties started in the 1960s, accompanied by the introduction of fertilizers, herbicides and pesticides (Bellon, 1991; Arellano-Monterrosas et al., 2002), yet many farmers still plant criollo1 seeds. Most of the regions have tropical weather, except for the Altos region that has temperate weather. Next, each of the regions are described, and some important characteristics are indicated in Table 1. Photographs of the representative maize plots in the four regions appear in Figure 2.
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FIGURE 1
 Map of the location of the state of Chiapas and the four socioeconomic regions studied.



TABLE 1 General characteristics of the regions and localities within the study site.
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FIGURE 2
 Fields and maize crops in four regions. (A) The VO region, plot in rocky soil; (B) the SV region, plot after the maize harvest; (C) the AV region, plot with a variety of criollo maize and herbicide application by the family; (D) The MC region, plot with mechanization in the maize harvest. Credits: (A) Sofia Monroy; (B) Riccardo Pavesi; (C) Daniel Mascorro; and (D) Carolina Berget.


The Valleys region's main economic activity is agriculture where seasonal crops are grown. Within the region, we worked in the municipality of Ocozocoautla in valley areas (VO). Within this municipality, five locations were selected, two of them (Aguacero and Lázaro Cárdenas) with a mostly Tzotzil indigenous population. In the remaining three locations, the population is considered mestizo2 (Ignacio Zaragoza, Galeana and San José). The altitude of the sampled plots ranges from 680 to 960 m. Most of the land is rainfed with some exceptions of irrigated land. The soil is mainly rocky limestone, creating rugged slopes not appropriate for mechanized agriculture. Planting in polyculture is common, where maize, bean and squash are the most common crops; cattle raising is also practiced.

The Frailesca region is characterized by the presence of annual crops, coffee plantations, along with cattle raising (Cortina-Villar et al., 2012). Within the Frailesca region, the study was developed in the municipality of Villaflores (SV), specifically in mountainous areas part of the La Sepultura Biosphere Reserve (LSBR). Data from three localities was obtained: California, Tres Picos and Tierra y Libertad. The three localities have a predominantly mestizo population (Cortina-Villar et al., 2012). The altitude of the sampled plots ranges from 865 to 1,243 m. The plots were situated behind the forest limit of the LSBR, which possess a high slope not suitable for mechanized agriculture. Mostly seasonal agriculture is practiced, with some exceptions to irrigation agriculture. Planting in polyculture is common, where maize, bean and squash are the most common crops. After the harvest, the stubble is used for livestock.

In the Altos region, agriculture and temporary or permanent migration are the predominant activities, with maize, bean, squash and coffee as the main crops (Maldonado-López et al., 2017). Within the Altos region, the study was developed in the municipality of Amatenango del Valle (AV) in the locality of the same name, with indigenous Tzeltal families. The use of native maize varieties or criollo varieties has been maintained by the population in AV. Nevertheless, there is a high dependence on agrochemicals such as herbicides and fertilizers (Bernardino et al., 2016). The studied plots have an average altitude of 1,808 m located in stepped plateaus with shallow and rocky soil, which are inadequate for mechanized agriculture. The agriculture of AV is mainly rainfed with few irrigated plots supplied from nearby springs. The farming activities (sowing, weeding, agrochemical application and harvesting) are mostly supported by social relationships among relatives and close friends. Due to population growth, the size of plots of land for each family unit has decreased and its use is intensive and continuous year after year without rest.

The agricultural activities in the Selva region are mainly maize cultivation, cattle ranching and more recently oil palm plantation (Zermeño-Hernández et al., 2016), these activities are strongly influenced by the people's place of origin (Wies et al., 2022). The maize crop systems studied belong to the municipality of Marqués de Comillas (MC). Marqués de Comillas adjoins the Montes Azules Biosphere Reserve. The studied locations were: Reforma Agraria, La Victoria, Quiringuicharo, Zamora Pico de Oro, and Barrio San José. The most frequent soils are alluvial plains and low sandstone hills (Wies et al., 2022), some of these are adequate for the mechanized agriculture. The maize crop systems are small scale (1–5 ha) with both hybrid and criollo varieties and the use of chemical inputs, such as fertilizers, herbicides, and insecticides are widespread.



Methodological approach and data collection

The data collection in each region originally comes from other studies, mainly the realization of postgraduate theses. For all the locations, permission from the ejidal authorities was sought to undertake the different studies. The methods included conducting semi-structured interviews and questionnaires with the farmers. All the plots of maize crops were visited in the cases of SV, VO, and MC to record coordinates, altitude, slope, and associated crops. In the case of AV, periodic visits to 10 plots were performed during the agricultural cycle conducting participant observation. The data was collected in different years for each region: VO in 2019, SV and MC in 2018, and 2016 for AV; during the spring-summer cycle. The interviews were performed directly by the authors to the farmers and heads of families with free, previous, and informed consent. The selection of participants was random and subsequently voluntary at all sites, with the prerequisite that they had a maize crop for the agricultural cycle studied.

The information collected in all the sites documented the general use of inputs in maize crops, including sociodemographic and agricultural management data from the farmers and their families. Afterwards, a database was constructed with 78 variables and qualitative information required for the analysis and interpretation of herbicide and glyphosate use. Plot level data were standardized to one hectare for comparisons. The volumes of the different herbicides also standardized to express liters of formulated ingredients in their commercial form. The names of the herbicides and the active ingredients were validated by the farmer or later with regional information about agrochemicals' use (Bernardino, 2013).



Data analysis

For the agronomic characterization of the glyphosate use we employed descriptive statistics for variables, such as herbicide volume (glyphosate, 2,4-D, and paraquat), the moment of application, wages, and seed type, among others. In order to delineate the different glyphosate use profiles and to identify the variables that establish differences between these profiles, regression trees analyses were carried out, for each region independently and jointly. The regression tree method allows the binary and recursive partition of a response variable (in our case glyphosate volume) under the control of a set of both categorical and quantitative explanatory variables (Borcard et al., 2011). The result is a tree with “leaves” or terminal nodes that are comprised of a subset of observations that minimize the variation within each group and maximize it among groups (Borcard et al., 2011).

To construct the regression trees, firstly, those variables that could generate an effect in the use of herbicides and glyphosate were selected. In total 21 variables were analyzed: 20 explanatory variables in response to the volume of glyphosate variable. The first regression tree included all four regions with 142 observations given by each plot and farmer. Afterwards, each of the regions was analyzed separately, constructing an independent regression tree to identify variables that could be masked in the analysis at the macroregional level.

Afterwards, some of the important variables in the regression tree of all the regions were selected to explore relationships with the volume of glyphosate and generate sets of predictors performing different tests. ANOVAs were used to see differences in categorical variables like water regime (rainfed, irrigated, river influence) for example. T-tests were employed for binary variables like if crop rotation is practiced or not, for example. Linear regressions were used to explore relationships between continuous variables and the volume of glyphosate, like the volume of other herbicides, for example. To assess the significance and the effect of the explanatory variables in the variation of the glyphosate volume (or R2-values), linear models were adjusted. All the analyses were performed following basic routines in R statistical program version 3.6.1 and Rstudio version 1.2.5019 (R Core Team, 2019).




Results


Agronomic characterization of herbicides and glyphosate use in maize crops

Farmers managing the studied maize crop systems reported that the use of glyphosate is mostly given in the pre-emergence states (Figure 3); in some cases, it was applied post-emergence between the rows. In the case of AV, it was used almost exclusively post-emergent to the crops but in early vegetative stages. It is common that farmers combine glyphosate with the herbicide 2,4-D in the same application. Seven commercial names were registered for glyphosate from the surveys; nevertheless, one brand predominates in 60% of the cases. In 2019, the average cost of this commercial brand of glyphosate in the studied regions was 110 Mexican pesos per liter (around 5.5 USDs), farmers reported. This price was very similar to the other two most used herbicides: 2,4-D and paraquat.
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FIGURE 3
 Main management practices in each stage of the maize productive cycle and moments of herbicide and glyphosate application. Not all the practices are performed in all the plots.


With respect to other weed management strategies, 54% of the farmers resort to manual weeding using tools like the machete and hoe. The use of manual weeding is concentrated in the AV and SV regions, although this is usually not sufficient to control the weeds during a complete agricultural cycle and most of the farmers also apply herbicides. From a total of 93 plots, data were obtained about daily wages dedicated to weed control (both manual and with herbicides). Among them, the average of daily wages dedicated to this task is 5 per hectare per agricultural cycle. Nevertheless, this quantity varies greatly and can reach 24 wages. These daily wages are performed by family members or relatives, otherwise they are paid, the cost of a daily wage is between 100 and 150 Mexican pesos. Other common practices before and after the sowing of maize in the studied plots are shown in Figure 3.

The main herbicides used were paraquat, followed by glyphosate, and then by 2,4-D (Table 2). In 86 of the studied plots (60.6%), these three herbicides were applied during the studied agricultural cycle. In 22 of them, only two herbicides were used (15.5%) and in 24 only one herbicide (16.9%). Of the total sample, only 10 farmers (7%) did not use any herbicide. The region that uses the largest total volume of herbicides is SV. The herbicide applications per agricultural cycle can vary between 1 and 4 applications. Other herbicides used less frequently are saflufenacil, ametryn, lodosulfuron, and topramezone. The use of herbicides and glyphosate did not differ significantly among the plots cultivated with criollo maize from those planted with hybrid maize. The only region that shows significant differences in the use of the three herbicides is MC, with much smaller volumes that the other three regions (Table 2).


TABLE 2 Average volumes of the different herbicides per hectare in an agricultural cycle for each region.

[image: Table 2]



Management, biophysical, and social determinants in glyphosate use

The results from the regression tree differentiates 5 groups of farmers (terminal nodes) with a range of glyphosate use from 1.1 to 4.2 l/ha−1, and an average of 2.7 l/ha−1 (Figure 4). The group with lower volumes of glyphosate use is determined by farmers using also lower volumes of the 2,4-D herbicide (< 0.85 l/ha−1). Other variables that are also associated with this group include plot altitudes lower than 449 m, water regime determined by river floodplain influence, and use of lower volumes of the paraquat herbicide (< 0.5 l/ha−1). This first group on average uses 1.1 l/ha−1 of glyphosate and is comprised of 40 farmers. The following group in terms of lower glyphosate use is characterized by having opposite values from the previous group. In addition to plots larger than 0.67 ha, in altitudes higher than 814 m, they use manual weeding methods and plant in polyculture to a lesser extent (< 2 associated crops). The group who uses the greatest quantity of glyphosate (4.2 l/ha−1) is compose by farmers who likewise use greater volumes of 2,4-D (>0.85 l/ha−1) and paraquat (> 0.5 l/ha−1). Furthermore, they plant in rainfed conditions, irrigation, or with residual moisture in plots above 449 m with <0.67 ha of extension. This group is comprised by 20 farmers. Other characteristics that determine greater use in glyphosate are the non-use of manual weeding, plots without fallow periods, intercropping maize, and the indigenous origin of the farmer.
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FIGURE 4
 Regression tree of the joint regions and their 5 terminal nodes or groups. Relative error = 0.71, or fraction of the variance not explained by the regression tree (1–R2). Inside the white boxes, the main variables that define the separation from the groups are shown in bold, and with standard letters the substitute variables, which have a behavior similar to the main variables, although they do not separate the groups. The colored boxes indicate the average values of the response variable (volume of glyphosate in liters/ha−1) and if these are low (green) or high (orange) values.


In Table 3, the ranking of important variables associated with an increase or decrease in glyphosate use is shown. Variables positively associated with greater volumes of glyphosate in general are greater volumes of the 2,4-D and paraquat herbicides; the plots' higher altitude; the rainfed, irrigation, and residual moisture water regimes; and the belonging to an indigenous ethnic group. Some of the variables that generate a negative effect with the volume of applied glyphosate are as follows: crops with river floodplain influence, larger plots, plot rest or longer fallow periods, no intercropping, performing manual weeding practices, and larger family units. These and other variables are explored in more depth in the Supplementary material.


TABLE 3 The most important variables in the construction of the regression tree and its effect on the increase or decrease in glyphosate use.
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Identification of groups with greater glyphosate use in different regions

The summarized results from the regression trees that were constructed for the different regions are shown in Table 4. For region VO, the group with the highest glyphosate use is comprised of farmers younger than 43 years old (4.6 l/ha−1), who form a group by themselves (terminal node). Conversely, the older farmers over 43 years old, who also use criollo or native maize seeds, are the group who use glyphosate the least (1.8 l/ha−1). In an average range, there are the 43-year-old or older farmers, who use hybrid seeds, and use fewer than 3.5 l/ha−1 of 2,4-D herbicide. On average, this group uses 2.7 l/ha−1 of glyphosate. Finally, farmers with the same characteristics as the previous group but who use quantities >3.5 l/ha−1 of 2,4-D herbicide, form a group that uses on average 4.1 l/ha−1 of glyphosate. This group is the second that uses higher volumes of glyphosate.


TABLE 4 Summary of the regression trees of each region: number of terminal nodes, the main explanatory variables, average values of the response variable (l/ha−1 of glyphosate), and the percentage of the regional sample within each terminal node.
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In the SV region, the group who use the most glyphosate is formed by farmers with plots under 0.9 ha and who also have family units with fewer than five members. The average volume that this group uses is 5.2 l/ha−1 of glyphosate. Farmers with the same sized plots but with more than five family members, use on average up to tree liters less of glyphosate per hectare than the previous group. Another group is comprised by farmers with larger plots (>0.9 ha) and with yields >2.5 tons per hectare. This group on average use 2.4 l/ha−1 of glyphosate. Finally, the group with the lowest glyphosate use is comprised by farmers with 0.9 ha plots or larger and with yields < 2.5 ton/ha−1, with an average use of 1.4 l/ha−1 of glyphosate.

For the AV region, the group that uses more glyphosate shares one of the same characteristics with the group that most uses glyphosate in the SV region i.e., families composed of fewer than five members. On average, this group use 4.5 l/ha−1 of glyphosate. This group represents little more than one third of the sample in the region. The following group is formed by farmers with families of five members or more and using on average volumes of paraquat higher than 4.6 l/ha−1. This group on average uses 4.2 l/ha−1 of glyphosate. The last group, who uses less glyphosate in the region (2.2 l/ha−1), differs from the previous one by using <4.6 l/ha−1 of paraquat, which shows the reciprocal relationship that exists between these two herbicides.

Farmers in the MC region use the least glyphosate and herbicides of the four regions. Within this region, the group using more glyphosate (2.4 l/ha−1), on the other hand, uses less paraquat (<0.23 l/ha−1). This group also sows under rainfed conditions. The second group also uses volumes of paraquat <0.23 l/ha−1 but sow in river floodplain condition, using only 0.8 l/ha−1 of glyphosate. For their part, the farmers that use 0.23 l/ha−1 or more of paraquat and are younger than 51 years, use on average 0.7 l/ha-1 of glyphosate. Finally, the group that uses glyphosate the least is characterized by using paraquat in the same quantities as the previous group, but the farmers are 51 years or older. This group uses volumes of only 0.1 l/ha−1 on average. In this region the herbicide paraquat has an antagonistic relationship with glyphosate contrary to the AV region (Supplementary Figure 4).




Discussion

The different profiles of glyphosate use show that certain biophysical, social, and management characteristics are determining a greater or lesser use in the studied areas. No single factor or characteristic (biophysical, social, or management) is determining by itself a greater use of glyphosate, but instead a complex series of factors determine glyphosate use together. These characteristics result in what we call “syndromes of greater or lesser use.” The syndrome of greater use is associated with small production units (<0.67 ha), an indigenous origin population, younger farmers, small family units, land in rainfed conditions, and without the possibility of mechanization. This syndrome also entails positive associations with the other two most used herbicides in the regions: 2,4-D and paraquat. That is to say, this syndrome is for synthetic herbicides use in general. For its part, the syndrome of lesser use is associated with larger production units (>0.67 ha), in river floodplain terrains, larger family units, older farmers, longer fallow periods, crop rotations, use of manual weeding, and mechanized plots. We discuss some of the implications, opportunities, and policy considerations for the glyphosate phase-out and agroecological transition for these different types of smallholders.


The use and abuse of glyphosate, 2,4-D and paraquat

Our results show that farmers who apply higher volumes of glyphosate, also apply more 2,4-D and paraquat, and in three of the four studied regions the volumes used are statistically the same. Regarding glyphosate use, the volumes used are found within the range reported by industrial agriculture (Arellano-Aguilar and Rendón von Osten, 2016; CONACYT, 2020). Nevertheless, the variability within the sample (0–10 l/ha−1) shows farmers that currently have a high dependence on herbicide and others that manage to crop without using it. For those who use glyphosate and 2,4-D dissolved in the same solution to control a wide spectrum of weeds (i.e., monocots, broadleaf, annuals, and perennials), during the pre-emergence crop stage, a possible antagonism could be producing the opposite effect on the weed control (Li et al., 2020). Another important aspect for discussion is the possible development of resistance to these three herbicides by the regional weed communities, which could trigger increasingly greater use of these herbicides. Such a phenomenon has been recorded in different parts of the world, where over the last years, the resistance of many weeds to glyphosate has increased, gradually reducing its effectiveness (Beckie, 2011; MacLaren et al., 2020).

Faced with the suppression of glyphosate, it is possible that the farmers who already know this triad of herbicides could just increase the use of 2,4-D, paraquat, or other synthetic herbicides. This scenario is possible if they do not know about viable agroecological alternatives and it is dangerous since paraquat, for example, is considered an even higher toxic herbicide in relation to glyphosate (Bernardino et al., 2016). This scenario of input substitution was documented in Sri Lanka, in conjunction with rising herbicide costs during the glyphosate ban (Malkanthi et al., 2019). For this reason, we consider important a policy that monitors the prices of inputs in this transition stage and rapidly mobilizes the agroecological alternatives across the country.



Social and land tenure characteristics in glyphosate use

The social and land tenure characteristics that are associated with the syndrome of higher glyphosate use are the following: (a) the size of the production unit—smaller areas, higher volumes of glyphosate; (b) ethnic origin—the indigenous population tends to use greater volumes; (c) the size of the family—in some regions the smaller families use higher volumes, and d) the farmers' age—younger farmers tend to use higher volumes. These results agree with those found by Bernardino et al. (2016) in a study where the factors that explain pesticide use for different crops, including maize, in three municipalities in the Highlands of Chiapas were characterized. Like our results, these authors found that in smaller plots a more intensive use of the land is made, using large quantities of pesticides. In addition, one explanation of the high pesticide use and the ethnic origin relates to their functional illiteracy of the Spanish language because their native language is Tzotzil or Tzeltal, creating difficulty to follow the herbicides labels' recommendations, and the model of the Green Revolution in which they learned to manage crops since an early age (Bernardino et al., 2016).

Our results show that the younger smallholders generally use larger volumes of glyphosate, mainly in the VO and MC regions. Many farmers of productive ages migrate to other cities as a temporary strategy for obtaining complementary income, without abandoning farming activities (Pacheco-Ladrón de Guevara, 1999). In the VO and AV regions, the seasonal-type migration and working outside the countryside considerably affect the time available for practices like manual weeding, creating an excessive use of agrochemicals (Keleman et al., 2009). In the state of Chiapas, a large proportion of the maize farmers depend on other income sources outside the countryside (Eakin et al., 2015). We believe that using large amounts of glyphosate for weed control is a strategy resorted to by some of the younger farmers for longer periods of absence from the field. On the other hand, older age is usually associated with having traditional and ecological knowledge, affecting management decisions and the use of inputs in maize cultivation (Bellon and Hellin, 2011). Our interpretation is that some older farmers can bare certain knowledge for weed management that is unrelated to the use of synthetic herbicides and glyphosate, leading to less use.

The size of the family nucleus, and therefore the members' participation in the farming activities that sustain the farmer economy (Maldonado-López et al., 2017), influences the quantity of applied herbicides in the maize crop, which is evident in the cases of AV and SV. This result responds to the need for workforce for crop maintenance and, if there is no workforce, large quantities of herbicide are usually applied to save time and effort (Chikoye et al., 2004). Another problem related to the composition of the family unit and the use of herbicides refers to child labor in fieldwork. This problem has been documented in the SV region (Pavesi, 2018), either to teach them how to farm or to reduce the need for paid day workers. This implies that these minors are exposed to a great quantity of agrochemicals, like glyphosate, at a very early age, increasing the possibility of intoxication and other health problems caused by high occupational exposure (CONACYT, 2020).



Management practices and plot characteristics in the use of glyphosate

Our results show that less glyphosate use is positively associated with management practices such as crop rotation and longer fallow periods (Supplementary Figures 9, 10). Crop rotation, including cover crops, has been commonly associated with a lower incidence of weeds and a reduction in synthetic herbicide use with important environmental benefits (Hunt et al., 2017; Rosenzweig et al., 2018; Adeux et al., 2019). Regarding fallowing and its association with lower glyphosate use, we believe that this result is related to the maintenance of more diverse weed communities in crop plots, which generate less competition (Storkey and Neve, 2018) in contrast to homogenous weed communities dominated by few but very aggressive weeds.

In the high-altitude zones (i.e., AV, VO, and SV) greater use of glyphosate and herbicides, in general, are found. These regions are associated with no possibility of mechanization and steep slopes. Conversely, in the MC region, with altitudes lower than 500 m, where mechanization is possible, fewer quantities of glyphosate are used. In areas of steeper slopes conditions are prone to runoff and erosion, which provoke the reduction of glyphosate and other herbicides' effect (Borggaard and Gimsing, 2008; Todorovic et al., 2014; Richards et al., 2018). In addition, these conditions create difficulties for performing manual weeding (Pavesi, 2018). Particularly, in the SV region, where the soils possess a predominantly sandy texture, glyphosate absorption might be low and leaching high (Borggaard and Gimsing, 2008; Todorovic et al., 2014).

Another finding of this study shows that the condition of humidity (i.e., rainfed, irrigated, residual moisture, and river floodplain influence) affects glyphosate use, being the rainfed condition that leads to greater use. This mainly contrasts with the river floodplain influence in the MC region. Seasonal floods could control the weeds, at least in the pre-planting stage, decreasing the necessity for applying glyphosate at this moment (Carey et al., 2015). Nevertheless, the behavior of weeds in river floodplain or irrigation systems has been poorly explored in contrast to rainfed systems in maize crops. In rainfed systems, weed growth aligns with the crop's emergence, causing the smallholders to resort to greater use of glyphosate, above all in pre-emergent stages to reduce the competition in the emergent stage. Understanding the different stages in the life cycle of weeds and their ecological pressures—for example, seed predation, hydric stress, pathogens, or herbivory—(MacLaren et al., 2020), can help the design of agroecological alternatives for weed control, especially for rainfed maize systems.

Our results also show that in plots where intercropping is established (mainly maize, bean, and squash) an unexpectedly greater amount of glyphosate is used. In the studied regions, usually, the planting of beans and squash is delayed with respect to maize, resulting in a larger number of herbicides applications in the pre-and post-emergence stages (Pavesi, 2018). In addition, this practice is often linked to the use of other herbicides like 2,4-D that have a different action than glyphosate. This condition can lead to a greater application of glyphosate in plots with intercropping. Nevertheless, for generating stronger statements, studies directed toward understanding this phenomenon should be performed because this could be a “mirage” effect of other characteristics associated with the region such as plot size and ethnic origin. What can be demonstrated is that, even in a traditional system like milpa, closely associated with self-consumption, farmers use large quantities of glyphosate and herbicides.

On the other hand, in the studied regions (except AV, which had no yield data), farmers who did not use glyphosate for the studied agricultural cycle had variable yields, which were not statistically different from those who did use it (Supplementary Figures 7, 8). These results support Colbach et al. (2020) proposal, who suggest that reducing herbicide use rarely results in yield losses, especially if the farmers compensate with other management practices. In addition, it has been seen that the intensity of herbicide use has no direct relation to crop yield (Wies et al., 2022). Usually, this intensity depends on other management practices and their frequency, such as tillage and the mechanical control of weeds (Colbach and Cordeau, 2018). In our sample, the cases that did not use glyphosate and had considerable yields could represent alternatives put into practice, which are important to study in greater detail.



Regional socio-ecological heterogeneity and its relationship to glyphosate use

Given regional heterogeneity, particular characteristics affect glyphosate use in each region. This interregional and intraregional heterogeneity has been indicated as a determinant in maize production and management practices at the national level, in addition to being a challenge for policy interventions (Keleman et al., 2009; Eakin et al., 2015). For example, the family size and the use of large quantities of glyphosate in the AV region show us the interrelation of temporary migration, the productive age of the farmer, and the performance of other economic activities. These characteristics can be irrelevant in sites that can hire day workers, but in those with economic or workforce constraints, it can be a crucial determinant.

Another example is the combination of hybrid and criollo seeds in the VO region, which fulfill different needs in the farmers' livelihood. Usually, criollo maize production is destined for self-supply with less investment and inputs, including glyphosate; while hybrid maize is market-driven using more investment and inputs (Bellon and Hellin, 2011). Therefore, incentivizing the planting of criollo maize in some regions can help decrease glyphosate use, above all if criollo maize prices are competitive (Keleman et al., 2013). While other differences in management practices can be found between criollo and hybrid maize—like herbicide application timing (Bellon, 1991)—these were not explored here and represent a knowledge gap.

Another result that is worth discussing is how three of the four studied regions do not differ statistically in the volumes of glyphosate, 2,4-D, and paraquat used (Table 3). Unlike this tendency, in the MC region, various conditions, such as the possibility of mechanization, plots with river floodplain influence, crop rotations, and experimentation with greater planting densities (Wies et al., 2022), significantly reduce glyphosate use. It has been shown that increasing the planting density of maize by more than twice the recommended density can reduce weed biomass by up to 99% (Mhlanga et al., 2016). All these characteristics make farmers in this region less dependent on glyphosate and, in turn, less susceptible to its elimination. It would then be more compelling to look for alternatives to the use of glyphosate in regions that do not have these characteristics.




Conclusions

This study identifies a series of social, biophysical, and management variables that lead to syndromes from high or low glyphosate use by smallholder farmers in different regions of Chiapas. Greater use of glyphosate is usually accompanied by greater use of other herbicides, such as 2,4-D and paraquat. Small production units (<0.67 ha), high altitudes in mountainous areas, indigenous population, and rainfed conditions are characteristics associated with greater glyphosate use. In three of the four studied regions, the volumes of glyphosate used are very similar to the range reported for industrial agriculture. In exploring glyphosate use by region, other significant variables emerge at the local level, such as the smallholder's age, size of the nuclear family, or type of seed sown (criollo or hybrid). This study shows how the smallholder production sector—vital in providing maize on a national scale—is strategic for transitioning to the disuse of glyphosate.

Since this study worked with few farmers in a particular region, it has shortcomings in generalizing to the maize farming sector, other studies in different regions and socio-ecological conditions should be conducted to create a nuanced transition policy. Although, in Chiapas, as in many other Mexican states, for various decades the use of agrochemicals, including glyphosate, has been promoted and incentivized through diverse governmental programs partnering with national and international agribusiness companies. This is why, we consider it crucial to strengthen the autonomy of smallholders and their livelihoods with less dependence on external inputs and, above all, inputs that endanger human health and ecosystems. These recommendations support the idea that a change of the current production model is necessary, focusing on having more sustainable agricultural systems and not a substitution of one input for another. Many agroecological alternatives for weed management already exist, and it will be very important to mobilize them in the transition process.
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Footnotes

1Criollo maize or seeds refer to different types of seeds that farmers can plant, manage, and select without having to purchase them. These include landraces or native seeds passed from generation to generation, and acriollados or creolized seeds which represent mixtures of modern improved varieties and landraces (Bellon et al., 2006).

2Mestizo refers to people with mixed ethnic race that do not self-defined as belonging to an indigenous ethnic group.
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Evidence and informant comment

Verifies commitment toward five categories of sustainabilty, incl. environmental.
Supports certifications such as USDA Organic. Reduces antibiotics & pesticides.

Promotes smaller ecological food footprint, e.g., local, seasonal, less meat, etc.

Promotes respect for farmers, ranchers, fishfolks, etc. Before GFPP, every institution had 10-12 suppliers with serious labor
violations —GFPP changes this.

Enhances livelihoods of food chain workers: wornen, migrants, indigenous, youth.

Promotes locally owned, small- to mid-sized farms, within 250 miles.

Demands healthier food (a plant-based diet with some meat), prevents diseases.

Creates a demand for healthier food throughout ite by school children.

Enhances relationships with local ecosystems; educates and raises awareness

Is a major outcome of a group led by the LAFPC, engaging 100+ stakeholders.

Transparent food supply chain and public accountabilty is its overall goal.

Center for Good Food Purchasing is accessible and prepares public reports.

Stringent budget management, elaborate evaluation & transparent governance.

Center supports implementation (technical support) and monitoring (evaluation).

Creates opportunities for mi-size local ownership to access the supply chain.

Promotes integration of social justice and environmental protection into all sectors of public policy, e.g., urban farmers now
receive tax benefts.

Shows how to enact real change at local level by redirecting existing budgets.

Levels the playing field: taxpayers’ money is used to support fair working conditions.

Is adapted and uses the language of economy which is predorminant in the U.S.
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Cultivated crops
Before the cisterns.

Vegetables

Lettuce, onion, tomato, kale,
corn, sweet potato, and cassava

Fruits
Umbu, mango, seriguela,
orange, tangerine, guava,
passion frut, banana starfruit,
cajé, coconut, and cashew

After the cisterns

Vegetables

Lettuce, onion, tomato, kale, corn, sweet
potato, cassava, chil, chives, parsley,
okra, gherkin, pepper, cucumber, arugula,
pumpkin, carrot, and beetroot

Fruits

Umbu, mango, seriguela’, orange,
tangerine, guava®, passion fruit, banana,
starfiit', caja*, cashew”, soursop,
pineapple, coconut, acerola, papaya, and
lemon

*formerly collected as wild plants, now cultivated.





OPS/images/fsufs-04-576179/crossmark.jpg
©

2

i

|





OPS/images/fsufs-04-576179/fsufs-04-576179-g001.gif
Aassclureon  Rice moseuiare

onredrce
s
s _ Nty pescas
Fishpopulstion (DO )
vy _ Nogerse Lo
viterconvol (DD NRRENG
nputsor i [ 00 | o
wan oo o
tnpats o ice (2SRRI 0 0
s e

accesstoton [DEHOR






OPS/images/fsufs-04-576179/fsufs-04-576179-g002.gif
I rceneiatsneies [ Mice-dshcuure [l Community based sheries and aquacutuure.

Combodia

Bangladesh

Myanmar

Vietnam

S T





OPS/images/fsufs-06-550636/fsufs-06-550636-g001.gif





OPS/images/fsufs-04-556732/fsufs-04-556732-g007.gif
Families thatsell goats exclusively o
AL

Fanilic o sl gosoaly o midtlemen

Fanis sl gos 1 ol PNAE -
“mdoen





OPS/images/fsufs-06-550636/fsufs-06-550636-g002.gif





OPS/images/fsufs-04-556732/fsufs-04-556732-g008.gif
[N -
o Lt

o i e





OPS/images/fsufs-06-550636/fsufs-06-550636-t001.jpg
Topic
Urban Agriculture

Productive Infrastructure

Poultry Farming (quail, chicken, and
posture birds)

Beekeeping

Guinea Pig Breeding (animal protein
for the Andean region)

Therapeutic Use of Food

Healthy Food Habits

Food Processing
Production Costs

Quality Certifications
Seed and seedling system

AGRUPARS Role

Beneficiaries Role

Source: AGRUPAR.

Training provided by AGRUPAR

Content

Food safety, installation of the urban orchard, production of organic fertilizers, planting, crop management, pest and
disease control, harvest, post-harvest, planting, and the phases of the moon.
Construction of greenhouses and installation of drip irrigation systems.

Facilities, feeding, and reproductive and sanitary management.

Installation of the apiary and management of hives.

Facilities, feeding, and reproductive and sanitary management.

Medicinal use of food grown in orchards.

icable diseases.

Promotion of adequate nutrition to avoid chronic non-commus
Add value through the processing of production surpluses: snacks, baked goods, meat, food preservatives, and dehydrated
food.

Elaborate costs of crops that are implemented in the orchard to define sale prices and profits.

Compliance with local regulations.

Acquires the necessary material for the beneficiaries in quantities that fulfill a didactic purpose for learning and allows for
the first plantings.
Acquire and/or generate their own seeds for Andean crops (12 h of light and 12 h of darkness, and not having four

seasons). The main objective s to have local varieties from the Andes, such as potato, oca, mashua, melloco, quinoa,

amaranto and complemented with products from other origin centers, such as fruits and vegetables and medicinal plants.
AGRUPAR does not allow for GMO as it has an agroecological base.
Women farmers have been trained to form micro-enterprises with certified production of seedlings, subsequently

acquired by AGRUPAR, to be used by other farmers safely.





OPS/images/fsufs-04-556732/fsufs-04-556732-t001.jpg
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Melancia 42 600
Riacho grande 211 12,000
Ladeira grande 60 2,500
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Properties WSS Heat SS NaHCO3-ES Total § Inorganic $ Organic $

Available S 0.905** 0.858* 0.907** 0.892* 0.920** 0.897**
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“Correlation s significant at the 0.05 level (2-tailed).
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Treatment details

Kharif (rice)

Notapplied
RDF through fertilizer

Fertilizer application based on soil testing results

75% RDF + 25% substitution of recommended N through FYM

75% RDF + 25% substitution of RDN through FYM + every third rabi
crop substituted with berseem

75% RDF + 25% substitution of recommended N through FYM +
every third kharif crop substituted with cowpea

100% RDF through organic manure

Rabi (wheat)

Not applied

RDF through fertilizers

Fertilizer application based on soil
testing results

RDF through fertilize:

RDF through fertilizer

RDF through fertilizer

100% RDF through organic manure
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Sub-
frame

Supportive of innovation

« Conventional and
standardized metrics should
be used to assess the
effectiveness of innovations

* Non-scientific knowledge is
less reliable

+ Economic productivity and
yield should be prioritized

Evidence

* Novel technology is the
primary driver of social
change

+ Novel technologies wil likely
benefit farmers

+ Novel technologies are
preferred by youth

* Novel technologies can *feed
the world”

Technology

+ Farmers should have the right
to choose from the full range
of agricultural products and
innovations

« Intellectual property rights of
technology developers
should be prioritized

Rights

Critical of conventional notions of
innovation

* New and more holistic measures of
ecological and social impact should
be developed

* Agroecology is only full known
when incorporating diverse ways of
Kknowing and thus measuring

* Knowledge needs to be evaluated
in situ

* Simultaneously prioritizes
ecological, economic and
social productivity

* Industrial/novel technologies can
create many negative outcomes

« Social innovations are as important
as technological ones

« Innovations should be developed at
alllevels, especially in situ

« Farmers and citizens are innovators
(i.e., knowledge procucers)

* Human rights should be the
overarching framework to evaluate
“innovations” and protect the
agency of people in all spheres of
life

* Rights of the *most affected” should
be prioritized

* Uphold the
“precautionary principle”
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Agroecology Biotechnology

(2013-2016) Givil society contests biotech. Agroecology
beginning to gain ground in FAO
Kick off symposium1st International Symposium 1st Intemational Symposium
on Agroecology (September on the Role of Agricultural
2014) Biotechnologies in
Sustainable Food Systems
and Nutrtion (February

2016)
Regional 7 on Agroecology in: Brasiia 2 on Biotechnology in:
mult-stakeholder  (June 2015), Dakar o Asia & Pacific (September
meetings (November 2015), Bangkok  2017)

(Noverber 2015); LaPaz  Sub-saharan Africa
(September 2016), Kunming  (November 2017)
(August 2016), Budapest

(November 2016); Tunis,

(November 2017)

Closing Symposium 2nd Intemational Symposium N/A
on Agroecology (April 2018)

Innovation International Symposium on Innovation for Family Farming
symposium (November 2018)
HLPE Report (2018-2019) HLPE Report on Agroecology and

in CFs Other Innovations
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Vision

Approach to food
Agroecology as...
Disciplinary

Social sciences scope

Main actors

Transformative agroecology

Agroecology is the altemative to industrial agriculture and is part of the
struggle to challenge and transform monoculture, input dependency, and
existing power structures. Facing the problem and vulnerabity of
conventional agriculture, it looks to transform the food system

Food sovereignty and security

An interconnection of science, a set of practices, and social movements
Interdisciplinary/transdisciplinary of social, anthropological, and natural
sciences

Promotes the use of critical and interdiscipiinary methodologies and
participatory action research (PAR)

Social movements, civil society organizations, and scientific councils such
as via Campesina, SOCLA, and Landless Workers’ Movement (MST)

Conformist agroecology

Agroecology offers tools to fine-tune industrial agriculture and
conform to monoculture, input dependency, and power structures.
It looks for adaptation to the problem created by conventional
agriculture.

Food security

A portfolio of sustainable practices

Multdisciplinary of natural sciences (based on agronomic
sciences)

Promotes the use of a rapid rural appraisal (RRA) and participatory
rural appraisal (PRA) for contextualization

Institutions such as the FAO, World Bank, CGIAR, and
government bodies
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Analytical
framework

Database 1
Articles solely on
AEZ (n = 202)
Database 2
Atticles providing
interactions
between
agriculture,
ecology, and
society (n = 145)
Database 3
Atticles including
case studies using
a participatory
approach (1 = 23)

Analysis based on abstract screening

Case study
localization

The scale of The scientific

the studly

disciplines
called in

X

Analysis based on article screening

Typeof  Scaleof Position on
agroecology agroecology agroecology

Methods

In-depth analysis

Type of data  Methods
collection

Epistemic
perspective
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Type of agroecology

Agro-ecological zoning (AEZ)
As a science

As aset of practices

As a movement

Exclusive

Exclusively AEZ

Exclusively as a science

Exclusively as a set of practices

Exclusively as a movement

Combined

AEZ + As a science

AEZ + As a set of practices

As a science + As a set of practices

As aset of practices + As a movement

As a science + As a set of practices + As a movement

Number of case
studies (n = 347)

209
46
95
a4

202
25
50
24

19
19
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Categories

Suggestions for design

Responsibilty for CW maintenance

Challenges caused by the CW and barriers to maintenance
Knowledge of GW maintenance

Perceived benefts of CW

Monitoring of CW.

Mechanization of CW maintenance

Composting of aquatic vegetation biomass

Indicators of CW functionality

CW labor and maintenance

Gender and OW

Farmer characteristics as related to CW outflow use
Location of CW

Payment for CW maintenance and CW income generation
Maintenance activities





OPS/images/fsufs-04-564539/fsufs-04-564539-t004.jpg
Theme

Village servants do
the maintenance

Pay more to clean
out

Labor comes from
another vilage
No labor

Caste and labor

Protective gear

Representative quote

Interviewer: Whose responsibiy is it to clean out
those drains?

Farmer 32: Gran panchyt. There is a person called
vilage servant who is appointed by the sarpunch
who needs to take care of it Interviewer: Why s he
not taking care of this?

Farmer 32: [The location of work is] Altemating, the
vilage servant will change the location of cleaning
0 by the time he cleans this location it blocks there
Maintenance 11: More money because this is dirty,
difficult work

Maintenance 49: We are from a different village, we
came here only for today.

Extension 37: Responsibilty, sincerely they (the
community) have to do the harvesting. Some
villages you will not get the labor. They, the panchyt
or farmers, have to bring the labor from outside. So
it will be cost more.

Extension 46: There is a probable with it being
viewed s dirty work. And there are cultural taboos
associated with dirty work.

Scientist 26: There is  fear to go inside and to do
the cleaning. That is why we suggest people who
are cleaning the wetland that they shouid have
protective gear. In the watershed we have given the
protective gear also. But to implement it properly is
difficult. | have personally seen some people who
enjoy playing with snakes even if you give them the
protective gear they will say | don't need. Soitis
kind of, snakes prevents a lot of workers to come
for the work. Then also we are required to give them
googles, gum shoes when they are going inside.
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Adaptabity to Local Context
» Constructed out of flexible and easiy modifiable structure materials.
(not concrete)
o Installation of a primary treatment system before CW
 Outflow management (allow groundwater infitration from outiet
tank vs increase storage capacity of outlet tank)

Aesthetics
« Build solid fence around so community cannot see, and animals
cannot fall in

« Use plants in W that repel snakes and mosquitos
« Parklike atmosphere for public use
« Covered inlet and outlet tanks to reduce nuisances
« Move CW away from village
« Move CW away from village's drinking water source
« Functioning subsurface flow design
« Increase velocity of water moving through CW.
Ease of Maintenance
» Walkways in unit, so it is easier to remove plant biomass without
fallng into fitration tanks
Physical barriers to prevent garbage from entering (mesh and
fences)
Designed so honey sucker can remove sludge
Designed so all maintenance activities are mechanized
Better designed so that outflow can effectively remove clogging
Improved designed so plant biomass can be removed from
structure easier

.

e e oo

Improved Functionality
o Install a setting tank before CW

Designed to better hande storm water and allthe silt and garbage

that comes with it

o Fence or mesh to prevent garbage from entering CW

Remove internal walls within CW so that there is one single gravel
filtration tank
Larger gravel to reduce clogging

.
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Participant

Farmers using WW
Farmer using harvested biomass from CW

Watershed Commitee members

Community WASH maintenance representative

Extension Agents

Sarpanch (Vilage president)

Scientists

Neighbors living near GW (Focus group of 3-6 individuals)

Number

2 a0 = 0

FRES
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Cultural mental model

Expert

Beneficiary

Socially disadvantaged community member

Privileged community member

Stakeholders with part or whole
mental model alignment

Scientists, Extension agents

Farmers using VW, farmer using
harvested biomass from CW, Extension
agents

Community WASH maintenance
representative, neighbors living near GW,
Extension agents,

Watershed committee mermbers,
Sarpanch, Extension agents

Mental model

Instrumental ecosystem service value of
W greater than cost of maintenance

CW has agricultural value with or without
maintenance

Yuck devaluation is greater than the value
of maintenance

Yuck! CW maintenance is not my
responsibility
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Markets inventoried

Distance between the
markets

Dominant potential
vegetation types (altitude)

Ethnic groups

Land use systems

Local merchants
interviewed

Non-local merchants

*Tének name.

Ten local rural markets:

AQM, Aquismén; AXT, Axtla de Terrazas; HUI,
Huichihuayan; MAT, Matlapa; TMZ, Tamépatz;
TMC, Tampamolon de Corona; TMX,
Tampaxal; TCH, Tancanhuitz; VAL, Ciudad
Valles; XIL, Xilta.

From North to South: 92km. (Ciudad
Valles —Matlapa)

From West to East: 47 km.
(Tamépatz—Tampamolén de Corona)
Tropical deciduous forest (0-300m)

Tropical rainforest (300-800 m)

Gloud forest (800-1,200m), and

Oak and pine forest (>1,200m)

Tének (main ethnic group), Nahua, and Xi'uy,
and non-Indigenous population

Mipas (polyculture meize fields)

Cariaverales (sugarcane fields)

Agroforestry systems: Fincas (plantations that
focus on coffee production), Telloms* (patches.
of agroforestry systems inside the forest and
mixed with perennial and semi-perennial
ctops), Home gardens (agroforestry systems
around the housing complex), Huertas (fruit
tree plantations)

262 (most of them Tének); they live in the
communities close to the local markets and sell
locally produced fruits and vegetables. One
local merchant is equal as one local stand.
Not included in this study; they sell products
from outside the region.
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Total
Stands
Total 25521
Local merchants 442
Richness
Total 275
Plant species 99
Intraspecific 210
Propagation sp. 58
Diversity
D-Simpson
Drota
Devar
Derop

AQM

326
25

&2

0.98
0.97
0.89

124
25

76
31
64
14

0.98
0.98
0.86

HuI

170
44

87
30
7
20

0.98
0.98
0.91

MAT

273
56

98
45
7
24

098
0.98
091

™Z

110

25

30

17

0.98

097
0.92

T™MC

238
27

74
Iy
58
24

0.98
0.97
0.92

TMX

70

21
16
15
10

0.95
093
0.89

TCH

242
52

17

31

0.98
0.98
0.94

VAL

538
106

147

116

35

0.99
0.99
0.94

XIL

430
73

119

86

37

0.98
0.98
0.93

Mean

252.1
442

87.3
39.8
69.5
230

0.98
0.97
0.91

sD

147.6
29.3

36.7
144
279
9.0

0.01
0.02
0.02

Drvar, Farmer recognized variants; Dprop, Plant species that are used as propagation material. SD, Standard deviation. Local markets: AQM, Aquismén; AXT, Axtla de Terrazas; HUI,
Huichihuayan; MAT, Matlapa; TMZ, Tamépatz; TMC, Tampamoldn Corona; TMX, Tampaxal; TCH, Tancanhuitz; VAL, Ciudad Valles; XIL, Xilita.
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AQM AXT HuI MAT ™Z T™C TMX TCH VAL XiL Mean (SD)

Plant species 18 14 20 24 17 24 10 31 35 36 23.0(9.0)
FSpe 4 4 4 7 3 5 2 9 12 17 6745
FVar 53 61 66 64 34 45 10 81 98 72 58.4(23.5)
Total" 58 65 70 71 a7 50 12 % 110 89 65.1(28.2)
Unique

FSpe 1 2 2 1 23 3 2 3 8 9 5.4(64)
FVar 28 40 38 29 2 30 10 45 37 33 29.2(12.8)
Total 29 42 40 30 25 33 12 48 45 a2 34.6(10.4)
Rare

FSpe 3 2 2 6 1 2 - 6 3 8 33(2.4)
FVar 21 20 27 33 8 14 - 34 60 39 25,6(16.3)
Total 24 22 29 39 9 16 - 40 63 a7 289(17.8)
Common

FSpe - - - - - - - - 1 - 0.1(03)
FVar 4 1 1 2 3 1 - 2 1 - 15(1.2)
Total 4 1 1 2 3 1 - 2 2 - 16(12)

SD, Standard deviation. Local markets: AQM, Aquismdn; AXT, Axtla de Terrazas; HUI, Huichihuayén; MAT, Matiapa; TMZ, Tamépatz; TMC, Tampamolén Corona; TWX, Tempaxal; TCH,
Tancanhuitz; VAL, Ciudad Valles; XL, Xiitla.

FSpe, farmers' and merchants' locally recognized species with no documented intraspecilic variation (<2 variants per plent species).

FVar, famers’ and merchants' locally recognized variants.

*FSpe + FVar, Totalinter- and intraspecific food plant richness.

Unique, presence in one stand of the market, rare = in <30% of the stands per market, common = in 30-60% of the stands per market.
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Explanatory variable I Variable state Effect in glyphosate

Herbicide 2,4-D volume (V/ha™ 30 Continuous

Plot altitude (m) 20 Continuous

Water regime 12 Rainfed, irrigated, soil moisture
River floodplain

Plot size (ha) 10 Continuous

Plot rest or longer fallow periods 10 Yes

Herbicide paraquat volume (I/ha 9
Associated crops (intercropping) 4
Belong to an indigenous ethnic group 3

No
Practice manual weeding 1 Yes

No
Size of the family unit 1 Discrete

Vi xefers to the variable importance for the construction of the regression tree, the total sum the 100% importance. The colors of the explanatory variables indicate if they are management
20).

(purple), biophysical (green) or social variables (brown) (inspired in Colbach et al.
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Gylphosate (I/ha™!)***
2,4-D (/ha™")**

Paraquat (/ha™")***

Total by region (I/ha™')**

Total volumes by region can be higher than the sum of three herbicides because other lesser used herbicides exist. ***S

groups that differ among themselves.

Vo

32(18)°"
32(1.4)7
34(18)"
94 (3.9

sV

28237
38(3.67
43327
11.3 (6.4

AV

3607
24(18)
44 Q77
10.3 (4.8)"

MC

08(1.5)°"
0.1 (0.4)"
07 0.9
16(16)°

Total by herbicide

27(2)
25(25)
3327
84(59)

ignificantly different values with p < 0001, The letters indicate those
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Municipality and
study region

Ocozocoautla—Valles de

Ocozocoautla (VO)

Villaflores—Sierra de
Villaflores (SV)
Amatenango del Valle
(av)

Marqués de Comillas
MCy

Socio-economic
region

Valles

Frailesca
Altos.

Selva

Localities

Galeana, Ignacio Zaragoza,
San José, Aguacero (A),
Lazaro Cardenas (LC) (5)
Tierra y Libertad, Tres Picos,
California (3)

Amatenango del Valle (1)

Quiringuicharo, Zamora Pico
de Oro, La Victoria, San José,

Reforma Agraria (5)

Altitudinal
range

680-960m

865-1,193m

1,850-2,100m

96-219m

Households/
plots

a1

32

32

Ethnic origin

Indigenous Tzotzil
(Aand LC) and
mestizo

Mainly mestizo
Indigenous Treltal

Mainly mestizo
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Type of processed products

Meat
Preserved Food
Snacks

Baked Goods
Dairy

Source: AGRUPAR census 2020,

2647
2176
20.00
17.06
1471
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DIVERSITY

Index

Crops

Animals
(including fish
and insects)
Trees (and other
perennials)

Diversity of
activities,
products and
services

o

Monoculture (or no
crops cultivated)

No animals raised

No trees (nor other
perennials)

One productive
activity only (e.g..
seling only one
crop)

One crop covering more
than 80% of cultivated area

One species only

Few trees (and/or other
perennials) of one species
only

Two or three productive
activities (e.g., seling two
crops, or one crop and one
type of animls)

2

o or three crops

Several species,
with few animals

Some trees.
(and/or other
perennials) of more
than one species
More than 3
productive
activities

3

More than 3 crops adapted
tolocal and changing
climatic conditions

Several species with
significant number of
animals

Significant number of trees
(and/or other perennals) of
different species

More than 8 productive
activities and one service
(e.g., processing products
on the farm, ecotourism,
transport of agricultural
goods, training etc)

4

More than 3 crops and varieties
adapted to local conditions. Spatially
diversified farm by multi-, poly- or
inter-cropping

High number of species with different
breeds well-adapted to local and
changing climatic conditions

High number of trees (and/or other
perennials) of different species.
integrated within the farm land

More than 3 productive activities, and
several services
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Element

Diversity

Synergies

Efficiency

Recycling

Culture and
food tradition

CAET indices

* Crops

« Animals, including fish and insects

« Trees and other perennials

« Diversity of activities, products and services

« Crop-Livestock-Aquaculture integration

« Soil-Plants management system

« Infegration  with trees  (agroforestry,  sivopastoralism,
agrosivopastoralism)

« Connectivity between elements of the agroecosystem and
the landscape.

« Use of external inputs

« Management of soil fertity

 Management of pests and diseases

« Productivity and household's needs

« Recyciing of biomass and nutrients

* Water saving

« Management of seeds and breeds

« Renewable energy use and production

« Stabilty of income/production and capacity to recover from
perturbations

« Mechanisms to reduce vulnerabilty

« Environmental resilience and capacity to adapt to climate
change

« Average diversity

« Appropriate diet and nutrition awareness

Local or traitional identity awareness

« Use of local varieties/breeds and traditional knowledge for
food preparation

Co-creation and * Platforms for the horizontal creation and transfer of knowledge

sharing of
knowledge

Human and
social values

Circular and
solidarity
economy

Responsible
governance

and good practices

« Access to agroecological knowledge and interest of producers
in agroecology

« Participation of producers in networks and
grassroot organizations

* Women's empowerment

« Labor (produstive conditions, social inequalities)

 Youth employment and emigration

o Animal welfare (f applicable)

« Products and senvices marketed locally (or in fair trade
schemes)

« Networks of producers, relationship with consumers and
presence of intermediaries

« Local food system

« Producers’ empowerment

« Producers’ organizations and associations

« Participation of producers in governance of land and
natural resources
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Framework

MESMIS —Marco para la Evaluacion de Sistemas
de Manejo de recursos naturales incorporando
Indicadores de Sostenibiidad (GIRA-UNAM)
(Lopez-Ridaura et al., 2002)

GTAE—Groupe de Travall sur les Transitions
Agroécologiques

(CIRAD-IRD-AgroParistech) —Memento pour
I'évaluation de 'agroécologie (Levard et al., 2019)

SOCLA—Sociedad Cientifica Latinoamericana de
Agroecologia, Method to assess sustainability and
resilience in farming (Nicholls et al., 2004)
Sustainable Intensification Assessment
Framework (Vusumba et al., 2017)

LUME —a method for the economic-ecological
analysis of agroecosystems (Petersen et al., 2020)

Measuring the impact of ZBNF, the Zero Budget
Natural Farming and (LVC, 2016)

The Economics of Ecosystems and
biodiversity—(TEEB, 2018)

Sustainable Rural Livelihoods approach
(Sourisseau, 2014)

Participatory methodologies from Malawi and
Tanzania (Kerr et al., 20190)

SAFA-Sustainabilty Assessment of Food and
Agricuture systems (FAO, 2014)

Rural Household Multi-Indicator Survey
(RHOMIS) (Horrero ot al., 2017)

(Indicateurs de Durabilité des Exploitations
Agricoles o Indicatorsof Sustainable Farm
Development (IDEA) (Zhm et al., 2008)

Main key attributes retained

* Participatory
« Step-wise hierarchical

* Flexible

« Starts with contextualization

« Simple and not unreasonably time consurming

« Allows integration in broader systems of monitoring
and evaluation

« Most criteria are shared with TAPE and two criteria use
the same methods

« Participatory and simple

« Sail health assessment used as core criteria in TAPE

« Aimost all other criteria are common

 No focus on particular practices

« Addresses different scales (fielc/ animal,
farm/household, community! tertitory)

« 6 domains of sustainabilty are aligned with the 5

dimensions of TAPE

Participatory

Starts with contextualization

Qualitative and quantitative evaluations

Values the non-monetary economy

« Participatory and possible self-assessment
« Large number of common indicators /impact

« Separates 2 steps: description of the system and
analysis of the impacts

« 4 dimensions of impacts included (and TAPE adds
asth)

« Includes an analysis of the context (institutions,
household activities...)

* The qualification of assets provides an option to
integrate the 10 Elements within TAPE

« Assessing systems in transition

« Participatory and based on interviews.

« Includes 4 dimensions of sustainabilty (environment,
social, economic and governance), and TAPE adds a
5™ (health and nutrition)

 Aims to be global and applicable to all types of
production systems

 Works at household level

« Large number of common indicators in Step 2

Step-wise hierarchical
Specific quantitative indicators

28 out 41 IDEA indicators are shared with TAPE
Can be used as self-assessment tool

Main differences.

« Indicators can be quantiied by different methods
vs. recommended harmonized protocols are
provided in TAPE

« Initial step of complete agrarian diagnostic not
included in TAPE

« Some GTAE criteria are proposed as optional
‘advanced criteria in TAPE as they require more
time and resources

* In depth crop health assessment not included in
TAPE, can be used as advanced criteria

* Some of the criteria/indicators are included as
advanced criteria in TAPE

« Analyzes the economic performance  of
agroecosystems by combining  degrees  of
autonomy and productivity of the production
factors (land and labor)

« Specifies the degree of social integration of
farming families in the territorial
socio-technical networks

* Method largely left to implementer to define while
TAPE provides recommended protocols

« Economic assessment based on 4 capitals,
which is not the entry point in TAPE

« Not participatory

« Indicators left to implementer to define while
TAPE provides recommended protocols

* Time consuming (21 themes and 58 sub-themes,
118 indicators) while TAPE is simple and not
unreasonably time consuming

« Targets enterprises (farms or companies) while
TAPE targets farms and communities

« TAPE starts with an analysis of the enabling
environment and follows with a diagnostic of the
agroecological transition before looking at
performances

« Three main dimensions of sustainability in IDEA are
incluced in TAPE + two additional ones

« TAPE includes context, enabling environment and
level of transition before quantitative assessment
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Terminal node

vo 1
RE=0.58 2
3
4
sV 1
RE=0.56 2
3
4
AV 1
RE=0.72 2
3
MC 1
RE=10.75 2
3
4

Explanatory variables*

Split variable

Age > 43 years
Age > 43 years; Hybrid seed
Age > 43 years; Hybrid seed

Plot size < 0.9 ha
Plot size < 0.9 ha
Plot size > 0.9 ha

Plot size = 0.9 ha

Family members = 5

Family members > 5

Paraquat < 0.23 /ha™!
Paraquat < 0.23 I/ha™"
Paraquat > 0.23 I/ha™"

Paraquat > 0.23 /ha~!

Terminal node variable

Age < 43 years
Criollo seed
24-D <35Vha™!
24-D > 35Vha™!

Family members < 5
Family members > 5
Yield > 2.5 ton/ha™!
Yield < 2.5 ton/ha™!

Family members < 5
-

Paraquat > 4.6 I/ha
Paraquat < 4.6 I/ha™"

Rainfed
River floodplain
Age < 51afios

Age > 51 afios

Glyphosate I/ha™!

16
18
27
4.1

52
22
24
14

45
42
22

24
038
07
01

% of N

32
32
2
15

a1
2
38

16
38
16
31

RE, Relative error or variance fraction not explained by the tree. “The explanatory variables are read consecutively for cach region. For example, in the VO region in node 4 refers tor

43-years-old farmers or older

iing hybrid seeds, and applying more than 3.5 /ha=" of 2,4-D herbicide.
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‘Space and time scales

Co-innovate with
farmers, value chains
policy makers.

Share the cultivated
landscape

Manage cycles

beyond plots.

mplexity

Genome

Plant  Fieldplot  Farm(s)  Landscape  Sector
Animal  Soil unit Territory
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Context

Heavily taxed agriculture

Highly subsidized agriculture

Starting point (industrial farming)

Sub-utiization of rainfall(flooding)

High herbicide use and resistant weeds

Soil erosion and nutrient mining

GHG emissions dominated by soils C losses

* Overutiization of rainfall + irigation
(aqifer exhaustion)

« High insecticide and fungicide use

* Over fertlization

* GHG emissions dominated by energy use and
N losses

Toward agroecology

* Make full use of rainfall through increased annual soil cover
(crops, pastures, trees)

« Replace herbicides with service crops

« Restore N with biological fixation

« Strategic P fertilization and recycling

« Recover soil C levels

« Restore hydrological fluxes

« Replace insecticides and fungicides with diversity and ecosystem
services

« Recover fertlizer excess with service crops and buffer strips

« Reduce energy and fertlzer use
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Main dimension

Governance

Economy

Health and nutrition

Society and Culture

Environment

-

10

Core criteria of
performance

Secure land tenure (or
mobility for pastoralists)

Productivity

Income

Value added

Exposure to pesticides

Dietary diversity

Women's empowerment

Youth employment
opportunity

Agricultural biodiversity

Soil health

Proposed method of assessment

Type of tenure over land (or existence and use of pastoral agreements and
mobility corridors)

Gross output value per hectare Gross output value per person

Revenue from plants, animals, other farm activities, subsidies, and rent of
land

- (operating expenses + depreciation + taxes + cost of labor + interests +
costs for renting land) + subsidies

Gross value of agricultural production—(expenditures for inputs +
intermediates consumptions + depreciation)

Quantity applied, area, toxicity and existence of risk mitigation
equipment/practices, other ecosystem-based IPM strategies used,
farm-derived products used

Minimurn Dietary Diversity for Women, based on consumption of 10 food
groups in the past 24 h

Abbreviated Women's Empowerment in Agriculture Index (A-WEAI)

Access to jobs, training and or education; migration

Relative importance of crop varisties, animal breeds, trees and semi-natural
environments in production units

SOCLA rapid and farmer friendly agroecological method to assess soi
health, based on 10 indicators

Source

SDG 1.4.2,5.a.1 and
2.4.1 sub-indicator 11
FAO, 2018b

SDG 2.4.1 sub-indicator
1FAO, 2018b

SDG 2.4.1 sub-indicator
2; Levard etal., 2019

Levard et al., 2019

Sub-indicator seven of
SDG 2.4.1 FAO, 2018b

FAO and FHI 360, 2016

IFPRI, 2012
SDG 8.6.11LO., 2018

SDG 2.4.1 sub-indicator
8.1,8.6,8.7 FAO, 2018b

Nicholls et al., 2004





