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SUMMARY

Farming systems that support locally diverse agricultural production and high levels of biodiversity are in
rapid decline, despite evidence of their benefits for climate, environmental health, and food security. Yet,
agricultural policies, financial incentives, and market concentration increasingly constrain the viability of
diversified farming systems. Here, we present a conceptual framework to identify novel processes that pro-
mote the emergence and sustainability of diversified farming systems, using three real-world examples
where farming communities have found pathways to diversification despite major structural constraints.
By applying our framework to analyze these bright spots in the United States, Brazil, and Malawi, we identify
two distinct pathways—network and institutional—to diversification. These pathways emerge through align-
ment of factors related to social and ecological structure (policies, institutions, and environmental conditions)
and agency (values, collective action, and management decisions). We find that, when network and institu-
tional pathways operate in tandem, the potential to scale up diversification across farms and landscapes in-
creases substantially.

INTRODUCTION beans, wheat) have increased in the last decades,” as indicated

by an increasing number of crops contributing to domestic food
Continued simplification of agricultural landscapes is causing supplies_5 Yet, these trends should not be confounded with
biodiversity loss, soil and water degradation, erosion of local  actual farm- or landscape-level biodiversity, which has declined
knowledge systems, and climate change,”” destabilizing the  around the globe.®® Simultaneously achieving the cross-disci-
global supply of nutritious food.®> Global and national trends in plinary targets of the “Zero Hunger” United Nations Sustainable
the diversity of traded commodities (e.g., corn, palm oil, soy-  Development Goal (SDG 2) as well as global targets on climate
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Box 1. Definitions of terms related to diversified farming systems

Agrobiodiversity, agricultural diversity: the varietal and species diversity used directly or indirectly for agricultural production
and food, including harvested crops, livestock, and fish, and wild biodiversity, such as tree products or wild animals or fish, as
well as non-harvested species that support agricultural production (e.g., soil microorganisms, pollinators).

Agroecology: a scientific discipline, suite of farming practices, and social movement transforming food systems toward sustain-
ability.

Agroecosystem: an ecosystem managed for production of food, feed, fuel, or fiber, including interactions between biotic and
abiotic components and flows of energy and matter. The scale of an agroecosystem can vary depending on the research question
but is most often considered to be a field or farm.

Associated biodiversity: the subset of agrobiodiversity that includes organisms that support agricultural production and is not
directly managed by farmers (e.g., the soil food web, herbivores, natural enemies, pollinators).

Diversified farming systems; diversification practices: the use of planned crop, fish, and livestock diversity, which influences
associated biodiversity across scales. Example practices include agroforestry, cover crops, crop rotation complexity, intercrop-
ping, integration of crops and livestock, landscape complexity, native habitat retention, organic amendments, riparian buffers,
rotational grazing of livestock, and varietal diversity.

Farming system: the land area owned or farmed by a particular farming household, including managed areas and surrounding

habitats.

Food system: the set of activities linking people to food, spanning production, distribution, access, and consumption.
Functional diversity: the diversity of functional traits present in an agroecosystem.

Functional trait: characteristics of an individual organism that determine its effect on or response to the environment.
Planned diversity: the diversity of domesticated species selected by farmers (e.g., crops, livestock, fish, etc.)

change and biodiversity loss will require transforming simplified
agricultural systems to help reverse these diversity declines.'%'?

We define diversification of farming systems as intentional
management to increase the diversity of agricultural plants and
animals and non-agricultural biodiversity from field to landscape
scales.'® Such systems can be viewed as transitioning or trans-
formed. The process of transitioning farm management systems
takes resources and experience, often proceeding through
recognized phases in which diversification efforts emerge and
eventually result in system transformation. Transformation rep-
resents system redesign; for example, from managing simplified
monocultures to managing high levels of crop and livestock
diversity.'*

The benefits of farming system diversification are supported
by fundamental principles from research on biodiversity and
ecosystem functioning'®>'® as well as experiments and observa-
tional studies in agricultural systems'”'® and regional or national
trends.'®?° These studies show that use of diversification prac-
tices (e.g., cover crops and agroforestry; Box 1) supports
ecological interactions that increase ecosystem services, such
as improved crop yields, soil organic carbon storage, pest and
disease control, and increased resilience to drought and other
shocks. At the landscape level, diversified farms create a more
biodiversity-friendly matrix that can provide multiple benefits,
such as pollination, habitat for wildlife, and improved water qual-
ity.?! Diversified farming systems can also increase farmers’ and
consumers’ access to a diverse selection of foods and markets,
potentially improving food and nutrition security locally and the
quality of human diets through direct (i.e., growing more diverse
species or varieties) and indirect (e.g., generating income to pur-
chase food products that enhance diets) mechanisms.?*>*

Over the last 150 years, macro-scale, or structural, factors
related to political and economic forces have driven increasing
specialization, simplification, and adoption of industrialized
technologies on farms as well as an increase in farm size in
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many countries.”” In contrast, public policies or laws that pro-
mote diversification practices in agricultural landscapes are not
widespread,® nor is investment in development of seeds, crop
mixes and rotations, and equipment to promote profitable diver-
sified farms in specific contexts.””*® These structural conditions
influence the “odds” of diversification—the balance of enabling
and constraining factors—so that many diversification efforts
now struggle against the odds.

In this paper, we draw on two well-established frameworks,
social-ecological systems and the multi-level perspective
(MLP), to identify pathways to diversified farming systems that
overcome major structural constraints. Briefly, a social-ecolog-
ical systems perspective®®' recognizes that farming practices
and outcomes are shaped by a complex suite of factors,
including ecosystem processes, infrastructure and technolo-
gies, markets, institutions, knowledge, social norms, and atti-
tudes and behaviors. The MLP* identifies driving forces that
facilitate sustainability transitions within social-ecological sys-
tems, shedding light on processes that interact and align across
three distinct levels to spread innovations.®* Within the MLP, the
“niche” level is where innovations, such as farm diversification,
often emerge and develop; the “regime” is the dominant so-
cial-ecological system (e.g., policies, institutions, and norms of
simplified agriculture); and the third level is the wider “exoge-
nous context” (i.e., trends or shocks that create windows of
opportunity for transitions).***

Inspired by the literature on social-ecological systems and the
MLP as well as our experience working across global contexts
on transitions to diversified farming systems, we developed
and applied a conceptual framework to identify novel interac-
tions between structural and behavioral factors that permit the
expansion of diversified farming systems. We applied our frame-
work to analyze three “bright spots”*>*®* —cases in the United
States Midwest, southern Brazil, and northern Malawi—that
span disparate farming system types and socioeconomic
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Table 1. Social and ecological characteristics, main structural barriers to diversification, and primary diversification pathway of the

three case studies

United States Corn Belt

Southern Brazil

Northern Malawi

Climate temperate

Soils high fertility

Human development index  0.926 0.765
(HDI) 2019

Average farm size, ha 530 (+460) 35 (+41)

(+standard deviation)

Cropping systems grain, livestock

Dominant markets export, national
federal subsidies, concentrated

input and output markets

Structural barriers

Diversification pathway network

Diversification practices cover cropping, mixed
crop-livestock, rotational

grazing

humid subtropical
moderately weathered

horticultural, mixed
crop-livestock

local, regional, export

federal subsidies, land use
consolidation

institutional

cover cropping, intercropping,
agroforestry, rotational grazing

subtropical
weathered, low fertility
0.483

0.82 (+0.60)

grain, tubers, vegetables, tobacco,
coffee, poultry

subsistence, export

colonial history, input subsidy program,
concentrated input and output markets,
neo-colonial development structures
network

legume intercropping, agroforestry,
indigenous grains

Data are from surveys and field work conducted by the author team in the case study regions.

37-46

conditions, which we selected to illustrate the broad utility of our
framework (Table 1). While many traditional and Indigenous
farming communities have maintained crop and livestock diver-
sity (and are working against the odds and should be recognized
as such), here we focus on specific cases where clusters of
farmers have departed from regional trends toward simplified
production to make a transition to diversified farming systems.
We describe barriers and pathways to diversification in these
three contrasting cases and identify links across them. Our
analytical approach advances knowledge of specific mecha-
nisms that increase resources to facilitate diversification in
diverse global contexts. Building on insights from these case
studies, we identify policy directions to help support and scale
transition processes and transformation of farming systems.

CONCEPTUAL FRAMEWORK FOR DIVERSIFICATION
PROCESSES

Through a series of workshops and meetings between 2019 and
2021, we developed a conceptual framework to assess pro-
cesses that support or constrain farming system diversification
and related outcomes for food security and environmental sus-
tainability (Figure 1). The aim of this framework is to enable an in-
tegrated assessment of patterns and distributions of farming
system diversity, the suite of factors influencing diversification
transitions and transformation, and the social-ecological out-
comes that accompany diversification when it occurs. Through
a participatory and iterative process, our interdisciplinary team
of scholars and policy advisors, working across domains of
land management and biodiversity conservation in North and
South America, Asia, and Africa, incorporated the knowledge
and perspectives of a global stakeholder advisory group. We
then further elaborated and revised the framework through two
additional virtual meetings and multiple asynchronous ex-
changes with the stakeholder group over a 1-year period. This
group included 18 members representing a range of (1) aca-

demic, governmental, and non-governmental institutions,
including farmer and international donor organizations; (2) sub-
ject expertise, including agricultural diversification, global
change, economics, and ecology; and (3) region-specific
knowledge.

The conceptual framework is illustrated in Figure 1. The outer
wheel of the framework includes four categories of factors
related to social and ecological structure: political economy
(e.g., trade and distribution of wealth and power), governance
(e.g., markets and policies), environment (e.g., soil type, climate,
and topography), and culture (e.g., social norms within the domi-
nant regime), all of which often reinforce, or lock in, simplified
production systems. For example, a small number of companies
control commodity crop production and flows and accumulate
wealth in food systems.*”*® Horizontal and vertical integration
of supply chains, supported by national policy incentives and
government subsidies, has created economic inequities and an
increase in agricultural specialization.”® Similarly, corporate in-
fluence over research and development, which focuses on
input-dependent, simplified agriculture, deepens this path de-
pendency.?”*9°° These structural barriers increasingly constrain
individual farmers’ ability to engage in diversification practices
on their farms,' yet researchers often neglect these large-scale
constraints.”"°?

Instead, most of the literature on adoption of diversification
practices has emphasized individual-level factors that may
explain farmers’ management decisions,® such as typologies
of attitudes, behaviors, and values;** >° sociodemographic vari-
ables (e.g., education level and income);>” perceptions of risk;>°
and other farm characteristics (e.g., land tenure). However, the
importance and effects of these factors vary across contexts
so that they are not always significant predictors in models of
adoption.®>>” Consequently, there is growing awareness of the
importance of institutional factors and structural barriers to
farm diversification®">? as well as the need to integrate quantita-
tive and qualitative approaches to understanding them.*°
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Figure 1. Conceptual framework for farm diversification
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(A) Conceptual framework incorporating interactions between structure, agency, and resources that together constrain or enable diversified farming systems,
which have important consequences for biodiversity, ecosystem services, human health, nutrition, and well-being.

(B) Schematic to illustrate specific examples of factors across these interacting levels in the three case studies: structure (governing boundaries in the case study
regions), agency (photos of the farmer networks described in each case), resources (photos of local and regional markets), and farm diversity (from left to right:
perennial alfalfa in strips with row crops, an agroforestry-mixed crop livestock system, and a mixed crop field with pigeon pea, cow pea, and acacia).

Despite structural constraints, the exercise of agency and
innovation by farmers and other actors (i.e., building on the atti-
tudes, values, and actions of individuals and their social net-
works) produces niches or pathways to diversification and its
attendant social’®*° and environmental'®'® benefits (Figure 1,
middle wheel). These diversification practices are most often
initiated “from the bottom up” through the growth of grassroots
efforts by farmers, consumers, and their networks to advance
environmental sustainability or social justice goals.®®®" How-
ever, actors within the dominant regime can also introduce
innovations, especially in response to bottom-up pressure or
exogenous changes, such as climate change or pandemics,
which might pressure institutions to reorient around farm diversi-
fication. This structural change can facilitate broader-scale
mechanisms for diversification.®?

This framework therefore emphasizes how factors related to
agency and structure can align and interact to mobilize re-
sources (Figure 1, inner wheel) that increase the odds of agricul-
tural diversification. Important resources include access to land,
capital, and markets; knowledge, skills, and social networks; and
technology and infrastructure to plant, harvest, and process
diverse crops and livestock products (including seeds, equip-
ment, and labor).?”52:63:64

Finally, ecological functions on farms are governed by crop,
livestock, and associated diversity at field, farm, and landscape
scales (Figure 1; Box 1). Agricultural diversity is a continuum,
influenced by several interacting dimensions of management
systems, including use of crop and livestock diversity (and asso-
ciated diversity, such as pollinators, soil microorganisms, etc.)
across scales.'® Other key dimensions that influence agricultural
diversity are soil disturbance through tillage or other mechanical
operations and use of external inputs.® Transitions to diversifi-
cation will also manifest differently (e.g., riparian buffers, crop ro-

482 One Earth 6, May 19, 2023

tations, intercropping, grazing, or agroforestry; Box 1; Figure 1B)
depending on the type of farming system and broader social and
ecological contexts. Together, these social-ecological system
interactions produce outcomes that also range along gradients:
from food insecurity to food security,”>** unjust to just liveli-
hoods,*®%® and environmental pollution to provisioning of
ecosystem services.”' By applying our framework to understand
the multi-level interactions that facilitate agricultural diversifica-
tion and associated outcomes in distinct contexts, we show
how multiple factors across scales align to increase resources
to transform farming systems.

CASE STUDIES OF PATHWAYS TO DIVERSIFIED
FARMING SYSTEMS

In this section, we illustrate how interactions between agency
and structure have increased agricultural diversity in three
distinct contexts—the United States Corn Belt, southern Brazil,
and northern Malawi—against the odds. We summarize evi-
dence from these three cases, which were selected from sites
where our author team has conducted long-term, on-farm
research using interdisciplinary and participatory research
methods.

United States Corn Belt

The United States Corn Belt in the upper Mississippi River Basin
illustrates how bright spots of diversification can emerge and
thrive even within a highly industrialized and simplified agricul-
tural region. In many sub-watersheds of this region, 90%-95%
of total land area is in corn and soybean production,®” while
diversified farming systems are rare.®°® For instance, only
3%-8% of harvested cropland includes cover crops in rota-
tion.®® The loss of species diversity in the Corn Belt has reduced



One Earth

B Brazil
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(A) Our conceptual framework applied to the United States Corn Belt. In this highly simplified landscape with large structural constraints to diversified farming
systems, a network pathway (agency: farmer networks) is the dominant mechanism by which farmers increased resources (e.g., processing infrastructure, new

markets, knowledge) for agricultural diversification.

(B) Southern Brazil. In this family farming landscape, an institutional pathway (structure: policy change), which emerged from grassroots organizing, increased
access to resources (e.g., access to land, training, seeds, and new markets) and enabled a large group of farmers to diversify.

(C) Northern Malawi. In this smallholder farming landscape with little institutional support for diversified farming systems, a network pathway (agency: community
network) was the dominant pathway by which farmers increased resources (e.g., access to land, knowledge, and seeds) for agricultural diversification.

ecosystem functions required to sustain productivity, such as
complex trophic interactions and soil nutrient cycling. Instead,
high-yielding commodity crops now depend on fossil-fuel
derived inputs, leading to unintended but widespread ecological
and social consequences, including the persistent hypoxic zone
in the Gulf of Mexico,®” soil erosion,”® and the decline of rural
communities and local economies.”"

Structural constraints to diversification

A confluence of political-economic, governance, socio-cultural,
and environmental factors has led to extreme specialization in
the United States Corn Belt (Table 1; Figure 2A). This transforma-
tion started with colonization by Euro-Americans and displace-
ment of Native Americans in the mid-1800s. Following World
War Il and the start of the Green Revolution, policies encouraged
use of synthetic inputs. Shifts in federal subsidies and insurance
products in the Farm Bill (an omnibus law with a suite of agricul-
tural and food programs) encouraged farm consolidation and
simplification along with extension, credit, and other supports
only for a few commodity crops.”*”® Regional environmental
conditions, including flat topography and former prairie soils,
also facilitated land clearing and subsequent loss of biodi-
versity.”*

Beginning in 2005, new federal policies encouraging ethanol
production—the Renewable Fuels Standards—have consoli-
dated these trends. Approximately 35%-40% of United States
corn now goes to ethanol production.”” Increasing demand for
corn and rising but unstable corn prices drive farmers to reduce
crop diversity and capture economies of scale. Other legal fac-
tors reinforce simplification, such as a lack of regulation of
non-point source pollution or of habitat clearing or retention in
agricultural landscapes.”® Weakening of anti-trust regulations
has further concentrated input industries and commodity mar-
kets, creating power imbalances.*” For instance, in 2011, just
three firms (ADM, Corn Products International, and Cargill)
controlled 87% of all wet corn milling in the United States,*”
and in 2018, the top four seed companies controlled 67% of

the global seed market.*® Consequently, most farmers only

have access to seeds that grow best in simplified stands with in-
puts of synthetic chemicals,’® and they now have limited access
to markets for crops such as small grains and dry beans.®’
Development of the World Trade Organization and trade agree-
ments such as the North American Free Trade Agreement
(NAFTA) have exacerbated corporate concentration in global
food systems.”” These institutions co-evolved with new cultural
norms and attitudes about agriculture, such as valuing the es-
thetics of “clean” and weed-free monocultures, and a competi-
tive culture around achieving high yields, even above profit-
ability.®®"® Policymakers, particularly those who draft the Farm
Bill, also focus on the need for intensification to “feed the world,”
even though more than 50% of regional crop production is sold
for livestock feed (and 89% of those feed calories produced are
unavailable for human food supply).”® Taken together, these fac-
tors produce large structural constraints to diversification.
Pathways to diversification

In a context that promotes specialization, a small subset of
farmers dispersed throughout the United States Corn Belt have
nonetheless increased the diversity of their cropping systems.
They use practices that can mitigate the environmental impacts
of monocultures, including diversified organic farming,®® mixed
crop and livestock production,®’ rotational grazing of livestock,®?
“strips” of native prairie plants,83 and diverse rotations with
continuous soil cover through cultivation of winter small grains
and annual cover crops in the off season.®*°® Behavioral vari-
ables positively associated with farm diversification include pos-
itive stewardship attitudes and awareness of conservation
programs.°*>’

This bottom-up innovation on clusters of farms has co-evolved
with and mobilized off-farm resources,®” such as formation of
new knowledge networks and organizations that increase finan-
cial capacity and access to information.®* For example, Practical
Farmers of lowa (PFI) supports farmers’ transitions to diversified
management.®”">%° Formed in 1985, the network facilitates
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on-farm, participatory experimentation and horizontal knowl-
edge exchange, especially through field days and conferences.
Through these events, participants share technical information
and spread new narratives promoting diversification as a “prac-
tical” way to support agricultural resilience and sustainability.
The organization also works to increase access to financing,
infrastructure, and markets to reduce the risks of diversifying ro-
tations with crops such as small grains.®®

To diversify in this landscape, farmers creatively blend knowl-
edge and resources from the dominant regime with the new
knowledge systems and infrastructure they are developing
through grassroots networks like PFI. They integrate information
from commodity groups, Land Grant universities, extension
agents, and technical service providers with on-farm experi-
ments to develop new management systems.>”"*® They mitigate
financial risks of transitioning through strategies like re-inte-
grating crop and livestock production to increase enterprise di-
versity, transitioning to certified organic production to access
price premiums, and enrolling in Farm Bill conservation pro-
grams such as the Environmental Quality Incentives Program
(EQIP), a working lands program that can support an array of
diversification practices.®’

In turn, farmers’ engagement with the institutions that primar-
ily support simplification is slowly creating structural change
within the dominant social-ecological regime,®”*® with spillover
effects that can facilitate transitions for a larger number of
farmers. For instance, in the late 1980s and early 1990s, new
research and extension programs focusing on organic and sus-
tainable agriculture proliferated at Land Grant universities.®® In
2015, a new “whole farm” insurance product became available
through the US Department of Agriculture (USDA), which is de-
signed to support diversified crop and livestock producers and
address limitations of former commodity-focused policies.”
Pressure from grassroots groups also contributed to a large in-
crease in cost-share payments for practices like cover crop-
ping. EQIP payments to farmers planting cover crops, for
instance, increased from $15 million in 2009 to $56 million in
2014 and 2015.°" Still, commodity programs in the 2018
Farm Bill that support dominant monocultures receive approx-
imately 2.4 times more funding than the federal voluntary con-
servation programs, limiting the ability of the latter to influence
adoption of diversification practices.®” In summary, often driven
by attitudes and values related to the health of the environment
and rural communities, farmers in the Corn Belt are building
networks that provide social and professional support for diver-
sification. This network pathway has, in turn, created new orga-
nizations and participatory research and increased social pres-
sure for important, if still limited, changes within the dominant
regime (Figure 2A).

Southern Brazil

Brazil’s settler colonial history has shaped farm diversity in its
southern region, which encompasses the states of Parang,
Santa Catarina, and Rio Grande do Sul. Prior to Portuguese set-
tlement, Indigenous peoples in this area (including the Guarani
and Kaingang) cultivated traditional crops such as cassava
and hunted, fished, and gathered edible forest products. In the
17th and 18th centuries, the Atlantic Forest was cleared by set-
tlers for mining exploration and for large-scale cattle and coffee
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production, furthering Indigenous dispossession and simplifying
a complex agricultural landscape with expansion of commodity
monocultures.®® In the 19th century, a new wave of European
immigration occurred as the Brazilian government aimed to
populate the region, with tens of thousands of predominantly
Germans and ltalians with a cultural history of cooperativism
settling the land.’*°> Farmers of European descent adopted
mixed crop-livestock systems with crop rotations that combined
South American staples, such as cassava, beans, and maize,
with European forage crops, such as oats and vetch. The sub-
tropical climate in southern Brazil allows farmers to grow an array
of horticultural products and raise livestock across multiple
growing seasons per year. The scale of farming in this region
also tends to be smaller than in other rapidly industrializing re-
gions of Brazil (e.g., the center west) because of constraints
imposed by the varied, hilly topography and land distribution
practices related to agrarian reform and family farm succes-
sion.”® Today, agricultural management systems in this region
are influenced by interactions between global and regional mar-
kets, government policies, and strong grassroots organizations.
Structural constraints to diversification

As European-descended farmers passed on their land to their
children over generations, parcels of land grew smaller, while
other farmers became landless or found themselves in precari-
ous labor contracts on plantations.”” From 1964 to the mid-
1980s, following global shifts to Green Revolution practices,
the Brazilian military dictatorship and subsequent governments
promoted agricultural specialization and subsidized technolo-
gies, such as synthetic pesticides and fertilizers.”® As a result,
mixed crop-livestock systems fell out of practice across much
of the region by the late 1980s.°° A parallel rise occurred in
large-scale soybean production and concentrated animal
feeding operations for regional and export markets, particularly
in the plains regions of Santa Catarina and Rio Grande do
Sul."® Government subsidies disproportionately accrued to
export crops, supporting cultural narratives around agricultural
modernization and Brazil’s identity as an “agricultural power-
house,” which emerged as Brazil expanded agribusiness pro-
duction to boost economic growth through exports.’®" These
factors interacted to create a regime that favors land concentra-
tion, industrial practices, and large-scale commodity production
while hindering diversification practices (Figure 2B).

Pathways to diversification

To overcome these structural barriers, social movements and
farmer networks in southern Brazil have developed a growing
niche of diversified farming systems. As the government re-
democratized in the late 1980s, land inequality and recognition
of the negative environmental and health externalities associated
with an industrial agricultural paradigm contributed to the orga-
nization of the Landless Workers Movement (Movimento do Tra-
balhadores Rurais Sem Terra [MST]), which advocates for
agrarian reform and more sustainable forms of agriculture.
Today, two social movements in southern Brazil are global
models of grassroots change toward improved social equity
and diversity in agricultural systems: the MST and the farmer
network Ecovida, which promotes farm diversification through
agroecology.®®®* Ecovida is a decentralized network for
farmer-to-farmer agroecological certification that began in
1998 in two municipalities in the state of Rio Grande do Sul
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and has since grown to include an estimated 5,000 family farms
in nearly 200 municipalities across all three states of southern
Brazil.®* Diversification is a cornerstone of Ecovida’s peer certi-
fication process, and research has identified high levels of crop
and livestock diversity and low input-use intensity on farms in
the network.*%*!

Concerns about the impacts of agrochemical use on environ-
mental and human health remain strong factors motivating
farmers in the Ecovida network.°®'%? As a result, farmers
increasingly value diversification practices that support reduc-
tion of synthetic inputs (i.e., practices that boost soil fertility
and control pests and diseases through non-chemical means),
including agroforestry, legume intercropping, and cover crop
mixtures.*’ At local and regional meetings, Ecovida farmers
share knowledge about diversification practices and maintain
and increase the genetic diversity of crops and other native spe-
cies through seed exchanges. Further enabling these efforts, a
growing urban demand for sustainably produced foods has led
to new marketing opportunities for Ecovida producers,'% re-
flecting the importance of regional rural-urban relations in sus-
tainability transitions.'%*

The election of President Luiz Indcio Lula da Silva (“Lula”) in
2003 created an important opening for structural changes in sup-
port of farm diversification. Responding to the demands of
grassroots movements, the Worker’s Party government consol-
idated food security, nutrition, and family farming policies in the
Zero Hunger policy platform and increased financial incentives
and credit for organic and diversified farms.**'%>% Targeted
public food procurement mechanisms, including the national
school meal program (Programa Nacional de Alimentagéo
Escolar, PNAE), played important roles in increasing market ac-
cess for diversified farmers in southern Brazil and improving food
security.’%*>"1% At the national scale, Zero Hunger policies influ-
enced improvements in food production, poverty reduction, and
increases in natural vegetation, especially through programs that
provided credit to family farms.'®”

Interacting ecological, social, and economic forces related to
agency and structure contributed to the emergence of a diversi-
fication bright spot in southern Brazil. Support from civil society
organizations facilitated the development of participatory agro-
ecological certification networks such as Ecovida and helped
farmers in the network access government-sponsored market-
ing programs that strengthen family farming and encourage
organic management practices.*®*? Southern Brazil also has
historically high rates of implementation of national social and
agricultural support programs, which has increased access to
credit and infrastructure relative to other regions of Brazil.'®
Actors within other agricultural institutions, such as the Santa
Catarina state agricultural agency, Empresa de Pesquisa Agro-
pecudria e Extensdo Rural de Santa Catarina (EPAGRI), also
spurred research on innovations for soil conservation and
increased farming system diversity in response to the negative
effects of soil erosion from simplified agriculture in steep
terrain.®® This institutional pathway (Figure 2B), which resulted
from the alignment of grassroots organizing and a progressive
administration, has scaled support for diversification.

Although political retrenchment following the 2016 political
coup has dismantled or de-funded much of the national policy
framework that supported farm diversification,'® existing net-
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works of farmers, consumers, and civil society organizations in
southern Brazil have doubled down on efforts to advocate for
diversified agriculture at local and state levels.''° For instance, or-
ganizers in the city of Florianopolis shifted their focus to local bills
and election of a progressive leader to promote the right to food
and agroecology at the municipal scale."'" Thus, as the institu-
tional pathway narrowed in recent years, collective action again
grew increasingly important for maintaining the momentum for
change, showcasing how the interplay between network and insti-
tutional pathways can enable durable transitions.

Northern Malawi
Agricultural diversity is positively associated with diverse diets
for the majority of Malawi’s population, which relies on agricul-
ture for food and livelihoods."'®""® The rain-fed fields of small-
holder farms are characterized by nutrient-poor soils. Working
less than 2 hectares of land with hand hoeing, farmers grow an
average of 2.3 field crops per household.''* The most commonly
cultivated crop is corn, but other cereals, like finger millet, are
also grown for food and fermented products,’’® and other
cash crops include tobacco and coffee in the northern region.
Households also meet subsistence needs and livelihoods by
cultivating beans, peanuts, sweet potato, cassava, pumpkin, to-
mato, onion, cabbage, leafy greens, and fruit trees.”® Pulses
such as pigeon pea, peanut, and soybean are consumed and
sold, and contribute to soil regeneration. In some regions,
farmers historically practiced mixed crop-tree systems featuring
natural fallows and harvesting from forests.''® Only about one-
third of smallholder farmers own ruminants, such as goats,
sheep, and cattle, although the majority keep chickens or other
small birds."'? In part because of out-migration of men,'"”
women contribute an estimated half of farm field labor.
Women influence crop choice and in many cases foster crop ge-
netic diversity by sharing seeds through kin and friendship net-
works,'"® but they often lack decision-making control over
land use and income.'?°
Structural constraints to diversification
The dominant regime, which is characterized by declining agri-
cultural diversity, must be understood through the context of
the colonial history of Malawi and contemporary agricultural pol-
icy and institutions (Figure 2C)."*" Land tenure in rural commu-
nities is customary in northern Malawi, accessed through chief-
taincies based on kinship, yet the state maintains ultimate
control over land.'? Colonial and post-colonial policies facili-
tated acquisition of tobacco, cotton, and tea estates for white
settlers and political allies,'®® and contemporary changes to
land policy exacerbate land inequities and conflict by permitting
private land sales to international buyers.'?”> From the 1960s,
intensification of corn production has been a key tenet of agricul-
tural modernization.''® Development initiatives promoted simpli-
fied cropping systems, increased input use, and market integra-
tion.” As a result, intensified, continuous cropping has come to
dominate arable land use in much of Malawi,'** diverse farming
systems have declined countrywide,® and Malawi has been
declared a leading player in an “African Green Revolution.”'*°
Input subsidy programs have increased access to fertilizers
and modern corn varieties for most smallholders. The National
Seed Policy of Malawi emphasizes support for the formal seed
sector,'?® which is dominated by multinational companies, and
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INSTITUTIONAL PATHWAY
TO DIVERSIFICATION

STRUCTURE

AGENCY

NETWORK PATHWAY
TO DIVERSIFICATION

Figure 3. Network and institutional pathways to diversification
Diagram depicting network and institutional pathways to agricultural diversi-
fication. When social and ecological factors related to structure, agency, and
resources align, “flowthrough” occurs to enable farm diversification.
Description of arrows from left to right: (1) agency for diversification is lacking;
(2) agency is present, but resources constrain diversification; (3) bottom-up
processes hit a ceiling because of structural constraints, so diversification
does not occur or is limited; (4) network pathway, in which farmer agency and
collective action increase access to resources and enable clusters of farmers
to overcome some of the structural barriers to diversification; and (5) institu-
tional pathway, in which significant institutional and structural change expands
diversification bright spots through spillover effects. The bidirectional arrow (5)
indicates that innovations can be initiated by grassroots efforts or by actors
within the dominant regime (which often occurs in response to bottom-up
pressure or exogenous trends). Both pathways (arrows 4 and 5) can operate
simultaneously and may be mutually reinforcing.

largely ignores informal exchange of traditional open-pollinated
seed varieties. While the subsidy served as an important political
tool in gaining rural support for the ruling party,'?" it has not led to
substantial gains in crop productivity'” or enhanced household
nutrition, income, or resilience to extreme weather.'?®
Pathways to diversification

Industrialized agriculture is being challenged in Malawi by
engaged citizens, farmer organizations, and academics who
have demonstrated the shortcomings of the fertilizer subsidy
program.”'?” Proposed alternatives include a movement to
decentralize agricultural research and extension systems by
focusing on farmer-led agricultural development models,'?®
which built on the rise of civil society and local governance
beginning with multiparty elections in 1994."°° However, efforts
to enhance local control over extension systems in Malawi often
run into bureaucratic and institutional barriers.'?’

Abright spot for diversification has emerged from efforts of the
Soil, Food, and Healthy Community (SFHC) organization.*® This
community-led farmer network was formed in northern Malawi
by Ekwendeni Hospital staff in 2000 because of concern about
the level of food insecurity and malnutrition in surrounding vil-
lages.'®" Community engagement has supported a range of
agricultural diversification initiatives over two decades, including
legume intercropping, agroforestry, and production of indige-
nous grains such as finger millet, reaching more than 10,000
households in over 200 villages.**®® Farmers, researchers, and
community health staff developed a curriculum that addresses
nutrition, gender equity, agroecology, and resilience to climate
change through participatory approaches, including use of
drama and hands-on learning.*®

This diversification niche is centered on community engage-
ment on topics of farmer empowerment, equity, and nutritional
education. The network’s efforts have resulted in farmer-to-
farmer experimentation, teaching, and sharing to develop agri-
cultural systems that support food security, healthy diets, and
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greater social equity.'®* This capacity building has increased
farmer preferences for diversified farming systems, including
cultivation of diverse crop species and varieties, livestock inte-
gration, and use of compost and other soil health innova-
tions.**>%% Community-based education, in turn, has supported
improved health outcomes, well-being, income gains, and
broadening of dietary diversity."*“*® This case study illustrates
a network pathway (Figure 2C) in which farmer experimentation
and knowledge exchanges, combined with attention to equity
and other community concerns, facilitated increased diversifica-
tion. The broader relevance of this approach is shown by
recent uptake and further co-development of the curriculum
with positive impacts on nutrition and gender equity in Singida,
Tanzania.'**

PATHWAYS FORWARD

Against formidable odds, clusters of farmers and other actors
are maintaining and developing bright spots of agricultural diver-
sification in distinct contexts around the world. By applying our
conceptual framework to three cases of transitions to diversified
farming systems, we identify common, yet often overlooked,
structural barriers that can lock in simplified production systems.
In the United States, corporate power and productivist priorities
dominate the design and implementation of the Farm Bill; in
southern Brazil, corporate power coupled with federal subsidies
drive land use consolidation; and in Malawi, hierarchical gover-
nance supports corporate power that dominates input and
seed supply chains. In all three cases, these structural barriers
(Figure 1; Table 1; Figure 3) demonstrate how industrial food sys-
tems, which disproportionately benefit from government sup-
port,®® do not facilitate diversified farming systems and the
social®*°%°9%5 and environmental'®'® benefits they provide.

At the same time, our framework enables a novel analytical
approach to identify the most influential pathways for transitions
toward agricultural diversification and sustainability in distinct
global contexts (Table 1). In each case, with support from a range
of actors in the food system, groups of farmers are managing di-
versity from field to landscape scales to restore ecological inter-
actions and associated functions that promote their livelihoods
and well-being. Together, these role models for change demon-
strate two replicable and interacting pathways that shift re-
sources to farmer-led innovations and facilitate agricultural
diversification.

The first, a network pathway, is the primary mechanism that
facilitated the emergence of bright spots in the United States
and Malawi. In this pathway, the agency of individual farmers
and their collective action through social networks increased ac-
cess to key resources for diversification, including knowledge
and skills, land, seeds, equipment, processing infrastructure,
and markets. In the United States midwest, the formation of
farmer networks was motivated by attitudes and values about
environmental stewardship, as epitomized in the ideological
foundations of organic agriculture. In this region, political-eco-
nomic constraints to diversification, such as government sub-
sidies to support commodity crop production, mean that the
total number of diversified farms is still small, and thus their abil-
ity to influence environmental sustainability at scale is limited.
However, the United States case also demonstrates how
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farmer- and community-driven action can intersect with and help
promote limited structural changes to move farming systems to-
ward sustainability. In the Malawi case, soil infertility, food inse-
curity, and child malnutrition were overarching concerns that
motivated the formation of new grassroots networks linking
farmers and the health care system. Through community educa-
tion and participatory research, access to and consumption of
diverse and nutritious food crops increased along with building
soil fertility. Efforts to address gender inequities in agriculture
and food systems, specifically the needs and concerns of
women farmers, also facilitated diversification.

The Brazil case exhibits a second, institutional pathway to
diversification in which significant structural change occurred
with the convergence of bottom-up pressure from social move-
ments and a progressive government. In this bright spot, a
strong network pathway enabled niche innovation that was initi-
ated by actors in grassroots networks, which eventually led to
institutional innovation within the dominant regime. In this
example, the national government established markets for pub-
lic food procurement programs that explicitly targeted diversified
and organic crop production. In Brazil (as in all three case
studies), industrial agriculture is heavily subsidized, and market
prices do not reflect the true costs of input-intensive production
systems.*° Diversification thus required government intervention
through an ensemble of policies, programs, and institutions that
restructured markets to provide public goods from agriculture,*?
including institutional models for food access, such as school
meal programs. The Brazil case shows the potential for
interplay between network and institutional pathways to foster
diversification.

Network and institutional pathways can therefore operate
simultaneously and be mutually reinforcing (Figure 3). The cases
show how transitions from simplified to diversified farming sys-
tems involved the development of new narratives, attitudes,
and production practices; formation of knowledge networks; in-
vestment in new infrastructure; and institutional changes.
Together, grassroots networks and formal institutions (which
are often slower to evolve) can alter the power relations that pro-
duce structural barriers, creating openings for broader transfor-
mation. Because those benefitting from the current regime do
not often have incentives to change it, these pathways are
most likely to progress along a continuum from network (agency)
to institutional (structural) change, which is associated with an
increasing scale of impact. In Brazil, progression along this con-
tinuum was most advanced across the three cases, reflecting
alignment of agency and structural factors that produced sub-
stantial policy support for diversification. It is also important to
note that there may be additional pathways to diversification
not identified in our three cases. These bright spots were pur-
posefully selected based on our team’s long-term, on-farm
research, which spans contrasts in socioeconomic and climate
conditions and farming system scales and types. However,
many more cases could be explored with our framework
to further refine knowledge of pathways to farming system
diversification.

Dynamic, multi-level interactions between agency and struc-
ture are a key mechanism of transformative change, in part
through spillover effects that expand the reach of bright
spots.®"**3 For instance, in the United States, dynamic interac-
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tions between farmer networks, small changes to Farm Bill
conservation and insurance programs, and development of
new markets and supply chains are creating opportunities for
a wider group of farmers to diversify their rotations. There
has also been a growing influence of consumer demand for
organic, local, and sustainably produced food, which is a force
that could ultimately pressure the dominant regime to trans-
form. In Malawi, changes to governance, reforms such as de-
centralized extension programs, and participatory research on
diversification have reinforced each other and supported the
growth of civil society.’>® Farmer networks have grown with
support from educational efforts and external researchers, al-
lowing scaling up, while rising costs of purchased agricultural
inputs provide opportunities for change. In Brazil, farmer net-
works and social movements played an important role in moti-
vating and designing progressive federal food systems policies.
Although these national programs in Brazil diminished under
the administration elected in 2018, they show how the pres-
ence of strong network and institutional pathways can produce
larger spillover effects, increasing the scale of diversified
farming systems (Figure 3), especially in regions with effective
policy implementation. Overall, the three cases show that
creating a supportive structural context that promotes expan-
sion of local initiatives can be accelerated when civil society
groups, such as farmer organizations, nongovernmental organi-
zations (NGOs), and social movements, apply pressure to the
dominant social-ecological system.

Finally, the need for structural change also applies to
research institutions and the institutions that finance research.
Scientists have a key role to play in shifting power imbalances
by conducting interdisciplinary and participatory research on
farming systems, such as the approaches used in our three
case studies. Rather than thinking of current governance sys-
tems and inequities as inevitable, scholars can co-develop
research with communities and other partners to foster the joint
goals of human and ecosystem health. Experience shows that,
to be effective, these research efforts should be inclusive of
diverse stakeholders, particularly those whose voices and
knowledge systems (e.g., non-western, traditional) are margin-
alized and oppressed.'%*® The increasingly important influence
of structural constraints on individual decision-making®' and
the dynamic multi-level interactions in the three cases also
demonstrate the need for whole-systems and long-term
research approaches that consider factors related to agency
and structure.

Policy implications

Diversified farming systems are critical for achieving the multidi-
mensional targets of SDG 2, Zero Hunger, with co-benefits for
other SDGs, including nature-based solutions to tackling global
climate change and loss of biodiversity.'% %3135 Yet, because
diversified farming systems are often neglected in policy and
research programs, they still face barriers to scaling up. The
bright spots we describe here, which demonstrate the feasibility
of diversified farming practices despite structural barriers, pro-
vide insights that can inform broader policies to accelerate
needed farming systems transformations.’”'*> We offer the
following broad-scale policy recommendations related to the
specific network and institutional mechanisms for diversification
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identified in the case studies to foster environmental sustainabil-
ity, public health, and social equity:

® Improve anti-trust laws and policies to reduce the exces-
sive corporate power that creates large structural barriers
to diversification and to prevent increased supply chain
vulnerabilities associated with the concentration of agri-
businesses and food systems governance;

o Implement targeted cost-share payments for increasing
diversity at field, farm, and landscape scales, particularly
in the early years of transition, while ecosystem functions
are still being restored and extra labor and other resources
may be needed,;

® Support the development of structured markets that link
goals for environmental sustainability with goals for food
and nutrition security and social equity —for example, pub-
lic procurement for public nutrition programs (i.e., in
schools and hospitals) or local businesses and markets;

® Increase farmers’ access to land, infrastructure, and other
resources for managing diverse crops and livestock
through improved tenure systems, support of local knowl-
edge and seed exchange in rural contexts, and financial
support mechanisms, particularly for improving gender
equity;

® Encourage corporate social responsibility norms and
tracking systems that support diversified supply chains;

® Address legal barriers through improved laws and policies
regulating environmental pollution and requiring retention
of some native habitat in agricultural landscapes;

® Invest in participatory, social-ecological systems re-
search and education, increasing opportunities for co-cre-
ation and design of farming systems to ensure sovereignty
and sustainability of transformative efforts through local
leadership.

These recommendations are synergistic. For instance, our
analysis identifies the reinforcing interactions between network
and institutional pathways that produce win-win outcomes and
increase the scale of transitions. In each case study, we identi-
fied either a network or institutional pathway as the main mech-
anism of diversification, yet both pathways work together. These
bright spots demonstrate that expanding the presence of diver-
sified farming systems will require grassroots organizing and
institutional change to erode structural barriers and mobilize
key resources for diversification.

Given increasing external pressures to transform agricultural
systems, including climate change, human pandemics, con-
sumer interest in sustainable diets, and movements for social
justice, there are new windows of opportunity for widespread
transitions to diversified farming systems. The coronavirus dis-
ease 2019 (COVID-19) shock and Ukraine-Russia conflict have
confirmed that simplified production systems and consolidated
supply chains lack adaptive capacity,'*® leading to tragic co-
occurrence of unprecedented food waste and rapid rises in
food insecurity.”®” In contrast, diversified farming systems in-
crease resilience,®’ including buffering against extreme weather
events caused by climate change.'®® It is therefore critical to
support efforts to build new coalitions (e.g., across actors with
rural and urban interests) that can advocate for the transforma-
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tive policy changes outlined here. Together, researcher-practi-
tioner partnerships focused on understanding transition path-
ways and outcomes can help foster the transformative change
necessary to scale farm diversification and social and environ-
mental sustainability.
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