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Humanity faces a triple threat of climate change, biodiversity loss, and global food

insecurity. In response, increasing the general adaptive capacity of farming systems is

essential. We identify two divergent strategies for building adaptive capacity. Simplifying

processes seek to narrowly maximize production by shifting the basis of agricultural

production toward centralized control of socially and ecologically homogenized

systems. Diversifying processes cultivate social-ecological complexity in order to provide

multiple ecosystem services, maintain management flexibility, and promote coordinated

adaptation across levels. Through five primarily United States focused cases of distinct

agricultural challenges—foodborne pathogens, drought, marginal lands, labor availability,

and land access and tenure—we compare simplifying and diversifying responses to

assess how these pathways differentially enhance or degrade the adaptive capacity of

farming systems in the context of the triple threat. These cases show that diversifying

processes can weave a form of broad and nimble adaptive capacity that is fundamentally

distinct from the narrow and brittle adaptive capacity produced through simplification.

We find that while there are structural limitations and tradeoffs to diversifying processes,

adaptive capacity can be facilitated by empowering people and enhancing ecosystem

functionality to proactively distribute resources and knowledge where needed and

to nimbly respond to changing circumstances. Our cases suggest that, in order to

garner the most adaptive benefits from diversification, farming systems should balance

the pursuit of multiple goals, which in turn requires an inclusive process for active

dialogue and negotiation among diverse perspectives. Instead of locking farming systems

into pernicious cycles that reproduce social and ecological externalities, diversification

processes can enable nimble responses to a broad spectrum of possible stressors and

shocks, while also promoting social equity and ecological sustainability.

Keywords: diversified farming systems, marginal land, land access, farm labor, food safety, drought, adaptive
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INTRODUCTION

Climate change, biodiversity loss, and global food insecurity
present an Anthropocene triple threat for humanity (Kremen
and Merenlender, 2018). The current global agrifood system
contributes to the triple threat by emitting 23% of global
greenhouse gases (IPCC, 2019), reducing biodiversity
(Dainese et al., 2019), displacing traditional foodways and
knowledge (Altieri, 1999; Hoover, 2017; White, 2017), and
contributing to the decline of rural communities (Carolan,
2016). Although farmers have always dealt with climatic,

ecological, socioeconomic, and political challenges that test
their ability to continue farming, these long-standing “normal”

FIGURE 1 | The Anthropocene “triple threat”—climate change, biodiversity loss, and global food insecurity—interact in ways that will exacerbate long-standing

climatic, ecological, socioeconomic, and political challenges for agriculture and food systems. The process through which social-ecological systems build adaptive

capacity to these looming threats shapes future adaptation and transformation possibilities.

challenges will be transformed, predominantly for the worse,
by the novel shocks and stressors emanating from the triple
threat (Figure 1 and Box 1). These threats and challenges
partly arise from and are exacerbated by the well-known social
and environmental externalities generated by industrialized
agricultural systems (Kremen and Merenlender, 2018). In order
to reduce social inequity and environmental destruction, and
adapt to an increasingly uncertain future, there is growing
consensus that our agricultural system must undergo systemic,
transformative change (McIntyre et al., 2010; International
Panel of Experts on Sustainable Food Systems, 2018; IPCC,
2019). Transformation can occur rapidly, or can emerge from
incremental progress along context-specific transition pathways
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BOX 1 | Definitions of key terms.

For the purposes of this paper, we define several terms to distinguish between

different types of pressures that influence farming systems:

• Threats operate at a global scale to drive change in the focal social-

ecological system, often exacerbating challenges

• Stressors and shocks are temporally or spatially localized manifestations

of threats. Stressors are persistent changes in “slow variables” that create

gradual or chronic pressure on farming systems over time, while shocks are

sudden changes in “quick variables” that create acute pressure on farming

systems

• Challenges are “normal” pressures faced by agriculturalists, such as

accessing enough water, land, and labor to produce crops

Response to these pressures and their impacts can, broadly speaking, form

two divergent pathways toward adaptive capacity:

• Simplifying processes seek to narrowly maximize production by shifting the

basis of agricultural production toward centralized control of socially and

ecologically homogenized systems

• Diversifying processes cultivate social-ecological complexity in order to

provide multiple ecosystem services, maintain management flexibility, and

promote coordinated adaptation across levels

• Processes comprise the knowledges, strategies, practices, policies, and

technologies that can alter farming systems across levels

• Pathways describe the directionality and continuity of a suite of processes

that are situated in broader social and ecological contexts, wherein

historical actions shape future possibilities

that influence adaptive capacity (Box 1), or the ability to respond
flexibly and effectively to changing circumstances (Wilson, 2007;
Tomich et al., 2011; Anderson et al., 2019; Chhetri et al., 2019).
The scale and scope of response matters, and varies along a
spectrum ranging from simply coping with the impacts of shocks
and stressors in the moment to re-imagining and reconfiguring
the structural conditions and drivers that give rise to those shocks
and stressors (Van Noordwijk et al., 2020). As such, farmers,
agricultural service providers, academics, and policymakers
must consider not only how transformation pathways address
present social and environmental problems, but also how they
build, do not build, or undermine the capacity to adapt to rapidly
changing and unexpected biophysical and social challenges into
the future.

Many proposed approaches to increase adaptive capacity
are goal-oriented, without an explicit focus on process. For
example, “climate-smart agriculture” defines clear goals— to
simultaneously increase yields, improve resilience to climate
change, and reduce greenhouse emissions (Lipper et al.,
2014)—yet appears agnostic with regard to the pathway taken
to achieve those goals. Sustainable intensification similarly
emphasizes optimizing stable productivity, which could be
pursued through many routes ranging from narrowly increasing
input use efficiency to completely redesigning agricultural
systems (Campbell et al., 2014; Pretty, 2018). Approaches
like these, which isolate the ends from the means, fail to
differentiate how all the tools in the toolbox function socially,
and avoid crucial processual questions: How do various strategies
differentially distribute benefits and costs of adaptation? In what
ways do different processes influence vulnerability or resilience of

social and ecological functions beyond farm productivity? Who
controls access to these tools, and who is excluded? No approach
to adaptation can constitute a coherent strategy without also
addressing these questions.

To address this gap, we propose a process-oriented approach
to adaptation rooted in strategies of diversification. Drawing
upon the paradigm of agroecology, the theory of diversified
farming systems (DFS) proposes that adoption of biodiversity-
enhancing practices can increase the magnitude and stability
of ecosystem services and simultaneously reduce or eliminate
the need for external inputs, reduce negative externalities,
and increase positive on-farm outcomes (Kremen et al.,
2012; Rosa-Schleich et al., 2019). Networking experiential and
scientific knowledge helps farmers flexibly employ different
suites of management practices to fit their situated goals
and constraints (Vandermeer and Perfecto, 2017). Recent
interdisciplinary scholarship further links DFS success to the
diversity of disciplines, practitioners, markets, ideas, and cultures
in farming systems through the knowledge density required
to productively manage biodiversity in a specific place and
time (Timmermann and Félix, 2015; Dumont et al., 2016;
Carlisle et al., 2019a). Other scholarship has also synthesized
how the diversification transition can happen, and the barriers
and opportunities that exist across different institutional scales
(International Panel of Experts on Sustainable Food Systems,
2016, 2018).

We expand upon the DFS framework in two important ways.
First, while previous DFS work focused on biodiversification
and managerial diversification at farm and landscape levels, we
weave in further dimensions of cultural, economic, epistemic,
and organizational diversity across multiple social relational
levels from the farm enterprise to national policies (Carlisle,
2014). Thus, in addition to indicators in genetic, crop, ecosystem,
functional, and managerial diversity, we include diversification
of societal goals, market channels, governance arrangements,
knowledge production infrastructures, and social networks.
Second, we distinguish the state of being diversified from
the process of diversification, which represents iterative socio-
ecological transition pathways and can broaden individual and
collective participation in sustainable adaptation irrespective of
scale or starting point.

This paper frames a Research Topic on Diversifying Farming
Systems for Adaptive Capacity in Frontiers in Sustainable
Food Systems by: (a) Briefly reviewing the ways that climate
change, biodiversity loss, and food insecurity impact the
adaptive capacity of agricultural systems; (b) Contrasting the
implications for equity and sustainability of diversifying as
opposed to simplifying processes for building adaptive capacity;
(c) Analyzing these processes through five cases that exemplify
ongoing challenges compounded by the triple threat; and (d)
Presenting a novel framework to explore how diversifying
processes influence adaptive capacity to shocks and stressors
emanating from the triple threat. Moreover, our framework
explicitly considers whether and in what ways diversifying
pathways can lead to the emergence of different qualities of
adaptive capacity that also enhance sustainability and equity
more broadly.
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BACKGROUND

The Anthropocene Triple Threat
Climate change already impacts farmers around the world. The
increase in frequency and intensity of weather extremes (e.g.,
droughts, heat waves, hurricanes, and floods), together with the
spread of novel diseases and pests, altered growing seasons,
and fewer chill hours, reduces crop yields in many regions and
increases environmental degradation such as nitrogen pollution
and soil erosion (Bowles et al., 2018; IPCC, 2019). The complex
interaction of acute shocks and chronic stressors produces
both discrete events that can lead to abrupt agroecosystem
collapse, like widespread crop failure, and damage to farming
infrastructure, as well as continuous deterioration that gradually
undermines productivity and resilience to acute shocks (Tomich
et al., 2011). Directly and indirectly, climate change also impacts
livelihoods by inducing rural migration, reducing food security,
worsening inequalities, and spurring resource conflict, to name
a few examples (Hsiang et al., 2013; Burrows and Kinney, 2016;
Nawrotzki et al., 2017; Jha et al., 2018). Although mitigation
remains critical, adaptation imperative. In order to respond to
ongoing and future climate change already incurred from past
emissions, farmers must find long-term solutions suitable to new
climatic norms (Steffen et al., 2018; IPCC, 2019).

Biodiversity is rapidly declining across the globe (Dainese
et al., 2019; IPBES, 2019), altering ecosystem functions and
jeopardizing ecosystem services that are essential for human
well-being (Hooper et al., 2005). The alarming rate of species
loss through extinction is compounded by dramatically declining
biomass of taxa like insects and birds (Hallmann et al., 2017;
Wagner, 2020). Some of the primary drivers of biodiversity
loss are habitat loss and fragmentation, as well as chemical
pollution from industrial agriculture (Dainese et al., 2019).
Global agricultural simplification has also eroded crop genetic
diversity, which is critical for adaptive crop breeding (Jackson
et al., 2013; Veteto and Carlson, 2014; Zimmerer and de
Haan, 2017) and productivity in marginal environments (Altieri,
1999). Some studies have shown that certain ecosystem services
can persist with merely a few species under ideal conditions
(Kleijn et al., 2015). But many more species are required when
considering additional services, larger spatial or temporal scales,
and variable environments (Kremen, 2005; Isbell et al., 2011,
2017; Reich et al., 2012). Increasing biodiversity in agricultural
landscapes can help these systems maintain multiple critical
functions, such as pest control and protection of water quality,
in the face of climate change (Bowles et al., 2018; Kremen and
Merenlender, 2018).

Confronting these momentous environmental changes
(Figure 1), it is essential to produce food in ways that sustainably
and equitably assure the basic human right to food (De Schutter,
2011). Globally, two billion people experience moderate or severe
food insecurity, including uncertainty about obtaining food and
compromising quality or quantity of food consumed, a number
that is rapidly rising with the COVID-19 pandemic (FAO,
2020). Healthy ecosystems and rural livelihoods are integrally
linked to food security (Chappell, 2018). While strategies such
as sustainable intensification focus on maximizing productivity

and reducing environmental externalities (Garnett et al., 2013;
Rockström et al., 2017), they fail to address the underlying
inequities that cause food insecurity and the ways in which
capital-intensive “solutions” exacerbate social and ecological
vulnerabilities (International Panel of Experts on Sustainable
Food Systems, 2018), which perversely undermines the human
right to food. Food insecurity is an issue of access, not
production. The world currently produces enough food to feed
all of humanity (Patel and Moore, 2017; Chappell, 2018), but a
large portion is either wasted, used for animal feed, or used to
manufacture non-food products such as biofuels (Cassidy et al.,
2013). Globally, access to food continues to be grossly unequal
(Patel and Moore, 2017), and food insecurity is linked to the
erosion of agricultural sovereignty, local foodways, experiential
knowledge, and farming livelihoods, as well as land degradation,
particularly in many regions of the Global South (Altieri and
Toledo, 2011; Wittman, 2011; Edelman, 2014). To fully realize
the human right to food, agricultural systems must maintain
critical ecosystem services while also meeting the intertwined
challenges of access, adequacy, acceptability, appropriateness,
and agency (Chappell, 2018).

The triple threat of climate change, biodiversity loss, and
global food insecurity intersect to exacerbate the challenges
farmers and ranchers already face (Table 1). For example, climate
change increases the intensity and frequency of droughts, while
diminished biodiversity limits ecological management options to
cope with drought, and the combined effects ripple and magnify
through synchronized markets, reducing global food security.

Defining Adaptive Capacity
Adaptive capacity is the ability to adapt to changing
circumstances (Engle, 2011). In much of the literature, adaptive
capacity is used specifically in the context of climate change
(McLeman and Hunter, 2010; Liverman, 2015), but the concept
also accommodates other types of change. Adaptive capacity,
vulnerability, and resilience are highly interrelated concepts
(Gallopín, 2006) that all describe how changes affect a system in
terms of susceptibility and responses to change. The vulnerability
of a system to a particular stress or shock is widely accepted to
be a function of (1) the sensitivity and exposure of that system
to the perturbation and (2) the response capacity, described
as the system’s ability to cope, resist, adapt, recover, or take
advantage of the opportunities arising from the consequences
of the perturbation (Smit and Wandel, 2006). Adaptive capacity
is sometimes seen as interchangeable with response capacity
(Smit and Wandel, 2006; IPCC, 2019), but others recognize
adaptive capacity as a broader concept (Gallopín, 2006), since
specific adaptations may actually influence the sensitivity or
exposure of a system to particular perturbations, or increase a
system’s resilience (Walker et al., 2004). A concept with roots in
ecology, resilience has traditionally been defined as the extent
to which systems can absorb a perturbation while remaining
in, or returning to, a state with essentially the same structure,
function, identity, and feedbacks (Gunderson and Holling, 2001;
Walker et al., 2004; Folke, 2006). Resilience has been extended to
include possibilities of transformation to other stable states with
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TABLE 1 | Increased stresses from, and potential diversifying adaptations to, the triple threat for each of the five cases.

Cases Climate change Biodiversity loss Food insecurity

Foodborne pathogens Stress: Expansion in range of disease

vectors and increased

pathogen growth/survival

Adaptation: Crop rotations and

polyculture practices to flexibly shift

spatial and temporal distribution of

risks

Stress: Reduced biodiversity may

increase disease transmission

Adaptation: Cultivate ecosystem

services to suppress or attenuate

pathogens in the farm environment

Stress: Year-round demand further

centralizes distribution,

magnifying risk

Adaptation: Localize

production/distribution systems to

create sustainable livelihoods and

reduce the magnitude of outbreaks

Drought Stress: Greater intensity/frequency

of droughts

Adaptation: Crop diversity to

mitigates risks through portfolio effect

and increases water capture, storage,

and productive use though improved

soil health

Stress: Reduced crop and livestock

diversity limits options for adaptive

breeding

Adaptation: Protect wild relatives and

traditional genotypes and promote

locally-adapted varieties/breeds

Stress: Highly-specialized systems

geared toward commodity production

lead to synchronized shocks

Adaptation: Diversify food crop

portfolios from local to national levels

Marginal land Stress: Further degrading lands due

to variable weather patterns,

increased drought, and decreased

soil health Adaptation: Diversification

techniques coupled with landscape

modification increase land resilience,

restore degraded soil, and increase

ecosystem functions

Stress: Reduction in biodiversity can

exacerbate land degradation on

already marginally lands

Adaptation: Practices like

intercropping, agroforestry, and

silvopastoralism provide wildlife

habitat, soil fertility, and increase

response diversity

Stress: Simplified farming systems

aimed at commodity production

Adaptation: Diversifying practices

improve marginal soil productivity and

mitigate disturbances while

supporting livelihoods and

food security

Labor Stress: Rigid work schedules inhibit

agricultural professionals’ flexibility in

adapting to climate extremes

Adaptation: Policies that help develop

human capital and redistribute

decision making power among

agricultural professionals to promote

climate adaptation

Stress: When workers are treated as

“unskilled” and exchangeable, their

specialized knowledge needed to

manage biodiversity is missed

Adaptation: Empower and support

agricultural professionals with

expertise to enhance ecosystem

services

Stress: Economic treadmill pushes

owners to undervalue labor and rely on

a contingent and vulnerable migrant

labor pool

Adaptation: Diversify crop portfolios

and expand local markets to stabilize

food production and income and

re-circulate wealth within

local communities

Land access and tenure Stress: Exclusionary land markets

and insecure tenure inhibit adaptive

planning and long-term climate

change investments

Adaptation: Broaden who has the

power to implement and benefit

from diversification

Stress: Land markets limit alternative,

land transfer, succession, and

production pathways

Adaptation: Prioritize diverse land

tenure models, and incentivize

transfer to new farmers and for

diversifying farm practices

Stress: Self-exploitation by farmers

who compete for land, lack mobility,

and respond first to land prices and

second to food production

Adaptation: Use zoning and planning

to match farmers with regional food

security needs

more desirable attributes (Folke et al., 2010), which is crucial
in our understanding of adaptive capacity that encompasses
transformation.

Although scholars often apply these concepts to either social
or biophysical dimensions, an interconnected social-ecological
system is the most relevant analytical unit in agricultural
systems (Folke, 2006; Gallopín, 2006).We thus define agricultural
adaptive capacity as the extent to which agricultural systems
can respond to the triple threat in ways that, at a minimum,
preserve core social-ecological functions, and which ideally make
progress toward greater equity and sustainability. Connections
between adaptive capacity and sustainability are well-captured
in the term “sustainagility,” which emphasizes the need for
agile responses to unforeseen change while also considering
sustainability tradeoffs across multiple levels (Jackson et al.,
2010). Conceptualizing agricultural systems as complex social-
ecological systems captures the reciprocal interactions between
people and the environment and can be defined at multiple
levels (e.g., an individual farm or household, a community,
a region etc.). Since the adaptive capacity of each level

depends on levels below and above and can vary in time
and space, a multidimensional perspective is essential for
understanding adaptive capacity. Adaptive capacity must be
conceptualized as an emergent property of social-ecological
systems. It cannot be broken down into component parts or
studied in isolation. For instance, at the scale of a farm, adaptive
capacity emerges from the collective, intertwined relationships
happening on the farm and in the surrounding landscapes and
communities. Moreover, the qualities of adaptive capacity that
emerge vary depending on the social-ecological processes of
the system from which it emerges. More diverse and inclusive
processes, for example, may be better able to create qualities
of adaptive capacity that include components of social justice
and sustainability.

Strengthening the adaptive capacity of agricultural systems
depends on several factors (Darnhofer et al., 2010). Adaptive
capacity encompasses both proactive and reactive responses to
change, reducing vulnerability, and increasing resilience to a
particular stressor (Engle, 2011). Proactive measures depend not
only on the ability to anticipate what might happen in the
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future, but also on the ability to learn from past experiences
and from other examples of what has and has not worked in
similar circumstances (Fazey et al., 2007; Darnhofer et al., 2010;
Engle, 2011). Yet since the future may not have a prolog in
the past, and since changes and impacts may be varied and
uncertain, flexibility is also key to strengthening adaptive capacity
(Darnhofer et al., 2010).Diversity enables flexibility by increasing
options for adaptation in the face of stressors, and also lowers
vulnerability by helping to spread risks. Finally, adaptive capacity
also depends on the resource base available (e.g., agrobiodiversity;
Jackson et al., 2010), and the human, economic, and social capital
needed to make use of it.

Simplifying vs. Diversifying Pathways for
Adaptive Capacity
Adaptation strategies can be based on simplifying processes or
diversifying processes. Farmers and farming systems may follow
either set of processes in seeking to adapt to changing biophysical
and socioeconomic conditions, which form divergent but
directionally reinforcing pathways. Adaptation pathways embed
changing conditions and response processes within broader
social-ecological contexts, wherein historical actions shape future
possibilities (Wyborn et al., 2015). Although defining approaches
to adaptive capacity along a single axis cannot capture the full
complexity involved, we believe these broadly divergent pathways
provide a useful heuristic that can be adjusted to specific contexts.

Simplifying Pathways
Around the globe and across various kinds of agriculture,
simplifying processes iteratively shift the basis of agricultural
production from complex ecological systems toward centralized
control of socially and ecologically homogenized systems
(Vandermeer et al., 1998), although the extent varies by biome,
availability of capital assets, agroecological knowledge, and
sociopolitical organization (Jackson et al., 2012). Against the
perennial challenges of variable environments and markets,
simplifying “fixes” promise greater control and scalability in
agriculture (Henke, 2008). Simplifying farming systems are
characterized by (1) high-yielding crop and livestock varieties
dependent on non-renewable, synthetic inputs manufactured off-
farm (i.e., seeds, agrichemicals, equipment), and (2) increasingly
concentrated markets, both for those upstream inputs to
agriculture and for downstreammarkets for agricultural products
(Block, 1990). Such processes result in greater specialization and
uniformity in ecologies, landscapes, technologies, labor practices,
and knowledge across large scales.

Simplifying processes offer short-term benefits to some
growers, generally those who can access capital-intensive
technologies, inputs, and other resources that grant them
temporary production advantages over their market competitors.
However, that advantage fades as other farmers either follow
suit or exit agriculture, setting up the next cycle of a
“technological treadmill” (Cochrane, 1993) and locking farmers
into dependence on purchased proprietary inputs (Busch,
2010). Many farmers do not choose simplifying processes
per-se, but are compelled to simplify in order to compete
in a globalized economy shaped by the interlocking forces

of market concentration, land consolidation, and crop and
livestock homogenization (International Panel of Experts on
Sustainable Food Systems, 2017). Concentration of market shares
for agricultural inputs (e.g., machinery or agrichemicals) and
products (food, fiber, and fuel) occurs through horizontal
and vertical integration, in which a few firms steadily buy
up their competitors and/or their suppliers (Hendrickson and
Heffernan, 2002; Howard, 2016). Consolidation of farm and
land ownership occurs both as farmers become locked into a
downward economic spiral—in which they must take on debt
to purchase increasingly capital-intensive inputs in the face
of steadily shrinking profit margins—and through farmland
financialization, in which non-farmers use new forms of financial
investment to profit from farmland. This process drives a trend
toward increasing farmer tenancy and absentee land ownership,
which siphons wealth away from rural communities and limits
the range of viable farm business models (Cochrane, 1993;
Hendrickson and Heffernan, 2002; Bernstein, 2010; Howard,
2016; Fairbairn et al., 2021). Homogenization refers to the rapid
decline of crop and livestock diversity across both farm and
landscape scales due to specialization in commodity crops for
global markets (Khoury et al., 2014); increasing concentration
of the global seed market (Howard, 2020); and privatization of
plant genetic resources (Kloppenburg, 2005; Montenegro deWit,
2017b). These interlocking forces result in more homogenous
landscapes characterized by the widespread cultivation of just
a few varieties of crops or livestock and severe reduction of
natural habitats.

In essence, these simplifying forces produce many losers and
a few winners, exacerbating inequity in farming systems. In
the US, for example, owner-operated farms have declined in
number over the last century, especially for Black farmers (White,
2018), as concentration, consolidation, and homogenization have
disadvantaged small and midsize farmers (De Master, 2018).
While some farms grow larger and more profitable, benefiting
more from government subsidies and bailouts, the majority of
small and mid-sized farms, especially those operated by farmers
of color, struggle to survive. Meanwhile, the remaining larger
farms tend to become inflexibly integrated into fixed national
and international supply chains, rendering the food system less
flexible and adaptable to dramatic market changes. As food crises
caused by the COVID-19 epidemic illustrate, the vulnerability
of long supply chains and centralized food distribution channels
renders this highly simplified system vulnerable (Heinberg, 2020;
Ransom et al., 2020).

As agriculturalists respond to the triple threat, existing
economic structures, production philosophies, capital-
intensive technologies, public policies, and physical
infrastructure associated with simplification processes
create a strong predisposition to continue down a
simplifying pathway (International Panel of Experts on
Sustainable Food Systems, 2016). For those few already
benefiting from the status quo, these structures may
provide additional opportunities. Yet these lock-ins
also constrain adaptation choices and reduce farm-level
flexibility for everybody, adding further weight to the forces
of simplification.

Frontiers in Sustainable Food Systems | www.frontiersin.org 6 March 2021 | Volume 5 | Article 564900

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Petersen-Rockney et al. Adaptive Capacity Emerges From Diversifying

Diversifying Pathways
As explained in the Introduction, diversifying processes offer
farmers an alternative pathway (Wezel et al., 2020). By
strategically managing biodiversity and landscapes to increase
the magnitude and range of ecosystem services flowing to and
from agriculture (Zhang et al., 2007), diversifying processes
leverage “nature’s technologies” that rely on common-pool
resources rather than capital-intensive technologies subject to
privatization. Diversifying farming systems requires place-based
knowledge of agroecosystems and context-specific innovations
derived from collaboration among traditional, experiential, and
multi-disciplinary scientific sources of knowledge. Diversifying
processes may also promote more inclusively networked systems
where alternatives to the vertically integrated supply chain model
can flourish (International Panel of Experts on Sustainable
Food Systems, 2016), eschewing trends toward concentration,
consolidation, and homogenization of farming systems.

Research Questions and Objectives
Building on prior work showing the potential of diversified
farming systems to improve social-ecological outcomes of
agriculture (Kremen et al., 2012), we explore what happens
when farming systems adapt to the triple threat through
diversifying pathways as opposed to simplifying pathways.
This exploration is motivated by several questions: What
properties and qualities of adaptive capacity emerge from
diversifying as compared to simplifying processes across
different challenges? How might diversifying processes promote
sustainability and equity across multiple levels, scales, and
functions simultaneously? What challenges and opportunities
might manifest through diversifying farming systems? What
are key knowledge gaps for understanding how diversifying
processes affect adaptive capacity?

Our objective is to address these questions through structured
analyses of five cases of challenges in which farming systems
struggle to adapt to the triple threat under different types of
shocks and stressors (Box 1): living with foodborne pathogens,
weathering drought, farming marginal land, dignifying labor,
and enhancing land access and tenure (Figure 2). We selected
these cases to represent challenges that range across the social-
ecological spectrum and based on our expertise and research
experience as participants in the Diversified Farming Systems
Research Group at the University of California, Berkeley. Each
case is presented primarily in the context of US agriculture,
though the challenges discussed are common to farming systems
worldwide. We analyze each challenge area according to a four-
point framework:

1) reviewing the potential for the triple threat to exacerbate each
farming challenge;

2) describing simplifying pathway trends for that challenge;
3) comparing those trends to the potential for diversifying

pathways to enhance adaptive capacity to the challenge;
4) identifying barriers to diversifying pathways.

We do not expect most readers to read every case.
Rather, we present a diverse palette of cases as self-
contained applications of the framework from which

FIGURE 2 | Five cases of challenges in which farming systems must adapt to

the triple threat: (A) Pathogens: A no-trespassing sign at the edge of a lettuce

field in California, warning, “No animals! It’s a food safety violation!”

(Continued)
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FIGURE 2 | Many crop farms maintain bare-ground buffers around field

borders, actively stripped of vegetation, in an attempt to control foodborne

pathogen risks. Photo: Patrick Baur; (B) Maize showing symptoms of drought

stress grows in a field in southern Ontario, Canada during a drought in

summer 2016. Photo: Leah Renwick; (C) Marginal lands: Rotating livestock,

like goats, on marginal land can, if managed appropriately to their context,

diversify livelihoods and provide ecosystem services like fire fuel load

reduction. Photo: Margiana Petersen-Rockney; (D) Labor: Farmworkers who

harvest crops like this lettuce are disproportionately impacted by shocks and

stressors like heat waves and COVID19, which exacerbate the inequities and

risks they already bear. Photo: Patrick Baur; (E) Land access: New-entrant

and socially disadvantaged farmers are often more likely to adopt diversifying

farming practices, but consistently cite land access and tenure as their

greatest barriers to success. Photo: Margiana Petersen-Rockney.

readers may selectively choose according to their interests
before continuing to the Discussion. For quick reference
and ease of comparison, we also direct readers to our
two summary tables: Table 1 summarizes our findings
on increased stresses from, and potential diversifying
adaptations to, the triple threat for each challenge; Table 2

summarizes our findings on simplifying processes and
opportunities for, and barriers to, diversification for
each challenge.

CASE STUDIES

Living With Foodborne Pathogens
Background: The Triple Threat Increases Microbial

Food Safety Risk
While risks from zoonotic diseases have long been associated
with animal production systems (Sofos, 2008; Karesh et al.,
2012; Rahman et al., 2020), and especially concentrated animal
feeding operations (Gilchrist et al., 2007), over the past decade,
foodborne human pathogens have newly emerged as a significant
challenge for vegetable and fruit agriculture. In the United States,
for example, repeated major outbreaks of foodborne illness—
most recently several outbreaks of Shiga-toxigenic E. coli (STEC)
associated with romaine lettuce (Marshall et al., 2020)—have
been linked to in-field contamination of fresh produce crops
(Bennett et al., 2018; Li et al., 2018; Turner et al., 2019).
Outbreaks can cause significant human morbidity and mortality
but also result in second-order shocks to farmers through lost
sales, damage to market reputation, and lawsuits (Baur et al.,
2017). Moreover, recurring outbreaks induce governments and
private industry to introduce precautionary measures (Lytton,
2019), creating a persistent regulatory stressor on farmers to
eliminate environmental sources of potential pathogenic risk
(Karp et al., 2015a). The triple threat heightens microbial food
safety risk (Table 1). Climate change may exacerbate foodborne
infectious disease risks through multiple mechanisms, such
as altered temperature and moisture patterns that directly
influence pathogen growth and survival, as well as shifts
in the distribution of disease vectors that may introduce
foodborne pathogens to novel human populations (Tirado
et al., 2010; Hellberg and Chu, 2015; Lake and Barker, 2018).
At the same time, emerging evidence also suggests that, at

least in some systems, biodiversity loss can lead to higher
likelihood of disease transmission by increasing the relative
abundance of species most competent to host and transmit
pathogens (Keesing et al., 2010; Ostfeld and Keesing, 2012;
Civitello et al., 2015; Mendoza et al., 2019), particularly
at local scales (Halliday and Rohr, 2019). Compounding
these potential trends, there is rising demand for year-round
fresh produce to meet the requirements for nutritional food
security. Yet the US food system depends on a very few
major sites of production to supply this demand, leading
to more intense pressure on the already consolidated, and
hence vulnerable (Hendrickson, 2015), regions that specialize
in vegetable, fruit, and nut crops. This leads to further
centralization of distribution systems and magnification of
cross-contamination and outbreak risks (DeLind and Howard,
2008; Stuart and Worosz, 2012). As described below, current
simplifying trends in produce agriculture may make these
farming systems more vulnerable to foodborne human pathogen
stress (Table 2).

Simplifying Pathway Trends: Heightened Vulnerability

and Magnified Risks
Many human pathogens that contaminate fruit and vegetable
crops originate in the guts of cattle and poultry (Heredia
and García, 2018). Concentrating animals in densely-populated
locations, such as feedlots, may heighten the prevalence and
transmission risk of pathogens such as STEC, Salmonella,
and Campylobacter (Valcour, 2002; Frank et al., 2008; Gast
et al., 2017; Poulsen et al., 2018). Simplified livestock diets
may further accentuate this risk. For example, cattle eating
grain-heavy diets have been shown to shed more STEC
than do cattle eating diverse, forage-based diets (Callaway
et al., 2003, 2009). Likewise, homogenization may increase the
vulnerability of plants to pathogenic contamination originating
from livestock. Monocrop fields tend to support lower levels
of soil and vegetative biodiversity, which impairs ecosystem
services, such as microbial competition or physical filtration,
that may mitigate the transfer of human pathogens to crops
(Karp et al., 2015b, 2016; Sellers et al., 2018; Jones et al.,
2019).

The policy response to the risks magnified by concentrated
and homogenous production environments has largely followed
a simplifying process fixated on increasing technological and
regulatory controls (Ansell and Baur, 2018). In the context
of a siloed US policy system (Broad Leib and Pollans, 2019;
Baur, 2020), such controls drive further ecological and social
simplification in agriculture, leading to a self-reinforcing cycle
of crisis-and-reform (Baur et al., 2017). On the ecological
side, the narrowly precautionary stance embedded within food
safety controls reinforces homogenization. In the absence of
definitive proof to the contrary, both natural habitat (e.g.,
riparian vegetation) and managed beneficial vegetation (e.g.,
hedgerows) are presumed to be risky because they provide
habitat for animals that might vector pathogens onto the
field (Olimpi et al., 2019). There is thus strong incentive to
“purify” farmland (DuPuis, 2015, p. 111–124) by physically
separating cultivated fields from biodiverse ecosystems, leading
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TABLE 2 | Simplification processes, opportunities for and barriers to diversifying processes through which farming systems could strengthen agricultural adaptive

capacity.

Stressor case Simplification processes Opportunities for diversification Barriers to diversification

Living with foodborne pathogens • Concentration in animal production

increases prevalence of pathogens

• Ecological homogenization in

row-crop agriculture heightens

vulnerability to contamination

• Centralized supply chains magnify

public health risks

• Standardized, top-down policies

myopically focus on pathogens and

limit local flexibility

• Regulate pathogens according to

their disease ecology

• Integrate institutional mechanisms

that enable local decision-making

authority and innovation

• Nest microbiological food safety

goals within a broader governing

framework for healthy food systems

• Acute risks of foodborne

disease are much simpler to

identify and measure than are

chronic/distributed risks

• Conflation of biophysical risks with

legal liability risks

• Food safety regulatory regime is

institutionally siloed

Weathering drought • Farming system homogenization

degrades soil, decreasing

hydrologic functioning

• Regional specialization in just one

or two crops increases synchrony

of drought impacts

• Economic concentration of

breeding and seed production

narrows range of, and access to,

drought resistant varieties

• Improve soil health to reduce

sensitivity and vulnerability to

drought

• Increase crop diversity to stabilize

food production and provide a

more diverse nutrient portfolio

• Support participatory breeding

programs to create open source,

locally-adapted, and drought

resistant varieties

• Short-term costs hinder adoption

of farm management practices that

may only show benefits in the longer

term

• Capital-intensive and proprietary

biotechnology dominates research

funding for plant breeding

• As water costs increase during

drought, high-value, luxury crops

are often favored over more diverse

crop portfolios

Farming marginal land • Centralized market and political

forces undermine local control over

farmland margins, displacing

farmers and experiential knowledge

• Financial investment and

speculation drive homogenized

production

• Extractive cultivation of marginal

lands, degrading soils

and biodiversity

• Diversify crops to increase soil

fertility while providing a sustained

product return

• Couple diversification strategies

with landscape modification to

increase resilience on

erosion-prone land

• Marginal lands may provide flexible

production zones to help farmers

handle variable climate and

market conditions

• Lack of financial capital, extension

support, or labor to implement

diversification practices may

especially challenging to marginal

farmers

• Socioeconomic and political

pressures may outweigh the

benefits of diversified farming

practices, compromising farmers

on marginal lands

Dignifying labor • Land consolidation and economic

concentration widen inequity

between owners/operators and

agricultural workers

• Crop homogenization magnifies

seasonal swings in labor

intensiveness, requiring workers to

migrate and increasing their legal

and economic vulnerability

• Mechanization and automation can

devalue agricultural labor while

driving further simplification

• Invest in agroecologically-skilled

labor to improve farm outcomes

through diversifying practices

• Support more year-round

employment with a diversified crop

portfolio

• Build knowledge needed for

biodiversity-based management

through training programs to

increase dignified

employment opportunities

• Greater labor intensity in diversified

systems coupled with labor

shortages restrict farmers’ capacity

for diversifying

• Lack of markets that demand better

farm labor conditions

• Long-standing cultural belief

that farm work is “unskilled”

and undesirable

• Farmworkers often face institutional

racism barriers to becoming farm

owners/operators

Enhancing land access and tenure • Farmland consolidation drives

landowners to prioritize rental profit

over protecting natural resources,

ecosystem services, and livelihoods

• Intersectional race, class, and

gender homogeneity among

landowners undermines capacity to

trust and empower diverse tenants

to manage farmland, reducing land

access and security of tenure

• Fix structural factors that limit land

tenure and access

• Ensure that training programs for

diversifying farming are coupled

with plans for land access and

tenant rights

• Support farmer cooperatives that

share resources like land,

equipment, and knowledge

• Facilitate land transfer to farmers

who have historically been

excluded from land ownership

based on social identities like race

and gender

• Insecure land tenure can inhibit

diversification pathways because

benefits take too long to realize or

do not accrue to farmers who are

tenants or workers

• Informal agreements with landlords,

especially those conditioned by race

and ethnicity, leave agriculturalists

vulnerable to eviction

• Property boundaries do not map to

the scale of management needed

for high adaptive capacity

to more biologically homogenous agriculture (Beretti and
Stuart, 2008; Stuart, 2009; Baur et al., 2016; Olimpi et al.,
2019).

On the socioeconomic side, this pernicious cycle also
reinforces concentration and consolidation through several
mechanisms. First, food safety precautions require money, time,
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and labor, but farmers rarely receive a corresponding price
premium to offset this cost. In addition, the relative cost
of compliance is higher for smaller scale as compared to
larger-scale farm operations (Astill et al., 2018; Bovay et al.,
2018), driving further farm consolidation due to imposed
competitive disadvantage (DuPuis, 2015; Karp et al., 2015a;
Olimpi et al., 2019). Second, food safety’s precautionary stance
disincentivizes rotation, polyculture, or integrated livestock
practices, because complex agricultural management techniques
multiply the burden on farmers to prove that such techniques
are safe (Olimpi et al., 2019). Third, food safety standards
are generally set by experts external to the target agricultural
system with minimal design input by the farmers who must
then implement those standards (Baur et al., 2017; Verbruggen,
2017). This top-down decision-making structure concentrates
power and adopts a homogenous risk management system that
rewards simplified farming systems and limits local flexibility and
adaptation. Fourth, myopic focus on producing crops free from
human pathogens obscures interrelationships among multiple
agricultural functions and objectives (McMahon, 2013; Broad
Leib and Pollans, 2019), undermining the capacity of farms to
adapt to the novel food safety challenges posed by the triple
threat. In these ways, the simplifying process of adaptation
to pathogenic risks—based on a model of control designed
for factories rather than agroecosystems (Karp et al., 2015a)—
forms a pernicious feedback loop that iteratively renders farming
systems more vulnerable to the challenges posed by foodborne
pathogens (Table 2).

Diversifying Pathway Opportunities and Barriers to

Increasing Adaptive Capacity: Harnessing Ecosystem

Services and Distributing Authority to Mitigate Risks
This case reveals three areas of opportunity to enhance adaptive
capacity toward foodborne human pathogens by diversifying
farming systems that grow fresh fruits and vegetables (Table 2),
with the goal of enabling specific adaptations to the triple
threat such as those posited in Table 1. First, if farmers and
regulators recognize the role that high biological diversity—
at the farm and landscape level—might play in mitigating
foodborne pathogen risks, then research effort could be directed
to identify and validate novel management options for cultivating
pathogen-suppressing ecosystem services (Karp et al., 2015b;
Olimpi et al., 2019). For example, emerging evidence suggests
that managing healthy soils for biodiverse microbial and insect
communities with practices like maintaining soil cover and
high above-ground diversity may effectively mitigate pathogenic
strains of E. coli in feces (Jones et al., 2019). Second, integrating
institutional mechanisms that allow for nested, multi-level
standard-setting could help equalize decision-making authority
between farmers and external experts and permit greater
flexibility and innovation, especially for producers with less
access to scientific expertise (Olimpi et al., 2019). An example
would be for national regulatory agencies to delegate standard-
setting and monitoring authority to smallholder cooperatives,
which would be responsible for governing day-to-day food safety
risks among their membership. Third, at the policy level, an
opportunity exists to shift toward a perspective that accepts

that pathogens are endemic to their host systems, and thus
cannot simply be eliminated from the farm environment. Such
an adjustment of perspective would allow diversification of
food safety objectives beyond simply controlling the points
of contamination where pathogen meets edible crop to also
minimize the genesis of dangerous pathogens (e.g., in high-
density, confined animal feeding systems) and limit their risk-
factor multipliers (e.g., through centralized processing facilities)
(Stuart and Worosz, 2012; Broad Leib and Pollans, 2019).
To date, these opportunities remain largely unexplored (see
Appendix 1).

The primary barrier to diversifying opportunities for
ecological management of pathogens at the farm scale originates
with the simplifying assumption, tacitly held by powerful market
and regulatory actors, that the presence of natural ecosystems
near fields automatically increases food safety risk (Olimpi et al.,
2019). Efforts to ease this barrier through further agroecological
research into pathogen disease ecologies are hindered by the
mingling of perceptions about biophysical and legal liability
risks in informing food safety decisions (Baur et al., 2017).
In turn, the fragmentation of food safety governance into
uncoordinated institutional silos, in the US at least (GAO, 2017),
complicates any effort to overcome the preceding barriers. For
example, in the US, microbial food safety for animal products
is regulated separately from fruits and vegetables, while both
regimes operate independently of regulatory agencies charged
with overseeing other safety concerns such as pesticide risks or
occupational hazards to farmworkers (Broad Leib and Pollans,
2019). Due to fragmentation and siloing, there is a general
failure to acknowledge the dampening effects that microbial
food safety efforts impose on attempts to manage agriculture
adaptively for other goals, including those that affect public
health (Table 2).

In summary, the simplifying pathway seeks standardized
methods to control the spread of foodborne pathogens without
addressing the growing vulnerabilities to pathogenic risks
created through operational concentration, agroecological
homogenization, and supply chain centralization. A
diversifying pathway, in contrast, would seek to (a) reduce
those vulnerabilities by creating strategic heterogeneity in
operations, agroecological systems, and supply chains and
(b) promote local resilience through ecosystem services
that regulate pathogen disease ecologies and by increasing
local decision-making authority to innovate place-specific
mitigation strategies.

Weathering Drought
Background: Droughts Will Increase in Intensity and

Frequency
In the coming decades, climate change will further increase the
intensity and frequency of droughts in agricultural landscapes,
especially in temperate regions (Hatfield et al., 2011; Trenberth
et al., 2014), impacting farmers’ immediate ability to grow crops,
raise livestock, and sustain their livelihoods. These impacts will
have rippling effects throughout the food system. As an example,
in 2012 a widespread and intense drought across two-thirds of
the continental United States reduced corn yields by 25%, which
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was accompanied by a 53% global price spike (Boyer et al.,
2013). Dramatic declines in crop biodiversity further worsen the
impacts of drought by reducing variation in how crops respond,
i.e., response diversity (Elmqvist et al., 2003; Laliberté et al.,
2010).

Drought acts not only as an acute shock but can also become
a long-term stressor for agriculture depending on the drought’s
duration. Both irrigated and rainfed agroecosystems are affected
when water availability becomes limited by scarcity or policy. For
instance, the 2011–2016 drought in California, where most crops
are irrigated, caused estimated losses of 21,000 jobs and $2.7
billion in agricultural output in 2015 alone (Howitt et al., 2015).
Economic losses would have been far greater if farmers had not
switched to groundwater for irrigation, though this in turn led
to substantial groundwater overdraft and land subsidence (Faunt
et al., 2016). Climate change-driven reductions in the snowpack
that recharges groundwater exacerbate these overdraws (Pathak
et al., 2018). Although new policies in California that regulate
future groundwater withdrawal may reduce overdraft (Harter,
2015), this example highlights how the biophysical impacts
of climate change can interact with policy change to create
or exacerbate complex, multi-dimensional stressors for farmers
(Table 1).

Simplifying Pathway Trends: Simplification Has

Increased Vulnerability to Drought
The vulnerability to drought that results from simplifying
processes (Table 2) is exemplified in the Corn Belt of the central
United States, where intensive rainfed commodity corn and
soybean production suffered at the center of the 2012 drought.
Over the course of the last century, significant homogenization
of farming systems occurred in response to federal and state
policies and increasing downward economic pressures from
rampant concentration of input suppliers and grain processors
(Philpott, 2020), resulting in farms that now almost exclusively
grow corn and soybeans rather than the small grains, hay and
integrated animal pasture they once also produced (Brown and
Schulte, 2011; Liebman and Schulte, 2015). Reductions in crop
diversity, disintegration of crop and livestock production, and
other concurrent changes in management have led to widespread
soil degradation (Karlen et al., 1994; O’Brien et al., 2020),
including declining soil organic matter and topsoil erosion,
which in turn undermines hydrologic functioning critical for
rainfed systems. At wider scales, specialization in just these
two crops coupled with increasing climatic sensitivity of corn
production increase regional sensitivity to drought (Lobell et al.,
2014, 2020; Ortiz-Bobea et al., 2018). While the particularities
of this simplification process are unique to the U.S. Corn
Belt, similarly homogenized farming systems across the world
increase the potential for globally synchronized climatic shocks
that threaten food production (Tigchelaar et al., 2018). Genetic
engineering of drought- and heat-resistant crop genotypes—one
of the most commonly recommended strategies for addressing
the projected increase in drought severity (Hu and Xiong,
2014; Ortiz-Bobea and Tack, 2018; Ortiz-Bobea et al., 2018;
Tigchelaar et al., 2018)—will further entrench the trajectory
of simplification by increasing reliance on proprietary and

capital-intensive biotechnology. Despite substantial investments,
genotypes engineered for drought resistance show only modest
improvement, if any, over decentralized, traditional breeding
approaches for drought resistance (Gilbert, 2014). Widespread
use of these genotypes may in turn impact ongoing declines in
crop genetic diversity if only a few engineered crop varieties
displace a multitude of other varieties.

Other capital-intensive responses to water limitations exist,
but may come with unexpected tradeoffs that also reinforce
simplification pathways (Table 2). In irrigated cropping systems,
field-level investments in purchased inputs like drip irrigation
and water sensors can potentially reduce exposure to drought
by increasing water use efficiency. In the absence of policy and
institutional support for resource conservation, however, such
investments can also lead to tradeoffs for soil health, such as
decreased soil aggregation (Schmidt et al., 2018) and higher
water consumption on a regional basis (Grafton et al., 2018).
The latter phenomenon is an example of Jevon’s paradox, which
can occur when increased irrigation efficiency at the field level
incentivizes farmers to switch to higher-value, but more water-
intensive, crops, thereby causing an overall increase in water
use at a regional level. Relatively expensive capital upgrades, like
water sensor networks, often accompany simplifying strategies,
as they are better suited to large-scale production of uniform
crops. Drought itself may reduce the diversity of crops grown due
to water shortage and commodity prices. For example, high value,
luxury crops like wine grapesmay be favored during drought over
food staples with lower value, like rice (Bradsher, 2008). These
shifts in production have the potential not only to affect global
food supply and potentially exacerbate food insecurity, but also
to push farmers along a simplification pathway.

Diversifying Pathway Opportunities and Barriers to

Increasing Adaptive Capacity: Improve Soil and

Increase Crop Diversity at Multiple Scales
Diversifying pathways can reduce exposure and vulnerability
to drought while also providing other benefits (Table 2) and
adaptations to the triple threat (Table 1). Cropping system
diversification is one process that reduces impacts from drought,
likely mediated through soil improvements (Lotter et al., 2003;
Gaudin et al., 2015). For example, long-term evidence across
multiple sites in the U.S. and Canadian Corn Belt showed
that rotational diversification reduced corn yield losses by 14
to 90% in various drought years (Bowles et al., 2020). In
general, improving soil’s capacity to capture, store, and supply
water to crops and forage increases resistance to droughts,
especially in rainfed systems. Field-scale diversification practices,
like cover cropping, crop rotation, application of organic
amendments, and reduced soil disturbance, often increase soil
organic matter (Marriott and Wander, 2006; McDaniel et al.,
2014) and the abundance and diversity of soil organisms
(Bender et al., 2016; Bowles et al., 2018) along with soil
water holding capacity, infiltration, and porosity (Basche and
DeLonge, 2017, 2019). Empirical evidence supporting our robust
theoretical understanding of how these improvements increase
crop performance under water limitation is only just emerging
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(Gaudin et al., 2015; Gil et al., 2017; Solorio et al., 2017; Bowles
et al., 2020).

Increasing crop diversity at multiple scales, from
intercropping to whole farms to regional scales, can also
reduce drought risk in ways other than changes to soil (Lin,
2011; Renwick et al., 2020). Increasing the diversity of crops
grown at the farm-scale to include ones that differ in their
water use, drought tolerance, or phenology helps reduce risks
to farm-level yield and income through a “portfolio effect”
(Helmers et al., 2001, Isbell et al., 2017). Reflecting this principle
at broader scales, recent work shows that greater crop diversity
provides a more diverse set of human nutrients and stabilizes
food production at the national scale (Renard and Tilman, 2019).
Breeding new crop varieties with greater drought resistance can
also be a diversifying strategy, if the result of breeding programs
expands rather than contracts genetic diversity. Participatory,
decentralized breeding programs that develop open source,
locally adapted drought-resistant varieties are a promising
development (Gilbert, 2014), though significant legal, cultural,
and social network transformations are needed to sustain a seed
commons in a global seed market dominated by multinational
corporations (Montenegro de Wit, 2017a).

Farmers face several barriers to diversification as a strategy
for adapting to drought (Table 2). Short-term costs hinder
adoption of farm management practices that may only show
benefits in the longer term (DeVincentis et al., 2020). For
example, while growing cover crops clearly provides several long-
term benefits for agroecosystems, their establishment entails
both short-term fixed costs like seeds, field operations and
labor, and potential risks like disruption to planting or harvest
contract schedules (Jackson et al., 2004). Policy, market, and
research and development structures currently incentivize and
retrench low cropping system diversity while failing to support
diversification strategies (Mortensen and Smith, 2020, this special
issue). Programs that provide incentives for farmers to adopt
diversification practices, like California’s Healthy Soils Program,
can reduce barriers related to fixed costs, but may not be enough
to address opportunity costs of high-value crop production.
Another barrier is that diversification practices are knowledge-
intensive (Carlisle et al., 2019a) and cannot be applied in
a “plug and play” manner as in simplifying technological
approaches like applying non-renewable fertilizers. For instance,
in especially arid climates, cover crops can compete with the
cash crop for water and must be carefully managed to avoid
a net loss of water (Bodner et al., 2007). Even when examples
of successful diversifying management practices exist in such
regions, perceptions of the challenges by farmers and technical
assistance providers can be a barrier to adoption.

In summary, simplifying pathways are primarily comprised
of capital-intensive, large-scale technological fixes that help well-
resourced farms survive acute drought crises without taking
steps to reverse the crop homogenization and seed concentration
trends that produce chronic vulnerability to drought. A
diversifying pathway, in contrast, would seek regional resilience
by promoting local-scale, and more accessible, solutions through
investment in soil health, crop diversity, and participatory
breeding programs.

Farming Marginal Land
Background: Shifting Boundaries of Land on the

Margins
Farmers across the globe—especially those with limited access
to markets, financial resources, infrastructure, and natural
resources like water—have always sought innovative ways to
extend production onto the margins and boundaries of arable
land (Kumar et al., 2015; Calderón et al., 2018). While the
definition of marginal land is highly contingent and reflective
of shifting, context-specific, and interconnected biophysical
and political-economic processes (CGIAR Technical Advisory
Committee, 2000), in common usage these lands are often
characterized by low or compromised soil quality, suboptimal
precipitation or temperature, rugged or steep topography, and
low or inter-annually irregular productivity (Kang et al., 2013;
Peter et al., 2017). As climate change shifts the boundaries
of arability, more land will be pushed toward this “marginal”
category (Reed and Stringer, 2016). Simultaneously, increasing
farmland consolidation limits land access and pushes smallholder
farmers into regions of relatively poor fertility (Naranjo, 2012).
Biodiversity loss has the potential to decrease both in situ
ecosystem service provisioning and ecological response diversity,
exacerbating the economic and ecological marginalization of
these lands and those who rely on them (Table 1).

Simplifying Pathway Trends: Extracting Value From

Marginalized Land and Those Who Farm It
Marginalizing certain lands and conflating marginal lands
with the people who use them (CGIAR Technical Advisory
Committee, 2000), have served to simplify agricultural
landscapes and communities by promoting the replacement
of complex local knowledge-based agricultural systems with
homogenized commodity crop production (McNeely and
Schroth, 2006; McMichael, 2012; Naranjo, 2012). The growing
trend of farmland financialization in the United States offers
an example of how so-called marginal lands continue to be
leveraged to justify the simplification of farming systems
(Table 2). Financial institutions often seek marginal farmland,
for example land with low soil quality and little annual rainfall,
for speculative investment. And this often removes that land
from the hands of local farmers (Fairbairn et al., 2021). Studies
from around the world suggest that marginal lands can be
used for bioenergy crops (Helliwell, 2018; Koide et al., 2018),
livestock production (Hall, 2018), or removed from cultivation
for restoration and conservation (Merckx and Pereira, 2015).
These uses can simplify or diversify farming systems, depending
on how they are implemented and by whom. Many existing
studies disregard the ways in which top-down approaches to
transition marginal lands to more capitally productive uses
can take marginal lands out of local community control or
smallholder cultivation, and in the process displace resource-
poor or subsistence farmers (Wells et al., 2018), exacerbating
food insecurity and potentially forcing intensive cultivation into
sensitive ecological areas.

Transitioning marginal lands to intensive cultivation can
have devastating ecological and social consequences. Capital-
intensive or technocratic approaches, which function to simplify
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production, can at least temporarily increase the productive
potential of marginal lands, but in doing so often exacerbate
underlying stressors and vulnerabilities. For example, the west
side of the San Joaquin Valley in California is agriculturally
constrained by salinization, selenium contamination, low
groundwater availability, and impermeable clays (Ohlendorf,
1989; Garone, 1998, 2011). Despite these challenges, this
landscape has been developed into one of the highest-output
agricultural regions in the United States, mainly due to massive
irrigation projects. Such projects remain highly controversial
and have led to environmental and social harms including
further-depleted aquifers, land subsidence, greater salinization,
rapid die-off of flora and fauna at the Kesterson Reservoir, and
increased concentration of simplified agricultural operations
(Ohlendorf, 1989; Garone, 1998, 2011).

Diversifying Pathway Opportunities and Barriers to

Increasing Adaptive Capacity: Tools to Mitigate

Against Social and Ecological Stressors
Diversifying farming practices may allow farmers to farm
productively onmarginal lands bymitigating ecological stressors,
including acute disturbances such as weather extremes, while
also helping to restore degraded soil or mitigate inherent soil
limitations (Table 2; Altieri, 2002). Crop diversification is a
foundational agroecological technique that has helped farmers
cope with the stressors they face on marginal lands and is key
for adapting to the triple threat (Table 1). Selecting for drought-
tolerant cultivars, for example, has increased climate resilience
in the water-limited southwestern United States (Elias et al.,
2018). Crop rotation or intercropping may also improve soil
fertility while providing a low but sustained return (Ewel and
Hiremath, 1998; Mader, 2002). On steeper, erosion-prone lands,
coupling diversification practices with landscape modification
like terracing can increase resilience (e.g., Bocco and Napoletano,
2017). For example, Nicaraguan farms on steep slopes that
employed agroforestry and cover cropping for at least 3–5 years
were more resilient to HurricaneMitch’s impacts (Holt-Giménez,
2002). Introducing perennial crops and livestock onto marginal
lands can also improve agroecosystem functioning, ameliorate
extreme weather impacts, improve soil fertility (Speakman,
2018), sustain economic returns (Peter et al., 2017; Rois-Díaz
et al., 2018), and conserve cultural landscapes (Vries et al., 2015;
Zanten et al., 2016).

For marginal lands, diversification practices are especially
important to mitigate against social stressors, such as food
insecurity. Several studies on marginal lands farmed by resource-
poor farmers have found that diversification of agricultural
production is co-linked to food security and diet diversity
at the household level (Kumar et al., 2015; Calderón et al.,
2018), although notable exceptions exist (Sibhatu et al., 2015).
For example, Oyarzun et al. (2013) found a weak but
significantly positive correlation between the number of species
of crops grown by smallholders in the Ecuadorian highlands
and dietary diversity within families. The data suggests this
relationship results from the positive correlation between on-
farm agrobiodiversity and consumption of on-farm products.

Families with less agrobiodiversity consumed more off-farm
foods and had lower overall diet diversity.

In some cases, marginal lands could provide opportunities
for diversifying farming systems, especially in regions with low
land values (Table 2). For example, Gabriel et al. (2009) found
that lower quality land, often with lower land values, is likely
to predispose farmers to convert to organic farming, which then
encourages other nearby farmers to convert to organic. In other
cases, without financial capital, knowledge, extension support, or
accessible labor, diversifying marginal lands poses challenges to
farmers, such as implementation costs of diversification practices
(Altieri, 1999; Iles and Marsh, 2012). If farms are marginal to
the dominant political, economic, and market system due to
their small size or production methods, it may not be possible to
maintain farmer livelihoods even with diversified agroecological
techniques (Naranjo, 2012). For example, there may simply not
be a market for crops grown at relatively low volumes, posing
a severe economic barrier for farmers seeking to diversify on
marginal lands (Sharma, 2011; Naranjo, 2012). Thus, market
limitations (e.g., demands and infrastructural limitations) may
further limit the adoption of diversifying farming practices on
marginal lands (Sharma, 2011; Naranjo, 2012).

In summary, the simplifying pathway seeks to increase
productivity on marginal lands by enrolling them in commodity
crop markets that promise cash flow but may over-exploit these
fragile ecosystems and undermine local food sovereignty. A
diversifying pathway, in contrast, might seek to empower local
communities to utilize marginal lands as flexible production
zones from which a variety of farm products can be derived to
complement, rather than compete with, the production portfolio
of neighboring farmland.

Dignifying Labor
Background: A Double Crisis of Agricultural Labor
Agriculture in the United States faces a labor crisis. Agricultural
workers are poorly paid, with few legal protections, while also
facing challenging working conditions, including exposure to
toxic chemicals, dangerous physical demands, extreme heat, and
social hazards that threaten their health and well-being (Shreck
et al., 2006; Holmes, 2013; Castillo et al., 2021). Simultaneously,
due to demographic trends and migration policies at the
federal level, employers face shortages and instability of labor
supply (Martin et al., 2016). This situation affects critical tasks
including planting, cultivating, and harvesting, which threatens
food production and farm profitability and undermines farmers’
ability to both adapt to climate change and use diversified
farming practices. Finding ways to ensure stable, healthy, and
dignified farm livelihoods that sustain sufficient food production
will become more difficult as the triple threat intensifies.

Additional stressors from climate change exacerbate the
inequities and risks that farmworkers already bear (Table 1).
Extreme events such as heat waves can cause significant
health consequences and socio-economic hardship for workers—
while also potentially disrupting farm operations (Castillo
et al., 2021). When workers continue working in extreme
heat, they can suffer both short- and long-term negative
health consequences such as dizziness, heatstroke, and chronic

Frontiers in Sustainable Food Systems | www.frontiersin.org 13 March 2021 | Volume 5 | Article 564900

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Petersen-Rockney et al. Adaptive Capacity Emerges From Diversifying

kidney disease (Fleischer et al., 2013; Stoecklin-Marois et al.,
2013). A recent occupational safety rule in California requires
farmworkers to take paid rest for at least 10min every 2 h when
temperatures reach 95◦F (observations by co-author Castillo).
Farm managers, however, often ignore this policy, resulting in
income losses to a population already among the lowest paid
in the United States (ibid). Drought can also adversely affect
agricultural workers, for example, by causing the loss of work
or increased travel time to alternative work sites if cropland is
fallowed (ibid). More broadly, extreme weather events reduce
worker productivity and availability, with potential negative
impacts on rural economies and food production (Kjellstrom
et al., 2009; Hsiang, 2010), especially when coupled with direct
impacts of extreme weather on crop productivity. Farmers
and farming systems must adapt to these labor challenges,
either through simplifying pathways that replace labor with
capital-intensive inputs (notably agricultural chemicals and
new technologies whose use encourages monoculture farming
methods), or through diversifying pathways that improve
farm working conditions around multiple crops and farm
biodiversity, by emphasizing knowledge-intensive management,
offering employment stability, and valuing farmworker skills.

Simplifying Pathway Trends: Labor Shortages Are a

Product of Agricultural Simplification
Consolidation of farm and farmland ownership not only hinders
new-entry access to agriculture (see section Enhancing Land
Access and Tenure), but also further cements the social divide
between owners/operators and agricultural workers. This divide
results in the devaluation of farm work, leading to a negative
feedback loop in which only the most economically vulnerable
workers seek employment in agriculture, which in turn leads
to further disinvestment in improving farm labor wages and
working conditions. A simplifying approach to this challenge
perceives only a labor shortage, to be remedied by either finding
new populations of workers to exploit (e.g., through migrant
farmworker programs) or obviating the need for farm workers
in the first place (e.g., through mechanization).

The United States, like most market economies, has opened
its borders to migrant agricultural laborers (Pfeffer, 1983;
Weiler et al., 2016). Historically, US immigration policies have
resulted in a flow of low-wage migrant laborers from successive
geographic regions, each arriving with few legal rights or
protections, and who are subject to high rates of wage theft,
sexual harassment and assault, and other forms of violence
based on their race, gender, immigration status, and economic
positionality (Walker, 2004). With a steady supply of migrant,
cheap, and right-less labor, farm owners have had little incentive
to internalize the production risks that these laborers have
borne (Pfeffer, 1983). If, for example, drought devastates a
crop one year, farmers can readily lay off migratory workers,
whereas they must absorb the costs of repaying loans for
an expensive harvester that is depreciating and losing value.
However, in recent years, the agricultural workforce has aged
(Hertz, 2019), partly due to slowed immigration from Mexico
and partly because immigrant farmworkers often encourage
their children to enter other careers (Martin et al., 2017). The

Trump Administration targeted undocumented farmworkers for
deportation, creating a fearful atmosphere that further deterred
immigration (Goldbaum, 2019). An aging labor force is alsomore
susceptible to injuries and health problems (Varney, 2017).

In the face of harsh working conditions and poor pay,
migrant farm workers in the post-World War II era have
tended to exit agriculture for other sectors that offer greater
economic opportunity as soon as they are able. The importation
of immigrant agricultural labor is therefore always in a race
with the steady outflow of farm workers. US farmers have
thus sought a more lasting solution: replacing human labor
with machine labor. Beginning in the 1920s, mechanization for
greater scales of efficiency has progressively made substantial
inroads into commodity crops like wheat, cotton, tomatoes, and
corn, significantly reducing demand for labor in these sectors
(Schmitz and Moss, 2015). Since the 1950s, other crop sectors,
such as row crops and nut orchards, have been mechanized to
varying degrees. This has reinforced the simplifying tendency
of farms to specialize in monoculture fields or orchards and
grow larger in size (Fitzgerald, 2008). Yet many capital-intensive
farms remain only partially mechanized and still rely on
numerous seasonal human workers to carry out critical farming
activities. For example, harvesting strawberries or romaine
lettuce is notmechanized (Price, 2019). Indeed, within California,
acreage of labor-intensive crops has increased due to growing
market demand for these products over the past 30 years,
increasing agricultural labor demand (Martin et al., 2016). Crop
homogenization means that demand for labor is very seasonal:
particularly at harvest, workers must constantly move between
regions where specific crops are picked for a few weeks at a time.
This pressure to migrate internally further increases their legal
and economic vulnerability.

Facing a labor shortage, employers may be forced to spend
additional time finding farmworkers, offer better pay and
working conditions, or reduce production by leaving land
fallow or crops unharvested (Kitroeff and Mohan, 2017; Morris,
2017). Well-capitalized farming interests may respond by re-
committing to keep the labor force available, cheap, mobile, and
disposable with few rights, resources, or recognition (Mitchell,
1996). If they choose a simplifying pathway, employers in the US
are more likely to seek increased mechanization and automation
to replace workers in labor-intensive tasks. A current example is
the heavy investment in developing robotic strawberry harvesters
to replace human pickers (Seabrook, 2019). Historically, many
crops have proven difficult to mechanize, but with growing labor
scarcity, technology developers are redoubling efforts to combine
cameras, GPS, 3-dimensional mapping, and other technologies to
substitute for worker dexterity and intelligence.

The overall effect of the automation trend on diversification
is unclear. Adopting automated tools that replace human
workers can decouple diversified farms from an unstable labor
supply, potentially leading to increased farm stability. Small
scale automation could improve working conditions and health
outcomes, by eliminating dangerous tasks and paying fewer,
but more ecologically skilled, workers better (Price, 2019).
But widespread reliance on capital-intensive automation—which
incurs high upfront financial costs and may take many years

Frontiers in Sustainable Food Systems | www.frontiersin.org 14 March 2021 | Volume 5 | Article 564900

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Petersen-Rockney et al. Adaptive Capacity Emerges From Diversifying

to pay off—may reinforce simplification processes and lock
farms into inflexible production regimes that cannot nimbly
adapt to novel stressors. Robots and other expensive automation
technologies require further simplifying farming systems into
even larger fields with uniform crops to operate efficiently
(Seabrook, 2019). Ultimately, then, automation to replace labor
could diminish farm economic stability. Additionally, adoption
of automation can make it harder for smaller scale or more
diversified farms to compete economically by driving down
production costs even further.

Diversifying Pathway Opportunities and Barriers to

Increasing Adaptive Capacity
The extent to which diversifying farms in the US can build
adaptive capacity through their labor to maintain production
and adjust to environmental changes is largely unexplored
empirically. Farmers’ ability to adopt labor-friendly measures
to overcome current labor shortages and reduce worker
exposure to climate-related extremes is also uncertain.
In principle, increasing crop diversity and focusing on
developing agroecological management skills rather than
capital-intensive inputs such as automation could potentially
increase opportunities for both workers and new-entry farmers
(Table 2; Carlisle et al., 2019a,b). Working conditions may
improve incrementally in more diversified systems due to
reductions in chemical exposure, greater mental stimulation
leading to increased job satisfaction, and more possibilities for
year-round employment from diverse cropping and livestock
systems that spread peak labor needs more evenly across seasons
(Shreck et al., 2006; Bacon et al., 2012; Timmermann and Félix,
2015). This could make agriculture more attractive to younger
workers, thus expanding the labor pool. It may also allow
diversifying farmers to stabilize their production in conditions
where simplifying farmers struggle to find enough labor.
Critically, having workers who are experienced in observing
and managing farm conditions can directly strengthen a farm’s
adaptive capacity (Hammond et al., 2013).

However, simply adopting diversification practices—in the
absence of changes to the overall socio-economic environment—
likely has limited potential to improve farm labor conditions
at either the systemic or individual scales. Research on labor
in organic agriculture in the United States has demonstrated
that a greater number of jobs in the organic sector does not
necessarily translate into more socially equitable jobs (Shreck
et al., 2006). Organic farmworkers may still face conditions of
poor pay, food insecurity, and lack of access to housing and
health care, especially where farmers feel they must compete
with conventional producers on price to gain entry to key
markets (Guthman, 2004). Recent European research further
supports this observation. By comparing working conditions
for farm owners and workers across agroecological, organic,
and conventional farms in Belgium, Dumont and Baret (2017)
concluded that several practices—including increased crop
diversity of both winter and summer crops and opportunities for
laborers to participate in a variety of tasks from production to
marketing— were necessary, but not sufficient, to support better
working conditions for both farm employers and workers.

How pursuing diversifying pathways affects farmer responses
to extreme weather events is also unclear. The impact of heat
waves on farmworkers may be mitigated through measures
such as providing accessible water stations, longer and more
frequent rests, shaded rest areas, and adjusting harvesting
schedules to avoid the highest temperatures (Stoecklin-Marois
et al., 2013). Adopting these measures requires a labor-
friendly farm operator. However, it is not clear whether there
is a correlation between agroecological diversification and
equalization of the historical power differential between farm
employers and farmworkers. Diversifying farms may still not
recognize workers as knowledgeable agricultural experts or
share decision-making power between managers and workers
(Dumont and Baret, 2017; International Panel of Experts on
Sustainable Food Systems, 2018). As a result, workers can remain
at the bottom of a management hierarchy. This relationship
remains under-studied in the context of farm diversification.
Moreover, without structural changes in markets, policies, and
institutions that prevent farm owners and managers from
exploiting their workers, efforts to ecologically diversify farms
could actually impose further harmful burdens on farmworkers:
for example, diversifying practices could require more physically
intensive labor without empowering workers or improving
work conditions.

While jobs in simplified farming systems may be undesirable
because of the poor conditions, low pay, physical danger, and
even stigma, jobs in more diverse and complex farming systems
may be more socially desirable, requiring a high degree of
recognized skill and knowledge (Carlisle et al., 2019a,b). If
wages properly reflect the greater human capital required to
diversify, then employers would need to pay these ecologically
skilled workers a higher wage, which could be partly offset by
reduced costs of external farm inputs and greater market value
of products (Carlisle et al., 2019a). However, many farms that
adopt diversification practices are smaller in scale with fewer
financial resources than their larger market competitors, leaving
these farm operators struggling to pay both themselves and
their workers and unable to provide higher wages (Harrison
and Getz, 2015; Dumont and Baret, 2017). To internalize social
and ecological externalities in a diversifying system will require
markets and buyers that demand better labor conditions and
reward early adopters with higher prices for their products.

In summary, the simplifying pathway responds to labor
problems by seeking either more exploitable workers or to
replace farmworkers with machines—both processes further the
devaluation of labor produced by widening inequity between
farm owners/operators and agricultural workers. A diversifying
pathway, in contrast, could seek to restore the value and
dignity of farm work through recognition of, and investment
in, the agroecological skills necessary for ecologically-based
farm management.

Enhancing Land Access and Tenure
Background: Access to Land Shapes Adaptation

Potential
Our final case focuses on how farmland tenure and access,
primarily in the United States, shape pathways for adaptation.
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The economic factors driving land use are increasingly divorced
from the day-to-day operational decisions of working farms.
Each year, more land is taken out of food production for
other uses—e.g., energy production, residential development,
or conservation reserves—while farmland that remains in
agriculture is increasingly purchased by non-farmers as a capital
investment (Fairbairn et al., 2021). These trends make it
harder for farmers to own and access farmland, reducing their
control over its dispensation. Decreased land access, tenure, and
control by farmers is expected to exacerbate food insecurity
and disincentivize sustainable farm practices (Trauger, 2014;
Borras et al., 2015), although targeted policies may mitigate
this tenure effect in some cases (Leonhardt et al., 2021).
Furthermore, land access and tenure are consistently cited
as the greatest barriers to the establishment of new-entrant
farmers who would otherwise bring the skills, aspirations, and
labor necessary for agricultural diversification (Beckett and Galt,
2014; Carlisle et al., 2019b). Heightened climate change risks
coupled with biodiversity loss of ecosystem service providers will
exacerbate barriers to entry for new-entrant farmers (Carlisle
et al., 2019b).

Simplifying Pathway Trends: Capital-Intensive

Solutions Align With Simplified Land Tenure
Capital-intensive solutions to the triple threat, like climate-smart
agriculture or sustainable intensification, tend to favor simplified
land tenure regimes (Table 1). These strategies for adaptation
align with centralized decision making and consolidated land
ownership. Certain high-value crop regimes dictate the “highest
and best use” of farmland, further inhibiting adoption of
conservation-based practices, especially those that may rely on
high crop diversity (Guthman, 2004, 2019). Regional trends like
natural gas development in Pennsylvania (Malin and De Master,
2016), biofuel investments in the US Midwest (White and Selfa,
2013), or corporate CAFO development in Illinois’ corn belt
(Ashwood et al., 2014) can put pressure on farmers—whether
they lease or own the land—to maximize their production value
(i.e., plant only the highest-value crops) to pay debts or to hold
on to the land when it could be sold for more lucrative uses
or to investment firms and hedge funds. Becoming locked-in
to narrow goals of yield and profit by the ever-rising value
of land itself, farmers face significant structural barriers to
diversifying, limiting their potential to enhance adaptive capacity
(Table 2).

Land access is shaped by structural factors that influence
land tenure and complicate farmers’ ability to diversify. Recent
research has examined the role of race, ethnicity, and gender-
based factors in determining inequities in farmland access
and tenure (Calo and De Master, 2016; Minkoff-Zern, 2019).
Exclusionary policies shape land ownership trends in the US,
such that most farmland is owned by white males (Horst and
Marion, 2019), a trend that grows stronger with increasing farm
size and wealth (USDA Census, 2017).

As land tenure regimes continue to simplify—particularly
as farmland is accumulated by distant owners interested in
land as an asset (Fairbairn, 2020) and those who work
on the land are disenfranchised tenant farmers—we are

likely to see greater homogenization in management regimes.
In this context, the characteristics of actors (class, ethnic
background, motivation) who have capacity to make decisions
becomes less diverse. More importantly, the ability of tenant
farmers to influence changes to the landscape diminishes,
as they follow prescribed production pathways that allow
them to meet the conditions of their lease. Under such
tenure regimes, the capacity for field and landscape level
diversification shrinks.

Access to land is mediated by social mechanisms
beyond property regimes that determine the ways in which
agriculturalists can actually derive benefit from land and to
what extent (Ribot and Peluso, 2003). This suggests that having
title to land does not guarantee that the holder will be able to
gain full benefit from the lands’ total capacity. Instead, potential
land use options are constrained by structural factors, such as
food safety regulations (Olimpi et al., 2019), water rights (Calo
and De Master, 2016), or neighboring land uses (e.g., pesticide
drift). Building agroecosystems through diversification often
takes years, at which point those benefits may be realized by the
landlord if the farmer was renting, or the next owner. In other
words, land tenure does not necessarily determine who might
benefit from even farm-scale diversification. Despite the fact
that simply identifying who owns land in itself is not enough to
understand whether a farmer will seek to diversify, the majority
of related research to date focuses on the relationship between
land ownership and farm practices.

Diversifying Pathway Trends: Support New Entrant

Farmers and Alternative Land Access Structures
When considering diversifying farming systems, it is
important to consider farmers themselves as an axis of
diversity who bring, as social network theorists posit,
innovation and new ideas introduced at the margins of
networks (Granovetter, 2005). The ability of farmers to
build adaptive capacity through diversification, therefore,
relies not only on access to land, but also on the
ability to build and use their knowledge of their land
(Table 2).

Research indicates that new-entrant and socially
disadvantaged farmers (e.g., women, immigrants, racial/ethnic
minorities, and young farmers) may be more willing and
likely to adopt diversifying farming practices (Deaton et al.,
2018). Many immigrant farmers in the US have agroecological
expertise and experience using diversifying farming practices
that could improve adaptive practices to a wide range of
conditions (Shava et al., 2010; Minkoff-Zern, 2019). Carney
(2020) points to the cultural knowledge and social memories of
Afrodescendant smallholder farming systems that have “long
prioritized agrobiodiversity and agroecological practices.” Latinx
farmers not only provide the vast majority of US agricultural
labor today, but also bring expertise and diversification values
(Minkoff-Zern, 2018). It is therefore crucial—for both equity
and sustainability—to expand land access for new-entrant and
socially disadvantaged farmers.

While most funding to support new-entrant and socially
disadvantaged farmers in the United States has focused on
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farmer education and training programs, these have little
impact on the adoption of diversified farming practices if
farmers do not have the agency to implement them due
to limited land access or insecure tenure (Calo, 2018).
Training programs that, alternatively, decentralize expertise
and enhance farmer networks—such as farmer-to-farmer
learning networks—can help overcome land access issues by
sharing knowledge and building solidarity and collaborative
relationships (Holt-Giménez, 2006; Bacon et al., 2012; Carlisle,
2016). Additionally, governments can incentivize land transfer
programs. Agricultural conservation easements, for example, are
an important tool to lower the price of farmland, making it more
affordable to new-entrant farmers, and farmers enrolled in the
federal Conservation Reserve Program can receive an additional
2 years of government payments if they rent or sell that land
to new-entrant farmers (Carlisle et al., 2019b). Programs like
these should be expanded, protections from corporate capture
put in place, and new entry and socially disadvantaged farmers
prioritized (Calo and Petersen-Rockney, 2018).

As fewer farmers own the land that they farm, there are
some promising signs that non-operator landlords—from private
conservation-minded individuals, to conservation non-profits,
to government agencies—increasingly recognize the ecosystem
services that diversifying farming systems can provide, like
managed grazing to improve endangered species habitat or
reduce fuel load in fire-prone areas (Plieninger et al., 2012).
Landowners can make lease agreements that specify the use
of conservation practices, and can choose to prioritize farmers
who manage their farm enterprises in ways that benefit the
land, and farmers can negotiate more favorable lease terms or
prices in exchange for providing these services to landowners,
thus improving the land and/or generating ecosystem service
payments through healthy soils or carbon farming programs
(Ribaudo et al., 2010; Iles and Marsh, 2012; Ma et al., 2012;
Petrzelka et al., 2013). Education and outreach programs
for landowners regarding conservation practices can also be
effective at increasing incorporation of diversified farming
practices into agreements. One innovative example from the US
Midwest tailors conservation programs for women non-operator
landowners, who own half of the farmland but participate
less in conservation decisions than non-operator landlord men
(Wells and Eells, 2011). Following women-only field training
in conservation practices, women non-operator landowners
were substantially more likely to participate in decisions with
tenants to implement conservation practices (Sreenviasan, 2020).
Novel institutional opportunities to shift leasing norms are
also emerging, for example through agricultural land trusts
and agricultural easements that maintain land in agriculture
into perpetuity.

Alternative ownership structures, like grower cooperatives—
in which producers own a collective stake in the farm
business—may facilitate diversification pathways and lead to
greater adaptive capacity. For example, in the southern US,
the Federation of Southern Cooperatives began reenergizing
the cooperative farming model that had been popular among
Black farmers in the late nineteenth century and early twentieth
century to facilitate the sharing of experiences and expenses and

slow the tide of farmland loss among Black farmers (White,
2018). Farming cooperatives, equipment cooperatives, and
farm incubator programs all provide institutional mechanisms
for farmers to share resources, like specialized equipment
such as seed drills, which can be prohibitively expensive for
individual farmers to purchase, posing a barrier to implementing
diversifying practices like reduced tillage (Carlisle et al., 2019b).

Because biodiversity-enhancing strategies are best managed
by coalitions of land managers working at a landscape
scale (Brodt et al., 2008), diversifying farming systems offers
opportunities to coordinate land managers in regionally scaled
networks. In the 1990s, with government support, the grassroots
Landcare movement in Australia motivated thousands of farmers
to form local groups to cooperate in conservation projects, like
controlling invasive species or managing soil erosion (Curtis
and De Lacy, 1996; Sobels et al., 2001). Similarly, US farmers
and ranchers often coordinate management efforts informally
through “norms of neighborliness” (Yung and Belsky, 2007) or
formally through coordinated ranch management planning for
habitat restoration goals (Petersen-Rockney, in progress).

In summary, the simplifying pathway limits long-term
adaptive capacity by failing to address the significant barriers
that insecure land tenure poses to adopting sustainable farming
practices, and that limited land access poses to diverse new-
entrant farmers. A diversifying pathway, in contrast, would
seek to secure tenure and expand land access through both
innovative resource-sharing mechanisms and legal and policy
reforms, foundational for the emergence of just and sustainable
adaptive capacity.

DISCUSSION: DIVERSIFYING FARMING
SYSTEMS FOR ADAPTIVE CAPACITY

Using the same integrated four-point framework (see section
Research Questions and Objectives and Tables 1, 2), we have
contrasted the properties and qualities of adaptive capacity
that emerge from simplifying vs. diversifying adaptation
pathways for five widely varying agricultural challenges.
Synthesizing insights across these five cases illuminates
the potential for diversifying strategies to preserve and,
ideally, enhance core social-ecological functioning in the
face of climate change, biodiversity loss, and global food
insecurity (Figure 3 and Table 1). Diversifying processes, we
argue, weave a form of broad and nimble adaptive capacity
that is fundamentally distinct from the narrow and brittle
adaptive capacity produced through simplification. Diversifying
processes also demonstrate potential to enhance equity and
sustainability. Yet our analysis reveals some cross-cutting
barriers to diversification, such as exclusionary land tenure
regimes and lack of available markets for diverse farm products.
To give a specific example, marginal land may be drought-
prone, and those farming it more likely to be disenfranchised
with insecure land tenure (section Farming Marginal Land).
While there are barriers, there are also synergies and positive
feedback dynamics that can arise among the ecological,
managerial, economic, scientific, and institutional opportunities
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FIGURE 3 | As farming systems move from a simplified state (center of wheel) to a more diversified state (outer ring of wheel) along multiple dimensions (spokes of the

wheel) adaptive capacity can emerge. But the wheel will only “turn well” when multiple dimensions grow together and interact, i.e., progress along only one or two

dimensions will not be sufficient to create these properties.

to diversify farming systems (Figure 3 and Table 2). Finally,
we acknowledge the limitations of our approach and analysis,
and suggest new research directions to fill key gaps in our
understanding of the potential to diversify farming systems for
adaptive capacity.

Simplifying Farming Systems Leads to
Narrow and Brittle Adaptive Capacity
Stressors and shocks of various kinds will force farmmanagement
responses that, under current structural conditions, are likely

to further simplify farming systems via greater reliance on
proprietary capital-intensive inputs and concentrated markets.
As noted earlier, while the majority of farms will struggle
to survive, some well-capitalized farms will likely prosper
under these conditions. Yet even those limited benefits may
be vulnerable as the triple threat intensifies. At the system
level, across our five cases we observe that the intensity of
stressors and the magnitude of potential shocks increase as farms
become locked-in to simplifying pathways of production that are
expected to hold constant across space and time.
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As the five cases highlighted, although simplifying pathways
may appear to increase adaptive capacity to field-level shocks or
stressors when those problems are considered in isolation, they
often prove to be brittle responses to the complex and intersecting
challenges of the Anthropocene. Simplification strategies can
sometimes “resolve” field-level challenges and stabilize yields
of specific crops under a narrow set of predictable conditions
(Swift et al., 2004). However, these fixes may be prone to sudden
catastrophic failure, inasmuch as when they break, they break
big. For example, when the food safety system does experience
a local lapse in control, and some pathogenic contamination is
able to enter the supply chain, the combination of centralized
processing and long-distance distribution can send the entire
system into shock, i.e., a pathogen outbreak (section Living
With Foodborne Pathogens). As another example, farmland
financialization may improve irrigation infrastructure that can
boost yields on marginal land in the short term, or allow for
planting high-value perennial crops, but those gains will fade
as climate change brings multi-year droughts unprecedented in
modern times, leading to depletion of groundwater resources
and increased soil salinity (sections Weathering Drought and
Farming Marginal Land). Regional stressors like droughts and
labor shortages can also cause synchronized production shocks
that destabilize entiremarkets, especially when farms specialize in
only a handful of commodities and supply chains (Table 2). With
sufficient access to capital and institutional support structures,
simplified farms can respond to singular stressors or shocks in
isolation. A few well-resourced farms may, for example, be able
to track market trends closely and quickly replace low-demand
crops with high-demand/value alternatives, as some produce
growers have done in response to shifting consumer demands
in the COVID-19 pandemic (Yaffe-Bellany and Corkery, 2020).
Yet the COVID-19 pandemic has highlighted how brittle our
current food system is. Supply chains have broken under the
strain of rapid consumer and labor shifts, forcing dairy farmers
to dump their milk down the drain, meat producers to cull
animals when the only facilities that can process their products
shut down, produce farmers to let their crops rot in the
field, and farmworkers to face the impossible choice between
unemployment (and financial ruin) and risking life-threatening
illness on the job (Ransom et al., 2020). In summary, apparent
gains through simplification represent a form of temporary and
“highly optimized tolerance” that makes the system inflexible to
novel or compounded stressors and shocks (Janssen et al., 2007).

The kind of adaptive capacity pursued through simplification
is also narrow, in two senses. First, by focusing on maximizing
production of a limited number of commodities by fewer and
fewer firms, simplification narrows the range of ecological and
social functions sought to be preserved through adaptation,
in part because they are not prioritized in the first place
(Kloppenburg, 2005; Khoury et al., 2014; Montenegro de
Wit, 2017b; Howard, 2020). Planting a single high-yielding
and drought-tolerant patented crop variety, for example, may
increase yields during a moderate drought, but fail during
more severe droughts or other extreme weather (e.g., floods or
high winds) in the absence of other adaptive practices (section
Weathering Drought). Second, the benefits of simplification

accrue to a narrow slice of people—a privileged minority—
while production risks associated with simplification are often
externalized into the public sphere through programs like
commodity price supports and subsidized crop insurance
(Graddy-Lovelace and Diamond, 2017), and onto the bodies
of farmworkers and low-income and majority-black-and-brown
communities who are disproportionately exposed to dangerous
work and pollutants (Harrison, 2006; Fleischman and Franklin,
2017). For instance, the capacity for market flexibility following
COVID-19 mentioned above does not account for farmworker
health risks as an externality (Chang and Holmes, 2020). In
general, the narrowing of adaptive responses leads to further
inequity in distributions of benefits and burdens as, in the
earlier example of patented drought-tolerant varieties, owners
of the germplasm, land, and other inputs profit while farmers
and farmworkers bear the burdens of risks like harvest failures
(section Dignifying Labor).

Our cases show that a rigid social hierarchy exacerbates
exploitation and produces further externalities (section
Dignifying Labor), centralized regulatory systems
disproportionately burden small scale agriculturalists (section
Living With Foodborne Pathogens), and an inflexible property
regime leads to gradual consolidation of land over time, cutting
off access to socioeconomically disadvantaged agriculturalists
(sections Farming Marginal Land and Enhancing Land Access
and Tenure). In sum, fewer people benefit in fewer ways from
the kind of narrow adaptive capacity that emerges through
further simplification.

That simplifying processes produce narrow and brittle
adaptive capacity is borne out by mounting evidence that
agricultural simplification itself is a major cause of the
Anthropocene triple threat. As long as the underlying structural
paradigms of our dominant global food system persist, without
specific attention to the processes by which they meet their
goals of “incentivizing and enabling intensification” (Campbell
et al., 2014), these approaches portend further entrenchment of
simplified agriculture. Additionally, simplified farming systems
must be homogenous over large spatial and temporal scales to
allow for standardization, which leads to greater agroecosystem
sensitivity to environmental stressors (Lobell et al., 2014;
Ortiz-Bobea et al., 2018; Renard and Tilman, 2019). To the
extent that “diversity and redundancy are an insurance against
uncertainty and surprise,” simplification not only exacerbates
climate change and biodiversity loss, but also impairs effective
responses to these stressors (Darnhofer et al., 2010). Moving
toward further simplification in reaction to these challenges will
likely undermine the processes by which a more sustainable and
equitable adaptive capacity to the triple threat could emerge.

Diversifying Farming Systems Leads to
Broad and Nimble Adaptive Capacity
We also asked specifically how diversifying processes might
promote sustainability and equity across multiple levels, scales,
and functions simultaneously. Our cases show that pursuing
diversification pathways through multiple social and ecological
domains can lead to a virtuous cycle in which multiple
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beneficial qualities can emerge. The cycle, however, will only
‘turn well’ when multiple dimensions grow together and
interact, i.e., progress along only one or two dimensions
will not be sufficient to create these properties (Figure 3).
For example, while adopting diversifying agroecological field
management practices can increase resilience to climate shocks
and stressors at the farm scale, that adaptation alone cannot
defuse global threats or build systemic adaptive capacity
(Holt-Giménez et al., 2021). Diversifying farming systems
can support the emergence of a broader, more robust,
sustainable, and equitable adaptive capacity. Adaptive capacity
that emerges from diversifying farming systems can enable
nimble responses to a broad spectrum of possible, even
not-yet-imagined, stressors and shocks. Instead of locking
farming systems into pernicious cycles that reproduce social
and ecological externalities, systemic commitment to social
equity and ecological sustainability becomes the self-reinforcing
conditions from which adaptive capacity emerges. Greater social
equity leads to better balance between the priorities of privileged
and vulnerable populations (reducing social externalities), while
ecologically sustainable management seeks balance between
present and future needs (reducing environmental externalities).
Both equity and sustainability bolster the capacity to recognize
localized stressors early, enabling more rapid and precise
reallocation of resources and expertise to mitigate those
stressors before they amplify into systemic shocks. Equity and
sustainability are thus both prerequisite conditions for high
adaptive capacity in farming systems, and our cases suggest that
both qualities can emerge from diversifying processes.

The ability to envision and prioritize multiple goals appears
across our cases as an essential condition for diversification.
It is critical to value farming system functions beyond
maximizing yield and profit to include conserving biodiversity,
supporting community vitality, strengthening food security and
sovereignty, enhancing justice and equity, and increasing non-
commodity ecosystem services to and from agriculture (Maier
and Shobayashi, 2001; Van Huylenbroeck et al., 2007; Renting
et al., 2009). Agriculture can, and should, support a wide range
of benefits. Multifunctional agricultural systems emphasize social
and environmental values and components of farming activities
beyond private or individual values. Intentionally promoting
multiple and accessible functions facilitates the emergence of
system properties that underlie adaptive capacity. For instance,
when diversifying practices adopted at landscape scales promote
soil-based ecosystem services like water capture and storage,
agroecosystems can better cope with droughts and more farmers
can access this benefit. Furthermore, adaptive capacity may itself
be an explicit goal, either as a generic proactive preparation for
uncertain future challenges or as a specific catalyzing agent for
other goals, such as conserving biodiversity amidst increasingly
forceful food safety pressures.

Whether in response to crisis, slow-simmering changes
in consciousness, shifting social-ecological circumstances, or
other triggers, when decision-makers and farmers recognize
and act on multiple goals they often take diversification steps
across ecological, social, and economic dimensions (Atwell
et al., 2009; Carlisle, 2014; Roesch-McNally et al., 2018).
Although structural forces and macro-scale factors still constrain

adaptation (Stuart andGillon, 2013; Roesch-McNally et al., 2018),
the resulting diversification creates options and flexibility in
responding to stressors and shocks, spreads risks, and increases
response diversity—all of which facilitate the emergence of
adaptive capacity.

Balancing the pursuit of multiple goals requires an inclusive
process for active dialogue and iterative negotiation among
diverse and potentially diverging perspectives. For example,
dignifying farm labor will not be achieved through ecological
diversification alone, but also requires reconfiguring hierarchical
relationships among workers, managers, and owners.
Conceptualizing social-ecological function to encompass
multiple provisioning and service goals simultaneously not only
widens the scope of potential solutions and the set of metrics
by which to evaluate those solutions (International Panel of
Experts on Sustainable Food Systems, 2016), but also allows for
redistributing decision-making power, agency, and voices from
owners and managers to frontline workers.

The levels at which stressors and shocks first manifest or can
best be managed—such as regional labor markets or climates—
do not align with a hierarchical understanding of farmers as
individual actors, or even actors subject to hierarchical relations
of power such as landowner vs. renter, farm manager vs. worker,
or individuals vs. states or institutions. For example, drought is
often felt at a regional scale while groundwater recharge is best
managed at a watershed or landscape scale. Farmworkers may
have more direct contact with changing field conditions, but may
not have the authority to make timely management decisions.
Additionally, rigid hierarchies also manifest in social networks
that can be exclusionary, protecting static notions of culture
and antiquated management norms (Naranjo, 2012; Bidwell
et al., 2013; Davidson, 2016). Rigid hierarchies therefore limit
system adaptation to specific levels with little recognition that
farming systems are deeply interconnected through biophysical
and socioeconomic ties. Instead, farming systems require a high
degree of coordination and cooperation across levels in order for
adaptive capacity to emerge.

Systemic diversification may provide a pathway to iteratively
dismantle the lock-ins that perpetuate simplification and
associated hierarchy. Greater biological diversity and access to
more diverse and redundant market channels and community
connections, for example, equips agricultural actors with
management options to nimbly navigate through stressors like
droughts or supply chain disruptions from foodborne pathogens
or pandemics. Moreover, a dynamic operation may better attract
skilled workers, who then add their human capital to further
bolster its adaptive capacity. In contrast to the rigid hierarchies
characteristic of simplifying pathways, our cases suggest that
adaptive capacity can be facilitated by empowering people
and enhancing ecosystem functionality to proactively distribute
resources and knowledge where needed and nimbly respond to
changing circumstances.

Challenges and Opportunities That Arise
With Diversification
While our cases highlight a broad range of diversifying
opportunities, they also reveal tradeoffs, limitations,
complexities, and uncertainties that can manifest through
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diversifying farming systems, as well as the unexpected
opportunities that can be harnessed from change. One important
limitation is that enhancing ecological diversity alone is
insufficient to promote sustainable and equitable adaptive
capacity. Ecological diversification cannot be practiced widely
without addressing the environmental, cultural, political,
economic, institutional, and technological factors that constrain
farmers’ capacity to diversify at the farm level. Examples of these
factors from our cases include the ubiquity of access to labor,
land, and markets in mediating farmers’ capacity to increase crop
diversity or substitute on-farm ecosystem services for external
capital-intensive inputs (e.g., sections Weathering Drought and
Farming Marginal Land). Our cases demonstrate how building
adaptive capacity requires diversifying processes across all of
these dimensions—from diverse institutional arrangements
to better manage foodborne pathogens (section Living With
Foodborne Pathogens), to increasing land access and tenure for
new entry farmers (section Enhancing Land Access and Tenure),
to diversifying open-source technologies and broadening who is
considered a holder of knowledge to enhance marginal lands and
protect cultural landscapes (section Farming Marginal Land).

Diversification as a general strategy across these many
dimensions seems to face a “chicken-and-egg” dilemma: no single
diversifying step definitively comes first. Rather many steps likely
need to be made iteratively and in concert with one another
(Figure 3); otherwise, diversifying along one dimension may
pose a tradeoff with another dimension. For example, increasing
crop diversity in the absence of reforms for farmworker
protection and compensation may actually further entrench
hierarchical and exploitative labor relations (section Dignifying
Labor). On the other hand, this lack of clearly ordered steps
may open many entry points for farmers and other decision-
makers to begin diversifying from any starting point and
along any dimension, no matter how simplified their farming
system is to begin with (Figure 3). We see a pressing need
to consider opportunities for structurally diversifying farming
systems, such as the nested regulatory system suggested for
enhancing adaptive capacity to foodborne pathogens or supply
chain flexibility in demand and distribution to better absorb
the harmful economic impacts of drought events (Table 2 and
Appendix 1). Opportunities for local diversification exists, but
will require systemic support from higher levels to reach their full
potential to enhance sustainable and equitable adaptive capacity.

Another challenge arises from the complexity that
diversification intentionally introduces into agri-food systems.
As the complexity of a system increases, so does uncertainty
about the specific outcome of any given event (e.g., a decision or
disturbance), especially at fine-grained resolution. Furthermore,
stochasticity, non-linearities, and surprises increase- despite our
increased ability to use complex models- the ability to apply
mechanistic thinking decreases (Preiser et al., 2018). Complex
adaptive systems also tend toward dynamic equilibria, suggesting
that rather than seeking persistent adherence to a desired
state, adaptive capacity more humbly seeks ephemeral balance
points that are ever-changing or fluctuating (Gunderson and
Holling, 2001; Allen et al., 2014). Adaptively managing complex
systems also means tolerating uncertainty and accepting a loss of

short-term, precise control in favor of long-term, “fuzzy” stability
in realizing system goals. Whether a community is responding
to unfair labor conditions, a farmer to a severe weather event,
or lawmakers to new disease ecologies, every adaptive “solution”
is contingent, provisional, and temporary, subject to change
as circumstances shift, dialogue progresses, and new insights
are learned. When the outcomes of an action are unknown
or uncertain, cycles of targeted experimentation, observation,
learning, reflecting, and adjustment are key (Allen et al., 2011),
as are participatory conversations that more fully represent the
range of ways to frame problems and solutions and weigh the
potential distribution of burdens and benefits (Jasanoff, 2003).

In our cases, farmers face ongoing challenges to balance on-
farm biodiversity with the potential transmission of pathogens
onto growing crops (section Living With Foodborne Pathogens),
work to improve land and ecosystem resilience on marginal
lands while maintaining production that supports livelihoods
(section Farming Marginal Land), and manage labor shortages
while addressing more labor-intensive practices associated with
ecologically based farming practices (section Dignifying Labor).
Adaptive capacity therefore does not aim to “fix problems” that
farmers face, but to enable self-organization such that farming
systems minimize challenges to begin with and can functionally
persist, and even improve, through change (Vandermeer
and Perfecto, 2017). For example, diversifying pathways for
weathering drought —e.g., soil management practices that
improve water capture and storage— do not immediately deliver
water when a drought occurs, but if these field management
practices are in place and supported by secure land tenure,
diverse markets, and workers valued for their knowledge, the
farm will likely be less negatively impacted by drought and may
even be able to harness new cropping ormarketing opportunities.

Knowledge Gaps and Future Research
Directions
Scholars, practitioners, and policy makers can use the conceptual
framework presented in this article (Figure 3) to describe,
evaluate, and guide efforts to diversify farming systems in order to
enhance their adaptive capacity. We identified research needs for
each case presented (Appendix 1), which articles in this special
issue begin to address. We invite future research that utilizes
our framework, and tests its utility, in assessing how diversifying
farming systems can nurture adaptive capacity to climate change,
biodiversity loss, and food insecurity, as well as novel shocks
and stressors. The COVID-19 pandemic, for example, is already
transforming long-standing challenges such as labor shortages
and exacerbating systemic threats like global food insecurity.

Many questions remain about potential institutional,
market, and policy reforms that could increase adaptive
capacity by diversifying farming systems while also promoting
equity and sustainability. Case studies and comparisons of
policy instruments, legal tools, and equitable decision-making
structures can, for example, help us understand the conditions
under which diversification can be pursued or continued on
marginal lands without compromising resource-poor farmers
or sensitive ecosystem needs (section Farming Marginal Land).
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Likewise, exploring how to de-silo the US food safety regulatory
regime would enable situating food safety goals within a broader
governing framework for just and healthy food systems (section
Living With Foodborne Pathogens). Studies that explore how
to manage landscapes collectively are crucial to promoting the
emergence of adaptive capacity at the landscape and community
levels (section Enhancing Land Access and Tenure).

Future work that is situated in specific social and ecological
contexts, including research outside the US, can highlight
opportunities for public policy and social movements to
incentivize and increase adaptive capacity by diversifying
farming systems. For example, empirical studies that document
how soil improvements made through diversified farming
practices affect drought responses will need to consider a myriad
of environmental, social, and economic factors to understand
context-specific tradeoffs, leverage synergies, and mitigate risks
(section Weathering Drought). To assess whether agricultural
diversification reduces or enhances adaptive capacity in the case
of farm labor, researchmust grapple with considerable agronomic
and socioeconomic heterogeneity (section Dignifying Labor).
The challenge of land access and tenure highlights the need
for regionally contextualized understandings of who has the
power to implement diversifying land management pathways
(see Calo, 2020, in this special issue). Geographies outside the US,
for example, illustrate a wide variety of socio-legal land tenure
contexts, such as communal lands and sovereign sub-territories,
that demand analysis beyond landlord-tenant dynamics (section
Enhancing Land Access and Tenure).

Diversifying farming systems and building adaptive capacity
requires promoting diversity in scholars and scholarship. This
“thickening” of the legitimacy of agroecological knowledge
must include work conducted by people and in ways not
generally recognized as conventional scientists and science
(Montenegro de Wit and Iles, 2016). Diverse knowledge
bearers and ways of knowing (Haraway, 1988) invite more
collaborative, transdisciplinary, and participatory research
(Méndez et al., 2013) that can “take better account of the
world” in particular times and places (Fortmann, 2008)—a
prerequisite for context-specific diversification pathways that
can build real-world equitable and sustainable adaptive capacity.
Applied, participatory agroecological research is necessary to, for
example, identify key drought-related issues, find innovative and
appropriate practices, and select species that are context-specific
in their ability to tolerate and alleviate drought stress (section
Weathering Drought). Employing our conceptual framework,
future research on farm labor should, for example, include
perspectives from people who work on farms in the process of
appropriately scaling and co-designing technologies that support
diversification while also protecting farmworkers by alleviating
physically dangerous work (section Dignifying Labor).

A diversifying farming systems research agenda must also
analyze the institutionalized and entrenched power hierarchies
that limit the potential for diversification strategies to benefit
food and farm workers as well as environments. This includes
interrogating legacies within our own research institutions
that have facilitated simplification, from the expropriation
of Indigenous land (Lee and Atone, 2020) to ongoing

privatization of public resources and knowledge (Hightower,
1972; Kloppenburg, 2005). Research and development that
encourages simplifying pathways dominate our public and
private institutions, at least in the United States, leaving
diversifying pathways largely sidelined and ignored (Miles et al.,
2017). Limited resources to conduct sustainable agriculture
research remains a significant obstacle to addressing the gaps
outlined in this article (DeLonge et al., 2020). Research is
needed to understand precisely how to shift resources and energy
away from simplifying and toward diversifying farming systems
simultaneously in both our research institutions and the broader
agri-food system in ways that support actors in the process of
transitioning pathways (see, for example, sections Living With
Foodborne Pathogens and Weathering Drought).

Our conceptual framework highlights the conditions
under which farming systems can cultivate forms of adaptive
capacity with qualities congruent with principles of equity
and sustainability. Future studies should also consider how
diversifying farming systems and emergent adaptive capacity
can resist market capture and dilution, learning from past
efforts in organics (Guthman, 2004) and fair trade (Jaffee, 2014).
Simultaneously, there may be transition opportunities for those
who employ diversifying farming systems practices (such as
agroforestry or cover cropping) to benefit from market-based
funding mechanisms, like payment for ecosystem services
programs or market premiums. Identifying inflection points
when diversifying farming systems can overcome barriers, even
turning them into opportunities, in response to global change
will continue to be important for moving on a pathway toward
a more just, sustainable, and agroecological food system that
benefits a broad range of actors.

Limitations of Framework
We have outlined a descriptive framework to appraise agri-food
system challenges, impacts of the Anthropocene triple threat,
and the potential for sustainable and equitable adaptive capacity
to emerge from diversifying farming systems. This framework
can provide the foundation for developing future analytical
and intervention-oriented tools to facilitate the emergence of
adaptive capacity through diversification. The complexity and
heterogeneity that arises from diversification, which is so crucial
to adaptive capacity, complicates efforts to model or predict
how these systems respond to global threats (Morton, 2007).
This framework is not intended to specify precisely what should
be analyzed or define the units of analysis. These points will
need to be developed for each context-specific study before
comparisons, evaluations, experiments, interventions, or other
research processes are pursued in future work. While this
is certainly a limitation of this paper, it is so by design—
diversification and adaptation to context are also foundational
processes in the type of reflexive research needed to diversify
farming systems.

Most participants in this group conduct research in the
United States and other high-income country contexts, and only
a few of us have direct experience as farmers or practitioners.
Most of our specific cases are situated in particular US contexts,
with some resonant global examples used. We invite future work
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exploring the emergence of adaptive capacity from diversifying
farming systems and the applicability of the framework to
other contexts. Recognizing that these biases limit the scope
of our assessments, we recommend that future work in this
area seek to represent a broader and more inclusive range
of interdisciplinary knowledge, multi-stakeholder expertise, and
social network innovation and exchange within situated local
contexts (Iles and Marsh, 2012).

CONCLUSION

Rather than fixed states, diversification and simplification are
ongoing and iterative adaptation pathways in farming systems.
Building on this conceptual extension, we presented a novel
framework that integrates social and ecological systems to
analyze the properties of adaptive capacity that emerge through
simplifying as opposed to diversifying pathways. Applying our
framework to five distinct cases of stressors in the agri-food
system, we have found that:

1. Simplifying processes, though high performing under
narrow metrics of productivity, lead toward a narrow and
brittle adaptive capacity marked by exacerbated long-term
vulnerability to the triple threat of climate change, biodiversity
loss, and food insecurity.

2. Diversifying processes, though their benefits may not accrue
directly or immediately, lead toward broad and nimble
adaptive capacity marked by long-term and equitably
distributed resilience to the shocks and stresses emanating
from the triple threat.

3. Both simplifying and diversifying processes are
self-reinforcing, forming “vicious” or “virtuous”
cycles, respectively.

4. Diversifying farming systems means pursuing multiple goals
in concert across multiple levels and domains simultaneously
(ecological, structural, social, cultural, economic, etc.) with
attention to potential tradeoffs.

5. Diversifying farming systems offers a pathway to embrace
complexity and uncertainty, which is particularly useful in
times of global shocks (e.g., pandemic) and change (e.g.,
long-term droughts).

Diversifying farming systems provides opportunities to
increase adaptive capacity in various ways—including via
different processes, magnitudes, and rates of adoption—that
are ecologically and culturally appropriate to their specific
environmental, social, political, and market contexts. The
framework we have outlined invites ongoing participation of
individuals, communities, and institutions—irrespective of
scale or starting point—to evaluate and enhance the qualities
of adaptive capacity that emerge from divergent adaptation
pathways in farming systems. Understood as an ongoing process,

diversifying pathways can be an inclusive space to “call in”
producers, policy makers, and other actors to take steps toward
enhancing adaptive capacity to pressing global threats. We hope
that diversifying farming systems to increase adaptive capacity
can help build a more representative coalition of farmers and
support emancipatory agroecology movements, adding to the
well-developed scholarship and practice of agroecology.
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