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• We examine the meaning of diversifica
tion according to agricultural stake
holders with a focus on the U.S. Corn 
Belt.

• Data from farmer focus groups and sur
veys are compared to academic and grey 
literature.

• Diversification encompasses biological, 
economic, human, values, and cognitive 
dimensions.

• We provide a framework for conceptu
alizing agricultural diversification for 
future efforts.
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A B S T R A C T

CONTEXT: Diversification of agricultural production has been proposed to address interrelated social, ecological, 
and economic challenges. However, definitions of agricultural diversification vary, and there has been negligible 
research documenting what farmers consider to be diversification.
A shared understanding of agricultural diversification is needed to create common goals and support policies and 
programs that incorporate the vision of the agriculture community.
OBJECTIVE: We examine the meaning of agricultural diversification according to agricultural stakeholders with a 
focus on the U.S. Corn Belt.
METHODS: Data on farmer understandings of diversification from focus groups (n = 20 groups) and a survey (n 
= 725 respondents) across the U.S. states of Iowa, Illinois, and Indiana are compared to 1) a review of definitions 
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of agricultural diversification found in academic and grey literature and 2) a definition created by a team of 
academics, Extension, and non-governmental professionals.
RESULTS And CONCLUSION: Five dimensions of agricultural diversity emerged: biological, economic, human, 
values, and cognitive. Across sources, diversification is typically discussed in biological and economic terms. 
Some sources mention values of conservation or sustainability as components of agricultural diversification and 
relatively fewer identify human dimensions. While the cognitive dimension of diversification did not emerge in 
the literature review, it was mentioned frequently by focus group participants.
SIGNIFICANCE: We provide a framework for understanding agricultural diversification and propose future efforts 
in this area define how the term is used across each of the five dimensions. Future outreach activities can 
leverage aspects of diversification that are compelling and achievable to farmers.

1. Introduction

In less than one hundred years across much of the world, the intro
duction of modern agriculture has resulted in the specialized production 
of a handful of high yielding crops and the loss of biodiversity in agri
cultural systems. Synthetic fertilizers, pesticides, high yielding varieties, 
mechanization, and subsidies for a select few commodities have allowed 
farmers to substitute rotational diversity in the short-term for increased 
productivity (Perfecto, 2009; Vandermeer, 2018). While highly efficient 
by the metric of yield per unit of land area, the cultivation of fewer crop 
species has generated profound negative impacts on the natural envi
ronment, while lowering economic and ecological resilience of farmers 
and rural communities (Rasmussen et al., 2024).

The decline in agricultural diversity has been especially marked in 
the Corn Belt region of the U.S. where, starting in the second half of the 
20th century, corn (Zea mays L.) and soybeans (Glycine max [L.] Merr.) 
began to dominate agriculturally managed land in the region (Sulc and 
Tracy, 2007). Though corn was always prominent under European 
settlement—to the extent that the region was known as the “Corn Belt” 
by the 1820s (Bogue, 1968)—agriculture on these highly fertile soils had 
traditionally consisted of a mix of small grains, forages, and tubers as 
well as diverse livestock species (Bogue, 1968). By the 1920's, produc
tion of corn alongside its new companion in 
rotations—soybeans—began to soar, often at the expense of other field 
crops, and the region became the largest producer of corn and soybeans 
in the North American continent (USDA NASS, 2022; Warntz, 1957). 
The U.S. is now the world's largest exporter of corn and is responsible for 
nearly one-third of global corn and soybean grain production (Wang 
et al., 2020).

The simplified, spatially decoupled, and highly productive crop and 
livestock production systems have multiple external and internal costs, 
most notably compromised water quality from local (e.g., drinking 
wells) (Richards et al., 1996) to continental scales (e.g., costal dead 
zones) (Rabalais and Turner, 2019; Diaz and Rosenberg, 2008); loss of 
wetlands and grasslands that support biodiversity and environmental 
quality (Wright and Wimberly, 2013); lower air quality (Paulot et al., 
2014; Luo et al., 2022), increased anthropogenic nitrous oxide (N2O) 
emissions (Lin, 2011; Lawrence et al., 2021); economic and ecological 
vulnerability to shocks and stresses (Abson, 2019); soil erosion that has 
reduced crop yields (Thaler et al., 2021) and will impact future crop 
productivity (Kwang et al., 2023); decreased food security (Crossley 
et al., 2021); and poor nutritional and health outcomes from a concen
tration on energy-dense cereal and oil crops (FAO, 2019; Khoury et al., 
2014). Simplification and spatially segregated crop and livestock pro
duction have led, globally, to “some of the world's most pressing sus
tainability challenges” (Garrett et al., 2020, p. 1).

The societal and environmental impacts of the loss of biodiversity in 
agricultural landscapes, often referred to as agrobiodiversity (Jackson 
et al., 2007), has spurred much discussion and research over the last 
several decades to identify means to re-diversify for greater functionality 
and resilience (Zimmerer and de Haan, 2017). A growing field of 
research has noted the impacts of input-intensive, monoculture pro
duction of crops and livestock and the potential benefits of more 
diversified farms and landscapes (Dainese et al., 2019; Tamburini et al., 

2020). More biologically diverse farming systems can build greater 
resilience to pests and disease (Guinet et al., 2023; Peralta et al., 2018) 
and protect against climate fluctuations while building healthier soils 
through biological processes (Lin, 2011). Farmers can benefit econom
ically from agricultural diversification through greater yield stability 
(Gaudin et al., 2015), increased yields (Bowles et al., 2020; Cardinale 
et al., 2012), spreading income throughout the year (Hendrickson and 
James, 2005), and similar or in some cases higher net profitability 
(Davis et al., 2012).

Due to these benefits, there has been increasing interest in agricul
tural diversification both conceptually and in practice. As one example, 
Scopus indicates that use of the term “agricultural diversification” in 
published literature increased significantly beginning in the early 2000s 
(Scopus, 2025). Despite this increasing focus on diversification or re- 
diversification as a means to address many of the core challenges fac
ing agriculture, there is no shared understanding of what diversification 
means across the perspectives of various stakeholders in agriculture, 
noted in several studies (Barbieri et al., 2008; Hufnagel et al., 2020; 
Nickerson et al., 2001).

While it is clear what diversification is not—simplified production of 
crops and livestock—“there is no single template” for diversification 
(Berkley Food Institute, 2026) and definitions vary across academic and 
grey literatures. Perhaps more importantly, there has been no formal 
research documenting what farmers themselves consider to be diversi
fication until a recent study in Tasmania (Tacconi et al., 2024) where 
authors documented what farmers conceived to be diversity at the farm- 
scale. The lack of a single, universal definition for agricultural diversi
fication likely stems from the diverse realities and motivations of indi
vidual farmers and perspectives of agricultural practitioners. The fact 
that every farm operates within a unique set of circumstances (e.g., 
scale, location, environmental conditions, existing skills, market op
portunities, farmers' goals) influences how a farmer defines and ap
proaches diversification. Non-farming agricultural practitioners may 
also have differing visions of what a diverse agricultural landscape looks 
like according to how they believe diversification relates to social, 
economic, and environmental goals.

Taken together, we believe a shared understanding of the varied 
conceptualizations of agricultural diversification is both necessary and 
timely. Understanding what we mean by “agricultural diversification” as 
a global community of farmers, academics, agricultural professionals, 
and advocates can help create shared goals and common pathways to
wards agricultural diversification. In particular, understanding what 
farmers consider to be agricultural diversification can ensure educators 
and outreach professionals use terms and conceptualizations of diversity 
that resonate with farmers (e.g., Revoyron et al., 2022), increasing 
effectiveness of outreach and engagement while guiding research on 
technical obstacles and opportunities for diversification. Lastly, a 
comprehensive understanding of the many facets of agricultural diver
sification can support policies and programs that incorporate the vision 
of the agriculture community.

This research addresses these needs by examining the following 
research questions:

1) How do farmers in the U.S. Corn Belt (specifically Indiana, Illinois, 
and Iowa) define agricultural diversification?;
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2) How do Corn Belt farmers' understandings of agricultural diver
sification align or misalign with the definitions typically employed by 
academics, non-governmental organizations (NGOs), intergovernmental 
organizations, and governmental agencies; and,

3) What are the implications of similarities and differences in defi
nitions of agricultural diversification for research and outreach 
activities?

In the following sections, we describe each phase of our work to 
answer these questions. In the first phase, we categorized definitions of 
agricultural diversification from the academic literature, in publications 
from NGOs, and from agricultural-related governmental and intergov
ernmental entities. We then describe our preliminary framework of 
agricultural diversification created through a large-scale interdisci
plinary project funded by United States Department of Agriculture Na
tional Institute for Food and Agriculture (USDA NIFA) called the Diverse 
Corn Belt through which the authors are involved. Qualitative and 
quantitative data collected as part of the Diverse Corn Belt project are 
then used to characterize farmers' perspectives on definitions of agri
cultural diversification in three states in the heart of the U.S. Corn Belt: 
Illinois, Indiana, and Iowa. These data broaden understandings of 
diversification beyond what is found in the existing literature. Next, we 
discuss and compare the multiple understandings of diversification 
(literature, our own preliminary model that guided our project, and 
those of farmers), finding commonalities and areas of disagreement. We 
then present a final framework and suggestions for shared language 
across stakeholders (farmers, academics, NGOs, governmental and 
intergovernmental organizations) moving forward. We conclude with 
thoughts on next steps for research and outreach in this area.

2. Literature review

2.1. Literature review methods

Through an expert literature review conducted by our interdisci
plinary research team of social scientists, economists, and biophysical 
scientists, we describe how agricultural diversification is defined in 
relevant literatures and resources. This literature review was intended to 
be representative but not exhaustive. While it was not a systematic re
view, it was a more formalized process than typical literature reviews 
and therefore methods are briefly described.

In an effort to bring together a broad understanding of the concept 
across varied literatures, agricultural diversification for the purposes of 
this paper is encompassing of terms such as “agricultural diversity”, 
“farm diversity”, and “diversity in agriculture”. In addition to expert 
identification of important papers defining these terms, a literature 
search was conducted from May to June of 2024. Through this combined 
process, we identified 47 relevant sources. For academic literature, 
searches were conducted in Scopus, Web of Science, Google Scholar, and 
Google using the search terms (“agricultural diversification” OR “agri
cultural diversity”) AND (“definition” OR “meaning”). We did not limit 
the search by particular years or geographic area. For grey literature 
composed of NGO, intergovernmental, and governmental sources, we 
conducted targeted searches of materials on websites of known agri
cultural NGOs and government agencies. We did not limit the search by 
any date range. Due to the geographical context of this paper and its 
focused scope, we included only governmental and NGO sources from 
organizations located in the U.S. Sources were included that mentioned 
a given practice or attribute as a characteristic of agricultural diversi
fication. We did not include aquaculture in the scope of this work and 
focus specifically on land-based agricultural production. We believe the 
works we reviewed are generally encompassing of each dimension we 
developed, as explained below.

2.2. Agricultural diversification according to a review of academic and 
grey literature

Table 1 lists the various practices and attributes, along with example 
references, that have been associated with agricultural diversification by 
sources described above. The ways in which agricultural diversification 
is defined in the context of agricultural landscapes has varied, but we 
identify several key dimensions in which understandings of diversifi
cation typically fall: biological, economic, human, and values. We refer 
to these dimensions throughout the paper to categorize various un
derstandings of diversification across sources.

Diversification in reviewed sources is most frequently discussed in 
biological terms (biological dimension). A widely cited definition of 
agricultural diversification stems from a group of academics in the U.S. 
who identify “a farming system as ‘diversified’ when it intentionally 
includes functional biodiversity1 at multiple spatial and/or temporal 
scales,” (Kremen et al., 2012, p. 44). Researchers in the Diverfarming 
project, a multi-national research consortium including academic and 
industry partners, define crop diversification strategies to include 
intercropping (i.e., growing complementary crops from different fam
ilies simultaneously on the same field), crop rotation (i.e., growing 
complementary crops in sequence over multiple years), and multiple 
cropping (i.e., growing complementary crops in seasonal succession 
within the same year) (Di Bene et al., 2022). Academic definitions 
reviewed share a focus on the role of biological diversity within the 
agricultural landscape to ensure the functioning of healthy and pro
ductive agricultural systems.

In conservation biology, biodiversity is measured across multiple 
scales including genetic, species, ecosystem, and landscape (Walker, 
1992). In the case of agrobiodiversity, it has been similarly defined 
and measured at the genetic, species, and landscape levels. These 
include multiple genetic varieties (e.g., Hammer et al., 2003), multiple 
crop and livestock species (e.g., Johnston et al., 1995), mixed farming 
systems that combine crop and livestock production (e.g., Puech and 
Stark, 2023), and multiple types of land use over space and time (e.g., 
Estrada-Carmona et al., 2022). Some authors also draw distinctions 
between diversity at the field level and the landscape level, and between 
spatial (e.g., intercropping) and temporal (e.g., crop rotation) di
mensions (e.g., Kremen et al., 2012; Renwick et al., 2019; Thornton and 
Herrero, 2014). While species diversity is most commonly discussed in 
broad terms, some sources identify particular practices as characteristic 
of species diversity including cover crops (e.g., Rosa-Schleich et al., 
2019), agroforestry (e.g., Rasmussen et al., 2024), perennial crops (e. 
g., (Kremen et al., 2012), and non-crop vegetation (e.g. Lin, 2011). 
Conservation goals are embedded within much of this literature (e.g., 
Kremen et al., 2012), although some sources explicitly include elements 
of conservation (values dimension) in their definitions including conser
vation of soil and water, and organic agriculture (Rasmussen et al., 
2024; Rosa-Schleich et al., 2019).

Within the realm of economics (economic dimension), agricultural 
diversification, most often referred to as farm diversification, goes 
beyond growing multiple crops in space and time to encompass a stra
tegic shift in farm production aimed at optimizing economic outcomes. 
From an economic standpoint, diversification has been defined most 
commonly in terms of multiple enterprises, also referred to as livelihood 
diversity (e.g., (Barrett et al., 2001; Ilbery et al., 1998; Tacconi et al., 
2022), a strategy used to minimize market risks such as price vola
tility and production risks that impact individual crops or livestock 
differently (Harwood et al., 1999; Mishra et al., 2004). Multiple enter
prises can include diversification of both on- and off-farm income 

1 ‘Functional biodiversity’ refers to the idea that different organisms perform 
different functions, complementing one another in an ecosystem for greater 
stability and resilience to economic and environmental stresses (Petchey and 
Gaston, 2006).
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streams including non-agricultural production enterprises such as 
agrotourism and work for hire off-farm (e.g. (McGehee and Kim, 2004; 
Nickerson et al., 2001).

The reviewed sources from the economics literature distinguish be
tween vertical and horizontal forms of diversification of the farm busi
ness (e.g. Barbieri and Mahoney, 2009; Stevens and Teal, 2024; Tacconi 
et al., 2022). Horizontal diversification focuses on expanding income 
sources within the same production system. Integrating high-value crops 
like fruits, vegetables, or specialty products can lead to greater profit 
margins compared to commodity crops alone (Barbieri and Mahoney, 
2009). Vertical diversification, in contrast, involves expanding across 
different stages of the production chain by integrating up- or down- 
stream income-generating activities such as seed production, process
ing of agricultural crops, and marketing. Within up-stream integration is 
another form of diversification defined as “adding value” to the farm 
operation by processing or packaging agricultural products on the farm 
and capturing more of the value of the product before it leaves the farm- 
gate (Barbieri et al., 2008; Thornton and Herrero, 2014).

Some sources bring in social elements to defining diversification 
including human diversity and equity (human and values dimensions). 
Acknowledging the interconnectedness of ecological and human di
versity, the National Sustainable Agriculture Coalition NSAC (2023)
states: “A reference to diversification is fundamentally a reference to 
restoring the ecosystem function of farmland by allowing living organ
isms to reclaim roles that beginning in the mid-20th century have been 
assigned largely to synthetic chemicals or machines in conventional 
farming. However, as with all social-ecological systems, change in any 
part of the system necessarily requires or causes change in other parts of 
the system. Thus, diversification also relates to changing the function of 
the human elements of the system.” An opinion piece by the president of 
the New York Farm Bureau (Fisher, 2021) broadens the human dimen
sion of agricultural diversification by suggesting that diversity in agri
culture can include farmers of different ages, genders, and ethnicities. 
NSAC (2023), as well as Demongeot et al. (2024), suggest that crop 
diversity necessitates more equitable access to land, especially for small- 
and mid-scale diversified farmers (values dimension).

2.3. Conceptualizing agricultural diversification according to the Diverse 
Corn Belt team

The Diverse Corn Belt is a USDA NIFA-funded multi-institutional and 
transdisciplinary project focusing research, extension, and education 
efforts towards diversification beyond corn and soybeans in the U.S. 
Corn Belt. The group is comprised of academics, extension professionals, 
and practitioners working in research, extension, and education in 

Table 1 
Meaning of agricultural diversification in academic literature, NGO and inter
governmental organizations, and governmental agencies working in agriculture.

Diversification practice/attribute Examples of work supporting practice/ 
attributes in agricultural diversification 
definition (+academic, ++NGO and 
intergovernmental, +++governmental)

Dimension of Agricultural Diversification: Biological
Multiple genetic varieties of crops and/ 

or livestock
+ Hammer et al., 2003; Isbell et al., 
2017; Jackson et al., 2007; Kremen and 
Miles, 2012; Tacconi et al., 2024, 
Tacconi et al., 2022; Thornton and 
Herrero, 2014
++FAO, 2019; IPES-Food, 2016
+++Janowiak et al., 2016

Multiple species of crops grown together 
spatially within a field—diversity in 
space

+ Carlisle et al., 2022; Corselius et al., 
2003; Gaba et al., 2015; Goslee, 2020; 
Hufnagel et al., 2020; Isbell et al., 2017; 
Kremen and Miles, 2012; Lin, 2011; 
Rosa-Schleich et al., 2019; Spangler 
et al., 2022; Tamburini et al., 2020; 
Tacconi et al., 2024; Thornton and 
Herrero, 2014; Venter et al., 2016
++IPES-Food, 2016

Multiple species of crops grown 
temporally within a 
rotation—diversity in time

+ Gaba et al., 2015; Goslee, 2020; 
Hufnagel et al., 2020; Isbell et al., 2017; 
Kremen and Miles, 2012; Lin, 2011; 
Renwick et al., 2019; Spangler et al., 
2020; Tacconi et al., 2024; Tamburini 
et al., 2020; Thornton and Herrero, 2014
++IPES-Food, 2016; Sustainable Food 
Lab, 2023
+++ Janowiak et al., 2016; USDA ARS, 
2023

Integration of crops and livestock (mixed 
farming systems)

+ Corselius et al., 2003; Kremen et al., 
2012; Puech and Stark, 2023; 
Rasmussen et al., 2024; Rosa-Schleich 
et al., 2019; Spangler et al., 2020; 
Szymczak et al., 2020; Tacconi et al., 
2024, Tacconi et al., 2022
++FAO, 2019; IPES-Food, 2016
+++ Janowiak et al., 2016

Cover cropping + Kremen et al., 2012; Rosa-Schleich 
et al., 2019; Spangler et al., 2022; 
Tacconi et al., 2024
+++ Janowiak et al., 2016

Agroforestry or growing trees and shrubs 
within agricultural spaces (e.g., 
hedgerows, live fences, silvopasture)

+Carlisle et al., 2022; Kremen et al., 
2012; Lin, 2011; Rasmussen et al., 2024; 
Rosa-Schleich et al., 2019; Tacconi et al., 
2024, Tacconi et al., 2022
++ FAO, 2019; Patel-Weynand et al., 
2017
+++ Janowiak et al., 2016

Perennial crops (e.g., fruit and nut trees, 
pasture)

+ Tacconi et al., 2022; Kremen et al., 
2012
+++ Janowiak et al., 2016

Non-crop vegetation within-field (e.g., 
weed strips, prairie strips, buffer 
strips, hedgerows, vegetation banks)

+ Kremen et al., 2012; Lin, 2011; 
Spangler et al., 2022

Multiple types of land use within a 
landscape over space and/or time (e. 
g., fallow fields, pastures, prairies, 
meadows, woodlots)

+ Estrada-Carmona et al., 2022; Huber 
et al., 2020; Kremen et al., 2012; Lin, 
2011; Pfeifer et al., 2009; Spangler et al., 
2022; Tacconi et al., 2024

Dimension of Agricultural Diversification: Values
Conservation (general) + Rosa-Schleich et al., 2019; Spangler 

et al., 2022
++ NSAC, 2023

Soil conservation (e.g., cover crops, 
compost application; reduced tillage)

+ Carlisle et al., 2022; Kremen et al., 
2012; Rasmussen et al., 2024; Rosa- 
Schleich et al., 2019

Water conservation + Rasmussen et al., 2024
Organic agriculture + Lin, 2011; Rosa-Schleich et al., 2019; 

Tacconi et al., 2024
Equitable access to land for diverse 

farmers
+ Demongeot et al., 2024
++ NSAC, 2023

Dimension of Agricultural Diversification: Economic

Table 1 (continued )

Diversification practice/attribute Examples of work supporting practice/ 
attributes in agricultural diversification 
definition (+academic, ++NGO and 
intergovernmental, +++governmental)

Multiple enterprises + Barrett et al., 2001; Bowler et al., 
1996; Ilbery et al., 1998; Lange et al., 
2013; McGehee and Kim, 2004; 
McNally, 2001; Mishra et al., 2004; 
Nguyen et al., 2019; Tacconi et al., 2024, 
Tacconi et al., 2022; Thornton and 
Herrero, 2014
++IPES-Food, 2016
+++ Harwood et al., 1999; Janowiak 
et al., 2016

Value added (e.g., processing/packaging 
farm products)

+ Barbieri et al., 2008; Tacconi et al., 
2024; Thornton and Herrero, 2014

Horizontal or vertical diversification + Barbieri and Mahoney, 2009; Stevens 
and Teal, 2024; Tacconi et al., 2022

Dimension of Agricultural Diversification: Human
Diversity of people (e.g., race, ethnicity, 

gender, farm size)
+ Demongeot et al., 2024
++ Fisher, 2021; NSAC, 2023
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agriculture. Drawing from academic literature and substantial experi
ence working directly with farmers to understand their perspectives on a 
variety of agricultural issues, the team created a preliminary framework 
during funding proposal development for what constitutes agricultural 
diversification in the Corn Belt. The framework was created to guide the 
Diverse Corn Belt project, with the idea to test and add to the working 
definition by conducting a formal study of what agricultural diversifi
cation means to the farmers in the region. The initial result was the 
distinction of diversification at three levels: farm, landscape, and market 
(See Fig. 1). This framework is intended to be refined through an iter
ative and reflexive process, considering the results of research as it be
comes available to shape our understandings of diversification.

At the farm level, we define diversification as alternative farming 
systems that go beyond conservation practices such as using cover crops 
in simplified rotations. At a proposal-writing workshop in 2019, the 
group brainstormed possible future scenarios for the Corn Belt and 
identified key “low hanging fruit” systems including extended rotations 
with three or more crops over a three-year period or longer, energy and 
perennial crops, and forages with livestock. Based on further discus
sions, the group added agroforestry and horticultural production as 
options. Ultimately, the group defined farm level diversification to 
include extended rotations, perennial pasture/forage or perennial 
biomass crops, agroforestry, grazed livestock, and horticultural food 
crops (Fig. 2). Following most definitions of diversified agriculture at the 
farm level, we center the use of multiple species and types of crops and 
livestock. At the market level, we define diversification as a diversity of 
markets for both farmers and consumers and posit that broad adoption 
of diversified practices rests on fostering a diversity of markets that can 
ensure the needs of diverse people are met along the value chain—from 
landowners to farmers to laborers to consolidators to retailers to con
sumers. At the landscape level, we see diversification as the wide-scale 
adoption of alternative farming systems that are climate-smart, reach 
profit, yield, and ecosystem services goals leading to resilient intensifi
cation, and strive towards systems and services that are equitable for 
farmers and rural communities.

3. Methods

The data for this paper were collected through a qualitative/quan
titative mixed-method approach using focus groups and a survey that 
comprise major components of the Diverse Corn Belt project's efforts to 
understand diversification from farmers' perspectives. The focus group 
and survey methods are discussed in detail below.

3.1. Focus groups

Focus groups were conducted with farmers in Indiana, Illinois, and 

Iowa between April 2022 and February 2023. Twenty focus groups were 
conducted—10 in Indiana, five in Illinois, and five in Iowa—with a total 
of 100 participants. We strove to recruit participants based on level of 
diversification in an effort to have the perspectives of both more and less 
diversified farmers represented. Participants were identified through 
local and regional agricultural organizations, an optional sign-up on the 
Diverse Corn Belt website, at agricultural conferences, and through 
personal networks of the Diverse Corn Belt partner organizations. 
Despite our attempts to homogenize each focus group by level of 
diversification, in some instances the focus groups comprised both more 
diversified and more specialized farmers (primarily due to farmer 
availability). As a result, six groups included mostly diversified farmers, 
five groups included mostly less diversified farmers, and nine included a 
mix of diversification levels.

Focus group conversations lasted between one to two hours. Eigh
teen of the focus groups were conducted in-person and two remotely via 
Zoom and telephone. The main question we asked participants relevant 
to this paper was “What does agricultural diversification mean to you?”. 
Other questions included what is and is not working well in the current 
agricultural system in the Corn Belt and what participants see as the 
benefits and downsides of agricultural diversification. For further detail 
on our focus group methodology, see Traldi et al. (2025).

To examine similarities and differences in the way meanings of 
agricultural diversification were discussed by participants, we examined 
how often (by number of coding references, or coded text segments per 
code) each meaning overlapped with other meanings using Nvivo's 
matrix coding query. Overlap is calculated based on coding reference 
similarity, or the extent a coded text segment is double coded, or coded 
to both code a and code b.

3.2. Survey

A mail survey was conducted with a stratified random sample of Il
linois, Indiana, and Iowa farmers in spring 2023. To ensure our sample 
was composed of farmers whose farming operations contribute sub
stantially to household income and because larger farms operate 
disproportionately more acres (USDA NASS, 2024), we included only 
farmers with more than 40 crop acres or, if livestock were present, at 
least 10 head of livestock. The sample stratification was based on (1) 
farm population by state, (2) level of diversification measured by the 
number of crops and livestock, and (3) farm size. State-level propor
tional sampling was based on farm numbers per state provided in the 
Census of Agriculture (USDA NASS, 2019), with Iowa having the highest 
number and Indiana the lowest. To attain proportional representation of 
crop diversification, we referenced the USDA Agricultural Resource 
Management Survey (ARMS) statistics on crop and livestock production 
with at least 40 acres (USDA ERS, 2021) and grouped farms in the 
sample frame by diversification level, with 35% of the frame having 
three or more crops and 65% having fewer than three. To attain suffi
cient representation of different farm sizes, we arrayed the sample frame 
by farm size, with one-third of farms between 40 and 500 acres, one- 
third between 501 and 1000 acres, and one-third with greater than 
1000 acres. The stratified sample was purchased from DTN, a data an
alytics and technology company that is a commonly used and relatively 
reliable source of farmer samples (Ulrich-Schad et al., 2022). The survey 
was mailed to 3,100 eligible farmers and a total of 725 usable surveys 
were received, for a response rate of 23%. More detailed information on 
our survey methodology can be found at Asprooth et al., 2025.

This paper presents data from survey questions that measured 
farmers' self-rating of their diversification status (“How diversified do 
you consider your operation to be?”) and their use of a list of 13 agri
cultural practices (“Do you use any of the following practices on your 
farm?”). The 13 practices included the five core diversified systems 
(Fig. 2) plus an additional set of conservation-oriented practices com
mon to the region that farmers and other agricultural stakeholders 
suggested during the survey design process. By comparing these two 

Fig. 1. The three pillars of diversification according to the Diverse Corn Belt 
project: farm level, market level, and landscape level.
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responses by each practice listed, we assessed what practices constitute 
diversification according to our sample of farmers. Wilcoxon rank sum 
tests were performed to examine the relationships between farmer- 
reported diversification status and binary variables measuring use/ 
non-use of those practices. Wilcoxon tests are appropriate for testing 
differences between two groups where one of the variables is ordinal (de 
Winter and Dodou, 2019). Chi-square tests were used to examine the 
robustness of the results and similar results were found across all tests.

4. Results

We begin by providing an overview of the characteristics of focus 
group and survey participants including location, gender, age, farm size, 
and type of production. We then detail the results of how farmers 
conceptualize agricultural diversification according to each source of 
data.

4.1. Respondent characteristics

4.1.1. Focus groups
We held 20 farmer focus groups with 100 participants in Iowa (n =

23), Illinois (n = 25), and Indiana (n = 52). Overall, 14 participants 
identified as women and 86 identified as men. The average age of all 
participants was 66 years, with a range of 24–89. Ninety-six participants 
were farmers; the other four included a crop consultant, an agricultural 
input salesperson, a crop insurance provider and a nonoperating 

landowner. On average, focus group participants rented 726 acres and 
owned 361 acres. The most commonly grown crops were corn (83%) and 
soybeans (82%), followed by wheat (35%), hay (21%), and cattle (20%). 
Farmers also reported producing rye (14%), pumpkins (8%), apples 
(7%), hogs (7%), alfalfa (6%), oats (6%), and vegetables (6%), among 
other agricultural products.

4.1.2. Survey
We had 725 farmers respond to our survey in the states of Iowa (n =

269), Illinois (n = 241) and Indiana (n = 209). Overall, 7.2% of survey 
respondents identified as women and 92.8% identified as men (Table 2). 
The average age of all participants was 65 years, with a range of 23–95. 

Fig. 2. Preliminary farm level framework of diversification according to the Diverse Corn Belt project.

Table 2 
Focus group and survey participant characteristics.

Diverse Corn Belt focus 
groups (n = 100)

Diverse Corn Belt survey 
(n = 725)

Male (percent) 86.0% 92.8%
Female (percent) 14.0% 7.2%
Age (mean in years) 52.1 65.0
Acres rented (mean/ 

median)
726/300 616.2 /200.0

Acres owned (mean/ 
median)

361/187 667.6/400.0

Acres total (mean/ 
median)

1059/700 1283.8/820.0

L. Asprooth et al.                                                                                                                                                                                                                               Agricultural Systems 238 (2026) 104826 

6 



On average, survey respondents rented 687 acres and owned 679 acres 
and grew 663 acres of corn and 546 acres of soybeans in 2022. In terms 
of the use of the five Diverse Corn Belt project identified diversification 
practices described in detail in Fig. 2: 28.6% grazed livestock, 27.7% 
used agroforestry practices, 26.8% grew perennials, 23.8% used 
extended rotations, and 2.8% grew horticultural food crops.

4.2. Conceptualizing agricultural diversification according to farmer focus 
groups

When asked to describe what agricultural diversification meant to 
them, farmers discussed multiple forms of diversification. While farmers 
often referenced the key dimensions of diversification that emerged in 
the literature review, they also expanded upon them, adding nuances 
and meanings including adding a cognitive dimension to our under
standing of diversification. Fig. 3 displays the most frequently discussed 
meanings that arose, including biological, economic, values, and 
cognitive dimensions. We discuss each key meaning in further detail in 
the sub-headings below.

It is also important to note that many participants thought of 
diversification as having more than one meaning and discussed multiple 
overlapping topics when answering what agricultural diversification 
meant to them. Fig. 4 displays the coding intersections between each of 
the common meanings described in Fig. 3. Coding intersections, or 
overlap in coded segments, were identified to understand when partic
ipants spoke about multiple themes simultaneously. Intersections were 
found across almost all of the identified meanings of diversification. 
One-third of the discussions around the economic dimension (33%) and 

smaller amounts of the discussions around the values dimension (29%) 
and the cognitive dimensions (7%) also involved discussions of the 
biological dimensions. We also found 19% coding similarity between the 
economic and values dimensions.

For the economic and biological dimensions, farmers' discussions of 
additions of crops and livestock to agricultural systems were discussed 
together with the idea of creating multiple income streams and market 
channels for a diversity of products, thereby spreading risk. While 
market diversity can mean more diverse markets for just one commod
ity, the cultivation of more types of agricultural products often neces
sitates access to different market channels. In terms of the values 
dimension around sustainability and interconnectedness of the farm 
system and the biological dimension, farmers explained how biological 
diversity inherently cultivates sustainability by providing ecosystem 
services and greater ecological resilience. As crop and livestock diversity 
begets market diversity, this concept works in tandem with the eco
nomic dimension of diversifying markets and stacking enterprises. 
Cognitive dimensions were mentioned alongside crop diversity (bio
logical) by way of the mindset needed to try alternative crops outside of 
traditional corn and soybean farming.

4.2.1. Economic dimension
Economic diversity was the most frequently mentioned diversifica

tion strategy, suggesting that while diversification is largely understood 
to be biological in some sources, the business side is also an important 
component. Diversification was discussed as an economic strategy to 
add to and stabilize revenue. Farmer 1 said of diversification: “It's 
covering the business so that if one thing does bad, you've got something else 

Fig. 3. Most frequently mentioned meanings of agricultural diversification according to farmer focus group results. Note: The inner rings are the core meanings of 
diversification that emerged through focus groups, and the outer rings are the sub-categories of each core meaning. The size of each category and sub-category is 
representative of the number of “coding references”, or the number of times the particular meaning was coded across all transcripts. For example, the economic 
dimension, the largest slice of the inner pie, had the most coding references across all transcripts, and was discussed most frequently by participants.
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that hopefully is doing good that picks up the slack and keeps you from being 
at the top in the really good years, but you're sure not at the bottom in the bad 
[years]…”

Farmers discussed economic diversification as comprising several 
key mechanisms: diverse sources of income; diverse market channels for 
agricultural products; adding value to the farm, and risk management. 
References to diverse sources of income included 1) adding income 
streams by cultivating multiple different types of crops or livestock with 
accompanying diversity of market channels, 2) off-farm jobs or “side 
gigs” such as custom work (i.e., seeding, harvesting, feeding cattle etc. 
for neighboring farms), agricultural lending, and selling crop insurance, 
and 3) “stacking enterprises”, or layering production to add revenue 
with little cost. Farmer 72 described a thought process of what consti
tutes diversification that included crop and income diversification: “… 
the basis of [diversification], I think, conceptually, it is more of the basic egg, 
crops, or livestock. But it can be more than that. It can dive down into 
different levels of that. What's your type of livestock? What's your type of 
crop? But then further beyond that diversification [off-farm]. What does the 
farm family constitute? What are spouses or siblings or children doing to bring 
in what might not be farm income? Did you diversify into ag lending and 
banking? Did you diversify into insurances?” Farmer 17 told the group how 
they initially started doing custom work to pay off their equipment debt. 
When asked if they considered it a part of diversification they respon
ded: “Yeah. It had to be. Because otherwise, I wouldn't be able to have decent 
equipment. So, it was forced diversification, in a way. But yeah, in the end, 
once the equipment was paid off, we kept doing this, and then there's an extra 
income stream, right?”

Diverse markets were typically mentioned in reference to accessing 
direct marketing opportunities in addition to wholesale, for example 
selling locally grown products via Community Supported Agriculture 
(CSAs). Farmer 3 illustrated both concepts of diverse income streams 
and diverse markets when they explained: “So also diversifying your farm 
might be, whether it's grass-fed beef or adding a side business or taking one of 
your crops you raise to retail or direct to the consumer, all those things would 
be diversity for me.”

Farmers also talked about adding value to the farm by growing 
higher-value specialty crops and growing a crop to meet higher-value 
markets such as organic, grass-fed, food/seed-grade, and non-GMO, in 
addition to diversifying vertically by doing their own processing and 
creating value-added products on-farm. Farmer 21 used their own 
operation as an example of adding value, diversifying market channels, 
and stacking enterprises: “You can put poultry out with the cows while 
they're grazing and add an income revenue stream. We use hogs to compost 
the winter feeding of the cattle, so they're providing a service as well as an 
income stream. And diverse and direct marketing or trying to market in your 
community. The value-adding and marketing part is worth far more than the 
growing part.”

Risk management was another common element in participants' 
conceptions of diversification, or as several farmers described it, “not 
putting all of your eggs in one basket.” Farmer 42 described a sentiment 

shared by many farmers that biological and economic diversification 
mitigates risk by providing a built-in safety net: “I think diversification 
means spreading your risk. So, whether that's markets or environments or 
weather or whatever it is, the reason that any of us went out to add diversity to 
our operation would be to try to avoid some of the unexpected risks.”

4.2.2. Biological dimension
Another frequently discussed definition of diversification was having 

a variety of crops and livestock on-farm. Farmer 17 exemplified the idea 
when they explained diversification as “Doing a variety of different pro
duction systems and products being made and sold.” Farmers most often 
mentioned the inclusion of livestock in row crop systems, in particular 
grazing livestock on perennial pasture and using manure for soil 
fertility. Grazing livestock was discussed in the context of “stacking en
terprises” on farms, and creating a layered, complementary system (see 
more on sustainability and interconnectedness of the farm system in 
4.2.3 Values dimension). At times, the discussion of diversification of 
crop and livestock went hand in hand with discussion of organic farming 
systems given the requirements of organic systems to have an extended 
rotation and mimic natural systems. While less frequent, some farmers 
associated diversification with the production of horticultural food 
crops and perennials.

The use of cover crops was also brought up, and some considered 
cover crops to be the “minimum” for diversification, and a “baby step” 
that can be implemented without drastic changes to the operations and 
additional equipment. Farmer 15 told us that cover crops were “a good 
gateway drug” into greater diversification. Cover crops were an impor
tant component of diversification particularly in the focus groups 
composed of mostly (over 80%) corn and soybean farmers, while groups 
with farmers growing a wider variety of crops did not see cover crops as 
a central component of diversification.

For most farmers in the Midwest, crop rotations consist of the sum
mer annual cash crops of corn and soybeans. Farmers in the focus groups 
also mentioned diversity to be extending corn and soybean rotations to 
include other row crops such as small grains (e.g., wheat, oats, barley). 
“When I think about diversification, I really think about having a variety of 
different plants available for pollinators and wildlife to sort of collaborate on 
the ecosystem there because that's how I farm. And then at a broader level, 
when I think of it, it makes me think anything that's not corn and soybean” 
explained Farmer 28. As cool season annuals, small grains are planted 
and harvested at different times of the year, and farmers appreciated 
being able to spread cash flow and labor throughout the year as well as 
being less susceptible to the volatility of corn and soybean markets.

Most of the discussion of diversification was in reference to farm 
level diversification, although a handful of participants clarified that 
individual farmers could still specialize, and that diversity could be 
achieved at the community or landscape level where “not everyone in a 
certain geographical location is doing the same thing” (Farmer 22).

Fig. 4. Coding intersections between frequently mentioned meanings of agricultural diversification according to farmer focus group results. Note: Boxes indicate the 
number of “coding references” where both codes were coded in one text segment. Darker colors indicate greater overlap. The percentage listed in parentheses is the 
percent of coding overlap of the column within the row. For example, 33% of economic dimensions codes included biological dimensions.
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4.2.3. Values dimension
Environmental sustainability and interconnectedness of the farm 

system was also often referenced in relation to the meaning of diversi
fication. Farmers discussed the ecosystem benefits of diversification in 
terms of naturally breaking up cycles of pests, disease, and weeds, 
providing habitat for wildlife, and building soil fertility. Soil health in 
particular was often raised as an important component of diversifica
tion. Across farmers, long-term systems thinking was apparent, high
lighted by Farmer 63: “Not only just diversification of revenue and 
diversification of crops but how the normal society sees normal grain farming 
as NPK [nutrient fertilizer], hammer it with nitrogen, spray fungicides, spray 
insecticides, kill everything except for the one crop in that field and that's the 
one thing that we've really figured out is we're not just focusing on solving that 
problem temporarily. We're trying to solve that problem long-term and not 
just with a chemical or whatever. We're solving a long term [problem] and 
helping the soil at the same time.” Farmer 45 described their ethic of caring 
for the land as central to diversification: “So it's just diversifying our risk in 
a lot of areas and then also trying to be good stewards to the land, and 
diversifying our practices that we implement to help ward off pests and so 
forth…So I think diversifying risk and practices, just want to mitigate our 
financial aspect, and then just taking care of the land.”

To many farmers, diversification meant the individual elements of 
the farming system working together to create greater systems resil
ience. Farmer 21 explained a sentiment shared across many farmers we 
spoke with: “You can talk about more diverse crops, inclusion of cover crops, 
livestock, but all those things need to work together”, while Farmer 64 
echoed: “I think an important part of diversity is patching up the holes or the 
weaknesses on the farm.” Farmer 32 put the concept of interconnected
ness into the context of stacking enterprises, also discussed above in 
economic diversity: “You got your pasture, and you graze your livestock, 
and you've got honeybees over here that are feeding on the pasture or the 
blooms and…you've got multiple layers that are helping each other but not 
necessarily competing with each other.”

4.2.4. Cognitive dimension
Many farmers' understandings of diversification were related to 

cognitive dimensions around a mindset of diversification, and farmer 
perspectives introduced several concepts that had not been previously 
identified in the literature review. Given the context of specialized 
agriculture in the Corn Belt, efforts to diversify often mean going against 
conventional knowledge and doing something different from peers. 
Thinking outside-of-the-box was a term and concept mentioned by 
participants as an important part of defining diversification, exemplified 
by several farmers below:

“The fancy word is diversification. For us, it was thinking outside the box. 
Think outside of what it is now.” (Farmer 27).

“I think being diverse is always thinking out of the box on your farm… you 
have to think out of the box in tough years up there because just a normal corn 
bean rotation doesn't always work.” (Farmer 3).

“…It's just thinking outside the box, and looking at some alternative 
measures rather than just traditional corn and soybean farming (Farmer 5)

Doing something different in the Corn Belt also requires some in
genuity, and some farmers conveyed that to them diversification meant 
keeping an open mind, using a learning mindset, and trying different 
things. In the words of Farmer 88: “The biggest phrase that has always 
bothered me, especially since I got into no-till and trying to do things that are 
environmentally conscious, I hear farmers all the time say, ‘That's not how we 
do it,’ or ‘This is how we've always done it.’ So, to me, diversification means 
constantly learning, constantly doing something different.” This overall 
mindset was often framed positively by diversified farmers as something 
they enjoyed in their day-to-day work.

4.3. Conceptualizing agricultural diversification according to farmer 
surveys

Within the survey sample, over half of respondents (53.27%, n =

375) considered their farm “somewhat diversified”, 28.27% (n = 199) 
“not at all diversified”, 14.49% (n = 102) “diversified”, and 3.98% (n =
28) “very diversified”. Practices adopted by at least 25% of respondents 
included in the options were: no-till (n = 504, 76.95%), cover crops that 
are “terminated” (killed before planting the cash crop) (n = 256, 
39.08%), grazed livestock (n = 207, 29.15%), and perennial pasture, 
forage, or biomass crops (n = 180, 27.48%).

We found the most significant differences across levels of diversifi
cation and the use of cover crops (harvested or grazed) (p < 0.000), 
extended rotations (p < 0.000), grazed livestock (p < 0.000), and 
perennial crops (p < 0.000), each generally increasing with self-reported 
level of diversification (Table 3). This suggests these are the practices 
farmers consider to be most reflective of on-farm diversification. Hor
ticultural food crops (p = 0.002), non-GMO crops (p = 0.004), wind
breaks, shelterbelts, or hedgerows (p = 0.007), cover crops that are 
terminated (p = 0.008), certified organic production (p = 0.02), and 
silvopasture2 (p = 0.05) were also statistically significant and all 
increased with levels of diversification. However, it is important to note 
that few farmers in our sample reported using certified organic pro
duction, horticultural food crops, or silvopasture, making it difficult to 
determine whether those practices may be indicative of diversification 
according to the farmers who use them.

The use of no-till and riparian forest buffers did not increase with 
reported levels of diversification and no statistically significant differ
ences were found between the use of these practices and self-reported 
diversification status, suggesting that these are not defining character
istics of diversification according to farmers surveyed. Indeed, the ma
jority (80%) of farmers who said that they were "not at all diversified" 
reported using no-till practices on their farm.

4.4. Conceptualizing diversification broadly

Through our analysis of literature, focus groups, and survey results, 
we identify five main dimensions of agricultural diversification: bio
logical, economic, human, values, and cognitive. Fig. 5 shows a diagram 
of these five thematic dimensions of conceptualizing all definitions of 
diversity identified by the stakeholder groups referenced in this 
research. Each dimension offers distinct value and purpose, allowing 
readers to select and apply the categories most relevant to their specific 
context. Across sources, diversification is most commonly understood in 
biological and economic terms and literature from each stakeholder 
group includes mention of biological diversity and economic diversity. 
Biological diversity includes on-farm diversity (with a range of associ
ated sub-elements and practices), as well as landscape diversity. Eco
nomic diversity includes multiple markets, multiple farm enterprises 
and sources of income, adding value, horizontal and vertical integration, 
and risk management. Many sources encompass values such as conser
vation, sustainability, and equity in their definition. Several sources 
include human diversity in their definition including academic and NGO 
literature and the Diverse Corn Belt project framework. However, 
human diversity was not a core theme that arose from focus groups, and 
we found no mention in sources from government entities such as the 
USDA. During focus groups, farmers brought an additional dimension 
into the meaning of diversity than was not present in the literature: 
cognitive elements around a mindset of diversification such as thinking 
differently than the status quo. The resulting framework is not meant to 
be conclusive as to what diversification means but offer a range of 
conceptualizations we have identified through our research and litera
ture review.

2 A type of agroforestry practice involving the integration of trees and grazed 
livestock.
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5. Discussion: comparing the conceptualizations of 
diversification across agricultural stakeholders

Through focus groups we gained an understanding of what agricul
tural diversification meant to farmers broadly and the language farmers 
used to discuss diversification. Using survey data, we examined which 
on-farm practices farmers considered to be diversification. In this sec
tion, we compare our empirical findings from farmers about what con
stitutes diversification to definitions from the academic, NGO, 
intergovernmental, and governmental literature to identify areas of 
consonance and/or dissonance.

5.1. Biological dimension

On-farm biological diversity is the most defining characteristic of 
agricultural diversification across the sources used for this analysis. Our 
literature review identified understandings of biological diversity to 
include genetic, species, temporal, and spatial diversity (e.g. Kremen 
et al., 2012), as well as integration of crops and livestock (e.g. Puech 
and Stark, 2023). Some literature makes specific reference to cover 
crops (e.g. Rosa-Schleich et al., 2019), agroforestry (e.g. Rasmussen 
et al., 2024), perennial crops (e.g. Kremen et al., 2012), and non-crop 
vegetation (e.g. Lin, 2011) as important components of diversified 
systems.

We found agreement across farmers (focus groups and surveys) and 
the Diverse Corn Belt project framework that on-farm biological di
versity encompasses grazed livestock, extended rotations, and perennial 
crops. Focus group data also highlights that many farmers consider 
cover crops to be a first step towards crop diversification since they are 
less complex and require less commitment than other diversification 
options, and they can be readily integrated into current operations. 
These practices are likely more frequently mentioned as diversification 
because they can be considered the “lower hanging fruit” or the most 
plausible practices to integrate into row crop systems dominate in the 
Corn Belt. Agroforestry and horticultural food crops are also included in 
the Diverse Corn Belt project framework, however, mention of them 
were infrequent during focus groups. Survey results suggest some indi
cation that farmers associate horticultural food crops and agroforestry 
practices including windbreaks, shelterbelts, hedgerows, and silvopas
ture with biological diversity, but further research on this may be 
needed.

We also note differences in species versus genetic or varietal 

diversity within biological meanings of diversification. While varietal 
diversity is included in many academic definitions of diversity, it was 
discussed by only a handful of farmers in focus groups. Instead, the focus 
was on crop and livestock species diversity. The farmers who did 
mention varietal diversity discussed the cultivation of different varieties 
of corn and soybeans including popcorn, high oleic soybean varieties, 
food-grade soybeans, and non-GMO varieties. In reference to non-GMO 
and food-grade soybeans, Farmer 42 said: “I know it's only adding a little 
bit of diversity, but the bonus [premium] you get helps.” About 15% of the 
survey respondents indicated growing non-GMO crops and these were 
positively related to identifying their operation as more diversified. 
Conversely, growing non-GMO crops does not appear to be a key 
component of common definitions of diversification in the literature.

Landscape diversity, one of the three pillars of the Diverse Corn Belt 
definition, was mentioned by a handful of focus group participants as a 
key part of a broader diversification strategy. Landscape diversity was 
more common in the academic literature which considers multiple types 
of land use (i.e., fallow fields, pastures, prairies, meadows, woodlots) 
within a landscape as a component of diversification (e.g., Kremen et al., 
2012; Spangler et al., 2022).

5.2. Economic dimension

Economic diversity is consistently a part of definitions of agricultural 
diversification from all stakeholder groups, and was the most frequently 
mentioned component of diversification in farmer focus groups. Defi
nitions from farmers and academic, NGO, and governmental literature 
all center enterprise diversification, or creating multiple on and off-farm 
sources of income (e.g., (Harwood et al., 1999; IPES-Food, 2016; 
McGehee and Kim, 2004). This includes enterprises that add income 
streams such as higher value crops or livestock by diversifying hori
zontally and enterprises that expand across the chain of production or 
add value on-farm by diversifying vertically (Barbieri and Mahoney, 
2009; Stevens and Teal, 2024). The Diverse Corn Belt project frame
work, as well as farmers, emphasize the need for a diversity of markets to 
support a more diversified array of crops and livestock.

5.3. Values dimension

The values dimension of agricultural diversification incorporates 
elements of conservation as well as aspects of social equity. Conserva
tion and environmental sustainability were part of definitions of 

Table 3 
Farmer-reported production practices by reported diversification status: proportion who responded yes to each production practice (rows) by diversification category 
(columns).

Self-reported diversification status (Y = 1; n = 704)

Dimension of agricultural 
diversification

Practices selected (Yes = 1; n =
655)

Not at all diversified 
(n = 199)

Somewhat 
diversified (n = 375)

Diversified (n 
= 102)

Very diversified 
(n = 28)

z p

Values dimension Certified organic production (Y =
11)

0.01 0.01 0.02 0.12 − 2.29 0.02**

Biological dimension Cover crops that are either 
harvested or grazed (Y = 129)

0.05 0.21 0.31 0.39 − 5.97 0.000***

Biological dimension Cover crops that are terminated 
(Y = 256)

0.29 0.43 0.41 0.50 − 2.65 0.008**

Biological dimension Extended rotations (Y = 98) 0.06 0.15 0.24 0.27 − 4.33 0.000***
Biological dimension Grazed livestock (Y = 207) 0.06 0.33 0.55 0.42 − 8.45 0.000***
Biological dimension Horticultural food crops (Y = 15) 0 0.02 0.05 0.08 − 3.17 0.002***
Biological dimension Non-GMO crops (Y = 97) 0.08 0.16 0.18 0.27 − 2.91 0.004***
Values dimension No-till (Y = 504) 0.80 0.76 0.81 0.69 − 0.462 0.6
Biological dimension Perennial pasture, forage, or 

biomass crops (Y = 180)
0.06 0.31 0.46 0.39 − 7.29 0.000***

Biological dimension Riparian forest buffers (Y = 48) 0.04 0.09 0.08 0.04 − 1.22 0.2
Biological dimension Silvopasture (Y = 3) 0.00 0.00 0.01 0.04 − 1.98 0.05**
Biological dimension Windbreaks, shelterbelts, or 

hedgerows Y = 118)
0.12 0.19 0.22 0.31 − 2.69 0.007***

Note: ⋆p < 0.1; ⋆⋆p < 0.05; ⋆⋆⋆p < 0.01. Wilcoxon rank sum tests are used to test for significant difference between levels of diversification and the use of various 
production practices. All cropping systems and practices are as presented in the survey. The survey did not include definitions of crops and practices.
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agricultural diversification from academics, NGOs, the Diverse Corn Belt 
project framework, and from farmers. Some literature defines soil (e.g., 
Carlisle et al., 2022; Rosa-Schleich et al., 2019) and water (Rasmussen 
et al., 2024) conservation as components of diversification. During 
focus groups, farmers frequently discussed agricultural diversification in 
relation to its ecosystem benefits and the resilience of an interconnected 
farming system. While using one common conservation practice, low 
tillage, was not frequently mentioned as a core component of diversifi
cation during focus groups, it was discussed as part of a sustainable 
system in which diversification was a part. In the farmer survey, it was 
clear that farmers did not associate no-till practices with their self- 
reported level of diversification.

While some sources tend to presume that diversification is by defi
nition ecologically “sustainable” and “resilient”, we note that from our 
results, diversification does not always mean ecologically sustainable. 
While the biological sciences rationalize diversification for its ecosystem 
benefits (e.g., Kremen et al., 2012), other literature in the field of 

economics identifies diversification as purely an economic strategy (e.g., 
Bowler et al., 1996). For some farmers we spoke with during focus 
groups, diversification was a path towards economic resilience: they 
began to diversify out of a need to gain more income and saw the 
ecological benefits as time passed. For others, difficulties of past diver
sification efforts led them towards specialization of production while 
maintaining a diversity of income from off-farm sources.

While less discussed, equitable access to systems and services for 
farmers, supply chain actors, and rural communities was raised by the 
Diverse Corn Belt project framework and access to land to accommodate 
a diversity of farmers was centered in one academic (Demongeot et al., 
2024) and one NGO (NSAC, 2023) article.

5.4. Human dimension

Across stakeholder groups, human diversity is not commonly 
included, exhibiting a general lack of people-centered considerations in 

Fig. 5. Framework for defining agricultural diversification categorized into biological, human, economic, cognitive, and values dimensions.
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definitions of agricultural diversification. Diversity of people in agri
culture was mentioned only once during farmer focus groups3 and is 
discussed infrequently in the literature—three sources (Demongeot 
et al., 2024; Fisher, 2021; NSAC, 2023) mention some form of human 
diversity including diversity of ages, genders, ethnicities, and farm sizes.

5.5. Cognitive dimension

Farmers from the Diverse Corn Belt project focus groups generated 
an additional understanding of diversification than those found in 
existing literature: cognitive mindsets of diversification. In areas where 
simplified agricultural production is the norm, resources, existing 
knowledge, infrastructure, and markets are set up to facilitate this type 
of production. Trying alternative systems means thinking in a different 
way, trying different things, keeping an open mind, and always learning.

5.6. Future research needs and methodological limitations

While it is impossible to propose one singular definition of diversi
fication that will work across all regions, or even in the U.S. Corn Belt, 
our deep dive into the current definitions being used in the academic 
literature, the grey literature, and by farmers themselves indicates a 
need for increased clarity on this topic. Based on our findings, we have 
identified several overarching research questions in need of further 
investigation. These include: (1) What are the definitions of agricultural 
diversity in other regions and according to other agricultural stake
holders (i.e., industry), (2) What are the outcomes resulting from pri
oritization of different types of diversification?, (3) To what extent are 
the identified dimensions and practices of diversification linked to 
environmental and economic sustainability?, (4) What does "people" 
diversification look like on the landscape and do farmers of different 
scales and types of production conceive of diversification differently?, 
and (5) How are cognitive dimensions shaped, and what is the role of 
"thinking outside of the box" and considering the farm as a system in 
fostering diversification on the landscape?

Although our literature review was extensive, a separate systematic 
review of the literature could provide a deeper analysis of diversification 
definitions. Additionally, our survey sampling focused on farms with 
more than 40 crop acres or at least 10 heads of livestock, therefore our 
survey findings primarily reflect mid - to large-scale commercial farmers' 
perspectives. Small-scale and beginning farmers who often pursue 
different diversification strategies including direct-to-consumer mar
keting, intensive horticultural production, and integrated systems may 
be less-represented in these results. However, our focus groups included 
farmers across a range of scales, providing a diversity of perspectives, 
including small farms. Future research could examine diversification 
definitions among small and large-scale farmers to understand if there 
are differences across the full spectrum of farm sizes.

6. Conclusion

The results from this mixed-methods paper provide insights into 
what agricultural diversification means according to several key stake
holder groups in agriculture, in particular in the U.S. Corn Belt. It is clear 
from our findings that diversification has no singular definition and 
encompasses many facets of the farm and agricultural landscape 
crossing biological, economic, human, values, and cognitive 

dimensions. We conclude that “diversification” is typically understood 
as multiple types of crops and livestock within farms and across the 
landscape. It implies a variety of market channels, sources of income, 
enterprises, and operational structures that help farmers manage risk. To 
some, diversification also represents conservation and sustainability, a 
diversity of people and farm sizes with resources to diversify distributed 
equitably, and a cognitive mindset.

Academics have traditionally defined agricultural diversification in 
biological and economic terms and this conceptualization is a 
throughline across all the sources in the study. We also find that many 
stakeholder groups include some mention of biological conservation or 
sustainability as a component of diversified agricultural production. 
There was some, but limited, mention of diversity of people in the 
sources included in this study. In areas such as the Corn Belt where 
simplified crop production is the norm, cognitive dimensions such as 
thinking outside of the box and trying different things are needed to 
conceptualize an alternative agricultural landscape.

It is important to meet farmers where they are when it comes to 
specifics of how they define diversification in their own regions. The 
vision of academics, governmental agencies, and advocates may be 
different than the diversified agriculture farmers envision. For example, 
when it came to species diversity, farmers in our study identified more of 
the “low hanging fruits” as diversification and fewer mentioned prac
tices that require a greater shift in production such as horticulture and 
agroforestry. This suggests that a more incremental approach to setting 
diversification goals may be appropriate and that cover crops, extended 
rotations, integrated crops and livestock, and perennial production may 
be most feasible in row crop-dominated regions of production in the 
near-term. Future outreach activities should leverage the aspects of 
diversification that are compelling and achievable to farmers, while 
recognizing that engagement will need to be tailored to farmer con
ceptions of diversification in each region.

Through a mixed-method approach to help to triangulate and enrich 
the ways in which we understand agricultural diversification, we have 
identified a framework of five different dimensions of diversification. 
We propose that future efforts in this area clearly define how they are 
using the term “diversification” across each of these dimensions. For 
example, at the biological level, what species are they considering to be 
diverse? Are they looking at landscape diversity? Are they considering 
human dimensions? Economic dimensions? The cognitive and values 
dimensions? While the definitions of what practices constitute species 
diversity from farmers and the Diverse Corn Belt project framework are 
context-based, they are likely to be applicable to other regions, espe
cially those with simplified or monocultural production systems. How
ever, more place-based research is needed to understand how farmers 
and agricultural stakeholders in other regions define diversification 
based on the local environment and shared experiences and beliefs 
(Isaac et al., 2024), and how definitions of diversification may evolve. As 
the climate, agricultural policies, and global economy continue to 
change, so too will the needs, ideas, and feasibility of diversification 
strategies. Understanding conceptualizations of diversification among 
the agricultural community as an iterative and reflexive process will 
create the ability to adapt to the changing nature of agriculture and our 
society and inform future diversification-focused policy measures, and 
program development and implementation.
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Agricultural diversification. Agriculture 12, 369. https://doi.org/10.3390/ 
agriculture12030369.

Diaz, R.J., Rosenberg, R., 2008. Spreading dead zones and consequences for marine 
ecosystems. Science 321, 926–929. https://doi.org/10.1126/science.1156401.

Estrada-Carmona, N., Sánchez, A.C., Remans, R., Jones, S.K., 2022. Complex agricultural 
landscapes host more biodiversity than simple ones: A global meta-analysis. Proc. 
Natl. Acad. Sci. 119, e2203385119. https://doi.org/10.1073/pnas.2203385119.

FAO, 2019. The state of the world's biodiversity for food and agriculture. In: Pilling, J. 
Bélanger D. (Ed.), FAO Commission on Genetic Resources for Food and Agriculture 
Assessments, Rome.

Fisher, D., 2021. Diversity in Agriculture [WWW Document]. American Farm Bureau 
Federation. https://www.fb.org/focus-on-agriculture/diversity-in-agriculture. 
accessed 9.30.24. 

Gaba, S., Lescourret, F., Boudsocq, S., Enjalbert, J., Hinsinger, P., Journet, E.-P., 
Navas, M.-L., Wery, J., Louarn, G., Malézieux, E., Pelzer, E., Prudent, M., Ozier- 
Lafontaine, H., 2015. Multiple cropping systems as drivers for providing multiple 
ecosystem services: from concepts to design. Agron. Sustain. Dev. 35, 607–623. 
https://doi.org/10.1007/s13593-014-0272-z.

Garrett, R.D., Ryschawy, J., Bell, L.W., Cortner, O., Ferreira, J., Garik, A.V.N., Gil, J.D.B., 
Klerkx, L., Moraine, M., Peterson, C.A., dos Reis, J.C., Valentim, J.F., 2020. Drivers 

L. Asprooth et al.                                                                                                                                                                                                                               Agricultural Systems 238 (2026) 104826 

13 

http://www.diversecornbelt.org
http://www.diversecornbelt.org
https://doi.org/10.1016/B978-0-12-811050-8.00019-4
https://doi.org/10.1016/B978-0-12-811050-8.00019-4
https://doi.org/10.1017/S1742170525000043
https://doi.org/10.1017/S1742170525000043
https://doi.org/10.1016/j.jrurstud.2008.06.001
https://doi.org/10.1526/003601108784514543
https://doi.org/10.1526/003601108784514543
https://doi.org/10.1016/S0306-9192(01)00014-8
https://doi.org/10.1016/S0306-9192(01)00014-8
https://food.berkeley.edu/about-us/research-groups/center-for-diversified-farming-systems/what-are-diversified-farming-systems/
https://food.berkeley.edu/about-us/research-groups/center-for-diversified-farming-systems/what-are-diversified-farming-systems/
https://food.berkeley.edu/about-us/research-groups/center-for-diversified-farming-systems/what-are-diversified-farming-systems/
http://refhub.elsevier.com/S0308-521X(26)00194-0/rf0030
http://refhub.elsevier.com/S0308-521X(26)00194-0/rf0030
http://refhub.elsevier.com/S0308-521X(26)00194-0/rf0030
https://doi.org/10.1016/0743-0167(96)00015-0
https://doi.org/10.1016/0743-0167(96)00015-0
https://doi.org/10.1016/j.oneear.2020.02.007
https://doi.org/10.1038/nature11148
https://doi.org/10.1038/nature11148
https://doi.org/10.1080/21683565.2022.2104420
https://doi.org/10.1023/B:AHUM.0000005148.00229.70
https://doi.org/10.1111/gcb.15396
https://doi.org/10.1126/sciadv.aax0121
https://doi.org/10.1371/journal.pone.0047149
https://doi.org/10.7275/bj1p-ts64
https://doi.org/10.7275/bj1p-ts64
https://doi.org/10.1002/pan3.10617
https://doi.org/10.3390/agriculture12030369
https://doi.org/10.3390/agriculture12030369
https://doi.org/10.1126/science.1156401
https://doi.org/10.1073/pnas.2203385119
http://refhub.elsevier.com/S0308-521X(26)00194-0/rf0095
http://refhub.elsevier.com/S0308-521X(26)00194-0/rf0095
http://refhub.elsevier.com/S0308-521X(26)00194-0/rf0095
https://www.fb.org/focus-on-agriculture/diversity-in-agriculture
https://doi.org/10.1007/s13593-014-0272-z


of decoupling and recoupling of crop and livestock systems at farm and territorial 
scales. Ecol. Soc. 25, 24. https://doi.org/10.5751/ES-11412-250124.

Gaudin, A.C.M., Tolhurst, T.N., Ker, A.P., Janovicek, K., Tortora, C., Martin, R.C., 
Deen, W., 2015. Increasing crop diversity mitigates weather variations and improves 
yield stability. PLoS ONE 10, e0113261. https://doi.org/10.1371/journal. 
pone.0113261.

Goslee, S.C., 2020. Drivers of agricultural diversity in the contiguous United States. 
Front. Sustain. Food Syst. 4.

Guinet, M., Adeux, G., Cordeau, S., Courson, E., Nandillon, R., Zhang, Y., Munier- 
Jolain, N., 2023. Fostering temporal crop diversification to reduce pesticide use. Nat. 
Commun. 14, 7416. https://doi.org/10.1038/s41467-023-43234-x.

Hammer, K., Arrowsmith, N., Gladis, T., 2003. Agrobiodiversity with emphasis on plant 
genetic resources. Naturwissenschaften 90, 241–250. https://doi.org/10.1007/ 
s00114-003-0433-4.

Harwood, J., Heifner, R., Coble, K., Perry, J., Somwaru, A., 1999. Managing risk in 
farming: Concepts, research, and analysis (Agricultural Economics Report. In: 
Market and Trade Economics Division and Resource Economics Division, Economic 
Research Service, vol. No. 774. U.S Department of Agriculture.

Hendrickson, M., James, H., 2005. The ethics of constrained choice: how the 
industrialization of agriculture impacts farming and farmer behavior. J. Agric. 
Environ. Ethics 18, 269–291. https://doi.org/10.1007/s10806-005-0631-5.

Huber, L., Schirpke, U., Marsoner, T., Tasser, E., Leitinger, G., 2020. Does socioeconomic 
diversification enhance multifunctionality of mountain landscapes? Ecosyst. Serv. 
44, 101122. https://doi.org/10.1016/j.ecoser.2020.101122.

Hufnagel, J., Reckling, M., Ewert, F., 2020. Diverse approaches to crop diversification in 
agricultural research. A review. Agron. Sustain. Dev. 40, 14. https://doi.org/ 
10.1007/s13593-020-00617-4.

Ilbery, B., Bowler, I., Clark, G., Crockett, A., Shaw, A., 1998. Farm-based tourism as an 
alternative farm enterprise: a case study from the northern Pennines, England. Reg. 
Stud. 32, 355–364.

IPES-Food, 2016. From Uniformity to Diversity: A Paradigm Shift from Industrial 
Agriculture to Diversifed Agroecological Systems (International Panel of Experts on 
Sustainable Food systems). 

Isaac, M.E., Lin, T., Caillon, S., Sebastien, L., MacDonald, K., Prudham, S., Doncieux, A., 
Renard, D., Aumeeruddy-Thomas, Y., Vincent, L., Cobelli, O., Locqueville, J., 
Sterling, E., 2024. Multidimensional measures of farmer well-being: a scoping 
review. Agron. Sustain. Dev. 44, 39. https://doi.org/10.1007/s13593-024-00971-7.

Isbell, F., Adler, P.R., Eisenhauer, N., Fornara, D., Kimmel, K., Kremen, C., Letourneau, D. 
K., Liebman, M., Polley, H.W., Quijas, S., Scherer-Lorenzen, M., 2017. Benefits of 
increasing plant diversity in sustainable agroecosystems. J. Ecol. 105, 871–879. 
https://doi.org/10.1111/1365-2745.12789.

Jackson, L.E., Pascual, U., Hodgkin, T., 2007. Utilizing and conserving agrobiodiversity 
in agricultural landscapes. Agric. Ecosyst. Environ. Biodivers. Agric. Landsc. Invest 
Losing Inter. 121, 196–210. https://doi.org/10.1016/j.agee.2006.12.017.

Janowiak, M.K., Dostie, D.N., Wilson, M.A., Kucera, M.J., Skinner, R.H., Hatfield, J.L., 
Hollinger, D., Swanston, C.W., 2016. Adaptation Resources for Agriculture: 
Responding to Climate Variability and Change in the Midwest and Northeast 
(Technical Bulletin No. 1944). U.S. Department of Agriculture, Office of the Chief 
Economist, climate change program office, Washington, DC. 

Johnston, G., Vaupel, S., Kegel, F., Cadet, M., 1995. Crop and farm diversification 
provide social benefits. CalAg 49, 10–16. https://doi.org/10.3733/ca.v049n01p10.

Khoury, C.K., Bjorkman, A.D., Dempewolf, H., Ramirez-Villegas, J., Guarino, L., 
Jarvis, A., Rieseberg, L.H., Struik, P.C., 2014. Increasing homogeneity in global food 
supplies and the implications for food security. Proc. Natl. Acad. Sci. 111, 
4001–4006. https://doi.org/10.1073/pnas.1313490111.

Kremen, C., Miles, A., 2012. Ecosystem services in biologically diversified versus 
conventional farming systems: benefits, externalities, and trade-offs. Ecol. Soc. 17. 
https://doi.org/10.5751/ES-05035-170440.

Kremen, C., Iles, A., Bacon, C., 2012. Diversified farming systems: an agroecological, 
systems-based alternative to modern industrial agriculture. Ecol. Soc. 17.

Kwang, J.S., Thaler, E.A., Larsen, I.J., 2023. The future of soils in the Midwestern United 
States. Earth’s Future 11, e2022EF003104. https://doi.org/10.1029/ 
2022EF003104.

Lange, A., Piorr, A., Siebert, R., Zasada, I., 2013. Spatial differentiation of farm 
diversification: how rural attractiveness and vicinity to cities determine farm 
households' response to the CAP. Land Use Policy 31, 136–144. https://doi.org/ 
10.1016/j.landusepol.2012.02.010.

Lawrence, N.C., Tenesaca, C.G., VanLoocke, A., Hall, S.J., 2021. Nitrous oxide emissions 
from agricultural soils challenge climate sustainability in the US Corn Belt. Proc. 
Natl. Acad. Sci. 118, e2112108118. https://doi.org/10.1073/pnas.2112108118.

Lin, B.B., 2011. Resilience in agriculture through crop diversification: adaptive 
management for environmental change. BioScience 61, 183–193. https://doi.org/ 
10.1525/bio.2011.61.3.4.

Luo, L., Ran, L., Rasool, Q.Z., Cohan, D.S., 2022. Integrated modeling of U.S. agricultural 
soil emissions of reactive nitrogen and associated impacts on air pollution, health, 
and climate. Environ. Sci. Technol. 56, 9265–9276. https://doi.org/10.1021/acs. 
est.1c08660.

McGehee, N.G., Kim, K., 2004. Motivation for agri-tourism entrepreneurship. J. Travel 
Res. 43, 161–170. https://doi.org/10.1177/0047287504268245.

McNally, S., 2001. Farm diversification in England and Wales — what can we learn from 
the farm business survey? J. Rural. Stud. 17, 247–257. https://doi.org/10.1016/ 
S0743-0167(00)00050-4.

Mishra, A.K., El-Osta, H.S., Sandretto, C.L., 2004. Factors affecting farm enterprise 
diversification. Agric. Financ. Rev. 64, 151–166. https://doi.org/10.1108/ 
00214660480001160.

Nguyen, D.L., Grote, U., Nguyen, T.T., 2019. Migration, crop production and non-farm 
labor diversification in rural Vietnam. Econ. Anal. Pol. 63, 175–187.

Nickerson, N.P., Black, R.J., McCool, S.F., 2001. Agritourism: motivations behind farm/ 
ranch business diversification. J. Travel Res. 40, 19–26. https://doi.org/10.1177/ 
004728750104000104.

NSAC, 2023. Agricultural Diversification: Practice and Policy. National Sustainable 
Agriculture Coalition. https://sustainableagriculture.net/blog/agricultural-diversifi 
cation-practice-and-policy/. accessed 6.6.24. 

Patel-Weynand, T., Bentrup, G., Schoeneberger, M.M., 2017. Agroforestry: Enhancing 
Resiliency in U.S. Agricultural Landscapes Under Changing Conditions - Executive 
Summary. Gen. Tech. Report WO-96a. U.S. Department of Agriculture, Forest 
Service, Washington, DC. https://doi.org/10.2737/WO-GTR-96a. 

Paulot, F., Jacob, D.J., Pinder, R.W., Bash, J.O., Travis, K., Henze, D.K., 2014. Ammonia 
emissions in the United States, European Union, and China derived by high- 
resolution inversion of ammonium wet deposition data: interpretation with a new 
agricultural emission inventory (MASAGE_NH3). J. Geophys. Res. Atmos. 119, 
4343–4364. https://doi.org/10.1002/2013JD021130.

Peralta, A.L., Sun, Y., McDaniel, M.D., Lennon, J.T., 2018. Crop rotational diversity 
increases disease suppressive capacity of soil microbiomes. Ecosphere 9, e02235. 
https://doi.org/10.1002/ecs2.2235.

Perfecto, I., 2009. Nature's Matrix: Linking Agriculture, Conservation and Food 
Sovereignty. Earthscan, London ; Sterling, VA. 

Petchey, O.L., Gaston, K.J., 2006. Functional diversity: back to basics and looking 
forward. Ecol. Lett. 9, 741–758. https://doi.org/10.1111/j.1461-0248.2006.00924. 
x.

Pfeifer, C., Jongeneel, R., Sonneveld, M.P.W., Stoorvogel, J., 2009. Landscape properties 
as drivers for farm diversification: a Dutch case study. Land Use Policy 26, 
1106–1115. https://doi.org/10.1016/j.landusepol.2009.01.007.

Puech, T., Stark, F., 2023. Diversification of an integrated crop-livestock system: 
agroecological and food production assessment at farm scale. Agric. Ecosyst. 
Environ. 344, 108300. https://doi.org/10.1016/j.agee.2022.108300.

Rabalais, N.N., Turner Jr., R.E., 2019. Gulf of Mexico hypoxia, Past, Present, and Future. 
Limnol. Oceanogr. Bull. 28, 117–124. https://doi.org/10.1002/lob.10351.

Rasmussen, L.V., Grass, I., Mehrabi, Z., Smith, O.M., Bezner-Kerr, R., Blesh, J., 
Garibaldi, L.A., Isaac, M.E., Kennedy, C.M., Wittman, H., Batáry, P., Buchori, D., 
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