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A B S T R A C T

Cropping system diversity can help build greater agroecosystem resilience by suppressing insect, weed, and
disease pressures while also mitigating effects of extreme and more variable weather. Despite the potential
benefits of cropping systems diversity, few farmers in the US Corn Belt use diverse rotations. This study examines
factors that may influence farmers’ decisions to use more diversified crop rotations in the US Corn Belt through a
parallel convergent mixed methods approach, using a multi-level analysis of Corn Belt farmer survey data
(n=4,778) and in-depth interviews (n= 159). Analyses were conducted to answer questions regarding what
factors influence farmers’ use of extended crop rotations in intensive corn-based cropping systems and to explore
whether farmers in the Corn Belt might use extended crop rotations in response to climatic changes. Findings
suggest that path dependency associated with the intensive corn-based cropping system in the region limits
farmers’ ability to integrate more diverse crop rotations. However, farmers in more diversified watersheds, those
who farm marginal land, and those with livestock are more likely to use extended rotations. Additionally,
farmers who currently use more diverse rotations are also more likely to plan to use crop rotations as a climate
change adaptation strategy. If more diverse cropping systems are desired to reduce climate risks, in addition to
reducing the negative impacts associated with industrial agricultural production, then further efforts must be
made to facilitate more diverse crop rotations in the U.S. Corn Belt. This may be achieved by adjusting policy and
economic incentives that presently discourage cropping system diversity in the region.

1. Introduction

Corn (Zea mays L.) and soybean (Glycine max (L.) Merr.) grown in
the U.S. Corn Belt constitute two of the most economically valuable
agricultural commodities produced in the United States with broad
impacts on the global food supply. Seventy-percent of the Corn Belt
agroecosystem is managed to produce corn and soybean commodities
through a corn-soybean rotation or continuous corn planting (NASS,
2016). Over the past thirty years, this region has consistently had low
crop diversity compared to other regions (Aguilar et al., 2015). This is
part of a long-term trend of increased row crop acreage and farm size
with less land devoted to diversified cropping systems (MacDonald
et al., 2013) and ongoing conversion of grassland, pasture, and mar-
ginal lands to row crop production (Claassen et al., 2011; Lark et al.,
2015).

Land use practices on farms in the Corn Belt are largely responsible
for the hypoxic zone in the Gulf of Mexico due to runoff of nitrogen and
phosphorous fertilizer, as well as issues with sedimentation and

herbicide toxicity in local and regional watersheds (Donner and
Kucharik, 2008; Broussard and Turner, 2009; Hunt, Hill and Liebman,
2017). In addition to these broader environmental concerns, climate
change is expected to increase the severity and frequency of crop and
animal diseases as well as inducing greater extremes in weather, pri-
marily through increased flooding and drought events (Melillo et al.,
2014). These more extreme and variable weather events will likely
exacerbate current problems associated with agricultural production in
the region, primarily increasing water pollution from sediment loading
and fertilizer transport (Broussard and Turner, 2009; Broussard et al.,
2012) and is likely to negatively impact crop yields (Takle et al., 2013;
Chhetri et al., 2010; Gustafson et al., 2015). Greater diversity of crop-
ping systems may help reduce risks associated with increased weather
variability due to climate change and may also drive greater landscape-
scale resilience (Aguilar et al., 2015; Gaudin et al., 2015) while bal-
ancing multiple goals of “productivity, profitability, and environmental
health” (Davis et al., 2012, p. e47149) at the field and landscape scale.
In the context of the Corn Belt, extended rotations can include any crop
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used to diversify the corn-soybean rotation (e.g., small grains, alfalfa,
hay, cover crops) integrated over the course of multiple years (Strock
and Dalzell, 2014). Over time, extended rotations can also build
agroecosystem resilience in fields by reducing weed (Regnier et al.,
2015), insect, and disease pressure (Lin, 2011), and can reduce the need
for herbicides thus lowering input and application costs for farmers
(Hunt et al., 2017). Extended rotations can also reduce the negative
effects of fluctuations in market prices and the costs of production
(Liebman and Schulte, 2015). Thus, diverse systems can help farmers to
manage economic risks over time through integration of internal (e.g.,
production of feed and forage) and external markets (e.g., commodity
markets) (Smith et al., 2008) while also providing broader environ-
mental benefits (Davis et al., 2012; Mulik 2017).

1.1. Regional cropping systems homogeneity

The system of agriculture in the Corn Belt can be characterized as
fitting within a productivist paradigm or high-yield production regime
(Carolan and Stuart, 2016), which forms the “deep structure” (Geels,
2011) that orients farmer decision making, further contextualized by
social, political, economic, and environmental factors at the field,
landscape, and human-institutional scale. These structures give rise to
path dependency, which Preston defines as the “dependence of future
societal decision processes and/or socio-ecological outcomes on those
that have occurred in the past” (2013, p.g. 719) and whereby the
system itself becomes “dominant and self-reinforcing” (Chhetri et al.,
2010, p. 895). This productivist paradigm is thus “stabilized through
various lock-in mechanisms, such as scale economies, sunk investment
in machines, infrastructure, and competencies” (Geels, 2011 p. 25).
This lock-in may ultimately lead individuals to make decisions that are
sub-optimal at both an individual and collective level (David, 1985;
Ruttan 1997).

As the Corn Belt region continues to trend towards greater cropping
system homogeneity at the landscape scale, there has been a con-
comitant loss of crop and livestock integration and a decreased need for
diverse livestock feed and forage (Stuart and Gillon, 2013; Wright and
Wimberly, 2013). A number of factors have been implicated in this shift
towards greater homogeneity, including environmental factors such as
water availability, soil type, topography (Bowman and Zilberman,
2013), and sociopolitical factors such as government commodity pro-
gram payments (Broussard et al., 2012), crop insurance (Bowman and
Zilberman, 2013; MacDonald et al., 2013), biofuel policies (Donner and
Kucharik, 2008; Bain and Selfa, 2013; Aguilar et al., 2015; Fausti,
2015), and increased financialization of commodity markets (Clapp,
2012). This intensive agricultural production system “remains strongly
reinforced by agricultural markets, legislation, and agribusiness com-
panies that greatly profit from the current system” (Stuart and Gillon,
2013, p.322) and is further guided by the predominant view that
monoculture production systems are inherently more productive than
more diversified systems (Lin, 2011). As such, private farm-level in-
vestments tend to favor production technology that can experience
economies of scale and reduced labor needs, such as specialized crop-
ping system technology, including seed and associated chemical tech-
nologies (Gould et al., 2004; Vanloqueren and Baret, 2008; Lin, 2011).

Findings from existing literature suggest that there are also some
important individual farmer and farm-level factors that influence
cropping decisions in highly specialized agricultural regions such as the
U.S. Corn Belt. First of all, we understand from behavioral models that
attitudes (Fishbein and Ajzen, 2010; Rogers, 1995; Heberlein, 2012)
and identity (McGuire et al., 2013; Roesch-McNally et al., 2017a,
2017c) can influence willingness to adopt conservation practices in
general. Further, the perception of risk, as well the experience of ex-
treme weather events, can also influence farmers’ conservation decision
making (Knutson et al., 2011) as well as actions taken in response to
climate change (Brody et al., 2008; Arbuckle et al., 2013b).

Specific to extended crop rotations, farmers have been found to

utilize extended rotations as a way to preserve and enhance soil re-
sources in general (Davis et al., 2012; Lehman et al., 2015), particularly
on marginal land (Curtforth et al., 2001), but also to reduce climate
related risks (Reidsma et al., 2010; Knutson et al., 2011). The use of
crop/livestock integration has been found to be an important driver of
on-farm diversity (Cutforth et al., 2001; Russelle et al., 2007;
MacDonald et al., 2013). Cutforth et al. (2001) found that the slope of
farmland, as an indicator for marginal land, and farmers' positive atti-
tudes towards cropping system diversity were positive drivers of crop
rotations, while net household income had a negative influence on
farmers’ use of crop rotations. A diversified crop rotation is largely
compatible with many of the different strategies that farmers use to
manage financial risk such as the integration of livestock, the use of
federal crop insurance, and commodity market diversification; this
compatibility is important in the context of whole farm risk manage-
ment (Bowman and Zilberman, 2013).In summary, the literature points
to both structural and individual-level factors that can shape farmers’
production system decisions.

The research presented in this paper builds on these findings by
exploring influences and constraints on farmers’ use of extended crop
rotations in the Corn Belt, and whether farmers will diversify in re-
sponse to increased weather variability associated with climate change.
We examine three questions regarding the use of diversified crop ro-
tations in the U.S. Corn Belt: what factors influence the use of extended
rotations among farmers in intensive corn producing watersheds?; what
are the challenges of integrating extended rotations into corn-based
cropping systems?; and, how might increased weather variability, as-
sociated with climate change, influence farmers’ decisions to use di-
versified rotations in their cropping systems? This study employs a
parallel convergent mixed methods approach that includes quantitative
multi-level modeling of farmer survey responses (n=4778), coupled
with Agricultural Census data aggregated at the six-digit Hydrologic
Unit Code (HUC6) watershed-level (NASS, 2014a), and qualitative
analysis of in-depth interviews (n= 159).

2. Materials and methods

This study utilized a mixed methods approach, using a parallel
convergent design for data collection and analysis (Fig. 1). A parallel
convergent design allows researchers to collect “different but com-
plementary data on the same topic” (Morse, 1991, p.122). In this study,
survey and interview data are examined using separate statistical and
qualitative data analysis procedures, then findings are merged in the
discussion section to compare and contrast results from these different
data sources (Creswell and Clark, 2011). The methods section outlines
the quantitative and qualitative data and analysis in separate sections
examined below.

2.1. Quantitative data and analysis

2.1.1. Survey data
Survey data were collected through a random sample survey of Corn

Belt farmers that was stratified by 22 Hydrologic Unit Code 6 (HUC6)
watersheds representing more than half of corn and soybean production
in the United States (Appendix A in supplementary materials). The US
Department of Agriculture (USDA) National Agriculture Statistics
Service (NASS) Census of Agriculture frame was used (USDA, 2012),
providing the most complete and up-to-date list of farmers available in
the U.S. The sample population was larger-scale corn producers, de-
fined as farmers that operate more than 80 acres of corn and generate a
minimum of $100,000 U.S.D. in gross sales/year. The 22 watersheds
cover a significant portion of eleven Corn Belt States (Illinois, Indiana,
Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, Ohio, South
Dakota, and Wisconsin) and are classified as “major crop areas” for corn
and soybean according to the USDA (1994).

The survey was administered in February 2012 using a three-wave
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