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Over the past century, agricultural land use in the United States has seen drastic

shifts to support increasing demand for food and commodities; in many regions, this

has resulted in highly simplified agricultural landscapes. Surmounting evidence exhibits

the negative impacts of this simplification on the long-term provisioning of necessary

ecosystem services to and from agriculture. However, transitions toward alternative

systems often occur at a small scale, rather than at a systemic level. Within the National

Research Council’s (NRC) sustainable agricultural systems framework, we utilize national

open-source datasets spanning several decades to broadly assess past and current

agricultural landscapes across the U.S. We integrate and analyze agricultural land use

and land cover data with policy data to address two main objectives: (1) Document and

visualize changes over recent decades in cropland conversion, agricultural productivity,

and crop composition across the U.S.; and (2) identify broad policy changes of the U.S.

Farm Bills from 1933 to 2018 associated with these land use trends. We show that U.S.

agriculture has gradually trended toward an intensely regulated and specialized system.

Crop production is heavily concentrated in certain areas, larger farms are getting larger,

while the number of smaller operations is decreasing, and crop diversity is declining.

Meanwhile, federal agricultural policy is increasing in scope and influence. Through

these data-driven insights, we argue that incremental and transformative pathways of

change are needed to support alternative production practices, incentivize diversified

landscapes, and promote innovation toward more sustainable agricultural systems

across multiple scales.

Keywords: land use, policy, sustainable agricultural systems, U.S., crop production

INTRODUCTION

Agriculture has drastically transformed Earth’s surface over the last century. Concerns arise in the
ability of the global agri-food system to meet current and future food demands while maintaining
biological diversity and conservation needs. Globally, since the 1960s, the large-scale demand
and movement of commercial crops grown in intensive management systems has increased,
contributing to a narrowing of crop species and genetic diversity worldwide (Harlan, 1975; Heal
et al., 2004; Khoury et al., 2014). Surmounting evidence illustrates the negative ecological impacts
of this shift, largely due to intensive annual crop production and landscape simplification (Pimentel
et al., 1995; Tilman, 1999; Horrigan et al., 2002; Robinson and Sutherland, 2002; Benton et al., 2003;
Bianchi et al., 2006). Simplified agricultural landscapes are associated with the degradation of key
ecosystem services (ES)—or the benefits humans receive freely from the environment—that are
essential to agricultural production, such as soil fertility, nutrient cycling, and genetic biodiversity,
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as well as regulating services including soil retention, pollination,
natural pest control, and water purification (Tscharntke et al.,
2005, 2012; Hendrickx et al., 2007; Meehan et al., 2011;
Bommarco et al., 2013; McDaniel et al., 2014; Landis, 2017). ES
generated by agricultural systems are primarily acquired through
provisioning services, i.e., food, fiber, and fuel production, but
also through cultural services, such as enhancing landscape
aesthetics, building social networks, and market participation,
and other services, such as wildlife habitat preservation;
these mechanisms feed back into supporting and regulating
services. Ecological functions that disrupt agricultural production
(referred to as disservices), such as competition for water or
crop damage from natural predators and pests, may further
contribute to disservices generated from agriculture, including
nutrient runoff or habitat loss (Rabalais et al., 2002; Zhang et al.,
2007; Hillier et al., 2009; Cardinale et al., 2012; Hooper et al.,
2012). Managing agriculture to optimize ecosystem health and
the provisioning of key ES for agriculture while minimizing
disservices can increase the stability and quantity of production
over time, decrease need for external inputs, and increase ES
delivery to the broader ecosystem (Cassman, 1999; Tscharntke
et al., 2005; Bommarco et al., 2013, 2018; Pywell et al., 2015;
Burchfield et al., 2019).

Recent calls for transformations in our agricultural landscapes
emphasize the importance of agricultural systems that boost
ES for agriculture through practices that are environmentally,
economically, and socially beneficial while also maintaining or
increasing productivity (Reganold et al., 2011). The National
Research Council’s (NRC) Committee on Twenty First Century
Systems Agriculture (NRC, 2010) defined several objectives for
sustainable agricultural systems. First and foremost, agricultural
sustainability is defined within four main themes: (1) Satisfy
human food, feed, and fiber needs and contribute to biofuel
needs; (2) enhance environmental quality and the resource base;
(3) sustain the economic viability of agriculture; and (4) enhance
the quality of life for farmers, farm workers, and society as a
whole. These main objectives of sustainability align with NRC’s
“systems agriculture” approach to understanding the interactions
among actors and components of the system as a whole, rather
than the function of each component separately. The NRC
further identified three main qualities of system’s robustness to
use as considerations for systems moving toward sustainability.
Robustness encompasses resistance (ability to withstand shocks),
resilience (capacity to absorb shocks and stressors over time),
and adaptability (ability to make necessary systemic changes in
response to long-term environmental changes).

Identifying pathways toward sustainable change cannot be
viewed through a dichotomous conventional-sustainable lens
but rather contextualized within social, political, economic,
and ecological drivers. As the NRC states, “The committee’s
definition of sustainable farming does not accept a sharp
dichotomy between conventional and sustainable farming
systems, not only because farming enterprises reflect many
combinations of farming practices, organization forms, and
management strategies, but also because all types of systems can
potentially contribute to achieving various sustainability goals
and objectives” (2010, p. 37). Although poorly defined across

disciplines, agroecology has long presented viable alternatives
to industrial agricultural practices (Francis et al., 2003). Rather
than focusing on certain agroecological on-farm practices, we
ground this paper in the broad definition from Brym and
Reeve (2016, p. 214): agroecology is a “field of study motivated
to understand ecological, evolutionary, and socioeconomic
principles and use them in an improvement process that sustains
food production, conserves resources, and maintains social
equality.” This definition aligns with calls from the NRC to
move toward greater sustainability through several pathways
of change, either incremental or transformative. Incremental
change can gradually increase and support the adoption of
current conservation practices to make them more widespread
within conventional systems, as well as also support research for
the economic viability of such practices. Transformative change
would support broader, systemic shifts from conventional and
agroecological approaches through establishing newmarkets and
supporting ecologically based management (e.g., organic, mixed
systems) (NRC, 2010).

We build upon prior research that has attempted to assess
and interpret changes in U.S. agricultural systems over time.
Several studies have focused on land use change within specific
regions of the U.S., such as agricultural land cover loss
due to competing development demands in the Eastern U.S.
(Drummond and Loveland, 2010; Sayler et al., 2016) or cropland
concentration due to high soil quality in the South (Hart, 1978).
A large number of studies have shown how the Corn Belt
has intensified agricultural land toward specialized commodity
production over time due to favorable climatic conditions,
high quality land, and political incentives (Hart, 1986, 1991,
2001, 2004; Hudson, 1994; Drummond et al., 2012; Auch and
Karstensen, 2015; Laingen, 2017). Other studies discuss trends
of fluctuating conversion from grassland and marginal cropland
to intensive commodity and biofuel production in the Great
Plains, driven by enrollment in federal conservation programs,
technological advances, improved management practices, and
increased precipitation (Drummond et al., 2012; Wright and
Wimberly, 2013; Reitsma et al., 2015; Taylor et al., 2015; Auch
et al., 2018). However, these studies are limited in geographic
scope and do not contextualize such trends in the national
aggregate. Research with a broad U.S. focus are either outdated
(Hudson, 1994; Hart, 2001; Cozen, 2010) or fail to discuss
political drivers and environmental implications within an
agroecological framework (Sleeter et al., 2013; Sohl et al., 2016;
Auch et al., 2018; Hudson and Laingen, 2018). Other recent
research has attempted to project recent land cover datasets
farther back in time to assess historical land use trends (e.g.,
Arora and Wolter, 2018) but do not extend past the 1980s
and emphasize the need to understand current land use trends
through historical processes. Given the trajectory of U.S. federal
agricultural policy, land use changes prior to the 1970s and
1980s are important in understanding how current trends were
established and are reinforced. Data-driven research can help
identify trends within and across agricultural systems to better
inform the prioritization of sustainability objectives.

This paper serves as a high-level overview of how agricultural
land use and policy drivers have changed at a national level over
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the past half century. Rather than attempting to evaluate the
current state of sustainability of the U.S. agricultural system, this
data-driven narrative serves two main objectives: (1) to clarify
the magnitude and extent of large-scale agricultural landscape
transformations, as well as the changes in policy structure, and
(2) provide a framework to interpret and assess sustainable
pathways for future agricultural change at the national scale.
After discussing the methods, we present data trends and
figures and contextualize these findings in the discussion
section. We conclude with recommendations of national-level
factors to consider within transitions toward more sustainable
agriculture systems.

METHODS

We utilized open-source datasets and open-source programming
software to visualize policy, land use, and agricultural production
changes. The majority of these data are focused on the county
scale, as it is the finest resolution at which farm-level data is
aggregated in the U.S. Using county-level data enabled us to
understand, visualize, and interpret the spatial and temporal
complexities of national agricultural trends. Through such
visualizations, we illustrated trends in cropland transitions, crop
composition, and the policy structure of the Farm Bills.

Datasets
Various multiscale datasets were synthesized and merged into a
panel dataset (Table 1). Crop acreage, farm size, and chemical
inputs were obtained through the National Agricultural Statistics
Service (NASS) (USDA NASS, 2019c), whereby the county-year
scale is the highest resolution available. The NASS database
presents data both from the U.S. Census of Agriculture and
a variety of national agricultural surveys administered by the
USDA. USDA surveys are administered at the county and state
scale annually with foci such as crop/stocks to measure crop
acreage and yield, farm labor, crop prices and markets, and more
specific topics, such as milk or broiler production. For some
surveys, data are available from themid-1800s to present day. The
NASS QuickStats interface provides all of this survey information
but does not indicate which survey the data are from or clearly
define the cutoff of who counts in the surveys; additionally, the
sampling strategy is determined by each state. Openly available
from 1997 onward, the Census is conducted every 5 years and is
administered to all farms and ranches (in rural or urban settings)
producing and potentially selling at least $1,000 of their products.

The Census is the only source of detailed county-level agricultural
data that is collected, tabulated, and published using a uniform set
of definitions and methodology. Thus, the Census is considered
the most complete count and measurement of U.S. farms,
operators, and ranches in the U.S. Though the combination of
these data is limited in its generalizability given its inconsistency
of data collection measures, it provides the most comprehensive,
open-source record of historical U.S. agricultural data.

There are few land cover datasets that cover the entire U.S.
and also extend decades back in time. Given its moderate spatial
and temporal resolution, we utilized the National Wall-to-Wall
Anthropogenic Land Use Trends (NWALT) dataset created by
the U.S. Geological Survey (USGS) (Falcone, 2015). It uses the
2011National Land Cover Database (NLCD) (Homer et al., 2015)
as a base grid and other USGS and USDA historical imagery
and datasets to map land use farther back in time with similar
accuracy. NWALT classifications agreed with NLCD land use
classifications from 2001-2011 with at least 94% accuracy and
agreed with over 99.5% of county-level cropland changes from
the USDA Census of Agriculture (Falcone, 2015). This dataset
contains five 60-meter (m) resolution raster datasets from the
years 1974, 1982, 1992, 2002, and 2012 of land use across the
coterminous U.S, extending farther back in time than most other
land cover datasets. However, some of the underlying data may
span several years rather than an exact snapshot in time (Falcone,
2015); therefore, NWALT can be used for assessing broad
temporal trends. We computed agricultural land as a percentage
of overall county land to match the spatial resolution of NASS
data. Agricultural land pixels are differentiated in this dataset by
cultivated crop production and pasture/hay production based on
2011 NLCD classifications. Agricultural infrastructure, such as
farm roads, are not included in these classifications.

The USDA’s Economic Research Service (ERS) Major Land
Uses (MLU) series has been collected every 5 years beginning in
1945, coinciding with the Census of Agriculture. As such, the ERS
MLU is the longest running, most comprehensive accounting of
all major land uses in the U.S. The dataset provides acreage across
six land use categories (cropland, grassland pasture and range,
forest-use land, special-use areas, urban areas, and miscellaneous
other land) at both regional (Pacific, Mountain, Southern Plains,
etc.) and state scales, compiled by reconciling several data
sources. Thus, despite the ERS’s use of standardized procedures
to measure land use (Barnard andHexem, 1988), there is a degree
of uncertainty introduced by making comparisons through time.
For this dataset, cropland includes cropland used for crops

TABLE 1 | Datasets used to visualize crop composition, acreage, productivity, and policy changes.

Variable Spatial resolution Temporal resolution Duration Source

Crop acreage County/National Annual 1920–2019 USDA NASS Survey

Major land use State Every 5 years 1945–2012 ERS MLU

Average farm size County Every 5 years 1997–2017 USDA Census of Agriculture

Agricultural inputs County Every 5 years 1997–2017 USDA Census of Agriculture

Agricultural land cover County Every 10 years 1974–2012 NWALT

Farm Bill National Every 5 years 1933–2018 National Ag. Law Center
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(harvested, crop failure, and cultivated summer fallow), cropland
used for pasture (considered to be in long term rotation), and
cropland idled. Grassland, pasture and range includes grassland
and other non-forested pasture and range in farms, as well
as estimates for open and non-forested grazing lands not in
farms. Special use areas include rural transportation, rural parks
and wildlife, defense and industrial areas, and miscellaneous
farmland (farmsteads, farm roads and lanes, andmisc. farmland).
Urban areas include densely populated urbanized areas of 2,500
to 50,000 people or more, and forested areas including forest
cover of grazed (commercial use) and non-grazed forest. We
utilized this dataset to track trends in cropland conversion in
comparison to other ERSMLUs between 1945 and 2012 (Bigelow
and Borchers, 2017).

Finally, the U.S. Farm Bill (FB) policy documents from 1933
to 2018 are openly available through the National Agricultural
Law Center (2019). While not the only important agricultural
policy in recent U.S. history, the FB has played a key role
in how, where, why, and what type of food is produced
at a national scale. Over time, it has grown in size to
encompass nearly all aspects of food production. These policy
documents have changed in structure, starting with a 25-
page document in 1933 encompassing two main topics: (1)
agricultural adjustment and (2) agricultural credit, and becoming
a 529-page document in 2018, encompassing 12 specific “Titles”
ranging from Commodities to Nutrition to Rural Development.
Within these Titles are statutes and funding programs that largely
define the broader policy structure within which agricultural land
use decisions are made.

Data Exploration
Using exploratory mapping and data mining techniques in R
(version 3.6.3) (R Core Team, 2020), we selected variables
of interest and assessed their spatiotemporal consistency and
availability. This included plotting variables over time at county,
state, and national scales to determine data reliability and
representativeness, noting when and how representation changed
across scales We focused on county-level data whenever possible
as the most interpretable scale of agricultural landscape change.
Particularly for NASS data, availability is variable by county,
state, and year based on changing federal data collection,
reporting procedures, and data privacy concerns; there are
noted inconsistencies across USDA datasets as well (Hart, 2001;
Arora and Wolter, 2018). Nonetheless, land use science and
spatial modeling communities have acknowledged and accepted
the need to use data at multiple scales given a lack of other
alternatives (Rindfuss et al., 2004; Auch et al., 2018). Ultimately,
we focused on six main variables of interest: (1) acres planted (by
crop, per county and nationally), (2) percent planted (by crop, per
county), (3) average acres per farm operation (per county), (4)
percent crop and pasture land (per county), (5) cropland acreage
(as a proportion of national acreage), and (6) agricultural input
use (per county).

Given the changing structure and purpose of federal FB
policies, we conducted a broad content analysis of the FB
documents as a systematic way of capturing the frequency
and content of textual data of the FBs from 1933 to 2018

(Krippendorf, 2004). With the qualitative coding software
ATLAS.ti, we utilized a predetermined coding scheme to identify
two major themes in each FB: (1) the number of distinct
crops and (2) the stated purpose. These codes aimed to
operationalize the scope and purpose of the FB as it relates to
commodity production. Coding was limited to Titles, programs,
and definitions that directly defined commodity crops, stipulated
support and subsidies for their production, and promoted
commodity markets; these included commodity programs, trade,
agricultural marketing, credit, and crop insurance but excluded
nutrition, conservation, forestry, research, etc. While excluded
Titles do play a role in commodity production and land use,
we explicitly focused on those that drive and regulate the
composition of crops produced. Further, commodity definitions
in the FB are defined within the commodity programs, and
other Titles, such as conservation, are based upon these prior
definitions. We contextualized these results within academic and
gray literature.

RESULTS

The results of this data synthesis are organized by three main
themes. The first theme is land use which includes cropland,
farm size, and productivity by visualizing trends in location of
agricultural land, regional farm size variation, and how these
changes relate to increased productivity of U.S. agriculture. The
second theme is crop composition, including the composition of
crops and how their relative acreage varies across space and has
changed through time. The third theme is policy, presenting data
to contextualize the overarching FB policy structure, how it has
changed, and how it affects the first and second themes.

Changes are referenced within the regional specifications of
the USDAERSs FarmResource Regions (FRRs) (Figure 1). These
regions portray the geographic distribution of, and specialization
within, the production of U.S. farm commodities (ERS, 2000).
FRRs aggregate areas with similar types of farms, commodities,
soil, physiographic, and climate characteristics nationally to
contrast with the state and county boundaries (that are often
political rather than biophysical borders) used to visualize data
trends. We utilized these regions to further understand and
contextualize trends across themes.

Cropland, Farm Size, and Productivity
U.S. cropland has changed in both amount and type over recent
decades. From 1945 to 2012, cropland as a proportion of total
land use decreased; meanwhile urban and special use areas
increased (Figure 2). As seen in Figure 2, there was a slight
decrease from 23.7% of the national share of land use in 1945
to 20.7% in 2012 (3% decrease). Comparatively, urban areas
increased from 0.8% of the national share in 1945 to 3.7% in 2012.
Special-use areas increased from 4.5% in 1945 to 8.9% in 2012.
Grassland, pasture and range decreased by 0.03%. Forest-use
decreased from 31.6 to 28.5%. Miscellaneous land uses decreased
from 4.9 to 3.6%. However, both the ERS MLU and NWALT
data confirm that cropland as a percentage of national land has
decreased by 3% just since the 1970s. Therefore, this decline
primarily occurred within the past four decades.
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FIGURE 1 | Farm Resource Regions (FRRs) across the U.S., determined by crop production type, amount, and value.

FIGURE 2 | Percent change in the national share of land use across the ERS Major Land Use categories between 1945 and 2012. Data: ERS MLU.

Further, crops are grown in fairly concentrated regions,
and there are no obvious changes in location of cropland.
According to the NWALT data, counties where cropland
is dominant have remained consistent over the past few
decades without dramatic conversion of other land uses to
cropland (see Supplementary Figure 1); by “dominant,” we
mean that cropland accounts for most of the land use in
a county. Though dominance does not tell the full story of
a commodity (i.e., it does not demonstrate which counties
are the most productive), it is an important metric in
understanding the composition of U.S. agricultural landscapes.

As Figure 3 illustrates, some counties, e.g., in the Heartland
region, are almost entirely covered by cropland (nearly 100%),
while others, e.g., in the Basin and Range region, produce
few, if any, crops. Figure 3 also illustrates where cropland
is most prevalent by county. The Southern Seaboard and
the Fruitful Rim of California and the Pacific Northwest
demonstrate clear intra-regional agricultural clustering, whereby
crop production is concentrated in a select few counties.
The midwestern Heartland and Mississippi Portal regions are
dominated by cropland compared to the rest of the country;
these areas of cropland dominance largely align with spatial
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FIGURE 3 | Percent cropland by county in 2012. Data: NWALT.

FIGURE 4 | Percent pasture and hay land by county in 2012. Data: NWALT.

trends in harvested acres for corn, soy, and wheat (see
Supplementary Figures 2–4).

Pasture and land in hay production also demonstrate patterns
of clustering. The proportion of land devoted to hay and pasture
in the U.S. has decreased by 13.8% from the 1970s to 2012
(according to NWALT data), which is a larger change than the
decrease in cropland (−2%). Furthermore, according to the ERS
MLU data, grassland pasture and range have only lost 0.08% of
its share of total land use between 1945 and 2012. Areas within
the Heartland, Eastern Uplands, and Prairie Gateway regions
exhibit high proportions of pasture and hay (Figure 4), whereby
some counties are 50 to 70% covered by such production.
However, these areas of landscape dominance do not necessarily

produce the highest yields or relative yields (yield/harvested
acre) in the U.S. For instance, clusters of counties in the West
Coast portion of the Fruitful Rim harvest more hay per acre
than any county in the Heartland (see Supplementary Figure 5).
Pasture-dominant areas do not appear to overlap with crop-
dominant areas, indicating divergent specialization in intensive
crop and pastureland.

Farm size has been changing alongside the concentration
of national agricultural land. The total number of farms has
declined over time. In 2018, the USDA estimated 2 million farms
nationally, which is 12,800 farms less than the estimate for 2017
(USDA NASS, 2019b). In 2011, the estimate was nearly 2.13
million; over 8 years, there was a 4.7% decrease in the number
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FIGURE 5 | Average farm size (acres per operation) by FRR in 2012. Counties with an average farm size > 5,000 acres [n = 46, range = 5,119 to 37,952 acres] were

removed from visualization for readability. Data: USDA NASS Survey.

of farms nationally (USDA NASS, 2019b). The peak number of
farms in theU.S. was in 1935 at 6.8million farms, but this number
has steadily decreased since then (Hoppe, 2014). Meanwhile,
highly productive industrial farms have expanded in size while
midsize farms continue to decrease in number. For example, of
all agricultural land in the U.S. in 2018, 40.8% is operated by
large-scale farms that earn sales of $500,000 or more, but these
large operations comprise merely 7.5% of all total number of
farms; farms that earn less than $100,000 comprise 30.1% of all
farmland but comprise 81.5% of all farms (USDA NASS, 2019b).
Thus, significantly fewer large-scale family and commercial farms
operate a greater proportion of cropland.

Given this shift, total average farm size has not changed much
in recent decades. According to the Census of Agriculture, the
national average farm size changed from 440 acres in 1982, to
491 acres in 1992, to 433 acres in 2012, and 443 in 2019 (USDA,
1982, 1992; USDA NASS, 2019b). Therefore, average farm size
has remained relatively stable due to a disproportionately greater
number of smaller farms and larger farms increasing in size
(Hoppe, 2014; MacDonald and Hoppe, 2017).

Regional differences of farm size further affect these averages.
As seen in Figure 5, the largest farms are found in the Northern
Great Plains [median= 1,505 acres, mean= 2,135 acres, standard
deviation (SD) = 1,528 acres] and Basin and Range Regions
(median = 783 acres, mean = 1,369 acres, SD = 1,516 acres),
while the smallest farms are found in the Eastern Uplands

(median = 148 acres, mean = 165 acres, SD = 77 acres)
and Northern Crescent Regions (median = 161 acres, mean
= 168 acres, SD = 80 acres). However, most regions have
several outlier counties that exhibit average county farm sizes
significantly beyond the regional mean. In particular, counties
in the Basin and Range (median = 783 acres, mean = 1,368
acres, SD = 1,515 acres), Fruitful Rim (median = 271 acres,
mean = 1,145 acres, SD = 3,756 acres), and Prairie Gateway
(median = 817 acres, mean = 1,143 acres, SD = 1,186 acres)
exhibit a wide range of average farm sizes; some counties in
these regions average well over 5,000 acres per operation. Since
most pasture and hay production occurs within the Prairie
Gateway (Figure 4), these data show that such production in
certain counties comprises much larger farms than the rest of
the region. Contrastingly, regions such as the Eastern Uplands,
Heartland, Northern Crescent, and Southern Seaboard exhibit
outliers noticeably closer to the regional median. Given that the
majority of cropland falls within the Heartland region (Figure 3),
these data demonstrate that most of these farms are similar in size
and are not the largest on average at a national scale (median =

319 acres, mean= 343 acres, SD= 155 acres).
Further, Figure 6 illustrates the variability in average farm

size by county. The largest farms (in acres/operation per county)
are found primarily in the western U.S. with a clear distinction
between eastern and western counties. This also indicates where
the largest farms in the Basin and Range, Prairie Gateway, and
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FIGURE 6 | Average farm size (acres per operation) by county in 2012. Data: USDA NASS Census of Agriculture.

FIGURE 7 | Bivariate choropleth constructed by binning county-level average farm size (by acre per operation per county) and percent agricultural land by county

(both pasture and crop production) into thirds and pairing each tercile into distinct categories. Yellow indicates counties with large average farm sizes (in

acres/operation) and a low percentage of agricultural land. Teal indicates counties with large average farm sizes and a high percentage of agricultural land. Purple

indicates counties with a small average farm size but a large percentage of the county as agricultural land. Light blue is both low percentage agricultural land and a

small average farm size per county. Dark gray counties indicate missing data. Data: NWALT and USDA NASS Census of Agriculture.

Texas portion of the Fruitful Rim regions are located. Farms that
average over 10,000 acres are exclusively found in these regions
and are clustered together. Most of the average farm sizes in these
regions exceed 1,000 acres, if not 5,000 acres. In the Heartland,
however, most farms do not exceed an average of 400 acres
per operation.

When directly comparing farm size and dominance of
agricultural land (including both cropland and hay/pasture
production) by county, certain areas exhibit large farm sizes
but are not dominated by agricultural production at the county

scale. By binning both average farm size by county and
percentage agricultural land by county into thirds and pairing
each tercile into distinct categories, we visualize the spatial
relationship between farm size and agricultural dominance
(Figure 7). Counties largely in the Heartland, Mississippi Portal,
and Northern Great Plains exhibit, on average, medium and large
farms with the highest percentage of agricultural land (in teal).
Much of the counties in the Basin and Range and Prairie Gateway
exhibit large average farm sizes (in acres/operation) and a low
percentage of agricultural land (yellow). Counties with relatively
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small average farm size but a large percentage of the county
as agricultural land (dark purple) are scattered throughout the
rest of the Heartland, while both low percentage agricultural
land and a relatively small average farm size per county
(light blue-green) are almost exclusively found in the Southern
Seaboard, Northern Crescent, and northwestern Fruitful Rim.
These trends reflect the different landscape composition patterns
across the country. Greater availability of land in the western
U.S. may allow for much larger farms on average for grazing
and pasture, but the concentration of these farms is relatively low
compared to densely concentrated crop-producing farms across
the midwestern U.S.

In conjunction with a decrease in national cropland and
regional variations of farm size and type, U.S. agriculture has
become more productive writ large since the 1970s. Total Factor
Productivity (TFP) accounts for all of the land, labor, capital,
and material resources employed in farm production and then
compares them with the total amount of crop and livestock

output. If, for instance, total output grows faster than total inputs,
the total productivity of the factors of production (i.e., TFP)
is increasing. TFP data is only publicly available at the state
level from 1960 through 2004. Based on this data, since 1960,
every state reflects an increase in TFP; no state or region has
become less productive (ERS, 2019a). Farms in the Heartland
and the Mississippi Portal have become over 100 to 150 percent
more productive (see Supplementary Figure 6). Meanwhile, the
Pacific Northwest portion of the Fruitful Rim and Basin and
Range reflect TFP gains between 150 and 200 percent. Other
areas in the Basin and Range, particularly throughout Colorado,
Kansas, Montana, and Texas, have seen lesser gains but are
still ∼50 to 75 percent more productive than 1960. Productivity
gains in the Southern Seaboard and the Northern Crescent
reflect around a 100 to 125 percent increase on average. These
increases are regionally concentrated to reflect the intensification
of agricultural production in certain areas, particularly through
increases in external inputs (Figure 8).

FIGURE 8 | Change (in USD) in inputs per operated acre by county between 1997 and 2017 by county. (A) Change (in USD) in chemical expense per operated acre.

(B) Change (in USD) in fertilizer expense per operated acre. 1997 USD values are adjusted for inflation using average consumer price indices (CPI) from

January-December 1997 (avg. CPI ∼ 160.52) and January-December 2017 (avg. CPI ∼ 245.12). Data: USDA NASS Census of Agriculture.
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Those same U.S. regions that have realized huge gains in
TFP have, at the same time, become more reliant on off-farm
inputs like synthetic fertilizers and chemicals. Certain counties
in the West Coast portion of the Fruitful Rim and along the
Southern Seaboard have increased expenditures on chemicals
by, on average, $30 to over $75 per acre (Figure 8A) and on
fertilizers by similar amounts (Figure 8B). Areas within the
Heartland and Mississippi Portal have largely increased their
chemical expenses by $0 to $30 per acre (Figure 8A) but have
increased fertilizer expenses between an average of $15 to $45
per acre (Figure 8B). These large expenditure changes over
the past two decades stand in contrast to places along the
Southern Seaboard, within the Basin and Range, and the Prairie
Gateway that have maintained spending, only shifting (increased
or decreased) by $15 per acre. Again, these regional differences
highlight the resource-intensive crop production practices of
select U.S. agricultural regions. Overall, the majority (∼80%) of
counties show increasing use of, and expenditure on, synthetic
inputs since 1997; few places (only within certain counties in
the west and in the Eastern Uplands) have decreased spending
per acre. However, since TFP has increased alongside external
input use, this suggests that crop yield is rising faster than
input use.

Crop Composition
Crop composition has seen drastic changes at a national level
as agricultural production has become more productive and
input intensive. Since 1963, harvested soybean and corn acreage

(although complementary for crop rotation) has increased by
76 percent (74 million acres), while acreage for other feed
crops such as oats, barley, sorghum, and hay have declined
by a combined 50 million acres (Bigelow and Borchers, 2017).
Wheat, once the dominant crop in the U.S., comprises the
third largest acreage planted of U.S. crops at 46 million
(Ash et al., 2018).

Since the 1970s (and preceding that), the composition of crop
acreage (total acres planted per crop) across the U.S. has become
increasingly specialized. Demonstrated in Figure 9, by 2019, total
crop acreage of major crops is nearly dominated by corn, soy,
and wheat (winter, spring, and durum). In 1925, corn and wheat
comprise a majority of the acreage planted with cotton and
oats following closely behind; however, the difference in acreage
planted for these crops is comparatively small. From the mid-
1920s to the 1970s, acreage for cotton, oats, barley, and peanuts
gradually decreases; meanwhile, acreage for soybeans rapidly
increases, and wheat and corn acreage remain consistently
dominant. From the 1970s through 2019, acres planted for corn,
soy, and wheat (particularly soy) increase at the same time
other major commodities decrease. Steady declines of the planted
acreage of sorghum, cotton, barley, and oats become evident
as corn and wheat remain consistent, and soy continues to
expand. Meanwhile, acreage of peanuts, canola, and rice remain
negligible in a national context (see Supplemental Figure 7 for
separated crop trends). Therefore, the 1970s era onward was
characterized by observable specialization toward certain crops.
As of 2019, these crops (corn, soy, and wheat) comprise a

FIGURE 9 | Total acres planted of 10 major U.S. crops between 1920 and 2019. Top 10 crops determined by acres planted in 2019. A vertical line at 1973 indicates

the passing of the 1973 Farm Bill and marked transition toward crop specialization. Data: USDA NASS Survey.
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total of 210,958,000 planted acres; corn and soy alone cover
nearly 166 million. According to the 2017 Census estimates of
total cropland in the U.S., corn, soy, and wheat cover 64.7%
of harvested cropland acres; corn and soy alone cover 56.6%
(USDA NASS, 2019a).

Although the national trend in planted crop acres is
dominated by corn, soybeans, and wheat, regional variability of
agricultural land use diversity exists. The Shannon’s Diversity
Index (SDI) is a measure of evenness and abundance of different
land use types as a way of measuring ecological diversity in
a given area (Gustafson, 1998; Aguilar et al., 2015). Figure 10
illustrates the SDI per 20 km based on agricultural land use
categories as defined by the USDA Cropland Data Layer (CDL)
database (only available from 2008 to 2018 thus limiting its
historical depth to interpret land use trends over time; Arora
and Wolter, 2018) and computed by Burchfield et al. (2019).
This index provides a measure of crop diversity for 20-kilometer
(km) pixels within a given year. Areas of low diversity (light
green) are concentrated in the Heartland and Basin and Range
regions. Counties of high diversity (dark blue) are concentrated
along the Southern Seaboard, Fruitful Rim of California and
the Pacific Northwest, and the Northern Great Plans. Thus,
certain agriculturally dominant regions, such as the Heartland,
are highly specialized and non-diverse, while others, such as the
Fruitful Rim of California, are highly diverse. Such variation
in agricultural land use diversity emphasizes the different
production systems and agroecological contexts in which crops
are grown nationally.

These trends in crop diversity contextualize where the
majority of crops that dominate U.S. crop production (as
demonstrated from Figure 9) are concentrated. Figure 11

illustrates percent of a county cultivated for the two major crops:
corn and soybeans. By visualizing the percent of each county
cultivated by these crops in the U.S., regional dominance of this
commodity production is evident.

Dominant counties of 40% or higher of cultivated land
for each crop largely fall within the midwestern Heartland
region. Further, this region has a comparatively lower SDI value
(Figure 10) than most other productive regions. Yet, areas along
the Mississippi Portal and the Prairie Gateway demonstrate
dominance of soybean cultivation and a comparatively high
SDI value. The location of these dominant landscapes further
illustrates how and where crop specialization has occurred and
continues to occur.

Policy Structure
Agricultural land use changes in the U.S. take place within
a policy structure that operates at multiple levels, from local
zoning laws to national-level subsidy programs. The U.S. Farm
Bill (FB) has become what is referred to as an omnibus (or all-
encompassing) piece of legislation that largely influences how,
where, and why food is produced and distributed; these policies
cover an increasingly broad suite of programs and purposes. For
example, the 1933 FB, titled the Agricultural Adjustment Act of
1933, aimed specifically to provide relief for farmers in debt and
increase agricultural revenue. Its stated purpose is as follows:

“To relieve the existing national economic emergency by

increasing agricultural purchasing power, to raise revenue for

extraordinary expenses incurred by reason of such emergency,

to provide emergency relief with respect to agricultural

indebtedness, to provide for the orderly liquidation of joint-stock

land banks, and for other purposes.” (Agricultural Adjustment

Act, 1933)

Thus, it was a reactionary policy to an ongoing economic crisis.
The most recent version of the FB passed in 2018, states its
purpose as the following:

“To provide for the reform and continuation of agricultural and

other programs of the Department of Agriculture through fiscal

year 2023, and for other purposes.” (Agricultural Improvement

Act, 2018)

This most recent FB reflects a broader purpose than 1933,
maintaining and updating the status quo of the U.S. agricultural
system. The goal for “reform and continuation of agricultural
programs” emphasizes the growing importance of these
programs that regulate how the U.S. agri-food system operates.
FB programs currently cover a wide variety of “Titles” or topics in
the 2018 policy document; these Titles include: (1) Commodities,
(2) Conservation, (3) Trade, (4) Nutrition, (5) Credit, (6) Rural
Development, (7) Research, Extension, and related matters, (8)
Forestry, (9) Energy, (10) Horticulture, (11) Crop Insurance,
and (12) Miscellaneous. This 2018 FB proposed a budget for
$428 billion for its 5-year life span, of which 76% is dedicated
to Nutrition programs such as the Supplemental Nutrition
Assistance Program (SNAP), and a mere 9% is dedicated to
crop insurance, 7% for commodities, and 7% for conservation
(McMinimy et al., 2019). The importance and composition
of these Titles has substantially changed over time, ultimately
defining and reinforcing the political structure of agricultural
production in the U.S (for a more complete list, see McFadden
and Hoppe, 2017, Appendix A).

FB programs have historically aimed to improve agricultural
productivity and markets by controlling the supply of
commodities. The Emergency Feed Grains Act of 1961 replaced
market-oriented policies with direct federal government
regulation; this put the federal government in greater control
over the driving forces of the production (McGranahan et al.,
2013). Following that, the well-known era of “fencerow to
fencerow” production of the 1970s was defined by increased
supply of agricultural commodities that captured economies
of scale to combat high production costs. The “Russian Grain
Robbery” of the mid-1970s—in which the Soviet government
purchased over one fourth of U.S. wheat harvests to increase
their own livestock production—challenged domestic demand
for commodities, tripled wheat prices, and doubled corn and soy
prices. This market spike led to the export of 80% of wheat in the
U.S. to the Soviet Union (Luttrell, 1973). The then Secretary of
Agriculture, Earl Butz, supported this international trade market
as a way of boosting exports to foreign markets. Therefore, to
combat the rise in commodity prices for the U.S., he encouraged
farmers to increase their production, aiming to create immediate
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FIGURE 10 | Shannon’s Diversity Index (SDI) of agricultural land use categories for each 20-km pixel in the U.S. in 2017. Light green indicates counties with a low SDI

and dark blue indicates counties with a high SDI. Reprinted from Burchfield et al. (2019). Copyright (2019), with permission from Elsevier.

surpluses of commodity crops, particularly corn and soybeans
(McGranahan et al., 2013). Although overall cropland cultivated
did not immediately increase during this era, corn, soy, and
wheat production noticeably expanded while production of other
crops (e.g., sorghum, barley, oats) declined (see Figure 9 above,
whereby a vertical line at the year 1973 marks this transition).
The Agricultural and Food Act of 1981 extended these federal
support policies from the 1970s, leading to the 1980s Farm Crisis:
the federal government made billions of dollars of payments
to farmers growing commodity crops to reduce production,
re-adjust commodity prices, and help farmers address rising debt
(McGranahan et al., 2013). These federal regulations created
incentives for specialized agricultural land use over the past 50
years currently still in effect.

Agricultural land reserve programs have played a role in
influencing how and where commodities are produced. From the
late 1950s through 1990, the federal government paid farmers
to take productive cropland out of production as a means of
supply control; this land had to be converted to grassland, trees,
or other non-crop purposes (Olson, 2001). The Agricultural
Act of 1956 established the Soil Bank Program to set aside
12 million hectares of land from commodity production to be
used for wildlife habitat; however, the land enrolled in this early
conservation reserve program was already low in productivity.
Thus, this type of land reserve program helped regulate
the amount of highly productive land used for commodity
production by reducing the less productive land competing on
the market with more productive land (McGranahan et al., 2013).
Meanwhile, in conjunction with technological advances made
during the Green Revolution of the 1950s and ‘60s, productivity
of major crops increased on this high-quality land. In 1985,
the Conservation Reserve Program (CRP) was established under
the Food Security Act of 1985 with aims to reduce soil erosion
on highly erodible cropland and reduce off-farm sedimentation,

as well as decrease commodity surpluses and increase farm
income. Further, the “swamp buster” provision was added
for environmental protection by disincentivizing farmers from
producing agricultural commodities on wetlands after 1985,
as this conversion made them ineligible for federal support
(Daniels, 1988). While the 1956 Soil Bank Act did not limit the
amount of land that could be taken out of production, the 1985
CRP provision limited this amount of land to no more than 25%
of a county’s total cropland base; this helped minimize large-scale
economic impacts on commodity prices and agri-businesses.
However, ongoing commodity price support programs have
continued to compete with CRP enrollment. Thus, while CRP
enrollment has continued since 1985, it has not effectively
targeted the most sensitive and erodible land or out-competed
other financial incentives for farmers to produce subsidized
commodity surpluses (Isik and Yang, 2004; Johnson et al., 2016).

In addition to incentivizing commodity production, FB
programs have limited diversification on agricultural lands that
are supported by federal subsidies. In the 1985 FB, acreage
designated to commodity production was limited by the Acreage
Limitation Program (ALP) and Paid Land Diversion Program
(PLD); to receive subsidy payments, certain commodities could
only be planted on a set amount of acreage. As of the
1996 FB, “production flexibility contracts” (a.k.a. “Freedom
to Farm”) replaced ALP and PLD to allow farmers to plant
different crops other than previously stipulated commodities to
increase planting flexibility while still receiving federal support
(Willis and O’Brien, 2002). Producers could plant 100% of
their contract acreage to a different crop, including grazing
or hay production. However, this flexibility was limited; fruit
and vegetable production (other than lentils, mung beans, or
dry peas) was prohibited, unless a history of double-cropping
fruits or vegetables had been established (ERS, 1996). As
of 2002, this planting flexibility was replaced with direct
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FIGURE 11 | (A) Percent of total county land cultivated with corn in 2017. (B) Percent of total county land cultivated with soybeans in 2017. Data: USDA NASS Survey.

payments to farmers for specific crop types and payment rates,
regardless of farmer need (Willis and O’Brien, 2002). By 2014,
direct payment subsidies were cut from the FB, replaced by
several risk management programs (discussed below), but these
recent changes do not undo historical incentives for land
use specialization.

Further, commodity support programs are only accessible
to certain farmers and favor certain types of production.
Historically and at present, these programs are only eligible
for established base acres. Base acres are defined as farm-level
acreage for certain commodities based on the historical average
acreage of that commodity; these are the acres eligible for
commodity program payments. Therefore, program payments
are determined by what has been grown on these base acres
rather than what is currently being grown. Base acres were
established in the 2002 Farm Bill and reflect planted acreage from
1998 to 2001 until the recent opportunity from the 2014 Farm
Bill to re-allocate acres based on 2009 to 2012 planting (Farm
Bureau, 2016). However, this reallocation did not allow new
base acres to be designated—only the adjustment of designated

acres to different commodities. Since base acres are linked to the
farm itself, not the farmer, this omits land recently converted
to commodity production to be supported by FB commodity
payments (Farm Bureau, 2016). This further incentivizes keeping
land previously managed for intensive commodity production
in the same type of production. Thus, farmers with certain
acreage could receive payments for wheat production but
not currently produce wheat; contrastingly, acreage under
current wheat cultivation without base acreage designation
could not receive program support. In fact, differences in
base acres and actual average acreage planted for covered
commodities are largely observed across the U.S., maligning
the risk mitigation potential of Commodity Title programs
with risk experienced by farmers (Newton, 2017). These base
acreage designations have not been updated in the 2018 FB,
but base acres out of commodity production in the past
10 years are now ineligible for program payments; instead,
these base acres can be enrolled in conservation programs,
such as the Conservation Stewardship Program (Newton,
2017).
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Current Titles established under the 2018 FB reflect past
influences of federal agricultural policies and reinforce federal
support and influence over the U.S. food system. Although all
Titles may influence farmer decision-making and agricultural
land use in some way, the Commodity, Credit, Trade, and
Crop Insurance Titles (designated as “commodity-focused” Titles
hereafter) cover many of the programs that serve to directly
mitigate risk through insurance, provide financial assistance and
disaster relief through loans and subsidies, and influence market
demand through international trade regulations. These Titles are
major drivers of the types of commodities produced, as well as
where, why, and how this production occurs in present day.

Of these commodity-focused titles, the Commodity Title is
the arguably the most influential Title for regulating commodity
production and influencing farmer decisions. Commodity
programs effectively provide support for market fluctuations
and risk associated with commodity production, comprising
the majority of influence over agricultural land use. Two main
programs under this title include the Price Loss Coverage (PLC)
program and the Agricultural Risk Coverage (ARC) program
and are administered through the Farm Service Agency (FSA).
The PLC, based on a certain crop-year price, pays farmers with
historical base acres eligible for covered commodities when the
market-based effective price falls below the effective reference
price—a price determined by the 2014 FB that allows for market
fluctuations (ERS, 2019b). ARC pays farmers with historical
base acres when the actual yield (distinguished between irrigated
and non-irrigated acres) and prices for their county’s average
per-acre crop year revenue falls below the guaranteed level
for each covered commodity. Commodities covered by both
of these programs are defined as wheat, oats, barley, corn,
grain sorghum, rice, soybeans, sunflower seed, rapeseed, canola,
safflower, flaxseed, mustard seed, crambe and sesame seed, dry
peas, lentils, small chickpeas, large chickpeas, and peanuts. As
of the 2018 FB, farmers can switch between PLC and ARC
programs with greater flexibility. Other programs include the
Non-insured Crop Disaster Assistance Program (NAP), Non-
recourse Marketing Assistance Loan Program (MAL), and the
Dairy Margin Coverage Program (DMC). NAP provides risk
protection for crops not covered under the Federal Crop
Insurance Program. MAL offers farmers short-term loans when
market prices are at their lowest (during harvest time) to
allow them to wait and sell their commodity when prices
improve. Eligible commodities for MAL include wheat, corn,
sorghum, barley, oats, upland and extra-long-staple cotton,
long- and medium-grain rice, soybeans/other oilseeds, certain
pulses, peanuts, sugar, honey, wool, and mohair. DMC offers
coverage for dairy producers when the margin between the
price of all milk and the average feed price is below a
producer-determined threshold to help manage the fluctuations
of the dairy market (ERS, 2019b). These programs largely aim
to mitigate risk for farmers, as opposed to control supply
of commodities.

Other commodity-focused Titles serve different yet
complementary purposes. The Crop Insurance Title updates,
modifies, and enacts the Federal Crop Insurance Program
(FCIP) whereby farmers can access subsidies to protect

against yield, crop revenue, and whole-farm revenue (WFA)
losses (Johnson and Monke, 2019). Yield and crop revenue
insurance coverage is crop-specific, whereby WFA covers the
expected income of an entire farm to support more diversified
systems. These insurance products are administered through
the Risk Management Agency (RMA) and coverage extends
across row crops, livestock, dairy, organic production, other
specialty crops, grazing land, etc. (ERS, 2019b). The Trade
Title reinforces global markets for U.S. grown crops and largely
influences international food prices for U.S. farmers (ERS,
2019b; Johnson and Monke, 2019). Finally, the Credit Title
provides direct government loans to farmers and ranchers
through the FSA to support beginning, socially disadvantaged,
and veteran producers (ERS, 2019b; Johnson and Monke,
2019).

As the structure of each FB has changed over time,
the number of crops and commodities included in
commodity-focused Titles and programs has increased.
Figure 12 illustrates the distinct number of crops and
commodities in such Titles of each FB over time. This
numeric measure helps illustrate both the broadening
scope of the policy itself, as well as the diversity of crops
included within FB programs that aim to support and regulate
their production.

The 1933 FB only mentions eight distinct crops and animal
products (cotton, wheat, rice, corn, tobacco, hogs, milk, and
fruit groves/orchards) in its entire 25 pages, demonstrating its
limited and reactionary purpose. Contrastingly, the 2018 FB
mentions 52 distinct crops across 529 pages—a product of a
gradual expansion in scope and influence over time. The highest
number of crops mentioned is 81 in both the 2002 and 2008 FBs.
Crops classified as fruits or vegetables were not recognized or
mentioned in the documents until the 1980s; crops for biofuel
or organic production were not introduced until the late 1980s,
as well. Further, while the number of crops and commodities
within the FB increased from the 1970s onward, the composition
of U.S. crop acreage became increasingly less diverse (as seen in
Figure 9 above); these political and ecological changes occurred
in tandem, suggesting that the increasing scope of the FB
supported such specialization.

DISCUSSION

We discuss the implications of these results in the context
of recent literature and the concern for transitioning the U.S.
agricultural system toward greater sustainability. The discussion
is structured to mirror the results section and contextualize the
above data trends. We conclude with recommendations within
the broader framework of sustainable agricultural transitions and
future research.

Cropland, Farm Size, and Productivity
In recent decades, U.S. agricultural production has reaped
the benefits of industrialization and mechanization to support
exponential increases in yield of major crops (Reganold et al.,
2011; Aguilar et al., 2015; Pellegrini and Fernández, 2018).
Although total land area devoted to agriculture is declining
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FIGURE 12 | Number of distinct crops or commodities included in the Farm Bill Commodities, Trade, Credit, and Crop Insurance Titles (i.e., commodity-focused

Titles). Data: U.S. Farm Bills.

nationally (yet expanding globally, see Ramankutty et al.,
2018), crop production is heavily concentrated in certain areas.
Larger farms are consolidating, and competition for farmland
among farmers is increasing (USDA NASS, 2019b). These large-
scale farms are comprising more and more of U.S. cropland
and are out-competing smaller operations (Paul et al., 2004;
MacDonald and Hoppe, 2017); this consolidation is driven by
historical patterns of land dispossession and predominantly
White landownership (Dunbar-Ortiz, 2014; Ayazi and Elsheikh,
2015; Horst and Marion, 2019), as well as farmers expanding
through part-ownership and operating rented land (Hart, 1991).
At the same time, larger farms have brought economies of
scale that boost productivity (Paul et al., 2004) and benefit
from economies of size that make it profitable to expand
farm size per unit of output (Duffy, 2009). Agglomeration of
agricultural production around similar land uses and crop types
reflects the pressure for farms to consolidate input investments,
share information, and overcome the scalar thresholds of
market competition.

While biophysical differences and political incentives
influence regional specialization of crop production (Hart,
1978, 1986, 2001), county-level dominance of cropland in areas
such as the Heartland, Basin and Range, and Mississippi Portal
signifies the simplification and intensification of agricultural
landscapes. The Corn Belt, originating from a landscape of
mixed farming and agricultural experimentation, has become
highly specialized for surplus commodity production (Hart,
1986; Hudson, 1994). The location of farms and cropland in the
Heartland has remained relatively stable over the past several
decades, indicating that the highest quality and most productive

agricultural lands have stayed in agriculture throughout the
region (Hart, 1986, 1991; Drummond et al., 2012). Other
regions across the western U.S. have seen fluctuations in amount
and location of cropland due to greater climatic, economic,
and technological variability, as well as changing FB policies
(Hart, 2001; Drummond et al., 2012). National evidence of
productivity growth, particularly in the Midwest, indicate that
farm consolidation is a substantial factor in the exponential
increase of aggregate TFP, alongside technological innovation
(Key, 2019).

Technological advances in seed genomics, fertilizers,
chemicals, and mechanization have revolutionized agriculture in
the U.S., but they have also introduced complicated ecological
consequences. The introduction of herbicide-resistant (HR)
genetically engineered crops in 1996 made the broad-spectrum
application of glyphosate possible. Glyphosate-resistant HR
crops have necessarily increased the application rates of
herbicides and pesticides, introducing resistance in weed and
insect populations; meanwhile, populations of beneficial species
are decreasing (Benbrook, 2012; Pimentel and Burgess, 2014).
Innovations in low-cost synthetic fertilizers in the 1950s and ‘60s
made integrated crop-livestock farming and nutrient recycling
biologically obsolete (Davis et al., 2012). Farmer reliance on
synthetic fertilizers has increased due to soil fertility declines, yet
evidence suggests that synthetic nitrogen depletes soil organic
matter, a key indicator of soil health (Mulvaney et al., 2009).
Labor efficiency increased with mechanization, and synthetic
fertilizers and chemical inputs became increasingly available;
meanwhile, specialization of crop and livestock production
became more economically viable and efficient. Agricultural
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research has enabled corn, soy, and wheat to be highly productive
per acre harvested. In the 2017/18 season, corn and soy provided
$232 and $287 net returns per acre, respectively, and wheat
provided $98 per acre (Ash et al., 2018). Yields of these crops
and commodities have seen exponential increases prior to and
following the Green Revolution in certain areas (e.g., the Corn
Belt) yet have begun to plateau in others (e.g., fringes of the Corn
Belt) (Hart, 1986; Ray et al., 2012; Pellegrini and Fernández,
2018). These advances led to increasing economies of scale,
captured in the growth of farm size, shifts in farm infrastructure
toward specialization, and a rapid decline in the number of farms
across the U.S. (Hart, 1986; Dimitri et al., 2005).

Trends in national cropland reflect a “land-sparing”
approach—less land used more intensively for increasing
productivity and specialization—compared to a “land-sharing”
approach—more land used more extensively to manage greater
diversity of land use (Phalan et al., 2014). These different
approaches to land management have been hotly debated
regarding conservation and long-term sustainability (Fischer
et al., 2008, 2014). As the U.S. trends toward greater specialization
in agricultural production, this puts greater pressure on effective
biodiversity conservation of non-agricultural land. Furthermore,
this specialization holds implications for the sensitivity and
resilience of agricultural production within an increasingly
uncertain climate (Ortiz-Bobea et al., 2018) and increasing
reliance on external mechanization (Rada and Fuglie, 2019).
Such changes could increase farmer debt and put greater
pressure on rural economies. These implications heighten
concern over the long-term management of the ecological health
of agricultural land within the context of increasing input use,
machinery, and decreasing intra-crop and inter-crop species
diversity within and across farms.

Crop Composition
In the U.S., the diversity of agricultural crops cultivated has
decreased since the 1970s with wide regional differences. Regions
that are most productive for dominant crops (i.e., corn and
soybeans) maintain the least crop species diversity. Certain areas,
such as Mississippi Portal Region, have maintained higher crop
species diversity, whereby other areas, such as the Heartland
region, have become largely optimized for a select few crops and
commodities through decreasing diversity (Hart, 1986; Aguilar
et al., 2015; Baines, 2015; Auch et al., 2018). Similarly, on a global
scale, agricultural land has become dominated by a less diverse
portfolio of crops (Martin et al., 2019).

Effects of declining crop species diversity raise concerns
over the long-term health of agricultural ecosystems, as well as
the stability of agricultural economies over time. Crop species
diversity can be assessed at an on-farm and landscape level and
holds different implications for land management. Increasing
crop species diversity at a landscape level through compositional
heterogeneity (i.e., the distinct number of crop types across a
landscape) may have significant beneficial impacts on yield of
major crops like corn and soy (Burchfield et al., 2019). Increasing
configurational heterogeneity (i.e., the spatial arrangement of
crop types and land uses) can boost pollinators and plant
reproduction for small-scale farms (Hass et al., 2018). Further,

increasing farm-scale diversity can improve the resilience and
stability of agricultural production over time (Abson et al., 2013).
Although some U.S. regions are much less diverse than others,
maintaining crop diversity at local, national, and global scales is
of great importance to achieve and maintain food security for the
future (Massawe et al., 2016).

Managing on-farm and landscape-scale crop species diversity
comes with a suite of considerations. Assuming that farmers aim
to reduce risk in their operations, diverse cropping systems and
practices have been positively linked to increased mean income
and reduced income variance over time (Di Falco and Perrings,
2003). Crop diversity is known to enhance ecosystem services
(ES) such as soil health, pest management, and water quality
(Tscharntke et al., 2005, 2012; Hendrickx et al., 2007; Meehan
et al., 2011; Bommarco et al., 2013; McDaniel et al., 2014; Landis,
2017), but these ecological benefits must also complement, if not
enhance, other benefits for farmer livelihoods. Increasing crop
diversity through practices such as crop rotation (over several
seasons), intercropping (within one season), non-crop vegetation
(such as filter strips or wildlife habitat), or integrated pest
management pose challenges and barriers to their adoption; these
include learning new management skills, balancing the potential
risk on yield of major crops, or accessing appropriate machinery
or technology to implement them effectively (Way and van
Emden, 2000; Hooper et al., 2005; Pridham and Entz, 2008;
NRC, 2010). Furthermore, these incentives and disincentives are
filtered through federal agricultural policies that offer competing
financial support. Biodiversity management on farms and across
landscapes must be contextualized through such overlapping
political, ecological, and social constraints.

Policy Structure
Federal agricultural policy has increased in scope since 1933 and
maintains considerable influence. In fact, through this increase,
the federal government is the primary source of supplemental
income for farmers through subsidy payments (O’Connor, 2012).
While the purpose of the FB has changed significantly since
1933, the incentive structure has not, prioritizing commodity
production over both conservation practices (Lehner and
Rosenberg, 2018) and agricultural diversification, even when the
cost of production has exceeded farmer revenue (Hart, 1986).
Even though the number of crops indicated in each commodity-
focused FB Title has increased, the national crop portfolio has
become increasingly less diverse. This misalignment between the
diversity of crops regulated or supported by FB programs and
the non-diversity of U.S. crop production highlights how policy
ultimately promotes specialized commodity production. While
environmental concerns arise over such land use trends, the
implications of these federal policies are mixed.

Increasing federal control over and support of agricultural
production has been debated in recent literature, particularly
if and how it may promote or inhibit greater sustainability
for both farmer livelihoods and ecological health. Evidence
supports that U.S. agricultural subsidies are less accessible
to smaller, organic, or diversified farming operations, fail
to encourage conservation practices, promote commodity
specialization (Bruckner, 2016), and systemically privilege
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White landowners over marginalized farmers and farmworkers
(Dunbar-Ortiz, 2014; Ayazi and Elsheikh, 2015; Minkoff-Zern
and Sloat, 2017). While subsidies and financial assistance
may help mitigate risk associated with crop diversification for
farmers, it has also been shown to discourage diversification
and support specialized commodity production (Di Falco and
Perrings, 2005). Since crop insurance helps mitigate the need
for income variation, farmers may rely less on diversifying
their farming systems to reduce this risk (O’Donoghue
et al., 2009). Growing federal support for risk mitigation
programs—such as ARC, PLC, and crop insurance programs—
further decouples farmer decision-making from environmental
risk. Although crop insurance enrollment does not lead to
greater nutrient use through fertilizers and other chemicals
(Weber et al., 2016), recent studies have shown that crop
insurance increases irrigation withdrawals across the U.S.
by motivating farmers to grow more water-intensive crops
(Deryugina and Konar, 2017). Furthermore, farmers enrolled
in crop insurance were found to experience greater yield
sensitivity of corn and soy in extreme heat than those not
insured; thus, crop insurance could provide a disincentive
to take adaptive measures against climate-related impacts
(Annan and Schlenker, 2015).

Despite these limitations, removing or decreasing federal
agricultural assistance as an alternative is associated with several
tradeoffs. In fact, this reduction may actually support farm
consolidation. Large farms can more easily access crop insurance
(due to access to greater capital) than small and medium size
farms (Bruckner, 2016; Graddy-Lovelace and Diamond, 2017);
this reinforces barriers for disadvantaged, small-scale, or aspiring
farmers (Calo and De Master, 2016; Rosenberg and Stucki, 2017;
Horst and Marion, 2019). Examples of subsidy reduction outside
of the U.S. exhibit mixed results. Subsidy removal in Canada
has been associated with increased specialization of production
(Bradshaw, 2004), while New Zealand has seen increased farm
diversification and off-farm income for farmers (Vitalis, 2007).
Some argue that focusing the political debate around agricultural
subsidies distracts policymakers from intervening in agricultural
markets in necessary yet beneficial ways (Graddy-Lovelace and
Diamond, 2017). Therefore, increased agricultural subsidies do
not presume to move away from agricultural sustainability,
but rather the type and incentive of such policies should
be questioned.

CONCLUSION

Overarchingly, the U.S. agricultural system has gradually
transitioned toward a regulated and specialized system,
recognized through consolidation of U.S. farms and the
homogenization of crop production. Fewer and fewer farms
own more and more land, and these farms continue to produce
a select few crops within highly mechanized processes. These
changes emphasize productivity and efficiency, despite increasing
concern for biodiversity loss. Further, even though the Farm Bill
has increased in scope, the underlying structures incentivizing
and reinforcing agricultural specialization have not changed.

While we do not attempt to assess the current sustainability
of U.S. agriculture within the NRC’s definition, historical
data trends accentuate the priorities of the production system
writ large. Through substantial gains in productivity and
specialization of commodities across the U.S., past and current
agricultural land use largely reflect two of the sustainability
objectives: (1) satisfying human food, feed, fiber, and biofuel
needs; and (2) sustaining the economic viability of agriculture.
However, the prioritization of sufficient production and its
economic viability has come at the cost of the other outlined
objectives: (3) enhancing environmental quality and the resource
base; and (4) enhancing the quality of life for farmers, farm
workers, and society as a whole. Intensive commodity production
has concentrated in space and contributes to biodiversity loss
and declining agroecosystem health. These systems often fail to
promote farming that harnesses and enhances ES provisioning
and are increasing reliance on external inputs instead.Meanwhile
agricultural policies are not equally as advantageous or
accessible to all producers, exacerbating social inequities and
disadvantaging new or diverse farmers. The imbalance of these
objectives heightens concern over the robustness of the system.
Decreasing trends in crop diversity may contribute to decreased
resistance and resilience to shocks and stressors associated
with a changing climate and changing environments, and the
adaptability needed to address urgent changes may be limited by
an increasingly regulatory policy structure.

Within the NRC framework of change, both incremental
and transformative approaches to change are necessary to
promote more sustainable agricultural systems. For large-
scale landscape transformations to occur, agricultural research
and technological innovation must focus on commercial
grain producers; this is how the majority of the agricultural
land is used. To implement transformative change without
destabilizing crop markets would be difficult. However, given
how large these agricultural landscapes are, any change in
their compositional (increased complexity of different land
cover types) and configurational (increased complexity of
spatial patterning of cover types) heterogeneity can produce
important changes in biodiversity for local or global conservation
(Fahrig et al., 2011); changes outside of these markets will not
have the largest transformative impact. Therefore, incremental
approaches could best support technological advancements
and innovations already available for land management by
building off current research and enhancing adoption for existing
conservation alternatives. Transformative change could target
restrictive policies—such as updating base acreage designations
or reducing barriers for non-White or small-scale farmers—
to encourage more flexible and diverse programs that support
commodity production. Federal agricultural policy at present
fails to effectively promote diversification or conservation
practices; whether increased or decreased federal support will
do so is currently debated. Yet, a more diverse and socially
inclusive suite of programs can help support more diverse
systems in which these commodities are grown, promoting
technological innovations that can reduce the impacts of
agricultural landscape simplification. If large farms and corporate
entities remain consistently advantaged over small farms and
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businesses, then alternative agricultural management schemes
will be limited.

We have built upon the NRC (2010) report discussing
the complicated nature of evaluating sustainability within
agricultural systems. By utilizing national-level data to look
at trends of land use and policy over time, we inform and
update previous research to remain contextually relevant for
policy decisions and assess U.S. trends writ large. Agricultural
transformations toward sustainability do not fit within the
dichotomy of conventional or sustainable systems. Rather,
considering drivers and constraints across multiple scales helps
identify realistic pathways of change. For a more sustainable
future, both incremental and transformative changes are needed
to address the proximate and ultimate conditions of the current
state of agricultural landscapes. Although crop composition,
productivity, and farm consolidation trends vary regionally,
agricultural policy is regulated at a federal level. Therefore, we
call for federal agricultural policies to more appropriately address
the current drivers of on-farm and landscape simplification,
as well as the overlapping factors of sustainability from
the local to global scale to contextualize the feasibility of
agricultural transitions.
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