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Abstract

Cover crops have numerous benefits, including
enhanced erosion control, forage biomass, nitrogen
fixation, nutrient recycling, weed suppression,
water management, temperature moderation, and
carbon sequestration. Still, the adoption of cover
crops by farmers is significantly influenced by their
individual goals and preferences, their specific
agroecological contexts, and larger agro-industrial
structures and systems. Farmers in Pottawatomie
County, Kansas, planted cover crops on 8.2% of
the county’s cropland in 2022 (nearly twice the
national average). This study sought to understand
what these farmers were looking for in cover crops
by specifically choosing to interview them. Utiliz-
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ing information gleaned from interviews with 22
farmers and/or cover crop expetts, I was able to
thematically analyze the resulting data. Coding
revealed that many interviewees were on the
“chemical herbicide treadmill” for cover crop
supptession and/or termination. I used this infor-
mation as a theoretical framework to inform
descriptive analyses of farm characteristics, crop
types, farmland use, and emissions. After compar-
ing trends and themes, I found that interviewees
looked for cover crops to be affordable if not prof-
itable, suitable for use as a supplement forage bio-
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mass/nutrition for cattle, and ideally subsidized by
cost-shate programs (~US$50/acre). Weather and
labor availability and labor cost were also key influ-
ences. When grazing ot crimping cover crops was
not an option for their suppression or termination,
interviewees preferred using herbicides over mini-
mum tillage. This preference was reflected in the
1997-2022 county-level trends of increased herbi-
cide application rates and expenses, notable
changes in the primary cropland type from
hay(lage) to corn and soybeans, and accelerated
leaching emissions. Finally, I discussed implications
for adopting soil health principles that trended
more organic than regenerative, and offered
resources for cover crop education, outreach, and
cost share.
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Introduction

Communities in the U.S. must adapt to the triple
planetary crises of climate change, pollution, and
biodiversity loss (Hellweg et al., 2023). Adaptation
includes favoring policies that better align with
United Nations sustainable development goals
(Gutetrres, 2021; Ibrahim & Ahmed, 2022) and the
Intergovernmental Panel on Climate Change’s
(IPCC, 2021) land degradation targets. In the U.S.,
the Biden Administration’s Partnerships for
Climate-Smart Commodities allocated US$3.1
billion to hundreds of agriculture organizations,
corporations, universities, and nonprofits for
“climate-smart” projects (Graddy, 2023; U.S.
Department of Agriculture, Natural Resources
Conservation Service [USDA NRCS], 2023). The
intention of this funding was to “pass most of the
money on to tens of thousands of farmers, ranch-
ers, and forest owners” (Popkin, 2023, p. 1). Con-
tinuous government funding for these projects,
however, is unreliable, and adoption of climate-
smart projects is ultimately up to farmers and com-

munities themselves and the demands of their
places (Lloyd & Chalabi, 2021; van der Ploeg, 1994,
2022). To better understand how these practices
are implemented on the ground, it was crucial to
investigate how farmers in one community utilized,
perceived, and valued one specific climate-smart
agricultural practice: cover crops (CCs).

Although CCs are “no silver bullet” (Envi-
ronmental Defense Fund [EDF], 2022, p. 28;
Lamichhane & Alletto, 2022), there are several
reasons to plant CCs before, after, or in compan-
ion with corn and soybeans (USDA NRCS, 2019a,
2019b). These include enhanced erosion control,
soil organic matter, forage biomass, nitrogen
fixation, nutrient recycling, weed suppression,
water management, temperature moderation, and
carbon sequestration (Green Cover, 2024; Kranz,
n.d.; USDA NIFA SARE, 2024). Among other
options, farmers can seed CCs with shorter season
genetics into commodity crop systems, or no-till a
cash crop into a living, green cover (Correira et al.,
2023; Practical Farmers of lowa [PFI], 2023a). In
the past 15 years, CC implementation in the U.S.
has surged (Plastina et al., 2024). This trend has
been true in my lifelong community of Pottawato-
mie County, Kansas (PT), which features highly
erodible, native Flint Hills prairie.

From 2012 to 2022, the number of PT
cropland acres planted to a CC—excluding Con-
servation Reserve Program (CRP) acres—surged
from 3,894 to 13,660 acres (1,576 to 5,528 ha), and,
among farms with CCs, their average CC acreage
neatly doubled, from 105 in 2017 to 201 in 2022
(USDA National Agricultural Statistics Service
[NASS], 2019, p. 713; USDA NASS, 2024, p. 684).!
In 2017, 4.3% of total PT cropland acres (exclud-
ing CRP) were planted to CCs; by 2022, 8.2% were,
which exceeded the contiguous U.S. CC average of
4.7% in 2022 (Bowman & Morales, 2024). There-
fore, in this study I explored the following three-
pronged question: Why did such a rapid increase in
CC adoption occur in PT, what were the primary
individual and structural factors driving enhanced
adoption, and what were PT farmers looking for in
CCs?

1'The NASS Agriculture Census’s wording on the CC question means that a CC could be planted after a crop is harvested or be the

only use of land during the census year (Zulauf et al., 2024).
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The answers and findings made novel addi-
tions to the robust CC management and adoption
literature for larger-than-average operations (x =
1,183 acres or 479 hectares) and offered implica-
tions on how the chemical herbicide treadmill
influenced PT farmers’ uses of and beliefs in CC
suppression/termination.

Review of Extant Literature

Since antiquity, farmers in ancient China, Greece,
and Rome have used CCs, otherwise known as
“green manure” (Magdoff & Van Es, 2021). A
proven ecological management practice (USDA
NRCS, n.d.-c), CCs have several beneficial agti-
ecological functions for the ecosphere’s four
spheres (Figure 1).

CCs can enhance soil cover, increase plant and
animal biodiversity, and improve the presence of
living roots, which altogether total more than half
of the generally agreed-upon soil health principles
(Brown, 2018; Groundswell Agriculture, 2019;
USDA NRCS, n.d.-a). CCs have also been shown

Figure 1. Cover Crop Benefits for the Ecosphere’s Spheres

to decrease a soil’s susceptibility to compaction,
temperature, and erosion (Adetunji et al., 2020;
Huang et al., 2025), while simultaneously increasing
soil aggregate stability, nitrogen (IN) concentration,
and soil water content (Blanco-Canqui et al., 2011,
2012).

Despite the multiple benefits of CCs, the
adoption rate of U.S. acreage for CCs has remained
in the low single digits (Zhou et al., 2022), indicat-
ing that CCs can present more challenges than ben-
efits for most farmers. CCs can be complex to
manage and may require new knowledge and spe-
cialized equipment (Acharya et al., 2019; Koechler-
Cole et al., 2023; Kreitzman et al., 2022). The
advantages of CC benefits can take years to accrue.
In the meantime, farmers can incur extra costs and
reduced yields (Deines et al., 2023), which is one
reason why farmers have called for greater CC eco-
nomic incentives and more diverse crop and live-
stock markets (Bergtold et al., 2017; Roesch-
McNally et al., 2018).

Understanding the holistic impact of CCs
requires examining farmers’
considerations and perceptions of
CCs while also considering their
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personal and agronomic goals, as
well as commodity and CC types
(Basche et al., 2014; Mwangi et al.,
2015; Van Eerd et al., 2023).
Therefore, the purposes of this
research were to (1) analyze PT
farmers’ treatment, management,
and implementation of CCs, and (2)
consider agroecological, climato-
logical, and socio-cultural influences
on PT farmers’ CC adoption.

Methods

Methods proceeded in three steps.
First, I thematically analyzed
participant interview transcripts and
a 23-item survey of their CC beliefs
(Appendix, Table Al). Second,
while coding certain themes, the
“chemical herbicide treadmill”
emerged as a guiding theoretical

Image source: Van Eerd et al., 2023, p. 1; shared under CC-BY-4.0 license.
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measuring farm charactetistics,
crop types, farmland use, and

Table 1. Descriptives of Interviewed Farmers

emissions—to contextualize the Item n responses Mean
thematic analysis. Total acres operated 16 1,183 acres / 479 hectares
Thematic Analysis Substantial off-farm incomea 17 53%
Following institutional IRB Use cover crops? 16 81%
procedures, I conducted semi- Integrate livestock? 16 94%

structured interviews with 22

participants from December 20,
2023, to May 19, 2024, using both
purposeful (Campbell et al., 2020; Palinkas et al.,
2015) and snowball (Noy, 2008) sampling
techniques. I primarily interviewed farmers, but
also included CC experts in extension, federal con-
servation, agronomy, input sales, and crop
insurance. At the end of the interviews, I asked for
recommendations of other potential interviewees.
Five of the participating interviewees were individ-
uals I had previously known, which introduced
minimal purposeful sampling bias and constituted a
limitation.

There were 18 farmers and four non-farmers,
with 10 of the 18 farmers holding leadership posi-
tions in agtricultural and/or community organiza-
tions. We conversed in vehicle cabs, barns, pas-
tures, and during chore time. On average, inter-
views lasted nearly two hours. Participants were
100% non-Hispanic white and 72.3% male, with an
average age of 55 (range = 26—71). With an average
of 1,183 operated acres (479 ha) (Table 1), the
sample more than doubled PT’s 2022 average farm
size of 493 acres (200 ha) (USDA NASS, 2024, p.
245). To ensure anonymity, I assigned pseudonyms
to respondents.

As detailed below, I followed the six steps of
reflexive thematic analysis (Braun & Clarke, 20006;
Byrne, 2022; Knott et al., 2022; Nacem et al., 2023;
Vanover et al., 2021).

1. Become familiar with the data. I initially used
Otter.ai to transcribe the interviews, then
checked its transcriptions against the recordings
for accuracy and edited the former as needed.
While doing so, I became more familiar with
the data.

2. Generate initial codes. Going through the
transcripts a second time, I used inductive

aDefined as “being able to make it financially without farming.”

coding to search for key words and phrases and
generated initial codes (Bingham, 2023) while
simultaneously searching for complete
sentences or thoughts and entire paragraphs
(meta codes). This ensured thorough, inclusive,
and comprehensive coding (Braun & Clarke,
2000). I also used Atlas.ti’s Al code suggestion
feature to generate a separate list of codes.

. Search for emergent themes. While searching

for emergent themes, I compared my initial
codes against those generated by Atlas.ti’s Al
code suggestion feature and the paragraph-level
‘meta’ codes. I revised, combined, and
eliminated codes, checking them against one
cach other as well as the original data; in this
way, themes iteratively evolved.

. Review themes. I reviewed themes to ensure

they were internally coherent, consistent, and
distinctive. I compared data points and codes,
and then condensed these codes into categories,
categories into themes, and themes into findings
(Charmaz, 2024).

. Define themes. Defining entailed assigning a

code name label, arriving at a full definition
based on inclusion and exclusion criteria, and
highlighting exemplary quotations (DeCuir-
Gunby et al., 2011).

. Name themes. For the last step, I named the

finalized codes. To ensure that naming codes
did not stem from my prejudices and prior
experiences, I explicitly recognized my
presuppositions, set them aside, and incot-
porated rival positions (Bailey, 2008).

Advance online publication
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During steps four and five of thematic analysis,
I struggled to explain why many participants chose
herbicide applications for CC suppression or termi-
nation by default, with no unprompted explanation
of why that was their go-to method. CC and herbi-
cide rates increased over 25 years (1997-2022),
even though CCs were supposed to reduce the
extent to which farmers applied herbicides to man-
age weeds (Giuliano et al., 2021). To make sense of
the simultaneous increase in CCs and herbicides,
one theoretical explanation emerged as most sali-
ent: the “chemical herbicide treadmill.”

Theoretical Framework:

Chemical Herbicide Treadmill

Chemical herbicide treadmill is a combinatory con-
cept that is derived from several sources (e.g.,
Aronov, 2020; Haggblade et al., 2017; Howard,
2016; Merrill, 1976; Mortensen et al., 2024; J. L.
Rodale, 1954). Although chemical herbicides can
reduce labor and tillage costs, their widespread and
repeated use exerts strong selection pressure on
weed populations, and resistance evolves and
spreads (Bharadia, 2025). To “fix” this problem,
farmers add new herbicides, adjust formulations,
utilize higher rates, and/or switch to crops that are
tolerant to multiple herbicides, which can once
again accelerate selection for multi-resistant weeds
and increase costs and continue this cycle or
“treadmill” (Peterson et al., 2025).

Powerful agro-industrial actors sell chemicals
meant to be used with crops genetically geared to
their use, forcing farmers onto the chemical herbi-
cide treadmill. By continuously marketing and sell-
ing these new-and-improved “fixes” to farmers,
consolidated and concentrated agro-industries
handsomely profit (Carolan, 2022). There are other
socio-cultural forces shaping herbicide hegemony
and adding a faster “spin” to the chemical herbi-
cide treadmill.

For instance, public dollars—which are allo-
cated via direct payments to farmers (dispropor-
tionally to farmers of larger operations who sell
commodity crops)—indirectly subsidize farmers’
herbicide expenses. Also, land-grant extension
agents offer farmers technical assistance including
long lists of pre- and post-herbicide blends consid-
ered optimal for CC species suppression/termi-

Advance online publication

nation (Grint et al., 2022; Hill & Sprague, 2024;
Palhano et al., 2018). However, the primary pur-
pose of these herbicide formulations is to minimize
CC competition with cash crops to maximize yield
per acre, which remains the culturally-touted metric
of a “good” productivist farmer (Burton, 2004).
The chemical herbicide treadmill is a byprod-
uct of the agricultural treadmill of production
(Cochrane, 1993, 2003; Curran, 2017; Levins &
Cochrane, 1996; Lynch, 2017; Sanderson &
Hughes, 2019). Technological advances, produc-
tion scales, and government subsidies encourage
farmers to continually expand production and capi-
tal investment to maintain the pace or else leave,
which in turn depresses commodity prices and cre-
ates additional scaling pressures. For example,
farmers’ widespread adoption of herbicide-tolerant
crops can contribute to reduced labor, enabled
larger fields and simplified rotations, exacerbated
farm consolidations, and reinforced production
incentives. Meanwhile, the intensive and repetitive
use of herbicides selected for resistant weeds has
forced farmers to consider additional herbicide
options and new genetically modified traits that are
tolerant to other herbicides. This example explains
the mechanistic similarities between the treadmill
of production (scale, subsidies) and chemical herbi-
cide treadmill (herbicide overuse, weed resistance).

Descriptive Analysis

After petrforming a thematic analysis and establish-
ing a theoretical framework, I compared interview-
ee data to county-level descriptive data measuring
farm characteristics, crop types, farmland use, and
emissions (Bingham, 2023). I then analyzed these
data points in a comparative, integrated, and sys-
tematic approach (National Institute of Health
Office of Behavioral and Social Sciences, 2018).
County-level descriptive analyses also served as
important validity and reliability checks on inter-
viewee data (Guest et al., 2012).

I sourced most variables from USDA NASS
(2004, 2009, 2012, 2019, 2024) and Conservation
Technology Information Center (CTIC), Regrow
Ag, Inc., et al. (2023). The latter developed a
remote-sensing algorithm using earth-observing
satellite data to document the adoption of soil
health practices and greenhouse gas emissions at
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high spatial-temporal resolutions (Hagen et al.,
2020). These are available through the Operation
Tillage Information System (OpTIS) 2.0 database
(ITNC et al,, 2023). Regrow Ag, Inc., then utilized
the Denitrification—Decomposition 11.0 model to
estimate greenhouse gas emissions for nitrous
oxide (N20), nitrate (NO3), and soil organic
carbon (SOC) (Gilhespy et al., 2014). I reported
OpTIS and Denitrification Decomposition
(DNDC) descriptive statistics to compare 2005—
2019 trends in residue cover and leaching of soil
organic C and N-based gases with 2002—-2022
trends in harvested cropland types.

Findings and Discussion

The primary findings were grouped in three sec-
tions: (1) interviewees’ CC beliefs, practices, and
peer information networks; (2) county-level
changes in leading crop types (less perennials, more
corn and soybeans) and emissions over time; and
(3) interviewees’ preferences for “spray over
spade” to control CCs; that is, automatically defer-
ring to herbicide applications rather than minimum
tillage to suppress and/or terminate CCs.

Beliefs, Practices, and Peer

Information Networks

At first glance, using the chemical herbicide tread-
mill as a theoretical framework may not seem
appropriate to analyze farmers’ CC beliefs and
practices. However, the chemical herbicide tread-
mill’s socio-cultural hegemony shapes farmers’
beliefs and practices regarding CCs. The treadmill
fuels lock-ins and path dependence, fails to sup-
port the internalization of supposed ‘externalities,’
and creates arms-race dynamics that demand
stronger chemicals, making it difficult to adopt
alternatives (such as front-mount roller crimping,
which requires neither spraying nor spading
certain CCs, like rye) (Green, 2018; Green &
Owen, 2011).

Interviewees believed in the union of no-till
and CCs. In 2022, 49.5% of PT farmland was no-
till. An extension agent and farmer named Tammy
remarked, “With cover crops, you don’t have to
have all the different tillage equipment.” There are
other mutualistic reasons for the union of no-till
and CCs. Farmer Tom said, “no-till and cover

crops go together,” commenting on their ability to
improve moisture retention and regenerate “poorer
ground”:

1 did not see any yield drag at all except one
field on one farm. Instead, the yields increased,
especially on poorer ground. You’re going to
see more of an increase in yield with no-till and
cover crops with your poor ground. Your poor
ground is going to be a little wetter ground,
you’re going to have problems getting into it in
the spring. ... Have the patience to wait to
have that ground dried out, and your cover
crop will help get that moisture down deeper,
just like money in the bank. ... The soil is not
going to have as much compaction, so when
your seeds sprout, the roots of the new seed
are not fighting all that hard against wet, tight,
and compacted ground. ... Walk into that
field, and it’s good ground. Good corn has a
lot of trash [corn stover or crop residue].

Although Tom did not experience overall yield
drag from CC, that can be the case. For instance,
the first large-scale, field-level analysis of observed
yield impacts from cover cropping implemented
across the U.S. Corn Belt found there was an aver-
age corn yield loss of 5.5% (Deines et al., 2023).
For soybeans, there was an additional 3.5% yield
loss on fields where CCs were used for three or
more years, compated to fields that did not adopt
CCs (Deines et al., 2023).

To address Tom’s other points, integrating
CCs into no-till acreage can improve the soil’s
physical properties and decrease its compaction
and temperature (Blanco-Canqui et al., 2011, 2012).
Western corn belt producers have previously per-
ceived diverse cropping rotations as an adaptive
strategy to cope with marginal lands (Wang et al.,
2021), and among U.S. soybean farmers, CC adop-
tion has been positively correlated with crop diver-
sification and no-till adoption (Lee & McCann,
2019). Interviewed farmers believed that CCs
enhanced crucial agri-ecological services. Based on
a 23-item survey of their CC beliefs, they most
strongly agreed that CCs decrease natural resource
degradation and soil erosion (see Appendix, Table
Al). For instance, Tom regulatly plants CCs after
harvest to stymie soil erosion:

Advance online publication
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One year I got the crops off way too late to
plant any covers. So, I thought, “Well, I've
been doing this for six years, I can skip a
year.” And I skipped that year, but it was
amazing how many ditches I had out there. 1
mean, it was something you could just
visually see, you didn’t need to bring
somebody in to point it out. And so, [ever
since| I’ve been continuous cover cropping
no matter what. I'm right behind the
combine with the drill.

Despite CC’s benefits, there can be drawbacks.

For instance, Camden, a federal consetrvationist
and farmer, cautioned farmers not to be compla-
cent with initial CC success:

Cover crops make weeds manageable, but
they are not a cure-all. There’s no one thing
that works every year [because| every year is
different. That is probably the biggest thing I
would tell you—if you think you got it figured
out, you better not pat yourself on the back
too hard because next year’s going to be
different.

CCs can be sunk costs if a farmer chooses
expensive mixes. Camden remarked:

You got to have these very specific mixes, and
they get expensive, especially if people don’t
have the capability to graze them because they
don’t have fence, water, etc. Even if the gov-
ernment pays me US$45 an acre, it still may
not pencil out because I got to buy this crazy
expensive seed just to terminate it.

Tammy also addressed concerns about CC
seed costs, stating that cost share programs can
sometimes require multispecies CC seed blends,
which are more expensive to plant:

Sometimes those cost share program rules say
that you must use species from each different
class, you must have brassicas, grasses, and

legumes. Very commonly, one or two species
out of a mix is going to dominate.

In 2019, Myers et al. identified some specific
situations that can accelerate farmers’ CC profita-
bility. Their study contextualized responses from
interviewed farmers who wanted CCs to be afford-
able, if not profitable. By utilizing CCs to increase
their soil organic matter ratio to help improve
future yields (Jacobs et al., 2022), the opportunity
to potentially sell CCs on a secondary market can
be considered. Increases in CC adoption have pre-
viously shown a high correlation with funding from
federal and state conservation programs (Zhou et
al,, 2022), and farmers are eager to receive federal
risk protections and incentives (Sawadgo et al.,
2021; Wallander et al., 2021). For example, in the
Southern Great Plains, producers expressed mod-
erate willingness to accept CCs if they were paid
US$26.38/acre (Johnson et al., 2024). In our study,
a farmer interviewee named Hank confirmed that
he would plant more CCs if the government subsi-
dized seed costs to the tune of US$50/acre:

The problem with cover crops is they may not
always be the way. Right now, the seed is
expensive. I mean, it costs you quite a bit per
acre to put cover crops on...I’d rather do it for
50 bucks. But if the cost of the seed was regu-
lated or somehow moderated or supplied by
the government that would kind of make a dif-
ference too. Think back when the government
did the soil belt programs, they supplied clover
seed.

While much smaller than USDA Environmen-
tal Quality Incentive Program (EQUIP) CC pay-
ments of US§40-50 per acre (Myers & Wilson,
2023, p. 6), the 2022 USDA Risk Management
Agency’s (RMA’s) (2022) Pandemic Cover Crop
Program offered a US$5/acre premium discount to
producers who planted qualifying CCs and were
enrolled in eligible crop insurance policies.” Curtis,
a farmer and crop insurance agent, remarked,

2 H.R.8527 (2023) would have extended this program by providing a US$5/acre crop insurance discount (Casten, 2023), but it died in

subcommittee.
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They’re good for me, they’re throwing me an
extra five bucks an acre, and that makes a little
bit of a difference. It might not pay for a
chemical application throughout the spring or
pay for seed costs, but it will make a little bit of
a dent. ... The option to graze them has be-
come popular, because until just two years ago,
[RMA] wouldn’t allow you to graze or hay your
cover crops. ... Opening that up ... really
helped because farmers don’t have to let acres
sit idle for that long, and they can bring addi-
tional value back into their operations.

In Curtis’ last point, he was referring to USDA
RMA’s (2021) decision that producers with crop
insurance could hay, graze, or chop CCs for silage,
haylage, or baleage at any time and still receive
100% of the prevented planting payment. Previ-
ously, farmers could only hay, graze, or chop CCs
after November 1; otherwise, their prevented
planting payment was reduced by 65%. Crop insut-
ance also benefits from the USDA RMA’s decision.
Won et al. (2023), for instance, found that counties
with higher CC adoption rates had lower levels of
crop insurance losses caused by prevented planting.

When livestock graze CCs, they recycle manure
back into the agroecosystem (Groff, 2015; USDA
NIFA SARE, 2024). CC systems integrating live-
stock can be more profitable than those livestock
systems without, because the value of CC forage is
greater than its costs (Bowman et al., 2024). One
interviewee, Martin—a farmer and employee work-
ing in the animal health industry—used wheat as a
CC for soybeans, with one option for his end use
goal of the wheat being cattle feed:

We’ll use wheat as a buffer between soy rota-
tions. We will plant corn this year on every-
thing down there, then turn around after corn
harvest is done and plant wheat to help with
erosion and to keep that ground covered until
we plant soybeans in the spring. We will do
one of three things—either spray the wheat,
harvest it and take it to market, or cut and bale
it up for cattle feed.

Tom preferred to graze his livestock on CCs
for the quality protein it provided them:

As a normal practice, I'll plant covers right
after silage and I’ll get a foot to eighteen inches
of grazing off it. It’s top nutrition, high [qual-
ity] protein. The cows will just get fatter than
fat off it and do really well. ... Because I run
livestock, this here was chopped for corn silage
and put in the silo, then I went in and planted

turnip, radishes, and triticale. ... As soon as it
warms up, they will take off. That’s what I like
to see.

Edwin would plant late-summer cover mixes
into wheat stubble, and then sell the silage to his
neighbor to feed cattle:

I've got a window of time in late summer after
I harvest wheat to plant cover crops. I drill
them into the wheat stubble. I’ve got a neigh-
bor who we sell our cows to, and they want to
buy chuck silage and put it in the silo for feed
for their calves in the winter. We’ve worked
with them where we can take that planter corn
and bean—we have a rotation—and we can
take that silage off, usually in early August, and
that allows me to go in there and drill cover
crops and turnips all in the same blend.

There’s more to CCs than simply harvesting or
grazing them. CCs require practice, patience, adap-
tation, long-term planning, and the ability to learn
new management practices. To assist with the
adoption of CCs, there are several resources availa-
ble that consider species type and plant characteris-
tics that best align with each farmer’s goals (e.g.,
Community Alliance with Family Farmers [CAFF]
& The Freshwater Trust, 2023; Hamilton et al.,
2017; USDA NRCS, n.d.-b). Integrating CCs
means learning new management skills. Luckily,
there are several CC education and outreach
resources in PT and the surrounding region: Potta-
watomie County Conservation District (KACD,
n.d.) (in Westmoreland); Kansas State University
Research and Extension’s (n.d.) Northeast
Regional Office and Department of Agronomy
(n.d.) (in Manhattan); the Kansas Soil Health Alli-
ance (n.d.) (in Esbon); Kansas Farmers Union
(n.d.) (in McPherson); Kansas” USDA NRCS (n.d.)
office (in Salina); Rodale Institute Regional
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Resource Center at Kansas Wesleyan University (in
Salina); and the Kansas Alliance for Wetlands &
Streams (n.d.) (in Newton). Finally, Kientzy et al.
(2023) provided a summary of CC seeding machin-
ery, equipment costs, coverage rates, seeding qual-
ity, seed size, and consistency.

Interviewees also emphasized that growing a
successful CC stand “is more of a timing thing”
(farmer Earl). “Timing” meant different things to
different farmers. It meant receiving timely mois-
ture after seeding CCs to ensure successful germi-
nation (farmer Michael), planting CCs before a
freeze (farmer Zach), or terminating CCs before
they “go to seed” (farmer Tammy). Farmer Sam
lamented that lack of time and affordable labor
prevented him from consistently planting CCs:

I don’t always get cover crops planted every-
where. Id like to, but I don’t always have time.
The last several years I planted cover crops,
and they didn’t come up until the spring
because it was too dry, so that didn’t really
help much. In fact, [planting] covers was more
problematic than helpful. And so, this year, it
was just too dry, and so I just didn’t plant
them. ... I don’t really see anything wrong with
that.

Nick commented on the trade-offs of not till-
ing (but increasing his herbicide application rates
for CC suppression/termination), and the time-
intensive nature of CC management. He said,

We use less fuel than we used to because we’re
not out there ripping the guts out of a tractor
tilling. But we’re also doing our own spraying,
and so that kind of offsets that benefit. ...
Since I’ve gotten more into the cover crops, 1
have one guy who now works full-time for us
on them.

Farmer peer information networks also influ-
enced interviewees’ CC decision-making. Geraldine
noted,

Cover crops are big talk at the coffee shop

because people want to try it. They want to
know their neighbor is doing them and when
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they can see the results, then they’re going to
try to plant them.

Farmers who use CCs are more likely to bond
with other farmers who use CCs (PFI, 2023b), pri-
marily for knowledge exchange. As Curtis
explained,

The guys that have done covers in the past are
the first ones to tell you what has worked,
what blend that they’ve used, or stuff that may
not have worked as good for their operation.

Virtual mediums (online forums and Facebook
groups), in-person events (e.g., No-Till on the
Plains conferences), and everyday interactions with
neighbors and community members spur
knowledge exchange and bonding (Riley &
Robertson, 2022). Trust and reciprocity norms
emerge from regular and repeated interactions
within a community (Bridger & Alter, 20006).
Camden noted that the “farmer see, farmer do”
mentality has even helped sway CC-skeptical
farmers:

I've heard conversations at many of the talks
I've been to, like “just see what crazy Jim is do-
ing, he’s putting cover crops down!” They
might talk about each another behind their
backs a little bit but [then say], “he’s been
doing it for five years now, so he must be
doing it for a reason.”

Fewer Perennials, More Corn and Soybeans,
and Accelerated Emissions
To better understand why CCs increased, it is nec-
essary to examine an overview of county-level
changes in leading crop types. From 2002 to 2012,
PT farmers harvested more acres of hay(lage) than
corn and soybeans. By 2017, the combined har-
vested acreage of soybeans and corn for grain or
silage overtook hay(lage) acreage, and by 2022, soy-
bean acres were the most prevalent crop (Figure 2).
Camden questioned the economic rationale of
farmers who converted hilly hay fields to cropland:

You get guys who will try and farm the top
[ground], and it makes me shake my head.
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What are you gonna get? You got to plow it up
and lose that grass. Prairie soils are highly
erodible, so you have to put structural conser-
vation on the ground—terraces, waterways—
and then by the time you do that, now you
have marginal farmland. How you gonna make
that pencil out?

From 2005 through 2019, the PT cover crop

rate increased, as well as crop residue rates of 51—
100%. Meanwhile, conventional tillage and reduced
tillage, low-residue cover crop rates decreased
(Appendix, Table A2). Over that same timeframe,
all leaching emissions increased (Table 2 and
Figure 3).

In sum, CC rates increased in the county, but
so did all emission types. This was especially sur-
prising for nitrate emissions because Nouri et al.’s

Figure 2. Pottawatomie County, Kansas (PT), Harvested Cropland Acres by Select Crop Types, 2002-2022
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Figure by Jacob Miller-Klugesherz, © 2026; shareable under a CC-BY 4.0 license.
Data sources: USDA NASS 2004 (pp. 212, 226); 2009 (pp. 259, 268); 2014 (pp. 237, 251); 2019 (pp. 244, 271); 2024 (pp. 538, 554, 577).

Table 2. Denitrification Decomposition (DNDC) Emission Trends for Farmland Acres in Pottawatomie

County, Kansas

Annual leaching emissions % A (2005 to 2019) Linear r2 Min. (yr.)-Max. (yr.) CSB 2019 Rank %
Nitrous oxide (kgN20/ha-yr) 53.19 0.432 0.778 ('08)-1.649 ('18) 73.73
Nitrate (kgNOs/ha-yr) 93.41 0.524 22.69 ('06)-60.32 ('19) 64.1

Daily soil organic carbon global warming 103.3 0.383 -0.306 ('16)-0.01 ('19) 70.01
potential (kgC/ha/yr)

Daily global warming potential, total 370.8 0.523 -0.113 ('05)-0.306 ('19) 75.52

atmospheric emissions (kgC02-eq/ha/yr)

Data source: The Nature Conservancy [TNC] et al., 2023.
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(2022) global meta-analysis found that, across dif-
ferent soil types and agronomic systems, cover
crops reduced nitrate leaching by 69% compared
with fallow. There was a sizeable discrepancy, in
directionality and magnitude, between the emis-
sions data I expected and those I observed.

One possible explanation for this discrepancy
was that the acreage ratio of perennials, alfalfa, and
woodlands all decreased, while corn and soybean
acreage and productive intensification increased
over the same time. The percentage of acres
planted to herbaceous perennials was >11% in
2005-2007, but in 2009, it dropped to 4.41% and
remained <5% through 2019 (Hagen et al., 2020).
Acres of harvested alfalfa declined since 1997
(10,163 acres), reaching its lowest point in 2022 at
6,077 acres (USDA NASS, 2019, 2024). This could
have collectively skewed C-N ratios below the ideal
24:1 thresholds (e.g., alfalfa fields exhibit a 25:1 C-
N ratio) (Gullickson, 2015). Moreover, although

CCs can supplement inorganic fertilizers by fixing
more N (Blanco-Canqui et al., 2012), in certain
conditions—especially in drier fields fertilized with
inorganic N—decomposing, leguminous CC resi-
dues can consume soil O and lead to N2O emis-
sions via respiration-induced anoxia (Lussich et al.,
2024). As Basche et al. (2014, p. 471) concluded,
“cover crops do not always reduce direct NoO
emissions from the soil surface in the short term.”

Organic farmer Vanessa explained why
increased CC attention can distract from under-
standing the broader impacts of farmland use
patterns:

I’ve seen some pretty bad examples of no-till.
How is there still a lot of sediment in the
ditches and in the reservoirs if we’re doing
such a good job with [no-till]? So now they
implement more cover crops and chemicals in
corn and soybean rotations. But that’s not

Figure 3. Annual Average Daily Global Warming Potential of Total Atmospheric Emissions on
Pottawatomie County, Kansas (PT), Cropland Acres by Year, 2005-2019
Negative values equal net sequestration and positive values represent net emissions.
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enough diversity. We are not going to solve
the problems of water quality and soil health
until we recognize and solve the problem of
size and scale. I see the bulldozing going on,
and they’re constantly pushing the borders of
the fields. They’re filling in the little low
places and farming the riparian and brushy
areas. They’re taking all that out so to do
monocultured corn and soybeans. And then
they say, “Oh, I’'m environmental because I've
thrown in some rye cover crop or a mix. And
you know, I graze our cattle out there, so
those are good things.” But for the big pic-
ture, we’re not going to solve the bigger
problems this way.

Vanessa’s perspective was holistic. Similarly,
Nathan recognized the importance of public dollar
investment in CC payments, but experienced a situ-
ation when a government program incentivized
farmers to convert native prairie to CC-planted
cropland:

[I was on a] project where farmers tore out a
whole bunch of native prairie to put it in
cropland. They had a proposal that would pay
them to implement cover crops on this land
they had taken out of native grass. I was ada-
mantly opposed and said, “we are just reward-
ing bad behavior. We should not be support-
ing it.” But man, there were people on that
committee who said, “but it will do good
going forward.” It passed and ... it’s still
paying them for something that they should
not have done.

There was another potential explanation for
increased emissions: excessive herbicide application
can result in NO2 and NOj-leaching, which occurs
when an herbicide is dissolved in water, moves
down through the soil profile, and is carried away
from crop and weed germination zones (Giuliano
et al., 2021; Nogueira Bandeira et al., 2022). From
1997 through 2017, the percent of total PT crop-
land acres applied with herbicides more than
doubled (USDA NASS, 2004, p. 563; 2014, p. 610;
2024, p. 670), and from 1997 through 2022,
chemical expenses per operation (in June 2024

12

inflation-adjusted US$) more than tripled (USDA
NASS, 2004, p. 268; 2014, p. 293; 2024, p. 309).

“Spray or Spade”: The Rigid Dualism Dictating
Cover Crop Suppression/Termination
Choosing the correct CC suppression or termina-
tion method depends on farmers’ goals, equipment
availability, cost, and management preferences.
These options include mowing, disking, roller
crimping, grazing, and herbicides (Adetunji et al.,
2020; Anderson, 2023; Hill & Sprague, 2024).
Ideally, cover crops’ weed suppression should
reduce the herbicide costs farmers pay for weed
suppression. Tammy explained:

Weed suppression is becoming more of a
cover crop benefit that producers are focused
on. They like the idea that they could use less
expensive herbicide options, because the days
of glyphosate working perfectly and never hav-
ing to apply anything else are long

gone. ... They can help farmers use less costly
herbicides, and potentially they might be able
to use Roundup only for their burn-down.

The evidence that CCs can reduce herbicide
costs is mixed. CTIC et al. (2025) have conducted
nationwide surveys of CC users. In their 2023 sur-
vey, 55% of respondents saw no change in herbi-
cide costs in corn following CCs, while 42% noted
that they saved money on corn herbicides after
CCs (CTIC, USDA SARE et al., 2023, p. 74).

Eight PT interviewees (36.36%) said that every
year they must make the choice between minimum
tillage or herbicides for cover suppression/
termination. For their operational contexts, crimp-
ing or grazing were not options. They perceived
“spray versus spade” to be a necessary choice for
ensuring a harvestable and marketable cash crop.
Eatl argued,

Either you spray, or you use a spade. I don’t
know how you could do it otherwise. ... Cover
crops can eliminate one trip across spraying for
weeds, and that helps. And a lot of the chemi-
cal stuff has gotten high enough that this year,
I think you could run over ground a couple
times with a disk and a field cultivator for way
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less than the burndown cost. ... I hired my
chemical application done because I don’t
really want to be around the stuff. And they
[coop] have better spray equipment with better
filters on the cabs. If I were to go organic, that
would make a pretty big change.

Curtis echoed Earl’s rigid belief about the

necessity of spray or spade:

From an on-farm perspective, there are two
ways to control weeds: with iron, whether that
be a disc, moldboard, plow ... or with a
chemical application, [especially] when the
weeds become so bad. ... If you go through
with a cultivator, you’re only killing what’s in
between the rows. I think that’s why some
guys have gone back to a more of a minimum
till instead of a no-till, because of the mis-
management of the chemical that they had to
begin with.

Some farmers were not concerned about the

crop plus killing the new weeds coming in
around the cash crop.

However, herbicides used to control weeds in
a cash crop stand can affect CC planting schedules.
This effect is called residual “carryover” (Corteva,
2022; Maia et al., 2024; Paris et al., 2024). Tammy
explained the carryover:

One of the other challenges to cover crop
adoption is going to be the herbicides used
on the cash crop. Some [herbicides| are
going to kill some of the cash crops because
of their perennial natures and the time
between planting and harvest. When trying
to get that cover crop established, not all of
them are going to survive. And so sometimes
the choices that you make in the cash crop
will dictate what you can do with covers, or
if you can grow anything after. A lot of our
most effective weed control herbicides have
some residuals, and there hasn’t been testing
done on every single cover crop known to

negative impacts of chemical herbicides, partly due man, and so you just try to find something
to the implied trust that considers salespersons as close or look at the longest one. A lot of
the experts. As Pete explained, times, the longest [residuals] may be 15

I don’t see any other way to do it. ... My
grandfather came here from Germany in the
late 1920s, and they farmed with a hoe. Back
then you could round up a few kids to help
weed. Now you can’t do that or find anybody
who would even consider doing that kind of
work. ... I go to farm meetings all the time,
and with those farmers I talk to, all of us have
used Roundup since it was initially invented.
It’s a very useful herbicide.

Hank, a noncertified organic farmer, said

neighboring farmers used herbicides to terminate
both annual CCs and emerging weeds around the
planted-green cash crop:

A lot of the no-tillers now are going in and are
no-till planting the cash crop into that cover

crop and then trying to come in later and spray
it to kill the cover crop. So, they’re kind of do-
ing two things at once: they’re killing the cover
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months, but you don’t have 15 months
between the application and the need to
plant a cover crop. So, there are some sub-
stantial limitations in terms of herbicide tech-
nologies and some testing that probably
should be done on particular cover crop
species and whether they can be established
after using those herbicides.

Unless they did custom spraying themselves,
most interviewed farmers distanced themselves
from spraying and depersonalized its effects. They
acknowledged certain risks but downplayed them
to emphasize the necessity of spraying. For
instance, Michael said,

These airplanes, you gotta be careful. ... Herb-
icides will kill people’s gardens, flowers, and
trees. ... There aren’t very many neighbors
who don’t get along, but that’'d sure be a way
to piss off your neighbor and have them not
talk to you—scorch their gardens.
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“Kill.” “Piss off.” “Scorch.” Such terms of
death can reflect farmers’ attitudes toward them-
selves, others, and their operations (Brown, 2020).
Herbicides can be lethal for humans, as Hank
attested:

1 quit using chemicals. ... I can’t make myself
spray anymore. Dad came down with
Alzheimer’s [disease] when he was 60, and he
just loved to spray. He’d come in soaking wet
with chemicals. I think maybe that’s what
ended up doing him in. It got so bad he put a
raincoat on me when I sprayed with a tractor,
because it gets sprayed up. That was Agent
Orange, you know?

Five PT interviewees displayed cognitive disso-
nance about using more herbicides for weed and
CC suppression/termination. However, they all
ultimately justified their intensified use of herbi-
cides as being necessary to “feed the world,” which
is a powerful cultural and social “script,” or a
“commonly used line of argument that is widely
invoked in response to a particular issue ot situa-
tion” (Vanclay & Enticott, 2011, p. 256). Marvin
followed this script thusly:

There’s always a balance. You either take the
risk of death by cancer or death by starvation.
The main goal that farmers are trying to tackle
is just feeding the world. It’s why you see the
need for improved technologies. Bigger popu-
lations require more people to be fed. It’s an
interesting social dilemma.

Barbara admitted that her farming practices
were heavily dependent upon herbicides and that
they have negative impacts on human health (see

Ahuja et al., 2024). However, Barabara justified her
use of them:

We are afraid of people starving, that we
won’t be able to produce enough to feed
the world. We’ve already got people in the
world starving,

Tammy believed there was no viable way to
“feed the world” with organic production:

The Certified Organic Program is perfectly
acceptable if honesty is shared about what that
actually means, which sometimes it’s not. ...
But the reality is that if every producer adopted
only those practices and went through that
[organic certification], we would have trouble
feeding the world for sure.

Stewardship and business are two social roles
that often represent competing moral imperatives
(Bell, 2018, 2004). To reduce the tension between
them, Iowa farmers portrayed themselves as a
“hero feeding the world,” a third social role with
more positive moral overtones (Comito et al.,
2013, p. 283). The “feed the world” justification
for herbicide (over)use has been refuted (Stone,
2022). Scaled organic production can feed the
world just as viably as conventional production
(Badgley et al., 2007). As Lappé (2010) argued,
creating a food system that encourages “low-input
local production, with organic practices where
viable, will not only help address the climate crisis
but also help redress one of the most painful facts
of the modern world: hunger amid plenty” (p. 172).
Nevertheless, these interviewed farmers followed
the “feed the world” script to justify their chemical
herbicide suppression/termination of CCs.

From an agroecological perspective, the ideal
management type is regenerative organic (Rodale
Institute, n.d.),> which has been codified by the
Regenerative Organic Alliance’s (n.d.) Regenerative
Organic Certified™ program. This certification
indicates that both no spray azd no spade is achiev-
able, although PT interviewees perceived it as
impractical. Given that many of these PT farmers
will not stop using herbicides any time soon, a
practical way that farmers can reduce usage rates is
to consult and consider the best on-farm manage-
ment practices (Prokopy et al., 2008, 2019). One
option to consider is the 4R method, which
involves applying the right source at the right rate,
time, and place (Rogers, 2019; TNC, n.d.). Jones

3 The “original regenerative principles” (pluralism, protection, purity, permanence, peace, potential, and progress) did not specifically
omit herbicides or tillage (Rodale Institute, 2019), although their exclusion was implied.
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(2009, p. 5) argued that if one had to pick between
herbicides and minimum tillage, the latter would be
best, because in most situations, herbicides cause
greater loss of soil aggregation and structure than
tillage. To minimize erosion and leaching, Jones
continued, one should consider planting CCs
immediately following a tillage event to incorporate
some kind of living root back into the turned soil.

Conclusion

This study analyzed the CC beliefs and practices of
Pottawatomie County (KS) farmers and CC experts
on large corn and soybean operations (¥ = 1,183
acres or 479 ha), as well as structural factors influ-
encing their CC perceptions, decision-making, and
adoption. Interviewees foremost looked for CCs to
be affordable, if not profitable, and subsidized by
public dollars via cost-shares. PT farmers planted
CCs to supplement forage biomass for cattle, and
grazed cattle on CC residues, mostly corn stover.

They learned about CCs from their neighbors and
emphasized the importance of timing related to
weather and available labor. They treated CCs as
another tool in the conservation toolbox, not a
silver bullet. One explanation for the increased
adoption of CCs was that farmers converted more
cropland acres from perennial crops to corn and
soybeans from 1997 to 2022. During that same 25-
year timespan, other concerning trends increased:
acres applied with herbicides, total chemical ex-
penses, and leaching emissions. These trends were
associated, related, and likely correlative, although 1
did not empirically demonstrate correlation in this
study.

When CC suppression and/or termination by
crimping or grazing was not an option for farmers,
they more frequently deferred to herbicides (spray)
instead of minimum tillage (spade). While generali-
zations were limited to the study context, this find-
ing raises implications for the tradeoff between

herbicides versus

Figure 4. Pottawatomie County, Kansas, Farmers’ Potential Shift in Soil
Health Principles: From Reducing Synthetic Agrochemicals (above) to
Eliminating Them (below)
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Sources of images: LandscapeDNA (n.d.) (above) and Health Care Without Harm (2025) (below);
shared under CC-BY 4.0 licenses.
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minimum tillage under
certain agricultural
conditions and contexts
(Dentzman, 2018).

Moving forward, PT
farmers and agriculture-
adjacent people could
consider soil health
principles that trend more
organic than regenerative
(Figure 4).

Starting from the five
principles used by Jay
Fuhrer (Groundswell
Agriculture, 2019) and
Gabe Brown (2018),
replace the “maintain
living roots year-round”
principle with the “no
synthetic chemicals”
principle. The “maintain-
ing living roots year-
round” principle can be
considered implicit to the
“keep the soil covered”
principle, and omitting
the former allows for
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shallow, minimum tillage practices when and where
appropriate. Front-mount roller crimping does not
use herbicides or disrupt soil aggregate formation
through tillage (Gailans & Bakehouse, 2022; USDA
SARE & Clark, 2007, p. 115) and could therefore
be considered as a suitable suppression/termina-
tion tool (Alonso-Ayuso et al., 2020). Of course,
“regenerative” and/or “organic” labels are most
useful when contextualized with ongoing, on-
ground farm management practices, farmer
experiences, and certification requirements (Staton
et al., 2024).

Adopting healthier agricultural practices is at
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Appendix. Supplementary Findings and Discussion

| asked interviewed farmers to provide their level of agreement with 23 statements related to CC benefits and
influences on their decision-making (Table A1).

Table Al. Interviewed Farmer Beliefs About Cover Crops (CCs)

# Statement n X
1 | believe that cover crops decrease the degradation of natural resources (soil 14 4.50
organic matter, fertility, water retention, etc.).
2 Cover crops reduce the risk of commodity crop failure. 14 3.14
3* Cover crops don’t reduce dependence on pesticides and herbicides. 13 3.00
4 In general, planting cover crops is better than conventional (monoculture) methods. 13 3.92
5 Cover crops will reduce long-term dependency on external fertilizer inputs. 13 3.23
6 Conservation agriculture allows for optimized and sustainable yields. 13 4.00
7 Cover crops are a win-win for farmers and their agroecosystems. 14 3.93
8* Cover crops do not help in adequately distributing nutrients in the soil profile. 14 2.36
9 | recommend other farmers in my area adopt cover cropping. 13 3.69
10* Cover cropping is not applicable to my fields. 13 2.23
11 | believe cover cropping improves production efficiency. 14 3.93
12 Cover cropping requires new management skills. 13 4.31
13 Cover crops balance the soil ecosystem by carefully managing residue and waste. 13 4.15
14 To de-risk cover crop adoption, appropriate technical packages and training 13 3.69
programs are needed.
15 Diversity in cover crops can reduce the occurrence of pests and diseases. 13 3.62
16* Cover crops are ineffective for weed control. 13 2.23
17 Cover crops reduce climate risk. 13 3.54
18 Cover crops reduce soil erosion. 14 4.25
19 | am more likely to plant cover crops if government payments for them are 13 3.62
comparable to payments for commodity crops.
20 I am more likely to plant cover crops if government payments for them are more 13 3.85
than payments for commodity crops.
21  Current political and economic structures incentivize farmers to adopt cover crops. 13 3.00
22 | would be willing to try to incorporate groundcover into my cropping systems 11 3.91
sometime before 2026.
23 Groundcover seems advantageous to cover crops that need terminated. 12 3.50

Note: Items source from Maria et al.’s (2023, p. 120) reliable “conservation agriculture” scale; strongly agree (5), agree (4),

undecided (3), disagree (2), strongly disagree (1).
* Reverse coded to ensure respondents paid attention to the directionality of all the questions.

To contextualize and compare interview data, | consulted county-level longitudinal (1997-2023) and
cross-sectional (2017, 2022) variables (Miller-Klugesherz, 2025), and rank-compared them to the same
variables from the other 859 NOAA NCEI-designated (2024) U.S. Corn-Soybean Belt (CSB) counties (Miller-
Klugesherz & Flora, 2025). Table A2 details the residue cover crop ranges from 2005 to 2019.
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Table A2. Pottawatomie County, Kansas, Residue Cover Ranges, 2005-2019

% residue cover CSB '19
Percent of total acres? with ... range® % A, ‘05-19 r2 Min. (yr.)-Max. (yr.) Rank %
... conventional tillage, very low residue cover level. 0-15 -27.95 0.217 8.93 ('13)- 58.46
26.65 ('05)
... reduced tillage, low residue cover. 16-30 -8.17 0.083 32.75('16)- 66.57
53.74 ('07)
... reduced tillage, moderate residue cover (all 31-50 -10.64 0.217 20.81 ('16)- 37.96
previous year’s crops except corn).* 49.02 ('13)
... reduced tillage, moderate residue cover (only 31-50 -28.16 0.019 28.39 ('13)- 65.20
corn was the previous year’s crop).* 59.39 ('05)
... significantly reduced tillage, high residue cover. 51-100 0.91 0.011 15.89 ('06)- 51.31
26.73 ('10)
... significantly reduced tillage to no tillage, high 51-100 11.10 0.072 3.56 ('15)- 27.37
residue cover. 19.54 ('08)
... COver crops. 20.99 0.156 0.49 ('10)- 72.90
9.00 ("'17)
... winter commodity crops. -80.44 0.654 2.04 ('17)- 70.56
18.12 ('05)
... perennial crops, such as hay(lage) or pasture. -72.63 0.531 2.73('11)- 82.81
15.37 ('05)

aTotal acres were calculated by summing “acres with CCs” and “acres without CCs,” and included all previous year crop types (except for
asterisked variables).
b Residue cover ranges 30% were considered “conservation tillage,” whereas ranges <30% were considered “conventional tillage.”

| used Hagen et al.’s (2020) OpTIS 2.0 data—that was collected via remote sensing and validated with
field-level verification data—to determine that the percent of PT acres with CCs peaked at 9% in 2017 (Figure
A1), which well above the national or regional average at that time.# There was a positive percent change of
commodity row crop acres containing CCs from 2005 to 2019 (% A = 20.99), although there was a sustained
dip below 5% from 2008 to 2016.

4 There are differences in how USDA NASS and OpTIS measure and calculate of the percent of farmland with cover crops.
The former relies on survey responses to the Ag Census, and the latter measures the ratio using remote sensing and
ground-truthing. The latter is collected every year, and the former every five years. Therefore, although the ratios are not the
same every year, the general direction and degree of the linear trends mirror one another.
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Figure Al. Percent of Commodity Row Crop Acres with Cover Crops, 2005-2019
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Data source: Hagen et al., 2020.
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