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Introduction: The Fertilizer Overapplication Crisis

Every year, producers apply millions of metric tons of synthetic fertilizer to agricultural
farmland. In the United States in 2022, approximately 236 million acres—roughly 78 percent of
the total 301 million cropland acres in the country—were treated with synthetic commercial
fertilizers, lime, and soil conditioners (NASS 2024c). Today’s agricultural systems focus on
growing commodity crops such as corn and soybeans at high density, which demands vast
amounts of nitrogen to support crop development and yield (Ribaudo et al. 2011). In large-
scale industrial agricultural systems, synthetic fertilizers such as urea, nitrate, anhydrous
ammonia, potash, and ammonium phosphates supply essential macronutrients like nitrogen
(N), phosphorus (P), and potassium (K) (Kaiser and Pagliari 2018; Kaiser and Rosen 2018;
Mengel n.d.). Although the nitrogen and other nutrients in these fertilizers are essential for
plants to grow, most of the applied nutrients are not absorbed by plants and end up polluting
the environment and surrounding communities (de Vries 2021).

This report calculates the quantity of fertilizer applied in excess of the amount crops can use
across the United States and estimates the emissions of heat-trapping gases resulting from this
overapplication. In addition to this national assessment, we also conduct separate analyses for
three major Corn Belt states—Illinois, Iowa, and Minnesota—which rank among the top states
in fertilizer-treated acreage and crop-related heat-trapping emissions (Rabine and
Schechinger 2025; NASS 2024a; EPA 2023a; NASS 2024b). Our analysis focuses on the
dominant corn-soybean rotation system, which occupies substantial acreage in the United
States. Corn has a particularly high demand for nitrogen fertilizer, and soybeans grown in
rotation with corn influence soil nutrient dynamics and fertilizer requirements (Hoss et al.
2018).

To illustrate how federal programs help address fertilizer-related impacts, this report also
presents an illustrative estimate of the potential economic and environmental benefits of
assisting producers in developing a nutrient management plan in accordance with the Natural
Resources Conservation Service (NRCS) Nutrient Management (Ac.) (590) Conservation
Practice Standard.

Estimating Fertilizer Use and Overuse

In 2023, producers in the United States used about 11.62 million metric tons (MMT) of
nitrogen fertilizer on all crops (IFA 2025). In Illinois, Iowa, and Minnesota, corn and soybean
fertilizer application ranged between 565,856 and 883,462 metric tons, according to US
Department of Agriculture (USDA) surveys (Table 1; NASS 2025).
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Table 1. Nitrogen Fertilizer Use

Nitrogen Fertilizer Use (Metric Tons)

lllinois? 880,000
lowa? 780,000
Minnesota? 570,000
Total USP 11,620,000

The quantity of nitrogen fertilizer used in the United States and in Illinois, Iowa, and Minnesota. These
states rank among the top states in fertilizer-treated acreage and crop-related heat-trapping emissions.
The data have been adjusted to nearest 10,000.

Note: Aggregated NASS and IFA values carry about 1 to 5 percent uncertainty. See Appendix A for
detailed methodology.

Sources: a = NASS 2025 for fertilizer use on corn and soy; b = IFA 2025.

The problem is not the use of fertilizer; the problem is fertilizer overapplication. Fertilizer
overapplication is an element of a broader system consisting of fertilizer manufacturing and
overuse in agricultural production systems with overall negative impacts such as nutrient
losses, pollution, and emissions. Producers often apply fertilizer in quantities far greater than
crops need or can absorb (Ritchie 2021). Despite significant advances in fertilizer management
and uptake efficiency, research shows that overapplication and subsequent surplus nitrogen is
still a prevalent problem, and often as much as 50 percent of applied nitrogen fertilizer is
excess and remains unused by plants (Ritchie 2021; Byrnes, Van Meter, and Basu 2020). This
excess use directly contributes to nitrogen loss from agricultural systems, because unused soil
nitrogen runs off to surface water bodies, leaches to groundwater, or reconverts to gases such
as nitrous oxide (N20), nitrogen oxides (NOx), ammonia (NH3), and carbon dioxide (CO.),
which are released into the atmosphere (Almaraz et al. 2018). Direct emissions of N>O result
after the application of nitrogen fertilizer, as soil microbes convert reactive nitrogen into N,O
through processes such as nitrification and denitrification (Gao and Serrenho 2023). A second
set of emissions—indirect emissions—arise from processes that generate additional N,0O, NH3,
NOy and CO,. Indirect emissions of N,O and NOy arise from the conversion of fertilizer into
NH; and transformation into N,O; the leaching of nitrates from fertilizer runoff releases
additional N,O (Gao and Serrenho 2023). CO emissions arise from breakdown of urea (one of
the most common fertilizers applied) and from degradation of limestone used to neutralize
soil acidification resulting from the addition of nitrogen fertilizers (Gao and Serrenho 2023).

Fertilizer application beyond optimal levels is damaging to soil and environmental health. For
instance, it depletes soil’s ability to absorb water and to store, use, and replenish essential soil
nutrients (Pahalvi et al. 2021; Tripathi et al. 2020; Green, Blackmer, and Horton 1995). As soils
become less efficient in their ability to replenish their own nutrient reserves, producers are
pushed onto a “fertilizer treadmill,” requiring ever higher applications simply to maintain
yields (Silverman 2021; Wertz 2020; Houser and Stuart 2020). Fertilizer overapplication
leading to wasted fertilizer is also expensive for producers, increasingly so as fertilizer prices
rise (McCracken 2024).

Nitrogen use efficiency (NUE) is a science-based metric that expresses how much applied
nitrogen crops actually use. It is calculated as the ratio of the nitrogen taken up from the soil
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by the crop over the amount of nitrogen input and is usually expressed as a percentage
(Congreves et al. 2021; Lassaletta et al. 2014). For example, an NUE of 60 percent means that
only 60 percent of applied nitrogen is converted into nitrogen in harvested products, while 40
percent is not and may result in runoff, leaching, and breakdown into N,O (Congreves et al.
2021). NUE can be optimized by practices that increase yield and reduce fertilizer application,
or by increasing the efficiency of fertilizer application to improve nitrogen management,

reduce wasted resources, and subsequent detrimental environmental impacts (Langholtz et al.
2021).

In an ideal world, the amount of nitrogen applied would be dictated by crop requirement to
maximize crop production while minimizing nitrogen loss. But, in reality, rates of fertilizer
application far exceed the rate of plant absorption (Glibert 2020). According to the US
Department of Agriculture (USDA), in 2010, about 47 percent of planted corn acres in the
United States received at least 25 percent more nitrogen fertilizer than plants require (ERS
2025a). Research has shown that NUE has decreased in a majority of regions in the United
States, even as total nitrogen inputs to agricultural acres have steadily increased (Swaney,
Howarth, and Hong 2018). NUE estimates vary widely, with national estimates often ranging
between 40 and 70 percent. NUE also varies by crop, and some studies have estimated NUE of
corn to be lower than 40 percent (Kaur et al. 2024; Omara et al. 2019; Griesheim et al. 2019). In
addition to crop variation, there is also regional NUE variation.

Despite scientific findings indicating a range of values, all NUE estimates unequivocally show
that a substantial amount of nitrogen fertilizer remains unused by the plants it is supposed to
benefit. For example, previous studies focused on the US Corn Belt have estimated NUE
ranges from 50 to 70 percent (Kirk et al. 2024; Zhang, Cao, and Lu 2021; Roy, Wagner, and
Niles 2021; Swaney, Howarth, and Hong 2018). Using this NUE range, we estimated that US
producers apply about 3.5 to 5.8 MMT more fertilizer than plants can absorb (Table 2). As we

explain in the next section, this unused nitrogen creates significant climate and environmental
risks.

Table 2. Fertilizer Overuse in the Corn Belt

Estimated
Nitrogen Fertilizer
Overuse with 70%

Estimated Nitrogen
Fertilizer Overuse with
50% NUE (Metric Tons)

Nitrogen Fertilizer

Use (Metric Tons)

NUE
Illinois* 880,000 440,000 270,000
lowa* 780,000 390,000 230,000
Minnesota* 570,000 280,000 170,000
Total US 11,620,000 5,810,000 3,490,000

Assuming 50 and 70 percent NUE, we estimated excess nitrogen fertilizer applied in the Corn Belt and

in the United States and three midwestern states. A third to half of fertilizer applied in the Corn Belt is

wasted and ends up polluting the environment including surrounding waters and the atmosphere. *For
states, fertilizer use is based on corn and soy, and numbers have been adjusted to the nearest 10,000 to

simplify formatting.
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How EXxcess Fertilizer Use Creates Heat-Trapping Gas Emissions

The nitrogen cycle in the environment is complicated. Nitrogen shifts through many chemical
forms using various pathways (Badzmierowski 2025; Goswami 2025b; Stein and Klotz 2016).
Humans intervene in the nitrogen cycle by adding synthetic nitrogen fertilizers; this
intervention has resulted in a vast soil, water, and atmospheric reserve of nitrogen that can
create environmental havoc, including nutrient pollution, emission of heat-trapping gases, and
negative impacts on human health (Fields 2004; Erisman et al. 2013).

The Environmental Protection Agency (EPA) estimates that in 2022, the agriculture sector was
cumulatively responsible for emissions of 593.4 MMT of heat-trapping carbon dioxide
(reported in units of CO; equivalent, or CO.e as per scientific nomenclature), comprising about
9.4 percent of total heat-trapping gas emissions in the United States (EPA 2024). Our analysis
shows that for the entirety of the United States, in 2023, use of nitrogen fertilizer was
responsible for emitting about 120 MMT of heat-trapping gas calculated as COze (Figure 1).
Using the EPA Greenhouse Gas Equivalencies Calculator, our calculated emissions of 120
MMT CO,e is equivalent to emissions from about 28 million gasoline-powered cars driven for
a year (EPA 2025b). Using our emissions estimate of 120 MMT COze, fertilizer use alone
accounts for about 20 percent of these agriculture sector emissions.

The portion of unused fertilizer that microbes transform into gaseous N0 is released into the
atmosphere. N0 is 273 times more powerful than CO; in capturing heat and is considered a
superpollutant (EPA 2025f; UNEP and FAO 2024). As of 2022, in the United States, N,O
comprised approximately 6 percent of all heat-trapping gas emissions (EPA 2025c¢). According
to the EPA, agricultural soil management is far and away the largest unmitigated source of
N0, responsible for emitting about 75 percent of total direct N,O emissions, totaling about
290 MMT COze (EPA 2025d; EPA 2024). N0 emissions are dependent on various factors,
including temperature, soil conditions such as moisture, and drainage (Wang et al. 2021), but
excessive amounts of available nitrogen means a higher chance of increased emissions (de
Vries 2021).

As per our analysis, of the total emissions of 120 MMT CO,e, 50 MMT was direct N,O (in CO.e)
alone, accounting for about 41 percent of overall emissions. With the average cost of societal
damages associated with N,O estimated at $67,000 per metric ton, the direct N,O emitted
nationally from fertilizer overuse translates into an economic burden of nearly 12 billion in
2025 dollars (EPA 2023b; BLS 2025). In Illinois, Iowa, and Minnesota, total heat-trapping gas
emissions from the application of fertilizer on corn and soy specifically ranged between 5.8
and 9.1 MMT of CO: e (Figure 1). Cumulatively, corn-soybean rotation systems in these states
are responsible for emitting almost 20 percent of heat-trapping emissions resulting from
fertilizer use in the United States.
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Figure 1. Emissions from Total Nitrogen Fertilizer Applied
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Fertilizer use leads to heat-trapping emissions through a number of means, including both direct soil
N0 emissions and indirect emissions from ammonia volatilization, nitrate leaching, urea
decomposition, and limestone neutralization. Stacked segments in this figure represent five emission
pathways. Reducing fertilizer overuse will lead to reducing such emissions. Estimated fertilizer-
associated heat-trapping gas emissions in 2023 for the entire United States was 120 MMT CO e for all
crops, and estimated fertilizer-associated heat trapping emissions from fertilizer use on corn and
soybeans ranged between 5.8 and 9.1 MMT CO e for the three states. See Appendix A for
methodological details.

We also estimated the emissions resulting from excess fertilizer use (that is, the fertilizer that
was applied but not used by crops). Using our estimated range of 3.5 and 5.8 MMT of excess
nitrogen fertilizer, we calculate that excess fertilizer may be responsible for emitting between
36 and 60 MMT of heat-trapping gas (in COze) in the United States, equivalent to emissions
from about 13 million gasoline cars driven for a year (Figure 2; see Appendix A for details).
Direct N,O emissions ranged between 15 and 25 MMT COze for the entirety of the United
States. In Illinois, Towa, and Minnesota, heat-trapping gas emissions from the overapplication
of fertilizer on corn and soybeans (assuming range of 50 and 70 percent NUE) ranged between
1.7 and 4.6 MMT COze.
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Figure 2. Emissions from Excess Applied Nitrogen Fertilizer Assuming 50 Percent NUE
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Estimated fertilizer-associated heat-trapping gas emissions (COe) in 2023 attributable to excess
nitrogen fertilizer—the portion of applied fertilizer not taken up by crops assuming an NUE of 50
percent. Bars show emissions for the entire United States (all crops) and for fertilizer applied
specifically to corn and soybeans in Illinois, Towa, and Minnesota. Stacked segments represent five
emission pathways. Total excess-fertilizer emissions are estimated between 36 and 60 MMT CO e
for the United States, and between 1.7 and 4.6 MMT CO e across the three states. See Appendix A for
methodological details.

In this section and in Figures 1 and 2, we use the term fertilizer-associated emissions to
describe the full set of heat-trapping gases linked to nitrogen fertilizer use, which includes
both direct and indirect soil N,0 emissions. The use of fertilizer-associated is to clarify that
these emissions are connected to nitrogen fertilizer use, even if they do not all represent
emissions from nitrogen fertilizer itself as a standalone category. Figure 1 represents
emissions from total nitrogen fertilizer use, reflecting the full climate footprint associated
with current application levels of nitrogen fertilizer. Figure 2 represents emissions from
excess fertilizer and offers a simplified estimate of the potentially avoidable share of total
emissions, based on assumed NUE. We do not imply that all fertilizer-related emissions come
only from overapplication of nitrogen but rather provide an approximation of emissions that
could be reduced by avoiding overapplication. Indeed, nitrogen as a natural element circulates
in the environment, it is moving and transforming across chemical forms all the time, and
some N,O will always be produced even when fertilizer is applied at agronomically required
application rates.
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Further Consequences of Fertilizer Overapplication: Water Pollution

Nitrogen loss through runoff and leaching of nitrates is a major pathway by which nitrates end
up in water systems. This has significant negative environmental impact on freshwater
systems, impairing surface water quality, critical habitats for aquatic plants and animals, and
public health (Camargo and Alonso 2006; Wang and Li 2019; Woods 2025a). Nitrate runoff
accelerates the overgrowth and bacterial decomposition of algae. These processes consume
the dissolved oxygen in water (a process called eutrophication), leading to low-oxygen zones
in aquatic ecosystems and early death of aquatic life such as fish and plants (EPA 2025e;
Goswami 2025a; MSU n.d.; NOS 2024).

Nitrogen loss is particularly high in the US Corn Belt (Ribaudo 2014). Research has shown that
in the corn-soybean rotation systems dominant in the Midwest, in which monocultures and
simple two-crop rotations prevail, annual loss of nitrogen as nitrate is particularly high and
can vary within a wide range; this variation is contingent on soil type and cultivation
conditions (Shrestha, Mararik, and Kucharik 2023; Hussain et al. 2020; Hussain et al. 2019;
Syswerda et al. 2012; Strock, Porter, and Russelle 2004; Power, Wiese, and Flowerday 2001).
There are both economic and environmental costs associated with this loss of nitrogen.
Nationally, the cost of nitrogen loss from all sources in the early 2000s averaged about $210
billion per year (ranging between $81 and $441 billion per year) when considering potential
resulting health and environmental damages; almost 75 percent of this cost was attributable
directly to loss from agricultural sources (Sobota et al. 2015). In today’s dollar equivalent, the
annual average loss would be approximately $323 billion (BLS 2025).

Nitrogen runoff from Midwestern farms (carried down the Mississippi River) has an
enormous pollution footprint and is directly responsible for the “dead zone” that appears in
the Gulf of Mexico every summer (Boehm 2020). The dead zone is an area within the Gulf
where waters contain little oxygen and no aquatic life can survive. In 2025, this dead zone
measured 4,402 square miles, an area approximately the size of Connecticut (Rabalais, Glaspie,
and Turner 2025; NOAA 2025; Osterman, Swarzenski, and Poore 2006). Previous Union of
Concerned Scientists (UCS) analysis determined that nitrogen losses from agriculture cause as
much as $2.4 billion in damage annually to fisheries and marine habitat in the Gulf of Mexico
alone (Boehm 2020).

Groundwater contamination by leached nitrates is a widely reported problem in states such as
Iowa and Wisconsin and results in contaminated drinking water (Volzer et al. 2025; Waldman
2025). Several states regularly report groundwater sources exceeding the EPA’s 10 milligram
per liter maximum contaminant level for nitrates (EPA 2025a). Studies have linked exposure
to high levels of nitrates in drinking water with higher rates of various types of cancer,
including colon cancer, bladder cancer, and ovarian cancer (Ammons et al. 2025; TEC 2024). In
addition, infants fed formula prepared with nitrate-contaminated drinking water are at risk
for a potentially fatal blood condition known as methemoglobinemia, or blue-baby syndrome
(Essien et al. 2022; Ward et al. 2018), in which a lack of oxygen in the bloodstream can cause
organ damage, as well as turning the skin blue (WDHS 2025).

Overcoming Dependency on the Fertilizer Industry

According to USDA data, in 2023, producers spent approximately $35.8 billion on fertilizer,
which accounted for about 7.8 percent of overall farm expenditure (ERS 2025b; NASS 2024d).

Union of Concerned Scientists | 8



The price of fertilizer has increased substantially and has fluctuated dramatically due to global
geopolitical impacts on the nitrogen supply chain (Abay et al. 2025; Parum 2025).

Overapplication of fertilizers means producers spend more money on fertilizers upfront as an
investment and then lose a portion of that investment to nitrogen loss. Research by Basso et al.
(2019) showed that in 2017, producers in the Midwestern states experienced fertilizer losses
of about $485 million (ranging between $350 and $920 million) on average. This estimate
would likely be much higher today because both fertilizer costs and application quantity have
increased since this research finding. A recent study has shown that between 1991 and 2021,
optimum economic nitrogen fertilizer application rates at which a Corn Belt producer
maximizes return and profit, not crop yield, have been steadily increasing by about 1.2 percent
every year (Baum et al. 2025). In other words, they are having to apply more and more
fertilizer in order to turn a profit.

Producers overapply fertilizer as an insurance policy to make sure their crops have enough
when needed. Yield expectations embedded in current production and market systems
pressure them to apply more fertilizer, and there are no penalties, besides higher costs,
associated with overapplication (Woods 2025a; Ogburn 2010). Moreover, the costs associated
with environmental and public health impacts are borne not by agribusiness corporations
(such as those manufacturing and selling fertilizers), but rather by producers, communities,
and taxpayers (UCS 2008).

The overapplication problem has also been aggravated by decades of farm consolidation.
These agribusiness corporations, whose profits rise when more fertilizer is sold and when
producers are dependent on high application rates, aggressively lobby to influence agriculture
policy (Fakhri 2025; Goswami and Stillerman 2024). Most fertilizer application
recommendations in the Midwest come from retailers who sell fertilizer, creating a system
whereby recommended application rates are set by those who stand to profit, not by
independent institutions that have no conflict of interest (Badzmierowski et al. 2025). Between
2020 and 2022, fertilizer prices skyrocketed and the cost of agricultural inputs in general
increased for producers, reducing their profit margins.

During that same time period, the largest fertilizer manufacturers filled their coffers with
billions (Dhumal 2025; Nutrien 2025; IATP 2022; Zahn 2023). According to an Institute for
Agriculture and Trade Policy (IATP 2022) analysis, the combined profits (from all business
lines that include fertilizer) of nine of the world’s biggest fertilizer companies were just under
$13 billion in 2020 and reached $49 billion in 2022 (IATP 2023). Agribusiness corporations
have fed producers a carefully crafted narrative that more fertilizer equates to higher yield
(Gillam 2023). A UCS analysis found that between 2019 and 2023, giant agribusiness
companies and industry associations spent more than half a billion dollars lobbying to keep an
open door policy with Congress in order to influence legislation such as the farm bill, which
touches on all aspects of the food and farming system (Goswami and Stillerman 2024).
Organizations like the American Farm Bureau Federation, National Corn Growers Association,
and agrichemical industries claim to represent producer interests, but in reality they align
with the giant agribusiness corporations that have collectively hijacked US food and farm
policy (Hall 2024; Goswami and Stillerman 2024).

The most straightforward way to reduce nitrogen pollution and lower N,O emissions is to
reduce overapplication of nitrogen fertilizer. Lower but correctly timed fertilizer applications
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will decrease environmental loss without decreasing agricultural productivity (MOFCB 2021).
This can be achieved through practices such as applying fertilizer only where and when crops
need it and avoiding practices such as blanket field applications several months before plants
can use it (Coppess, Ruppert, and Skidmore 2024; Adika 2024; Wade and Claassen 2016).
Scientifically proven practices such as timing fertilizer applications to spring, using precise
soil testing measures to determine application placement, and carefully managing irrigation
(because wet soils increase N,O emissions) are all proven ways to reduce fertilizer
overapplication (Badzmierowski 2025; Hassan et al. 2022; Millar, Doll, and Robertson 2014).

Annual cropping systems that include practices such as excessive tillage and uncovered fields
lead to soil degradation, compaction, erosion, and runoff (Basche 2017). To reduce overall
fertilizer need and application, the focus should be on moving away from the harmful two-
crop (corn and soy) rotation systems, which do little for the soil and leave it hardened and
depleted of essential nutrients. Expanding agroecological practices has proven to bring
tangible benefits to soil health and to producers. Practices such as expanded crop rotations
and diverse rotation systems have been shown to improve soil structure, increase soil organic
matter, lower soil erosion, and reduce nitrogen loss, allowing producers to reduce fertilizer
dependence (Mulik 2017).

USDA Programs Can Reduce Fertilizer Overuse, but They Need Funding

On-farm nutrient management involving interventions such as controlled application of
nitrogen fertilizers has been shown to improve nitrogen efficiency and reduce nitrogen’s
detrimental impact on the environment (Ali et al. 2025). Several conservation-focused
practices, such as no-till and cover crops, could also reduce fertilizer use on farms and build
soil health (Srivastava et al. 2024; NRCS 2025). However, we need robust policy instruments to
ensure producers have the right financial and technical incentives to adopt and implement
practices that improve nitrogen management on farms.

Voluntary USDA conservation programs such as the Environmental Quality Incentives
Program (EQIP) and Conservation Stewardship Program (CSP) provide financial and technical
assistance to producers to implement conservation practices such as cover crops, buffer strips,
restored wetlands, and managed grazing, which all help keep nutrients in place and build long-
term soil health. These programs are backed by decades of scientific evidence and producer
experience and allow producers to implement practices that have measurable environmental
health benefits and that improve soil health, protect habitat, and safeguard water and air
quality, while reducing the need for costly synthetic fertilizers (Stanley 2018).

Several of these programs also have high return on investment. For example, UCS research has
found that for every dollar of taxpayer money invested in CSP, about $3.95 is returned in value
(Stanley and DeLonge 2018). Practices supported by EQIP and CSP that can influence NUE
include nutrient management (NRCS 2025). Research has linked conservation programs to the
adoption of conservation practices, reduction in fertilizer use, and, consequently, positive
impact on heat-trapping gases in the United States. For example, Reimer, Denny, and Stuart
(2018) found that conservation programs incentivized risk-averse producers to experiment
with nitrogen management practices. Kwon et al. (2021) found that optimizing fertilizer
inputs through ensuring the right amount, right source, right placement, and right timing of
plant nutrients and soil amendments applications, jointly referred to as 4R, played a major role
in reducing both direct and indirect N,O emissions.
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Implementing a nutrient management plan involves the 4 Rs of nutrient stewardship (MSUE
2019; NRCS 2025). But while the fertilizer industry widely promotes 4R nutrient stewardship
as the best management practice, it is only a baseline approach, and it is focused on optimizing
chemical inputs rather than on transforming farming systems (TFI 2024). A more holistic
alternative is agroecology, which prioritizes the integration of biodiversity, soil health,
scientific practices, and producer knowledge (Carlile and Garnett 2021). The integration of
agroecology principles offers a systemic approach to reducing reliance on synthetic inputs
(Blesh and Schipanski 2024). Programs like EQIP and CSP could also incentivize agroecology
practices.

Although evidence demonstrates positive outcomes, participation in voluntary conservation
programs remains lower than needed to achieve sustainable agroecological outcomes,
particularly from farms producing row crops (Du, Feng, and Arbuckle 2025). Enrollment in
these programs is limited primarily because demand for financial assistance far exceeds
available funding. In 2021, fewer than half of the producers who applied for EQIP and CSP
received contracts. EQIP faced the highest rejection rate, with only 31 percent of applicants
securing funding (Happ 2021). Current funding levels are already inadequate, and ongoing
budgetary constraints, combined with disincentives erected by agribusiness activities, pose a
risk of further investment reductions. These trends threaten the long-term viability of
conservation efforts and underscore the need for sustained and increased funding
commitments (Wang and Gammons 2025; Robinson 2012).

We have conducted a scenario analysis to explore the potential impact of increased USDA
conservation funding on heat-trapping emissions and whether this funding leads to associated
economic effects.

A Scenario Analysis Shows Potential Benefits of Increased USDA
Funding

This section presents an illustrative estimate of the potential economic and environmental
effects of increasing support for producers in developing and implementing a nutrient
management plan under NRCS’s Nutrient Management (Ac.) (590) Conservation Practice
Standard (hereafter, “Practice 590”) through CSP and EQIP. We do this by using an input-
output model to estimate how changes in federal support for Practice 590 plans might
translate into short-term effects on household earnings, value added, grain and oilseed
industry output, and potential reductions in heat-trapping gas emissions in Illinois, Iowa, and
Minnesota.

Practice 590 is part of the NRCS’s voluntary conservation programs that provide cost-sharing
and technical assistance for producers to develop nutrient management plans (NRCS 2025). It
is not a single on-farm practice; it includes producer support for developing a nutrient
management plan tailored to each producer’s fields, focused primarily on nitrogen and
phosphorus from fertilizer and manure, and for implementing plan-specific practices. It
supports farm producers in managing the sources of manure and fertilizer and then the
amount, placement, and timing of their application; help with managing other soil
amendments is also provided. Practice 590 emphasizes soil testing and dividing fields into
management units by soil type so that operators can apply nutrients more precisely based on
each unit’s nutrient needs (NRCS 2023). This practice aims to optimize NUE, thereby
protecting natural resources while optimizing farm profitability (Zhang, Li, and Bovay 2025).
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We estimated the impacts of various funding scenarios for Practice 590 on fertilizer usage and
the resulting economic implications using the IMPLAN economic model (see Appendix B for
detailed methods). In Illinois, Towa, and Minnesota, Practice 590 was funded by both EQIP
and CSP in 2023. We chose Practice 590 for this scenario analysis for a few reasons. First, it is
specifically designed to enhance fertilizer use efficiency while minimizing environmental
impacts. Second, there are documented potential economic benefits for producers: producers
who implement Practice 590 spend approximately $30 less per acre on fertilizer costs (NRCS
2025). Third, data is available to estimate the economic and environmental impact of funding
and implementing this practice. We use Practice 590 as an illustrative example because it
combines nutrient-management planning with a set of coordinated practices that improve
fertilizer efficiency and reduce emissions. Although this analysis focuses on one NRCS
standard, it represents only a small piece of what we need to achieve meaningful and lasting
environmental benefits. In reality, achieving this goal would require a broader, more
integrated approach—one that goes beyond individual practices and addresses whole-farm
management and, ultimately, also leads to larger systemic changes in how agricultural
landscapes are designed and supported.

Potential Economic Impacts

Our scenario experiment suggests that conservation programs like EQIP and CSP, that fund
Practice 590, have the potential to positively affect the economy, measured by labor income,
value added, local and federal taxes, and industry output. Value added is defined as the
difference between an industry’s or establishment’s total output and the cost of its
intermediate inputs; it is a measure of the contribution to Gross Domestic Product (GDP).
Industry output is defined as the total value of goods and services produced by an industry.

The scenario experiment found that the magnitude of economic impacts varied by state
depending on the level of funding and how many acres received Practice 590 implementation.
Economic returns are higher in states that tie higher financial assistance to Practice 590
adoption, as seen in Minnesota, where the impacts far exceed those in states with lower
Practice 590 funding and fewer acres receiving implementation (Table 3; NRCS 2025).
Spending $3.07 million implementing Practice 590 in Minnesota in 2023 generated $8.57
million of labor income and added $11.42 million of value to Minnesota’s GDP. Tax revenue
generated through producers implementing Practice 590 totaled $2.23 million for federal,
state, and local governments. The resulting added Industry output produced by grain and
oilseed farming was $11.56 million. Similarly, Illinois and Iowa showed promising potential
for positive economic impacts from the adoption of Practice 590. These results are consistent
with the findings of De Laporte et al. (2021), who established that the adoption of nitrogen
management strategies such as 4R has both financial and environmental benefits on corn
farms in Canada.

Scaling the model to different funding levels (10 percent, 20 percent, and 50 percent of the
2023 financial assistance obligations) shows proportional changes (for both increase and
decrease) in estimated impacts. That is, a 10 percent increase in 2023 funding for Practice 590
would result in a 10 percent increase in income, value added, industry output, and tax revenue,
and the converse is true. This proportionality, which reflects IMPLAN’s fixed-proportions
assumptions, demonstrates that greater federal investment in Practice 590 through
conservation programs like CSP and EQIP could potentially increase farm household incomes
and positively affect local economies. Conversely, reducing this funding could have a
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detrimental effect on farm household income as producers spend more on fertilizer. Producers
identified surging fertilizer costs as one of the primary factors influencing their operations and
prompting the adoption of best management practices (Wang et al. 2023). Consequently,
reducing funding for cost-sharing conservation programs may adversely affect producers’
ability to adopt nutrient management strategies such as Practice 590 (Adhikari et al. 2023).
While environmental concerns and financial incentives from these programs often encourage
the adoption of conservation practices, barriers remain. High perceived risks of reduced yields
and substantial upfront costs, particularly for socially disadvantaged producers, can
discourage producers from participating in conservation practices, despite the potential long-
term benefits (Christopher 2024).

Table 3. Estimated Economic Impacts of Funding Practice 590 at Different Funding Levels

Industry Output

Impact (Grain Tax Revenue

(Federal, State,

Value
Added

Funding Scenario Labor

for Practice 590 Income (GDP) and O_|Iseed and Local)
Farming)
In Millions

2023 funding = $3.01 $3.82 $4.89 $0.83
$0.53

inois 10% $0.30 $0.38 $0.49 $0.08
20% $0.60 $0.76 $0.98 $0.17
50% $1.51 $1.91 $2.45 $0.42
2023 funding = $3.90 $6.16 $12.68 $1.04
$0.13

e 10% $0.39 $0.62 $1.27 $0.10
20% $0.78 $1.23 $2.54 $2.08
50% $1.95 $3.08 $6.34 $5.20
2023 funding = $8.57 $11.43 $11.56 $2.24
$3.07

Minnesota | 10% $0.86 $1.14 $1.16 $0.22
20% $1.71 $2.29 $2.31 $0.45
50% $4.29 $5.71 $5.78 $1.11

This table shows the potential economic impacts of funding Practice 590 at varying levels across
Illinois, Iowa, and Minnesota. Scaling conservation funding yields positive economic benefits in terms
of labor income, GDP, industry output, and tax revenues. See Appendix B for details on methodology.
Source: IMPLAN 2023).

Climate Emissions Impacts

In addition to economic benefits, conservation programs like EQIP and CSP have the potential
to deliver environmental benefits by reducing fertilizer use and its associated emissions of
heat-trapping gases such as CO,, methane (CH,4), and N,O. For this scenario analysis, we used
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IMPLAN’s environmental data to explore how funding Practice 590 through federal
conservation programs could potentially affect heat-trapping gas emissions in Illinois, Iowa,
and Minnesota (see Appendix B for detailed methodology) IMPLAN 2023).

Just as with economic impacts, emissions impacts of conservation programs like Practice 590
vary by state. For example, some states, like California, have leveraged USDA conservation
incentive programs to specifically address nutrient losses and agricultural threats to water
quality and quantity, as well as other environmental challenges such as heat-trapping gas
emissions, indicating that some areas are using these programs to help reduce nitrogen losses
(Lenhardt and Egoh 2023).

Our scenario experiment found that at 2023 funding levels, implementing Practice 590 showed
the potential to decrease heat-trapping gas emissions in all three Corn Belt states (Table 4).
Minnesota, in particular, exhibited the greatest potential reduction due to the extensive
acreage where Practice 590 was applied and to higher funding levels. These results are
consistent with the findings of Adusumilli, Dikitanan, and Wang (2020), who established that
cost-sharing incentives such as EQIP and CSP positively influence producers’ decisions to
adopt nutrient management practices, and those of Zhang et al. (2015), who demonstrated that
nutrient management practices have the potential to enhance nutrient efficiency and reduce
environmental pollution.

Table 4. Estimated Changes in Emissions as a Result of Different Practice 590 Funding Levels

Funding Scenario for Practice 590* Heat-Trapping Gases in COze (kg)
In Millions
2023 funding = $0.53 -1.20
10% -0.12
Illinois
20% -0.24
50% -0.60
2023 funding = $0.13 -0.04
10% -0.004
lowa
20% -0.008
50% -0.02
2023 funding = $3.07 -3.94
10% -0.39
Minnesota
20% -0.79
50% -1.97

This table shows the potential climate benefits of funding Practice 590. We show that even small
increases in funding could significantly reduce heat-trapping gas emissions, with higher funding levels
producing substantially greater climate benefits.

Source: IMPLAN 2023). *Data available from NRCS (2025) and rounded to the nearest dollar.
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When modeled under alternative funding scenarios, the reduction in heat-trapping gas
emissions scales linearly with changes in funding (Table 4). For example, a 50 percent increase
in funding yields an estimated 50 percent decrease in emissions of heat-trapping gases.
Although this proportionality is consistent with IMPLAN’s fixed-proportions production
function, it is important to note that real-life emissions responses can be nonlinear and context
dependent, as seen in N20 emission sensitivity to fertilizer application rates, timing, and field
conditions (Borzouei et al. 2022).

Practice 590 requires meticulous management of the right rate, right time, right site, and
improved balance in nutrient inputs, while factoring in soil and climatic conditions. This is
essential because improving NUE often narrows the margin for error and, if these practices
are mismanaged, they can reduce yields. Therefore, achieving environmental benefits without
compromising crop yield requires a careful balance between nutrient management and
keeping farming profitable (Andualem et al. 2024).

Key Insights and Policy Implications: Toward Systemic Solutions

Although our scenario experiment looked at just Practice 590, USDA programs like CSP and
EQIP support hundreds of conservation practices. Many of these conservation practices are
bundled together and funded by NRCS to scale up economic and environmental benefits
(NRCS n.d.). While this analysis focuses on a single practice, it offers a glimpse of the
enormous economic and environmental effects possible, thanks to CSP- and EQIP-supported
conservation practices. Our scenario experiment looking at Practice 590 in just three states
sheds light on increased conservation funding’s potential to mitigate public health costs,
environmental damage, and economic disruptions. In the Midwest alone, nitrogen-related
environmental and health impacts are estimated at $32.23 billion annually (2025 dollars),
nearly six times total producer profits. Implementing strategies such as reducing fertilizer
application rates could lower these costs by $11.96 billion per year (2025 dollars) (Goodkind et
al. 2023).

Our scenario experiment shows that federal dollars invested in conservation programs like
EQIP and CSP have potential to translate into economic benefits for producers who implement
Practice 590 and for rural economies by supporting local livelihoods and local businesses
beyond farms. Conversely, underfunding nutrient management—which can lead to inadequate
adoption of conservation practices—not only limits economic gains, including potential near-
term revenue and other losses for producers, but also heightens producers’ exposure to
greater climate-related risks as continued fertilizer overapplication contributes to ongoing
environmental degradation (CAFE n.d.; EDF 2021).

Programs like CSP and EQIP make it easier for producers to adopt conservation practices that
reduce fertilizer use, enabling the US agriculture sector to reduce its reliance on excessive
fertilizer inputs. Our analysis shows that the 11.62 MMT of fertilizer applied far exceeds US
cropland needs, and that 3.4 to 5.8 MMT of fertilizer application occurs in excess. Not only
does fertilizer overapplication pose additional economic burdens on producers, but also it
contributes directly to the climate crisis by emitting heat-trapping gases. Our analysis shows
that, assuming 50 to 70 percent use efficiency, fertilizer use is responsible for emitting 36 to 60
MMT of heat-trapping gases (in COze) in the United States.
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Although conservation practices are essential for reducing nitrogen pollution, and increasing
funding to encourage adoption may appear an obvious solution, producers’ reluctance to apply
nutrient management plans often stems from a complex interplay of economic, behavioral, and
structural factors. These include limited trust in university-recommended application rates,
reliance on fertilizer dealers for rate decisions, viewing excess nitrogen as a form of yield
insurance, the red tape involved in implementing Practice 590, and perceived financial risk
(Davidson et al. 2016; Christopher 2024). These facts necessitate a shift from isolated
interventions toward a systemic approach that integrates economic incentives, producers’
operational contexts, and behavioral insights to ensure that conservation investments deliver
measurable and cost-effective outcomes. Additionally, issues such as the fact that many
producers rent the land they farm make them hesitant to invest in long-term soil health
improvements that, for example, may not yield immediate or direct benefits within the span of
their rental agreements (Bezner Kerr et al. 2022). Continuing to increase funding for
conservation programs in the form of voluntary, piecemeal approaches risks perpetuating
inefficiencies such that resources are spent without achieving meaningful environmental
improvements at scale (Ngoc et al. 2025; Chiles et al. 2023).

Reducing Barriers to Equity

Accessing USDA conservation programs remains a challenge for small and other socially
disadvantaged producers (Happ 2021). USDA’s long history of discrimination against producers
of color, especially Black producers, has meant that access to these funds has been skewed
toward White producers running large operations. These producers tend to have better access to
technical assistance that helps them apply for EQIP and CSP grants. Additionally, the recent
removal of formerly public race-based and equity-focused data from USDA and other federal
agency websites and a lack of detailed data at the state level present a significant challenge to
gauging these programs’ effectiveness for small and socially disadvantaged producers (Woods
2025b). Despite this challenge, research conducted prior to the removal of race-based data
indicates that funding like the Inflation Reduction Act (IRA), which made historic investments
in USDA’s conservation programs, allows more producers, especially producers of color, to
access financial assistance to implement on-farm conservation practices that improve soil health
and build resilience (NSAC 2024; Stillerman 2023; Happ 2021).

Roadblocks to accessing USDA conservation program financial assistance that promotes on-
farm land management practices have multiplied severalfold. The future of these programs,
especially programs that bring tangible soil health and climate benefits, remains extremely
uncertain with several USDA programs on the chopping block, including the IRA climate-
focused funding (Bergen 2025; UCS 2024). In 2025, USDA has either frozen or cancelled
programs and grants that allowed producers to implement these beneficial on-farm practices
(Horn-Muller and Gilpen 2025). Coupled with this financial insecurity is the loss of technical
knowledge resulting from the mass firing of USDA staff, in particular NRCS staff in field
offices, who served as producers’ first contact point (Schewe 2025). These programs and
financial assistance opened doors to conservation programs for producers of color, who
mainly run small and medium sized farms. Bigger farms, which already have more access to
resources, are still largely controlled by wealthy and White owners and corporations, and
these farms generally follow commodity crop monoculture practices that include fertilizer
overapplication. These bigger farms still have a leg up and will continue to receive larger
payouts, thereby perpetuating fertilizer waste and the resulting financial and environmental
damages.
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Policy Recommendations

Financial assistance for implementing practices that manage synthetic fertilizer use on farms
(such as Practice 590) is funded through voluntary conservation programs, including CSP and
EQIP, which are written into legislation like the Farm Bill—which is supposed to be passed
approximately every 5 years, although the last Farm Bill was signed into law in 2018 and
expired in 2023 and has now been extended twice; additional discretionary funding for
conservation programs is appropriated annually by Congress. To ensure that producers have
the financial and technical assistance needed to implement practices that promote soil health
and build resilience while reducing reliance on synthetic fertilizers, lawmakers should support
conservation programs and climate resilience in the next Food and Farm Bill, whose future
currently remains uncertain. UCS recommends that the next Food and Farm Bill supports
producers in implementing climate resilience initiatives by increasing funding for the
following programs (Kamrath and Kaplan 2023):

e Conservation Stewardship Program (CSP)
Since the last Farm Bill was signed into law in 2018, there has been a dramatic increase
in producer applications to CSP, but the program remains chronically underfunded and
oversubscribed. As a result, only about a quarter of producers who apply have received
contracts (Happ 2021). UCS is advocating for the next Food and Farm Bill to provide at
least $4 billion per year to CSP for new contracts that will allow more producers to
implement these beneficial conservation practices.

e Environmental Quality Incentives Program (EQIP)
UCS is advocating for the Food and Farm Bill to provide at least $2 billion per year for
the EQIP program for new producer contracts. Furthermore, the bill should reduce
financial barriers for producers and improve access to EQIP by providing the full 100
percent cost share for qualified producers to enhance EQIP’s climate and
environmental benefits.

e Prioritize Soil Health and Resilience Practices in USDA Conservation
Programming
In addition to increased funding for CSP and EQIP, these programs should prioritize
practices that improve soil health, reduce emissions of heat-trapping gases, and focus
on climate resilience.

e Sustainable Agriculture Research Program (SARE)
The SARE program is a producer-driven agriculture research and education program
that focuses on sustainable agriculture, upholding the principles of agroecology (SARE
2026). Funding producer-led programs is important to allowing producers to become
stewards of their land, and we recommend the SARE program be reauthorized with
mandatory funding of at least $100 million per year. Moreover, climate change
mitigation and adaptation should be established as a new priority within SARE’s
mission.

Catalyzing a Meaningful Shift toward Agroecological Systems

Land and fertilizer management practices alone cannot catalyze the scale of change we need to
see to lessen nitrogen loss from farms and subsequent impact on climate. Even with soil and
land management practices, some nitrogen will always degrade into air and run off into water
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through processes such as leaching and denitrification. Diversifying farming systems by
integrating livestock and adopting an agroecological approach, reducing total acreage of
commodity crops (including continuous corn and soybean cultivation), and moving away from
subsidies that encourage overproduction of commodities (including corn and soybeans) can
reduce runoff from fields (Ansari et al. 2023; Blesh et al. 2023; Franzluebbers and Hendrickson
2024; Martinez-Mena et al. 2020; Peterson et al. 2020; Liebman and Schulte 2015).

The benefits of conservation programs like CSP and EQIP can be multifold when sustainable
practices are bundled and financial assistance is expanded to allow more producers (and new
producers) to participate. But it is also clear that we need to transition away from the current
monopolistic model of agriculture that values corporate profits over people and the
environment. We need to diversify farming operations by moving away from corn-and-soy
monoculture and toward incentivizing best practices instead of maximum production of
commodity crops (Fernandez-Bou et al. 2025). Adoption of farming practices that build soil
health, replenish nutrients without harmful agrichemicals, help to clean water and air, protect
soil biodiversity, and build resilience to extreme weather and other climate change impacts can
increase economic and environmental bottom lines for producers (Kamrath and Lavender 2021).

Authors

Omanjana Goswami is an interdisciplinary scientist in the UCS Food and Environment
Program. Precious Tshabalala is an economist in the program.

Acknowledgments

This analysis was made possible by the generous support of The Lumpkin Family Foundation,
the 11th Hour Project, a program of the Schmidt Family Foundation, Grantham Foundation
for the Protection of the Environment, and UCS supporters.

The authors of this report would like to thank Stacy Woods, Karen Perry Stillerman, Angel S.
Fernandez-Bou, Kate Anderson, Debbie Holtz, Kyle Ann Sebastian, Bryan Wadsworth, Brenda
Ekwurzel, Melissa Finucane, Melissa Kaplan, Abbey Vogel, Betty Ahrens, Abby Figueroa,
Margo Dunn, and Heather Tuttle for their help in reviewing and refining the text and final
messaging of this report. We would like to thank our external reviewers, including Rebecca
Schewe, for their constructive feedback on the report. We would also like to thank Leslie
Brunetta for her work on copyedits of this report.

The opinions expressed herein do not necessarily reflect those of the organizations that
funded the work or the individuals who reviewed it. The Union of Concerned Scientists bears
sole responsibility for the report’s content.

References

Abay, Kibrom A., Jordan Chamberlin, Pauline Chivenge, and David J. Spielman. 2025. “Fertilizer, Soil
Health, and Economic Shocks: A Synthesis of Recent Evidence.” Food Policy 133 (May): 102892.
https://doi.org/10.1016/j.foodpol.2025.102892

Adhikari, Ram Kumar, Tong Wang, Hailong Jin, Jessica D. Ulrich-Schad, Heidi L. Sieverding, and David
Clay. 2023. “Farmer Perceived Challenges toward Conservation Practice Usage in the Margins of the
Corn Belt, USA.” Renewable Agriculture and Food Systems 38:
el4. https://doi.org/10.1017/S1742170523000042

Union of Concerned Scientists | 18


https://doi.org/10.1016/j.foodpol.2025.102892
https://doi.org/10.1017/S1742170523000042

Adika, Oscar. 2024. “The Cycle of Blanket Fertilizer Application.” Nairobi: Cropnuts.
https://cropnuts.com/the-cycle-of-blanket-fertilizer-application/

Adusumilli, Naveen, Rowell Dikitanan, and Hua Wang. 2020. “Effect of Cost-Sharing Federal Programs
on Adoption of Water Conservation Practices: Results from Propensity Score Matching Approach.”
Water Economics and Policy 06 (01): 1950004. https://doi.org/10.1142/52382624X19500048

Ali, Aamir, Nida Jabeen, Rasulov Farruhbek, Zaid Chachar, Azhar Ali Laghari, Sadaruddin Chachar,
Nazir Ahmed et al. 2025. “Enhancing Nitrogen Use Efficiency in Agriculture by Integrating Agronomic
Practices and Genetic Advances.” Frontiers in Plant Science 16 (March).
https://doi.org/10.3389/1pls.2025.1543714

Almaraz, Maya, Edith Bai, Chao Wang, Justin Trousdell, Stephen Conley, Ian Faloona, and Benjamin
Z.Houlton. 2018. “Agriculture Is a Major Source of NOx Pollution in California.” Science Advances 4
(1): eaa03477. https://doi.org/10.1126/sciadv.aao03477

Ammons, Samantha, Jessica M. Madrigal, Cherrel K. Manley, Maya Spaur, Jonathan N. Hofmann, Dale P.
Sandler, Laura E. Beane Freeman, Mary H. Ward, and Rena R. Jones. ”Nitrate and Disinfection By-
Products in Drinking Water and Risk of Ovarian Cancer.” Environmental Epidemiology 9, no. 3 (2025):
e382. https://doi.org/10.1097/EE9.0000000000000382

Andualem, Alemu, Tamirat Wato, Abera Asfaw, and Gutema Urgi. 2024. “Improving Primary Nutrients
(NPK) Use Efficiency for the Sustainable Production and Productivity of Cereal Crops: A Compressive
Review.” Journal of Agriculture Sustainability and Environment ISSN 2997: 271X.

Ansari, Meraj Alam, N. Ravisankar, Majhrool Hak Ansari, Subhash Babu, Jayanta Layek, and A. S.
Panwar. 2023. “Integrating Conservation Agriculture with Intensive Crop Diversification in the Maize-
Based Organic System: Impact on Sustaining Food and Nutritional Security.” Frontiers in Nutrition 10
(March): 1137247. https://doi.org/10.3389/fnut.2023.1137247

Badzmierowski, Mike. 2025. “Reducing Nitrogen Losses in US Row-Crop Agriculture: Challenges,
Solutions, and Policy Pathways.” Washington, DC: World Resources Institute.
https://www.wri.org/research/reducing-nitrogen-losses-us-row-crop-agriculture-challenges-
solutions-and-policy-pathways

Badzmierowski, Mike, Scott Faber, Courtney Bernhardt, and Patrick Molloy. 2025. Nitrous Oxide— A
Hidden Threat. Minneapolis: McKnight Foundation. https://www.mcknight.org/wp-
content/uploads/Nitrous-Oxide-A-Hidden-Threat-Pathways-for-Industry-Agriculture-to-Reduce-
Emissions-from-Synthetic-Fertilizer.pdf

Basche, Andrea. 2017. Turning Soils into Sponges. Cambridge, MA: Union of Concerned Scientists. Spongy
Soils MR_MECH v2.indd

Basso, Bruno, Guanyuan Shuai, Jinshui Zhang, and G. Philip Robertson. 2019. “Yield Stability Analysis
Reveals Sources of Large-Scale Nitrogen Loss from the US Midwest.” Scientific Reports 9 (1): 5774.
https://doi.org/10.1038/s41598-019-42271-1

Baum, Mitchell E., John E. Sawyer, Emerson D. Nafziger, Michael J. Castellano, Marshall D. McDaniel,
Mark A. Licht, Dermot J. Hayes et al. 2025. “The Optimum Nitrogen Fertilizer Rate for Maize in the
US Midwest Is Increasing.” Nature Communications 16 (1): 404.
https://doi.org/10.1017/9781009325844.007

Bergen, Molly. 2025. “A Weakened USDA Will Hurt Small Farmers (and Everyone Else).” NRDC,
September 10, 2025. https://www.nrdc.org/stories/weakened-usda-will-hurt-small-farmers-and-
everyone-else

Bezner Kerr, R. T. Hasegawa, R. Lasco, I. Bhatt, D. Deryng, A. Farrell, H. Gurney-Smith, H. Ju, S. Lluch-
Cota, F. Meza, G. Nelson, H. Neufeldt, and P. Thornton. 2022. “Food, Fibre, and Other Ecosystem
Products.” In IPCC Working Group II Sixth Assessment Report, edited by H.-O. Pértner, D.C. Roberts,
M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, et al., 713-906. Cambridge, UK:
Cambridge University Press. doi:10.1017/9781009325844.007

Blesh, Jennifer, Zia Mehrabi, Hannah Wittman, Rachel Bezner Kerr, Dana James, Sidney Madsen, Olivia
M. Smith et al. 2023. ” Against the Odds: Network and Institutional Pathways Enabling Agricultural
Diversification.” One Earth 6, no. 5: 479-91. https://doi.org10.1016/j.oneear.2023.03.004

Blesh, Jennifer, and Meagan Schipanski. 2024. “Blending Knowledge Systems for Agroecological
Nutrient Management and Climate Resilience.” Journal of Agriculture, Food Systems, and Community
Development 13 (3): 45-48. https://doi.org/10.5304/jafscd.2024.133.004

BLS (US Bureau of Labor Statistics). 2025. “CPI Inflation Calculator.” Washington, DC.

Union of Concerned Scientists | 19


https://cropnuts.com/the-cycle-of-blanket-fertilizer-application/
https://doi.org/10.1142/S2382624X19500048
https://doi.org/10.3389/fpls.2025.1543714
https://www.science.org/doi/10.1126/sciadv.aao3477#con4
https://www.science.org/doi/10.1126/sciadv.aao3477#con5
https://www.science.org/doi/10.1126/sciadv.aao3477#con6
https://www.science.org/doi/10.1126/sciadv.aao3477#con7
https://www.science.org/doi/10.1126/sciadv.aao3477#con7
https://doi.org/10.1126/sciadv.aao3477
https://doi.org/10.1097/EE9.0000000000000382
https://doi.org/10.3389/fnut.2023.1137247
https://www.wri.org/research/reducing-nitrogen-losses-us-row-crop-agriculture-challenges-solutions-and-policy-pathways
https://www.wri.org/research/reducing-nitrogen-losses-us-row-crop-agriculture-challenges-solutions-and-policy-pathways
https://www.mcknight.org/wp-content/uploads/Nitrous-Oxide-A-Hidden-Threat-Pathways-for-Industry-Agriculture-to-Reduce-Emissions-from-Synthetic-Fertilizer.pdf
https://www.mcknight.org/wp-content/uploads/Nitrous-Oxide-A-Hidden-Threat-Pathways-for-Industry-Agriculture-to-Reduce-Emissions-from-Synthetic-Fertilizer.pdf
https://www.mcknight.org/wp-content/uploads/Nitrous-Oxide-A-Hidden-Threat-Pathways-for-Industry-Agriculture-to-Reduce-Emissions-from-Synthetic-Fertilizer.pdf
https://www.ucs.org/sites/default/files/attach/2017/08/turning-soils-into-sponges-full-report-august-2017.pdf
https://www.ucs.org/sites/default/files/attach/2017/08/turning-soils-into-sponges-full-report-august-2017.pdf
https://doi.org/10.1038/s41598-019-42271-1
https://doi.org/10.1017/9781009325844.007
https://www.nrdc.org/stories/weakened-usda-will-hurt-small-farmers-and-everyone-else
https://www.nrdc.org/stories/weakened-usda-will-hurt-small-farmers-and-everyone-else
https://doi.org/10.5304/jafscd.2024.133.004

https://www.bls.gov/data/inflation_calculator.htm

Boehm, Rebecca. 2020. Reviving the Dead Zone. Cambridge, MA: Union of Concerned Scientists.
https://www.ucs.org/resources/reviving-dead-zone

Borzouei, Azam, Hedayat Karimzadeh, Christoph Miiller, Alberto Sanz-Cobena, Mohammad Zaman,
Dong-Gill Kim, and Weixin Ding. 2022. “Relationship between Nitrapyrin and Varying Nitrogen
Application Rates with Nitrous Oxide Emissions and Nitrogen Use Efficiency in a Maize Field.”
Scientific Reports 12 (1): 18424. https://www.nature.com/articles/s41598-022-23030-1

Byrnes, D. K., K. J. Van Meter, and N. B. Basu. 2020. “Long-Term Shifts in US Nitrogen Sources and Sinks
Revealed by the New TREND-Nitrogen Data Set (1930-2017).” Global Biogeochemical Cycles 34 (9):
€2020GB006626. https://doi.org/10.1029/2020GB006626

CAFE (Center for Agriculture, Food, and the Environment at UMass Amherst). n.d. “Soil Fertility and
Nutrient Management.” Accessed December 8, 2025. https://www.umass.edu/agriculture-food-
environment/cafe/nifa-planned-extension-initiatives/soil-fertility-nutrient-management

Camargo, Julio A., and Alvaro Alonso. 2006. “Ecological and Toxicological Effects of Inorganic Nitrogen
Pollution in Aquatic Ecosystems: A Global Assessment.” Environment International 32 (6): 831-49.
https://doi.org/10.1016/j.envint.2006.05.002

Carlile, Rachel, and Tara Garnett. 2021. “What Is Agroecology?” TABLE Explainer Series. TABLE,
University of Oxford, Swedish University of Agricultural Sciences and Wageningen University &
Research. https://www.tabledebates.org/sites/default/files/2021-06/What%20is%20agroecology.pdf

Chiles, Robert Magneson, Patrick J. Drohan, Raj Cibin, Lilian O’Sullivan, Donnacha Doody, Rogier P. O.
Schulte, Caitlin Grady, et al. 2023. “Optimization and Reflexivity in Interdisciplinary Agri-
Environmental Scholarship.” Frontiers in Sustainable Food Systems 7: 1083388.
https://www.frontiersin.org/journals/sustainable-food-
systems/articles/10.3389/fsufs.2023.1083388/full

Christopher, J. 2024. “Adoption of Sustainable Farming Practices in the United States: A Study on Farmer
Behavior.” International Journal of Agriculture 9 (1): 35-46.
https://iprjb.org/journals/index.php/I1JA/article/view/2533

Congreves, Kate A., Olivia Otchere, Daphnée Ferland, Soudeh Farzadfar, Shanay Williams, and Melissa
M. Arcand. 2021. “Nitrogen Use Efficiency Definitions of Today and Tomorrow.” Frontiers in Plant
Science 12 (June): 637108. https://doi.org/10.3389/fpls.2021.637108

Coppess, Jonathan, Shae Ruppert, and Marin Skidmore. 2024. “A Menace Reconsidered, Part 4: Losing
Nitrogen.” Farmdoc Daily 14 (74). https://farmdocdaily.illinois.edu/2024/04/a-menace-reconsidered-
part-4-losing-nitrogen.html

Davidson, Eric A., Rachel L. Nifong, Richard B. Ferguson, Cheryl Palm, Deanna L. Osmond, and Jill S.
Baron. 2016. “Nutrients in the Nexus.” Journal of Environmental Studies and Sciences 6 (1): 25-38.

De Laporte, Aaron, Kamaljit Banger, Alfons Weersink, Claudia Wagner-Riddle, Brian Grant, and Ward
Smith. 2021. “Economic and Environmental Consequences of Nitrogen Application Rates, Timing and
Methods on Corn in Ontario.” Agricultural Systems 188 (March): 103018.
https://doi.org/10.1016/j.agsy.2020.103018

de Vries, Wim. 2021. “Impacts of Nitrogen Emissions on Ecosystems and Human Health: A Mini
Review.” Current Opinion in Environmental Science & Health 21 (June): 100249.
https://doi.org/10.1016/j.coesh.2021.100249

Dhumal, Tanay. 2025. “CF Industries Reports Rise in Fourth-Quarter Profit on Higher Ammonia Sales.”
Reuters, February 19, 2025. https://www.reuters.com/markets/commodities/cf-industries-reports-

rise-fourth- rofit-higher-ammonia-sales-2025-02-19

Du, Zhushan, Hongli Feng, and J. G. Arbuckle. 2025. “Interactions between Crop Insurance and
Conservation Practices: Insights from Analysis of Farm Survey and Farm Program Data.” Choices
Magazine. https://www.choicesmagazine.org/choices-magazine/submitted-articles/interactions-
between-crop-insurance-and-conservation-practices-insights-from-analysis-of-farm-survey-and-
farm-program-data

EDF (Environmental Defense Fund). 2021. The Near-Term Financial Impacts of Predicted Climate Change
on Iowa Agriculture. New York. https://www.edf.org/sites/default/files/documents/The%20Near-
Term%20Financial%20Impacts%200f%20Predicted%20Climate%20Change%200n%20Iowa%20Agriculture.
pdf

EPA (US Environmental Protection Agency). 2023a. “Greenhouse Gas Inventory Data Explorer.” August

Union of Concerned Scientists | 20


https://www.bls.gov/data/inflation_calculator.htm
https://www.ucs.org/resources/reviving-dead-zone
https://www.nature.com/articles/s41598-022-23030-1
https://doi.org/10.1029/2020GB006626
https://www.umass.edu/agriculture-food-environment/cafe/nifa-planned-extension-initiatives/soil-fertility-nutrient-management
https://www.umass.edu/agriculture-food-environment/cafe/nifa-planned-extension-initiatives/soil-fertility-nutrient-management
https://doi.org/10.1016/j.envint.2006.05.002
https://www.tabledebates.org/sites/default/files/2021-06/What%20is%20agroecology.pdf
https://doi.org/10.3389/fpls.2021.637108
https://farmdocdaily.illinois.edu/2024/04/a-menace-reconsidered-part-4-losing-nitrogen.html
https://farmdocdaily.illinois.edu/2024/04/a-menace-reconsidered-part-4-losing-nitrogen.html
https://doi.org/10.1016/j.agsy.2020.103018
https://doi.org/10.1016/j.coesh.2021.100249
https://www.reuters.com/markets/commodities/cf-industries-reports-rise-fourth-quarter-profit-higher-ammonia-sales-2025-02-19/
https://www.reuters.com/markets/commodities/cf-industries-reports-rise-fourth-quarter-profit-higher-ammonia-sales-2025-02-19/
https://www.edf.org/sites/default/files/documents/The%20Near-Term%20Financial%20Impacts%20of%20Predicted%20Climate%20Change%20on%20Iowa%20Agriculture.pdf
https://www.edf.org/sites/default/files/documents/The%20Near-Term%20Financial%20Impacts%20of%20Predicted%20Climate%20Change%20on%20Iowa%20Agriculture.pdf
https://www.edf.org/sites/default/files/documents/The%20Near-Term%20Financial%20Impacts%20of%20Predicted%20Climate%20Change%20on%20Iowa%20Agriculture.pdf

18. https://cfpub.epa.gov/ghgdata/inventoryexplorer/#agriculture/entiresector/allgas/select/all

———. 2023b. Report on the Social Cost of Greenhouse Gases: Estimates Incorporating Recent Scientific
Advances. EPA-HQ-OAR-2021-0317. Washington, DC.
https://www.epa.gov/system/files/documents/2023-12/epa_scghg 2023_report_final.pdf

EPA (US Environmental Protection Agency). 2024. Inventory of US Greenhouse Gas Emissions and Sinks:
1990-2022: Chapter 5 Agriculture. Washington, DC.
https://www.epa.gov/system/files/documents/2024-04/us-ghg-inventory-2024-chapter-5-
agriculture.pdf

EPA (US Environmental Protection Agency). 2025a. “Estimated Nitrate Concentrations in Groundwater
Used for Drinking.” https://www.epa.gov/nutrientpollution/estimated-nitrate-concentrations-
groundwater-used-drinking

———. 2025b. “Greenhouse Gas Equivalencies Calculator.” https://www.epa.gov/energy/greenhouse-
gas-equivalencies-calculator

———. 2025c. “Inventory of U.S. Greenhouse Gas Emissions and Sinks.” Reports and Assessments.
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks

———.2025d. “Nitrous Oxide Emissions.” https://www.epa.gov/ghgemissions/nitrous-oxide-emissions

———.2025e. “The Effects: Dead Zones and Harmful Algal Blooms.” Overviews and Factsheets.
https://www.epa.gov/nutrientpollution/effects-dead-zones-and-harmful-algal-blooms

———. 2025f. “Understanding Global Warming Potentials.” Overviews and Factsheets.
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials

Erisman, Jan Willem, James N. Galloway, Sybil Seitzinger, Albert Bleeker, Nancy B. Dise, A. M. Roxana
Petrescu, Allison M. Leach et al. 2013. “Consequences of Human Modification of the Global Nitrogen
Cycle.” Philosophical Transactions of the Royal Society B: Biological Sciences 368 (1621): 20130116.
https://doi.org/10.1098/rstb.2013.0116

ERS (USDA Economic Research Service). 2025a. “Crop & Livestock Practices: Nutrient Management.”
https://www.ers.usda.gov/topics/farm-practices-management/crop-livestock-practices/nutrient-
management

———.2025b. “Farm Income and Wealth Statistics - Production expenses” .
https://data.ers.usda.gov/reports.aspx?I1D=4059

Essien, Eno E., Kassim Said Abasse, André Co6té, Kassim Said Mohamed, Mirza Muhammad Faran Ashraf
Baig, Murad Habib et al. 2022. “Drinking-Water Nitrate and Cancer Risk: A Systematic Review and
Meta-Analysis.” Archives of Environmental & Occupational Health 77 (1): 51-67.
https://doi.org/10.1080/19338244.2020.1842313

Fakhri, Michael. 2025. Corporate Power and Human Rights in Food Systems. New York: United Nations
General Assembly. https://documents.un.org/doc/undoc/gen/n25/196/66/pdf/n2519666.pdf

Fernandez-Bou, Angel Santiago, Jose M. Rodriguez-Flores, J. Pablo Ortiz-Partida, Amanda Fencl, Leticia
M. Classen- Rodriguez, Vivian Yang, Emily Williams, et al. 2025. “Cropland Repurposing as a Tool for
Water Sustainability and Just Land Transition in California: Review and Best Practices.” Frontiers in
Water 7 (June). https://doi.org/10.3389/frwa.2025.1510413

Fields, Scott. 2004. “Global Nitrogen: Cycling out of Control.” Environmental Health Perspectives 112
(10): A556-63. https://doi.org/10.1289/ehp.112-a556

Frank, Stefan, Petr Havlik, Elke Stehfest, Hans van Meijl, Peter Witzke, Ignacio Pérez-Dominguez,
Michiel van Dijk, et al. “Agricultural Non-CO2 Emission Reduction Potential in the Context of the
1.5°C Target.” Nature Climate Change 9, no. 1 (December 17, 2019): 66-72.
https://doi.org/10.1038/s41558-018-0358-8.Franzluebbers, Alan J., and John R. Hendrickson. 2024.
“Should We Consider Integrated Crop-Livestock Systems for Ecosystem Services, Carbon
Sequestration, and Agricultural Resilience to Climate Change?” Agronomy Journal 116 (2): 415-32.
https://doi.org/10.1002/agj2.21520

Gao, Yunhu, and André Cabrera Serrenho. 2023. “Greenhouse Gas Emissions from Nitrogen Fertilizers
Could Be Reduced by up to One-Fifth of Current Levels by 2050 with Combined Interventions.” Nature
Food 4 (2): 170-78. https://doi.org/10.1038/s43016-023-00698-w

Gillam, Carey. 2023. “Advising Farmers on Fertilizer, Universities Add to Water Pollution Woes.” The
New Lede, August 25. https://www.thenewlede.org/2023/08/in-advising-farmers-about-fertilizer-
universities-add-to-water-pollution-woes/

Union of Concerned Scientists | 21


https://cfpub.epa.gov/ghgdata/inventoryexplorer/#agriculture/entiresector/allgas/select/all
https://www.epa.gov/system/files/documents/2023-12/epa_scghg_2023_report_final.pdf
https://www.epa.gov/system/files/documents/2024-04/us-ghg-inventory-2024-chapter-5-agriculture.pdf
https://www.epa.gov/system/files/documents/2024-04/us-ghg-inventory-2024-chapter-5-agriculture.pdf
https://www.epa.gov/nutrientpollution/estimated-nitrate-concentrations-groundwater-used-drinking
https://www.epa.gov/nutrientpollution/estimated-nitrate-concentrations-groundwater-used-drinking
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks
https://www.epa.gov/ghgemissions/nitrous-oxide-emissions
https://www.epa.gov/nutrientpollution/effects-dead-zones-and-harmful-algal-blooms
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials
https://doi.org/10.1098/rstb.2013.0116
https://www.ers.usda.gov/topics/farm-practices-management/crop-livestock-practices/nutrient-management
https://www.ers.usda.gov/topics/farm-practices-management/crop-livestock-practices/nutrient-management
https://doi.org/10.1080/19338244.2020.1842313
https://documents.un.org/doc/undoc/gen/n25/196/66/pdf/n2519666.pdf
https://doi.org/10.3389/frwa.2025.1510413
https://doi.org/10.1289/ehp.112-a556
https://doi.org/10.1002/agj2.21520
https://doi.org/10.1038/s43016-023-00698-w
https://www.thenewlede.org/2023/08/in-advising-farmers-about-fertilizer-universities-add-to-water-pollution-woes/
https://www.thenewlede.org/2023/08/in-advising-farmers-about-fertilizer-universities-add-to-water-pollution-woes/

Glibert, Patricia M. 2020. “From Hogs to HABs: Impacts of Industrial Farming in the US on Nitrogen and
Phosphorus and Greenhouse Gas Pollution.” Biogeochemistry 150 (2): 139-80.
https://doi.org/10.1007/s10533-020-00691-6

Goodkind, Andrew L., Sumil K. Thakrar, Stephen Polasky, Jason D. Hill, and David Tilman. 2023.
“Managing Nitrogen in Maize Production for Societal Gain.” PNAS Nexus 2 (10): pgad319.
https://doi.org/10.1093/pnasnexus/pgad319

Goswami, Omanjana. 2025a. “Fertilizer Overuse Is Bad Enough. What If You’re Exposed to Multiple
Pollutants?” The Equation (blog). February 11. https://blog.ucs.org/omanjana-goswami/fertilizer-
overuse-is-bad-enough-what-if-youre-exposed-to-multiple-pollutants/

———. 2025b. “Half Wasted: Fertilizer Overuse, Pollution, and the Global Nitrogen Cycle.” The Equation
(blog). November 19. https://blog.ucs.org/omanjana-goswami/half-wasted-fertilizer-overuse-
pollution-and-the-global-nitrogen-cycle/

Goswami, Omanjana, and Karen Perry Stillerman. 2024. Cultivating Control. Cambridge, MA: Union of
Concerned Scientists. https://www.ucs.org/resources/cultivating-control

Green, C. J., A. M. Blackmer, and R. Horton. 1995. “Nitrogen Effects on Conservation of Carbon during
Corn Residue Decomposition in Soil.” Soil Science Society of America Journal 59 (2): 453-59.
https://doi.org/10.2136/ss52j1995.03615995005900020026x

Griesheim, Kelsey L., Richard L. Mulvaney, Tim J. Smith, Shelby W. Henning, and Allan J. Hertzberger.
2019. “Nitrogen-15 Evaluation of Fall-Applied Anhydrous Ammonia: I. Efficiency of Nitrogen Uptake
by Corn.” Soil Science Society of America Journal 83 (6): 1809-18.
https://doi.org/10.2136/sssaj2019.04.0098

Hall, Anaya L. 2024. “Cropaganda’: Mythology of Corn Belt Agriculture.” Journal of Rural Studies 108
(May): 103260. https://doi.org/10.1016/j.jrurstud.2024.103260

Happ, Michael. 2021. Closed Out: How US Farmers Are Denied Access to Conservation Programs.
Minneapolis: Institute for Agriculture & Trade Policy. https://www.iatp.org/documents/closed-out-
how-us-farmers-are-denied-access-conservation-programs

Hassan, Muhammad Umair, Muhammad Aamer, Athar Mahmood, Masood Igbal Awan, Lorenzo
Barbanti, Mahmoud F. Seleiman, Ghous Bakhsh et al. 2022. “Management Strategies to Mitigate N2O
Emissions in Agriculture.” Life 12 (3): 439. https://doi.org/10.3390/1ife12030439

Horn-Muller, Ayurella, and Lyndsey Gilpin. 2025. “Following the USDA’s Food and Farm Funding:
Here’s What’s Been Canceled and Frozen, and Resources for Those Affected.” Grist, August 6.
https://grist.org/food-and-agriculture/following-the-usda-food-and-farm-fundin

Hoss, Mollie, Gevan D. Behnke, Adam S. Davis, Emerson D. Nafziger, and Maria B. Villamil. 2018. “Short
Corn Rotations Do Not Improve Soil Quality, Compared with Corn Monocultures.” Agronomy Journal
110 (4): 1274-88. https://doi.org/10.2134/agronj2017.11.0633

Houser, Matthew, and Diana Stuart. 2020. “An Accelerating Treadmill and an Overlooked Contradiction
in Industrial Agriculture: Climate Change and Nitrogen Fertilizer.” Journal of Agrarian Change 20 (2):
215-37. https://doi.org/10.1111/joac.12341

Hussain, Mir Zaman, Ajay K. Bhardwaj, Bruno Basso, G. Philip Robertson, and Stephen K. Hamilton.
2019. “Nitrate Leaching from Continuous Corn, Perennial Grasses, and Poplar in the US Midwest.”
Journal of Environmental Quality 48 (6): 1849-55. https://doi.org/10.2134/jeq2019.04.0156

Hussain, Mir Zaman, G. Philip Robertson, Bruno Basso, and Stephen K. Hamilton. 2020. “Leaching
Losses of Dissolved Organic Carbon and Nitrogen from Agricultural Soils in the Upper US Midwest.”
Science of the Total Environment 734 (September): 139379.
https://doi.org/10.1016/j.scitotenv.2020.139379

IATP (Institute of Agriculture and Trade Policy). 2022. The Fertilizer Trap. Minneapolis.
https://www.iatp.org/the-fertiliser-trap

IATP (Institute of Agriculture and Trade Policy). 2023. A Corporate Cartel Fertilizes Food Inflation.

Minneapolis. https://www.iatp.org/corporate-cartel-fertilises-food-inflation

IEC (Iowa Environmental Council). 2024. Nitrate in Drinking Water a Public Health Concern for All
Iowans. Des Moines.
https://www.iaenvironment.org/webres/File/IEC_Nitrate_in_Drinking Water_2024FINAL.pdf
IFA (International Fertilizer Association). 2025. “Consumption Database.” Paris: IFASTAT.
https://www.ifastat.org/databases/plant-nutrition

Union of Concerned Scientists | 22


https://doi.org/10.1007/s10533-020-00691-6
https://doi.org/10.1093/pnasnexus/pgad319
https://blog.ucs.org/omanjana-goswami/fertilizer-overuse-is-bad-enough-what-if-youre-exposed-to-multiple-pollutants/
https://blog.ucs.org/omanjana-goswami/fertilizer-overuse-is-bad-enough-what-if-youre-exposed-to-multiple-pollutants/
https://blog.ucs.org/omanjana-goswami/half-wasted-fertilizer-overuse-pollution-and-the-global-nitrogen-cycle/
https://blog.ucs.org/omanjana-goswami/half-wasted-fertilizer-overuse-pollution-and-the-global-nitrogen-cycle/
https://www.ucs.org/resources/cultivating-control
https://doi.org/10.2136/sssaj1995.03615995005900020026x
https://doi.org/10.2136/sssaj2019.04.0098
https://doi.org/10.1016/j.jrurstud.2024.103260
https://www.iatp.org/documents/closed-out-how-us-farmers-are-denied-access-conservation-programs
https://www.iatp.org/documents/closed-out-how-us-farmers-are-denied-access-conservation-programs
https://doi.org/10.3390/life12030439
https://grist.org/food-and-agriculture/following-the-usda-food-and-farm-funding/
https://doi.org/10.2134/agronj2017.11.0633
https://doi.org/10.1111/joac.12341
https://doi.org/10.2134/jeq2019.04.0156
https://doi.org/10.1016/j.scitotenv.2020.139379
https://www.iatp.org/the-fertiliser-trap
https://www.iaenvironment.org/webres/File/IEC_Nitrate_in_Drinking_Water_2024FINAL.pdf
https://www.ifastat.org/databases/plant-nutrition

IMPLAN. 2023. “IMPLAN: Economic Impact Analysis Software.” https://implan.com/

Kaiser, Daniel E., and Paulo Pagliari. 2018. “Understanding Phosphorus Fertilizers.” St. Paul: University
of Minnesota Extension. https://extension.umn.edu/phosphorus-and-potassium/understanding-
phosphorus-fertilizers

Kaiser, Daniel E., and Carl J. Rosen. 2018. “Potassium for Crop Production.” St. Paul: University of
Minnesota Extension. https://extension.umn.edu/phosphorus-and-potassium/potassium-crop-
production

Kaur, Harpreet, Kelly A. Nelson, Christopher K. Wikle, Richard Ferguson, and Gurbir Singh. 2024.
“Nitrogen Fertilizer and Pronitridine Rates for Corn Production in the Midwest US.” Field Crops
Research 306 (February): 109200. https://doi.org/10.1016/j.fcr.2023.109200

Kirk, Lily, Jana E. Compton, Anne Neale, Robert D. Sabo, and Jay Christensen. 2024. “Our National
Nutrient Reduction Needs: Applying a Conservation Prioritization Framework to US Agricultural
Lands.” Journal of Environmental Management 351 (February): 119758.
https://doi.org/10.1016/j.jenvman.2023.119758

Kwon, Hoyoung, Xinyu Liu, Hui Xu, and Michael Wang. 2021. “Greenhouse Gas Mitigation Strategies
and Opportunities for Agriculture.” Agronomy Journal 113 (6): 4639-47.
https://doi.org/10.1002/agj2.20844

Langholtz, Matthew, Brian H. Davison, Henriette I. Jager, Laurence Eaton, Latha
M. Baskaran, Maggie Davis, and Craig C. Brandt. 2021. “Increased Nitrogen Use Efficiency in Crop
Production Can Provide Economic and Environmental Benefits.” Science of The Total Environment 758
(March): 143602. https://doi.org/10.1016/]j.scitotenv.2020.143602

Lassaletta, Luis, Gilles Billen, Bruna Grizzetti, Juliette Anglade, and Josette Garnier. 2014. “50 Year
Trends in Nitrogen Use Efficiency of World Cropping Systems: The Relationship between Yield and
Nitrogen Input to Cropland.” Environmental Research Letters 9 (10): 105011.
https://doi.org/10.1088/1748-9326/9/10/105011

Lenhardt, Julia, and B. N. Egoh. 2023. “Opportunities and Gaps in Conservation Incentive Programs on
California Agricultural Land.” Frontiers in Sustainable Food Systems 7: 1239015.

Liebman, Matt, and Lisa A. Schulte. 2015. “Enhancing Agroecosystem Performance and Resilience
through Increased Diversification of Landscapes and Cropping Systems.” Elementa: Science of the
Anthropocene 3 (February): 000041. https://doi.org/10.12952/journal.elementa.000041

Martinez-Mena, M., E. Carrillo-L6pez, C. Boix-Fayos, M. Almagro, N. Garcia Franco, E. Diaz-

Pereira, I. Montoya, et al. 2020. “Long-Term Effectiveness of Sustainable Land Management Practices
to Control Runoff, Soil Erosion, and Nutrient Loss and the Role of Rainfall Intensity in Mediterranean
Rainfed Agroecosystems.” CATENA 187 (April): 104352. https://doi.org/10.1016/j.catena.2019.104352

McCracken, John. 2024. “GRAPHIC: Fertilizer Prices Reach a Record High.” Investigate Midwest,
January 18. https://investigatemidwest.org/2024/01/18/graphic-fertilizer-prices-reach-a-record-
high/

Mengel, David B. n.d. “Types and Uses of Nitrogen Fertilizers for Crop Production.” West Lafayette, IN:
Purdue University Extension. Accessed December 23, 2025.
https://www.extension.purdue.edu/extmedia/ay/ay-204.html

Millar, Neville, Julie E. Doll, and G. Philip Robertson. 2014. Management of Nitrogen Fertilizer to Reduce
Nitrous Oxide (N20) Emissions from Field Crops. Michigan State University Extension.
https://www.canr.msu.edu/uploads/resources/pdfs/management_of_nitrogen_fertiler_(e3152).pdf

MOFCB (Missouri Fertilizer Control Board). 2021. “Applying Nutrients at the Right Time Increases Plant
Uptake and Yield.” May 10. https://www.mofcb.com/applying-nutrients-at-the-right-time-increases-
plant-uptake-and-yield/

MSU (Michigan State University). n.d. “Manure Application with the EnviroImpact Tool.” East Lansing.
Accessed December 23, 2025. https://enviroimpact.iwr.msu.edu/pdf/MichiganEnviroImpactTool-
fact%20sheet.pdf

MSUE (Michigan State University Extension). 2019. “The 4R’s of Nutrient Management.” Field Crops
(blog), May 13. https://www.canr.msu.edu/news/the-4r-s-of-nutrient-management

Mulik, Kranti. 2017. Rotating Crops, Turning Profits. Cambridge, MA: Union of Concerned Scientists.
rotating-crops-report-ucs-2017.pdf

NASS (USDA National Agricultural Statistics Service). 2024a. “Corn: Production Acreage by County.”

Union of Concerned Scientists | 23


https://implan.com/
https://extension.umn.edu/phosphorus-and-potassium/understanding-phosphorus-fertilizers
https://extension.umn.edu/phosphorus-and-potassium/understanding-phosphorus-fertilizers
https://extension.umn.edu/phosphorus-and-potassium/potassium-crop-production
https://extension.umn.edu/phosphorus-and-potassium/potassium-crop-production
https://doi.org/10.1016/j.fcr.2023.109200
https://doi.org/10.1016/j.jenvman.2023.119758
https://doi.org/10.1002/agj2.20844
https://doi.org/10.1016/j.scitotenv.2020.143602
https://doi.org/10.1088/1748-9326/9/10/105011
https://doi.org/10.12952/journal.elementa.000041
https://doi.org/10.1016/j.catena.2019.104352
https://investigatemidwest.org/2024/01/18/graphic-fertilizer-prices-reach-a-record-high/
https://investigatemidwest.org/2024/01/18/graphic-fertilizer-prices-reach-a-record-high/
https://www.extension.purdue.edu/extmedia/ay/ay-204.html
https://www.mofcb.com/applying-nutrients-at-the-right-time-increases-plant-uptake-and-yield/
https://www.mofcb.com/applying-nutrients-at-the-right-time-increases-plant-uptake-and-yield/
https://enviroimpact.iwr.msu.edu/pdf/MichiganEnviroImpactTool-fact%20sheet.pdf
https://enviroimpact.iwr.msu.edu/pdf/MichiganEnviroImpactTool-fact%20sheet.pdf
https://www.canr.msu.edu/news/the-4r-s-of-nutrient-management
https://www.ucs.org/sites/default/files/attach/2017/05/rotating-crops-report-ucs-2017.pdf

Washington, DC. https://www.nass.usda.gov/Charts_and_Maps/Crops_County/cr-pr.php

———.2024b. “Table 39. Machinery and Equipment on Operation: 2022 and 2017.” Washington, DC.
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume 1, Chapter_2 US_St
ate_Level/st99 2 039 _040.pdf

———.2024c. “Table 45. Selected Machinery and Equipment on Operation: 2022 and 2017.” Washington,
DC.
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1, Chapter_1 _US/st

99_1_045_046.pdf

———.2024d. “U.S. Farm Production Expenditures, 2023.” Washington, DC.
2023_FarmExpenditures_Highlights.pdf

NASS (USDA National Agricultural Statistics Survey). 2025. “Surveys: Agricultural Chemical Use
Program.” Washington, DC.
https://www.nass.usda.gov/Surveys/Guide_to_NASS_Surveys/Chemical Use/

Ngoc, Trang Nguyen Thi, Agnieszka Policht-Latawiec, Jolanta Dgbrowska, and Krystyna Michatowska.
2025. “Current Challenges, Methods, and Strategies for Reducing the Transfer of Nonpoint Source
Pollution from Agricultural Areas to Surface Water.” Journal of Water and Land Development, 187~
205. https://www.jwld.pl/files/2025-03-JWLD-20.pdf

NOAA (National Oceanic and Atmospheric Administration). 2025. “Gulf of America ‘Dead Zone’ below
Average, Scientists Find.” News release, July 31. https://www.noaa.gov/news-release/gulf-of-
america-dead-zone-below-average-scientists-find

NOS (National Ocean Service). 2024. “What Is Eutrophication?” Washington, DC: National Oceanic and
Atmospheric Administration. https://oceanservice.noaa.gov/facts/eutrophication.html

NRCS (Natural Resources Conservation Service). n.d. “Conservation Practice Standards.” Washington,
DC. Accessed January 6, 2026. https://www.nrcs.usda.gov/resources/guides-and-
instructions/conservation-practice-standards

NRCS (USDA Natural Resources Conservation Service). 2023 “Practice specification nutrient
management (code 590).” Accessed January 13, 2026.
https://www.nrcs.usda.gov/sites/default/files/2023-
06/Practice%20Specification%20Nutrient%20Management%20(Code%20590).pdf.

NRCS (USDA Natural Resources Conservation Service). 2024. “4R Nutrient Stewardship.” Washington,
DC. https://www.nres.usda.gov/sites/default/files/2024-10/4RNutrientStewardship.pdf

NRCS (USDA Natural Resources Conservation Service). 2025. “Nutrient Management.” Washington,
DC.https://www.nrcs.usda.gov/getting-assistance/other-topics/nutrient-management.

NSAC (National Sustainable Agriculture Coalition). 2024. Stewarding Success: CSP Under the 2018 Farm
Bill. Washington, DC. https://sustainableagriculture.net/wp-content/uploads/2024/10/Stewarding-
Success-CSP-Under-the-2018-Farm-Bill-September-2024.pdf

Nutrien. 2025. “Nutrien Reports Second Quarter 2025 Results.” Press release, August 6.
https://www.nutrien.com/news/press-releases/nutrien-reports-second-quarter-2025-results-1731

Ogburn, Stephanie. 2010. “The Dark Side of Nitrogen.” Grist, February 5, 2010.
https://grist.org/article/2009-11-11-the-dark-side-of-nitrogen/

Omara, Peter, Lawrence Aula, Fikayo Oyebiyi, and William R. Raun. 2019. “World Cereal Nitrogen Use
Efficiency Trends: Review and Current Knowledge.” Agrosystems, Geosciences & Environment 2 (1): 1-
8. https://doi.org/10.2134/age2018.10.0045

Osterman, L. E., P. W. Swarzenski, and R. Z. Poore. 2006. Gulf of Mexico Dead Zone: The Last 150 Years.
Washington, DC: US Department of the Interior. https://pubs.usgs.gov/fs/2006/3005/fs-2006-
3005.pdf

Pahalvi, Heena Nisar, Lone Rafiya, Sumaira Rashid, Bisma Nisar, and Azra N. Kamili. 2021. “Chemical
Fertilizers and Their Impact on Soil Health.” In Microbiota and Biofertilizers, Volume 2: Ecofriendly
Tools for Reclamation of Degraded Soil Environs, edited by Gowhar Hamid Dar, Rouf Ahmad Bhat,
Mohammad Aneesul Mehmood, and Khalid Rehman Hakeem, 1-20. New York: Springer.
https://doi.org/10.1007/978-3-030-61010-4_1

Parum, Faith. 2025. “Fertilizer Outlook: Global Risks, Higher Costs, Tighter Margins.” Market Intel
(blog). September 11. https://www.fb.org/market-intel/fertilizer-outlook-global-risks-higher-costs-
tighter-margins

Union of Concerned Scientists | 24


https://www.nass.usda.gov/Charts_and_Maps/Crops_County/cr-pr.php
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1,_Chapter_2_US_State_Level/st99_2_039_040.pdf
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1,_Chapter_2_US_State_Level/st99_2_039_040.pdf
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1,_Chapter_1_US/st99_1_045_046.pdf
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1,_Chapter_1_US/st99_1_045_046.pdf
https://www.nass.usda.gov/Publications/Highlights/2024/2023_FarmExpenditures_Highlights.pdf
https://www.nass.usda.gov/Surveys/Guide_to_NASS_Surveys/Chemical_Use/
https://www.noaa.gov/news-release/gulf-of-america-dead-zone-below-average-scientists-find
https://www.noaa.gov/news-release/gulf-of-america-dead-zone-below-average-scientists-find
https://oceanservice.noaa.gov/facts/eutrophication.html
https://www.nrcs.usda.gov/resources/guides-and-instructions/conservation-practice-standards
https://www.nrcs.usda.gov/resources/guides-and-instructions/conservation-practice-standards
https://www.nrcs.usda.gov/sites/default/files/2024-10/4RNutrientStewardship.pdf
https://www.nrcs.usda.gov/getting-assistance/other-topics/nutrient-management
https://sustainableagriculture.net/wp-content/uploads/2024/10/Stewarding-Success-CSP-Under-the-2018-Farm-Bill-September-2024.pdf
https://sustainableagriculture.net/wp-content/uploads/2024/10/Stewarding-Success-CSP-Under-the-2018-Farm-Bill-September-2024.pdf
https://www.nutrien.com/news/press-releases/nutrien-reports-second-quarter-2025-results-1731
https://grist.org/article/2009-11-11-the-dark-side-of-nitrogen/
https://doi.org/10.2134/age2018.10.0045
https://pubs.usgs.gov/fs/2006/3005/fs-2006-3005.pdf
https://pubs.usgs.gov/fs/2006/3005/fs-2006-3005.pdf
https://doi.org/10.1007/978-3-030-61010-4_1
https://www.fb.org/market-intel/fertilizer-outlook-global-risks-higher-costs-tighter-margins
https://www.fb.org/market-intel/fertilizer-outlook-global-risks-higher-costs-tighter-margins

Peterson, Caitlin A., Lindsay W. Bell, Paulo C. de F. Carvalho, and Amélie C. M. Gaudin. 2020. “Resilience
of an Integrated Crop-Livestock System to Climate Change: A Simulation Analysis of Cover Crop
Grazing in Southern Brazil.” Frontiers in Sustainable Food Systems 4 (November).
https://doi.org/10.3389/fsufs.2020.604099

Power, J. F., Richard Wiese, and Dale Flowerday. 2001. “Managing Farming Systems for Nitrate Control:
A Research Review from Management Systems Evaluation Areas.” Journal of Environmental Quality 30
(6): 1866-80. https://doi.org/10.2134/jeq2001.1866

Rabalais, Nancy N., Cassandra Glaspie, and Gene Turner. 2025. Report from 2025 Shelf-Wide Hypoxia
Cruise. Baton Rouge: Louisiana State University. https://gulfhypoxia.net/wp-
content/uploads/2025/08/LSU-Report-8-6-25.pdf

Rabine, Al, and Anne Schechinger. 2025. Fertilizing “Continuous Corn” Drives Major Source of Farm
Greenhouse Gases, but Conservation Can Help. Washington, DC: Environmental Working Group.
https://www.ewg.org/research/fertilizing-continuous-corn-drives-major-source-farm-greenhouse-

gases-conservation-can

Reimer, Adam P., Riva C. H. Denny, and Diana Stuart. 2018. “The Impact of Federal and State
Conservation Programs on Farmer Nitrogen Management.” Environmental Management 62 (4): 694~
708. https://doi.org/10.1007/s00267-018-1083-9

Ribaudo, Marc. 2014. “Most US Corn Acres at Risk of Nitrogen Losses to the Environment.” Charts of
Note (blog). August 12. https://ers.usda.gov/data-products/charts-of-note/chart-
detail?chartld=77618

Ribaudo, Marc, LeRoy Hansen, Mike J. Livingston, Roberto Mosheim, James Williamson, and Jorge
Delgado. 2011. Nitrogen in Agricultural Systems: Implications for Conservation Policy. USDA-ERS
Economic Research Report No. 127. Washington, DC: US Department of Agriculture.
https://doi.org/10.2139/ssrn.2115532

Ritchie, Hannah. 2021. “Excess Fertilizer Use: Which Countries Cause Environmental Damage by
Overapplying Fertilizers?” Our World in Data, September 7. https://ourworldindata.org/excess-
fertilizer

Robinson, John G. 2012. “Common and Conflicting Interests in the Engagements between Conservation
Organizations and Corporations.” Conservation Biology 26 (6): 967-77.

Roy, Eric D., Courtney R. Hammond Wagner, and Meredith T. Niles. 2021. “Hot Spots of Opportunity for
Improved Cropland Nitrogen Management across the United States.” Environmental Research Letters
16 (3): 035004. https://doi.org/10.1088/1748-9326/abd662

SARE (Sustainable Agriculture Research and Education). 2026. “About SARE.” College Park, MD.
https://www.sare.org/about/

Schewe, Rebecca. 2025. “USDA Staffing Cuts Hurt Farmers and Rural Communities.” NSAC’s Blog,
March 14. https://sustainableagriculture.net/blog/usda-staffing-cuts-hurt-farmers-and-rural-
communities/

Shrestha, D., K. Masarik, and C.J. Kucharik. 2023. “Nitrate Losses from Midwest US Agroecosystems:
Impacts of Varied Management and Precipitation.” Journal of Soil and Water Conservation 78 (2): 141-
53. https://doi.org/10.2489/jswc.2023.00048

Silverman, Kevin. 2021. “Hopping Off the Treadmill of Agricultural Overproduction.” The Regeneration
(blog), April 7. https://weekly.regeneration.works/p/-hopping-off-the-treadmill-of-agricultural

Sobota, Daniel J., Jana E. Compton, Michelle L. McCrackin, and Shweta Singh. 2015. “Cost of Reactive
Nitrogen Release from Human Activities to the Environment in the United States.” Environmental
Research Letters 10 (2): 025006. https://doi.org/10.1088/1748-9326/10/2/025006

Srivastava, Rajiv Kumar, Sanju Purohit, Edris Alam, and Md Kamrul Islam. 2024. “Advancements in Soil
Management: Optimizing Crop Production through Interdisciplinary Approaches.” Journal of
Agriculture and Food Research 18 (December): 101528. https://doi.org/10.1016/j.jafr.2024.101528

Stanley, Paige L. 2018. “What Congress Does Next Could Cost Farmers and Taxpayers Billions.” The
Equation (blog), August 22. https://blog.ucs.org/science-blogger/what-congress-does-next-could-
cost-farmers-and-taxpayers-billions/

Stanley, Paige, and Marcia DeLonge. 2018. Farmers and Taxpayers Stand to Lose Billions with Elimination
of the Conservation Stewardship Program: CSP’s High Value Farm Conservation Delivers 4-to-1 Return
on Investment: Appendix. Cambridge, MA: Union of Concerned Scientists.
https://www.ucs.org/sites/default/files/attach/2018/08/CSP-ROI-Appendix-FINAL.pdf

Union of Concerned Scientists | 25


https://doi.org/10.3389/fsufs.2020.604099
https://doi.org/10.2134/jeq2001.1866
https://gulfhypoxia.net/wp-content/uploads/2025/08/LSU-Report-8-6-25.pdf
https://gulfhypoxia.net/wp-content/uploads/2025/08/LSU-Report-8-6-25.pdf
https://www.ewg.org/research/fertilizing-continuous-corn-drives-major-source-farm-greenhouse-gases-conservation-can
https://www.ewg.org/research/fertilizing-continuous-corn-drives-major-source-farm-greenhouse-gases-conservation-can
https://doi.org/10.1007/s00267-018-1083-9
https://ers.usda.gov/data-products/charts-of-note/chart-detail?chartId=77618
https://ers.usda.gov/data-products/charts-of-note/chart-detail?chartId=77618
https://doi.org/10.2139/ssrn.2115532
https://ourworldindata.org/excess-fertilizer
https://ourworldindata.org/excess-fertilizer
https://doi.org/10.1088/1748-9326/abd662
https://www.sare.org/about/
https://sustainableagriculture.net/blog/usda-staffing-cuts-hurt-farmers-and-rural-communities/
https://sustainableagriculture.net/blog/usda-staffing-cuts-hurt-farmers-and-rural-communities/
https://doi.org/10.2489/jswc.2023.00048
https://weekly.regeneration.works/p/-hopping-off-the-treadmill-of-agricultural
https://doi.org/10.1088/1748-9326/10/2/025006
https://doi.org/10.1016/j.jafr.2024.101528
https://blog.ucs.org/science-blogger/what-congress-does-next-could-cost-farmers-and-taxpayers-billions/
https://blog.ucs.org/science-blogger/what-congress-does-next-could-cost-farmers-and-taxpayers-billions/
https://www.ucs.org/sites/default/files/attach/2018/08/CSP-ROI-Appendix-FINAL.pdf

Stein, Lisa Y., and Martin G. Klotz. 2016. “The Nitrogen Cycle.” Current Biology 26 (3): R94-98.
https://doi.org/10.1016/j.cub.2015.12.021

Stillerman, Karen Perry. 2023. “The IRA Made Huge Climate Investments in Rural Areas. Now, the Food
and Farm Bill Must Maintain Them.” The Equation (blog), September 28. https://blog.ucs.org/karen-
perry-stillerman/the-ira-made-huge-climate-investments-in-rural-areas-now-the-food-and-farm-bill-
must-maintain-them/

Strock, J. S., P. M. Porter, and M. P. Russelle. 2004. “Cover Cropping to Reduce Nitrate Loss through
Subsurface Drainage in the Northern US Corn Belt.” Journal of Environmental Quality 33 (3): 1010-16.
https://doi.org/10.2134/jeq2004.1010

Swaney, Dennis P., Robert W. Howarth, and Bongghi Hong. 2018. “Nitrogen Use Efficiency and Crop
Production: Patterns of Regional Variation in the United States, 1987-2012.” Science of The Total
Environment 635 (September): 498-511. https://doi.org/10.1016/j.scitotenv.2018.04.027

Syswerda, S. P., B. Basso, S. K. Hamilton, J. B. Tausig, and G. P. Robertson. 2012. “Long-Term Nitrate
Loss along an Agricultural Intensity Gradient in the Upper Midwest USA.” Agriculture, Ecosystems &
Environment 149 (March): 10-19. https://doi.org/10.1016/j.agee.2011.12.007

TFI (The Fertilizer Institute). 2024. 4R Nutrient Stewardship. Arlington, VA. https://www.tfi.org/media-
center/sustainability-slide/4rs-nutrient-stewardship-pt-1/

Tripathi, Sachchidanand, Pratap Srivastava, Rajkumari S. Devi, and Rahul Bhadouria. 2020. “Influence of
Synthetic Fertilizers and Pesticides on Soil Health and Soil Microbiology.” In Agrochemicals Detection,
Treatment and Remediation, edited by Majeti Narasimha Vara Prasad. Oxford, UK: Butterworth-
Heinemann. https://doi.org/10.1016/B978-0-08-103017-2.00002-7

UCS (Union of Concerned Scientists). 2008. “Hidden Costs of Industrial Agriculture.” Cambridge, MA.
https://www.ucs.org/resources/hidden-costs-industrial-agriculture

Kamrath, Erik and Mike Lavender. 2021. Priorities for Resilient Agriculture in Budget Reconciliation.
Cambridge, MA. UCS-Priorities-for-Resilient-Agriculture-in-Reconciliation.pdf

Kamrath, Erik and Melissa Kaplan to Debbie Stabenow and John Boozman, March 31, 2023, Washington
DC. UCS-New-Food-and-Farm-Bill-Policy-Recs.pdf

UCS (Union of Concerned Scientists). 2024. “House Fails to Protect IRA Climate Funds.” Cambridge, MA.
https://www.ucs.org/about/news/house-fails-protect-ira-climate-funds-0

UNEP & FAO (United Nations Environment Programme and Food and Agriculture Organization of the
United Nations). 2024. Global Nitrous Oxide Assessment. Nairobi.
https://doi.org/10.59117/20.500.11822 /46562

Volzer, Helena, Angela Blatt, Hannah Richerson, and Sara Walling. 2025. Nitrates on Tap. Chicago:
Alliance for the Great Lakes. https://greatlakes.org/wp-
content/uploads/2025/09/AGL_NitrateReport_Sept2025_Final.pdf

Wade, Tara, and Roger Claassen. 2016. “Major Crop Producers Apply Most Nitrogen Fertilizer in the
Spring and after Planting.” Washington, DC: US Department of Agriculture Economic Research
Service. https://ers.usda.gov/data-products/charts-of-note/chart-detail?chart1d=78904

Waldman, Peter. 2025. “Big Agriculture Is Stopping Polluted Water from Being Cleaned in Iowa.”
Bloomberg, September 3. https://archive.ph/GY1qr

Wang, Cong, Barbara Amon, Karsten Schulz, and Bano Mehdi. 2021. “Factors That Influence Nitrous
Oxide Emissions from Agricultural Soils as Well as Their Representation in Simulation Models: A
Review.” Agronomy 11 (4): 770. https://doi.org/10.3390/agronomy11040770

Wang, Ming, and Matthew Gammans. 2025. “The One Big Beautiful Bill’'s USDA Conservation Spending
Shuffle.” Fargo: North Dakota State University Agricultural Risk Policy Center. https://www.arpc-

ndsu.com/post/the-one-big-beautiful-bill-s-usda-conservation-spending-shufflemin

Wang, Tong, Heidi Sieverding, Matthew Elliot, and Stephen Cheye. 2023. “Impact of High Fertilizer
Prices and Farmers’ Adaptation Strategies in the US Midwest.” Choices 36 (4): 1-13.

Wang, Zhao-Hui, and Sheng-Xiu Li. 2019. “Nitrate N Loss by Leaching and Surface Runoff in
Agricultural Land: A Global Issue (a Review).” In Advances in Agronomy, edited by Donald L. Sparks,
vol. 156, 159-176. Academic Press. https://doi.org/10.1016/bs.agron.2019.01.007

Union of Concerned Scientists | 26


https://doi.org/10.1016/j.cub.2015.12.021
https://blog.ucs.org/karen-perry-stillerman/the-ira-made-huge-climate-investments-in-rural-areas-now-the-food-and-farm-bill-must-maintain-them/
https://blog.ucs.org/karen-perry-stillerman/the-ira-made-huge-climate-investments-in-rural-areas-now-the-food-and-farm-bill-must-maintain-them/
https://blog.ucs.org/karen-perry-stillerman/the-ira-made-huge-climate-investments-in-rural-areas-now-the-food-and-farm-bill-must-maintain-them/
https://doi.org/10.2134/jeq2004.1010
https://doi.org/10.1016/j.scitotenv.2018.04.027
https://doi.org/10.1016/j.agee.2011.12.007
https://www.tfi.org/media-center/sustainability-slide/4rs-nutrient-stewardship-pt-1/
https://www.tfi.org/media-center/sustainability-slide/4rs-nutrient-stewardship-pt-1/
https://doi.org/10.1016/B978-0-08-103017-2.00002-7
https://www.ucs.org/resources/hidden-costs-industrial-agriculture
https://ucs-documents.s3.amazonaws.com/food-environment/UCS-Priorities-for-Resilient-Agriculture-in-Reconciliation.pdf
https://ucs-documents.s3.amazonaws.com/food-environment/UCS-New-Food-and-Farm-Bill-Policy-Recs.pdf
https://www.ucs.org/about/news/house-fails-protect-ira-climate-funds-0
https://doi.org/10.59117/20.500.11822/46562
https://greatlakes.org/wp-content/uploads/2025/09/AGL_NitrateReport_Sept2025_Final.pdf
https://greatlakes.org/wp-content/uploads/2025/09/AGL_NitrateReport_Sept2025_Final.pdf
https://ers.usda.gov/data-products/charts-of-note/chart-detail?chartId=78904
https://archive.ph/GY1qr
https://doi.org/10.3390/agronomy11040770
https://www.arpc-ndsu.com/post/the-one-big-beautiful-bill-s-usda-conservation-spending-shuffleming
https://www.arpc-ndsu.com/post/the-one-big-beautiful-bill-s-usda-conservation-spending-shuffleming
https://doi.org/10.1016/bs.agron.2019.01.007

Ward, Mary H., Rena R. Jones, Jean D. Brender, Theo M. De Kok, Peter J. Weyer, Bernard T. Nolan,
Cristina M. Villanueva, et al. 2018. “Drinking Water Nitrate and Human Health: An Updated Review.”
International Journal of Environmental Research and Public Health 15 (7): 1557.
https://doi.org/10.3390/ijerph15071557

WDHS (Wisconsin Department of Health Services). 2020. “Infant Methemoglobinemia (Blue Baby
Syndrome).” Madison, WI. https://www.dhs.wisconsin.gov/water/blue-baby-syndrome.htm

Wertz, Joe. 2020. “Fertilizer Is a Major Pollutant. Why Doesn’t the Government Regulate It as One?”
Grist, January 22. https://grist.org/food/fertilizer-is-a-major-pollutant-why-doesnt-the-government-
regulate-it-as-one/

Woods, Stacy E. 2025a. “From Fields to Faucets: Fertilizer Overuse Threatens Drinking Water and
Health.” The Equation (blog), November 19. https://blog.ucs.org/stacy-woods/from-fields-to-faucets-
fertilizer-overuse-threatens-drinking-water-and-health/

Woods, Stacy. 2025b. “The Trump Administration’s Deletion of Environmental Justice Data Does Real
Harm.” The Equation (blog), February 27. https://blog.ucs.org/stacy-woods/the-trump-

administrations-deletion-of-environmental-justice-data-does-real-harm

Zahn, Noah. 2023. “The Cost of Growth: Fertilizer Companies Cash In While Farmers and Communities
Struggle.” Washington, DC: Pulitzer Center. https://pulitzercenter.org/stories/cost-growth-
fertilizer-companies-cash-while-farmers-and-communities-struggle

Zhang, Jien, Peiyu Cao, and Chaoqun Lu. 2021. “Half-Century History of Crop Nitrogen Budget in the
Conterminous United States: Variations Over Time, Space and Crop Types.” Global Biogeochemical
Cycles 35 (10): e2020GB006876. https://doi.org/10.1029/2020GB006876

Zhang, Weli, Yanggu Li, and John Bovay. 2025. ”Yield Impacts of Agricultural Conservation Programs.”
Choices Magazine. https://www.choicesmagazine.org/choices-magazine/submitted-articles/yield-
impacts-of-agricultural-conservation-programs https://doi.org/10.22004/ag.econ.369396

Zhang, Xin, Denise L. Mauzerall, Eric A. Davidson, David R. Kanter, and Ruohong Cai. 2015. “The
Economic and Environmental Consequences of Implementing Nitrogen-Efficient Technologies and
Management Practices in Agriculture.” Journal of Environmental Quality 44 (2): 312-24.
https://doi.org/10.2134/jeq2014.03.0129

Union of . .
[Concerned SC]_ent]_StS www.ucs.org/resources/less-fertilizer-better-outcomes

The Union of Concerned Scientists puts rigorous, independent science into action, developing solutions and advocating for a healthy, safe, and just future.

© FEBRUARY 2026 UNION OF CONCERNED SCIENTISTS https://doi.org/10.47923/2026.16101



https://doi.org/10.3390/ijerph15071557
https://www.dhs.wisconsin.gov/water/blue-baby-syndrome.htm
https://grist.org/food/fertilizer-is-a-major-pollutant-why-doesnt-the-government-regulate-it-as-one/
https://grist.org/food/fertilizer-is-a-major-pollutant-why-doesnt-the-government-regulate-it-as-one/
https://blog.ucs.org/stacy-woods/from-fields-to-faucets-fertilizer-overuse-threatens-drinking-water-and-health/
https://blog.ucs.org/stacy-woods/from-fields-to-faucets-fertilizer-overuse-threatens-drinking-water-and-health/
https://blog.ucs.org/stacy-woods/the-trump-administrations-deletion-of-environmental-justice-data-does-real-harm/
https://blog.ucs.org/stacy-woods/the-trump-administrations-deletion-of-environmental-justice-data-does-real-harm/
https://pulitzercenter.org/stories/cost-growth-fertilizer-companies-cash-while-farmers-and-communities-struggle
https://pulitzercenter.org/stories/cost-growth-fertilizer-companies-cash-while-farmers-and-communities-struggle
https://doi.org/10.1029/2020GB006876
https://www.choicesmagazine.org/choices-magazine/submitted-articles/yield-impacts-of-agricultural-conservation-programs
https://www.choicesmagazine.org/choices-magazine/submitted-articles/yield-impacts-of-agricultural-conservation-programs
https://doi.org/10.2134/jeq2014.03.0129

