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From fertilizer costs to nutrients lost, the issues and challenges of nitrogen continue for row crop
agriculture. They are magnified in the moment by the conflict in Iran and the closure of the Strait of
Hormuz, adding complications at a difficult time for farmers—higher prices going into harvest and the time
when many will be booking fertilizer purchases for the next crop year (farmdoc daily, August 25, 2026;
August 11, 2026; June 9, 2026; May 26, 2026; May 5, 2026; April 29, 2026; March 31, 2026; March 24,
2026; March 23, 2026; April 18, 2024; January 15, 2024; January 4, 2024; Draper, June 16, 2026; Wong,
Crowley and Schmitt, July 12, 2026; Baker, July 13, 2026). To date, much of the impact on fertilizer has
been felt more globally than domestically, but the continued instability and chaos in that critical region of
the world is not likely to remain outside American shores for long (Hernandez, July 3, 2026; Cullen, June
3, 2026; Hebebrand et al., April 1, 2026; Clayton, June 12, 2026; Webster and Burnett, March 23, 2026).
Concerns acknowledged, this article continues the discussion of work under a cooperative agreement
with USDA’s Natural Resources Conservation Service (NRCS) to explore questions of risk and
conservation practices (farmdoc daily, May 28, 2026; May 21, 2026; May 7, 2026). Below, we discuss
applying research to develop a risk framework for nitrogen application and management.

Background

From the vast (and it is quite vast) literature on nitrogen use, management, and loss in row crop farming a
common theme is easily discernible (farmdoc daily, April 18, 2024; December 7, 2023; January 4, 2024,
January 15, 2024). Nitrogen is critical to crop production, especially corn; crop production is critical to
meeting food demand from a growing population; nitrogen applied but not consumed by the crop,
however, is at high risk of being lost to waterways, becoming a form of pollution. From this, the focus
turns immediately to farmers and generally narrows to whether farmers are overapplying nitrogen,
especially synthetic forms of nitrogen produced using fossil fuels.

Recommendations for nitrogen (N) application rates have evolved from yield-based methods to profit-
maximizing approaches (Camberato, 2015). The latter aims to improve farmer profitability while reducing
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N losses to the environment by suggesting a lower rate. Regionally uniform rates, recommended by
university research in six major corn belt states, are expected to maximize the average return to N based
on multi-site-year field trials and the prices of corn and N (Corn Nitrogen Rate Calculator; Sawyer et al.,
2006). Although these rates have long been promoted, many farmers still apply N at rates exceeding
recommendations or follow yield-goal approaches (Arbuckle and Rosman, 2014; Houser, 2022; Sellars,
Schnitkey and Gentry, 2020; Wade, Claassen and Wallendar, December 2015).

The agronomic and economic optimal N application rates are uncertain due to uncertainties in weather
and soil conditions and in market prices for inputs and outputs (Correndo et al., 2021; Lobell, 2007; Morris
et al. 2018; Palmero et al. 2026; Sawyer et al., 2006). Farmers are aware of these uncertainties and tend
to apply rates higher than those based on average weather and soil conditions. Farmers apply for good
weather years, believing that a higher rate is required in those years to achieve yield potential, and expect
to receive higher multi-year average profits (Babcock, 1992). This aligns with many farmers’ behavior of
not changing N application rates over the years. However, this could lead to fertilizer losses in some
years.

Discussion

Any discussion about nitrogen application in corn fields should begin and end with yields; everything else,
from farm revenue and profits, etc., is downstream from crop yields. To the farmer's management, in
other words, bushels in the bin might be worth more than dollars in the bank. Accordingly, the application
of research to the nitrogen question in this overall effort is focused on the risk to the farmer of a
conservation practice, primarily the potential yield risk of implementing a practice. For this article, the
question is the risk to yield from reductions in the application rate of nitrogen.

From that perspective, consider that the farmer’s yield expectations are unlikely to match county or other
area averages, which tend to be used by researchers and others. In fact, the farmer’s expectations are
most likely to be higher and planning is likely to be based on yields above what crop insurance would
cover. For example, the 2027 yield expectations on high productivity farm ground in central lllinois for
corn following soybeans is 245 bushels per acre (farmdoc daily, September 1, 2026). The average yield
for the 10 previous crop years, which would roughly approximate an APH (Actual Production History)
used for crop insurance is 219 bushels per acre (farmdoc, “Historic Crop Budgets: Budgets For All
Regions.” Management). An insurance policy at 85% coverage would insure yields at 186 bushels per
acre, with the farmer responsible for the first 33 bushels per acre of any loss, known as the deductible
range.

It would be the rare farmer who seeks to add risk to the operation by experimenting with fertilizer
applications, and the rare banker who wants to lend to such risk-taking. Crop insurance is also built upon
yield histories, mostly the ten-year APH with trend adjustments (farmdoc daily, March 15, 2022; April 29,
2025). The fertilizer industry certainly knows this well, and any advice to farmers, as well as all marketing
and pricing plans, would undoubtedly account for these realities. The only matter that does not,
importantly, is the financial assistance offered by conservation policy.

To begin constructing a risk framework for nitrogen application practices (i.e., reductions in rates), we
applied existing research, using data produced by a biophysical model (APSIM), validated across
hundreds of field trials, to chart the relationship between yield and applied N (Liu, 2026; Mandrini et al.,
2022). In the APSIM model, the crop management practices are held constant (e.g., tillage, crop variety,
plant population, planting date, and fertilizer application timing). This way, the yield variations across the
years are the modeled results due to weather and weather-induced soil conditions at the different N
application rates along the curve. As is well known, and similar to field trials, model simulations can often
yield results that deviate from the observational data. The model assumptions may not reflect all the real-
world matters, such as increased yield trends attributed to genetic improvements (farmdoc daily, June 25,
2025). For example, the model simulations use the corn hybrid widely used in research around 2014 —
2015, and the modeled yield is most likely higher than the reported historical yield before this timeframe
but lower after it. Other differences in the model simulations include soil quality and characteristics, which
would differ at the subfield level used in the model compared to all fields in a county or even the average
of the county.

With those matters in mind, Figure 1 illustrates the model simulated data points for an example subfield
(one soil type) within a 100-acre field in McLean County, lllinois, in 2018. To those data points, the line
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illustrates the estimated relationship between yield and applied N (fitted curve). The curve used to fit the
data is obtained by estimating a stochastic linear plateau production function that allows parameters to
vary across weather conditions (years) and then substituting actual 2018 weather data back into the
estimated function. The linear plateau production function is the best-fitting function across the entire
dataset compared to the quadratic and quadratic plateau production functions. The yield response curves
at the field level are obtained by aggregating the linear plateau production functions estimated at the
subfield (soil-type) level, using the subfield areas as weights. Finally, note that the actual McLean County,
lllinois average yield for corn in 2018 was reported at 229 bushels per acre (farmdoc daily, April 9, 2019;
USDA-NASS, Quickstats).

Figure 1. Model Simulated Corn Yield Response to Varied Nitrogen Application Rates in a Subfield
in McLean County, IL, Using 2018 Weather Conditions.
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Using that methodology, Figure 2 illustrates the uncertainty in determining the optimal N application rates
under weather uncertainty. The lines are the yield response to N application rate curves for every other
year between 1990 and 2018 at the same example field as in Figure 1. As noted above, the yield
variations across the years are the modeled results based on the weather in those years, and the
weather-induced soil conditions. The dots in Figure 2 represent the agronomic optimum N application
rate, the N application rate at which the yields plateau and stop increasing with increased rates of N.
Overall in Figure 2, modeled corn yields ranged from 77 to 136 bushels per acre without any N fertilizer
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application, while yield potentials range from 132 to 232 bushels per acre and the agronomic optimum N
application rates (shown as points) ranged from 120 to 265 Ib. N/acre.

Figure 2 also includes two lines and a shaded region between two N application rates. The dotted line is
at 171 Ib. N/acre, representing the Maximum Return to Nitrogen (MRTN) calculator for central lllinois at
current prices (https://www.cornnratecalc.org/calculator). The regional MRTN rate was calculated based
on anhydrous ammonia price ($1057.5/ton or $0.645/Ib N) on June 26, 2026 (USDA-AMS) and corn price
($4.56/bushel) in May 2026 (USDA-NASS).

Figure 2. Model Simulated Corn Yield Responses to Varied Nitrogen Application Rates for a Field
in McLean County, IL, with N Curves and Agronomic Optimum N Rates Under Observed Weather
Conditions, 1990-2018.
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The curves and points in Figure 2 suggest that the optimal N application rate is not necessarily higher in
more favorable weather years or in years with higher yield potential. Applying N above the optimal rate
has costs to the farmer based on the additional pounds of N not consumed by the plant. To demonstrate
this point, Table 1 uses reported anhydrous ammonia prices to estimate the excessive N costs based on
the modeled agronomic optimum rate for a farmer who applied 200 Ib. N/acre every other year from 1990
to 2018. The national average prices in and before 2014 are obtained from the Fertilizer Use and Price
summary from USDA-ERS, while prices in 2016 — 2018 are calculated based on March prices published
in the lllinois Production Cost Report from USDA-AMS. The price of anhydrous ammonia fluctuates year
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over year, but the general trend is upward. The costs are affected by both fertilizer prices and the
agronomic optimum N application rate, or the difference between that rate and 200 Ib. N/acre. The
estimated cost of excessive N application varies from $1 to $26/acre across the years, with the highest
costs in 2014, 2016, and 2018 when N prices were relatively high.

Table 1. The costs of the excessive N vs. Yield losses

Year Anhydrous Estimated costs of the excessive | Yield losses if applied 171 Ib
ammonia price N if applied 200 Ib N/acre ($/acre) N/acre (bushel/acre)
used ($/ton)
1990 199 6 0
1992 208 9 0
1994 243 12 0
1996 303 1 10.8
1998 253 11 0
2000 227 2 0.6
2002 250 5 0
2004 379 12 0
2006 521 23 0
2008 755 17 0
2010 499 12 0
2012 785 0 0.9
2014 851 26 0
2016 563 24 0
2018 519 24 0

The potential excessive costs in Table 1 are one component of the risk to the farmer in the N application
decision. The primary risk, however, is that reducing N applications may result in yield losses, especially
from budget expectations or crop insurance APH. As noted above, any yield loss in the deductible range,
before crop insurance indemnities kick in, is absorbed by the farmer and Table 1 includes estimated yield
losses at the MRTN rate of 171 Ib. N/acre.

Ultimately, the risk of yield loss depends on both weather conditions and the reduced N application rate.
Notably, there was not an estimated yield loss in 2018 from the lower MRTN rate because favorable
weather conditions estimated an optimal rate below MRTN, which was estimated to be 123 Ibs. N/acre.
Yield losses in relatively favorable weather years can occur, however, and can be significant to the
farmer.

To further examine the risk framework, Figure 3 illustrates the 1996 model simulated yield curve. That
year, the optimal rate is estimated to be much closer to 200 Ib. N/acre and the expected yield loss that
year from reducing the N rate to 171 Ib. N/acre is nearly 11 bushels per acre. Based on the weather
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conditions in 1996, these results suggest that applying more nitrogen—more pounds above the 171

MRTN rate—would have produced more bushels of corn and a higher yield.

Figure 3. Example of yield loss risk due to N rate reduction, 1996
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As has been well documented, excess N leads to N leaching and greenhouse gas emissions, causing
water contamination, hypoxia, and contributing to climate change (see e.g., Gu et al., 2023; Houser,
Irvine and Marquart-Pyatt, 2023; Houser, 2022; Houser and Stuart, 2019; Rabotyagov et al., 2014; Peel
et al., 2013; Savci, 2012; Townsend and Howarth, 2010; Almasri and Kaluarachchi, 2004; see also,
farmdoc daily, April 18, 2024; Rose et al., May 15, 2026; Calderon, November 30, 2021). Research
continues to find that reducing N application rates could reduce the farmer’s costs, as well as reduce the
consequences that follow from having excess nitrogen in farm fields (see e.g., Precision Conservation
Management, 2026; Kim et al., 2021; Eagle et al. (2013). Designing conservation policy to account for the
risk of yield losses could be an effective way to achieve a reduction in the consequences, while avoiding
an additional burden on the farmer who lowers rates.

Concluding Thoughts
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Reducing nitrogen application rates for corn presents a very real risk of reduced yields in any crop year
and should be understood as the major obstacle for farmers. Even a relatively small yield loss can have
real cost consequences to the farmer—11 bushels on a field averaging 220 bushels per acre is a 5%
yield loss but falls squarely in the deductible range for crop insurance and could cost the farmer between
$44 and $55 per acre, depending on the price of corn. Not only are these costs not covered by crop
insurance, they are also not a factor in the financial assistance for reducing N application rates from
conservation programs like the Environmental Quality Incentives Program (EQIP). The potential costs of
reducing N application rates will vary from year-to-year, mostly depending on the weather. This article
discussed efforts to quantify the probability and severity of yield losses under varying weather conditions
and N application rates. This application of research to the yield risk question is part of an ongoing effort
to build a risk framework for conservation policy design as part of a cooperative agreement with USDA’s
Natural Resources Conservation Service (NRCS) (farmdoc daily, May 28, 2026; May 21, 2026; May 7,
2026).

The farmer’s framework for managing risk is likely to consider that bushels in the bin could be worth more
than dollars in the bank. In other words, the risk that some amount of N application costs fails to produce
higher yields is substantially outweighed by the risk that reduced N application rates could result in lower
yields. It all depends on the weather and the year, matters which cannot be known when fertilizer is
purchased and applied. Every other influence on the farmer’s application rate decision knows this and
applies it, from crop insurance to the banker and the fertilizer industry. Conservation policy, to be effective
in this reality, will need to be designed so that financial assistance also responds to the yield risk of the
practice. The next article in this series will look closer at the gap between that financial assistance and the
yield risks or costs to the farmer from implementing a nitrogen reduction practice.
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