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Solution to Pollution: It Starts on the Farm

By Andrea Heffernan, Teresa Galluzzo and Will Hoyer

There is no doubt that an overabundance of the nutrients nitrogen and phosphorus is a leading cause of
water pollution in Iowa and the nation.' However, discussion continues about the primary contributors to
this problem. It is important to clearly identify the sources of water contamination so the discussion can
move on to relevant, prioritized solutions.

This report provides background on nutrient pollution in the Mississippi River Drainage Basin, estimates
the sources of nutrient pollution for lowa, and discusses issues including application timing and ground
cover that affect whether the nutrients are used for their intended purpose — increasing crop yield — or
become unhealthy and costly water pollution.

Nutrient Pollution in the Mississippi River Basin

Nutrients, such as nitrogen and phosphorus, are essential for plant and animal life. However, in excess
nitrogen and phosphorus are water contaminants that lead to the rapid growth of phytoplankton. These
algae blooms contribute to a number of water quality problems. They diminish sunlight necessary for
deep-water aquatic life to survive; create a foul taste and odor, as well as health hazards in drinking
water supplies; and interfere with water-related recreational activities by creating unsightly scum and/or
toxic water conditions.” As the algae in the blooms die, they sink and decompose. The decomposition
process uses up large amounts of oxygen
in the water (creating a condition

known as hypoxia), which reduces
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Mexico, an area some refer to as the Dead Zone. This area of hypoxia is an area where the excess
nutrients carried downstream have been deposited, resulting in an extremely low-oxygen environment.
The size of this Dead Zone varies from year to year depending on conditions, but in 2008 and again in
2010 it has exceeded 7,000 square miles, an area approximately the size of New Jersey.’

Non-Point Source Pollution

Non-point source pollution — the source of more than half of water pollution in the U.S. —is
contamination that occurs when rainwater, snowmelt, or irrigation washes off agricultural fields,
city streets, or suburban yards.® As water runoff moves across the landscape, it picks up soil
particles, nutrients and other pollutants such as pesticides and herbicides. Some of the polluted
runoff seeps into the soil and may contaminate groundwater.” The majority of the runoff deposits
the soil and pollutants in rivers, lakes, wetlands and coastal waters.>

Excess nitrogen in water is primarily due to non-point source pollution, such as agricultural
runoff.” Fertilizer is the largest source of nitrogen input in the Mississippi River Basin and has
increased more than six-fold since the 1950s.'® The USGS estimates about 15.4 billion pounds of
nitrogen from chemical fertilizers are applied annually in the Basin.

Excess phosphorus in waterways comes from both non-point and point sources. Non-point
sources of phosphorus include agricultural runoff, natural decomposition of rocks and minerals,
stormwater runoff, erosion and sedimentation, atmospheric decomposition, and direct input by
animals and wildlife."' Point sources for phosphorus include wastewater treatment effluent and
permitted industrial discharges.'?

The Upper Mississippi River Basin, including lowa, is one of the most productive farming regions in the
world with fertile soil and abundant rainfall. The intensive agriculture practiced here relies on fertilizer
application to maximize crop yields and on land tiling and drainage to dry out fields, many of which
were natural wetlands. The result is that nutrients from the synthetic and manure fertilizers largely
bypass the cleansing and retention powers of healthy soil and instead are much more quickly transported
to the Gulf of Mexico. Studies completed by the United States Geological Survey (USGS) have found
agriculture to be the dominant source of nutrient delivery to the Gulf."

In fact, the USGS estimates that agricultural sources contribute more than 70 percent of the delivered
nitrogen and phosphorus to the Gulf of Mexico.'* Towa is one of nine states contributing a
disproportionately large share of nutrients to the Gulf.'® The nine states (in order of total contribution of
nitrogen) — Illinois, /lowa, Indiana, Missouri, Arkansas, Kentucky, Tennessee, Ohio and Mississippi —
collectively account for 75 percent of the total nitrogen and phosphorus delivered to the Gulf of Mexico.
Yet, these nine states account for less than one-third of the Mississippi River watershed area.'® Further,
for nitrogen, the top two states — Illinois and lowa — generate over 28 percent of the nitrogen that
reaches the Gulf, but encompass only 9 percent of the watershed.'”

Table 1 shows that urban sources, including fertilization of residential lawns and golf courses and
wastewater treatment effluent, contribute a small percentage of the nutrients delivered to the Gulf.
Specifically, 9 and 12 percent, respectively, of the total delivered nitrogen and phosphorus load to the
Gulf of Mexico comes from urban sources.'® Moreover, if only anthropogenic, non-atmospheric sources
are considered, 82 percent of the nitrogen flux to the Gulf of Mexico comes from agriculture. This
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number understates the contribution of nitrogen from agriculture, however, since much of the
atmospheric “natural” deposition of nitrogen is simply nitrogen that volatilized from farm fields."’

Table 1. Farm Sources Send Bulk of Nutrients Reaching Gulf of Mexico

Agriculture

Urban®® Natural Processes?®'

Crop?* Pasture®
Nitrogen 66% 5%
Phosphorus XY 37%

8%
Source: USGS.%

Nutrient Application in lowa

To better understand the contribution of urban and agricultural sources specifically in Iowa, this report
examines the total acres in lowa that are dedicated to each type of land use where nutrients are applied,
the average annual application rates for both nitrogen and phosphorus, and the total amount of nutrients
applied from each source. Seventy-four percent of lowa’s land area is dedicated to row-crop production,
thus the first place to examine is the contribution of corn and soybean cropland to nutrient pollution.25

Industrial corn production requires extensive nitrogen additions to the soil. Thus, Iowa soils are subject
to vast amounts of nitrogen fertilizer, most commonly in the form of anhydrous ammonia. In lowa,
nitrogen is applied to corn crops at the average annual rate of just under 130 pounds per acre, for a total
of 1.6 billion pounds of nitrogen applied to Iowa-grown corn.”® Of this, little more than half is ever used
by the corn plants, as their nitrogen use efficiency (NUE) typically hovers around 50 percent, with the
other half lost to other natural processes.”” Assuming a 50 percent NUE means that over 800 million
pounds of nitrogen fertilizer were applied to lowa cornfields that were never used by the crop. Soybeans
do not require any nitrogen application, but producers will apply some in order to boost yields. Soybean
fields average 29 pounds per acre per year, for a total of 36.7 million pounds of nitrogen applied to lowa
soybeans.28 (See Table 2).

Table 2. Corn, Soybean Acres Account for Aimost All Annual Nitrogen Application in lowa

Total Acres

Nutrient Receiving Appé'::: 108 Total Applied Percent of
Source Nitrogen Ibs/ (Ibs) Total Applied
Application29 (R

Corn 12,484,333 129.7%° 1,619,218,033 96.0%
Soybean 756,700 29.2° 36,669,360 2.2%
E:fv'::“t'a' 154,064 156.0%2 24,033,965 1.4%
Golf Courses 49172 154.0% 7,572,488 0.5%
Total 1,687,493,846

Source: USDA and author calculations

Phosphorus, like nitrogen, is used abundantly in Iowa. Fertilizer used on row crops primarily contains
nitrogen, but also includes phosphorus. In addition, much livestock feed is phosphorus-rich, so manure
generated by livestock that are fed a diet with excess phosphorus will contain high phosphorus levels.

In Iowa, phosphorus is applied to both corn and soybeans at an annual average rate of just over 60

pounds per acre, for a total of 558 million pounds of phosphorus applied to Iowa corn crops and 76
million pounds applied to soybeans annually.** (See Table 3).
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Table 3. Corn, Soybean Acres Account for Almost All Annual Phosphorus Application in lowa

Total Acres Apblication

Nutrient Receiving ppRate Total Applied Percent of
Source Phosphorus Ibs/ (Ibs) Total Applied

Application35 Loz
Corn 9,201,333 60.7 558,520,933 86.2%
Soybean 1,255,800 60.7 76,227,060 11.8%
Residential 154,064 65.0% 10,014,152 1.6%
Golf Courses 49,172 65.0 3,196,180 0.5%
Total 647,958,325.21

Source: USDA and author calculations

Residential lawns and golf courses constitute 1.9 percent of the total nitrogen applied (vs. 98.1 percent
for corn and soybean production) and just over 2 percent of the total phosphorus applied in lowa (vs. 98
percent for corn and soybean production). While on average, households and golf course operators apply
both nitrogen and phosphorus at greater rates per acre, their impact is minimal due to the small amount
of acreage receiving applications. There are opportunities to reduce fertilizer usage on residential lawns
and golf courses, but our calculations and the USGS data show that in lowa, agriculture contributes the
vast majority of nutrients to the Mississippi River Drainage Basin.

While this report focuses exclusively on the chemical fertilizers, it should be noted that manure
applications occur on just over 10 percent of lowa fields and add significant amounts of both phosphorus
and nitrogen to the fields and some of this contributes to water quality problems.

Factors Affecting Whether Applied Nutrients Become Pollution
Timing of Nutrient Application Relative to Crop Use

Properly timing nutrient applications can reduce nutrient losses to ground and surface water.” A number
of studies have found that fertilizer is most efficient when it is applied after crop seedlings emerge from
the soil.”® Nutrient applications that occur in the fall after harvest and spring before planting can lead to
substantial losses of nitrogen due to the time lag between application and use by the crop.*

In Towa, a significant percentage of corn and soybean acres are treated with nutrients before planting,
and over half of the total acres planted for corn and soybeans are treated with fertilizer in the fall. In
addition, Table 4 shows that a majority of corn acres are treated in the spring before the crop is
planted.*” Some acres will be treated again at planting or after planting. Unfortunately, data were not
available for the number of acres treated at and after planting. Approximately 40 percent of corn acres
are treated with nitrogen more than once a year.*' This is notable because the average application rate
per acre is higher when fertilizer is applied more than once a year.*

Table 4. Most lowa Corn and Soybean Acres Treated with Nutrients Before Planting

Nitrogen Phosphorus
. Average # of . Average # of
Fall  Spring  rioatments/Acre®® Fall  SPriNg  r. iments / Acre®
Corn 51.5% 68.7% 1.40 54.7% 35.6% 1
Soybeans | 59.7% NA 1 70.3% NA 1

Source: USDA
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Seasonal Timing of Nutrient Application

Fall and spring nutrient applications are also at greater risk of loss through runoff and leaching because
of snowmelt and considerable precipitation during the late winter, spring and early summer.*’ A study
completed by agricultural scientists at the University of Illinois found that heavy precipitation
contributed to increased water flow through drain tile, resulting in significant increases in nitrate flow.*
Indeed, 95 percent of nitrate flow in field tile occurs in winter and spring.*” The loss of nitrogen through
drain tiles becomes a significant contributor to nitrogen in the Gulf of Mexico.*®

Ground Cover

In addition to variances due to the timing of application, the amount of vegetation present when
nutrients are applied makes a difference in how much nitrogen and phosphorus is absorbed and used and
how much runs off unused. Areas with complete ground cover throughout the year are the least
susceptible to runoff.*’ In Iowa, urban lawns and golf courses have some vegetative cover throughout
the year, whereas cropland can be essentially bare for six months of the year.

Farming practices can be adjusted to leave more ground cover on crop fields and reduce runoff. On
cropland, reduced- and no-till systems may increase infiltration on some soils and lead to less runoff. In
fact, using conservation tillage, where at least 30 percent of the residue from the previous crop is left on
the field, runoff can be reduced significantly. Conservation tillage can reduce runoff by 82 percent on
cornfields and 42 percent on soybean fields.”® Conservation tillage can be effective at increasing
infiltration, however heavily tiled fields where conservation tillage is practiced are susceptible to an
increased loss of nitrogen through leaching. The use of cover crops can reduce this leaching.

In Iowa, the practice of conservation tillage has been gaining steadily in recent years. As of 2007,
conservation tillage was practiced on nearly 45 percent of corn ground and nearly 83 percent of soybean
fields. This is a vast improvement in terms of reducing runoff over the recent past. Still, 55 percent of
Iowa corn ground is more rigorously tilled, and nearly 22 percent is left with between 0 and 15 percent
residue.”’ This means that over 5,000 square miles, an area larger than Connecticut, of Iowa corn and
soybean fields were intensively tilled and most at risk for sediment and nutrient runoff.

Table 5. Conservation Tillage Gains Acceptance in lowa, 2007

Conservation Tillage Reduced-Till Intensive-Till
15-30% residue
Corn 44.7% 33.6% 21.7%
Soybeans 82.9 13.0% 4.2%

Source: Conservation Technology Information Center

Further, depending upon soil moisture, tilling may occur in either the spring or the fall. In many cases
producers will till in the fall in case weather conditions in spring do not permit. This means a portion of
Iowa cropland is freshly tilled and loosened prior to lying bare for a number of months and thus more
susceptible to runoff.

Nutrient Testing

Understanding how much phosphorus and nitrogen are necessary to promote optimal plant growth is
another important factor in reducing nutrient pollution. If more nutrients are applied than are necessary,
the excess can pollute waterways. While we do not have data to compare how common it is to test soils
before applying nutrients for lawns or golf courses, we do know that in 2005, the soils in almost 87
percent of corn fields were not tested for nitrogen before nutrients were applied; and in 2006, roughly 94
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percent of soybean acres were not tested.”> These data are only for a soil test for nitrogen and other
types of tests, such as the late season corn stalk nitrogen test, may be used to determine the amount of
nutrients required.

When the soil is tested for nitrogen, the average amount of nitrogen applied per acre is significantly
reduced. On corn acres, where the soil was tested to determine the amount of nitrogen present, 108
pounds per acre of nitrogen were applied on average. On acres that were not soil tested, 146 pounds per
acre were applied on average.” The difference in application rates suggests that soil tests could be
effective in reducing nutrient pollution and producers’ costs. Soil tests are inexpensive with most being
around $10 per sample, with a recommendation of one sample for every 20 acres, resulting in a much
lower cost than purchasing unneeded fertilizer.”*

Climate Change

Climate change has the potential to increase nutrient pollution. The United States Global Change
Research Program, an initiative that integrates the research of 13 federal departments and agencies,
stated that one of the effects of climate change in Iowa and the Midwest will be an increase in the
frequency and intensity of rain falls, such as those experienced in lowa during the summer of 2010.
Higher precipitation can increase nutrient runoff in several ways. More nutrients will be transported with
the increased volume of stormflow overland; higher precipitation can cause greater nutrient leaching
from soils into tile drains and ditches; and higher streamflow decreases the amount of time nutrients can
be filtered by aquatic plants and riparian vegetation.” Thus climate change could result in more water
pollution and an expanded Dead Zone in the Gulf of Mexico.*®

Conclusion

The data are clear: the fertilizers applied for corn and soybean production are the largest sources of
nutrients in lowa and the leading cause of water pollution in Iowa’s rivers and streams. Given the history
of nutrient pollution and potential for even greater nutrient losses, the time for change is now. While
farmers and others are taking steps to reduce the amount of pollution from nutrient applications to
agricultural fields and urban settings, more needs to be done. Policy makers must consider options that
include requirements or significant incentives for the planting of cover crops, nutrient testing,
conservation tillage and the development of nutrient management plans that are followed. The
improvements needed to reduce non-point source pollution require the initiative and cooperation of
farmers, improved financial incentives, enforcement of existing laws and significant new regulations. To
address this problem and begin to create cleaner waters in lowa and address the devastating
consequences in the Gulf of Mexico, lowa should not ignore the nutrient problems originating in our
urban areas. However, state environmental policy must focus on the main culprits, nitrogen and
phosphorus applied to agricultural land.
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