Sustainable Agriculture
NATIONAL POLLUTION PREVENTION CENTER FOR HIGHER EDUCATION

Conservation of Fertilizers
and Livestock Manure:
Pollution Prevention
By David Pimentel, Ph.D., Professor of Insect Ecology & Agricultural Sciences,
Dept. of Entomology & Section of Ecology & Systematics, Cornell University.

Introduction
When properly used, fertilizers, livestock manure,
and cover crops are important assets in productive
agricultural systems. However, the heavy use of
commercial fertilizers and and overabundance of
livestock manure are responsible for plant nutrients —
nitrogen, phosphorus, and potassium — being carried
beyond the agroecosystem and into environments
where they become serious pollutants. As pollutants,
they damage animals and plants in aquatic ecosystems
and, if at high enough levels in drinking water, cause
serious human health problems (ACE, 1982; Baird
et al., 1994; Hodgkin and Hamilton, 1993; Huang
and Uri, 1994).
In this paper, the extent of fertilizer use and manure
production are examined, and then various approaches
that can be employed to conserve fertilizers and livestock manures are explained. The goal in conservation
of these resources is to make more effective use of
them, while at the same time to reduce pollution from
the chemicals in fertilizers and livestock manure.

Fertilizer Use
Fossil energy-based, commercial fertilizers are used
extensively in U.S. agriculture to increase crop yields
and/or compensate for lost nutrients in eroding soils.
The amounts of fertilizer nutrients applied to
agricultural land in the United States each year are:

11 million metric tons of nitrogen, 4 million tons of
potassium, and 1.5 million tons of phosphorus
(Troeh and Thompson, 1993). Nitrogen is the major
nutrient needed by crops. In the U.S., some cropland
receives no nitrogen while some receives as much as
300 kg per hectare annually; the average amount
applied each year is 70 kg/ha. Nearly 80% of the
planted acreage receives some nitrogen each year;
60% with phosphate and 40% with potassium (USDA,
1993). For some crops, like corn, the amount of nitrogen fertilizer applied per hectare has increased 20-fold
over the last 50 years (Troeh and Thompson, 1993).
Some of the nutrients in fertilizer applications are
retained in the crop harvested, but much is lost in
various ways (Correll, 1983) (see Figure 1). Corn
production illustrates this. Although an average of
150 kg of nitrogen is applied annually to each hectare
of cornfield, 15–25% of that is lost by volatilization
from the soil, and another 10–50% is carried away
by soil erosion and leaching (Schroder, 1985). The
harvested grain removes 25–50%, with about 20% of
the applied nitrogen remaining in the corn residue.
Thus, for the subsequent crop year, large applications
of nitrogen are needed.
Fertilizers are one of the major costs for U.S. crop production. Approximately $8 billion is spent annually
for nitrogen fertilizer and about $4 billion for the remaining fertilizer nutrients (USDA, 1993), making a
total of about $12 billion invested in fertilizer nutrients
each year in U.S. agriculture.
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Livestock Manure

% NITROGEN

Livestock in the United States number about seven
billion, with about six billion of these being chickens
(USDA, 1993). The total livestock outweigh the U.S.
human population by more than four times. The total
quantity of manure produced by these animals is
about a billion tons wet per year (Taylor, 1994). This
manure contains about five million tons of nitrogen,
three million tons of potassium, and 1.5 million tons of
phosphorus (Troeh and Thompson, 1993; Taylor, 1994);
see Table 1 for percentages.
When the manure supply is located close to crops, it
is easily available to be spread on the cropland and
its nutrients recycled for use in food production. But
specialized U.S. agricultural production, in which livestock production is separated from crops, is making
this recycling impossible. Only in the northeast region,
where cattle and crops are integrated and 30% of the
cattle manure is utilized, are the manure resources
being used relatively effectively (Jokela, 1992).
One ton of wet manure contains approximately the
same nutrients that are in a 45-kg (100-lb.) bag of 5-10-5
fertilizer (N-P-K), and costs about $3.50. To move and
apply one ton of manure cannot cost more than about
$1 to be profitable for farmers. Not only does the location of the manure relative to the crops affect its use,
but the fact that it is 85% water makes it difficult and
expensive to use. When available, applying manure
and its nutrients to cropland represents a saving to the
farmer. In addition, manure improves soil bulk density,
soil organic matter, cation exchange capacity, and soil
structure (Sweeten and Mathers, 1985).
FIGURE 1. NITROGEN INPUTS AND LOSSES ON A
DAIRY FARM IN CONNECTICUT. Inputs and outputs are
presented as “kg per cow per year” (after Frink, 1969;
Parrish, 1993).
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Solid
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TABLE 1. PERCENTAGE OF NITROGEN, PHOSPHORUS,
AND POTASSIUM IN LIVESTOCK MANURE (Troeh and
Thompson, 1993; Taylor, 1994).

Compost
The amount of crop residues left in the field after corn
harvest is about 7,000 kg/ha. Because this quantity contains about 70 kg of nitrogen, it is important that these
residues be recycled. When corn residues are removed,
not only are its nutrients lost, but soil erosion is intensified on the unprotected soil. For example, removing
corn residues reduced yields about 25% more than
leaving the residues in the field (Royer et al., 1949).
Without corn residues, soil erosion was increased fivefold and water runoff increased by 22 times (Ketcheson
and Onderdonk, 1973). Approximately 20 tons/ha of
soil is lost by erosion each year in U.S. corn production
(Pimentel et al., 1995). Each ton of soil may contain
about four kg of nitrogen — a significant loss of soil
nutrients. Thus, it is important that crop residues are
not removed for composting or other purposes.
Sometimes crop residues, leaves, manure, or other
organic matter are collected, composted, and exposed
to the air. Under these aerobic conditions, up to 75%
of the nitrogen is lost by volatilization (Pimentel et al.,
1989), as the aerobic microbes decompose the organic
matter in the compost and release the nitrogen to the
atmosphere. The only way to prevent this loss of
nitrogen is to store the organic matter under anaerobic
conditions. This can be done by storing it in liquid
form in a pond and/or placing it in a sealed plastic or
similar closed unit to prevent oxygen from reaching it.
Under these anaerobic conditions, the carbon is lost as
methane but nitrogen, phosphorus, and potassium
nutrients are conserved.
Similar to handling manure, compost must to be buried
or covered with soil immediately upon its application
to the field, or the volatile nitrogen in the manure or
compost is lost. For this same reason, manure or other
organic matter should immediately be moved to
anaerobic storage as soon as possible. Leaving it in
the barn for several hours or piling it as organic matter
allows it to decompose aerobically.

Green Manures
Green manures are legume crops, like vetch and clover,
that are able to add nitrogen by fixation to the soil and
thereby reduce the need for commercial nitrogen. The
use of green manures was essential to U.S. agriculture
until 1950, when commercial fertilizers became available to farmers. In general, one hectare was planted to
a green manure crop and the following year the green
manure was plowed under. At that time, it had added
from 50 to 150 kg of nitrogen to the soil for use by next
crop that was planted. Thus, to raise corn then, two
hectares was needed for one hectare of corn, because
one was devoted to the green-manure legume crop.
Now, to make more efficient use of land, some farmers
plant a legume crop like vetch as a cover crop. For
example, winter vetch may be interplanted in the corn
field during mid-August just before the corn grain is
harvested, allowing the vetch to make a good start.
The vetch is driven over during the corn harvest but is
not damaged or killed. The vetch grows during the fall
and again during the early spring before the corn is
planted. With this system, the vetch can add as much
as 150 kg of nitrogen per hectare. In addition, the
vetch takes up excess nitrogen in the soil during the
fall and spring month, keeping it from being lost by
leaching, erosion, or volatilization. The dense-growing
vetch also helps reduce weed problems and controls
soil erosion. The disadvantage of using vetch is that
the land has to be tilled in early spring, putting extra
pressure on the busy farmer in the spring months.
A newer approach with vetch or clover is to use them
as “living mulches”: they are planted and maintained
as a permanent cover crop. After the vetch is partially
killed by an herbicide, the commercial crop is planted
directly into the cover crop. Because the vetch or clover
is partially killed and its growth retarded, it does not
compete with the establishment of the corn crop. Using
this system, the farmer is literally employing a type of
living no-till system. The advantages of this system
are that soil erosion is prevented, there is excellent
weed control, and about 150 kg of nitrogen/ha are
added to the soil when completely decomposed.
The use of a cover crop also adds organic matter to
the soil. A hectare of good soil may have more than
100 tons of organic matter, which may contain as much
as 3,300 kg of nitrogen. Each year, 1–5% of the nitrogen
in this organic matter may be released for use by the
crop (Troeh and Thompson, 1993).

Conserving Nitrogen, Phosphorus,
and Potassium
Many strategies can be used to protect the environment,
reduce production costs, and make agriculture more
sustainable. First, the farmer should have the soil in
his/her different fields analyzed for its content of
nitrogen, phosphorus and potassium. This will help
prevent over-fertilization and save money.
When fertilizers are applied to croplands, it is desirable
to apply fertilizer nutrients several times so that only
as much fertilizer as the crop can take up from the soil
is available. Young, small plants need and can use
only small amounts of nutrients. If large amounts of
fertilizers are applied, the excess nitrogen is lost by
leaching, volatilization, and by soil erosion.
As the crop becomes establishes itself and requires more
fertilizer, more nutrients should be applied. Although
this procedure conserves fertilizers, the additional applications require more labor and machinery than a single
application in early spring. These trade-offs have to be
examined to determine how many fertilizer applications
are economically and environmentally feasible.
Adding paraformaldehyde to ureaform nitrogen fertilizer was found to reduce the loss of nitrogen through
volatilization by 37% (Christianson et al., 1988). Of
course, this slightly increases the cost of the fertilizer.
With manure, only a single application should be
made — just before the crop is planted, not during the
winter or at other times. When fresh manure is applied
to the surface of the land, 15–35% of its nitrogen is lost
by volatilization within about 24 hours (MPS, 1985).
The fresh manure that has been stored under anaerobic
conditions should be buried immediately after application (MPS, 1985). Another method of application is
to inject the manure into the soil. Both ways will help
prevent the loss of nitrogen by volatilization, in particular the loss of ammonium nitrogen.
As mentioned, cover crops can be killed by an herbicide
and then the crops planted directly into the land as a
no-till system. No-till protects the soil from erosion
and helps it maintain a relatively high moisture level.
Disadvantages include the heavy use of herbicides
and other pesticides and planting into a cold wet soil.
This may result in the rotting of the seeds, which will
require the replanting of the crop.
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Ridge-planting gives the farmer the advantages of
no-till type planting with fewer disadvantages. In
ridge-planting, permanent ridges, about 15 cm high, are
constructed along the contour of the land. The upper
3 cm of the ridge is cut off and dropped into the trench.
The seeds of the crop are then planted in the top of the
ridge in a relatively dry, warm soil; the rotting of seeds
is avoided. The vegetation left on the surface of the
land and trenches collects moisture for use by the crop.
Erosion is minimized because of the biomass cover and
the use of contours, which slow water runoff.
Ridge-planting combined with a no-till system eliminates the use of herbicides. After the upper 3 cm of the
ridge is cut off and the crop becomes well-established,
the soil and vegetation in the trench is then tilled and
moved up the sides of the trench to mulch the growing
crop. The tilling and moving of soil and vegetation kills
the cover crop and any weeds growing in the trench.
Culturing corn in a ridge-planting system produced
higher yields compared to other agricultural systems
(Dobbs et al., 1988). Low-input, no-till systems also
have advantages in reducing soil erosion, conserving
nutrients, and conserving biodiversity (House and
Brust, 1989).

Pests and Fertilizer Nutrients
The view that a healthy plant is more resistant to pests
(insects and plant pathogens) is true for a few pests,
but increasing the nutrient levels and the health of a
crop plant often increases pest attack (Stachow et al.,
1991). Nitrogen levels are especially important for
insect and plant pathogens. For example, increasing
nitrogen levels in a crop increases the abundance of
many insect and plant pathogen pests (McNeil and
Southwood, 1978); Mattson, 1980; Denno, 1985; Stachow
et al., 1991). Aphid numbers were reported to be more
abundant on alfalfa that had high levels of watersoluble nitrogen (Auclair, 1963). To maintain crop
yields, insecticides and fungicides may have to be
applied to the crops.
Weeds often reduce crop yields by 10% or more
(Pimentel et al., 1991) by removing nutrients and water
from the soil and competing for sunlight. Weeds are
most often controlled by mechanical tilling of the soil
and the use of chemical (herbicide) methods (Pimentel
et al., 1991). If only tractor fuel is measured, then herbicide weed-control is more efficient in terms of energy
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expenditures. However, when the energy inputs for
the herbicides production are included, tillage turns
out to be less energy-intensive. For example, in corn
production, energy inputs for chemical weed control
were two to three times greater than using tillage
(Clements et al., 1995).

Environmental Pollution by Fertilizers
Some fertilizer/manure nutrients are washed into
ground and surface waters when application rates
are high. Much is transported as a part of eroding soil
particles. Each year in the U.S. more than four billion
tons of agricultural soil make their way into streams
and lakes (USDA, 1989).
Approximately 60% of the eroded soil ends up in
aquatic ecosystems (USDA, 1989) where it adds to the
eutrophication problem and the heavy growth of
macro- and microscopic weeds (Couillard and Li, 1993;
DeBusk et al., 1994). When this occurs, the polluted
water becomes unsuitable for swimming, boating, and
other recreational use. In addition, the heavy growth
of vegetation results in fish kills because when the
weeds die and decompose, there is a shortage of
oxygen in the aquatic ecosystem.
In addition to eutrophication, high nitrogen levels in
drinking water are known to cause dangerous public
health problems. For example, when infants ingest
drinking water with nitrate-nitrogen levels above 10
ppm, they can develop cyanotic methemoglobinemia,
known as the “blue baby” syndrome (NAS, 1972;
EPA, 1986; OECD, 1986; NIPHEP, 1992; Nash, 1993).
Livestock are also adversely affected by high nitratenitrogen levels: concentrations of 5 ppm in drinking
water may cause methemoglobinemia in young animals
(Pimentel et al., 1989).
Although not as serious a pollution problem as eutrophication and cyanotic methemoglobinemia, strong
odors coming from large amounts of livestock manure
are unpleasant if one is downwind from large manure
storage or handling systems (Wassenhove, 1992;
Hartung and Phillips, 1994; Geyer and Findley, 1994).
Recently, lawsuits against livestock farmers have
become common because the livestock production
systems are located close to residential areas (Geyer
and Findley, 1994). In some cases, new residential
areas are constructed near existing livestock units.

Conclusion
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