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The production of animal wastes and their subsequent
use as fertilizers and soil amendments will increase as con-
fined poultry and livestock producers expand their market in
the meat industry.  Animal waste products contain valuable
nutrients that are required by forage crops.  These nutrients,
primarily nitrogen (N), phosphorus (P), and potassium (K),
can accumulate on sites with continued application.  Forages
managed as hay crops can be utilized to remove these
nutrients via plant uptake from sites that regularly receive
poultry litter, swine lagoon effluent, dairy, and feedlot manure
applications.  This OSU Extension Fact Sheet discusses the
use of forages for nutrient removal from areas subject to
manure applications.

Manure Nutrients
Both the poultry and swine industries are presently

experiencing dramatic growth in Oklahoma.  At present, the
poultry production areas in Oklahoma are located primarily in
the eastern part of the state, while swine production areas are
found in both the eastern and western regions.  As the
livestock industries have grown, so have the by-products of
these production systems.  Poultry litter produced is esti-
mated to be 300,000 tons annually in Oklahoma, equivalent
in nutrient value to 13,185 tons of 46-0-0, 16,304 tons of 18-
46-0, and 9,677 tons of 0-0-62 fertilizers.

Poultry litter is made up largely of poultry manure and
bedding materials such as sawdust, wood chips, or rice hulls.
The nutrient composition of poultry litter is highly variable, but
the average analysis for N-P2O5-K2O per ton of litter is approxi-
mately 60-60-50 (Table 1).  Poultry litter is generally applied
to pastures, either on-farm or within a short distance of the
poultry operation.  Typical application rates may approach 5
tons of litter per acre per year.  Nutrient accumulation or
loading of elements such as P can occur in a few years, even
on P-deficient soils, under these application scenarios. In fact,
some fields already have a soil test P (STP) index over 400,
and P application from animal manure is no longer permitted
in Oklahoma.

Use of swine lagoon effluent may cause nutrients to
accumulate on a site in a similar manner.  Analyses for lagoon
effluent are usually given in the pounds of nutrients per 1,000
gallons.  The ratio of total N to P2O5 to K2O for swine lagoon
effluent generally falls into the ratio of 4-1-5.  Actual nutrient
concentrations depend on the amount of flushwater added to
the lagoon, the amount of precipitation falling on the lagoon,
and the level of treatment achieved by the lagoon.  Using a
typical analysis of 4 lbs. N, 1 lb. P2O5, and 5 lbs. K2O per 1,000
gallons indicates that 1 acre-inch of irrigation yields approxi-
mately 108 lbs. N, 27 lbs. P2O5, and 135 lbs. K2O per acre.  The
amount of plant available N is generally lower than the total N
applied due to ammonia (NH3) volatilization during applica-
tion.

Management Strategies
Animal manure applications should be managed to pre-

vent excess nutrient loading of sites from repeated applica-
tions.  The preferred management strategy is to not apply
more nutrients than can be effectively used by the forage
system.  Under most circumstances the critical nutrient to
monitor will be P.  Phosphorus is required in lower quantities
by forage plants than either N or K; thus, P is removed in the
least quantity by the forage system.  If possible, animal
manure should only be applied to meet the P requirement of
the forage system.  Additional N or K should be applied as
commercial fertilizer.

Table 1.  Arrange nutrient composition of litter from over
300 samples in Delaware County.

Dry wt. Basis As is basis Range
(%) (lbs./ton) (as is)

Moisture (%) - 25 8.5-65
Nitrogen (N) 3.7 57 14-95
Phosphorus (P2O5) 4.1 61 11-108
Potassium (K2O) 3.2 48 15-74
Calcium (Ca) 5.0 70 26-203
pH 7.2 - 5.8-8.8
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Table 2.  Dry matter mineral nutrient composition (%) of
selected hays1.

Species N P2O5 K2O Ca Mg

Alfalfa 3.2 0.80 2.64 1.80 0.26
Annual ryegrass 3.4 0.78 3.36 0.65 0.35
Bermudagrass 2.5 0.64 2.16 0.37 0.15
Orchardgrass 2.9 1.24 4.30 0.58 0.31
Pearlmillet 2.0 0.40 2.40 - -
Red clover 2.6 0.57 1.94 1.53 0.43
Smooth
   bromegrass 3.4 1.03 3.84 0.55 0.32
Sorghum/
   sudangrass 1.6 0.41 2.16 0.48 0.30
Tall fescue 2.3 0.85 2.40 0.51 0.19
White clover 3.5 0.71 3.14 1.35 0.48

1  From Brown, 1996, Robinson, 1996 and NRCS Animal Waste Management
Field Handbook.

Table 3.  Approximate quantities of nutrients removed
under grazing and haying systems.

System Nutrient Removal
(lbs./ac)

N P2O5 K2O Ca Mg

Grazing1 12.5 7.8 0.9 6.5 0.75
Bermudagrass hay2 250 64 216 79 39
Orchardgrass hay3 174 73 258 35 19

1 Assumes 1-500 lb. calf weaned off of 1 acre on a year-round basis.  If more
than 1 acre per year is required to produce the calf, the values would be
reduced.
2 Assumes 5-ton yield with all forage removed as hay crop.
3  Assumes 3-ton yield with all forage removed as hay crop.

If animal manure is applied to meet the N requirement of
the forage crop, excess P will accumulate. A long-term
research experiment conducted at the OSU Agricultural Ex-
periment Station at Lahoma documents the effect of soil-P
depletion and enrichment from 27 years of annually applying
0 to 80 lbs./acre fertilizer P for winter wheat production.  The
soil test P index is well correlated with net P input (P applied
minus P removed).  About 14 lbs. P2O5/acre is required to
raise or lower the soil test P by 1.0 unit for this silt loam soil.
Generally, it requires 10 to 20 lbs. P2O5/acre to raise soil test
P by 1 for a wide variety of soils.  For example, soil test P would
increase by 12 to 24 per year if 4 tons of litter were applied
annually.  Routine analyses of animal manure will provide
information regarding the level of nutrient inputs the system is
receiving.  An annual soil test of the application site will
indicate the soil phosphorus status and whether an accumu-
lation is taking place.

An important management strategy on sites where nutri-
ent loading is an existing or potential problem is to use a
forage crop(s) that removes a maximum level of nutrients,
especially the nutrients of concern.  Following are a couple of
ways to accomplish this.

The first method involves using a forage crop that has a
high dry matter yield potential.  As dry matter yield increases,
the amount of nutrients taken up by the crop increases, and
thus, more nutrients can be removed.  Bermudagrass is an
example of a forage crop that has a high yield characteristic.
When grown in eastern Oklahoma with adequate precipita-
tion, or under irrigation elsewhere in the state, bermudagrass
is one of the most productive forage grasses for use in a
forage system designed for nutrient removal.

Another forage-use strategy involves using forages that
have higher nutrient uptake for specific nutrients even though
dry matter yield may be less than some other forage crops.
Table 2 shows differences between forage species in per-
centage concentrations of various nutrients contained in plant
tissue.  Orchardgrass, for example, does not yield as much
dry matter as bermudagrass, but its uptake of P is almost twice
that of bermudagrass.  Concentrations of nutrients in different
species can vary depending on plant available nutrients in the
soil, yield, and maturity of the forage when cut.

Alfalfa has both a high yield potential, if given adequate
moisture, and a higher P and K requirement than that of
bermudagrass.  Although a legume is not dependent on
applied N, alfalfa receiving N, P, and K as swine lagoon
effluent has the potential to remove a large quantity of applied
nutrients.

The most efficient nutrient removal forage system will
use a combination of both warm- and cool-season forage
species to enhance nutrient removal on a year-round basis.  A
good combination in the eastern third of Oklahoma is tall
fescue, a cool-season perennial, with bermudagrass, a warm-
season perennial.  Farther west, where tall fescue is not
adapted, a good combination would be bermudagrass
overseeded with a cereal grain such as wheat or rye and
ryegrass.  Tall fescue pastures could be overseeded with a
warm-season annual grass such as crabgrass for summer
growth.  Likewise, the use of orchardgrass, bromegrass, or
wheatgrass (tall or intermediate) with crabgrass would be a
good choice for use under irrigation in the western portion of
the state.

Warm- and cool-season annuals could also be used for
high levels of nutrient removal.  Possible species combina-
tions could include double cropping cereal grains with
sudangrass, forage sorghums, or pearlmillet under irrigation.
They can produce large quantities of dry matter and remove
high levels of nutrients from sites receiving swine lagoon
effluent applications.  The negative effects of nitrate accumu-
lation associated with the use of these warm-season annual
grasses during times of drought stress would be reduced or
eliminated since adequate moisture should be available un-
der irrigation.

It should be noted that nutrients are not effectively
removed from the forage system by grazing livestock.  Table
3 compares the various levels of nutrient removal by grazing
or by haying warm- or cool-season perennial grasses.

Nutrient removal is accomplished only by removing for-
age as a hay crop and transporting the nutrients away from
the application site.  Grazing, for the most part, recycles most
of the nutrients back into the forage system.  Continued use
of poultry litter or swine lagoon effluent under grazed-only
systems will lead to increased nutrient accumulation at that
site.
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Figure 1. Number of years needed to decrease Soil Test
P (STP) by 100 units with different amounts of forage
harvested annually.
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Some fields have already built up high P levels in the soil
due to continuous poultry litter application.  New regulations
set a soil test P limit for additional litter application.  For
example, under current Natural Resource Conservation Ser-
vice nutrient management guidelines, no animal manure can
be land applied if soil test P is over 400 in Oklahoma.
Therefore, some efforts have been made to reduce P in those
fields with high yielding forage crops and/or legumes.  How-
ever, it may take a long time to see a significant soil phospho-
rus reduction.  Figure 1 illustrates the time needed to reduce
soil test P by 100 at different forage yields. It takes about 22
years to reduce soil test P by 100 if 5 tons of bermudagrass is
removed from the field every year. Therefore, it is a slow
process to use forages for lowering the soil phosphorus level.

Summary
Animal manure contains valuable nutrients and organic

matter that can and should be used as a source of plant
nutrients and soil amendments in forage production systems.
However, continued applications of critical nutrients such as
P, in excess of the level that can be effectively removed by the
forage system as a hay crop can lead to an accumulation of
nutrients.  Additionally, on sandy sites, relatively mobile nutri-
ents, such as N, can be leached through the soil profile into
groundwater in the underlying aquifers, thus posing a poten-
tial environmental hazard.

Forages with a high yield potential can be used effectively
to remove nutrients from application sites, if application rates
are kept within reasonable extents.  Bermudagrass and cer-
tain warm-season annual grasses have the potential to pro-
duce large dry matter yields and thus remove large quantities
of applied nutrients.  Cool-season grasses and certain le-
gumes have a higher uptake of certain nutrients (such as P)
and may remove more specific nutrients than higher yielding
forage species, although the yield potential is not as high.
Producers should seek to use a combination of both warm-
and cool-season forages in a production system that attempts
to remove a maximum level of nutrients from sites that
regularly receive poultry litter or types of animal manure
applications. However, it is a slow process to use forages for
lowering the soil phosphorus level.  Grazed-only systems will
not effectively remove nutrients from an application site since
most of the applied nutrients, especially P and K, are recycled
to the land during the grazing process.
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The Oklahoma Cooperative Extension Service
Bringing the University to You!

• It provides practical, problem-oriented education
for people of all ages.  It is designated to take the
knowledge of the university to those persons who
do not or cannot participate in the formal
classroom instruction of the university.

• It utilizes research from university, government,
and other sources to help people make their own
decisions.

• More than a million volunteers help multiply the
impact of the Extension professional staff.

• It dispenses no funds to the public.

• It is not a regulatory agency, but it does inform
people of regulations and of their options in
meeting them.

• Local programs are developed and carried out in
full recognition of national problems and goals.

• The Extension staff educates people through
personal contacts, meetings, demonstrations,
and the mass media.

• Extension has the built-in flexibility to adjust its
programs and subject matter to meet new needs.
Activities shift from year to year as citizen groups
and Extension workers close to the problems
advise changes.

The Cooperative Extension Service is the largest,
most successful informal educational organization in
the world. It is a nationwide system funded and
guided by a partnership of federal, state, and local
governments that delivers information to help people
help themselves through the land-grant university
system.

Extension carries out programs in the broad catego-
ries of  agriculture, natural resources and environ-
ment; family and consumer sciences; 4-H and other
youth; and community resource development. Ex-
tension staff members live and work among the
people they serve to help stimulate and educate
Americans to plan ahead and cope with their prob-
lems.

Some characteristics of the Cooperative Extension
system are:

• The federal, state, and local governments
cooperatively share in its financial support and
program direction.

• It is administered by the land-grant university as
designated by the state legislature through an
Extension director.

• Extension programs are nonpolitical, objective,
and research-based information.


