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Abstract

The southeast US produces a tremendous number of broiler chickens (Gallus gallus), which in turn produce
massive quantities of litter (manure and bedding materials). In the Southeast, litter is most often disposed of via
land application to pastures, however, the ultimate fate of much of the applied nitrogen (N) is not known. We have
constructed N budgets for three sites across the southeastern U.S. in an effort to determine how much of the applied
N is useful for plant production and how much is left to be absorbed by the environment. Study sites were located
in the Coastal Plain (Alabama), Piedmont (Georgia), and Cumberland Plateau (Tennessee) Major Land Resource
Areas (MLRA) of the southeastern US. Litter was applied in the Spring of two consecutive years at a rate to supply
70 kg of available N ha−1. The total amount of N applied ranged from 103 to 252 kg N ha−1 depending on site and
year. Nitrogen fluxes monitored in this study were broiler litter N, ammonia (NH3) volatilization, denitrification,
plant uptake, and leaching. Plant uptake represented the largest flux of applied N, averaging 43% of applied N.
Losses due to NH3 volatilization and denitrification combined were only 6% of applied N on average. Loss of N
due to NO3-N leaching appeared to be significant only at the Coastal Plain site where NO3-N concentrations in
the groundwater peaked at 38 mg N l−1. We believe the majority of excess N shown in these budgets is likely
accounted for by leaching losses and soil accumulation. Regardless of these assumptions and low gaseous losses,
it is apparent that on average, 57% of applied N is destined for a fate other than plant uptake. The results of this
study indicate that land-application of broiler litter at currently recommended rates has the potential for negative
impacts on the environment of the southeastern U.S. in the long-term.

Introduction

Changing attitudes and perceptions of American con-
sumers towards nutrition have had a tremendous im-
pact on the broiler chicken industry in recent years.
From 1984 to 1994, U.S. per capita consumption of
poultry (chicken and turkey) increased from 28.1 to
nearly 40.9 kg (USDA, 1994). Approximately 60%
of U.S. broiler production now takes place in the
Southeast (USDA, 1998). Unfortunately, one of the
consequences of a rapidly expanding industry is the
responsibility of dealing with a burgeoning supply

of wastes. The main waste product produced by the
broiler industry is litter, which consists primarily of
manure and locally available bedding material (i.e.,
wood shavings, peanut hulls, rice hulls, etc.) (Wood,
1992). In an effort to mitigate waste disposal problems
while providing farmers with a low-cost, effective
N source, broiler litter is commonly land-applied to
crop and forage systems (Wood, 1992). This practice
has potential for environmental contamination with N
from litter due to the fact that broiler production is of-
ten concentrated in localized geographic areas leading
to amounts of litter being generated that greatly exceed
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amounts needed for application to locally available
land as fertilizer at environmentally safe rates. This
scenario can lead to significant and detrimental losses
of N to the environment.

Cumulative losses of N via NH3 volatilization can
amount to a significant portion of applied N. Am-
monia losses from broiler litter have been found to
range from 3.6 to 60% of total N applied in laboratory
incubation studies (Cabrera et al., 1993; Brinson et
al., 1994; Cabrera and Chiang, 1994). Field studies
of surface applied poultry wastes have reported total
losses of<7% of total applied N (Nathan and Malzer,
1994; Marshall et al., 1998). Similar losses have been
measured from other animal wastes (Stevens and Lo-
gan, 1987; Whitehead and Bristow, 1990; Moal et al.,
1995).

Several studies have concluded that the risk for
high denitrification rates is greater with organic N
sources (i.e., manures, slurries, litter, etc.) than with
mineral N sources because organic sources provide an
ample supply of organic C as well as N to stimulate
microbial activity (Beauchamp et al., 1996; Thornton
et al., 1998). However, the amount of N lost via
denitrification is difficult to estimate because of un-
certainty associated with temporal and spatial scaling,
and the limited area measured. Losses can range from
negligible to 100 kg N ha−1 (Aulakh et al., 1992). In
a review paper, Colbourn and Dowdell (1984) con-
cluded that denitrification losses of inorganic N range
between the equivalent of 0–20% of N applied to ar-
able soils and 0–7% on grassland soils. Denitrification
losses of 11 to 37% of total N applied have been
reported from forage systems amended with dairy ma-
nure in the southeastern U.S. (Lowrance et al., 1998).
Denitrification losses from broiler litter ranged from
0–3.7% of applied N after five months of aerobic in-
cubation (Kirchmann, 1985). In a study that attributed
most N2O loss to denitrification, flux of N2O from
plots treated with fresh broiler litter was 3.87 kg ha−1,
which represented a loss of 1% of total N applied
(Thornton et al., 1998).

Nitrogen loss due to leaching following land ap-
plication of animal manures can promote degradation
of water quality by elevating nitrate (NO3-N) con-
centrations in groundwater supplies. The potential for
NO3-N leaching is especially high in crop production
systems that rely heavily on poultry wastes as a N
source (Ritter and Chirnside, 1987; Sharpley et al.,
1993; Kingery et al., 1993). Despite high concentra-
tions of NO3-N in groundwater, from a production
standpoint, losses generally represent a small portion

of the total N applied. Adams et al., (1994) reported
leaching losses of only 1.7 to 2.9% of total N applied
during the first 60 days following litter and manure
application.

Studies with urea (Smith et al., 1988; Whitehead
and Bristow, 1990), cattle feedlot manure (Chang and
Janzen, 1996), and broiler litter (Wilkinson, 1979;
Kirchmann, 1990) demonstrate that application of
these wastes significantly increase cumulative plant
uptake of N. Kingery et al. (1993) found that long-
term application of broiler litter resulted in higher
plant tissue concentrations of N, P, K, Ca, and mg on
littered vs. non-littered pastures. Lucero et al. (1995)
similarly found that N concentration of forage tissue
from plots receiving poultry litter were higher than
those from plots receiving inorganic fertilizer.

Despite the existence of many studies examining
broiler litter as a nutrient source for plant growth,
the magnitude of major N fluxes through systems
amended with broiler litter remains largely unknown.
Upon consideration of the prevalence of this practice
and potential environmental consequences, it becomes
apparent that need exists to quantify these fluxes of
N. Therefore, this study was designed to monitor five
pathways of N flux through established tall fescue
pastures in three Major Land Resource Areas (Soil
Conservation Service, 1981) across the southeastern
US. The five pathways measured in this study were
broiler litter input, NH3 volatilization, denitrification,
plant uptake, and leaching.

Materials and methods

This study took place at three locations representing
three distinct MLRAs in the Southeast, the Coastal
Plain (E.V. Smith Research Center; Shorter, AL
[32.40◦ N, 85.94◦ W]); the Piedmont (Central Geor-
gia Branch Station; Eatonton, GA [33.32◦ N, 83.39◦
W]); and the Cumberland Plateau (Plateau Experiment
Station; Crossville, TN [35.95◦ N, 85.04◦ W]) (Soil
Conservation Service, 1981). Initial soil characterist-
ics of each site are given in Table 1. The experiments
took place in established tall fescue pastures (Festuca
arundinaceaSchreb.). The field portion of the study
took place over two cropping years (1995/1996 and
1996/1997); each year beginning with the application
of broiler litter in the Spring. At each site, six circular
plots (20 m radius) were established in the Spring of
1995. Broiler litter was applied to three plots at each
site in 1995 and all six plots in 1996.
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Table 1. Initial soil characteristics from each site

Coastal Plain Piedmont Cumberland Plateau

Soil Series State Pacolet Lily

Surface Texture Silt Loam Sandy Loam Loam

pH 6.47 6.16 5.13

Initial N (g kg−1) 0.7 0.8 1.1

Initial C (g kg−1) 14.2 6.8 14.2

Table 2. Selected characteristics of broiler litter applied at each site

MLRAa Year Total N NH4-N NO3-N Total C C:N Application

ratio rate

g kg−1 −−−−mg kg−1−−−− g kg−1 kg ha−1

Coastal Plain 1995 34.6 3,780 658 285 8.23 4,130

1996 41.2 3,770 1980 254 6.16 2,500

Piedmont 1995 44.4 10,100 340 339 7.63 3,680

1996 59.3 8,200 243 348 5.87 2,530

Cumberland Plateau 1995 21.0 NAb NA NA NA 12,000

1996 24.8 NA NA NA NA 8,160

aMLRA = Major Land Resource Area.
bNA = data not available from this site.

Characteristics of litter applied at each site are
given in Table 2. Litter was applied to supply a re-
commended rate of 70 kg available N ha−1 for tall
fescue (Cope et al., 1981). With that target in mind,
actual amounts of litter to be applied were determ-
ined using equations derived by USDA and USEPA
(USDA/USEPA, 1979). Litter was surface-applied to
the plots with a precision, tractor-mounted, drop ap-
plicator (Wilhoit et al., 1993), developed specifically
for land-applying dry, bulky materials in uniform
swaths at controlled rates. In addition to direct meas-
ures of some ongoing N transformations, the field
portion of this study also included continuous col-
lection of climatological data (i.e., wind speed, wind
direction, air temperature, soil temperature, and rain-
fall).

Ammonia volatilization was determined using a
micrometeorological mass balance method (Schjoer-
ring et al., 1992). This particular technique used non-
rotating, passive samplers that measured horizontal
NH3 fluxes by ‘trapping’ NH3 onto oxalic acid coat-
ing the inside of glass tubes. These glass tubes were
mounted at five heights on four masts placed around
the perimeter of the plots. Samples were collected for
approximately 2 weeks – daily for approximately 10
days and then once every other day for approximately

4 days. Samples were extracted in distilled water and
analyzed colorimetrically with a microplate technique
for NH4-N concentrations (Sims et al., 1995).

Denitrification was determined by measuring the
rate of N2O production with a soil core technique
wherein N2O was prevented from undergoing fur-
ther reduction to N2 by the introduction of acetylene
(C2H2) to the soil core (Tiedje et al., 1989). Denitrific-
ation measurements were only taken on plots receiving
a first application of litter each year. Control measure-
ments were taken from adjacent areas that never re-
ceived litter. Cores used for denitrification assay were
15 cm long and 5.8 cm in diameter with a 15 cm head-
space. The liner containing the soil core was incubated
in the hole from which it was removed with half the
liner above the soil surface (i.e., 15 cm headspace.)
The top and bottom ends of the liner were capped with
rubber stoppers, with the top stopper having a septum.
Sixty ml of C2H2 was injected into the headspace and
mixed by pumping the syringe three times. The cores
were incubatedin situand headspace air samples were
collected at two and five hour intervals after C2H2 in-
jection. Gas samples were taken by injecting 3 ml of
air into the headspace, mixing headspace air by pump-
ing three times with a 60 ml syringe, withdrawing a
3 ml sample, and injecting it into a sealed glass vial.
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Measurements of N2O production were taken approx-
imately biweekly within each plot. On each sampling
date, 5 measurements (cores) were collected per plot
and averaged to give a within-plot estimate of N2O
emissions. Upon collection, gas samples were stored
at 4◦ C until analysis of N2O concentration which was
quantified via a gas chromatograph equipped with a
63Ni electron capture detector. The gas carrier was N2,
and N2O was separated with a 3.6 m Porapak Q 80/100
column at 50 EC. The ECD detector was operated at
a temperature of 350 EC. Denitrification rates were
then calculated from N2O concentration data and gas
evolution times. Total denitrification fluxes were es-
timated by plotting biweekly measurements over time
since litter application and integrating the area under
the curve. Given the highly variable nature of deni-
trification activity, biweekly measurement may have
resulted in underestimation of total denitrification flux.

Although it has been shown that use of C2H2 in-
hibits nitrification (Berg et al., 1982; Ryden, 1982),
denitrification is not usually underestimated except
in situations where NO3 is limiting, particularly in
anaerobic habitats where denitrification is directly de-
pendent on nitrification (Tiedje, 1988; Tiedje et al.,
1989). Nitrate concentrations in soils we used were
not limiting denitrification, and furthermore, the relat-
ively short incubation time (5 h) should have prevented
exhaustion of the preexisting supply of NO3 in the
soil. Moreover, Malone et al. (1998) found that total
flux of N gases as measured by a15N technique was
not significantly different from the average flux meas-
ured by the C2H2 inhibition method, indicating the
affect of C2H2 on nitrification had a minimal influence
on denitrification. For a complete discussion of the
advantages and limitations of C2H2 inhibition meth-
ods for measuring denitrification, see Duxbury (1986),
Rolston (1986) and Keeney (1986).

Zero-tension lysimeters, installed to a depth of 1
m, were used to monitor the magnitude of N leach-
ing. Percolate was collected biweekly in all treatment
plots at all study sites during each year. Three lysi-
meters were installed per plot to increase precision of
within-plot data. Upon collection, percolate samples
were maintained at 4◦C until analyzed for NO3-N and
NH4-N colorimetrically using a microplate technique
(Sims et al., 1995).

Plant uptake of N was assessed by harvesting for-
age and analyzing it for total N. Forage was harvested
from each plot twice a year. The first harvest took
place approximately one month following litter applic-
ation at the peak of spring growth. The second harvest

was approximately 11 months following litter applica-
tion. Subsamples of harvested biomass were collected
for moisture and N determination. Harvest was com-
pleted by total removal of all vegetative material above
10 cm from each plot to restrict N inputs to the soil.
Samples were finely ground (1 mm) and analyzed for
total N with a LECO CHN-600 analyzer. Nitrogen
uptake/removal was calculated as the product of yield
and N concentration of forage biomass.

The experimental design for this study was a split
plot arranged as a randomized complete block with
three replications. Main plots were MLRAs (3) and
subplots were time, i.e., repeated measurements of N
cycle components (NH3 volatilization, denitrification,
leaching, etc.) over and between growing seasons.
Thus, three large measurement plots that were phys-
ically separated, but located on the same research
station and soil type, constituted replications. Where
available, data from all three sites were pooled and
subjected to analysis of variance and general linear
models procedures for a split plot design.

Results and discussion

Total N loss due to NH3 volatilization during 14 days
after litter application ranged from 3.8 to 10.4 kg
NH3-N ha−1 in 1995, and from 3.5 to 7.7 kg NH3-
N ha−1 in 1996 (Table 3). Expressed as a percentage
of total N applied, the impact of NH3 volatilization
becomes more clear, with losses ranging from 2.7 to
6.4% in 1995 and from 1.7 to 5.1% in 1996 (Table 3).
These losses are somewhat lower than those reported
in other studies involving poultry litter. After a 21
day incubation study, Brinson et al. (1994) reported
that total NH3 losses from poultry litter placed in con-
tact with soil amounted to 31 and 17% of applied N
in Cecil and Conasauga soils, respectively. Cabrera
et al. (1993) found that amount of NH3 lost amoun-
ted to about 50% of applied N in a Dothan soil and
about 60% in a Cecil soil after a 35 day incubation at
25◦C. In a study incubating broiler litter only, NH3
losses were found to range between 3.6 and 13.5%
of total N (Cabrera and Chiang, 1994). However, the
majority of NH3volatilization studies with poultry lit-
ter, such as the ones cited above, have been laboratory
incubations of litter/soil mixtures or litter only. In a
field study of NH3 volatilization from turkey manure,
Nathan and Malzer (1994) found that when treatments
were surface-applied, total loss of N via NH3 volat-
ilization was 11.5 kg of N ha−1 out of 170 kg of N



79

Table 3. Ammonia volatilized and fraction of total N volatilized

MLRAa NH3 Volatilized Fraction of Total N Volatilized

95/96 96/97 95/96 96/97

−−−−kg ha−1−−−− −−−−%−−−−
Coastal Plain 3.8 (1.2)b 3.9 (1.4) 2.7 (0.9) 3.8 (1.3)

Piedmont 10.4 (0.1) 7.7 (0.1) 6.4 (0.5) 5.1 (0.2)

Cumberland Plateau 8.6 (0.9) 3.5 (0.5) 3.4 (0.4) 1.7 (0.3)

Mean 7.6 (1.1) 5.0 (0.8) 4.2 (0.7) 3.6 (0.6)

aMLRA = Major Land Resource Area.
bnumbers in parentheses are SE.

ha−1 applied, or 7%, which is comparable to losses
we observed.

Total N2O-N loss measured over approximately
150 days from litter application was generally less
than 5 kg ha−1 (Table 4). Overall, average loss from
treated plots was 2.6 kg N2O-N ha−1 while the av-
erage loss from control plots was 2.3 kg N2O-N ha−1

(Table 4). Losses of this magnitude are similar to those
found in the literature (Kirchmann, 1985; Whitehead
and Bristow, 1990; Thornton et al., 1998). Lessard et
al. (1996) reported N2O-N losses of 1 kg ha−1 over
the course of 185 days from soils that received two
applications of cattle manure. Ryden (1983) reported
annual losses of 29.1 and 11.1 kg N ha−1 from plots
receiving 500 and 250 kg N ha−1, respectively, as am-
monium nitrate. Total denitrification losses expressed
as a percentage of total N applied were generally less
than 5% of total N applied (Table 4). These values
agree with many found in the literature (Colbourn
and Dowdell, 1984; Kirchmann, 1985; Whitehead
and Bristow, 1990; Estavillo et al., 1994). As ex-
amples, Chang et al. (1998) reported denitrification
losses from manured soils of 2–4% of applied N, and
Ryden (1983) reported losses from grassland soils of
5% of applied N. Thornton et al. (1998) reported N2O
losses from bermuda grass fertilized with broiler litter
as 1% of total N applied.

Plant uptake of N represented the largest known
flux of applied N. Forage yields from the Coastal Plain
site were typical of fescue yields in Alabama (Hove-
land et al., 1970), while yields from the Piedmont and
Cumberland Plateau sites were less than typical for the
southeast US (Matches, 1979). In the first year of the
study, treated plots had an average N uptake of 55.3
kg N ha−1, and control plots had an average N uptake
of 33.0 kg N ha−1 (Table 5). In the second year of the
study, when all 6 plots received litter, plots receiving
their second application took up a mean of 63.7 kg N

ha−1, and plots receiving their first application of litter
took up a mean of 42.0 kg N ha−1 (Table 5). During
the first year of the study, forage took up an average
of 34.3% of total N applied to treated plots (Table 5).
In the second year of the study, forage in plots hav-
ing received their second litter application took up an
average of 51.3% of total N applied (Table 5). Also
in the second year of the study, forage in plots having
received their first litter application took up an average
of 36.0% of total N applied (Table 5). In a similar
study, using an application rate of 9.0 mg broiler litter
ha−1, it was reported that tall fescue absorbed 60% of
applied N (Scott et al., 1995).

Analyses of NO3-N concentrations in leachate col-
lected at a 1-m depth indicated that N losses due to
NO3-N leaching would likely be negligible from all
sites except perhaps the Coastal Plain (Figures 1–3).
The NO3-N concentration at the Coastal Plain site
was frequently above the USEPA maximum contam-
ination limit for NO3-N in groundwater of 10 mg
NO3-N l−1, peaking at 38 mg NO3-N l−1 in May
1996 (Figure 1; USEPA, 1975). These data are consist-
ent with results of a study by Liebhardt et al. (1979)
who found groundwater NO3-N concentrations ran-
ging from 4 to 31 mg NO3-N l−1 following application
of 13 mg poultry manure ha−1. The data from the
Coastal Plain site would seem to provide evidence that
land application of broiler litter can increase NO3-
N concentrations in groundwater above the USEPA
limit of 10 mg NO3-N l−1, much like the data and
conclusion of Ritter and Chirnside (1987).

However, NO3-N leaching data from the Pied-
mont and Cumberland Plateau sites do not support
the assertion that land application of broiler litter in-
creases NO3-N concentrations in groundwater above
the USEPA limit. The NO3-N concentrations at either
of those sites never exceeded 5 mg NO3-N L−1 (Fig-
ures 2–3). Other studies have also shown that mod-
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Table 4. Total denitrification losses through 150 days after litter application and fraction of total N applied lost via denitrification.
Treated plots received one application of litter in the Spring of 1995 and 1996. Control areas received no litter

MLRAa N Gas Lost % of Total N Applied Lost

95/96 96/97 Treatment Mean 95/96 96/97 Site Mean

−−−−−−kg ha−1−−−−−− −−−−−−%−−−−−−
Coastal Plain Treated 2.76 (1.24)b 4.90 (0.96) 3.83 (0.85) 1.93 (0.87) 4.76 (0.94) 3.34 (0.85)

Control 1.75 (0.54) 6.30 (0.78) 4.09 (1.14) −−−−−− −−−−−− −−−−−−
Site Mean 2.25 (0.65) 5.60 (0.64) −−−−−− −−−−−− −−−−−− −−−−−−

Piedmont Treated 3.20 (1.08) 1.87 (0.76) 2.54 (0.66) 1.96 (0.66) 1.25 (0.50) 1.60 (0.41)

Control 1.81 (0.46) 0.25 (0.02) 1.03 (0.41) −−−−−− −−−−−− −−−−−−
Site Mean 2.51 (0.61) 1.06 (0.50) −−−−−− −−−−−− −−−−−− −−−−−−

Cumberland Plateau Treated 2.21 (0.12) 0.71 (0.25) 1.46 (0.36) 0.87 (0.05) 0.35 (0.12) 0.61 (0.13)

Control 1.95 (0.13) 1.82 (0.26) 1.89 (0.13) −−−−−− −−−−−− −−−−−−
Site Mean 2.08 (0.10) 1.27 (0.30) −−−−−− −−−−−− −−−−−− −−−−−−

aMLRA = Major Land Resource Area.
bNumbers in parentheses are SE.

Table 5. Forage yield, N uptake by plants, and percent of applied N taken up by plants. Treated plots received one
application of litter in the Spring of 1995 and 1996. Control plots received one application of litter in the Spring of 1996
only

MLRAa Forage Yield N Uptake % of Applied N

95/96 96/97 95/96 96/97 95/96 96/97

−−−−−−kg ha−1−−−−−− −−−−−−%−−−−−−
Coastal Plain Treated 2890 (419)b 5650 (1305) 76 (7.1) 101 (17.6) 53 (5.3) 98 (17.1)

Control 1880 (163) 5540 (688) 62 (5.6) 95 (14.0) −−−− 92 (13.6)

Piedmont Treated 3400 (196) 3350 (387) 69 (5.0) 68 (6.6) 42 (9.1) 45 (6.1)

Control 1940 (209) 1780 (100) 30 (3.1) 31 (1.9) −−−− 5 (6.1)

Cumberland Plateau Treated 1490 (103) 1220 (71) 21(1.6) 22 (2.0) 8 (0.6) 11 (1.0)

Control 995 (131) 1280 (65) 14 (2.1) 23 (1.4) −−−− 11 (0.7)

bnumbers in parentheses are SE.

Figure 1. NO3-N concentrations in leachate at 1-m depth at the
Coastal Plain site over the course of the study. The arrows in-
dicate time of litter application in Spring of 1995 and 1996. The
dashed line represents the USEPA maximum contamination limit
for NO3-N in groundwater of 10 mg l−1.

erate application rates of broiler litter do not elevate
NO3 concentrations above the USEPA limit. Scott et
al. (1995) applied broiler litter at a rate of 9.0 mg

Figure 2. NO3-N concentrations in leachate at 1-m depth at the
Piedmont site over the course of the study. The arrows indicate time
of litter application in Spring of 1995 and 1996.

ha−1 to plots of tall fescue in Arkansas. They found
that soil water beneath treated plots did have elevated
NO3 concentrations compared to soil water beneath
control plots, but NO3 concentration in soil water be-
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Table 6. Nitrogen budget for each year at each site. Data shown are averages from
the three plots at each site that received one litter application in the Spring of each
year. Nitrogen balance reflects N inputs minus N outputs

Coastal Plain Piedmont Cumberland Plateau

95/96 96/97 95/96 96/97 95/96 96/97

N Inputs: −−−−−−kg ha−1−−−−−−
Broiler Litter 143 103 163 150 252 202

Wet Depositiona 4 4 4 4 4 4

Dry Depositionb 2 2 2 2 2 2

Total Inputs: 149 109 169 156 258 208

N Outputs:

NH3 Volatilization 4 4 10 8 9 4

Denitrification 3 5 3 2 2 1

Plant Uptake 76 101 69 68 21 22

Total Outputs: 83 110 82 78 32 27

N Balance: +66 −1 +87 +78 +226 +181

awet deposition estimated from National Atmospheric Deposition Program (1995).
bdry deposition estimated from Hanson and Lindberg (1991).

Figure 3. NO3-N concentrations in leachate at 1-m depth at the
Cumberland Plateau site over the course of the study. The arrows
indicate time of litter application in Spring of 1995 and 1996.

neath treated plots never rose above 5.8 mg NO3-N
l−1. Similarly, Wood et al. (1996) applied broiler litter
to soils under a corn-winter rye cropping system at
rates of 9 mg ha−1 and 18 mg ha−1. They found that
NO3 concentrations in soil water from the 18 mg ha−1

treatment exceeded 10 mg NO3-N l−1 only four times
during the study and averaged 4.8 mg NO3-N l−1. Ni-
trate concentration in soil water from the 9 mg ha−1

treatment was consistently under 10 mg l−1, and aver-
aged only 1.3 mg NO3-N l−1. It appears that amount
of N lost via NO3 leaching is very site specific and not
dependent solely on litter application. Data regarding
leaching loss of N have not been included in the over-
all N budget because the data are not in appropriate
units. The data are in concentration and need to be in

units of mass per unit area. Many assumptions would
have to be made in order to convert our concentrations
to kg NO3-N ha−1, therefore, no attempt was made to
do so.

Nitrogen budgets estimated from our data reveal a
positive N balance in almost every situation (Table 6).
The only negative balance occurred at the Coastal
Plain site in year 2 (Table 6). Plant uptake represents
the largest flux of N, averaging 34.3% and 51.3% of
applied N in year 1 and year 2, respectively (Table 6).
Ammonia volatilization and denitrification fluxes from
this study were less than those in other N budget es-
timations (Ryden, 1983; Sharpe et al., 1988). The
Cumberland Plateau site had very high N balance in
both years, largely due to high total N inputs and low
plant uptake. This low plant uptake was due in part
to much lower forage yields obtained from the Cum-
berland Plateau site in both years compared to forage
yields at the other two sites (Table 5). In every case,
less N was applied in year 2 and a corresponding de-
crease in the surplus N balance in year 2 was the result
(Table 6). Although less N was applied in year 2, plant
uptake of N increased or remained the same between
years 1 and 2 (Table 6). This suggests that plants either
increased their efficiency of N absorption or were be-
nefitting from the mineralization of residual N left in
the soil from the previous year’s application.

It is assumed that leaching losses and/or soil accu-
mulation would account for the majority of excess N
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shown in these budgets. Ammonia volatilization and
denitrification losses represent a small fraction of ap-
plied N and while leaching and soil accumulation of
N are not known, the fact that plant uptake of N is
so much less than N applied points out that with each
litter application, a significant pool of N is available
to flow down a variety of pathways that lead to en-
vironmental degradation. If all applied N not taken
up by plants at each site each year is summed (e.g.,
N balance + NH3 volatilization + denitrification) and
divided by the amount of N applied in litter each year
at each site, it is revealed that on average, 57% of N
applied each year is going somewhere other than into
plant biomass (Table 6). Scott et al. (1995) found that
as litter application rate increased from 9.0, 17.9, 35.8,
and 89.6 mg ha−1, the proportion of N taken up by
fescue decreased from 37, 27, 17, and 5% of applied
N. This appears to indicate that as more litter, and
therefore more N, is applied, a smaller proportion of
applied N is taken up by plants. This finding and our
results, indicating that a large fraction of applied N is
leaving the system, suggest that lower litter applica-
tion rates may be needed in order to minimize N loss
to the environment.

Conclusions

Several conclusions can be drawn from these N
budgets. First, NH3 volatilization and denitrification
are not major pathways of N loss from these systems
under these sets of circumstances. The amounts of
gaseous N loss we recorded would not likely dimin-
ish crop yields significantly. This finding is contrary
to those of some previous studies. Second, leaching
losses of N are not consistent across sites, but can be
problematic in some situations. Third, even at these
relatively low application rates, N was still supplied to
these systems in excess of plant uptake. This finding
should not be ignored due to the consistency of its oc-
currence and the regional nature of our study. Finally,
we conclude that either less litter should be applied
or more effort needs to be made to improve timing of
application to better coincide with peak plant growth.
We believe that reducing the rate of litter application
would be the easiest way to reduce the amount of ex-
cess N available for loss to the environment without
impacting the uptake of N by the plants or forage
yield. Finally, we conclude that the practice of ap-
plying broiler litter to pastures in the southeastern US
is an environmentally responsible practice only when

application rates are determined by a long-term under-
standing of plant needs rather than short-term disposal
pressures.
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