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Abstract: Long-term land application of manure, litter, and dead-bird compost generated during poultry (Gallus, gallus) 

production may oversupply nitrogen (N) and result in nitrate (NO3-N) contamination of groundwater. A barrier to judi-

cious use of poultry waste as a fertilizer is the absence of management tools for prediction of waste-derived N released 

during the plant growing season. This study was conducted to establish an N extraction method for poultry wastes as a 

predictor of soil N release owing to land application of poultry waste. We correlated N released from 87 different poultry 

wastes in a 60-day incubation with seven bioavailability predictors. Bioavailability predictors included autoclave-calcium 

chloride (CaCl2) extraction, bicarbonate extraction, Walkley-Black (acid dichromate) digestion, acid permanganate diges-

tion, pepsin digestion, protein extraction, and barium hydroxide extractable glucose. Results indicate that acid permanga-

nate digestion (r=0.77) has the highest potential for predicting N mineralized from poultry wastes followed by sodium bi-

carbonate extraction (r=0.51). However, the relationships are not strong enough to indicate that these methods would be 

useful in a practical, predictive sense. 
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INTRODUCTION 

 For decades, poultry waste has been applied to the soil 
both for disposal and as a nutrient source for plants. Satisfac-
tory crop yields are obtained when poultry waste is applied 
at appropriate agronomic rates [1, 2], but excessive rates and 
long-term applications can have negative agronomic and 
environmental implications. 

 An oversupply of nutrients (such as N, phosphorus (P), 
and others) in the soil has been found in regions heavily 
treated with poultry litter. In a survey of long-term littered 
versus non-littered tall fescue (Festuca arundinacea Schreb.) 
pastures in the Sand Mountain region of Alabama, levels of 
soil NO3-N > 40 mg kg

-1
 were well below tall fescue root 

zones on littered pastures [3]. This condition has created 
potential for transport of waste-released NO3-N to ground-
water in concentrations exceeding the maximum contami-
nant level of 10 mg L

-1
 set by the U.S. Environmental Pro-

tection Agency [4]. Elevated NO3-N concentrations in 
groundwater supplies used for human and/or livestock con-
sumption may pose health hazards. 

 A management tool that would allow environmentally 
safe disposal of poultry wastes coupled with satisfactory 
crop yields would be very useful. A worthwhile tool would 
be a method that could predict potentially available N in 
poultry wastes prior to land application. A predictor that 
would help farmers decide how much litter they should ap-
ply without risking their crops or contaminating the ground-
water could revolutionize poultry waste management. Such a 
predictor could be incorporated into programs managed by 
state and commercial soil testing laboratories. 
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 This study was conducted to establish an N extraction 
method from poultry wastes as a predictor of soil N release 
owing to land application of poultry waste. 

MATERIALS AND METHODS 

Sample Collection 

 Poultry waste samples consisting of broiler litter, manure 
from laying operations, turkey litter and dead-bird composts 
were collected across the southeastern U.S. (Arkansas, Mis-
sissippi, Alabama and Georgia). Poultry waste samples were 
collected spring in 1994, fall 1994, and spring 1995. Bedding 
materials encountered were wood shavings, rice hulls, saw-
dust, and peanut hulls. A total of 87 poultry wastes from 
different operations were collected throughout the experi-
ment (Table 1). Collection of bulk samples from poultry 
operations consisted of sampling poultry wastes from poultry 
housing or waste storage facilities. Specifically, 10 random 
subsamples of poultry wastes from poultry housing or waste 
storage facilities were collected and combined to yield a 0.5 
m

3
 composite bulk sample of each poultry waste.  Each bulk 

sample gathered was mixed thoroughly with a cement mixer, 
and subsamples were collected at random from the freshly 
mixed bulk sample. Triplicate subsamples were ground to 
pass a 20 mesh sieve then maintained at 4 C prior to analysis.  

Characterization of Poultry Wastes 

 Moisture content was measured for each subsample prior 
to chemical characterization. Chemical characterization con-
sisted of analyses for total N and organic carbon (C) by dry 
combustion with a LECO CHN-600 analyzer (LECO Corp., 
St. Joseph, MI), inorganic N (NO3-N plus NO2-N and NH4-
N) by extraction with 2M KCl followed by measurement via 
standard colorimetric procedures [5] on a Lachat autoana-
lyzer (Lachat Quikchem Systems, Milwaukee, WI), total P, 
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potassium (K), calcium (Ca), magnesium (Mg), manganese 
(Mn), copper (Cu), and zinc (Zn) by dry ashing and extrac-
tion using dilute hydrochloric acid (HCl) [6] then measured 
using Jarrel-Ash inductively coupled argon plasma spectros-
copy (ICAP 9000, Thermo Jarrel Ash, Franklin, MA), and 
lignin, cellulose, and hemicellulose by standard chemical 
fiber analysis [7]. 

Ammonium Extraction Methods 

 Waste samples were extracted using the seven extraction 
methods described below. These methods were reported to 
have a potential for predicting N bioavailability in soil and in 
some organic residues. Distillable N (ammonium, (NH4-N)) 
[5] was then determined on the different extracts (except for 
the waste protein) using 10M sodium hydroxide (NaOH).  

Autoclave-CaCl2 Extraction 

 Waste subsamples (1.0 g) were placed in 50 mL centri-
fuge tubes and washed twice with 25 mL increments of 
0.01M CaCl2 to remove initial mineral N [8]. Then 25 mL 
0.01M CaCl2 was added and the mixtures were autoclaved at 
121 C for 16 hours. After autoclaving, the samples were cen-
trifuged and washed twice with 25 mL 0.01M CaCl2. The 
extracts and two washings were combined and volumes ad-
justed to 75 mL. 

Sodium Bicarbonate Extraction 

 Waste subsamples (2.5g) were shaken with 50 mL 0.01M 
sodium bicarbonate (NaHCO3) at high speed for 15 minutes 
[9]. Extracts were then filtered using Whatman no. 5 filter 
paper. 

Walkley-Black (Dichromate) Digestion 

 Waste subsamples (1.0g) were weighed into 500 mL 
wide-mouth flasks. Ten mL 0.5M potassium dichromate 
(K2Cr2O7) was added and the mixtures were swirled gently 

while 20 mL concentrated sulfuric acid (H2SO4) was added 
rapidly [10]. Flasks were swirled gently (to avoid frothing) 
then vigorously for 1 minute. Samples were then allowed to 
stand for 30 minutes to cool [11, 12]. 

Acid Permanganate Digestion 

 One g waste subsamples were weighed into 125 mL 
polyethylene bottles. Then 25 mL of extracting solution 
(0.05M potassium permanganate, KMnO4, in 0.5M H 2SO4) 
was added and mixtures were shaken for 1 hour at high 
speed. The mixtures were then filtered using Whatman no. 5 
filter paper [13]. 

Pepsin Digestion 

 This method consisted of two parts: 1) extraction of fat 
by centrifugation, and 2) digestion. One g waste subsamples 
were weighed into 15 mL centrifuge tubes. Ten mL ether 
was added and the mixtures were centrifuged for 15 minutes 
at > 1750 rpm. The ether was decanted and extraction was 
repeated with three 5 mL portions of ether. Defatted samples 
were then air-dried in the centrifuge tubes. Defatted samples 
were quantitatively transferred to 250 mL polyethylene bot-
tles. Then 150 mL freshly prepared pepsin-HCl solution (2 g 
pepsin per liter of 0.075N HCl solution) which was pre-
warmed to 42-45°C was added to the samples. The mixtures 
were incubated with continuous shaking for 16 hours at 45 C 
[14] then filtered using Whatman no. 5 filter paper. 

Protein Extraction 

 Waste subsamples (0.05g) were weighed into centrifuge 
tubes and extracted with 25 mL 10% Triton X-100 (a surfac-
tant) at low speed for 30 minutes. The protein assay method 
was similar to the standard Lowry protein assay using bovine 
albumin serum [15] except for addition of 1.0 mL 10% so-
dium dodecyl sulfate (SDS) after adding the Folin reagent 
(1:1 Folin-phenol reagent with H2O) [16]. Absorbances were 
then read at 500 nm on a spectrophotometer (Beckman DU 

Table 1. Time and Number of Poultry Waste Samples Collected, Soils Incubated with Poultry Waste Samples, and Numbers of 

Incubations Conducted 

Time of Poultry Waste Collection Number of Wastes Collected Soil Series Used for Incubation and 

their Taxonomy 

Number of Soil- 

Waste Incubations
a
 

Spring 1994 32 Norfolk - fine, loamy, siliceous, thermic 

Typic Kandiudult 

Hartsells - fine, loamy, siliceous, thermic 

Typic Hapludult  

Oktibbeha - very fine, montmorillonitic, 

thermic, Chromic Dystrudert 

96 

Fall 1994 28 Norfolk 

Hartsells 

Houston - very fine, montmorillonitic, 

thermic, Oxyaquic Hapludert 

84 

Spring 1995 27 Norfolk 

Hartsells 

54 

Total 87  234 

aeach incubation was done in triplicate. 
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50 Spectrophotometer, Beckman Inst., Inc., Irvine, CA). 
Waste protein was calculated by multiplying the protein      
N extracted by 6.25 since protein contains an average of  
16% N. 

Barium Hydroxide Extractable Glucose 

 Waste subsamples (0.5g) were shaken for 30 minutes 
with 50 mL 0.05M barium hydroxide (Ba(OH)2) then filtered 
using Whatman no. 1 filter paper, discarding the first few 
mL of the filtrate. Twenty mL anthrone reagent (1g anthrone 
in cooled mixture of 475 mL H2SO4 and 37.5 mL H2O) was 
added to 4 mL aliquots of the extracts then swirled. Mixtures 
were then heated on a boiling water bath for 10 minutes and 
absorption was measured at 625 nm [17] on a spectropho-
tometer (Beckman DU 50 Spectrophotometer, Beckman 
Inst., Inc., Irvine, CA). 

Soil Incubation 

 Soil samples were collected from the Ap horizon of four 
soil series (Table 1). Soils were passed through a 3 mm 
screen sieve and maintained at 4 C prior to analysis. Mois-
ture retention measurements were taken for each soil at -12 
kPa using a 5-bar pressure plate extractor. 

 A 200 g subsample of each soil was weighed into sepa-
rate plastic bags. Poultry wastes were added to each bag at a 
rate 0.8 g/200 g soil which is approximately equivalent to a 
field application of 9 Mg/ha. After thorough mixing, a 25 g 
soil-waste mixture subsample was weighed (dry weight ba-
sis) into a cup. Water was added to maintain soil and waste 
mixtures at a moisture content equivalent to -12 kPa at a 
bulk density of 1.3 g cm

-3
. The cup was then placed inside a 

mason jar containing 10 mL water to maintain humidity then 
sealed. The jar was incubated in the dark in a pre-set incuba-
tor at 25 + 1 C for 60 days [18]. Inorganic N, organic C, and 
total N were measured at the start of incubations. After 60 
days, inorganic N was measured. Inorganic N was extracted 
with 2M KCl and measured by colorimetric procedures [18]. 
Organic C and total N were determined via combustion with 
a Leco TruSpec CN Analyzer (Leco Corp., St. Joseph, MI, 
USA). All analyses and incubations were done in triplicate. 
In addition to soil-waste incubations, soils without waste 
addition (controls) were incubated in the manner described 
above. Potential N mineralization was determined by sub-
tracting initial inorganic N from inorganic N measured at the 
end of the 60-day incubation. Nitrogen mineralized from 
poultry wastes was calculated as the difference between po-
tential N mineralization of waste amended and control soils. 

Statistical Analysis 

 Nitrogen mineralized by soil incubation was correlated 
and linearly regressed against the various waste N extraction 
methods using the SAS package [19]. 

RESULTS AND DISCUSSION 

Waste Characteristics 

 Moisture measurements were comparable to values pre-
viously reported [20-22].  

 Total N content was typical of poultry wastes [20-22]. 
Inorganic N was primarily NH4-N with lesser amounts of 

NO3-N. Carbon:N ratios (C:N) were in a range that indicated 
that N in the poultry wastes was mineralizable. The wastes 
had micronutrient contents in agreement with previously 
reported values [20-22]. The standard chemical fiber analysis 
values for lignin were low, while more easily decomposable 
cellulose and hemicellulose were double that of lignin (Table 
2).  

 Selected poultry waste characteristics were correlated 
with N mineralized from incubations (Table 3). Organic C, 
NO3-N, NH4-N, lignin, and hemicellulose gave significant 
correlations while total N, C:N ratio, and cellulose gave no 
significant correlations. Although the significant correlations 
obtained were weak and of little value in prediction of N 
mineralization from poultry wastes. 

Bioavailability Predictors 

 Correlation analysis of the chemical (bioavailability) 
predictors with incubation resulted in significant correla-
tions, but correlation values were low. The r

2
 values ranged 

from 0.07 to 0.61 (Table 4). Acid permanganate digestion 
gave the highest coefficient of determination, followed by 
sodium bicarbonate extraction. Other predictors had very 
low coefficients of determination (Table 4). The barium hy-
droxide extractable glucose method was discontinued due to 
color interferences by organic compounds in wastes. Decol-
orizing agents such as activated charcoal and hydrogen per-
oxide were tried to no avail.  

 Nitrogen released by the bioavailability predictors was 
much greater than that mineralized during incubation (Table 
4). This disparity may be due to inorganic N losses during 
incubation that were not realized by the chemical tests. Pos-
sible N loss pathways included volatilization, denitrification, 
or immobilization. These N losses typically occur when high 
ammonia (NH4-N) content wastes are applied to the soil and 
such losses vary with waste and soil types [23]. A decrease 
in inorganic N from soil incubated with poultry waste may 
attribute the loss to NH3-N volatilization [24]. Nitrogen loss 
is apparent in this study since C:N ratios of the wastes (Table 
2) indicate that N was highly available, but incubation results 
showed that low amounts of N were mineralized with immo-
bilization occurring in some cases (Table 4). Bedding mate-
rials, such as pine shavings, peanut hulls, sawdust, and rice 
hulls have been suggested as immobilizing agents [25].  

 Another factor influencing the results of this study is the 
apparent “harshness” of the chemical methods chosen for 
evaluation of bioavailability predictors. All predictors tested 
extracted amounts of N that were one to two orders of mag-
nitude greater than that obtained during incubation (Table 4). 
The results suggest that a less harsh chemical extractant may 
need to be tried. 

 Autoclave-CaCl2 Extraction 

 Autoclaving at elevated temperature and pressure report-
edly increases the amount of organic N dissolved and hydro-
lyzed, such as amides and amino sugars [26], thereby in-
creasing the amount of N released during the process. Re-
sults from this study, however, showed that N released was 
relatively small after 16 hours of autoclaving poultry litter in 
0.01M CaCl2 at 121 C compared to the other predictors and 
correlation with N released during incubation was low (Ta-
ble 4). Nitrogen losses may have occurred after a long sub-
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jection to high temperature and pressure. The poor relation-
ship between this method and N mineralized during incuba-
tion suggests that autoclaving poultry wastes with 0.01M 
CaCl2 at 121 C for 16 hours would not provide a good pre-
dictor of N availability. Moreover, the relationship is nega-
tive, indicating that N mineralization decreased with increas-
ing amounts of N released in autoclave-CaCl2 extractions. 

Sodium Bicarbonate Extraction 

 Sodium bicarbonate, a mild alkaline solution, has been 
used to extract nitrogenous compounds in the soil [9]. Thus, 
it was considered to have potential to predict available N in 
poultry wastes. This method provided the second best rela-
tionship with N mineralized (Table 4). Data (not shown) 
were not as scattered as in most of the other methods, but the 

Table 2. Selected Characteristics of Poultry Wastes Used in the Study
a
 

Component Minimum Maximum Mean Std. Error 

C/N   5.0  12.9   8.7 0.1 

        --------------------------g kg -1 ----------------------------- 

Moisture 143.4 450.1 258.7 3.8 

Organic C 196.3 369.6 301.3 1.8 

Total N  22.6  47.8  35.3 0.3 

Total P  11.1  38.1  19.2 0.3 

Total K  11.2  38.6  25.3 0.3 

Total Ca  17.9  68.4  29.3 0.5 

Total Mg   3.0   8.7   5.7 0.1 

Lignin  18.8 326.0  81.1 2.6 

Cellulose  90.4 393.9 191.7 3.4 

Hemicellulose  13.0 279.8 156.4 4.5 

        ---------------------------mg kg -1------------------------- 

Fe  800 13200 245 117 

Cu  100  1000  439  11 

Mn  200  1100  541  13 

Zn  200  1300  486  12 

Al  300 15400 2437 154 

NO3-N   23 12346 1656 137 

NH4-N  3250 20066 8944 208  

aMinimum, maximum, mean, and standard error of the mean for 87 samples analyzed in triplicate. 

 
Table 3. CORRELATION of Selected Poultry Waste Characteristics with N Mineralization results

a
 

Component r 

Organic C 0.16** 

Total N 0.02ns 

C:N 0.06ns 

NO3-N 0.23** 

NH4-N 0.25** 

Lignin -0.22** 

cellulose 0.06ns 

hemicellulose 0.24** 

aCorrelation results for 87 waste samples and 234 soil-waste incubations, both analyzed in triplicate. 
**significant at 1% level. 
nsnot significant. 
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relationship was not good enough for predicting N mineral-
ized from poultry wastes.    

Walkley-Black (Acid dichromate) Digestion 

 This method was originally used to determine soil or-
ganic matter using dichromate as an oxidizing agent. A pre-
vious study on organic residues (such as manures, sludges, 

and composts) [12], resulted in significant correlations be-
tween amount of N mineralized during incubation and N 
released into Walkley-Black acid dichromate digests. In this 
study, N released from poultry litter using Walkley-Black 
digestion also resulted in a significant (negative) correlation 
with N mineralized during 60-day incubations, but the corre-
lation was very low (Table 4). These results suggest this 

Table 4. Relationships Between N Bioavailability Predictors and N Mineralized
a
 

Method Minimum Maximum Mean Std. Error r r
2
 

      ----- mineralized N mg/kg-----    

Autoclave 3083 14071 7331 161 -0.30 0.09 

Bicarbonate 4962 15639 9775 148  0.59 0.35 

Dichromate 8661 22701 15752 207 -0.28 0.08 

Permanganate 1703 18706 8651 345  0.78 0.61 

Pepsin 4967 15371 9545 155 -0.32 0.10 

Protein 346 1117 751 11  0.26 0.07 

Soil incubation -31 330 95 5   

aMinimum, maximum, mean, and standard error of the mean for 234 soil-waste incubations conducted in triplicate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Nitrogen released by permanganate digestion vs N mineralized in incubation. 
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method is not a good choice for predicting N availability 
from poultry wastes. 

Acid Permanganate Digestion 

 Another method that was attempted in an effort to meas-
ure potentially available N in poultry wastes was oxidative 
release of NH4-N by acid permanganate. This method gave 
the highest correlation coefficient of any method tried (Fig. 
1; Table 4). The r

2
, however, indicates that variation in avail-

able N in poultry wastes by acid permanganate digestion 
accounted for only 61% of the variation in N mineralized. 
This relationship is not good enough to indicate that the 
method would be useful in a predictive sense. Also, two dis-
tinct data clusters at both ends of the regression line (Fig. 1) 
contribute to the relationship’s weak appearance.  

Pepsin Digestion 

 Pepsin is best known as an enzyme that is involved in 
gastric digestion, and the test is designed for determination 
of protein digestibility in animal feeds [14]. A study was 
conducted to test a number of chemical methods as predic-
tors of available N in different manures showed that N re-
leased by pepsin digestion gave the highest correlation 
(r

2
=0.81) [27]. Results from this experiment, however, 

showed a very poor correlation (Table 4). Pepsin digestion 
would not be a good predictor of N mineralized from poultry 
wastes under the conditions of this study. 

Protein Extraction 

 Most of the N present in poultry waste is organic in na-
ture and a large part of it is derived from protein. It is there-
fore important to determine if poultry waste proteins are la-
bile N sources and if protein extraction would be a good pre-
dictor of N availability. Results from this study show that 
extractable poultry waste proteins very poorly correlated 
with N mineralized (Table 4). Similar poor results were 
found for sewage sludge [16].  

CONCLUSIONS 

 Results from this study cannot provide a firm recommen-
dation as to the best chemical bioavailability predictor of N 
release following poultry waste application. However, there 
may be other chemical or biochemical tests of N availability 
in poultry wastes that were not tested in this study that could 
serve as good predictors. 
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