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Nitrogen mineralization rates in ten surface soils amended with (200 µg N g−1 soil) or without broiler litter were investigated. The
soil-broiler litter mixture was incubated at 25 ± 1◦ C for 28 weeks. A nonlinear regression approach for N mineralization was used
to estimate the readily mineralizable organic N pools (N0 ) and the first-order rate constant (k). The cumulative N mineralized
in the nonamended soils did not exceed 80 mg N kg−1 soil. However, in Decatur soil amended with broiler litter 2, it exceeded
320 mg N kg−1 soil. The greatest calculated N0 of the native soils was observed in Sucarnoochee soil alone (123 mg NO3 − kg−1
soil) which when amended with broiler litter 1 reached 596 mg N kg−1 soil. The added broiler litter mineralized initially at a fast
rate (k1 ) followed by a slow rate (k2 ) of the most resistant fraction. Half-life of organic N remaining in the soils alone varied from
33 to 75 weeks and from 43 to 15 weeks in the amended soils. When N0 was regressed against soil organic N (r = 0.782∗∗ ) and
C (r = 0.884∗∗∗ ), positive linear relationships were obtained. The N0 pools increased with sand but decreased with silt and clay
contents.

1. Introduction
In general, nitrogen (N) is said to be the most diﬃcult
nutrient to manage in agriculture because of challenges in
estimating the amount of N available for plant uptake and
synchronizing N release from sources to meet a specific crop
demand [1]. Even though the Earth’s atmosphere contains
78% N in the form of dinitrogen (N2 ) gas, most of this
N is unavailable for plant uptake [2] with the exception
of leguminous plants which can fix N. In the plant root
zone, N is present in organic forms, including plant and
microbial protein and amino acids, all together forming soil
organic matter [3] from which the N is slowly converted
into plant-available forms. During mineralization, organic
N is converted into plant-useable inorganic forms (NH4 + –
N and, NO3 − –N) that are released into soil and subjected
to various fates. For farmers in general and organic farmers
in particular, N mineralization is an important process
to understand because several environmental conditions
govern this process [3]. Presently, there is an array of
commercial inorganic N fertilizers available; however, their
costs are prohibitory and out of range for many limited
resource farmers. Thus, a careful management of organic

N sources is one of the most important priorities for
farmers; this in turn will limit unfavorable N losses into the
environment.
Because of the rapid growth of the organic farming
segment of the United States agriculture, there is a high
demand for alternative plant nutrient sources, especially,
organic sources. It is estimated that organic produce sales
reached approximately $23.0 billion in 2009 [4] from 2.6
billion in 1997 [5]. This rapid growth in organic food
demand urges researchers to obtain a more thorough
understanding of organic amendment in organic farming
systems. The United States poultry industry produced 9.2
billion broiler chickens and 90.6 billion eggs in 2007 with
nearly 82% of the broilers and 31% of the eggs produced
in the southeastern states of Georgia, Arkansas, Alabama,
Mississippi, and North Carolina. These five states account
for approximately 60% of all broiler meat produced in the
United States [6, 7]. Broiler production in the United States
has been transformed dramatically from small backyard
operations to more integrated farms. As time progressed,
broiler production became an industry that established itself
in the South due to favorable climate, low labor costs, and
advantages in feed production [8]. In 2009, approximately
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8.6 billion broiler chickens equaling 50 billion pounds
valued at $22 billion were raised in the USA, and the
state of Alabama accounted for approximately 12% of this
total [9]. This robust broiler industry generates substantial
quantities of poultry litter as waste at a rate of 1 to 1.4
tons per 1000 birds. It is estimated that broiler litter in
Alabama contains 41.1 g kg−1 Kjeldahl N [10]. The broiler
litter generated has historically been applied to pasture and
agricultural land in close proximity to poultry production
facilities [11]. Consequently, negative environmental impacts
of these waste products are a major concern worldwide.
One major problem that occurs is the presence and buildup of trace elements in soil over time [12]. Despite the fact
that broiler litter contains trace elements that may aﬀect N
transformations in soils; it remains a cheap organic fertilizer
used in organic farming systems.
Excessive applications of broiler litter to farmlands have
resulted in NO3 − contamination of both ground and surface
water bodies. Accurate estimates of N availability from
broiler litter is a prerequisite to determine application rates
necessary for optimum plant growth and minimal NO3 −
leaching. A method to estimate the amount of N available
in broiler litter to increase crop yields and reduce N losses to
the environment was assessed [13]. In this method, broiler
litter application rates were based on predicted available N
(PAN). It was assumed that 80% of the inorganic N in the
broiler litter would be recovered and 60% of the organic N
would be mineralized within 140 days. In addition, other
methods used to predict N availability from broiler litter
include complex mechanistic and simple kinetic models [14].
Mechanistic models are more process based and require
large amounts of input data. On the other hand, kinetic
models rely on laboratory incubations to obtain certain
parameters; however, these kinetic models do not account
for N turnover processes [15]. The various types of kinetic
models used to describe inorganic N production from soil
alone or amended with organic material include sigmoid,
hyperbolic, single exponential, and linear models [16, 17].
However, explanations behind the theoretical implications
of the parameters in these various mathematical equations
have been limited [18]. Therefore, the two first-order kinetic
models that remain widely used include the single [19] and
double [20] exponential models.
The Stanford and smith (1972) model is represented by




Nm = N0 1 − e−kt ,

(1)

where, Nm is the cumulative mineral-N (mg N kg−1 soil) at
time t. N0 is defined as the potentially mineralizable N and k
as the mineralization rate constant.
The double exponential model separates the mineralizable organic N into active and slow pools and is represented
by








Nm = N0 1 − e−k0 t + N1 1 − e−k1 t ,

(2)

where Nm is the cumulative amount of N mineralized at
time t, N0 , and N1 are the sizes of the active and slow
pools of mineralizable N, respectively; k0 and k1 are the
corresponding mineralization rate constants for each pool.

In the study reported here, the single exponential model
[19] was used. The model suggests that the potentially
mineralizable N (N0 ) of a soil and its rate constant (k) can be
estimated by incubating the soil at optimum conditions and
measuring the N mineralized (Nm ) and time of incubation
(t). The main assumption is that organic N mineralization
at optimum temperature and moisture follows first-order
kinetics. The objectives of the study were to (1) determine
N mineralization rates in ten Alabama soils amended and
nonamended with broiler litter, (2) compare potentially
mineralizable organic N pools in the soils, (3) compare halflife of N remaining in the soils, and (4) establish relationships
between the soils’ potentially mineralizable organic N and
soil properties.

2. Materials and Methods
Alabama surface (0–15 cm) soil samples were collected from
Barbour County (Troup soil), Bullock County (Maytag and
Sucarnoochee soils), Dekalb County (Colbert, Hartsells, and
Linker soils), Coﬀee County (Dothan soil), Talladega County
(Decatur soil), and Tallapoosa County (Appling and Cecil
soils). The physical and chemical properties of the soils are
presented in Table 1. Following sampling, the soils were airdried and ground to pass through a 2 mm sieve. A subsample
was finely ground to pass a 100-mesh (<149-µm) sieve for
analysis of total C and N by Vario EL III Automated Analyzer
(CHNS Analyzer, Hanau, Germany) using a combustion
method. In the analysis reported in Table 1, soil pH was
measured (soil : water ratio 1 : 2.5) using a glass electrode,
organic C by the Mebius method [21], total N by SemimicroKjeldahl procedure [22], inorganic N by steam distillation
[23], and partial-size distribution by the pipette method
[24]. Selected properties of the broiler litter samples used
in the study are shown in Table 2 where total C and N
were determined by the elemental CHNS Analyzer (Vario
EL III Elemental Analyzer, Hanau, Germany). The pH was
determined (broiler litter : water ratio 1 : 5) using a glass
electrode. The NH4 + –N and NO3 − –N were determined by
steam distillation [23]. Properties of the soil and the broiler
litter samples shown in Tables 1 and 2, respectively, were
previously reported [25].
The experimental setup was a 10 × 3 factorial in a
completely randomized design. The treatments included
a control (soil alone with no broiler litter added), soilamended with broiler litter 1, and soil-amended with broiler
litter 2. The broiler litter was added at a rate to give a
concentration of 200 µg N g−1 soil. A 20 g soil sample (<2mm, OD) and an equal amount of acid-washed silica sand
were weighted into a weighing dish and mixed thoroughly.
Before the experiment, the silica sand was washed in 10%
HCl solution and let to stand for 1 hour after which the
silica sand was washed three times in deionized water. The
washed silica sand was allowed to dry under the hood for
several days. A sample of the silica sand was analyzed for
inorganic N by steam distillation and showed absence of
NH4 + – and NO3 − –N. The soil-silica sand mixture was then
treated with broiler litter 1 or 2. A thin glass wool was
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Table 1: Selected properties of the soils used† .

Soil series†

pH

Organic Carbon

Total nitrogen

g kg−1
Appling
Cecil
Colbert
Decatur
Dothan
Hartsells
Maytag
Linker
Sucarnoochee
Troup

5.95
5.87
6.05
5.90
6.48
6.06
5.95
6.31
5.91
6.64

26.4
19.0
6.88
14.3
9.37
9.58
7.37
9.71
11.4
20.1

3.90
3.38
2.53
3.91
2.57
2.67
2.55
2.73
2.82
3.30

Inorganic N
NH4 –(NO2 − + NO3 − )–N
mg kg−1
14.3
9.57
14.4
20.8
13.1
23.0
8.91
8.73
12.0
21.2
3.91
5.39
2.55
3.05
3.10
7.02
6.87
3.39
2.16
5.07
+

Clay
75
75
—
—
75
125
125
25
75
125

Texture
Silt
g kg−1
125
225
125
100
650
300
325
350
475
75

Sand
800
700
875
900
275
575
550
625
450
800

†

Appling: Fine, kaolinitic thermic kanapludult; Cecil: Fine, kaolinitic thermic, Typic kanapludults; Colbert; Fine, smetitic, thermic Vertic Hapludults;
Decatur; Clayey, kaolinitic thermic Rhodic Paleudults; Dothan; Fine-loamy, siliceous, thermic Plinthic Paleudults; Hartsells; Fine-loamy, siliceous subactive
thermic Typic Hapludults; Maytag; Fine montmorillonitic, thermic, oxyaquic Hapluderts; Linker; Fine-loamy, siliceous semiactive thermic Typic Hapludults;
Sucarnoochee; montmorillonitic, thermic chromic Epiaqurand; Troup; Loamy, siliceous, Thermic Grossarenic Paleudults. From Sissoko and Kpomblekou-A
2010 [25].

Table 2: Selected properties of the broiler litter used† .
Broiler litter ID

pH

Organic C

Total N

1
2

8.4
8.6

229
351

27.5
46.1

†

NH4 +
g kg−1
1.61
4.39

Inorganic N
(NO2 − + NO3 − )
1.03
1.95

C/N

Bedding material

Litter age

8.32
7.61

Pine sawdust
Peanut hulls

Month
9
9

From Kpomblekou-A [10].

inserted at the bottom of a leaching tube to retain the
mixture. To prevent any disturbance of the soil during the
leaching procedure, a thin glass wool pad was also placed on
the top of the mixture in the leaching tube. The leaching
tube was placed on a flask and immediately leached with
100 mL of 5 mM CaCl2 to remove any initial inorganic N
(time zero). A suction of 60 cm Hg (6 kpa) was applied to
remove the remaining solution. The volume of the leachate
obtained was adjusted to 100 mL with deionized water. The
leaching tube was covered with parafilm and a small hole
was inserted for aeration and placed in an incubator (Low
Temperature Incubator 815, Precision Scientific Winchester,
VA) at 25 ± 1◦ C for 22 weeks. The inorganic N mineralized in
the leaching tube was leached every two weeks for 28 weeks
with 100 mL CaCl2 (5 mM) and filtered through a membrane
filter (0.5 µm, Osomics Inc., Minnetonka, MN). The filtrate
was analyzed for NH4 + –N and (NO2 − + NO3 − )–N by steam
distillation [23]. Controls for each soil without broiler litter
were included. Results presented are average of duplicate
samples.
2.1. Model Description and Statistical Analysis. The nonlinear
regression [26] approach for N mineralization in (1) was
used to estimate the readily mineralizable organic pools (N0 )
in the broiler litter and the first-order rate constant (k).
The Statistical Analysis System (SAS) computer language was
used to calculate N0 and k [27]. From the slopes of the linear

segments of curves obtained by plotting the natural log of
organic N remaining against time [28], the decomposition
rates (ki ) of the organic N pool was calculated. The half-life
(t1/2 ) of the most resistant N fraction in the organic materials
was calculated by using the ki value of the resistant fraction
of the broiler litter samples (t1/2 = 0.693/ki ). The fitting of
the mathematical models was done using SAS-ProcNLIN
[29], an interactive method using MARQUADART [30]
algorithm. Estimated potentially mineralizable organic N
(N0 ) values were used in a 10 × 3 factorial arrangement and
analyzed by SAS-Proc GLM. Therefore, when soil diﬀerences
or treatment diﬀerences were detected base on overall
analysis of variance, least significant diﬀerence (LSD) was
used to evaluate diﬀerences between treatments and between
soils. However, in this study, no soil by treatment interactions
was detected.

3. Results and Discussion
3.1. Nitrogen Mineralization. The total N content of the soils
varied considerably (Table 1). These variations are attributed
to climate, vegetation, and topography [31] that are major
components of soil formation factors. In cultivated soils,
total N content tends to decline over time if external organic
N sources are not incorporated into the soil to compensate
for losses due to increasing microbial N mineralization. In
general, N mineralization increases as temperature rises to a
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Table 3: Organic carbon, sulfur, and total nitrogen contents of soil-amended with broiler litter sample 1 or 2 before aerobic incubation
studies† .
Broiler litter 1

Appling
Cecil
Colbert
Decatur
Dothan
Hartsells
Maytag
Linker
Sucarnoochee
Troup
Median
Mean

Broiler litter 2

Organic carbon

Total nitrogen

Organic sulfur

33.4
23.5
11.1
18.0
11.2
15.2
13.1
15.4
15.2
22.0
15.3
22.0

4.62
3.99
2.94
3.48
2.91
3.25
3.03
3.31
3.14
3.40
3.28
3.40

0.60
0.67
0.32
0.58
0.53
0.50
0.41
0.56
0.53
0.52
0.53
0.52

point where microbial growth is reduced [32]. The amount
of total N present in the soil after addition of the broiler litter
samples is shown in Table 3. The soil-broiler litter mixture
was ground to pass through a 100-mesh (<149-µm) and a
subsample was analyzed for organic C and N. Data obtained
from this analysis were used in calculating the remaining
organic N in the soils at the end of incubation period. The
results showed an increase in organic C and N contents of
the soil-broiler litter mixture. However, the increase varied
among the ten soil samples analyzed. The total N content
of the mixtures ranged from 2.91 g kg−1 in Dothan soil
to 4.62 g kg−1 in Appling soil treated with broiler litter 1
(Table 3). The analysis also showed that for soils treated with
broiler litter 1, the median for total N was 3.28 g kg−1 with
a mean of 3.40 g kg−1 . However, for the same soils treated
with broiler litter 2, the median and the mean were 3.76 and
3.93 g kg−1 , respectively.
Among the ten soils used in this study, the cumulative
ammonium-N (NH4 + –N) produced in the nonamended
soils were 21.2, 22.6, 23.7, 24.3, 26.5, 26.9, 27.0, 27, 35.8,
and 50.5 mg N kg−1 soil for Appling, Hartsells, Colbert,
Linker, Decatur, Maytag, Troup, Dothan, Sucarnoochee,
and Cecil soil, respectively, after 28 weeks of incubation
(data not shown). On the other hand, soils amended with
broiler litter 2 had significantly greater amounts of NH4 + –
N produced. For example, Maytag, Cecil, and Sucarnoochee
soils amended with broiler litter 2 showed the highest
amount of NH4 + –N produced after 28 weeks of incubation
with 325, 326, and 366 mg kg−1 soil, respectively. However,
the total amount of NO3 − –N mineralized in the soils alone
was 27.5 in Hartsells, 43.5 in Troup, 49.6 in Dothan, 62.2 in
Appling, 58.1 in Colbert, 65.7 in Maytag, 69.3 in Decatur,
85.7 in Linker, 106 in Cecil, and 111 mg N kg−1 soil in
Sucarnoochee soil after 28 weeks of incubation (data not
shown). In addition, the amount of NO3 − –N mineralized
also varied with soil types and broiler litter samples. For
Appling soil amended with broiler litter 1, the total amount

Organic Carbon
g kg−1
52.7
29.6
13.2
24.6
19.6
15.9
20.5
18.1
20.5
23.7
20.5
23.7

Total nitrogen

Organic sulfur

7.64
4.64
3.05
4.25
3.76
3.54
3.76
3.60
3.74
3.93
3.76
3.93

0.96
0.65
0.48
0.45
0.49
0.57
0.50
0.54
0.29
0.40
0.50
0.40

of NO3 − –N released at 14 weeks of incubation was about
7.42 mg N kg−1 soil while in that same soil amended with
broiler litter 2, NO3 − –N released was 8.31 mg N kg−1 soil.
In contrast, NO3 − –N released in Cecil soil amended with
broiler litter 1 at 14 weeks was 8.72 mg N kg−1 soil while
that released in Cecil soil amended with broiler litter 2 was
only 4.03 mg kg−1 . The amount of NO3 − –N released in the
ten soils were significantly greater than those of NH4 + –
N released after 28 weeks of incubation. The cumulative
amount of NO3 − –N mineralized in soils amended with
broiler litter 1 after 28 weeks of incubation varied from 131
in Troup to 269 mg N kg−1 soil in Decatur soil, respectively.
On the other hand, the total NO3 − –N nitrified in soils
amended with broiler litter 2 after 28 weeks of incubation
ranged from 120 in Dothan soil to 248 mg kg−1 soil in
Appling and Sucarnoochee soil, respectively. In addition,
Linker soil amended with broiler litter 1 or 2 nitrified the
same amounts of N with 163 mg N kg−1 soil, respectively.
Only Sucarnoochee and Troup soils showed higher amounts
of NO3 − –N mineralized when amended with broiler litter 1
than with broiler litter 2. In those soils mineralization varied
from 231 to 248 in Sucarnoochee amended with broiler litter
1 and 2, and from 131 to 138 mg N kg−1 soil when Troup
was amended with broiler litter 1 and 2, respectively. All
remaining soils showed similar trends with broiler litter 1
mineralizing higher amounts of N as NO3 − –N than those
amended with broiler litter 2.
3.2. Nitrogen Mineralization Models. The trends of N mineralization from broiler litter added to ten Alabama soils
were similar to those reported for Iowa soils amended with
leguminous crops [33]. In this study, the diﬀerences in
organic N mineralized may be attributed to the resistance of
organic N fractions in the diﬀerent broiler litter samples. In
general, the amounts of N mineralized in the broiler litteramended soils increased gradually but at a decreasing rate.
Thus, mineralization of organic N added to soils starts with

International Journal of Agronomy

5

Table 4: Regression equations (for curves in Figures 1–5) for organic N mineralized in selected Alabama soils.
Soil series
Appling
Cecil
Colbert
Decatur
Dothan
Hartsells
Linker
Maytag
Sucarnoochee
Troup
†

Treatment specified†
Soil + broiler litter 1
Nm = 252 (1 − e−0.1730t )
Nm = 251 (1 − e−0.0494t )
Nm = 360 (1 − e−0.0405t )
Nm = 356 (1 − e−0.063t )
Nm = 131 (1 − e−0.0877t )
Nm = 208 (1 − e−0.0614t )
Nm = 195 (1 − e−0.0819t )
Nm = 221 (1 − e−0.0764t )
Nm = 569 (1 − e−0.0230t )
Nm = 189 (1 − e−0.0571t )

Soil alone
Nm = 85.3 (1 − e−0.1320t )
Nm = 120 (1 − e−0.0405t )
Nm = 76.7 (1 − e−0.406t )
Nm = 86.9 (1 − e−0.0627t )
Nm = 66.9 (1 − e−0.0865t )
Nm = 47.9 (1 − e−0.0620t )
Nm = 102 (1 − e−0.0801t )
Nm = 82.8 (1 − e−0.0793t )
Nm = 123 (1 − e−0.0516t )
Nm = 59.7 (1 − e−0.0640t )

Soil + broiler litter 2
Nm = 283 (1 − e−0.0910t )
Nm = 331 (1 − e−0.0315t )
Nm = 369 (1 − e−0.0406t )
Nm = 405 (1 − e−0.0619t )
Nm = 167 (1 − e−0.0854t )
Nm = 294 (1 − e−0.0625t )
Nm = 209 (1 − e−0.0783t )
Nm = 217 (1 − e−0.0821t )
Nm = 286 (1 − e−0.0802t )
Nm = 185 (1 − e−0.0709t )

Nm = organic N mineralized (mg kg−1 ) at specific time (t).

Table 5: Comparison of calculated potentially mineralizable organic N pools (N0 ) in soils alone and soils amended with broiler litter 1 or 2.
Soil series
Appling
Cecil
Colbert
Decatur
Dothan
Hartsells
Linker
Maytag
Sucarnoochee
Troup
†

Soil alone†
85.3c
120a
76.7cd
86.9cb
66.9ed
47.9f
102b
82.8cd
123a
59.7ef

Soil + broiler litter 1††
mg NO3 − kg−1
252b
251a
360a
356a
131a
208a
195a
221a
569a
189a

Soil + broiler litter 2††
283a
331a
368a
405a
167a
294a
209a
217a
286b
185a

Means with the same letter in the soil alone column are not significantly diﬀerent at P < 0.05.
with the same letter in the same row of the broiler litter-amended soils are not significantly diﬀerent at P < 0.05.

†† Means

a rapid mineralization of the easily mineralizable organic
N, followed by mineralization of the intermediate fraction,
and finally the most resistant organic fraction where the
curve tends to plateau with increasing incubation time. In
addition, this N mineralization pattern can be attributed to
the diﬀerences in chemical properties of the soils. Previous
studies showed that generally, the amounts of N mineralized
correlate with total N, total C, and microbial N [34–36].
The diﬀerences in N mineralized from the same broiler
litter sample in two diﬀerent soils (Figures 1(a) and 1(b))
suggest that N mineralization is dependent not only on
organic N fractions in a given broiler litter sample, but
also on soil properties. Furthermore, mineralization of N
in the broiler litter samples behaved diﬀerently in Decatur
(Figure 2(b)), Hartsells (Figure 3(b)), and Sucarnoochee
(Figure 5(b)) soils. However, in Cecil (Figure 1(b)), Colbert
(Figure 2(a)), Linker (Figure 4(a)), Maytag (Figure 4(b)),
and Troup (Figure 5(b)), N mineraliztion of the broiler litter
samples followed much closer trends.
Initially the broiler litter samples mineralized rapidly
during the first 10 weeks following their addition to soils,
especially in Appling (Figure 1(a)) and Decatur (Figure 2(b))
soils. Nitrogen mineralization was slow in Troup soil

(Figure 5(b)) containing 125 g kg−1 clay and 800 g kg−1 of
sand, while the highest mineralization occurred in Decatur
soil (Figure 2(b)) containing 900 g kg−1 sand and 100 g kg−1
silt. Mineralization of leguminous crops added to five Iowa
soils incubated for 16 weeks at 30◦ C has been reported [33]
and the results were similar to those discussed here.
The regression equations for organic N mineralized for
the nonamended and amended soils are shown in Table 4.
The potentially mineralizable (N0 ) organic N mineralized in
the nonamended soils ranged from 47.9 to 123 mg N kg−1
in Hartsells and Sucarnoochee soils, respectively. Hartsells
soil showed the lowest N0 mineralized probably because
of its texture (high clay and moderate sand contents) that
restricted access of soil microorganisms to organic residues.
Conversely, in a sandy soil such as Sucarnoochee soil in which
pore spaces are larger microorganisms have greater access
to organic N [3]. The potentially mineralizable organic N
(N0 ) released in soils amended with broiler litter 1 or 2 were
significantly higher than in those nonamended. The N0 in
soils amended with broiler litter 1 varied from 131 mg kg−1
in Dothan soil to 569 mg kg−1 in Sucarnoochee soil with
a rate constant (k) of 0.0877 and 0.0230, respectively.
Similarly, Dothan soil amended with broiler litter 2 had
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320

320

280
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Cumulative N mineralized
(mg N kg soil−1 )

Cumulative N mineralized
(mg N kg soil−1 )

6

240
200
160
120
80
40
0

0

10

20

240
200
160
120
80
40
0

30

0

10

Colbert alone
Colbert + broiler litter 1
Colbert + broiler litter 2

(a)

(a)

320

280

280

Cumulative N mineralized
(mg N kg soil−1 )

Cumulative N mineralized
(mg N kg soil−1 )

Appling alone
Appling + broiler litter 1
Appling + broiler litter 2

320

240
200
160
120
80
40
0

10

30

20

30

240
200
160
120
80
40
0

0

20
Time (week)

Time (week)

20

30

0

10

Time (week)
Cecil alone
Cecil + broiler litter 1
Cecil + broiler litter 2
(b)

Figure 1: Cumulative organic nitrogen mineralized from Appling
(a) or Cecil (b) soils amended with broiler litter 1 or 2 and incubated
for 28 weeks under aerobic conditions.

the lowest potentially mineralizable organic N releasing
167 mg kg−1 soil with a rate constant of 0.0854. However,
Decatur soil amended with broiler litter 2 showed the highest
potentially mineralizable N releasing 405 mg kg−1 soil with
a rate constant of 0.0619. Among the ten soil samples
studied, soils amended with broiler litter 2 had the highest
N0 as compared with those amended with broiler litter 1
with the exception of Maytag, Sucarnoochee, and Troup
soils, which had greater N0 when amended with broiler
litter 1. Statistical analysis of the complied N0 in Table 5
showed diﬀerences in the studied soils alone or amended
with broiler litter. Among the nonamended soils, Appling,
Colbert, Decatur, and Maytag soils showed no significant
diﬀerences in N0 at P < 0.05. Additionally, nonamended
Cecil and Sucarnoochee soils (N0 = 120 and N0 =
123 mg N kg−1 soil, resp.) showed no significant diﬀerence at

Decatur alone
Decatur + broiler litter 1
Decatur + broiler litter 2
(b)

Figure 2: Cumulative organic nitrogen mineralized from Colbert
(a) or Decatur (b) soils amended with broiler litter 1 or 2 and
incubated for 28 weeks under aerobic conditions.

P < 0.05. Furthermore, for soils amended with broiler litter
1 or 2 there were no significant diﬀerences detected between
Cecil, Colbert, Decatur, Dothan, Hartsells, Linker, Maytag,
and Troup soils. However, Appling and Sucarnoochee soils
treated with broiler litter 1 or 2 showed significant diﬀerences
at P < 0.05. The broiler litter samples 1 and 2 added to the ten
soils contained 27.5 and 46.1 g kg−1 of total N, respectively
(Table 2). The bedding material also varied in the broiler
litter samples; broiler litter 1 consisted of pine sawdust and
broiler litter 2 peanut hulls. Therefore, the results suggest that
the bedding material (peanut hulls or pine sawdust) may not
have a significant diﬀerence on the N0 pools.
3.3. Estimation of Mineralization Rate (ki ) of Organic N. To
identify the various phases involved in the mineralization
of organic N and to estimate the mineralization rate (ki )
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Table 6: First-order rate constants for decomposition of organic N in soil alone and broiler litter-amended soils.
Soil series

Broiler Litter Sample ID

Appling
Cecil
Colbert
Decatur
Dothan
Hartsells
Linker
Maytag
Sucarnoochee
Troup
Appling
Cecil
Colbert
Decatur
Dothan
Hartsells
Linker
Maytag
Sucarnoochee
Troup
Appling
Cecil
Colbert
Decatur
Dothan
Hartsells
Linker
Maytag
Sucarnoochee
Troup

none
none
none
none
none
none
none
none
none
none
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2

Decomposition rate (week−1 )† Percentage of N mineralized at each Phase
k1
0.00132
0.0127
0.004
0.003
0.006
0.0015
0.007
0.0105
0.012
0.0025
0.0065
0.0026
0.0038
0.004
0.0028
0.003
0.0036
0.0044
0.003
0.0023
0.0039
0.0028
0.0031
0.0045
0.0029
0.0043
0.0035
0.0044
0.0049
0.0025

k2
0.0003
0.0019
0.002
0.001
0.002
0.0006
0.003
0.0016
0.001
0.0026
0.0023
0.0014
0.0025
0.0018
0.0015
0.0014
0.0012
0.0015
0.0029
0.00115
0.0012
0.0014
0.0021
0.002
0.0018
0.0021
0.0014
0.0013
0.0018
0.00095

D1
6.73
3.54
2.27
6.03
3.80
1.85
5.10
4.15
4.68
2.49
18.8
17.7
18.2
11.3
14.1
20.7
20.4
19.7
17.5
5.55
51.1
29.9
19.7
17.8
33.7
28.6
26.6
35.3
28.7
18.5

D2
1.38
2.01
1.34
1.57
1.78
0.78
0.37
1.43
2.31
0.95
1.10
1.86
3.32
2.40
1.25
2.29
2.32
2.43
—
1.37
1.49
—
3.49
3.41
1.56
2.69
2.58
2.36
2.93
1.29

Half-life of N
Remaining (weeks)
75
52
50
33
50
66
33
62
38
40
15
38
26
25
35
33
28
23
33
43
25
35
32
22
34
23
28
23
20
40

†

k1 and k2 were calculated from graphs prepared by plotting organic N remaining after each incubation time against time. No second phase was identified in
Sucarnoochee and Cecil soils amended with broiler litter 2.

of the various organic N pools in the broiler litter, graphs
were constructed by plotting the natural log of N remaining
against incubation time (weeks) for the data collected. With
the exception of Appling soil which showed three-phase
decomposition, all other soils showed two-phase decomposition model and an example is provided in Figure 6 for
two soils. In phase I (k1 ), soil microorganisms mineralized
quickly the easily mineralizable fraction in broiler litter; in
phase II (k2 ) a more resistant fraction of organic N is being
mineralized, thus, mineralization rate slowed down. Finally,
during phase III (k3 ), soil microorganisms are mineralizing
the most resistant fraction of organic N. A study conducted
in three soil types concluded that soil type had a significant
impact on broiler litter mineralization [37].
The half-life of N remaining corresponds to the amount
of time required to mineralize half of the potentially
mineralizable organic N (Table 6). Therefore, the higher the

half-life of N remaining is, the slower the mineralization rate.
The transformation of N mineralization data showed that
the decomposition of organic N from broiler litter amended
soils occurred in two phases as shown by D1 and D2 . The
percentage of N mineralized in the nonamended soils during
phase I varied from 1.85% in Hartsells soil to 6.73% in
Appling soil, respectively. However, in the same nonamended
Hartsells and Appling soils, the percentages of organic N in
phase II were only 0.78% and 1.38%, respectively. Again,
in Appling soil amended with broiler litter 1, the organic
N mineralized was 18.8% and 1.10% in phases I and II,
respectively. With respect to soils amended with broiler litter
2, Appling soil mineralized 51.1% and 1.49%, of organic N
in phases I, and II, respectively. Since the nonamended soils
consist of a more resistant fraction of organic N, it was not
easily mineralized by soil microbes; the values of organic N
remaining in the nonamended soils were high. Similarly, the
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Figure 3: Cumulative organic nitrogen mineralized from Dothan
(a) or Hartsells (b) soils amended with broiler litter 1 or 2 and
incubated for 28 weeks under aerobic conditions.

Figure 4: Cumulative organic nitrogen mineralized from Linker (a)
or Maytag (b) soils amended with broiler litter 1 or 2 and incubated
for 28 weeks under aerobic conditions.

half-life of N remaining in nonamended soils varied from 33
weeks in Decatur and Linker soils to 75 weeks in Appling soil.
In addition, Appling and Maytag soils amended with broiler
litter 1 and 2 showed significantly lower half-lives with 15
and 23 weeks when amended with broiler litter 1, and 25 and
23 weeks when amended with broiler litter 2, respectively.
Moreover, the half-life of N remaining in the soils varied
considerably with broiler litter samples and diﬀerences in soil
type.
3.4. Relationships of Potentially Mineralizable Organic N (N0 )
and Soil Properties. Linear regression lines show relationships between potentially mineralizable organic N (N0 ) soil
textures (Figure 7). There are a number of factors that
aﬀect the amount of available N in a soil for plant uptake.
Some of these factors include soil properties such as texture,

structure, temperature, pH, and organic matter content [38].
Other factors which aﬀect N mineralization of broiler litter
in soils include C/N ratio, particle size, pH of the litter,
type of bedding material, and soluble N fractions of the
litter [25]. The slopes of the linear curves are negative and
imply that high silt and clay contents reduce N0 . However,
high sand content accelerates mineralization of organic N
in soils. A strong positive correlation (r = 0.874∗∗∗ )
between potentially mineralizable organic N (N0 ) and sand
content was observed. However, correlations between N0 and
both silt (r = 0.780∗∗∗ ) and clay (r = 0.983∗∗∗ ) were
strongly negative. Influence of soil type and texture on N
mineralization has been reported [39, 40]. These studies
suggested that soils with relatively high silt and clay contents
may have less ability to mineralize N than soils with high
sand content, that promotes N mineralization. Nitrogen
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Figure 5: Cumulative organic nitrogen mineralized from
Sucarnoochee soil (a) or Troup (b) soils amended with broiler litter
1 or 2 and incubated for 28 weeks under aerobic conditions.

Figure 6: Natural log of organic N remaining in Appling (a) or Cecil
(b) soils amended with broiler litter 1 or 2 as a function of time.

mineralization potential in five important agricultural soils
of Hawaii showed that the amount and type of clay in a
soil aﬀects mineralization processes [3]. Finely textured soils
with high clay content have many tiny micropores in which
organic matter can find physical protection from microbial
decomposition. These results also agree with those reported
in nine soils amended with broiler litter that showed a strong
positive correlation with sand and a negative correlation with
silt and clay contents of the soils [41]. In addition, this study
shows a positive correlation (r = 0.782∗∗ ) between N0 and
soil organic N (Figure 8(a)) and soil organic C (r = 0.884∗∗∗
Figure 8(b)). A positive correlation between C/N ratio and N
mineralization (r = 0.69) was reported [42] but contradicted
another study that reported no relationship between manure
C/N ratios and N mineralization for a range of stored and
fresh animal manures [43]. In this study also no significant

relationship was found between N0 and C/N ratio (data not
shown).

4. Summary and Conclusions
Investigation of the mineralization of native N and added
broiler litter as N source to soils clearly demonstrated
that soil type impacts N mineralization. The mineralization of native or added broiler litter conformed to a
first-order kinetic reaction but varied considerably with
soil type and broiler litter samples. Broiler litter samples
1 and 2 mineralized diﬀerent quantities of organic N
from the ten soils studied. This indicates that organic
N fractions in diﬀerent broiler litter samples are not
the same. Notably, the amounts of organic N mineralized
from the same broiler litter sample in two diﬀerent soil
types suggest that organic N mineralized from the diﬀerent
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broiler litter samples are dependent not only on organic N
fractions in the broiler litter, but also on soil properties.
Statistical analyses indicated that nonamended soil samples
have diﬀerences in their ability to mineralize native organic
N. However, among the ten soils studied only Appling and
Sucarnoochee soils amended with broiler litter 1 or 2 showed
significant diﬀerences at P < 0.05. The diﬀerences in the
N0 of the nonamended soils were obvious. The bedding
materials varied in the broiler litter samples used in the study;
broiler litter 1 consisted of pine sawdust and broiler litter 2
peanut hulls. The results suggested that the bedding material
(peanut hulls or pine sawdust) may not have a significant
diﬀerence on the N0 pools. The decomposition of organic
N from broiler litter amended soils occurred mainly in two
phases represented by D1 , and D2 . Half-life of N remaining
in the nonamended soils was significantly higher than that
of soils amended with broiler litter 1 or 2 suggesting that
the nonamended soils consisted of a very resistant organic N
fraction that could not be easily mineralized by soil microbes.
However, in the amended soils, the half-life was significantly

10

15

20

25

Soil organic C

(c)

Figure 7: Relationships between potentially mineralizable organic
nitrogen (N0 ) and silt (a), clay (b), and sand (c) contents for soils
amended with broiler litter 1 or 2. The open circles did not fit the
relationships.

5

(b)

Figure 8: Relationships between potentially mineralizable organic
nitrogen (N0 ) and soil organic nitrogen (a) and soil organic carbon
(b) in soils amended with broiler litter 1 or 2. The open circles did
not fit the relationship.

lower and varied with broiler litter samples and soil types.
The results also demonstrated that mineralization of broiler
litter in soils is closely related to soil chemical and physical
properties. Thus, decomposition of organic residues and
animal waste in soils vary with waste and soils types and
must be investigated in an eﬀort to synchronize N release
with crop demand and protect the environment from excess
nitrate accumulation.
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