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ABSTRACT

Twelve weeks laboratory incubation experiment was carried out to: (1) determine variations in N mineralization of various
manures (chicken manure, farm yard, pigeon, guano & sewage sludge) and to (2) examine the relationship between N
mineralization and initial chemical composition. Manures were aerobically incubated in two types of soils (saline & non-
saline) at a rate of 200 mg N kg™ soil and mineral N was monitored after 0, 2, 4, 6, 8, 10 and 12 weeks. With the exception of
sewage sludge and pigeon manure, NOs-N was the dominant form of mineral N. Net N released from the manure in the saline
and non-saline soils was negatively correlated with initial N content, C/N ratio and lignin (r2 =-0.837/-0.385, -0.719/-0.095, -
0.448/-0.903), respectively. Cellulose and hemicellulose in saline soils were positively correlated with net N released
(*=0.558 & 0.613), however in non-saline soils net N released was positively correlated with cellulose (1 = 0.899) and
negatively with hemicellulose (r* = -0.118). It could be concluded that monitoring mineral N release during decomposition of

manures is a useful tool for fertilization programs that include incorporation of organic sources of N.
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INTRODUCTION

Soil salinization is one of the major factors that
contribute to land degradation and decrease in crop yield (Al
Yassin, 2005; Anjum et al., 2005). It exists in areas with
precipitation to evaporation ratios of about 0.75 or less
(Brady & Weil, 2000). In Sudan, it was found that about
250 thousand hectares in the Northern Sudan were affected,
to some degree, by sodicity and/or salinity (Ali & Fadil,
1977). The Soil Survey Department stated that the total area
affected by salinity and/or sodicity was estimated at 2.5
million hectares. The largest areas are mostly found to the
north of Khartoum along both banks of the River Nile.
Amelioration of salt-affected soils necessitates the
replacement of Na“ by Ca®" cations, which can be done
chemically or by using organic wastes, which was found to
be a good strategy, especially in arid regions (Garcia, 2000).
A number of organic N-containing materials, such as animal
manure or sewage sludge, are being used as soil
amendments and a source of N and for improving the soil
quality. Mineralization of nutrients from an organic
amendment depends on biotic (Rowell et al, 2001) and
abiotic factors (Nakhone & Tabatabai, 2008).

The interaction between plant residue quality and
salinity affecting nitrogen mineralization/immobilization is

not well understood (Nourbakhsh & Hossein, 2006). In
Sudan, studies on N mineralization from manures under
salt-affected soils are greatly lacking. Measurement of N
mineralization and immobilization rates will enable
mathematical models of nutrient release and leaching to be
developed, which in turn can be used to provide
management guidelines for waste application on land
(Zaman et al., 1998). Therefore, the objectives of this study
were to: (1) monitor NH4-N and NOs;-N release from
various locally available manures and to (2) Examine the
relationship between N released and their initial contents of
N, C/N, lignin, cellulose and hemicellulose.

MATERIALS AND METHODS

Soil and manure. Two soil types (saline & non-saline)
were collected from the top 30 cm depth from two sites
Sunduse Scheme, south of Khartoum and the university of
Khartoum experimental research farm, respectively. The
saline and non-saline soils were classified as fine,
montmorillonitic, isoh-yperthermic, vertic natrargid and
fine, montmorillonitic, iso-hyperthermic, typic chromustert
(Soil Survey Staff, 1996). Roots and other plant materials
were removed, crushed and sieved (2 mm). Manures were
oven-dried (65 -70°C) for 48 h, sieved through a 2-mm
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sieve, thoroughly mixed and stored for subsequent analysis
(PH (1 & 10 mL D. watery OC using the modified Walkley-Black
methods (Walkley & Black, 1934), TN (Bremner &
Mulvaney, 1982), lignin and cellulose were determined by
the acid-detergent-fibre (ADF) method and soluble
polyphenols were extracted using 70% acetone and
determined gravimetrically by the ytterbium precipitation
method (Reed et al, 1985). Chemical properties of the
manures are presented in Table. 1.

Manure collection. 1. Chicken manure (CM) was
obtained from a poultry farm in North Khartoum.

2. Pigeon manure (PM) was obtained from private rearing
farmers located in Omdurman.

3. Farm yard manure (FYM) was obtained from farms
near by the Farm of the Faculty of Agric., U. of K.

4. Sewage sludge (SS) was obtained from the main

treatment station of Khartoum State.
5. Guano manure (GM) was obtained from the North
State.
Incubation procedure. Nitrogen mineralization from the
manure and the soil mixtures was determined using the non-
leaching and aerobic incubation technique of Sommers et al.
(1980). A sample (500 g air dried soil, 2 mm & sieve) of
each soil (saline & non-saline) was thoroughly mixed with
each of the 5 types of manures (CM, PM, FYM, SS & GM)
at a rate equivalent to 200 mg N kg™ soil (2.2, 10.3, 5.0, 7.2
& 2.8 g dry matter of the manure), respectively. A control
treatment (without manure) from each soil was included. All
treatments (12) were assigned in polythene bags (25 X 10
cm) and treatments were replicated three times (total
experimental units are 36), placed in the laboratory of the
Desertification and Desert Cultivation Studies Institute,
University of Khartoum and at room temperature (25°C).
Soil moisture was kept constant at 80% of water holding
capacity using distilled water. This is achieved by regular
weighing of the bags (every 3 days) and also, to keep bags
aerobic.

Mineral N (NH4-N, NO;-N) was determined at 0, 2, 4,
6, 8, 10 and 12 weeks from incubation. At each sampling
week exactly two sub-samples of 10 g each were taken from
each treatment. The first sub-sample was used for the
determination of soil moisture content, while the other was
extracted after shaking (for one hour) with 40 mL of 2 M
KCL and filtered through Whattman No. 42 filter paper. 10
mL of the extract was steam distillated with 0.2 g of MgO
and Devarda alloy for the determination of NH4-N and NO;-
N, respectively. Ammonia was received in 20 mL of 20%
Boric acid mixed with methyl red and bromocresol green
indicators and back titrated with 0.01 N HCL (Keeny &
Nelson, 1982).

NH,-N/or NO; (mg/kg) = (S-B) x N x 14 x10° x D.F
Dry wt soil

Where,
S: Volume of HCL for the sample
B: Volume of HCL for the Blank
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N: Normality of HCI

D.F: Dilution factor
Determination of net N mineralization/immobilization.
Total mineral N (TMN) in each week was taken as the
summation of NH,- N and NO; N in similar weeks.
However, Net N mineralization/immobilization (+ve values
indicate mineralization, while -ve values indicate
immobilization) from amended treatments was calculated
by subtracting soil mineral N of the control at the week 12
from the amended treatment of the same week. Relationship
between N mineralization and initial manure chemical
composition (TN, C/N, lignin, cellulose & hemicellulose
was determined using values of TMN of week 12 & net N
mineralization/immobilization). Bets fitting models and R*
values were recorded.
Statistical analysis. Significant differences among
treatments were determined using SAS (1987) and means
were separated using Least Significant Difference (LSD).

RESULTS

Manure chemical composition. Initial composition of
manures shows clear variations (Table I). Accordingly, pH
ranged from 5.9 to 7.4, organic carbon ranged between 9
(PM) and 36 (FYM) and N ranged from 1.9 to 9.2 mg kg™
The lowest and the highest N concentration were observed
in FYM and pigeon, respectively. The C/N ratio shows a
trend of PM < CM = GM < SS < FYM. Calcium content
ranged from 0.03 to 0.17%, while magnesium ranged
between 0.16 and 1.03%. The contents of P ranged from 2.8
to 2.9%. All manures have high lignin content of 26.1-
31.5% except the CM has the lowest content (14.9%).
Chicken manure has the highest cellulose content (32.3%),
while SS sludge and pigeon had the lowest values (6.7 &
7.0%), respectively. hemicellulose ranged from 6.5 to 32.9%.
Effect of Manure Type and Salinity on N Mineralization
Week zero. Accumulation of NH, - N, NO; N and TMN
(NH,- N + NOy) in the saline and non-saline soils are
illustrated in (Fig. 1 to 6). In both soils, manure type had
significant (P <0.0001) effect on mineralization. Initially,
the average mineral N content from CM and GM (163.6 &
158.3 mg N kg™' soil), respectively was higher than all other
manures. The lowest N was observed in soils amended with
SS and FYM (106.9 & 92.4 mg N kg soil), respectively.
Mineral N release was in the order of CM > GM > PM > SS
> FYM. Salinity was observed to have significant (P <
0.0001) negative effect on mineral N. Immediately after
manures incorporation, mineral N in saline soil (86.7 mg N
kg™ soil) was about half that determined in non-saline soils
(161.7 mg N kg™ soil). All individual manures showed high
mineral N in non-saline compared to saline soils.

Week two. In both soils, manure type had significant (P <
0.0001) effect on N mineralization. The average mineral N
content from GM (360.9 mg N kg™ soil) was significantly
higher than all other manures. The lowest mineral N was
observed in the soil amended with PM (136.0 mg N kg
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Table I. Initial chemical composition of the manures (average + standard deviation)

%

Manure type  pH oC TN C/N Ca Mg P Lignin Cellulose Hemi
CM 6.7+0.06 15£06 4.0+ 003 38+01 017+0.02 1.03£0.04 28+0.01 149+1.1 323+1.1 23.0+05
PM 6.0£0.02 9£03 92+0.02 097+£0.1 0.03+£0.01 0.18+0.01 28+£001 261+£12 70%1.6 25.8+0.6
FYM 7.4£0.03 3605 1.9+£0.02 189+04 0.04+0.01 021+0.02 29+£002 302+1.1 182+12 65+19
SS 7.1+ 0.10 24+£03 28+0.03 875+02 0.10+£0.01 023+0.01 28+0.04 265+29 6.7+£29 329+12
GM 5.9 +£0.06 27+10 72+002 38+0.1 0.04+0.01 0.16+0.01 28+0.05 31.5+05 11.7+£05 12.7+0.7

CM: chicken manure, FYM: farm yard manure, PM: pigeon manure, SS: sewage sludge, GM: guano manure

Table II. Relationship between total Net mineral N and manure chemical composition under saline and non-saline

soil conditions

Total mineral N (NH,-N + NOs-N)

Manure Saline soil Non-saline soil

parameter Equation R’ Equation R’
TN (%) Y=-26.1x*+301.4x-452.4 0.96 Y=-229x>+2559.4x—356.6 0.75
CN Y=-11.1x+284.4 0.29 Y =-86x+240.0 0.18
Lignin (%) Y=34x*-163.0x +2012 0.56 =-341.71n (x) = 1278.1 0.52
Cellulose (%) Y=03x>—6.0x+197.5 0.20 Y=104x+199 0.60
Hemicellulose (%) Y=-12x*+469x-1327 0.43 Y=-13x"+488x-1752 0.50

Net Mineral N

TN (%) Y=-26.1 x*+301.4x—-560.6 0.96 Y=-22.9x*+255.9.4x—-439.1 0.75
C/N Y=-11.1x+176.4 0.29 Y=-273x+1773 0.09
Lignin (%) Y=34x-163.0x+1903.9 0.56 Y=3.2x%—162.0 x+2009.7 0.89
Cellulose (%) Y=03x*+6.0x+89.3 0.20 Y=05x"-79x+64.5 0.66
Hemicellulose (%) =-12x*+46.9 x-240.8 0.43 =-13x*+48.8x-257.6 0.50

Fig. 1. NH,-N (mg/kg soil) accumulated from manure
in the saline soil

00 4
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mgfkg NH-N
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Incubation period (Weeks)

soil). The content was in the order of GM > CM > FYM >
SS > PM. In this week, salinity was observed to have
significant (P < 0.0001) positive effect on mineral N release.
The average mineral N in saline soil (299.9 mg N kg soil)
was about double that determined in non-saline soils
(126.737 mg kg™ soil). All individual manures showed high
mineral N in saline compared to non- saline soils.

Week four. Manure type had significant (P < 0.0001) effect
on N mineralization. The mineral N content from C.M
(415.6 mg N kg soil) was statistically higher than all other
manures. The lowest mineral N was observed in soils
amended with PM (124.9 mg N kg™ soil). The content was
in the order CM > GM > SS > FYM > PM. Salinity was
also, observed to have significant (p < 0.0001) positive
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effect on mineral N. Mineral N in saline soil (233.1 mg N
kg™ soil) was more than that determined in non-saline soils
(209.7 mg N kg soil). Most individual manures showed
high mineral N in saline compared to non-saline soils.

Week six. N mineralization and in both soils, was still
significantly (P < 0.0001) affected by manure type. Mineral
N from CM (331.6 mg N kg soil) was statistically higher
than all other manures. The lowest mineralized N was
observed in soils amended with SS and FYM (109.2 mg N
kg soil). The content was in the order CM > PM > GM >
SS = FYM. After this week, salinity was observed to have a
significant (p < 0.0001) negative effect on mineral N.
Accordingly, mineral N in saline soil (180.4 mg kg™ soil)
was significantly lower than that in non-saline soil (201.7
mg N kg™ soil).

Week eight. Similarly, manure type had significant (P <
0.0001) effect on N mineralization. The mineral N content
from CM (599.1 mg N kg™ soil) was statistically higher than
all other manures. The lowest mineral N was observed in
soils amended with PM and FYM (82.2-93.0 mg N kg
soil), respectively. The content of mineral N was in the
order CM > GM > SS > FYM > PM. Salinity had no
significant (P < 0.2250) effect on mineral N, where mineral
N in saline soil (212.9 mg N kg™ soil) and non-saline soils
(203.4 mg N kg™ soil) showed almost similar results.

Week ten. Mineral N content from CM (610.8 mg N kg
soil) was statistically (P < 0.0001) higher than all other
manures. The lowest mineral N was observed in soils
amended with PM and FYM (108.8-131.7 mg N kg soil),
respectively. The content of mineral N was in the order CM
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Fig. 2. NH,-N (mg/kg soil) accumulated from manure Fig. 5. Total mineral N (NH4,-N + NO;-N) mg/kg soil
in the non-saline soil accumulated from manure in the saline soil
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W w2 w4 W we win Wiz | : : : : : ,
Incubation perind (Weeks) WO w2 W W W W10 Wiz

Incubation period (Weeks)
Fig. 3. NO;-N (mg/kg soil) accumulated from manure

in the saline soil Fig. 6. Total mineral N (NH4-N + NO3-N) mg/kg soil

. accumulated from manure in the non-saline soil
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Fig. 4. NO3-N (mg/kg soil) accumulated from manure o
in the non-saline soil Incubtation perod (Weeks)
600 kg™ soil) was statistically (P < 0.0001) higher than that of

other manures. The lowest mineral N was observed in soils
amended with FYM (68.0 mg N kg™ soil). The content of
mineral N was in the order CM > GM > PM = SS > FYM.

= 0 Salinity was observed, here to restore it’s positive effect (p
% 200 < 0.0001) on mineral N, where mineral N in saline soil
= (178.6 mg N kg™ soil) was significantly higher than that in
g

non-saline soil (146.6 mg N kg soil).

Relationship between manure chemical composition and
N  mineralization. In the saline soils, N
mineralization/immobilization (both TMN & net N) was
best related to initial TN content, where the polynomial
model showed the best fitting model (Table II). Relationship
to initial lignin was found to come next to TN. However, the
> GM> SS > FYM > PM. After this week, salinity was study showed weak relationship with other initial properties
observed to have significant (P < 0.0001) negative effect on (e.g., C/N, cellulose & hemicellulose). However the

W0 W2 W4 Wi Wa Win W12
Incubation petiod (Weeks)

mineral N where mineral N in saline soil (243.8 mg N kg situation in the non-saline shows that TMN is best related to
soil) was significantly lower than that in non-saline soils both initial TN (R* = 0.75) and cellulose (R* = 0.665),
(299.1 mg N kg™ soil). whereas net N was best fitted to lignin (R* = 0.89), TN (R* =

Week twelve. Mineral N content from CM (314.2 mg N 0.75) and cellulose (R? = 0.66).
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DISCUSSION

N mineralization/immobilization from manures. In this
study, NOs-N was the dominant form of inorganic N, which
did not agree with that reported by Maithani et al. (1998)
and Calderon et al. (2004), who found that the NH4-N was
the dominant form of inorganic N. This could be due to
slightly alkaline nature of the soil pH (>7.0), which may
have increased the growth and activity of autotrophic
nitrifiers in the soils (Chao et al., 1993).

The fluctuations of NH4-N release during the first two
weeks of incubation suggest a loss of NH,-N from the manure
by NHj voltalization. The decline in soil NH4-N between
weeks zero and week two can be explained by an event of
rapid nitrification combined with denitrification. The fact that
the soil NOs-N did not increase between week one and two of
the incubation interval suggests that the NO;-N was taken up
by the denitrifiers as soon as it was produced, preventing an
increase in the standing NOs-N pool, because of restricted
aeration, which encourages denitrification (Calderon et al,
2004). This close coupling between nitrification and
denitrification has been observed by others and resulted in a
high proportion of the mineralized N to be lost as N gas
(Nielsen & Revsbech, 1998; Meyer et al., 2002).

The total amount of N released from the control and

manures treatments was 225.06 and 56.28 to 385 mg N kg’
soil, respectively for saline soil and 121.5 and 79.8 to 323.8
mg N kg soil, for non-saline soil, respectively. These
values are comparable with some of the results reported in
the literature, but are different from others. For example,
Lindemann and Cardenas (1984) showed that 137.4 and
182.6 mg N kg soil was released at SS rates of 330 and 600
mg N kg™ soil, respectively. These variations are likely to be
due to the differences in soils, waste materials, C/N ratios,
application rates, and environmental conditions used for the
different studies.
Effects of manure and soil salinity on N mineralization.
The differences in N mineralization among the manures
studied; CM, FYM, PM, GM and SS were larger as
expected from their initial characterization. Manuring soils
is sometimes followed by an extended period where N
immobilization limits N availability (Kirchmann &
Lundvall, 1993). Other workers have found that laboratory
incubations of manured soil lasting for weeks may result in
negative N mineralization values (Eneji ef al., 2002), while
longer incubations resulted in positive values (Hadas &
Portnoy, 1994). However, waiting for more than 10 weeks
for positive N mineralization would miss the period of high
N demand of most crops if the soils are planted soon after
manuring the field (Calderon et al., 2004).

The net N mineralization/immobilization (N,;) was
significantly correlated with the initial N concentration of the
manures in both saline and non-saline soils. The positive
response of N mineralization/immobilization (N,,;) to the
manure N concentration in the presence of salinity reveals
that N content of the manure is still a limiting factor for
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decomposer population; even when they have been exposed
to salinity stress as high as 10dSm™. In this study the
significant correlation among net rates of N transformation
and N concentration in each of the manures is consistent with
previous studies (Seneviratne, 2000; Trinsoutrot ef al., 2000).

A significant polynomial relationship was observed
between net Nm/i in saline and non-saline soils. Cellulose
correlated positively with N mineralization under the non-
saline soils. This could have been a result of the alkaline pH
of the soil (pH>7). The pH optima for the activity of the
cellulose degrading enzymes in most terrestrial fungi lie
between 3.5 and 5 (average 4.3), whereas those of the
cellulose degrading enzymes range from 4 to 7 (Seneviratne
et al., 1999). In this study, C/N was found to be not a good
predictor of N mineralization as previously reported by
Thurie's et al. (2001).

CONCLUSION

In crux, NO;-N was the dominant form of inorganic N
in non-saline soils for all the manures and also, in saline
soils. Nitrogen mineralization depends on initial content of
manure N, lignin and cellulose. N, in general is affected
negatively by salinity.
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