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ABSTRACT 

 

As it is believed that soil salinity can alter the organic matter turnover process, the present 

study discussed the influence of soil salinity on the decomposition of organic matter and 

nitrogen mineralization in animal manure amended soils. A factorial combination of two soil 

types (saline and non-saline soils) with three types of animal manure (i.e. poultry manure, 

goat manure and cow dung) was used to assess the C and N mineralization. 

The amount of CO2-C released from both soils was not significant (P ≤ 0.05) until day 2 of 

incubation. However, as incubation progressed, the amount of CO2-C released from manure 

amended soils was found to be significantly (P ≤ 0.05) higher than that of the control. 

However in the case of cow dung amended soils, release of CO2-C was not much influenced 

by the salinity stress. The NH4
+
 -N content of both soils was found to be reached to the peak 

at day 14, followed by gradual reductions in all treatments. However, saline soil showed 

significantly (P ≤ 0.05) low NH4
+
 -N content compared to the non-saline soil. Though, the 

nutritional composition of applied manures was different, no significant (P ≤ 0.05) 

differences were found among the treatments in terms of N mineralization. Furthermore, no 

distinct pattern of treatment behavior could be observed for NO3
-
 -N contents also. However, 

the content of NO3
-
 -N was found to be dominated in non-saline soil throughout the 

incubation. Results could be concluded that the response pattern of C and N mineralization 

to salinity stress depended on the type of animal manure incorporate to the soil and duration 

of incubation. 

 

Key words: salinity stress, animal manure, decomposition of organic matter, nitrogen 

mineralization 

 

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). Salt-affected soils are 

characterized by high concentrations of 

soluble salts and low organic matter and 

nitrogen content (Asmalodhi et al, 2009). 

The negative effects of salinization are 

intensified by the low levels of soil organic 

matter (Muhammad et al, 2005) and 

decreasing stability of soil structure, i.e. 

the tendency to slake, disperse and swell 

under specific conditions (Qadir and 

Schubert, 2002). In contrast to soil 

physical and chemical properties, a little 

attention has been paid on soil 

microbiological aspects of saline 

environments. However, recent studies 

clearly revealed the adverse effects of 

salinization on the soil microbial biomass 

(Rietz and Haynes, 2003). In particular, 

the fungal part of the microbial biomass 

estimated by PLFA (phospholipid fatty 

acids) (Pankhurst et al, 2001) or ergosterol 

analysis (Sardinha et al, 2003) was 

strongly reduced in saline soils. 

Salinization has been identified as one of 

the most stressing environmental 
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conditions for soil microorganisms 

(Sardinha et al, 2003), thus nutrient 

mineralization of such soil could also be 

affected by the high concentrations of 

soluble salts.  

 

Replacement of ions responsible for the 

salinity either chemically or by adding 

organic manure is found to be a viable 

strategy in ameliorating of salt-affected 

soils (Garcia, 2000). However, release of 

inorganic forms of N, P and other 

organically-bound nutrients in soil is 

functionally associated with carbon 

mineralization (Mafongoya et al, 2000) 

and hence, is affected by the salinity stress 

that inhibits the mineralization of organic 

materials in soil. This inhibition was 

further illustrated by Nakhone and 

Tabatabai (2008) who reported that 

mineralization of nutrients from an organic 

amendment depends on abiotic factors also 

in addition to the biotic factors as reported 

by Rowell et al. (2001). Though the effects 

of biochemical composition of organic 

amendments on their decomposition 

kinetics have been addressed (Thuriès et 

al, 2002), the possible changes under 

saline condition are yet to be elaborated.  

  

Under saline conditions, the role of N 

becomes crucial as the biological activity 

of these soils is poor. However, because of 

low organic matter level of such soils, 

conservation of N through microbial 

immobilization remains limited. As a 

result, fertilizer N economy of salt affected 

soils may not be comparable to normal 

agricultural soils (Asmalodhi et al, 2009). 

A number of organic N-containing 

materials, such as animal manure, sewage 

sludge and plant residues are being used as 

soil amendments and a source of N for 

improving the soil quality (Yousif and 

Abdalla, 2009). This practice helps in 

improving the N availability status as such 

or through enhanced N mineralization 

from organic matter. However, the process 

of N mineralization is significantly 

affected by factors such as excessive salts, 

soil temperature and moisture (Asmalodhi 

et al, 2009). Despite recent literature 

brings valuable information on many 

aspects of N mineralization, the interaction 

between the quality of organic material 

and nitrogen mineralization under saline 

condition is not well understood 

(Nourbakhsh and Hossein, 2006). In 

addition, published literature on the effects 

of salinity on soil biological processes 

often showed contradictory results 

(Vanessa et al, 2004). The present paper 

comparatively discusses the decomposition 

pattern of organic matter and nitrogen 

mineralization of animal manure amended 

saline and non-saline soils.
  

 

 

  MATERIALS AND METHODS 

 

  Soil collection 

Laboratory investigation was conducted at 

the Department of Soil Science, Faculty of 

Agriculture, University of Ruhuna, 

Mapalana, Kamburupitiya, Sri Lanka. The 

soil used in this study belongs to Red 

Yellow Podzolic great soil group and is 

classified as Hapludults according to the 

USDA soil taxonomy (Mapa et al, 1999). 

Soil samples were collected randomly 

from fifteen locations along the coastal 

belt of the Madiha East GS Division, 

Matara, Sri Lanka to represent the saline 

soils. Non-saline soil samples were also 

collected from the same GS Division, but 

away from the sea. After removing the 

surface litter, soil samples were taken from 

0 – 15 cm depth using an auger and mixed 

thoroughly to make composite samples. 

The chemicals used in this study were of 

analytically grade and used without further 

purification.  

 

   Treatments 

Chemical and physical characteristics of 

soils were determined prior to the study 

using standard methods (Table 1). Sub 

samples of 100 g of homogeneously mixed 

air dried soil were placed in glass bottles. 

The soils in bottles were watered to adjust 
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the moisture content to 50 % of the field 

capacity (dry basis) and kept in dark for 

two weeks prior to addition of animal 

manures. The moisture content of the soils 

was monitored daily in order to make sure 

the sufficient moisture in the bottles. 

Animal manure (poultry manure, goat 

manure and cow dung) was collected from 

the Faculty farm and air dried for three 

days. After two-week pre-incubation 

period, the glass bottles were opened and 

235 mg of poultry manure, goat manure 

and cow dung were mixed separately with 

the soil. The application rate represented 5 

tons per hectare, on the assumption that 

top 15 cm of an area of 1ha contains 2.13 

X10
9
 kg soil (soil bulk density 1.42 g cm

-

3
). Soil samples without being amended by 

animal manure were used as control. The 

treated soil samples along with the 

controls were incubated in the dark at 

room temperature (25 ± 1
o
C). Constant 

moisture content of the soil was 

maintained throughout the incubation 

period. A Completely Randomized Design 

(CRD) with four replicates was used and 

the data generated were subjected to 

analysis of variance (ANOVA) using SAS 

software (SAS Institute, 1988). Least 

significant difference at P ≤ 0.05 was used 

to separate the means.  

  

 

    

 

Table 1: Chemical and physical characteristics of saline and non-saline soil 

Property Non-Saline Soil Saline Soil Analytical Method 

Soil texture 

 

 

 

 

Bulk Density   

(g/cm
3
) 

    Sand – 84 % 

    Silt – 12 % 

    Clay – 04 % 

   

1.23 

    Sand – 81 % 

    Silt – 08 % 

    Clay – 11 % 

              

            1.25 

 

Sedimentation and 

Decantation method 

 

 

Undisturbed core 

method 

SSooiill  ppHH 66..33 88..0044 Using pH meter 

EECC  ((ddSS//mm)) 1188..22 00..9977 Using EC meter 

OOrrggaanniicc  CC  ((%%)) 11..0066 00..99 Wet oxidation 

method  

TToottaall  NN  ((%%)) 00..1133 00..33 Micro Kjeldhal 

method  

BBoorraaxx  PP  ((mmgg//kkgg  

ooff  ssooiill)) 

9966..33 223300 Borax method 

EExxcchhaannggeeaabbllee  KK  

((mmgg//kkgg  ooff  ssooiill)) 

117755 111100 Using an Atomic 

Absorption 

Spectrophotometer 
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Decomposition of organic matter 

Soil samples in gas-tight glass containers 

along with a vial containing 10 ml of 1 M 

NaOH to trap CO2 and a vial of water to 

maintain humidity were incubated at room 

temperature (25 
o
C) in the dark. The NaOH 

traps were replaced at 2, 5, 7, 14, 21, 28, 35, 

42, 49, 56 and 70 days after the treatment. 

Unreacted alkali in the NaOH traps was 

titrated with 0.5 M HCl to determine CO2 -C 

released from the soil (Anderson, 1982). 

 

Nitrogen mineralization 

Nitrogen mineralization was determined in 

terms of inorganic N (NH4
+
-N and NO3

-
 -N) 

concentration of soil extracted at 2, 5, 7, 14, 

21, 28, 35, 42, 49, 56 and 70 days after 

incubation. Samples containing 10 g soil 

were extracted using 30 ml of 2 M KCl and 

the extracts was used to determine NH4
+
-N 

and NO3
-
 -N. The NH4

+
-N content was 

determined following the Berthelot reaction 

(Searle, 1984) and the NO3
-
 -N by sodium 

salicylate yellow color method (Bremner, 

1982).  

 

 

RESULTS AND DSCUSSION 

 

Periodic changes in the amount of CO2-C 

released from the animal manure amended 

saline and non-saline soils are depicted in 

Fig.01. The amount of CO2-C released 

from animal manure amended soils was 

found to be increased at an increasing rate 

as incubation progressed. Furthermore, 

different animal manures resulted in 

different rates of CO2 evolution. However, 

the C mineralization in saline soil was 

considerably lesser than that of in non-

saline soil. Though no significant 

differences (P ≤ 0.05) were found among 

the cumulative CO2-C released from the 

poultry manure, goat manure and cow 

dung amended soils under non- saline 

condition (EC=0.97 dS/m), the respective 

figures were 0.80, 0.82 and 0.82 times that 

of in control. However, under saline 

condition (EC=18.2 dS/m), cumulative 

CO2-C released from poultry manure, goat 

manure and cow dung amended soils were 

found to be significantly different (P ≤ 

0.05) and 0.85, 0.65 and 0.52 times 

respectively that of in control.  

 

Under non-saline conditions, the highest 

carbon mineralization was observed from 

poultry manure amended soils which can 

be attributed to the higher biodegradability 

of poultry manure induced by higher N 

content. Nourbakhsh and Dick (2005) 

demonstrated that the rate of nutrient 

mineralization potential of a calcareous 

soil treated with plant residues heavily 

depended on the N content of plant 

residues. This suggests that the readily 

decomposable fractions of organic C in 

poultry manure are greater than those in 

goat manure and cow dung. In fact, the 

chemical composition of these animal 

manures was varied considerably. Since 

the C contents of the animal manure are 

not widely varied, the wide range of the 

C:N ratios can be attributed to the N 

concentrations. The N concentration in 

poultry manure was about nearly 2 times 

that of cow dung. 

 

Though no significant (P ≤ 0.05) variation 

in the amount of CO2-C release from both 

soils was observed until day 2 of the 

incubation, as the incubation progressed, 

the released amount was found to be 

significantly (P ≤ 0.05) different in both 

soils. However, in the case of cow dung 

amended soils, CO2-C releasing pattern 

was found to be not influenced by the 

salinity stress.  

 

 

 

 

 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1599805#B18
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Figure 1: Cumulative C mineralization of the non-saline and saline soil amended with 

poultry manure (a), goat manure (b), cow dung (c) and untreated control (d). Values given 

here are the means (n = 4) ± standard deviation.  

 

 

 

The salinity caused reductions in the rates 

of CO2 evolution by 43, 24 and 6 % 

respectively in poultry manure, goat 

manure and cow dung amended soils. 

However, in the case of controls, no 

marked reduction in the rates of CO2 

evolution was observed possibly due to the 

lower carbon content in saline soils than 

that of non-saline soil. Sardinha et al. 

(2003) reported that salinization has 

stronger effects on microbial properties of 

soil than heavy-metal pollution, thus it can 

be considered as one of the most stressing 

environmental conditions for microbial 

growth and proliferation in soil. Pathak 

and Rao (1998) reported that a saline soil 

(EC of 16 dS/m) decreased the C 

mineralization of Sesbania cannabina 

leaves amended soils. They further 

reported that addition of organic material, 

which, in the short term, provides 

additional substrates for the microbial 

population, may also relieve osmotic and 

pH stress on the microorganisms.  

 

The changes in NH4
+
 -N release during the 

incubation period are shown in Fig. 02. 

The NH4
+
 -N content of both soils was 

found to be reached to the peak at day 14 

followed by gradual reductions in all the 

treatments. Though, the nutritional 

composition of applied manures was 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1599805#B20
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widely varied, no significant (P ≤ 0.05) 

differences in N mineralization were found 

among the treatments. However, saline soil 

showed significantly (P ≤ 0.05) low NH4
+
 

-N content compared to the non-saline soil. 

As expected, the control soil recorded a 

low level of NH4
+
-N (2 – 13 mg/kg soil) 

compared to that of in manure amended 

soils. The changes in NO3
-
 -N release 

during incubation period are shown in Fig. 

03. Despite no distinct pattern of treatment 

behavior could be observed for NO3
-
 -N, 

non-saline soil showed to have higher 

NO3
-
 -N level throughout the incubation.  

 

The fluctuations of NH4
+
-N release during 

the incubation suggest that a possible loss 

of NH4
+
-N from the amended manure by 

means of NH3 volatilization. The decline 

in soil NH4
+
-N between 5-7 days of 

incubation can be explained by an event of 

rapid nitrification combined with 

denitrification. The amount of soil NO3
-
-N 

did not increase between 1-10 days of the 

incubation suggesting that the NO3
-
-N was 

taken up by the denitrifiers. As reported by 

Calderon et al. (2004), this could prevent 

the increase in the standing NO3
-
-N pool, 

due to restricted aeration, which 

encourages denitrification. In fact, this 

close coupling between nitrification and 

denitrification which results in a high 

proportion of the mineralized N to be lost 

as N gas has repeatedly been observed 

(Nielsen and Revsbech, 1998; Meyer et al, 

2002). 

 

In the present study, NO3-N was found to 

be the dominant form of inorganic N, 

which is not in agreement with Maithani et 

al. (1998) and Calderon et al. (2004), who 

observed NH4-N as the dominant form of 

inorganic N. This could be due to slightly 

alkaline nature (pH >7.0) of the soil used 

in the present study, which may have 

enhanced the growth and the activity of 

autotrophic nitrifiers in the soils as 

reported by Chao et al. (1993). Okura 

(2002) reported that, N mineralization was 

more sensitive to salinity than C 

mineralization. According to his findings, 

slightly saline irrigation water (EC of 6.5 

dS m
-1

), caused 47 % reduction in N 

mineralization, while in the case of C 

mineralization, the same treatment lead to 

an inhibition of only 17.5 %. Sarig et al. 

(1993) reported that irrigation with saline 

water (EC=5 dS m
-1

) could increase the 

accumulation of C and N in microbial 

biomass, but decrease the rate of C and N 

mineralization. Rapid ammonification with 

presumed immobilization occurred up to 

day 14 and thereafter, NH4
+ 

oxidation took 

place with poultry manure exhibiting the 

greatest nitrification. Therefore, depression 

of ammonification and nitrification and the 

overall decrease in net N mineralization 

with increasing pH or salinity were all 

evidence of the biological nature of N 

mineralization in salt-affected soils.  

 

According to Eneji et al. (2002), 

laboratory incubations of manured soil 

lasting for weeks may result in negative N 

mineralization values, though Hadas and 

Portnoy (1994) reported that longer 

incubations could positively influence N 

mineralization. These variations are likely 

to be due to the differences in soils, 

materials, C/N ratios, application rates and 

environmental conditions used for the 

different studies (Yousif and Abdalla, 

2009). However, it is well understood that 

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). As the 

present investigation was performed under 

laboratory conditions, results should be 

confirmed by the studies conducted under 

field conditions also because salinity may 

interact differently with different 

environmental factors.  

 

 



The Journal of Agricultural Sciences, 2010, vol. 5, no 1 

 

 

15 

 

 

 

(a)

0

15

30

45

60

75

90

2 5 7 14 21 28 35 42 56 70

Incubation period (days)

N
H

4
+
-N

 (
m

g
/k

g
 s

o
il
)

Saline soil

Normal soil

(b)

0

15

30

45

60

75

90

2 5 7 14 21 28 35 42 56 70

Incubation period (days)

N
H

4
+
-N

 (
m

g
/k

g
 s

o
il
)

Saline soil

Normal soil

 

(c)

0

15

30

45

60

75

90

2 5 7 14 21 28 35 42 56 70

Incubation period (days)

N
H

4
+
-N

 (
m

g
/k

g
 s

o
il
)

Saline soil

Normal soil

(d)

0

15

30

45

60

75

90

2 5 7 14 21 28 35 42 56 70

Incubation period (days)

N
H

4
+
-N

 (
m

g
/k

g
 s

o
il
)

Saline soil

Normal soil

 

Figure 2: Release of NH4
+
-N from the non-saline and saline soil amended with poultry 

manure (a), goat manure (b), cow dung (c) and untreated control (d). Values given here are the 

means (n = 4) ± standard deviation.  
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Figure. 3: Release of NO3
-
-N from the non-saline and saline soil amended with poultry 

manure (a), goat manure (b), cow dung (c) and untreated control (d). Values given here 

are the means (n = 4) ± standard deviation.  

 

 

 

CONCLUSIONS 

 

Salinity caused reductions in the rates of 

CO2 evolution by 43, 24 and 6 % 

respectively in poultry manure, goat 

manure and cow dung amended soils. 

Reductions in NH4
+
 -N content was also 

significantly low in saline soils. Therefore 

it could be concluded that the response 

pattern of C and N mineralization to 

salinity stress is depending upon the type 

of animal manure incorporated to the soil. 

Further the mineralization pattern was 

found to be varied with the time also. 

However, studies under field conditions 

would provide better illustration as to how 

mineralization takes place in animal 

manure amended saline and non-saline 

soils. 
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