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Abstract: The experiment was conducted to see the sulphur (S) mineralization pattern of bioslurry under aerobic and anaerobic soil 

conditions. Two bioslurry (cowdung bioslurry and poultry manure bioslurry) and their original manure (cowdung and poultry manure) 

@ 3, 5, 10 and 20 t ha-1, respectively were thoroughly mixed with soil and incubated in aerobic and anaerobic moisture condition for 12 

weeks. Among the four different types of manure, S release from poultry manure bioslurry was the highest. Poultry manure and 

cowdung slurry recorded very closer amount of available S. Both cowdung slurry and poultry manure slurry released higher amount of S 

compared to their original state (cowdung and poultry manure). S mineralization reaches in peak within 5-7 weeks of incubation. Under 

aerobic condition the S mineralization was found higher compared to aerobic condition. The S mineralization data fitted strongly to the 

first order kinetic model. The bioslurries had higher potentiality to release S in the soil compared to their original state. 
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Introduction 

Recently in Bangladesh, biogas technology has been 

introduced to meet the energy crisis and installed more than 

31,000 biogas plants by the year 2013. Cowdung and poultry 

manure are commonly used in biogas plant. After extraction 

of biogas (50-70% CH4, 30-40% CO2), bioslurry comes out 

of the digester as an anaerobically decomposed manure 

(Mosquera et al., 2000). The bioslurry produced from these 

biogas digesters is mostly being wastage, polluting the 

environment many cases and becoming a major burden 

(Islam, 2011). This is happening due to less awareness and 

knowledge gap of the farmers about the nutritional value 

of bioslurry for crop production. If properly managed, 

bioslurry could play a major role in supplementing the use 

of expensive chemical fertilizers (Yu et al., 2010; 

Abubaker, 2012) in Bangladesh. 

Nutrient mineralization potential and decomposition 

patterns of organic residues like cowdung, poultry manure 

or bislurries are variable depending on the chemical 

composition (Mtambanengwe and Kirchmann, 1995). 

During decomposition, organic material changes in both 

its physical and chemical structure. Easily decomposable 

part of soil organic matter undergoes quick mineralization 

and becomes a part of soil humus, a small portion of 

which may remain in soil for thousands of years (Reddy et 

al., 2002).  

There also have some differences in the mineralization of 

organic manure under aerobic and anaerobic conditions. 

Despite recent literature provides valuable information on 

many aspects of sulphur (S) mineralization, the interaction 

between the kind of organic manures and S mineralization 

under aerobic and anaerobic conditions is not well 

understood. The present paper comparatively discusses the S 

mineralization pattern in the bioslurry and other manure 

amended soils under aerobic and anaerobic conditions. 

 

Materials and Methods 

The incubation experiment was conducted in the 

laboratory of the Department of Soil Science, Bangladesh 

Agricultural University (BAU), Mymensingh. Soils were 

collected from the BAU farm, Mymensingh (Old 

Brahmaputra Floodplain, AEZ-9) at 0-15 cm depth of a 

field, air dried and thoroughly mixed. The air-dry soils 

were ground and passed through a 2-mm sieve to remove 

roots and other debris. The soil was silt loam, with 1.14 % 

O.C., 6.5 pH, 1.17 % N, 6.0 mg kg-1 P, 0.12 cmol kg-1 K, 

and 14.0 mg kg-1 S. The elements were determined by 

some standard methods, as outlined by Page et al., (1982). 

Four types of organic manure viz. cowdung, cowdung 

bioslurry, poultry manure and poultry manure bioslurry 

were used in this study. The manures were air-dried, 

ground and passed through a 2-mm sieve. The chemical 

composition of various manures is presented in Table 1. 

Table 1. Chemical composition of different manures  

Manure C (%) N (%) P (%) K (%) S (%) C:N C:P C:K C:S 

Cowdung (CD) 38.6 1.70 0.88 2.02 0.41 22.8 43.8 19.1 95.3 

CD slurry 29.3 1.84 1.30 0.93 0.42 16.0 22.6 31.6 69.4 

Poultry manure (PM) 34.9 2.28 1.48 2.23 0.53 15.3 23.5 15.6 65.7 

PM slurry 19.2 1.70 2.52 0.67 0.67 11.3 7.6 28.5 28.5 
 

An amount of 100g air-dry soil was weighed into a series 

of small plastic containers. Air dry finely ground 

cowdung, cowdung bioslurry, poultry manure and poultry 

manure bioslurry @ 1.5, 2.5, 5.0 and 10.0 g kg-1 

(equivalent to 3, 5, 10 and 20 t ha-1, respectively) were 

thoroughly mixed with soil in separate containers. A 

control container (without organic manure) was run along 

with each set of incubation. Two moisture levels – one 

field capacity/aerobic (25% soil moisture) and another 

submerged/anaerobic condition (1 cm standing water above 

soil) were maintained. The containers were incubated at 

room temperature (25 ± 2°C) for 12 weeks. All the 

treatments were replicated twice.  

Destructive sampling was done in this experiment. The 

first sampling was done just the next day of incubation and 

this analysis was used as initial content of the soil. The 

second measurement was taken at 7 days after incubation, 

thereafter at 7-day intervals and after 8 weeks 

measurement was done at 2-week intervals. Available S 

was extracted from soil by 0.15% CaCl2 solution and the 

extractable S was determined turbidimetrically (Williams 
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and Steinbergs, 1959). The data were corrected for 

moisture content and reported on oven dry basis.  

Net S mineralization data was fitted to the first-order 

kinetic model. The equation for S was St = S0 (1-e-kt), 

where St is the net sulphur mineralized at time t, S0 is the 

potentially mineralizable sulphur and k is the rate constant. 

The fits and kinetic parameters were carried out using the 

SigmaPlot 12.0 software. 

 

Results and Discussion  

Sulphur mineralization was varied by the types and rates 

of manure, soil moisture content and incubation time (Fig. 

1). Among the manures, S release from poultry manure 

bioslurry was the highest. Poultry manure and cowdung 

slurry recorded very closer amount of available S. Among 

the four different types of manure, cowdung recorded the 

lowest amount of available S (Fig 1). Figure 1 further 

confirms that cowdung slurry and poultry manure slurry 

released higher amount of S compared to their respective 

original state (cowdung and poultry manure).  

Comparing the effects of manure rates, the 3 t ha-1 

recorded the lowest amount of S mineralization and it 

progressively increased with increasing rates of manure 

application and accordingly the highest S mineralization 

was noted with the highest rate of manure application (20 t 

ha-1).  
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Fig. 1. Trend of net S mineralization from manures under aerobic and anaerobic conditions 
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There was a remarkable variation in S mineralization 

between aerobic and anaerobic soil conditions. Under 

aerobic condition the S mineralization was found higher 

compared to anaerobic condition (Fig 1). The maximum S 

mineralization of 7.8, 10.3, 14.6 and 21.4 mg kg-1 at 3, 5, 

10 and 20 t ha-1 manure rate, respectively was recorded 

under aerobic soil condition; these values in anaerobic 

condition were 7.5, 9.9, 12.0 and 14.0 mg kg-1, 

respectively. Such result reveals that aerobic condition is 

favorable for S mineralization than anaerobic condition.  

A distinct variation in S mineralization was observed 

across the incubation times. Sulphur mineralization 

progressively increased with passage of time and reached 

its peak within 5th to 7th week of incubation and thereafter 

it gradually decreased until expiry of incubation time (Fig. 

1).  

The net S mineralization data were fitted to different 

kinetic functions. The best fit was using a first-order 

kinetic model Smin= S0 (1-e-kt). The parameter values and 

coefficients of determination for the S mineralization 

kinetics are presented in Table 2. The S mineralization 

data fitted strongly in the first order kinetic model, the r 

value being found from 0.700 to 0.939 across the manure 

types and manure application rates. Over the manure types 

and rates the S0 value (mineralization potential) was 

always higher in aerobic condition compared to respective 

anaerobic condition, which indicates the higher scope of S 

mineralization under aerobic soil system. Among the 

manures, the highest of 5.29, 6.62, 10.72 and 15.13 mg kg-

1 S0 was recorded by poultry manure bioslurry at 3, 5, 10 

and 20 t ha-1 rates, respectively under aerobic condition. In 

this moisture condition second and third position was 

ranked by poultry manure and cowdung bioslurry. 

Cowdung recorded the lowest S0 value regarding all the 

manure rates.  

 

Table 2.  Parameter values and coefficients of determination for the S mineralization kinetics of different manures 
 

Rates of 

manure 

Types of 

manure 

Aerobic condition 
 

Anaerobic condition 
 

S0 k r adj* F S0 k r adj* F 

3 t ha-1 CD 3.215 0.1012 0.853 27.7(P<0.0005) 2.670 0.0934 0.738 7.85(P<0.0206) 

CD-sl 4.899 0.0762 0.939 75.8(P<0.0001) 4.879 0.0783 0.886 37.4(P<0.0002) 

PM 4.620 0.0618 0.827 22.7(P<0.0010) 3.731 0.1477 0.739 13.1(P<0.0056) 

PM-sl 5.287 0.0588 0.903 45.0(P<0.0001) 4.544 0.0496 0.858 28.9(P<0.0004) 

5 t ha-1 CD 2.269 0.1644 0.705 5.41(P<0.0451) 3.416 0.0625 0.763 15.0(P<0.0038) 

CD-sl 5.936 0.1667 0.726 9.00(P<0.0149) 5.106 0.0762 0.700 10.6(P<0.0099) 

PM 5.01 0.0236 0.890 39.3(P<0.0001) 4.720 0.0607 0.791 17.7(P<0.0023) 

PM-sl 6.621 0.0733 0.856 28.4(P<0.0005) 5.566 0.0676 0.815 20.7(P<0.0014) 

10 t ha-1 CD 7.425 0.0411 0.724 12.0(P<0.0071) 4.491 0.0690 0.711 11.2(P<0.0085) 

CD-sl 8.130 0.0839 0.742 8.03(P<0.0196) 6.874 0.1193 0.748 5.29(P<0.0469) 

PM 10.69 0.1146 0.715 7.08(P<0.0260) 4.644 0.2195 0.725 5.57(P<0.0425) 

PM-sl 10.72 0.0570 0.827 22.6(P<0.0010) 6.412 0.1014 0.726 9.74(P<0.0123) 

20 t ha-1 CD 8.641 0.0757 0.749 13.8(P<0.0049) 5.900 0.0798 0.719 6.58(P<0.0305) 

CD-sl 12.72 0.0137 0.890 39.0(P<0.0002) 9.071 0.0850 0.751 13.9(P<0.0047) 

PM 14.07 0.0871 0.727 4.85(P<0.0552) 6.712 0.1069 0.741 3.69(P<0.0870) 

PM-sl 15.13 0.1090 0.715 9.38(P<0.0135) 8.818 0.1077 0.723 5.65(P<0.0415) 

CD: Cowdung, CD-sl: Cowdung bioslurry, PM: Poultry manure and PM-sl: Poultry manure bioslurry, *r value: 0.7 to 0.9 - strongly fit, 0.9 to 1.0 - very 

strongly fit 

 

Under anaerobic condition the results were somewhat 

different compared to aerobic condition. In this case 

cowdung bioslurry ranked the first position in 3, 10 and 20 

t ha-1 rate. Poultry manure bioslutty ranked first position in 

5 t ha-1 rate and regarding other rates it ranked the second 

position. Like aerobic condition cowdung further ranked 

the last position in relation to S0 value. Maximum cases 

lower rate constant values (k) recorded with slurries 

indicate their slower mineralization compared to their 

original state. The overall results indicated that in most 

cases, slurry whether cowdung and poultry manure had the 

higher mineralization potential compared to their original 

state.  
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