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A laboratory study was conducted to investigate efficacy of locally produced microbial inoculants with 
different concentrations on microbial respiration from soils with and without addition of wheat straw 
incubated at 20 and 25°C temperatures for 73 days. The results indicated that the soil microbial 
community structure and activities were obviously influenced by microbial inoculants. In general, 
whereas all inoculants levels were successfully established to different extents on the straw, none 
significantly improved decomposition in either soils or straw amended treatments. Additions of 
microbial inoculants expedite the decomposition and CO2 evolution process. CO2-C emission was 
regularly determined and results revealed microbial inoculants had little (10%) while straw addition 
significantly increased decomposition rates and cumulative CO2-C by 39% in straw amended than 
controls. Straw addition into soil had significant relationships (p < 0.05) with cumulative amounts of C; 
soil organic C, microbial biomass nitrogen. There was highly significant relationship between CO2-C 
emission and incubation period (R2=0.94). In conclusion, microbial inoculants and straw incorporation 
will enhance CO2-C evolution, soil carbon and microbial biomass, thus improving soil quality. 
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INTRODUCTION 
 
Soil quality, food security and carbon dioxide emissions 
are largely influenced by Soil organic carbon (SOC) 
contents (Lal, 2004; Wang et al., 2009). Changes in SOC 
affect carbon cycle, atmospheric CO2 and climate 
(Vanhala et al., 2007). Crop straw removal, manure 
abandonment and field practices with low carbon returns 
to arable soils have depleted SOC contents (Dalia and 
Grazina, 2008; Zhang et al., 2008). As often observed in 
many parts of world, decline in SOC is also an increasing 
concern in China, especially Ghuanzhong plain (Zhang et  
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al., 2008) threatening soil and considered crucial to 
enhance fertility, improve soil quality environmental 
quality. Residue returning in arable fields is and  sustain 
the soil organic carbon (SOC) content on the other hand 
loss of SOC has adverse effects on  physical, chemical 
and biological properties of soil and CO2 release (Kumar 
and Goh, 2003).  

Guanzhong Plain is an important cereal production 
area accounting 19% of total land area with typical semi-
humid climate and prone to drought. Mostly crop lands in 
this area possess relatively low SOC contents due to long 
intensive cultivation coupled with less organic C returns 
to soil (Zhang et al., 2008; Wang et al., 2008). Winter 
wheat and summer maize rotation annually is major 
cropping system of about 0.8 million hectares cultivated 
for  past  four  decades.  A  great  deal  of  straw  is  being
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Table 1. Microbial biomass nitrogen (mg kg-1) in soils with and without straw amended with microbial inoculants under 
different temperature regimes. 
 

Microbial 
agent 

S0  S1  
Average T1 T2  T1 T2 

P1 15.10 cd 8.32 d  56.26 ab 24.35 c 26.01 A 
P2 22.11 cd 14.99 cd  47.27 b 24.44 c 27.20 A 
P3 18.73 cd 11.90 cd  69.85 a 18.95 cd 29.86 A 

Average 18.64 BC 11.73 C  57.79 A 22.58 B  
 

Significant difference among treatments are indicated at p<0.05; significant difference among means are indicated at p<0.01 
 
 
 
produced each year but only 15% is returned directly to 
soil (Han et al., 2002). Some are used for livestock, 
industry while rest is discarded or burnt causing serious 
environmental implication as CO2 emission. Field 
incorporation of straw after mechanized harvest is being 
promoted to enhance SOM levels, regulate C, supply 
nutrients, and improves soil quality and reduced C 
release to atmosphere (Abro et al., 2011). 

Microbial interaction of specific microorganisms 
(cellulolytic and lignolytic) with soil and crop residue may 
be considered as an appropriate strategy for effective 
decomposition of added substrate. Fungi belonging to 
genus Aspergillus, Trichoderma, Phanerochaete and 
Coprinus are known to decompose, wheat straw (Gaind 
and Mathur, 2001). Bastian et al. (2009) reported that 
microbial succession on fresh organic residues incorpo-
rated will be dominated by copiotrophs and substrate 
quality declines with time. Use of microbial inoculants is 
being introduced to enhance rate of residue decom-
position added to soil (Fang et al., 2005; Wang et al., 
2003). Incorporation of straw into soil mixing of straw 
evolutes more CO2 as result of increased microbial 
activity (Potthoff et al., 2005; Chen et al., 2007). Less is 
known about this in our research area so it was our first 
aim to evaluate soil respiration (CO2 evolution) with and 
without straw along with use of microbial inoculants under 
controlled lab simulation experiments. Microbial inocu-
lants may also be affected by the increase or decrease in 
temperature for CO2 evolution from the soils with and 
without straw (Garnier et al., 2003). Tempera-ture is 
primary rate determinant and sensitivity of microbial 
processes and influences greatly the decomposition of 
SOC of added residues in soils (Kirschbaum, 2006; 
Wetterdest et al., 2009). Temperature drastically affects 
rates of CO2 release from soils added with residues 
(Niklinska et al., 1999).  

Present study was therefore under-taken with the 
objectives a) to evaluate effectiveness of locally produced 
microbial inoculation product on CO2 (microbial respire-
tion) evolution in soils with and without wheat straw under 
different temperatures regimes. b) Subsequent effect of 
microbial inoculants in soils with and without wheat straw 
addition on soil properties as SOC, microbial biomass 
nitrogen (MBN) and soil inorganic nitrogen NO3

--N, NH4
+-

N (Table 1). 

MATERIAL AND METHODS   
 
Preparation of soil and straw samples 
 
The soil used in this incubation study was collected on April, 2010 
from Guanzhong Plain, Sanyuan County, Shaanxi Province, and 
Northwest China. Annual winter wheat and summer maize rotation 
is major cropping system in this area. The mean annual 
temperature and precipitation are approximately 13.6°C and 656 
mm, respectively. The soils were classified as Earth-cumuli Orthic 
Anthrosols according to Chinese Soil Taxonomy (ISSAS, 2001). 
The texture of soil was clayey loam with water holding capacity of 
300 kg-1, pH 7.3, organic carbon 9.2 g·kg-1, and total nitrogen 0.86 
g·kg-1. Wheat ((Triticum aestivum) straw carbon was 43.3% and 
total nitrogen was 0.61%. Soil samples were collected from surface 
horizon (0-15 cm) using soil auger. The soil was air dried and kept 
in plastic bags. Visible plant residues such as roots and leaves 
were removed by hand. The soil was ground and sieved through 2 
mm sieve and then stored for 5 days at 4°C. Wheat straw (including 
leaves and stems) was collected from the same field after the grain 
harvest and taken to the laboratory, washed with distilled water and 
dried at 70°C. The wheat straw was cut into small pieces (< 1 cm), 
ground and mixed with the soil samples for incubation.  
 
 
Experimental design and incubation procedure  
 
The experiment was set up with factorial design of 12 treatments 
with five replicates each; the 5th replicate was used as control (no 
straw addition) for every treatment. The ground straw was 
thoroughly mixed then transferred into PVC pots (height 11cm, 
inner dia. 250 mm) for an equivalent of 125 g soil and 1.25 g wheat 
straw pot-1. The amount of the straw added to soil ensured sufficient 
amounts of C for microbial respiration and was chosen to simulate 
field conditions of the 8 t DM ha-1 incorporated into plough layer. 
Straw amended and microbially inoculated treatments will be 
described as and (P1S0T1, P1S0T2, P2S0T1, P2S0T2, P3S0T1, P3S0T2), 
without straw and (P1S1T1, P1S1T2, P2S1T1, P2S1T2, P3S1T1, P3S1T2) 
and with straw, in hereafter. Microbial inoculants levels (P1=0.1%, 
P2=0.2%, P3=0.3%), Soils S0= (soil without straw) S1= (soil with 
straw), Temperature - T1= 15-oC, T2=250C). 

Microbial inoculants used were obtained from locally produced in 
laboratory natural condition and got the inoculants culture. A 
solution culture of the inoculants was made on % basis and was 
added to soils with and without straw. Nitrogen as (NH4)2SO4 and 
phosphorus as KH2PO4 were uniformly applied to all pots as water 
solution to obtain adjusted moisture level. Samples were slowly 
wetted with calculated amount of deionized water to maintain 
approximately 85% moisture contents of water holding capacity. 
The pots were then kept in the two incubators at two 15 and 25°C 
constant temperatures for 73 days. Carbon dioxide evolution was 
regularly monitored using alkali absorption method, throughout 
experiment. 
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Analytical procedure 
 
CO2-C determination 
 
The pots filled with a soil-straw mixture and 25 ml vials containing 
10 ml of 1M NaOH solution were placed on soil surface inside the 
pot to absorb CO2. Pots were covered with polyethylene sheets and 
incubated in the darkness at 20 and 25°C for 73 days. Excess 
NaOH was titrated with 0.2 M HCl after precipitating carbonates 
with BaCl2 using phenolphthalein as indicator and subtracted from 
the amount titrated in control without straw. All the pots were taken 
out and opened periodically, aerated for few minutes and soil water 
content was checked and adjusted by weighing then adding distilled 
water, to maintain moisture levels. The CO2 evolved was measured 
at 2, 5, 8, 11, 14, 20, 24, 30, 36, 41 and 73th day of incubation. At 
the end of incubation samples were analyzed according to 
procedures. 
 
 
Soil organic carbon 
 
Soil organic carbon concentration was determined using dichro-
mate H2SO4-K2Cr2O7 wet oxidation method of Walkley and Black 
(Nelson and Sommers, 1996). 
 
 
Microbial biomass N 
 
Microbial biomass nitrogen was measured by chloroform fumigation 
extraction method (Brookes et al., 1985). A 40 g sample of moist 
soil was split into two portions shaken at 250 rev min-1 with 100 ml 
K2SO4 and filtered through a folded filter paper. Organic C in 0.5 M 
K2SO4 extracts was measured by Dohrman DC 80. Soil microbial C 
was estimated from the relationship between organic carbon 
extracted from fumigated subtracted from non fumigated soil 
samples. The same relationship was applied for MBN in extracts.  
 
 
Soil inorganic N (NH4

+-N, NO3
--N)  

 
Inorganic 0.5 M K2SO4 extractable ����and NO3

�
�� were determined 

colorimetry by (Automated chemistry analyzer) only in extracts form 
the non fumigated soil samples at 660 and 545 nm, respectively. 
 
 
Statistical analysis 
 
Response of CO2-C evolution to microbial inoculants to soil under 
two temperatures was correlated to its effect on other parameters 
as SOC, SMBC, SMBN and inorganic N (Figure 1). Data were 
obtained as the mean and standard deviation (SD) and analyzed 
using 3-way analysis of variance (ANOVA) by the statistical 
package (SPSS 16.00 for windows) and Microsoft excel 2003. 
Differences in mean values were considered significant by 
Duncan’s multiple range test = P < 0.05.  
 
 
RESULTS 
 
Cumulative CO2-C evolution 
  
Table 2 describes the cumulative flux of CO2-C emission 
from soils with and without addition of wheat straw 
affected by application of microbial inoculants under two 
temperature regimes from all treatments. Statistical 
analysis showed that mixing of straw increased 
significantly    cumulative   CO2-C    from   all   treatments.  

 
 
 
 
Furthermore results revealed that addition of straw 
produced about 39.38% more CO2 compared to without 
addition of wheat straw. However in treatments with out 
straw lower temperature had 23.25% whereas in treat-
ments with addition of straw only had 3.92% increases in 
CO2-C. Although the application of microbial inoculants 
was not significant there was slight increase in the 
evolution of the CO2 with increase in the microbial 
inoculants applied. Generally, at lower temperature fairly 
higher cumulative CO2-C was emitted than at higher 
temperature.  

The percent of carbon mineralized varied with CO2 
emitted from all straw amended treatments. With straw 
returned treatments 58.24% was mineralized from straw 
organic C applied at lower temperature than 57.62% at 
higher temperature. While with all three 0.1, 0.2, 0.3% 
levels of microbial inoculants applied 57.32, 57.66, 
57.84%, respectively, soil carbon was mineralized to CO2 
in 73 incubation days.  
 
 
Correlation of CO2-C emission with incubation time  
 
The cumulative CO2-C showed linear correlations with 
incubation time for both soils amended with and without 
addition of wheat straw with application of microbial 
inoculants under two different temperature levels. The 
CO2-C accumulation increased with incubation time in all 
treatments. Emissions from both, straw amended and 
without straw increased with increasing days of the 
incubation under both temperature regimes. CO2 flux 
varied significantly (p<0.05) and considerably among all 
treatments (Figure 1).  
 
 
SOC 
 
Table 3 describes the accumulation of SOC in the soil 
samples amended with and without wheat straw treated 
with microbial inoculants under two temperature regimes 
in all 12 treatments. Returning wheat straw to soil 
significantly (p<0.05) increased SOC levels in soils in 
comparison to no addition of straw. SOC remained non 
significant in treatments without addition of straw but was 
significant where the straw was applied under different 
temperatures. Microbial inoculants with lower tempera-
ture generally increased SOC levels. On average in 
treatments with no addition of straw lower temperature 
had 3.99% whereas in treatments with addition of straw 
had 6.66% increases over higher temperature. However 
there was slight increase found with increase of microbial 
inoculants levels 1, 2 and 3% used.   
 
 
Soil microbial biomass nitrogen 
 
Similar to MBC, different microbial additions significantly 
influenced the MBN. Comparing with  control,  addition  of 
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Figure 1. Response of soils (a) with and without straw and (b) temperature dependence of   CO2-C evolution 
to the days of incubated for 73 days. 

 
 
 

Table 2. Cumulative CO2-C (mg pot-1) emission from soils with and without straw amended with microbial inoculants under 
different temperature regimes. 
 

Microbial 
agent 

S0  S1 
Average T1 T2  T1 T2 

P1 423 c 331 d  580 a 562 b 474 A 
P2 431 c 327 d  577 ab 571 ab 477 A 
P3 436 c 332 d  579 a 569 ab 479 A 

Average 430 C 330 D  579  567  
 

*Significant difference among treatments is indicated at p<0.05: significant difference among means is indicated at p<0.01. 
 
 
 
wheat straw brought significant increase in MBN. Straw 
addition brought about 37.83% increases in MBN. Almost 
similar trends were observed for production of MBN 
compared to MBC. It was observed that both straw 
addition with use of microbial agent  significantly  affected 

MBN but under lower temperature regimes. On average 
addition of straw to soil brought about 37.78% increase in 
MBN while in treatments without straw 37.07% increase 
at higher temperature where as in treatments with addi-
tion of straw there  was  39.07%  increase  at  lower  than 
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Table 3. Soil Organic Carbon g kg-1accumulated in soils with and without straw amended with microbial inoculants 
under different temperature regimes. 
 

Microbial agent S0  S1  
Average T1 T2  T1 T2 

P1 13.71 ab 12.70 cde  13.76 ab 12.49 e 13.16 A 
P2 12.80 cde 12.92 de  14.38 a 12.45 e 13.14 A 
P3 13.30 bc 12.61 de  13.27 bcd 13.74 ab 13.23 A 

Average 13.27 AB 12.74 B  13.81 A 12.89   
 

Significant difference among treatments are indicated at p<0.05; significant difference among means are indicated at p<0.01 
 
 
 
higher temperature. However there was slight increase in 
MBN with addition of microbial inoculants. 
 
 
Soil Inorganic N (NH4-N, NO3-N) 
 
Generally, values of the controls for NH4 and NO3 were 
relatively higher in our study; probably due to N immobi-
lization in samples Figure 2 depicts the NO3 fluctuations 
in with and without straw amended treatments. Results 
revealed that higher concentration was found in samples 
without wheat straw whereas less was observed in straw 
amended treatments. Higher temperature 25°C produced 
more NO3 than lower 15°C temperature. Contrary to that, 
NH4

�
�� depicted different picture as treatments without 

addition of straw generated less NH4-
+N than with 

addition of straw. Values were higher at lower tempera-
ture than at higher temperature. However microbial 
inoculant has low effect on inorganic N concentration in 
samples with and without straw amended treatments. 
NO3

-N remained significant with changes in temperature 
whereas NH4-N was not significant with temperature but 
significant in terms of with and without addition of straw. 
 
 
DISCUSSION  
  
Effect of microbial product on CO2 evolution in soils 
with and without straw under temperatures   
 
Cumulative evolution CO2 
 
In accordance with findings of Potthoff et al. (2005), the 
mixing of the straw with soil increased 40% the cumuli-
tive CO2-C production compared in treatments with no 
addition of straw. It was observed that in soil samples 
without straw increased about 7-9% increase in cumuli-
tive CO2 evolution in incubation. Magan et al. (2002) 
incubated wheat straw with seven different inoculants in 
laboratory and revealed that all inoculants successfully 
established to different extents on the straw, none 
markedly improved decomposition in either wet or dry soil 
when compared with non-treated straw. In general, 
whereas all inoculants levels successfully established to 
different extents on the straw, none significantly improved 

SOC mineralization in either soils with or without straw 
addition. The failure to respond to inoculation could in 
part be due to the high natural C. butyricum populations 
present on the straw used in agreement with results 
found by Wetterstedt et al. (2009).  

This study revealed that initially rate of straw decom-
position was higher at 25°C up to one month than leveled 
off with 15°C, while finally it was higher at 15°C however 
slightly increasing with increasing levels of microbial 
inoculants. Straw decomposition showed less sensitivity 
to fluctuating temperature may be substrate quality or 
microbial inoculant is a factor to be considered. Present 
study revealed that in treatments and with out straw 
inoculated with microbial inoculums cumulative CO2 
emission was higher at lower than higher temperature. 
These results are in accordance with the results found by 
(Wetterstedt et al., 2009) who reported that more 
cumulative flux of CO2-C was evolved from decomposing 
straw treatments incubated under 15 than 25°C. However 
(Bastian et al., 2009) incubated straw and reported that 
microorganisms both bacteria and fungi involved in 
decomposition of wheat straw are more sensitive to low 
temperatures. 
 
 
Effect of straw incorporation on soil organic carbon 
(SOC) and microbial biomass under different 
temperatures 
  
Microbial inoculants have some effect on enhancing 
microbial activity. Crop residues are one of the main 
sources of SOC and returning straw has obvious effects 
on soil carbon transformation and storage. The addition 
of straw with soil slightly increased the SOC content in 
the soil probably because the wheat straw contains 
organic carbon about 40% that is why straw enhanced 
SOC. The amount of microbial inoculants may have 
contributed little bit more for SOC accumulation along 
with uniform application of N P in this incubation study. 
The increase in levels (P3) of microbial inoculants gene-
rated fairly higher SOC compared to first two levels. The 
difference was significant under lower than the higher 
temperature.  

This implies that higher temperature accelerates loss of 
SOC from  soils  whereas  lower  temperature  keeps  the 
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Figure 2. (a) Ammonium and (b) nitrate accumulation in soils with and without straw amended with microbial inoculants 
under different temperature regimes. 

 
 
 
evolution rates low. These results were in agreement with 
results found by Gaind (2007) who stated that soil organic 
carbon were found to be improved significantly in wheat 
straw + N, P, and microbial inoculants. Chen et al. (2007) 
while incubating straw revealed that straw mixing 
enhanced the SOC content of soils incubated with straw 
under controlled conditions. Thus, returning straw to soil 
is expected to become one of the best ways to improve 
soil fertility and crop yield, hence rates of straw returned 
to soil must be enhanced. High CO2 emission in recent 
years has become a matter of great concern to the global 
community based on geological and ecological, studies. 
Addition of wheat straw along with microbial inoculants 
application can  significantly  increase  SOC  content  and 

reduce CO2 emissions to atmosphere. After the 
decomposition of straw, C emission from decomposition 
will be reduced. So adding straw into soil has obvious 
effect on significant increase in SOC levels under lower 
temperature and microbial inoculants application.  

Microbial biomass nitrogen (MBN) was significantly 
increased by mixing of straw into soil. The microbial 
inoculants had little effect on the MBN and third level 
yielded little bit more than 2nd and first levels. Gaind 
(2007) revealed that returning straw in combination with 
microbial inoculation (T. reesei) improved microbial 
biomass and dehydrogenese and humus content. The 
lower temperature almost produced more MBN than at 
higher   temperature   probably    as   all    the    microbial  
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processes are optimum at favorable temperature. Slight 
increase was observed due to increasing levels of 
microbial inoculants on soil parameters may be due to 
production of hydrophobin. In line with the findings of 
Potthoff et al. (2005), this research showed that returning 
of wheat straw to soil greatly improved soil microbial 
conditions. Oliver and William (2000) reported that 
microbial biomass significantly increased with use of 
straw into soil under differetn temepratues and moistures.  

Li et al. (2006) reported that microbial properties were 
enhanced by mixing of straw with soil. N addition at 
different moisture levels had little effect on MBN, however, 
straw mixing caused significant increase in soil microbial 
biomass nitrogen content. Returning straw to soil plays 
an important role in improving soil quality, productivity 
and achieving sustainable utilization of soil. So direct 
returning of straw should be promoted in plain for 
enhanced microbial biomass. 
 
 
Effect of straw mixing, temperature and microbial 
inoculants on soil inorganic N (NH4

+-N, NO3
--N) 

    
Both NO3

--N and NH4
+-N were generally lower in 

treatments amended with straw compared to treatment 
without straw, which implied that high C/N ratios of wheat 
straw addition increased N immobilization; this may 
coincide with observed changes in MBN. NH4

-N content 
rapidly increased during the initial period which might be 
attributed to NH4

-N desorption and organic N minerali-
zation (Lou et al., 2007). Very little ammonium N was 
recovered, possibly because the ammonium was 
preferably taken up by soil microbes or it had been 
microbially consumed or converted to both microbial 
consumption of N and immobilization in the early period 
of decomposition led to lower recovery of NH4

+N. Similar 
results were found and attributed to microbial consump-
tion and strong N immobilization after incubation of soil 
with added wheat straw (Duong et al., 2009). More 
ammonium N was produced at low temperature in 
treatments amended with wheat straw in our experiment 
and results are confirmed by the results found by 
(Wetterstedt et al., 2009) on wheat straw decomposition 
at different temperatures.  

On the contrarily NO3
-N presented an opposite picture 

in both soils amended with and without wheat straw 
under different temperatures. More inorganic N had 
accumulated in 5°C than in 15, 25°C microsms at same 
cumulative respiration. One explanation might be that 
more N was used for building up of microbial biomass 
instead of being mineralized (Wetterstedt et al., 2009). 
NO3

-N displayed a different pattern and it was observed 
that values were higher in soils with no straw addition 
compared with straw amended treatments. More NO3 
accumulated in treatments under higher temperature in 
comparison to lower temperatures in present incubation 
study. Higher soil NO3-N was recovered and was 
positively correlated with increasing temperatures.  

 
 
 
 
Conclusion 
 
Returning wheat straw into soil along with microbial 
inoculants application under optimum temperature will be 
effective measure for improvement of SOC, microbial 
biomass and soil quality. Wheat straw addition will result 
in multifarious benefits as valuable utilization of straw, low 
input of chemical fertilizer and improved soil health.   
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