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SEASONAL CHANGES IN SOIL MICROBIAL BIOMASS UNDER DIFFERENT 
AGRO-ECOSYSTEMS OF ARUNACHAL PRADESH, NORTH EAST INDIA

S. I. Bhuyan1, O. P. Tripathi2 and M. L. Khan2

ABSTRACT

The study was carried out to investigate the soil microbial biomass C, N and P of major agro-
ecosystems prevalent in East Siang district, Arunachal Pradesh viz., Soybean, Millet, Maize 
and Vegetable agro-ecosystem. The study was conducted for a period of an annual cycle during 
the year 2010-11. Microbial biomass C and N ranged between 199.61 and 238.35 µg g-1 and 

15.46 and 26.55 μg g-1 respectively. It was found to be higher in the surface soil layer than the 
subsurface layer in all the agro-ecosystems. Microbial biomass P significantly varied among 
the seasons and sites (P<0.05). Microbial C/N ratio was found to be higher in subsurface soil 
layer than the surface soil layer and the ratio varied between 8.83 and 13.94 in all the sites. 
Microbial biomass C contribution to total soil organic carbon was 1.13%-3.37%. Microclimatic 
variations and different agricultural practices were found to affect the changes in microbial 
biomass. 
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INTRODUCTION

Microbial biomass is the active fraction of 
soil organic matter, which include bacteria, 
actinomycetes, fungi, algae, protozoa 
and other micro fauna and represents an 
important labile pool of nutrients in the soil 
(Henrot and Robertson, 1994). Microbial 
activities associated with the mineralization 
of important nutrients play crucial roles 
in the biogeochemical cycling of carbon 
(C), nitrogen (N), and phosphorus (P) 
(Schoenholtz et al., 2000). Soil nutrients 
status and its transformation are greatly 
interrelated to the amount of microbial 
biomass present in the soil. Hence, it could 
be employed as a sensitive indicator of soil 
quality in agricultural lands (Rice et al., 
1986). However, microbial activities are very 
sensitive to anthropogenic influences such 
as conventional tillage, irrigation, fertilizer 
application etc. (Arunachalam, 2003; Liebig 
et al., 2004).

Different types of agricultural practices 
are prevalent in north eastern India and the 
soils of these fields are managed in different 
ways since it is not only related to economic 
condition but also to the social and cultural 
faith of indigenous people (Bhuyan, 2012). 
Different land use patterns and continuous 
cultivation are responsible for the variation 
in the level of organic matter input and 
subsequent loss of soil organic carbon (SOC) 
from the agricultural lands leading to alteration 
of microbial biomass (Srivastava and Singh, 
1989). 

Present study was conducted to investigate 
the temporal and spatial dynamics of soil 
microbial biomass C, N and P and its role 
in soil nutrients conservation under different 
agro-ecosystems (AES) prevalent in the East 
Siang district of Arunachal Pradesh.
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MATERIALS AND METHODS

Study site 

East Siang district, Arunachal Pradesh where 
the present study was conducted is located 
between 27030′ to 29020′ North latitude and 
94042′ to 95035′ East longitude and forms a 
part of the Eastern Himalaya. The topography 
of the district is variable and the elevation 
ranges from 130 to 752 m asl. The climatic 
conditions in the district vary from place to 
place due to mountainous nature of the terrain. 
It is hot and humid at the lower altitudes and 
in the valleys wrapped by marshy thick frost, 
while it becomes colder in the higher altitudes. 
Average monthly rainfall of the district is 
470mm. The mean minimum and maximum 
temperature ranges between 12.2 0C and 
32.4 0C, the maximum temperature observed 
during the month of June and minimum in 
January. The study was conducted during the 
year 2010-2011 in four major sole cultivation 
types widespread in the district viz., Soybean, 
Millet, Maize and Vegetable agro-ecosystem. 
All the systems except, Vegetable AES are 
being traditionally managed by the indigenous 
people which is beneficial for both on- and 
off-farm environments. To maintain soil 
fertility local farmers do not depend on 
purchased inputs but on locally available 
and renewable resources. They use different 
organic manures, household wastes etc. in the 
agricultural fields. However, Vegetable AES is 
a conventional type of system, where chemical 
plant protectants, chemical fertilizers and 
intensive irrigation are common. 

Soil sampling and Analysis for 
characterization

The study was conducted for a period of an 
annual cycle. Soil samples were collected 
from each stands during July, October (2010), 
January and April (2011), representing, rainy, 
autumn, spring, and winter, respectively. From 
ten locations of the relevant study sites and 

from two depths namely 0-15 cm and 15-30 
cm in three replicates samples were collected 
sing a steel corer, 5 cm inner diameter. Samples 
were brought to the laboratory to analyze 
their physico-chemical and microbiological 
characteristics. Field moist soil was sieved 
trough <2mm and stored at 40C until the 
measurement of microbial biomass C, N and 
P, respiration. A subsample of each soil was 
air dried, ground and sieved through <150mm 
prior to the use of samples for physico-
chemical analysis.

Soil texture was determined by Boyoucous 
hydrometric method given by Allen et al., 
(1974). Water holding capacity, porosity, total 
N, available P, extractable K, Ca and Mg were 
determined following the method outlined by 
Allen et al., (1974). Soil bulk density, moisture 
content, pH, ammonium-N and nitrate-N were 
determined by method as outlined by Anderson 
and Ingram (1993). SOC was determined by 
rapid titration method (Walkley and Black, 
1934).

Microbial biomass C, N and P

Chloroform fumigation-extraction method 
was used to estimate microbial C (MBC), 
N (MBN) and P (MBP). MBC and MBN 
were determined using 15 g fresh soil by 
chloroform fumigation extraction method 
given by Brookes et al., (1985) and Vance et 
al., (1987). MBP was determined following 
the method outlined by Brookes et al., (1982) 
using 0.5M NaHCO3 as extracting solution. 
The MBC, MBN and MBP were calculated as 
follows:

Microbial C = (EC of fumigated soil – EC of 
unfumigated soil) × 2.64

Where, EC is extractable C and 2.64is the 
correction factor

Microbial N = (EN in fumigated soil – EN in 
unfumigated soil)/0.54 

Where, EN is extractable N and 0.54 is the 
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correction factor   
Microbial P = (EP of fumigated soil – EP of 
unfumigated soil)/0.40

Where, EP is extractable P and 0.40 is the 
correction factor  

The data collected from each of the selected 
stands were analyzed using three-way 
ANOVA to test the effect of soil depth, season 
and AES on microbial biomass C, N and P and 
it was detected whether they  were statistically 
significant or not. Correlation analysis was 
completed following Zar (1974) to study the 

relationship between soil characteristics and 
microbial biomass.

RESULTS AND DISCUSSION

Soil characteristics of the study sites

The soil textures were sandy loam and sandy 
clay loam in nature among the agro-ecosystems 
(Table 01). Clay content in Vegetable agro-
ecosystem was higher in subsurface layer 
while the other systems reveal a reverse trend. 

Table 01: Variations in soil physical properties in different agro-ecosystems

Agro-ecosys-
tem

Depth 
(cm) Physical properties

Sand
(%)

Clay
(%) Silt (%) Textural 

Class

WHC 
(%) BD 

g cm-3 Porosity

Soybean AES

0-15 73.80
±0.80

24.10
±0.27

2.10
±0.11

Sandy clay 
loam

66.06
±0.73

1.04
±0.03

60.23
±0.44

15-30 74.20
±0.32

23.40
±0.13

2.40
±0.12

65.12
±0.91

0.96
±0.02

63.54
±0.36

Millet AES

0-15 71.10
±0.47

26.00
±0.18

2.90
±0.06

Sandy clay 
loam

82.97
±0.69

0.84
±0.10

67.70
±0.23

15-30 72.00
±0.42

24.90
±0.21

3.10
±0.01

81.94
±1.25

1.00
±0.06

61.54
±0.26

Maize AES

0-15 74.60
±0.87

24.20
±0.13

1.20
±0.1

Sandy clay 
loam

74.44
±0.93

0.96
±0.10

63.00
±0.85

15-30 75.20
±0.19

23.98
±0.07

0.82
±0.03

73.25
±1.19

0.88
±0.11

66.16
±0.78

Vegetable AES

0-15 74.6
±0.10

24
±0.03

1.4
±0.05

Sandy loam

64.44
±7.69

0.94
±0.07

61
±1.53

15-30 74
±0.5

24.2
±0.04

1.8
±0.06

58.66
±5.91

0.87
±0.16

63.5
±1.49

±SE (n=8)
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Water Holding Capacity (WHC) of the soil 
varied from 58.66% to 82.97% in different 
sites. It decreased with soil depth which might 
be due to the comparatively higher presence 
of organic carbon and clay in the surface soils 
than in the sub-surface soils. These may have 
also promoted the formation of aggregates 
retaining more water (Gupta et al., 2010). 
Bulk density was recorded between 0.84 and 
1.04 g cm-3 (Table 01). Bulk density increased 
with increasing soil depth due to possible 
greater compaction. Porosity decreased with 
increasing soil depth except for the Soybean 
AES which might be due to minimum tillage. 

Higher values of porosity in upper layer also 
could be due to more organic matter content 
and high amount of fine fractions which has a 
higher surface area (Gupta et al., 2010). 

The soil was acidic in nature and pH ranged 
between 4.75 and 6.06 in the sites (Table 02). 
Use of different chemical fertilizers such as 
urea, DAP etc. minimize the soil pH. Low soil 
pH during the monsoon season in most of the 
systems might be also due to the penetration 
and percolation of surface material to the 
subsurface soil depths due to heavy rain 
during this season. The range of calcium was 
between 1.17 and 2.33 Cmol/kg among the 

Table 02: Variations in soil chemical properties in selected agro-ecosystems

Properties 
Depth

(cm)
Agro-ecosystem

SOM (%)

Soybean AES Millet AES Maize AES Vegetable AES

0-15 2.41±0.05 3.10±0.04 4.31±0.03 1.47±0.05
15-30 2.26±0.01 2.97±0.01 2.41±0.07 0.86±0.05

SOC (%)
0-15 1.40±0.03 1.80±0.02 2.50±0.02 0.85±0.03
15-30 1.31±0.01 1.72±0.01 1.40±0.04 0.50±0.03

CO2  (mgCO2 hr-1)
0-15 34.24±2.95 51.36±3.92 29.92±3.97 40.32±8.71
15-30 40.32±4.36 28.80±5.92 23.04±2.79 32.32±3.84

Ava. P (µg g-1)
0-15 41.98±1.11 7.97±0.28 8.58±0.67 43.51±0.28
15-30 38.61±0.56 10.42±0.45 7.97±0.53 36.16±0.16

Ava. K ( µg g-1)
0-15 64.80±5.93 96.20±21.57 457.00±63.94 441.57±67.50

15-30 80.80±17.13 127.40±18.85 190.20±30.46 389.90±39.21

Total N (%)
0-15 0.49±0.03 0.46±0.03 0.55±0.12 0.42±0.03
15-30 0.49±0.06 0.44±0.06 0.54±0.03 0.43±0.06

NH4-N (µg g-1)
0-15 11.28±0.48 9.21±0.16 6.00±0.30 7.2±0.15

15-30 10.38±0.54 8.39±0.25 5.80±0.05 6.92±0.45

NO3-N (µg g-1)
0-15 2.16±0.10 1.98±0.01 2.79±0.08 2.87±0.12

15-30 2.77±0.01 2.11±0.02 2.90±0.05 2.34±0.01

pH
0-15 5.75±0.36 6.05±0.07 5.35±0.23 4.80±0.17
15-30 5.65±0.16 6.06±0.02 5.35±0.12 4.75±0.20

Ca (C mol kg-1)
0-15 1.98±0.26 2.11±0.14 2.33±0.39 1.17±0.06
15-30 1.88±0.22 2.25±0.19 2.21±0.33 1.19±0.03

Mg  (C mol kg-1)
0-15 1.03±0.02 0.98±0.03 1.12±0.03 1.12±0.02

15-30 1.01±0.02 0.99±0.02 1.15±0.02 1.07±0.03

±SE (n=8)
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agro-ecosystems. 
Higher Ca may be due to acidic soil and higher 
percentage of sandy soil in the present study. 
Continuous cultivation processes may leads to 
more loss of Mg as compared to Ca, as a result 
Ca is found higher in the agricultural fields. 
SOC varied significantly from 0.50% to 2.50%. 
Minimum SOC was found in the Vegetable 
AES which was conventionally managed 
system. Continuous cultivation processes 
and tillage could be other responsible factor 
for low SOC. On the other hand, maximum 
value of SOC was recorded in the Maize AES 
which is due to the uses of different manures, 
compost by the local ‘Adi’ tribe. 

Among the land use patterns total N ranged 
between 0.42% and 0.55%. Extractable NH4

+-N 
was higher than the extractable NO3

-N in the 
entire stands (Table 02). Greater concentration 
of ammonium compared to nitrate indicates 
the higher rate of ammonification in these sites 
and as result the chances of loss of nitrate-N 
to leaching is more especially in the sloping 
agricultural fields (Bhuyan, 2012). Maximum 
available P concentration in Vegetable AES 
could be primarily due to the application of 
phosphorus rich inorganic fertilizers as it is 
the only conventional farming among the 
agro-ecosystems.  

Temporal and spatial variation in microbial 
biomass C, N and P

MBC ranged between 199.61 and 238.35 µg g-1 

(Table 03). Present result is within the finding 
(102-2073 μg g-1) of Hernot and Robertson 
(1994) for humid tropical soils. However, it 
was lower than the results of Maithani et al., 
(1996) for north east India (203-1087 μg g-1); 
Bauhus et al., (1998) for northern Quebec, 
Canada (279 to 910 μg g-1); Sharma et al., 
(2004) from Sikkim (219 to 864 μg g-1); and 
Gosai et al., (2010) for a rainfed agricultural 
field in north east India (275.70–498.17 μg 
g-1). However, present finding is higher than 
the results of Arunachalam and Pandey (2003) 

from cultivation systems in north eastern India 
(175.21–200.04 μg g-1) and Mahmood et al., 
(2005) for Faisalabad, Pakistan (11-169 μg 
g-1). It was found to be higher in the surface 
soil layer (0-15cm) than the subsurface (15-
30cm). Maximum MBC was recorded during 
the winter season in Soybean, Vegetable and 
Millet AES while in Maize agro-ecosystem, it 
was found during the autumn season (Figure. 
01). On the other hand, minimum values were 
recorded during the rainy season in all the 
sites. MBN ranged between 15.46 and 26.55 
μg g-1 (Table 03). It was found to be higher in 
the surface soil layer than the subsurface layer 
in all the agro-ecosystems. Microbial biomass 
P significantly varied among the season and 
sites (P<0.05) (Table 04). Microbial biomass 
dynamics are may be due to differences 
in quantity and quality of organic carbon 
and nitrogen and labile soil organic matter 
(Smolander and Kituen, 2002; Steenwerth et 
al., 2002). 

Higher microbial biomass could be due to 
the higher nutrient contents present in these 
agricultural fields. Higher amount of soil SOC 
enhances the growth of microbes and causes 
accumulation of microbial biomass in soil. 
Positive significant correlation has been found 
between MBC and SOC in the present study 
(Table 05). 

Higher microbial biomass C in the winter 
season may be due to low temperature, low 
microbial activities and greater nutrients 
retention in the soil as it was also reported 
by Arunachalam and Arunachalam (2000). 
Generally, parts of crop plants are left after 
harvesting in these areas which increases the 
amount of soil organic matter. Hence, higher 
nutrients contents could be associated with 
more accumulation of microbial biomass 
in the soil (Barbhuiya et al., 2004). Due 
to the suitability of the soil moisture level 
for the soil biological processes and more 
nutrient immobilization rates during this 
autumn season microbial biomass also high 
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in Maize AES (Ralte et al., 2005). Minimum 
MB was found during the rainy season due 
to the favorable condition for the microbial 
population growth and rapid mineralization 
rate (Maithani et al., 1998). High vegetative 
growth of plants during this period enhances 
more uptake of nutrients by the crop plant. As 
a result, decline the availability of nutrients to 
soil microbes and decreases immobilization 
in microbial biomass (Singh et al., 1991). 
However, comparatively lower values were 
found particularly in vegetable AES. It is a 
conventional type of farming where tillage 
and repeated cultivation was observed which 
may leads to high mineralization rate and low 

microbial biomass. 
In all the sites microbial C/N was found to 
be higher in subsurface soil layer than the 
surface soil layer and the ratio varied between 
8.83 and 13.94 in all the sites. The mean 
value of microbial biomass C/N in different 
agro-ecosystems found to be higher in Maize 
AES than the other agro-ecosystems. This 
could be associated with the low nitrogen and 
relatively higher organic matter availability to 
soil microbes in these systems as also reported 
by Barbhuiya et al., (2004). Similar results 
have been reported in incubation experiments 
with complex soil microbial populations 
(Chander and Joergensen, 2002; Joergensen 
and Raubuch, 2002). 

Table 03: Mean one annual microbial biomass C, N and P (μg g–1) and percentage 
contribution of microbial biomass to total soil nutrient pool

Parameter
Agro-ecosystem/soil depth(cm)

Soybean AES Millet AES Maize AES Vegetable AES
0-15 15-30 0-15 15-30 0-15 15-30 0-15 15-30

MBC 228.21
±18.43

207.16
±15.95

213.54
±2.26

199.61
±2.02

234.48
±1.93

221.38
±3.02

238.35
±21.67

215.46
±24.27

MBN 21.54
±2.16

16.31
±1.43

23.58
±2.31

19.22
±1.15

26.55
±0.62

19.22
±0.61

19.93
±1.35

15.46
±0.65

MBP 9.74              
±1.53

7.26
±0.96

12.24
±1.65

9.48
±1.24

13.55
±1.77

9.68
±1.67

9.28
±1.26

7.28
±0.77

MBC/MBN 10.60
±8.53

12.70
±11.12

9.06
±0.98

10.38
±1.77

8.83
±3.12

11.52
±4.92

11.96
±16.07

13.94
±37.17

MBC/MBP 23.44
±12.02

28.54
±16.64

17.45
±1.37

21.05
±1.64

17.30
±1.09

22.87
±1.81

25.69
±17.26

29.59
±31.32

MBN/MBP 2.21
±1.41

2.25
±1.50

1.93
±1.40

2.03
±0.93

1.96
±0.35

1.99
±0.37

2.15
±1.07

2.12
±0.84

Percentage contribution of
MBC to SOC 1.46

±0.03
1.40
±0.44

1.32
±0.02

1.26
±0.24

1.13
±0.07

1.14
±0.03

3.37
±0.01

3.37
±0.01

MBN to total N 0.68
±0.14

0.59
±0.14

0.85
±0.14

0.54
±0.18

0.46
±0.03

0.35
±0.02

1.23
±0.01

0.90
±0.02

MBP to total P 2.71
±0.10

1.62
±0.08

4.83
±0.14

5.32
±0.12

4.00
±0.02

3.32
±0.03

2.64
±0.03

2.38
±0.06

±SE (n=8)
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A

B

C

Figure 01: Seasonal variations in microbial biomass carbon (A), nitrogen (B) and 
phosphorus (C) in different land use pattern. Vertical bars symbolize standard 
error (n=5). R=rainy, A=autumn, W=winter, S=spring. 

Table 04: Three way ANOVA showing the effect of AES (agro-ecosystem) season and soil 
depth on microbial biomass C, N and P (µg g-1)

Variable 
MBC MBN MBP

df F-ratio P df F-ratio P df F-ratio P
AES 3 0.315 0.814 3 0.777 0.515 3 1.535 0.224
Depth 1 1.790 0.190 1 2.589 0.117 1 2.777 0.105
Season 3 0.395 0.757 3 1.634 0.200 3 4.257 0.012
AES x Depth 3 0.036 0.99 3 0.280 0.838 3 0.204 0.892
AES x Season 9 0.847 0.579 9 1.848 0.097 9 2.206 0.048
Depth x season 3 0.026 0.994 3 0.155 0.925 3 0.142 0.933
AES x depth x season 9 0.086 0.999 9 0.079 0.999 9 0.190 0.993

df- degree of freedom, P-significant level.
MBC- microbial biomass carbon, MBN- microbial biomass nitrogen MBP-microbial biomass phosphorus

The Journal of Agricultural Sciences, 2013, vol.8, no3
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Table 05: Correlation coefficient (‘r’) of microbial biomass with soil physical and 
chemical Properties

 Depth

(cm)

Sand

(%)

Clay

(%)

Porosity SMC

(%)

pH SOC 
(%)

Total 

N (%)

Available 
P (µg g-1)

MBC 
(µg g-1)

0-15 0.006 -0.136 0.029 0.314 0.094 0.165* 0.246 -0.415

15-30 0.014 0.174 -0.577 -0.066 0.321 0.227 0.180* 0.371

MBN 
(µg g-1)

0-15 -0.416 0.339 -0.011 0.575** 0.510 0.139 -0.076 -0.248

15-30 0.064 0.207 -0.226 -0.340 -0.357 -0.122 -0.269 -0.330

MBP 
(µg g-1)

0-15 0.038 -0.025 -0.278 0.259 0.019 -0.069 -0.263 0.094

15-30 -0.002 -0.106 0.006 -0.338 -0.297 -0.045 -0.542 0.139*

n=8, p<*0.05; **0.01
SMC-soil moisture content, SOC- soil organic carbon

Decomposition rates of plant residues may 
change the microbial population and also 
affect the nutrients ratio (Tate et al., 1997). 
However, Singh and Singh, (1993) reported 
each microbial group may have different C/N 
or C/P ratio and the predominance of one 
group may result in the prevalence of a ratio.
 
Contribution of microbial C, N and P to soil 
nutrients pool 

Percentage contribution of MBC to total soil 
organic carbon ranged between 1.13% (Maize 
AES) and 3.37% (Vegetable AES) (Table 03). 
Microbial biomass N and P contributed 0.35-
1.23% and 1.62-5.32% to TKN and total P 
respectively. In the present study, contribution 
of microbial biomass C to SOC found 
comparatively higher than the range reported 
by Vance et al., (1987) for a strongly acidic 
soil (1.8–2.9%); Maithani et al., (1996) for 
north eastern India (0.7-1.7%); Moore et al., 
(2000) for different land use systems (1.0%); 
and Mahmood et al., (2005) for wheat-
maize cropping systems in Pakistan (0.91% 
and 1.11%). Higher contribution indicates 

microbial biomass has potentially a greater 
role in soil C turnover than the plant detritus 
matter in agricultural systems. Soil microbial 
biomass could be a better indicator of 
ecosystems recovery than the other ecological 
processes such as litter or root dynamics 
(Arunachalam and Pandey, 2003). However, 
the percentage contribution of microbial N 
to total soil N was much lower ranging from 
0.35-1.23%. It indicates low immobilization 
and high mineralization in microbial biomass, 
which leads to loss of N from the ecosystems 
(Maithani et al., 1998).  

However, significant positive correlations 
between microbial biomass C, N and P indicate 
that the dynamics of these three elements 
are closely interlinked in the nutrients poor 
tropical soils (Arunachalam, 2003). 

CONCLUSION

Microbial biomass is affected by 
management practices, soil characteristics 
and environmental factors which vary during 
seasons. Seasonal variations had a greater 
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impact on soil microbial biomass and labile C 
concentrations than management techniques. 
However, most of the fields except Vegetable 
AES are being traditionally managed and to 
maintain the soil fertility different organic 
manures, household wastes etc. are used in the 
agricultural fields by the indigenous people. 
It has a great role in the concentration of 
microbial biomass, which contributes a major 
portion to soil nutrient pool. 

ACKNOWLEDGEMENT

The authors are thankful to the Department 
of Science and Technology, Government of 
India, for financial support in the form of 
research project (DST sanction letter No. SP/
TSP/011/2008 dated 22/12/2008). 

REFERENCES

Allen, S.E., Grimshaw, H.M., Parkinson, J.A. and Quarmby, C. (1974). Chemical Analysis of 
Ecological Materials. John Wiley and Sons, New York

Anderson, J.M. and Ingram, J.S.I. (1993). Tropical Soil Biology and Fertility: A Handbook of 
Methods. C.A.B. International, UK.

Arunachalam, A. (2003). Role of microbial biomass in soil nutrient dynamics along a jhum 
cycle gradient. Journal of Tropical Forest Science, 15(2): 279–288.

Arunachalam, A. and Arunachalam, K. (2000). Influence of gap size and soil properties on 
microbial biomass in a subtropical humid forest of north-east India. Plant Soil, 223: 185–
193.

Arunachalam, A. and Pandey, H.N. (2003). Microbial C, N and P along a weeding regime in a 
valley cultivation system of northeast India. Tropical Ecology, 44:  147-154.

Barbhuiya,  A.R., Arunachalam, A.,  Pandey, H.N.,  Arunachalam, K,. Khan, M.L. and Nath, 
P.C. (2004). Dynamics of soil microbial biomass C, N and P in disturbed and undisturbed 
stands of a tropical wet-evergreen forest. European Journal of Soil Biology, 40(3-4): 113-
121.

Bauhus, J.D., Pare, D. and Cote, L. (1998). Effects of tree species, stand age, and soil type 
on soil microbial biomass and its activity in a southern boreal forest. Soil Biology and 
Biochemistry, 30: 1077–1089.

Bhuyan, S.I. (2012). Soil nutrients dynamics and associated microbial biomass under different 
agro-ecosystems in East Siang district, Arunachal Pradesh, Ph.D. Thesis, 2012, North 
Eastern Regional Institute of Science and Technology, Nirjuli-791109, Arunachal 
Pradesh.

Brookes, P.C., Landman, A., Pruden, G. and Jenkinson, D.S. (1985). Chloroform fumigation 
and release of soil N: a rapid direct extraction method to measure microbial biomass N in 
soil. Soil Biology and Biochemistry, 17: 837–842.

Brookes, P.C., Powlson, D.S. and Jenkinson, D.S. (1982). Measurement of microbial biomass 
phosphorus in soil. Soil biology and biochemistry, 14(4): 319-329.

The Journal of Agricultural Sciences, 2013, vol.8, no3



151

Chander, K.C. and Joergensen, R.G. (2002). Decomposition of 14C labeled glucose in a Pb-
contaminated soil remediated with synthetic and other amendments. Soil Biology and 
Biochemistry, 34: 643–649.

Gosai, K., Arunachalam, A. and Dutta, B.K. (2010). Tillage effects on soil microbial biomass in 
a rainfed agricultural system of northeast India. Soil and Tillage Research, 109(2): 68-74.

Gupta, R.D., Arora, S., Gupta, G.D. and Sumberia, N.M. (2010). Soil physical variability in 
relation to soil erodibility under different land uses in foothills of Siwaliks in N-W India. 
Tropical Ecology, 51(2): 183-197.

Henrot, J. and Robertson, G.P. (1994). Vegetation removal in two soils of the humid tropics: 
effect on microbial biomass. Soil Biology and Biochemistry, 26: 111–116.

Joergensen, R.G. and Raubuch M. (2002). Adenylate energy charge of a glucose-treated soil 
without adding a nitrogen source.  Soil Biology and Biochemistry, 34: 1317–1324. 

Liebig, M.A., Tanaka, D.L.,Wienhold, B.J. (2004). Tillage and cropping effects on soil quality 
indicators in the northern Great Plains. Soil & Tillage Research, 78, 131–141.

Mahmood, T., Ali, R., Hussain, F. and Tahir, G.R. (2005). Seasonal changes in soil microbial 
biomass carbon under a wheat-maize cropping system receiving urea and farmyard 
manure in different combinations. Pakistan Journal of Botany, 37(1): 105-117.

Maithani, K., Arunachalama, A., Tripathi, R.S. and Pandey, H.N. (1998). Nitrogen mineralization 
as influenced by climate, soil and vegetation in a subtropical humid forest in northeast 
India. Forest Ecology and Management, 109: 91-101.

Maithani, K., Tripathi, R.S., Arunachalam, A. and Pandey, H.N. (1996). Seasonal dynamics of 
microbial biomass C, N and P during regrowth of a disturbed subtropical humid forest in 
north-east India. Applied Soil Ecology, 4: 31-37.

Moore, J.M., Klose, S. and Tabatabai, M.A. (2000). Soil microbial biomass carbon and nitrogen 
as affected by cropping systems. Biology and Fertility of Soils, 31: 200–210.

Ralte, V, Pandey, H.N., Barik, S.K, Tripathi, R.S. and Prabhu, S.D. (2005). Changes in microbial 
biomass and activity in relation to shifting cultivation and horticultural practices in 
subtropical evergreen forest ecosystem of north-east India. Acta Oecologica, 28: 163–
172.

Rice, C.W., Smith, M.S. and Blevins, R.L. (1986). Soil nitrogen availability after long-term 
continuous no-tillage and conventional tillage corn production. Soil Science Society of 
America Journal, 50: 1206–1210.

Schoenholtz, S.H., Van Miegroet, H. and Burger, J.A. (2000). A review of chemical and physical 
properties as indicators of forest soil quality: challenges and opportunities. Forest Ecology 
and Management, 138:335-356.

Sharma, P., Rai S.C., Sharma, R. and Sharma, E. (2004). Effects of land use change on soil 
microbial C, N and P in a Himalayan watershed. Pedobiologia, 48: 83–92. 

S. I. Bhuyan, O. P. Tripathi and M. L. Khan



152

Singh, H. and Singh, K.P. (1993). Effect of residue placement and chemical fertilizer on soil 
microbial biomass under tropical dryland cultivation. Biology and Fertility of Soils, 16: 
275-281. 

Singh, R.S., Raghubanshi, A.S. and Singh, J.S. (1991). Nitrogen mineralization in dry tropical 
savanna: Effects of burning and grazing. Soil Biology and Biochemistry, 233: 269-273.

Smolander, A. and Kitunen, V. (2002). Soil microbial activities and characteristics of dissolved 
organic C and N in relation to tree species. Soil Biology and Biogeochemistry, 34: 651-
660.

Srivastava, S.C. and Singh, J.S. (1989). Effect of cultivation on microbial biomass C and N on 
dry tropical forest. Biology and Fertility of Soils, 8: 343-348.

Steenwerth, K.L, Jacksona, L.E, Calderonb, F.J., Strombergc, M.R, and Scow, K.M. (2002). 
Soil microbial community composition and land use history in cultivated and grassland 
ecosystems of coastal California. Soil Biology and Biogeochemistry, 34: 1599–1611.

Tate, K.R., Giltrap, D.J., Claydon, J.J., Newsome, P.F., Atkinson, I.A.E., Taylor, M.D. and Lee, 
R. (1997). Organic carbon stocks in New Zealand’s terrestrial ecosystems. Journal of the 
Royal Society of New Zealand, 27: 315–335.

Vance, E.D., Brookes, P.C. and Jenkenson, D.S. (1987). An extraction method for measuring 
soil microbial biomass C. Soil Biology and Biochemistry, 19: 703-707.

Walkley, A. and Black, I.A. (1934). An examination of Degtjareff method for determining soil 
organic matter and a proposed modification of the chromic acid titration method. Soil 
Science, 37: 29-37. 

Zar, J.H. (1974). Biostatistical Analysis. 2nd eds. Prentice-Hall, Englewood Cliffs, NJ.

The Journal of Agricultural Sciences, 2013, vol.8, no3


