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Abstract. The soil microbial biomass of soil is being increasing recognized as sensitive indicator of soil
quality. Its knowledge is fundamental for sustainable environment management. The soil microbial
biomass C, N and P were studied in four different land uses of dry tropical forest of Udaipur, Rajasthan,
Western India to assess the influence of abiotic, physico-chemical variables and difference in different
land uses (mixed forest, butea plantation, grassland and agricultural lands) on the seasonal variation in
soil microbial biomass. Microbial biomass C, N and P were highest during rainy season and lowest during
winter in all the four different land use with the exception of microbial N which was lowest in summer in
mixed forest and butea plantation. Microbial biomass C and N were shown to be significantly correlated
to the abiotic and physico-chemical variables of the soil, such as soil temperature, relative humidity, soil
moisture, organic C, total N, clay, and pH. Present study clearly shows that land use has a significant
effect on microbial biomass C, N and P in soil by altering natural soil characteristics under the same
ecological conditions.
Keywords: Soil microbial biomass, soil nutrient pool, dry tropical forest, land use type, soil

Introduction
Soil organic matter is an important components of soil quality and productivity;
however, its measurement alone does not adequately reflect change in soil quality and
nutrient status (Bezdicek et al., 1996). Measurement of biologically active functions of
organic matter, such as microbial biomass C, N, P and potential C, N and P
mineralization, could better reflect changes in soil quality and productivity. Soil
microbial biomass is an important parameter linking the plants to soil. Soil microbial
biomass comprises about 2–3% of total organic carbon in the soil and has been
recognized as an important source of nutrients to plants because of its fast turnover. The
soil microbial biomass is the labile pool of organic matter (Jenkinson and Ladd, 1981)
and act as both source and sink of plant nutrients (Singh et al. 1989). It plays a crucial
role in nutrient cycling and its importance in soil fertility and nutrient concentration is
well recognized. Influence of environmental factors to microbial population and
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microbial biomass plays an important role in nutrients cycling in an ecosystem. The
cycling of nutrients in soils of forest ecosystems is, to varying degrees, dependent on
the energy supply to and through the soil biota.
Review of literature
The soil microbial biomass is an important labile pool of C, N, and P and fluctuations
in its size and activity can significantly influence crop productivity (Rosswall and
Paustian, 1984; McGill et al., 1986). Soil physico-chemical characteristics also has a
great impact on microbial biomass and microbial activity and can be used to measure
soil quality (Parr and Papendick, 1997) but it may take years for these parameters to
make significant changes in soil. Changes in the microbial population in response to
variation in soil conditions (Moisture, Organic C, nutrients, temperature and pH) have
serious implication for nutrient cycling with microorganisms acting as a source and sink
of nutrient. Soil biological and biochemical changes are very sensitive to small changes
in soil conditions (degradation, erosion) and thereby give more accurate and immediate
information in soil quality because soil microbial activity has a direct influence in
ecosystem stability and fertility (Smith and Papendick, 1993). Insam et al. (1989) also
proposed that the ratio of microbial biomass to total organic carbon in a soil might serve
as a quantitative indicator of carbon dynamics in the soil. Climatic seasonality has been
reported to influence microbial population and soil microbial biomass (Schimel et al.,
1994) either directly by influencing microbial response to soil changes or in directly by
influencing by plant metabolism.
Information on soil microbial biomass in different forest ecosystems have been
reported by several workers (Srivastava and Singh, 1991; Billore et al., 1995;
Joergensen et al., 1995; Arunachalam et al., 1996; Mendham et al., 2002; Lee and Jose,
2003) but information on seasonal changes in the microbial biomass in an annual cycle
in forest ecosystem is limited (Diaz-Ravina et al., 1995; Arunachalam and
Arunachalam, 2000). Therefore, the present study was undertaken to evaluate the
seasonal fluctuation in the microbial C, N, and P and the influence of abiotic, physicchemical variables on the microbial biomass (C, N, and P) in a dry tropical deciduous
forest of Udaipur, Rajasthan, Western India.
Materials and methods
The study site is located at 23°3' – 30°12' N longitude and 69°30' – 78°17' E latitude
in Aravally hills a distance of 70 km from Udaipur city, Rajasthan at an altitude ranging
from 575 to 585 m above sea level. There are three distinct seasons per year: winter
(November to February), summer (April to mid-June), and a rainy season (mid-June to
mid- September). The months of October and March are transitional periods and are
known as autumn and spring, respectively. The climate of Rajasthan is tropical with a
maximum of 46.3 °C and a minimum of 28.8 °C temperature during summers. Winters
are a little cold with the maximum temperature rising up to 26.8 °C and the minimum
dropping to 2.5 °C. The average annual rainfall of the area is less than 400 mm.
The study was conducted year August 2008 to July 2009. Four experimental different
land use types are selected for this study (mixed forest, butea plantation, grassland and
agricultural land) which more or less exhibit the same ecological conditions. The
elevation of forest land approximately 150m and average slope is 55% and its
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dominated by Tectona grandis, Miliusa tomentosa, Lannea coromondica, Annona
squamosa, Anogeissus latifolia, Wrightia tinctoria, Aegle marmelos, Boswellia serrata,
Butea monosperma, Holoptelea integrifolia, Sterculia urens, Acacia Senegal. The
elevation of butea plantation is approximately 100m and slope is 45% and its dominated
by Butea monosperma, Lannea coromondica. The elevation of Grassland and
agricultural land is approximately 65m and slope is 20%. The major annual crops
alternatively cultivated in the agricultural land include Saccharum officinalae, Zea
mays, Cicer aurentum.
Soil is alluvial, sandy loam type of present study site. The soil is well drained with
yellowish brown to deep medium black in colour. The soil samples were collected from
the upper layer of 0–10 cm in depth from the four different land use types (mixed forest,
butea plantation, grassland and agricultural land) for the estimation of microbial
biomass. The soil samples were sieved (<2 mm) to remove stones, coarse and roots and
were kept at room temperature for a day. Three replicates were collected every month
from each site for the estimation of microbial biomass (C, N and P). Microbial biomass
(C, N and P) were determined by fumigation extraction method (Anderson and Ingram,
1993). Microbial biomass C was determined by modified Walkley Black method and
calculated by using Vance et al. (1987):
microbial C = KEC X 2:64
Microbial biomass N was determined by microkjeldahl method (Bremner and
Mulvaney, 1982) and calculated by Brookes et al. (1985):
microbial N = KEN X 1:46
and microbial biomass P was determined by ammonium molybdate stannous chloride
method (Sparling et al., 1985) and calculated by Brookes et al. (1982):
microbial P = KEP X 2:5
Where, KEC, KEN and KEP are the difference between C, N and P extracted from
fumigated and unfumigated soils.
The soil texture was analyzed by pipette method (Gee and Bauder, 1986). Soil
moisture by gravimetric method; soil temperature is determined by a soil thermometer.
Soil pH is determined (1:5 water suspension) by pH meter (Systronics). The bulk
density of soil (g cm3) was calculated using mass and volume. Pore space was
calculated using the bulk and particle density. Soil organic C, total N and total P were
estimated by the methods given by (Anderson and Ingram, 1993; Bremner and
Mulvaney, 1982; Sparling et al., 1985), respectively.
Student’s t-test and ANOVA are used to statistically analysed the data.
Results
Soil characteristics
The soil was sandy loamy with 50.02 – 56.54 % sand 12.7 – 19.4 % clay and 28.9 –
32.5 % silt in all the types of land use. Soil moisture ranged from 24.17 to 29.74 %, soil
temperature ranged from 16.9 to 19.1 °C, soil pH 5.6 – 6.9, soil organic carbon 2.24 –
4.53 %, soil total N 0.32 – 0.57 %, total P 0.041 – 0.072 % and bulk density 0.86 – 1.23
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g cm3, C/N ratio varied from 6.5 to 8.5 across the four different types of land use
(Table 1).
Table 1. Abiotic variables and physico-chemical characteristics of soils in different land uses.
Mixed Forest

Butea
Plantation

Grassland

Agricultural
land

Soil temperature (ºC)

18.7

19.1

18.4

16.9

Soil moisture (%)

25.28

24.17

25.76

29.74

Relative humidity (%)

53.49

53.49

53.49

53.49

Mean air temperature (ºC)

24.83

24.83

24.83

24.83

Rainfall (mm)

130.2

130.2

130.2

130.2

Sand (%)

53.8

56.54

55.71

50.02

Silt (%)

32.55

30.74

28.84

30.6

13.65

12.72

15.45

19.38

0.86±0.23

0.88±0.253

1.02±0.13

1.23±0.217

67.67

66.84

61.51

53.63

Soil pH

5.2 - 5.7

5.5-6.1

6.0-7.3

6.9-7.8

Soil organic C (%)

2.36-4.28

2.24-3.78

1.81-3.42

1.35-2.53

Soil total N (%)

0.36-0.52

0.32-0.49

0.25-0.41

0.29-0.47

0.047-0.064

0.041-0.059

0.035-0.042

0.031-0.052

6.5-8.2

7.0-8.5

6.6-8.6

7.0-7.9

Abiotic variables

Soil physico-chemical variables
Texture

Clay (%)
3

Bulk density (g cm )
Pore Space (%)

Soil available P (%)
C:N

Microbial C, N and P
In mixed forest, the microbial C, N and P ranged from 94.2 to 1507.8 µg g-1, 78.2 to
128.3 µg g-1 and 39.7 to 84.4 µg g-1 respectively (Fig 1).

Figure 1. Monthly variation of microbial biomass C, N and P in mixed forest
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In butea plantation, the value of microbial biomass C, N and P varied from 184.5 to
1387.7 µg g-1, 69.8 to 114.2 µg g-1 and 32.7 to 80.1 µg g-1 respectively (Fig 2).

Figure 2. Monthly variation of microbial biomass C, N and P in butea plantation

In grassland, the val. of microbial C, N and P was ranged from 119.1 to 435.7 µg g-1,
28.5 to 56.3 µg g-1 and 13.4 to 26.7 µg g-1 respectively (Fig 3).

Figure 3. Monthly variation of microbial biomass C, N and P in grassland

In agricultural land, the microbial biomass C, N and P varied from 89.6 to 335.7 µg
g , 23.8 to 51.4 µg g-1 and 11.9 t0 24.9 µg g-1 respectively (Fig 4). The maximum value
of microbial C, N and P was obtained in the month of July and the minimum in the
month of March (Fig. 1). Seasonally, however, the microbial C, N and P value was
recorded to be maximum during the rainy season and minimum during winter in all the
types of land use with the exception of microbial N which was minimum in summer in
mixed forest and butea forest. However, microbial C, N and P values are significantly
higher in mixed forest than that of butea plantation, grassland, agriculture land (P <
0.01) (Table 2).
-1
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Figure 4. Monthly variation of microbial biomass C, N and P in agricultural land

Contribution of microbial biomass to the soil nutrient pool
In mixed forest, microbial C contributed 1.50 – 4.22 % of the total soil organic C, the
maximum being contributed during rainy season and the minimum during winter
season. The percentage contribution of microbial biomass N and P to total N and total P
ranged from 2.06 to 3.52 % and 6.78 to 14.91 % respectively. Maximum microbial
biomass N and P was contributed during rainy season and minimum during winter
season. In butea plantation, the contribution of microbial biomass C to total organic C
was 1.34–4.02 %, maximum value was recorded during rainy season and minimum
during winter season. The percentage contribution of microbial biomass N and P to total
N and total available P was 1.80–3.27 and 6.03–15.61, respectively. Maximum
contribution of microbial N and P was attained during rainy and summer seasons and
minimum was contributed during winter seasons, respectively.
In grassland and agriculture land, contribution of microbial biomass C to total
organic C was 0.54 to 1.18 % and 0.44 to 0.86 % respectively, maximum value was
reported during rainy season and minimum during winter season. The contribution
microbial N and P to total N and total available P was 0.63- 1.37 and 2.46 – 5.20 % in
grassland and in agriculture land 3.48 – 6.10 and 1.99 – 4.04 %. The microbial C:N and
C:P ratios varied from 6.0 to 11.34 and 12.1 to 18.97 across four different types of land
use.
The analysis of variance (ANOVA) indicated a significant difference in microbial
biomass C between the different sampling months of summer (P < 0.05), rainy (P <
0.05), winter (P < 0.05) and annually (P < 0.05) and significant difference in microbial
biomass N and P between the different sampling months of summer (P < 0.001), rainy
(P < 0.001), winter (P < 0.001) and annually (P < 0.001).
Correlation coefficient between Cmic, Nmic, Pmic, soil temperature, soil moisture,
Relative humidity, mean air temperature, rainfall, clay, Bulk density, pore space, pH,
organic C, total N, available P and C:N were calculated (Table 3). The highest positive
correlations were between Cmic and Nmic, Cmic and Pmic, Nmic and Pmic, relative humidity
and microbial C, N and P, Soil temperature and microbial C, N and P, Soil moisture and
microbial C, N and P; Cmic and organic C; Nmic and organic C; Cmic and total N; Organic
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C and total N. On the other hand, the lowest negative correlations between organic C
and pH, Cmic and clay, organic C and clay, bulk density and pore space (Table 3).
Table 2. Microbial C, N and P (µg g-1) in the soils of Mixed forest, Butea forest, Grass
land and Agricultural land of Udaipur forest
Butea
Plantation

Grassland

Agricultural
land

851.35*
1222.98*
560.58*
878.30±191.7

280.53*
380.33*
236.30*
299.05±42.6

218.15*
284.30*
194.30*
232.25±26.9

83.78***
107.85***
87.98***
93.20±7.42

40.78***
47.85***
32.10***
40.24±4.55

34.55***
42.83***
27.63***
35.00±4.39

58.23***
65.58***
35.55***
53.12±9.04

21.13***
23.40***
15.28***
19.93±2.42

18.00***
21.40***
14.35***
17.92±2.03

10.16
11.34
6.37
9.42

6.88
7.95
7.36
7.43

6.31
6.64
7.03
6.64

14.62
18.65
15.77
16.54

13.28
16.25
15.47
15.00

12.12
13.29
13.54
12.96

2.31
4.02
1.34

0.72
1.18
0.54

0.53
0.86
0.44

2.26
3.52
2.06

1.90
3.27
1.80

0.89
1.37
0.63

4.72
6.10
3.48

11.53
14.91
6.78

11.42
15.61
6.03

3.99
5.20
2.46

2.90
4.04
1.99

Mixed Forest
Microbial C
971.43*
Summer
1330.00*
Rainy
643.91*
Winter
981.78±198.1
Annual Mean
Microbial N
106.00***
Summer
123.30***
Rainy
107.33***
Winter
112.21±5.56
Annual Mean
Microbial P
64.55***
Summer
70.10***
Rainy
43.38***
Winter
59.34±8.14
Annual Mean
Microbial C:N
9.16
Summer
10.79
Rainy
6.00
Winter
8.75
Annual Mean
Microbial C:P
15.05
Summer
18.97
Rainy
14.85
Winter
16.54
Annual Mean
Microbial C/Organic C (%)
2.58
Summer
4.22
Rainy
1.50
Winter
Microbial N/total N (%)
Summer
Rainy
Winter
Microbial P/ total P (%)
Summer
Rainy
Winter
*P < 0.05, ***P < 0.001
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Table 3. Correlation matrix (r-value) for abiotic, physical, chemical and microbiological
characteristic of soil in different land uses
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Discussion
The microbial C, N and P was significantly higher during the rainy season (P < 0.05,
P < 0.01) and lower in winter season in both the stands with the exception of microbial
N exhibiting lowest value in summer season (Table 2). This may be due to higher
immobilization of nutrients by the microbes from the decomposing litters as
decomposition rate of litters and microbial activities are at peak during this period.
Further, the growth of fungi also increased during this season due to high relative
humidity and thus contributing to the soil microbial biomass (Acea and Carballas,
1990).
The seasonal variation of microbial biomass C, N and P values was significant
between summer–rainy (P < 0.01) and winter–rainy (P < 0.01); however, there is no
significant seasonal variation between summer and winter season which may be due to
unexpected rains in winter during the study period thereby increasing the microbial
biomass during this season (Fig. 3). However, in tropical dry deciduous forest, savanna
and temperate pastures peak values were recorded during early spring or summer
(Saratchandra et al., 1984; Singh et al., 1989) and that of subtropical humid forest where
maximum value was obtained in winter season (Arunachalam and Arunachalam, 2000)
may be due to the differences in quality of litter and rainfall pattern. However, low
value of microbial C, N and P in winter season may be due to low activities of
microorganisms and slow rate of decomposition of litter in dry and cool period. DiazRavina et al. (1995) reported that lack of water seemed to limit the microbial biomass
more than temperature since lower microbial biomass contents were observed in dry
period than in wet period. Several studies on soil microbial biomass reported a close
relationship between soil moisture and microbial biomass (Acea and Carballas, 1990;
Diaz-Ravina et al., 1995) where maximum value of microbial biomass is obtained in
wet period and minimum in dry period which are in conformity with our report. Similar
observations have been reported by Santruckova (1992) and Lynch and Panting (1982)
in different ecosystems (forest, grassland and arable soils of Greece) and arable soil of
Oxford shire, UK. The microbial C value obtained in the present study falls well within
the ranges (61–2000 mg g_1) reported by Vance et al. (1987) and Henrot and Robertson
(1994) for various temperate and tropical forest soils and of sub-tropical forest (978–
2088 mg g_1) reported by Arunachalam and Arunachalam (2000). The microbial N
value is comparable to soils of coniferous forest soils (52–125 mg g_1) reported by
Martikainen and Palojarvi (1990) and evergreen forests, (42–242 mg g_1) reported by
Diaz-Ravina et al. (1988), but lower than that of broad leaved deciduous forest soils
(132–240 mg g_1; Diaz- Ravina et al., 1988). The microbial P value falls well within
the reported range of 5.3–67.2 mg g_1 for arable land, grassland and woodland soils
(Brookes et al., 1984) and 14–46 mg g_1 for sub-tropical moist forest reported by
Arunachalam and Arunachalam (2000). Wardle (1998) reported in his reviewed article
on soil microbial biomass dynamics that there is no consistent seasonally determined
temporal patterns of microbial biomass change in tropical and warm temperate
ecosystems. However, the present study in subtropical forest is contrary to his reports.
The value of microbial C, N and P is comparatively higher in forest stand I situated at
the foothill than in mixed forest located at higher elevation, which may be due to high
soil moisture content and less exposure to sunlight and better quality of litter in former
stand favouring the growth of microbes. Besides this amount of litterfall returned on the
forest floor was higher than that of plantation, grassland and agriculture land. Thus, the
contribution of microbial C, N and P to total soil organic C, total N and P was higher in
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forest mixed forest than that of plantation, grassland and agriculture land indicating
microbial biomass/nutrients (C, N and P) immobilized more in mixed forest.
Both mixed forest and Butea plantation soils have significantly greater organic
content and total N content in the study area when compared with grassland and
agriculture land (Table 1). In support this finding, the highest microbial biomass C and
N value were found in forest soils with highest organic C and N content. It is well
known that soil organic C strongly affects the amount and activity of soil microbial
biomass (Diaz-Ravina et al, 1988).
The positive and significant relation between the Cmic and Nmic, Cmic and Pmic, Nmic
and Pmic, relative humidity and microbial C, N and P, Soil temperature and microbial C,
N and P, Soil moisture and microbial C, N and P; Cmic and organic C; Nmic and organic
C and Cmic and total N (Table 3). Our results are consistent with previously reported
studies (Arunachalam and Arunachalam, 2000; Sharma etal., 2004; Wright et al., 2005).
The relatively dense structure of plants and a greater accumulation of litter and fine
roots in the understorey of forest and plantation may favor the growth of microbial
populations and the accumulation of C in microbial biomass.
In this study, there is a significant positive relationship between soil organic C and
total N, organic C and total P and total N and total P (Table 3). Similarly, previous
studies state that if soil organic C increases, the total N increase (Manu et al., 1991; Li
et al., 2007). The dynamics of N in mineral soil is closely linked to C, because most N
exists in organic compounds and heterotrophic microbial biomass, which utilize organic
C for energy. As a result, the microbial biomass N showed a significant positive
correlation with microbial biomass C (Table 3). The result coincides with previous
studies (Klose and Tabatabai, 1999; Arunachalam and Arunachalam, 2000;
Arunachalam and Arunachalam, 2002; Sharma et al., 2004; Wright et al., 2005).
The pH of soils in, grassland and agricultural land were moderately acidic (pH 5.65)
in mixed forest and butea plantation, lightly acidic (pH 6.65) in grassland and lightly
alkaline (pH 7.35) in agricultural land. Relatively high values of microbial biomass C,
N and P in the forest and plantation soils, compared to grassland and agricultural soil,
was likely due to pH, because it showed a negative correlation with microbial biomass
C and microbial biomass N (Table 3). The results of this study reveal that distinct plant
community composition associated with 4 land use types, reflecting changes in soil pH
and microbial biomass. Previous work has shown variability in microbial biomass that
can be caused by alterations in soil pH (Wardle, 1992). Some authors suggest that
maximum activities of soil microbial biomass occur at pH values of about 6.5 (AcostaMartinez and Tabatabai, 2000).
The clay content of soil is known to play a role in the determining microbial biomass
and activity as well as influencing the composition of microbial community (McCulley
and Burke 2004). Soils with high clay content lead to more stabilization of soil organic
C and higher microbial biomass (Schimel et al., 1994). In contrast, our results indicate
that Cmic (r = -0.846, P < 0.01) and Nmic (r = -0.815, P < 0.01) were negatively
correlated with clay content of soils. Most likely this is due to the variability in the
controlling factors of microbial biomass, such as soil organic matter, management
practices, and plant species composition, that may have masked the impact of clay
content on soil microbial biomass.
The large variation of microbial C:N ratio (6.0 – 11.34) (Table 2) in the present study
areas may be due to low availability of total soil N, however, the present value is close
to the range reported by Martikainen and Palojarvi (1990) for various forest soils (6–9)

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 8(4): 377-390.
http://www.ecology.uni-corvinus.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online)
 2010, ALÖKI Kft., Budapest, Hungary

Patel et al.: Seasonal and temporal variation in soil microbial biomass C, N and P in different types land uses of dry deciduous forest
- 387 -

and by Fenn et al. (1993) for chaparral soils (7–13). According to Jenkinson and Ladd
(1981) C:N ratio of fungal hyphae is often 10–12 and that of bacteria usually between
3 - 5. Since C:N ratio in the present study areas are more than 5, it may be dominated by
fungal community. However, several workers have reported that dominance of fungi in
an acid forest soil have a significant impact on microbial C:N ratio (Swift et al., 1979;
Fliessbach and Reber, 1991). The microbial C:P in the present study falls well within
the reported range of 10.6–35.9 by Brookes et al. (1984), but lower than that of dry
tropical deciduous forest (35.51) reported by Devi Sarjubala (2002) and sub-tropical
humid forest (33.2–98.5) reported by Arunachalam and Arunachalam (2000) which may
be due to high microbial biomass P in the present forest.
The contribution of microbial biomass C to soil organic C (0.44 – 4.22 %) and
microbial N to total N (0.48–3.52 %) across the four sites varies from season to season
attaining highest value in rainy season and low during winter season thereby indicating
high immobilization of microbial C and N during the rainy season. The present value of
microbial C to organic C falls within the reported range of tropical forests (1.5 – 5.3 %;
Theng et al., 1989; Luizzao et al., 1992) and temperate forests (1.8–2.9 %; Vance et al.,
1987). However, the contribution of microbial biomass N to total N is comparable the
values reported from agricultural soils (2–6%; Brookes et al., 1985), acid organic soils
(2.8–9.8%; Williams and Sparling, 1984) and forest soils (3.4– 5.9 %; Martikainen and
Palojarvi, 1990). Contribution of microbial P to total Phosphorus (2.46 – 5.20 %) across
the sites indicates higher immobilization and is comparable to the values reported by
Brookes et al. (1984) from deciduous woodland (4.7 %), grasslands (2–4.3 %) and
arable land (1.4–3.5 %) and it falls well within the reported range of Yadava and Devi
(2004) from semi evergreen forest (2.74 %) but lower than that of sub-tropical humid
forest of North-east India reported by Arunachalam and Arunachalam (2000) owing to
high microbial P and low pH in those forests.
Conclusion
Thus, it may be concluded that the soil microbial biomass exhibits strong seasonality
and is highly influenced by the abiotic variables. However, soil moisture has a strong
influence on the microbial biomass. The microbial C:N ratio indicates that soil fertility
is influenced by the species composition of the forest. High microbial N during the
rainy season may be onsidered as a nutrient conservation strategy. Further, the
proportion of microbial C and N to soil C and N indicates that C, N and P are
immobilized more during rainy season. Results from the present study demonstrate that
management practices and certain types of vegetation exert a profound influence on
microbial biomass C and N. Different plant species affect soil microbial processes,
which are dependent upon their litter quality and quantity and also upon below-ground
biomass supporting microbial activities. The substrate and nutrient limitation of
microbial biomass and their central role in the soil nutrient cycling facilitate the use of
microbial biomass as an indicator for soil health of land use types. Our data suggest that
forest soil may be healthier when compared to other land use soils. In other words, the
soil health of land use types is in the order of forest, plantation, grassland and
agriculture soil.
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