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A B S T R A C T

Soil microbial biomass is an important component of soil organic matter constituting from 2 to 5% of the soil
organic carbon and play a significant role in the cycling of nutrients and overall organic matter dynamics. The
present study assessed the effects of three forest types (Banj-oak forest, Chir-pine forest and Mixed oak-pine
forest) on the soil physico-chemical properties and microbial biomass Carbon in Central Himalaya, India. The
soil microbial biomass carbon was determined by chloroform fumigation extraction method. In the 2 year of
study period, the soil microbial biomass carbon (Cmic) was significantly higher in Mixed oak-pine forest
(681 ± 1.81–763 ± 1.82 μg g−1) than in the Banj-oak (518 ± 1.50–576 ± 1.73 μg g−1) and Chir-pine forest
(418 ± 1.42–507 ± 2.05 μg g−1). Though insignificant, all the forest types showed distinct seasonal variations
in microbial biomass carbon with a minimum value in winter season and maximum value in rainy season. The
soil microbial quotients (Cmic to Corg) were higher in Chir-pine (2.52–4.18) and Banj-oak forest (2.26–4.02) than
those reported in Mixed oak-pine forest (1.44–2.24). These results indicate that Mixed oak-pine forest is better in
sustaining the soil microbial biomass and soil nutrients than Banj-oak and Chir-pine forest. It recommends that
nutrients rich Mixed oak-pine forest should be preferred as a forest management practice to promote microbial
diversity, their activities and soil quality enhancement in Central Himalayan forests.

1. Introduction

The soil microorganisms participate in the cyclic process of soil
elements and play an important role in the decomposition and con-
version of organic matter and supply (Aguilera et al., 1999; Ekblad and
Nordgren, 2002). The soil microbial biomass represents a major labile
pool of nutrients in the soil containing 1–5% of the soil organic matter
and a major labile pool of nutrients in the soil (Jenkinson and Ladd,
1981; Sun et al., 2010). It plays an important role in the retention and
release of nutrients and energy and has a turnover time of less than a
year and can react quickly to conditions of nutrients, moisture, tem-
perature and the type and amount of soil organic matter (Paul, 1984)
thus, can be used as an indicator of the soil fertility in soil ecological
studies (Yadav, 2012) and sustainable environmental management.

Vegetation cover influence the soil fertility and composition of mi-
crobial community, which in turn affect the soil microbial biomass and
microbial efficiency in carbon utilization (Bargali et al., 1993b; Bargali,
1996). The microbial processes of carbon and nitrogen cycles are af-
fected by forest vegetation due to the differences in quality and quantity
of litters, root exudates and the soil properties (Kara and Bolat, 2008;

Bargali et al., 2015). Soil microbial biomass and community composi-
tion have been shown to be sensitive indicators of changes in nutrient
types (Franzluebbers et al., 1999; Haney et al., 2001; Spohn et al.,
2016), flora (Borga et al., 1994) and climate change (Zogg et al., 1997).
Climatic conditions have a direct effect on microbial communities
through the soil moisture and temperature (Chattopadhyay et al., 2012;
Ullah et al., 2012; Díaz-Raviña et al., 1995), but they may also have an
indirect effect through interactions with other factors such as vegeta-
tion, topography and landscape (Myers et al., 2001). Changes in mi-
crobial biomass carbon contents in responses to vegetation types are
related to the plant diversity, the proportion of easily decomposable
organic compounds, root density, microclimate and the soil structure
(Moore et al., 2000).

Banj oak (Quercus leucotrichophora A. Camus) and Chir-pine (Pinus
roxburghii Sarg.) are two dominant forest forming species in Indian
Central Himalayan region. Central Himalayan ecosystems are subjected
to a marked seasonality (Singh and Singh, 1992). Soil microbial bio-
mass carbon plays an important role in understanding soil carbon cycle,
soil carbon balance and chemical and biochemical characteristics of the
soil. Information on soil microbial biomass carbon in different forest

https://doi.org/10.1016/j.catena.2018.07.001
Received 9 October 2017; Received in revised form 23 June 2018; Accepted 1 July 2018

⁎ Corresponding author.
E-mail address: vijyetamanral@gmail.com (V. Manral).

Catena 171 (2018) 125–135

0341-8162/ © 2018 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03418162
https://www.elsevier.com/locate/catena
https://doi.org/10.1016/j.catena.2018.07.001
https://doi.org/10.1016/j.catena.2018.07.001
mailto:vijyetamanral@gmail.com
https://doi.org/10.1016/j.catena.2018.07.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.catena.2018.07.001&domain=pdf


ecosystems have been reported by several workers (Srivastava and
Singh, 1991; Arunachalam et al., 1996; Devi and Yadava, 2006; Patel
et al., 2010) but information on seasonal changes in the microbial
biomass carbon in Central Himalayan forest ecosystem is limited. In this
study, the physico-chemical properties and soil microbial biomass
carbon were measured and compared in three forest types (Banj-oak,
Chir-pine and Mixed oak-pine) in Central Himalaya, India. The objec-
tives of this study were to investigate: (i) how selected Central Hima-
layan forests differ in soil microbial biomass carbon and soil char-
acteristics and (ii) how soil microbial biomass carbon varies seasonally
and annually for the three Central Himalayan forests.

2. Materials and methods

2.1. Study area

This study was conducted in the Central Himalayan region near
Nainital town of Uttarakhand state of India (Fig. 1). Three forest types

viz., Banj-oak (Quercus leucotrichophora A. Camus), Chir-pine (Pinus
roxburghii Sarg.) and Mixed oak-pine forests were selected between 800
and 2000m altitude above mean sea level (29°19′–29°28′ N latitude
and 79°22′–79°38′ E longitude). Each site was further divided into three
sub sites i.e., Hill base, Hill slope and Hill top. At each site permanent
plots were established.

2.2. Geology

Geologically the study sites were located in the Lesser Himalayan
zone. The rocks of this zone are complex mixture of sedimentary, low
grade metamorphosed and igneous rocks and belong to Krol series
(Valdiya, 1980). The rocks in Banj-oak forest are infrakrol. These are
black carbonaceous and pyritous, locally oxidized to ash-grey colour
with characteristic oxidization rings on parting planes. The rocks in
Chir-pine forest are formed of chlorite, sericite, schists, graniteferous
micaschists and micaceous quartzites. While the rocks in Mixed oak-
pine forest are complex mixture of mainly sedimentary low-grade

Fig. 1. Location map showing study sites.
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metamorphosed and igneous rocks (Valdiya, 1980).
The climate of the area is temperate and monsoon type (Singh and

Singh, 1992) with long-cold often snowy winter and short summer. There
are three distinct seasons comprising of summer (March–May) which are
comparatively dry, rainy season (June–October), completely wet-humid
season and chilling winter (November–February). However, March is the
transition month between winter and summer and November between
rainy and winter seasons and can be recognized as spring and autumn,
respectively. At the study sites, the mean monthly maximum temperature
ranged from 11 °C to 26 °C and mean monthly minimum temperature
ranged from 4 °C to 17 °C. Annual rainfall of the area was 2347mm and
nearly 75% occurs during the 3months of monsoon (mid-June to mid-
September). The approximate variation in total monthly precipitation
ranged from zero precipitation (November 2014) to 842mm (July 2014)
in first year while in second year, this range was from 2mm (December
2015) to 589mm (July 2015) (Fig. 2a and b).

2.3. Soil sampling

Soil samples were collected randomly (not at the specific plots) from
each forest type in different seasons (i.e., rainy, winter and summer) in
triplicate by removing soil monoliths (10 cm long× 10 cm
wide× 15 cm deep). Soil samples were thoroughly mixed to form a
composite for each forest site. Soil sampling was confined to 15 cm as
majority of microbial community and their activities are confined in
this layer (Srivastava and Singh, 1989; Adeboye et al., 2011; Pant et al.,
2017; Padalia et al., 2018). In order to randomize, the distance between
the soil sampling at each site was at least 50m. The collected soils were
packed separately in plastic bags (with suitable description and iden-
tification marks) and rapidly transported to the laboratory. Coarse
materials such as stones, roots and litters were removed manually. The
soil microaggregates/soil balls were also mashed manually to separate
the soil particles and field moist soil samples were sieved with 2mm
mesh and divided into two parts. The first was stored at 4 °C for de-
termination of soil microbial biomass carbon, while the other part was
air-dried to analyze soil physical and chemical properties.

2.4. Analyses of soil samples

The soil texture was determined by sieving soil through a series of
sieves with different sized holes (sand 0.02–2.0mm, silt

0.002–0.02mm, clay < 0.002mm) and the proportion of soil particles
was calculated by weight (Misra, 1968). Soil bulk density was de-
termined using a special mental core-sampling cylinder of known vo-
lume, and soil moisture was calculated gravimetrically by drying soils
till constant weight and subsequently expressing water content as a
percentage of the dry weight. Soil pH was measured in a 1:5 mixture of
soil and distill water using a glass electrode. Soil carbon was estimated
using rapid titration method of Walkley and Black (1934) following
Jackson (1958). Total soil N was determined by micro-Kjeldhal diges-
tion technique and total phosphorus was determined by using UV-119
spectrophotometer following Misra (1968).

The Cmic was determined by the chloroform fumigation and ex-
traction method (FE) as described by Ladd and Amato (1989). Two
portions of ten grams field-moist soil sample were weighed. One was
taken in a crucible and placed in a desiccator. A shallow dish containing
30ml of alcohol-free chloroform was placed by it. The other (not fu-
migated) portion was taken in a crucible and placed in separate de-
siccator without chloroform. The desiccators were covered and kept in
dark at room temperature for 5 days (Anderson and Ingram, 1998).
After the fumigant was removed, fumigated soils were extracted with
0.5 M K2SO4. The non-fumigated soils were also extracted with 0.5M
K2SO4. Soil extract (8 ml), 0.2M K2Cr2O7 (2ml), concentrated H2SO4

(10ml), and 85% H3PO4 (5ml) were mixed thoroughly. The mixture
was digested at 150 °C for 30min and titrated with 0.1 N ferrous (II)
ammonium sulfate, using 2–3 drops of ferroin indicator.

The soil microbial biomass carbon was determined by the following
formula:

C E /Kmic C EC=

where, EC is the difference between the C extracted from the fumigated
and non-fumigated samples and KEC=0.38 (Von Luetzow et al., 2007).

2.5. Data and statistical analysis

The statistical analyses were conducted with SPSS 16.0. The ana-
lysis of variance (ANOVA) was used to test the effects of forest type,
position, sampling season and year on soil microbial biomass carbon
and soil characteristics. Pearson's correlation analysis was used to de-
termine significant (P < 0.01 or 0.05) interrelationship levels among
the measured properties of the soils. All the data in the tables were
expressed as the average of three replicates ± SE.

Fig. 2. Meterological data of study site during the study period (a) 2014 and (b) 2015.
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3. Results

3.1. Soil characteristics

The physical properties of soil from the different forest sites are
given in Table 1. The sand percentage was ranged from 70 (Hill base of
Mixed oak-pine forest) to 80 (Hill slope of Chir-pine forest). The
minimum silt and clay percentage were recorded in Hill top of Banj-oak
forest and hill slope of Chir-pine forest i.e., 11% and 9%, respectively.
The water holding capacity ranged from 36.6% (Hill top of Chir-pine
forest) to 52.4% (hill base of Banj-oak forest). The maximum bulk
density (1.36 g cm−3) was recorded in hill top of Chir-pine forest and
minimum (0.42 g cm−3) in hill top of Mixed oak-pine forest. The soil
porosity ranged from 48.81 to 84.28% at different forest sites while the
soil moisture was maximum (25.77%) at hill base of Mixed oak-pine
forest and minimum (7.36%) at hill top of Chir-pine forest. Bulk density
depends on soil organic matter, soil texture, density of soil minerals and
their packing arrangements. It was reported that the effect of sand
content on bulk density was higher than that of the other soil properties
(Miehe et al., 2015). In the present study, bulk density showed a po-
sitive correlation (r=0.158) with sand content and negative correla-
tion with silt (r=−0.098) and clay (r=−0.172) content though the
values were not significant.

The soil chemical properties of the different forest sites are given in
the Table 2. The soil pH ranged from 5.3 (hill top of Banj-oak forest) to
6.3 (hill slope of Banj-oak forest). The higher soil nutrients (C, N, P and
SCS) were reported at hill base in Mixed oak-pine forest i.e., 5.24%,
0.39%, 0.092% and 50.49 t C ha−1, respectively while lowest values
were reported in Chir-pine forest.

Forest type had significant effects (P < 0.01), on water holding
capacity (WHC), moisture content (MO), porosity (PO), bulk density
(bD), total organic carbon (Corg), total nitrogen (N) and total phos-
phorus (P) (Table 3). Many researches (Padalia et al., 2018) obtained
strong positive correlation between soil organic carbon and bulk

density while some researchers stated a reverse correlation between
organic carbon and bulk density indicating as organic carbon increases,
bulk density of the soil decreases when it is required for proper growth
of plants. In the present study, bulk density showed a significant ne-
gative correlation (r=−0.585) with soil organic carbon (Table 5).

3.2. Soil microbial biomass carbon (Cmic)

Results from ANOVA indicated that the soil microbial biomass carbon
(Cmic) was significantly affected by forest types, while the position and
sampling season showed insignificant effect (Table 3). In both the years,
concentrations of Cmic showed higher values in the Mixed oak-pine forest
than in Banj-oak and Chir-pine forest (Table 4; P < 0.01). In Banj-oak
forest, the Cmic ranged from 518 μg g−1 to 576 μg g−1, in Chir-pine forests,
it ranged from 416 μg g−1 to 507 μg g−1 while in Mixed oak-pine forest, it
ranged between 681 μg g−1 and 763 μg g−1. In general, the maximum value
of Cmic was recorded during the second year (763 μg g−1) as compared to
first year (751 μg g−1) though the differences were not significant (Table 4).
Though the remarkable differences were observed in the precipitation
during both the years but the distribution of rainfall was more uniform in
the second year. The temperature showed the reverse trend of precipitation,
it means after a required moisture availability the temperature played a
significant role/may be the limiting factor for soil microbial activities. There
was insignificant seasonal variation in Cmic for all the three forest types; soil
Cmic values were higher in rainy season (439 ± 2.50–763 ± 1.82 μg g−1)
than in summer (421 ± 1.86–745 ± 3.02) and winter
(416 ± 1.72–733 ± 1.37 μg g−1) seasons. The rainy season which is
comparatively wet, favours the microbial activities which enhanced the
decomposition processes as compared to summer and winter seasons which
are comparatively dry. Across the position in the same forest, maximum
Cmic value was recorded at hill base (491 μg g−1–763 μg g−1) followed by
hill slope (417 μg g−1–737 μg g−1) and minimum at hill top
(416 μg g−1–697 μg g−1) (Table 4).

Table 1
Soil physical properties in different forest types.

Forests Position Sand (%) Silt (%) Clay (%) WHC (%) bD (g cm−3) e Moisture (%) Porosity (%)

Banj-oak forest HT 79.00 ± 0.85 11.00 ± 0.58 9.00 ± 0.33 48.65 ± 0.71 0.60 ± 0.00 3.47 ± 0.02 10.79 ± 0.14 77.53 ± 0.11
HS 74.00 ± 0.88 16.00 ± 0.88 10.00 ± 0.00 50.07 ± 1.17 0.56 ± 0.01 3.78 ± 0.08 12.93 ± 0.40 78.97 ± 0.35
HB 72.00 ± 0.88 16.00 ± 0.33 12.00 ± 0.58 51.50 ± 0.50 0.72 ± 0.01 2.71 ± 0.05 17.45 ± 0.21 72.95 ± 0.33

Chir-pine forest HT 76.00 ± 0.88 14.00 ± 0.33 11.00 ± 1.20 36.65 ± 0.69 1.10 ± 0.06 1.44 ± 0.15 07.36 ± 0.23 58.51 ± 2.41
HS 80.00 ± 0.88 11.00 ± 0.33 9.00 ± 1.00 37.86 ± 0.84 1.12 ± 0.05 1.38 ± 0.11 10.62 ± 0.19 57.67 ± 1.83
HB 76.00 ± 0.88 15.00 ± 0.58 9.00 ± 1.33 38.50 ± 0.53 0.84 ± 0.01 2.18 ± 0.04 14.39 ± 0.38 68.42 ± 0.45

Mixed oak-pine forest HT 78.00 ± 0.88 12.00 ± 0.58 10.00 ± 0.33 41.47 ± 0.69 0.42 ± 0.01 5.39 ± 0.14 11.36 ± 0.35 84.28 ± 0.33
HS 78.00 ± 0.88 12.00 ± 0.88 11.00 ± 0.33 42.76 ± 0.61 0.60 ± 0.09 3.63 ± 0.78 14.70 ± 0.19 77.23 ± 3.28
HB 70.00 ± 0.88 18.00 ± 0.88 13.00 ± 1.76 45.65 ± 0.43 0.65 ± 0.01 3.07 ± 0.05 22.48 ± 0.37 75.35 ± 0.33

HT=Hill top, HS=Hill slope, HB=Hill base,± =Average with standard error, WHC=Water holding capacity, bD=Bulk density, e=Void ratio.

Table 2
Soil chemical properties in different forest types.

Forest Position pH C (%) TOC SOM SCS (tC ha−1) N (%) P (%)

Banj-oak forest HT 5.37 ± 0.03 1.70 ± 0.03 2.21 2.93 15.30 0.12 ± 0.02 0.02 ± 0.00
HS 6.63 ± 0.07 2.45 ± 0.04 3.19 4.22 20.58 0.22 ± 0.01 0.06 ± 0.00
HB 6.43 ± 0.03 2.75 ± 0.07 3.58 4.74 29.70 0.30 ± 0.01 0.07 ± 0.00

Chir-pine forest HT 6.53 ± 0.03 1.24 ± 0.00 1.61 2.14 20.46 0.07 ± 0.01 0.01 ± 0.00
HS 6.00 ± 0.06 1.15 ± 0.01 1.50 1.98 19.32 0.07 ± 0.01 0.02 ± 0.00
HB 5.80 ± 0.06 2.14 ± 0.00 2.78 3.69 26.96 0.13 ± 0.01 0.02 ± 0.00

Mixed oak-pine forest HT 6.13 ± 0.03 3.24 ± 0.04 4.21 5.59 20.41 0.18 ± 0.01 0.04 ± 0.00
HS 5.87 ± 0.03 3.75 ± 0.07 4.88 6.47 33.75 0.38 ± 0.01 0.06 ± 0.00
HB 5.67 ± 0.03 5.24 ± 0.09 6.81 9.03 51.09 0.39 ± 0.01 0.09 ± 0.00

HT=Hill top, HS=Hill slope, HB=Hill base,± =Average with standard error, C=Carbon, TOC=Total organic carbon, SOM=Soil organic matter, SCS=Soil
carbon Stock, N=Nitrogen, P=Phosphorus.
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3.3. Relationship between soil microbial biomass carbon and soil
characteristics

The Pearson correlation between physico-chemical properties and
microbial biomass carbon is given in Table 5. Based on a combined data
set for all the three forest types, the Cmic showed significant positive
linear correlation with clay percentage (r=0.393), soil moisture
(r=0.655), porosity (r=0.723), soil carbon (r=0.937), total ni-
trogen (r=0.849) and total soil phosphorus (r=0.753) but negatively
correlated with bulk density (r=−0.723) of the soil.

3.4. Microbial biomass quotient (Cmic:Corg)

The ratio of Cmic to Corg indicates whether the soil carbon is in
equilibrium, accumulating or decreasing (Anderson and Domsch,
1989). In the present study, Cmic to Corg ratios were higher during
second year as compared to first year (Table 6). Across the season, Cmic

to Corg ratios were generally higher in winter season followed by
summer and rainy season. Among forest types, these ratios were gen-
erally higher in Chir-pine forest followed by Banj-oak forest and
minimum in Mixed oak-pine forest. In each forest type, these ratios

were maximum at hill top followed by hill slope and minimum at hill
base (Table 6).

4. Discussion

Results in this study indicated that the three forest types differ
markedly in soil physico-chemical properties and microbial biomass
carbon. Physico-chemical properties of forest soils vary in space and
time because of variation in topography, climate, weathering processes,
vegetation cover and microbial activities (Paudel and Sah, 2003) and
several other biotic and abiotic factors (Bargali et al., 1992, 1993a). Soil
properties therefore vary within short distances according to parent
rocks, vegetation cover and land use. Our bulk density values are within
the range (0.6–1.8 g cm−3) reported by Baumler and Zech (1994) and
exchange properties among microaggregates also vary, but in general
are low depending on the amount of clay and organic matter (Baumler,
2015).

Soil texture may affect the productivity of the forest ecosystem by
affecting moisture availability, nutrient supply or soil organic matter to
microbial decomposition (Schimel et al., 1996; Dorji et al., 2009; Dorji
and Baumler, 2013; Baumler, 2015). In our study sand particles were

Table 3
One-way analysis of variance (ANOVA) for microbial biomass carbon and physico-chemical properties of soil.

Parameters df Mean square

Sand Silt WHC bD Mo Po C N P C(mic)

Forest type 02 NS NS 347.39** 0.563** 65.53* 799.62** 15.56** 11.68** 0.006** 163,961.81**
Position 02 76** 42.11** NS NS 158.35** NS NS NS NS NS

**Significant at 0.01 and * at 0.05, NS=non-significant, df= degree of freedom, WHC=water holding capacity, bD=bulk density, Mo=moisture, Po= porosity,
C= carbon, N=nitrogen, P=phosphorus, C(mic) =microbial biomass carbon.

Table 4
Soil microbial biomass carbon contents (μg g−1) in different forest types.

Forest Position 1st year 2nd year

Rainy Winter Summer Mean Rainy Winter Summer Mean

Banj-oak forest HT 538 ± 3.11 523 ± 2.31 526 ± 0.81 529.0 539 ± 3.89 519 ± 0.74 518 ± 1.50 525.3
HS 549 ± 6.25 541 ± 1.24 546 ± 0.41 545.3 547 ± 8.51 533 ± 1.26 542 ± 1.10 540.7
HB 576 ± 1.73 558 ± 1.72 565 ± 1.27 566.3 564 ± 1.59 553 ± 1.50 561 ± 1.27 559.3

Chir-pine forest HT 447 ± 10.30 418 ± 1.42 423 ± 0.54 429.3 439 ± 2.50 416 ± 1.72 421 ± 1.86 425.3
HS 457 ± 14.96 429 ± 0.96 435 ± 2.06 440.3 444 ± 2.47 417 ± 0.90 429 ± 1.25 430.0
HB 498 ± 5.40 491 ± 1.25 496 ± 0.89 495.0 507 ± 2.05 483 ± 1.44 482 ± 1.46 490.7

Mixed oak-pine forest HT 697 ± 0.55 681 ± 1.81 685 ± 2.01 687.7 683 ± 1.41 683 ± 1.44 692 ± 1.12 686.0
HS 737 ± 1.02 718 ± 1.32 725 ± 1.18 726.7 722 ± 2.50 717 ± 0.84 721 ± 0.61 720.0
HB 751 ± 2.58 730 ± 0.86 738 ± 1.39 739.7 763 ± 1.82 733 ± 1.37 745 ± 3.02 747.0

HT=Hill top, HS=Hill slope, HB=Hill base.

Table 5
Pearson correlation coefficient between soil microbial biomass carbon and soil characteristics.

Forest Position Sand Silt Clay WHC bD Mo Po C N P

Sand −0.623⁎⁎

Silt 0.660⁎⁎ −0.875⁎⁎

Clay −0.718⁎⁎

WHC −0.519⁎⁎

bD −0.0592⁎⁎

Mo 0.805⁎⁎ −0.717⁎⁎ 0.641⁎⁎ 0.494⁎⁎ 0.452⁎

Po 0.592⁎⁎ −1.000⁎⁎

C 0.588⁎⁎ 0.435⁎ −0.570⁎⁎ 0.450⁎ 0.479⁎ −0.585⁎⁎ 0.834⁎⁎ 0.585⁎⁎

N 0.524⁎⁎ −0.564⁎⁎ 0.427⁎ 0.500⁎⁎ 0.495⁎⁎ −0.521⁎⁎ 0.827⁎⁎ 0.520⁎⁎ 0.893⁎⁎

P 0.531⁎⁎ −0.697⁎⁎ 0.596⁎⁎ 0.520⁎⁎ 0.665⁎⁎ −0.527⁎⁎ 0.854⁎⁎ 0.527⁎⁎ 0.851⁎⁎ 0.907⁎⁎

C(mic) 0.628⁎⁎ 0.393⁎ −0.723⁎⁎ 0.655⁎⁎ 0.723⁎⁎ 0.937⁎⁎ 0.849⁎⁎ 0.753⁎⁎

Corresponding values were significant at ** 0.01 level and * 0.05 level, WHC=water holding capacity, bD=bul density, Mo=moisture, Po=porosity,
C= carbon, N=nitrogen, P=phosphorus, C(mic) = soil microbial biomass carbon.
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slightly higher (76–80%) in Chir-pine than Mixed oak-pine (70–78%)
and Banj-oak forest (72–79%), while silt and clay particles were max-
imum in Mixed oak-pine and minimum in the Chir-pine forest (Table 1).
The special variability of particle size distribution plays an important
role in vegetation as they affect the soil texture quality and soil erosion
(Aderonke and Gbadegesin, 2013). In the highly dissected landscapes of
Himalaya, bioclimatic conditions change rapidly and may vary within
short distances resulting in a pronounced heterogeneity of soil types
and their chemical and physical properties (Baumler, 2015).

The WHC of the soil was higher (48.6–51.5%) in Banj-oak forest and
lower (36.6–38.5%) in Chir-pine forest. The higher amount of litter
produced by dense canopy of Banj-oak forest influence the texture of
soil and increase water retention capacity of the soil (Sheikh and
Kumar, 2010). Across the forest types soil moisture was maximum in
Mixed oak-pine forest and minimum in Chir-pine forest suggesting that
in Chir-pine forest open canopy resulted in excessive loss of soil
moisture.

Bulk density was higher in Chir-pine forest as compared to Banj-oak
and Mixed oak-pine forests (Table 1). Due to the fast decomposition
rate of oak forest litter and conversion of litter into organic matter re-
sulted in faster nutrient cycle and increased available pore spaces in soil
(Upadhyay and Singh, 1989; Upadhyay et al., 1989) which does not
support the soil compaction. Soil formation in mountain areas has to be
seen in the context of both genetic and geographical concepts
(Urushadze, 1979; Romashkevich, 1996) and this is especially true in
Himalayan mountain ecosystems (Baumler, 2015).

Upadhyay and Singh (1989) have stated that the litter of Chir-pine
decomposed very slowly thus, released the nutrients comparatively in a
very slow rate, enhanced the soil compaction and reduced the available
pore space in soil which resulted into high soil bulk density. Mixed oak-
pine forest showed the intermediate position in soil physical/chemical
properties as both type of litter is produced by this forest thus bulk
density values of this forest ranged between the oak and pine forests.
The high organic carbon concentration might be due to the high ac-
cumulation as well as high diversity of litter (because of different types
of species present there) in Mixed oak pine forest.

Lack of a significant correlation between particle size distribution
and bulk density in the present study might be due to the wide range of
sand, silt and clay (70–80%, 11–18% and 9–11%, respectively). Most of
the soils above 1000m are characterized by dominance of the sand and
silt fractions (Baumler and Zech, 1994; Baumler, 2001a, 2001b;
Baumler, 2004). Baumler (2015) has given the main reasons for this as
the general reduction in weathering with increasing altitude, eolion
input by local redistribution within the valley systems and weathering
of low to medium grade metamorphic rock rich in mica. Low proportion
of silt and clay may be due to the steep slopes of Kumaun Himalaya
region governed by sub surface flow system where fine soil particles
(Silt and clay) get eroded and deposited in the foot hills of Himalaya.
This resulted in high proportion of coarse particles (Sand). However

due to the lack of the detailed studies of weathering processes in the
studied areas, the site specific differences in soil texture, bulk density
and soil organic carbon and soil organic matter needs further in-
vestigation.

The chemical properties across all the seasons and soil depth for all
the forest types revealed that Mixed oak-pine forest were rich in all the
chemical properties as compared to other two forest types. Vegetation
plays a remarkable role in the formation of soil organic matter and
influences fundamental soil forming processes such as aggregation or
podzolisation (Baumler, 2015). Changes in nutrients cycling processes
that arise due to change in a flora may reflect alteration in the soil
microbial community related to the differences in the quantities and
qualities of inputs to the soil by different species of plants (Grierson and
Adorns, 2000).

Chen et al. (2004) suggested that tree can alter soil properties
through root-microbe interaction resulting in a distinct difference of the
chemical composition of soil organic carbon in mixed forests. Thus, the
effect of vegetation on soil carbon content is tree species dependent
(Smith et al., 2002). Studies from elsewhere (e.g., Smith et al., 1997;
Dumig et al., 2006) showed that particle size distribution strongly af-
fected bulk density because soil texture is often cited as a critical
property affecting the response to mechanical soil disturbance (Bulmer,
1998; Baumler et al., 2005).

The range of Cmic reported in the present study (416 μg g−1 to
763 μg g−1) is within the range reported by Vance et al. (1987) and
Henrot and Robertson (1994) for various temperate and tropical forest
soils (61 μg g−1 to 2000 μg g−1), by Devi and Yadava (2006) for the
mixed oak forest ecosystem (71 μg g−1 to 1412 μg g−1) by Barbhuiya
et al. (2005) for Mediterranean forest soils (121 μg g−1 to 3232 μg g−1)
and by Ravindran and Yang (2015) for subalpine mountain forest soils
(140 μg g−1 to 1320 μg g−1). However, these values were lower than
those reported by Arunachalam and Arunachalam (2000) for sub-
tropical forests (978 μg g−1 to 2088 μg g−1). The Cmic values were sig-
nificantly higher in the Mixed oak-pine forest soil (681 μg g−1 to
763 μg g−1) than in the Banj-oak (518 μg g−1 to 564 μg g−1) and Chir-
pine (416 μg g−1 to 507 μg g−1) forest soils in each season (Fig. 3).
Many factors have been suggested to explain the effects of vegetation
type on microbial biomass in soils (Hackl et al., 2004). Differences in
the quantity and quality of substrate inputs via varying litter and root
types and associated nutrient specificity can be crucial drivers to in-
fluence the soil microbial biomass (Feng et al., 2009; Jin et al., 2010).
Chen et al. (2006) reported that soil microbial biomass greatly depends
on soil organic matter as a substrate; a decrease in soil organic carbon
causes reduction in soil microbial biomass. Thus, the higher Cmic in the
mixed forest stands was mainly attributed to the greater availability of
organic matter as evident from the significant positive correlation be-
tween soil microbial biomass carbon and soil organic matter (Fig. 4).
These findings were consistent with those reported by Jia et al. (2005)
and Wang and Wang (2011) who also reported strong correlation

Table 6
Soil microbial quotient (Cmic/Corg) as affected by forest type, season and position.

Forests 1st year 2nd year

Position Rainy Winter Summer Mean Rainy Winter Summer Mean

Banj-oak forest HT 3.18 ± 0.06 4.60 ± 0.26 3.81 ± 0.07 3.86 ± 0.13 3.33 ± 0.07 4.88 ± 0.16 3.86 ± 0.17 4.02 ± 0.13
HS 2.25 ± 0.05 2.56 ± 0.05 2.40 ± 0.04 2.40 ± 0.05 2.32 ± 0.07 2.60 ± 0.02 2.44 ± 0.12 2.45 ± 0.07
HB 2.10 ± 0.05 2.43 ± 0.03 2.26 ± 0.03 2.27 ± 0.04 2.09 ± 0.01 2.47 ± 0.13 2.22 ± 0.04 2.26 ± 0.06

Chir-pine forest HT 3.59 ± 0.09 4.08 ± 0.08 3.73 ± 0.05 3.80 ± 0.08 3.79 ± 0.13 4.03 ± 0.07 3.85 ± 0.17 3.89 ± 0.12
HS 3.99 ± 0.17 4.21 ± 0.03 4.14 ± 0.08 4.11 ± 0.09 4.22 ± 0.12 4.10 ± 0.01 4.23 ± 0.02 4.18 ± 0.05
HB 2.32 ± 0.02 2.73 ± 0.05 2.52 ± 0.04 2.52 ± 0.04 2.48 ± 0.02 2.83 ± 0.02 2.36 ± 0.04 2.56 ± 0.03

Mixed oak-pine forest HT 2.15 ± 0.02 2.25 ± 0.01 2.21 ± 0.03 2.20 ± 0.02 2.19 ± 0.06 2.29 ± 0.03 2.23 ± 0.02 2.24 ± 0.04
HS 1.97 ± 0.04 2.16 ± 0.03 2.07 ± 0.02 2.07 ± 0.03 2.08 ± 0.04 2.25 ± 0.06 2.02 ± 0.02 2.12 ± 0.04
HB 1.43 ± 0.02 1.53 ± 0.02 1.44 ± 0.01 1.47 ± 0.02 1.51 ± 0.01 1.53 ± 0.01 1.45 ± 0.02 1.50 ± 0.02

HT=Hill top, HS=Hill slope, HB=Hill base, Cmic= soil microbial biomass carbon, Corg= soil organic carbon.

K. Bargali et al. Catena 171 (2018) 125–135

130



between soil microbial biomass carbon and soil organic carbon.
Besides forest types, seasonal variations also have great influence on

soil microbial biomass (Devi and Yadava, 2006). In this study, all the
forest types showed distinct seasonal variations in microbial biomass
carbon with a trough during winter season and a peak during rainy
season (Fig. 5). Seasonal variation in soil microbial biomass carbon
reflects the degree of immobilization-mineralization of soil carbon. A
decrease in soil microbial biomass can result in mineralization of nu-
trients, whereas an increase in microbial biomass may lead to im-
mobilization of nutrients (Yang et al., 2010). This may be due to higher
immobilization of nutrients by the microbes from the decomposing
litter as decomposition rate and microbial activities are at peak during
this period (Upadhyay and Singh, 1989; Upadhyay et al., 1989; Usman
et al., 2000). 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). For a deciduous forest in
North-east India, Devi and Yadava (2006) also reported highest content
of Cmic during rainy season and lowest content in winter season. In
subtropical soils of China, more Cmic was present in the hot humid rainy
season than in the cold dry winter season (Iqbal et al., 2010). Low
values of Cmic in the winter season may be due to the low activities of
microorganisms and slow rates of decomposition in a dry and cool
period. Prieme and Christensen (2001) and Groffman et al. (2001)
suggested that microorganisms died in winter and release organic
carbon and freeze-thaw action can facilitate the decomposition of or-
ganic detritus and mineralization of carbon. However, in tropical dry
deciduous forest, savanna and temperate pastures, peak values were
recorded during early spring or summer (Saratchandra et al., 1984;

Fig. 3. Soil microbial biomass carbon (Cmic average ± standard error) as affected by forest type.

Ist year IInd Year

Fig. 4. Correlation between microbial biomass C and soil organic C in both the progressive year of study (O-PFB=Oak-pine forest base, O-PFS=Oak-pine forest
slope, O-PFT=Oak-pine forest top, OFB=Oak forest base, OFS=Oak forest slope, OFT=Oak forest top, PFB=Pine forest base, PFS=Pine forest slope, PFT=Pine
forest top, C=Carbon, MBC=Microbial biomass carbon).
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Singh et al., 1989) and in subtropical humid forest, maximum value was
obtained in winter season (Arunachalam and Arunachalam, 2000)
which may be due to the differences in quality of litter and rainfall
pattern.

Across the position, Cmic was maximum at hill base followed by hill
slope and minimum at hill top (Fig. 6) which may be due to high soil
moisture content and less exposure to sunlight and better quality of
litter at hill base favouring the growth of microbes. In addition, rela-
tively rich substrate input at hill base due to rain water and snowmelt
from hill top also resulted in higher microbial activity. Koch et al.
(2007) also reported an increase in average microbial biomass with the
decrease in elevation.

Forest type has significantly affected the physico-chemical and
biological properties of the soil. The results of the PCA supported the
analyzed soil factors as predictors of quality of different forests.
Principal component analysis (PCA) was carried out with 12 soil quality
indicators and it was then reduced to few indicators, which explains
minimum relation using eigen value. The components contributing to
maximum variance always become as first PC and hence, more quality
indicators were selected from this component. The coordination of
three different forests on the basis of soil biological quality is presented
in Fig.7. The PCA axis F1 accounted for 58.62% variation in quality

indicator composition while PCA axis F2 accounted for 18.66% varia-
tion. The PCA axis 1 was related with active sites and the PCA axis 2
represented the active variables.

There were two principal components (PCs) which have the eigen
value more than one and therefore, were responsible for 77.29% of the
total variation. The first component accounted for 58.62% most reliable
(Ypc1) in which the highest loading values were found with soil.

Ypc1=0.955 (Phosphorus)+ 0.935 (Clay)+ 0.924 (Carbon)+
0.915 (Nitrogen)+ 0.834 (Moisture)+ 0.829 (Cmic)+− 0.810
(Sand)+ 0.654 (Silt)+ 0.574 (Porosity)+−0.574 (Bulk den-
sity)+ 0.502 (Water holding capacity) + 0.146 (pH).

Second component (Ypc2) contributed 18.66% of the total re-
lationship and the highest loading was found.

Ypc2=0.665 (Bulk density)+−0.665 (Porosity)+
0.643(Silt)+−0.539 (Sand)+−0.473 (MBC)+0.413 (Moisture)+
0.354 (pH)+0.210 (Clay)+0.183 (Phosphorus)+−0.14
(Carbon)+0.110 (Water holding capacity)+−0.002 (Nitrogen).

The forest site PFT (Pine forest top) showed no relation with other
parameters of the F1 and F2 factor therefore, represented as supple-
mentary variable. In the present study, significant relationship between
soil microbial biomass carbon, soil organic carbon and other physical
and chemical characteristic were found (Table 5). Blagodatskii et al.

Fig. 5. Soil microbial biomass carbon (Cmic average ± standard error) as affected by seasons.

Fig. 6. Soil microbial biomass carbon (Cmic average ± standard error) across all the three forest types as affected by positions.
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(2008) also reported that the quantity and composition of microbial
biomass carbon is sensitive to changes in the soil physical and chemical
properties. Among these properties bulk density, soil moisture and
porosity reflects the physical characteristics which can characterize the
activity of soil microbial biomass carbon and soil organic carbon.

As a sensitive indicator of the quality of soil carbon pool, the soil
microbial quotient (Cmic/Corg), reflects the contribution of microbial
biomass to soil organic carbon (Anderson and Domsch, 1989). It also
reflects more effectively the effect of vegetation type on soil organic
carbon as compared to soil microbial biomass carbon. A wide spectrum
of soil microbial quotient ranging from 0.27 to over 7.0 is reported in
the literature (Anderson and Domsch, 1989). This wide variation in
ratios arises because of differences in soils, vegetation cover, manage-
ment, as well as variations in sampling time and analytical methods. In
the present study, soil microbial quotient ranged between 1.43 and
4.88. These values were lower than those reported by Luizao et al.
(1992) for tropical forest soils (1.5–5.3) Barbhuiya et al. (2005) for
tropical wet evergreen forest soils (4–6) and higher than those reported
by Maithani et al. (1996) for subtropical humid forest soils (0.7–1.7).
The soil microbial quotient in Chir-pine forest soils (2.52–4.18) and
Banj-oak forest soils (2.26–4.02) were higher than those reported in
Mixed oak-pine forest soils (1.44–2.24). The Cmic/Corg ratio is inter-
preted as substrate available and the portion of total soil carbon im-
mobilized in microbial cells. Relatively lower Cmic/Corg ratio in Mixed
oak-pine forest soils may be ascribed to the inhibition of microbial
immobilization, whereas a relatively higher Cmic/Corg ratio in the Chir-
pine and Banj-oak forest soils may be due to higher C immobilization.

According to Singh et al. (1989) the microbial population in the soil
changed with the vegetation type, resulting in the reduced conversion
of non-active organic carbon to active organic carbon and ultimately
increases the soil organic carbon. In this study, the Cmic/Corg ratios
varied with season, attaining higher values in winter season and lower
in rainy season indicating higher C immobilization in the winter season.
Across the position, the soil microbial quotient was maximum in the hill
top and minimum in the hill base denoting the presence of more active

carbon pool in the hill top soil. Soil microbial quotient increased during
second year indicating that the soil carbon element was effective and
carbon sequestration capacity was increased and thus, soil organic
carbon was gradually accumulated.

5. Conclusions

To conclude, in comparison to Chir-pine and Banj-oak forests,
higher values of microbial biomass carbon and lower microbial quotient
in Mixed oak-pine forest indicated that this type of forest had a higher
amount of soil microorganisms and substrate utilization efficiency of
the soil microbial community which sustain better soil quality. This
indicate that different plant species have different nutrient demands
and produce different quality and quantity of litter, which affect mi-
crobial population and diversity and mixture of two forests provide
better condition for microbial growth as compared to pure forest of
each species. The soil microbial biomass exhibited weak seasonality and
was highly influenced by the abiotic variables. High microbial C during
rainy season may be considered as a nutrient conservation strategy
while the lower proportion of microbial C to soil C indicated more
immobilization of C during winter season.
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