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ARTICLE INFO ABSTRACT

The soil moisture is regarded as indicator of climate change. The temperate forest has great relation
with moisture content which showed variation with altitude, seasons and depths. The seasonal
variation of moisture depends upon the precipitation comes from. Kashmir Himalaya has snow the
main source of precipitation which adds moisture to the forest ecosystem by melting it with increase
in the temperature of the area. The seasonal variation of moisture content and its annual variation were
studied and the results revealed that Daksum has highest moisture content than corresponding ranges
both among range wise and depth wise and dominated among all the three seasons of the year. Surface
layer of forest has maximum moisture than subsurface layers during all the seasons. Daksum showed
positive increment during autumn and summer season while negative during spring. The results
conclude that spring season showed highest moisture content than summer and winter. All the results
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were subjected to ANOVA and the results were found significant at p<0.05 level of significance.
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INTRODUCTION

The output of temperate forest ecosystem is rigorously
controlled by availability of water, lack of which may have
great impact on density of vegetation particularly trees.
Moisture has important role in continuity of soil-tree
atmosphere because with the help of the same the nutrients
gets available for proper functioning of the physiological
process of the plants which helps in regulating the forest
ecosystem, thus maintains an important ecosystem service
which directly mitigates the atmospheric carbon dioxide.
Carbon dioxide flux gets decreased by increasing drought, due
to which limited growth of trees would happen, thus survival
of ecosystem may become a serious issue (Poole, 1981).
Drought cause decrease in leaf area index in temperate forests
(Battaglia et al., 1998; Le Dantec, 2000) thus results in decline
of gross primary productivity (Law et al, 2002). Due to
change in global scenario it is expected enhancement of
drought in various regions especially in Northern Hemisphere
(IPCC, 2001; Salinger, 2005; Saxe 2001; Schar, 2004). The
ecosystem is sustained by mutual transfer of energy between
various tropic levels viz. Producers, consumers and
decomposers (Prescott et al., 2004). Major part of the energy
comes in the form of fallen material as litter (Xu and Hirata,
2005) which upon decomposition due to moisture becomes an
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active source of energy in the form of organic matter and
provides nutrients for the sustainability of plant (Christensen,
1975). Decomposition of litter leads to nutrient cycling and soil
formation (Yu et al., 2005; Rawat et al., 2010). Soil moisture
content varies due to inflow of precipitation and snow melt
while outflow results in water uptake by roots, evaporation by
plants as well as physical evaporation and leaching of water to
deep depth not available to the plant. This all occurs due to
seasonal variation as well as various natural parameters like
weather. Variation of soil moisture can occur due to texture of
soil, vegetation, litter density, root system, and geographical
variability (Wilson et al., 2000; Griffiths et al., 2009; Xu et al.,
2013; He et al., 2014). The management and understanding of
forest ecosystem is critical with maximum population of world
depending on these forests in the form of various ecosystem
services (McElrone et al., 2013). Different workers relate
various parameters and their dependence on tree density among
which precipitation is major one (McKenney-Easterling, 2000).
Soil water balance and plant water relation has been effected by
change in carbon dioxide (Schafer et al., 2002). The soil
moisture is regarded as indicator as well as driver of
environmental change, understanding of which is critical
phenomenon (Asbjornsen et al., 2011; Peng et al, 2013).
Global temperature is increasing and warming the environment
continuously thus, temperature change and precipitation
showed variation in the growing season (Duran et al., 2014),
which effects the structure and function of terrestrial ecosystem
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(Butler et al., 2012). Soil warming can change nutrient cycling
which directly impacts on climate change (Peterjohn et al.,
1994; Rustad et al., 2001; Butler et al., 2012 Melillo et al,
2011, Butler et al., 2012; Auyeung ef al., 2013). Himalayas are
considered youngest among all the mountain ranges of the
world, consists mostly of sedimentary and metamorphic rocks,
occupies 16.2% of the total geographical area and spans over
12 states of the country (Dar and Somaiah, 2013). The
Himalayas in India are categorized into Northern Himalaya,
Western Himalaya, Central Himalaya and North-eastern
Himalaya (Nautiyal et al., 2005). The geographical area of the
Jammu and Kashmir state is 10138 sq. km and from which
20230 sq.km are under forest cover (Dar and Somaiah 2013).
Western Himalayas showed great variation in temperature and
moisture because the precipitation mostly comes in the form of
snow during winter which melts with increasing temperature
and adds moisture to the ecosystem. Hence current work was
carried out to assess the annual variation of moisture during
different seasons of the year.

MATERIALS AND METHODS

Description of the Study Area

The study was carried out at four sites (Ranges) of Anantnag
Division Viz Daksum, Pahalgam, Kokernag and Kuthar with
coordinates, (Pahalgam Latitude 33°57'08.3N Longitude
75°18'43.4E, and Daksum Latitude 33 ° 34'43.1N Longitude
75 © 23'17.2E, Kuthar Latitude 33 ° 34'43.1N Longitude 75 °
23'17.2E and Kokernag Latitude 33 © 34'43.1N Longitude 75 °
23'17.2E). The study sites shows variation in altitude with
Pahalgam 2090 msl, Daksum 2293 msl, Kuthar 2016 msl and
Kokernag 2029 msl. Influence of local people, tourism, and
forest management were also taken into consideration during
research work.

Sampling Techniques on the Field

Simple random sampling method was used to take samples.
During sampling various factors were taken into consideration
like seasonal wvariation, protected or opened type, and
altitudinal variation of the study area. Eight permanent
quadrats of (20 m x 20 m) in each range were established and
the sampling was done at various depth (10 — 30 cm).
Composite soil sample were taken for laboratory analysis.
Sampling was done on seasonal basis viz. autumn, spring and
summer from 2014 to 2016.

Determination of moisture content

Gravimetric Method (Kadam and Shinde 2005) was used for
estimating the soil moisture content which is very easy and
simple method to operate. The soil of fresh samples of 50 gm
weight was placed in the moisture box and weighed on digital
balance after placing the lid. The soil samples were taken to
laboratory and kept in hot air oven at 100 degree. The samples
were reweighed till constant weight was attained.

Statistical analysis

The statistical analysis used to test the significant differences
among different species was done by applying analysis of
variance (ANOVA) using sigma stat 3.5. Normality test and
equal variance test were also applied following, Student-

Newman-Keuls range test to examine the difference at
significance level of p<0.005.

RESULTS

Soil moisture content variation during autumn season

All the ranges and seasons for various depths were studied for
soil moisture content and the results revealed that Daksum has
highest moisture content than corresponding ranges both
among range wise and depth wise. At 10 cm depth highest
variation was found at Daksum with annual enhancement of
0.82% followed by Kuthar 0.76% and Pahalgam 0.73%.
Kokernag showed decrement in annual variation with -0.73%.
At 20 cm depth Daksum and Pahalgam showed positive
variationt with 0.7% and 0.64% while Kokernag and Kuthar
showed negative variation with -0.6% and -0.68%. At 30 cm
depth all the ranges showed negative variation in soil moisture
content with -.63%, -0.6%, -0.69% and -0.68% at Daksum,
Pahalgam, Kokernag and Kuthar respectively. The variation
among different range wise was found significant at P<0.05 by
following ANOVA.
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Figure 1. Variation of moisture at different ranges with depth
during autumn season (mean + within SD)

Soil moisture content variation during spring season

During spring season same trend of autumn season was
followed with Daksum dominating the area both among range
wise and depth wise followed by Pahalgam, Kokernag and
Daksum. At 10 cm depth Kokernag showed positive variation
with annual increment of 0.99% while Daksum and Pahalgam
showed negative variation from 2015 to 2016 of spring season,
Kuthar showed no variation on annual basis. At 20 cm depth
Daksum and Kokernag showed Positive variation with
increment of 1.13% and 0.82% while Pahalgam and Kuthar
showed decrement in annual variation with -0.81% and -
0.99%. At 30 cm depth similar trend was followd as in 20 cm
with Daksum and Kokernag showing positive variation with
increment of 1.03% and 0.76% while Pahalgam and Kuthar
showed negative variation with -1.67% and -0.84%
respectively. Significant difference was found at P<0.05
among different ranges of the study area.
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Figure 2. Variation of moisture at different ranges with depth during
spring season (mean £ within SD)
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Soil moisture content variation during summer season

During summer season Daksum has highest moisture content
in both years while Kuthar has lowest. With depth wise
moisture content decreases with increasing depth. At 10 cm
depth Daksum, Pahalgam and Kokernag showed positive
variation of 1.04%, 0.84% and 0.84% while Kuthar showed
negative variation of -0.75%. At 20 cm depth only Daksum
showed positive variation with 0.92% while Pahalgam,
Kokernag and Kuthar showed negative variation with -.6%, -
0.81 and -0.71% respectively. At 30 cm depth again Daksum
showed Positive increment with 0.79% and remaining ranges
showed negative variation in which Pahalgam has 0.74%,
Kokernag -0.64% and Kuthar -0.69% respectively. The results
were found statistically significant at P<0.05 among different
depths and ranges.
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Figure 3. Variation of moisture at different ranges with depth
during summer season (mean + within SD)

DISCUSSION

The results of moisture content on seasonal basis revealed that
spring showed highest moisture content followed by summer
and autumn. The reason of having highest moisture content in
Kashmir Himalaya during spring season was that the winter
remains covered with snow and with onset of spring season the
snow starts melting which adds the moisture to the soil during
spring season while during summer and winter the moisture
content gets decreased which are revealed from the current
findings. Daskum showed highest moisture during all the
seasons due to higher elevation. The higher elevation can have
cooling effect which adds moisture to the soil and the same
observations were carried out by previous workers (Griffiths
2009), while observing moisture at different altitudes.
Pahalgam followed Daksum in elevation and the moisture
content has the same trend thus with decreasing altitude from
Daksum to Kuthar moisture content also showed variation with
same trend. With increasing depth the moisture content
decreases in all the ranges and in all the seasons. The
decreasing trend of moisture content was also showed by (Dar
et al., 2015) while working in temperate coniferous forests of
northern Kashmir and the range of moisture was also in
accordance with the current results thus the worker supports
the current findings. Similar results of soil moisture along with
depth were observed (Joshi and Negi, 2015; Dar and Somaiah,
2013) which again support the results. The same workers were
found that during wet conditions the moisture was highest and
in current study spring has highest moisture in the soil thus are
in accordance with current results. The negative variation was
found at 30 cm depth which may be due to the growing
atmospheric conditions which has impact on subsurface layers
resulting in dryness.

Conclusion

Moisture has an important parameter in regulating various
activities of forest ecosystem and showed variation among
different ranges as well as different depths. Highest moisture
content was found at Daksum which is at higher altitude and
lowest at Kuthar. Surface layer of soil showed maximum
moisture content than subsurface layers. All the ranges showed
increment at surface layer of soil among all the seasons while
subsurface layers showed decrement except Daksum range.
Spring season has maximum moisture content followed by
summer and winter. This clearly indicates that moisture
content decrease with increasing time at subsurface layers
which may has consequences on forest vegetation. Thus during
the course of time variation in climatic conditions results in
decrement of moisture.
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