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Abstract: The present study was undertaken in moist temperate forest of Taknaur reserve forest of Uttarkashi in
Central Himalaya, India. The aim of the study was to evaluate the effects of climatic attributes and physico-chemical
properties of soils on structure and composition of forest vegetation. On the basis of altitude, slope, aspect, and
species composition four forest types were selected for the study. Physical and chemical properties of the soil as,
soil type, water holding capacity, moisture percentage, total nitrogen, available phosphorus, available potassium,
organic carbon, C:N ratioand pH were analyzed for three different depths viz., (i) (0-10 cm), (ii) (11-20 cm), and
(iii) (21-30 cm) in all the selected forest types. Phytosociological and diversity parameters viz., density (ha™"), basal

cover (m’ha™), species richness, Shannon—-Wiener diversity index (H) and concentration of dominance (Cd) were
also calculated for each forest type. It was remarked to notice that the entire study area has the sandy loam soil.
Water holding capacity was ranged from 15.67 to 22.58. Phosphorus was higher in the soil of lower horizons of all
the forest types. pH of all the forest types was slightly acidic. The values of physical and chemical properties of the
soil in all the forest types were higher than the values previously recorded for the similar forests of the central
Himalaya. The possible reason being luxuriant vegetation and undisturbed nature of these forest types, which is
evident from higher values of diversity and other phytosociological parameters.
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1. Introduction Presence of plant elements in soil would give

The knowledge of climatic conditions and forest good information towards the knowledge of nutrient
soil of any region eases to understand the growth, cycling and bio-chemical cycle in the soil-plant
reproduction and compostion of forest vegetation. The ecosystem (Pandit and Thampan 1988). Forests in
innermost theory for ecology is that climate exerts the general have a greater influence on soil conditions
dominant control on the spatial distribution of the than most other plant ecosystem types, due to a well-
major vegetation types on a global scale, while on a developed ‘O’ horizon, moderating temperature, and
smaller scale, the contribution of secondary factors humidity at the soil surface, input of litter with high
such as soil type or topography are important as well lignin content, high total net primary production, and
(Woodward, 1987, Whittaker, 1975). Climate has long high water and nutrient demand (Binkley and Giardina
been identified as a primary control on the 1998). Moreover, different tree species can differ
composition, growth and geographic distribution of significantly in their influence on soil properties as
plants (Forman 1964, Box 1981). Numerous studies well as soil fertility (Augusto et al. 2002). The
have attempted to correlate climax vegetation and properties of the soil are the important factor for the
soils  (Daubenmire  1979;  Daubenmire and growth of the plants. Among them, the most important
Daubenmire 1968; Jensen et al. 1990; Neiman 1988; factor is soil fertility, i.e., the essential nutrients
Sexton 1986; Tisdale and Bramble-Brodahl 1983). In available in the soil, for the growth of plants. Soil as a
addition, the soil and vegetation have a complex stable and renewable resource is a foundation of
interrelation because they develop together over a long organisms' survival. It is considered as a part of an
period of time. Soil analysis shows the forest types ecosystem, having specific properties and varying
and plant density of any area because the different from one region to another. Some of these properties
species of plants need different types of soils. The including the percentage of nitrogen, phosphorus,
selective absorption of nutrient elements by different potassium, soil acidity, soil salinity and pH affect
plant species and their capacity to return them to the vegetation cover in an ecosystem (Zarinkafsh, 1987).
soil brings about changes in soil properties (Singh et The numerous failures of the previous studies of
al. 1986). climate-soil-vegetation relationship suggest that a

basic relationship does not exist or something
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fundamental has been overlooked. The sporadic
successes in correlating climate and soils with
vegetation appear to be locally significant, but are not
applicable elsewhere. Johnson and Simon (1987) had
some success in broad relational correlations.

The forest of Garhwal region of central
Himalaya has wvast wvariations in the climate,
topography, and soil conditions, which form a very
complex ecosystem. Since, the vegetation zones in
the Garhwal region clearly reflect edaphic and
climatic variations (Bhatta 1981; Bhatt and Purohit
2009) and at the same time the knowledge of physical
and chemical properties of soils and climatic
conditions of different forest types of temperate region
of Garhwal region of central Himalaya is meager.
Therefore, the adequate theoretical and practical
knowledge of climatic and various forest soils and the
complex relationship between the lives of various
plants of the forest is necessary to study. However, the
present study was undertaken to understand the effects
of climatic variables and the soil properties in relation
to the forest structure in different forest types of moist
temperate Taknaur reserve forest of Uttarkashi Forest
Division of Central Himalaya, India.

2. Materials and Methods
2.1 Study Area

The study has been carried out in Taknaur
reserve forest of Uttarkashi Forest Division of Central

Himalaya. Geographically the forest division extends
from 30° 24" 30" to 31° 27" 30" N latitude and 78° 09’
40" to 79° 25" 05" E longitude and occupies an area of
about 224370.60 ha while the study area stretches
between 30° 49" 41" to 30° 54’ 06" N latitude and 78°
35" 08" to 78° 40’ 33.7" E longitude and covers an
area of about 66755.90 ha, which is 29.75% of the
division, while altitudinally, the area ranges from
1280m amsl to 3500m amsl.

The study area is characterized by undulating
topography with gentle slopes on the northern,
northeastern, and northwestern faces, and somewhat
steep slopes on southern and southwestern directions.
The soil types found in the region are brown and black
forest soils and podzolic soils. Soils are generally
gravelly and large boulders are common in the area.
Numerous high ridges, deep gorges and precipitous
cliffs, rocky crags and narrow valleys are part of the
topography of the region. The topography of the area
has also been influenced by landslides, which are
common during the rainy season.

For understanding the study area, it was divided
in four sites along gradients of altitudes as Site 1
(1280-1900m amsl), Site 2 (1900-2500m amsl), Site
3 (2500-3000m amsl) and Site 4 (3000-3500m amsl)
as per its geographical condition and vegetation type
(Table 1 and Fig 1). Physiographic factors (i.c.,
altitude, latitude) and aspect across different forest
types were measured by GPS (Garmin, Rino-130).

\

Uttarkashi forest division {

e UTTARAKHAND

Uttarakhand Himalaya [

Taknaur forest, the study area

] Fig.1. Location map of study area
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2.2 Methodology
2.2.1 Vegetation analysis

The composition of the forest types was analyzed
by using nested quadrat method as per Kent and Coker
(1992). Trees were analyzed by 10 x 10m* sized
quadrats as proposed by Curtis and Mclntosh (1950)
and Phillips (1959). The basal cover was calculated by
dividing the square of Cbh (circumference at breast
height, i.e., 1.37 m) by 4pi. The basal cover was
multiplied with respective densities of the species to
obtain total basal cover (ha™). For each species, values
of frequency, density, and abundance were calculated
following Curtis and McIntosh (1950). Species
richness (SR) was simply taken as a count of total
number of species in that particular forest type.

2.2.2 Soil sampling and analysis

Composite soil samples were collected from
three different depths viz., (i) upper (0—10 cm), (ii)
middle (11-20 cm) and (iii) lower (21-30 cm) for
assessing the physical and chemical properties of the
soil in all the selected forest types. The pH of soil was
determined directly with the help of control dynamics
digital pH meter (model Ap 175E/C). Walkley and
Black’s rapid titration method as modified by Walkley
(1947) was adopted for organic carbon estimation.
The factor of 1.724 was used to convert the organic
carbon (%) into soil organic matter (%). Available
phosphorus was determined in the soil by Olsen et al.
(1954) method. Potassium was extracted by neutral
normal ammonium acetate method (Morwin and
Peach 1951) and was determined by the flame
photometer (Evans Electro Selenium Ltd; Holsted
Essex, England). Total nitrogen was measured by
using the standard Kjeldhal procedure (Bremner and
Mulvaney 1982). Total carbon (%) was divided by the
total nitrogen (%) to get the values of C:N ratio. All
the soil tests were conducted at the district soil testing
laboratory, Uttarakashi

3. Results and Discussion

The climatic data for Taknaur reserve forest
(Uttarkashi Forest Division) during the study period
are set in table 2. It is always observed that the
climatic attributes (temperature and rainfall) regulates
the vegetation pattern (distribution, stratification,
density and diversity) of any region.The present study
also verify this rule of the nature. It is evedent from
the table 2 that maximum annual rainfall (1146.40
mm) was recorded in site 2 whereas, the minimum
(696.72 mm) was recorded at site 4 (Conifer forest).
The site 1% (Pine-oak forest) recieved 999.33mm
annual rainfall and 1036.51 mm annual rainfall was
recorded in site 3™ (mixed broad leaved foret). It
clears that the high rainfall favours the mixed braod
leaved forest and low rainfall occurs in the coniferous
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and Pine invading regions. With the increase in water
holding capacity and moisture percentage across the
aspects and gradient the luxirient and diversified
vegetation was observed, while droping down in the
water content in the soil along the aspects and gradient
the coniferous forest was observed (Table 1 and 2). In
addition, in the Pine dominating forest, the annual
mean temeprature was found higher (27.83°C) while
in mixed broad leaved forest and Abies pindrow
dominating forest the annual mean temperature was
quite low (19.25 and 17.95 °C respectively). It was
remarkable to notice in the presnt study that in
extremely dry regions, there was virtually no
vegetation. Similar regularity exists across a warm-
cold gradient (Whittaker, 1975). The average relative
humidity on monthly basis varies from 36 to 76% in
chir pine forest during April and August respectively.
In oak forest the relative humidity varies between 49%
in April to 87% in August.

Physical and chemical properties of the soil of
the study area are presented in table 2. The temperate
forest soil of Himalaya is generally considered as
sandy loam which is also verified from the present
study. The table 2 clearly explains that all the forest
types in the study region have the sandy loam soil
which indicates that the soil is new. Nitrogen is an
essential element for all growth processes in plants,
especially in cold regions. If it is not available, the
plant remains stunted and comparatively undeveloped.
Ecologists have long considered temperate forests
systems to be limited by N availability (Mitchell and
Chandler 1939). The present study also reveals that
temeperate forest has less amount of nitrogen. Soil
nitrogen is supposed to be the most limiting nutrient in
a majority of ecosystems (Fenn et al. 1998). The
values of total nitrogen varied in different forest types
from 0.66 kg to 0.73 kg™ In the study area, values of
total nitrogen, ranged between 0.66 % (Site 1) and
0.73 % (Site 3) (Table 2). The values of total nitrogen
in the present study are higher than the values
recorded by earlier workers viz Khera et al. (2001),
Srivastava et al. (2005), Semwal (2006) Pande et al.
(2001) Sharma et al. (2010a) Thadani and Ashton
(1995), Kumar et al. (2004), Nazir (2009), and Sharma
et al. (2010c) in other parts of central Himalaya. The
values of total nitrogen in the study area were higher
in upper layers as compared to lower layers. This
could be attributed to higher water holding capacity
and the presence of heavy litter and humus contents in
the upper layers of the studied forest types. The
availability of nitrogen depends to a large extent on
the amount and properties of organic matter (de Hann
1977). Therefore, the high amount of organic matter in
the forest types in the upper layers may also be the
reason for richness of nitrogen in the upper layers as
compared to lower layers.
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Available Phosphorus is inevitable for the vital
growth processes in plants. It is observed that
Phosphorus is found in all terrestrial systems in the
form of organic and inorganic matter, while organic
Phosphorus forms are the major available source of
phosphorus. Soil organic matter has the inorganic
form of Phosphorus transformed into insoluble form
in many soils. The rates of weathering also control
phosphorus availability to plants. The amount of
Phosphorus indicates the character of soil to allow
specific plants to grow at a particular site, which is
also useful to identify the vegetation type of the area.
Phosphorus in turn controls the input levels of plant
residues (Brown ef al. 1994). The carbon—phosphorus
and nitrogen—phosphorus ratios vary according to the
parent material, which depends upon degree of
weathering and by other means (Paul and Clark 1996).
It has been reported that a large proportion of
Phosphorus is stored in the forms that are unavailable
to plants (Murphy 1958), for example, H,PO,, which
becomes available at low pH values and suffers from
fixation by hydrous oxides and silicate minerals
(Soromessa et al. 2004). Values of available
Phosphorus in the present study area varied between
16.12kg ha™ in Oak-mixed-Conifer forest (Site 2) and
33.15kg ha in Pine-oak forest (Site 1) (Table 2). The
values of available Phosphorus in the present study are
much higher to those recorded by some other
investigators in other parts of the Garhwal region of
central Himalaya (Khera et al. 2001; Kharkwal 2002;
Usman et al. 2000; Srivastava et al. 2005; Nazir 2009;
Sharma et al. 2010c; Semwal 2006; Pande et al. 2001,
Kumar et al. 2004; Pande et al. 2004; Jha and Dimri
1991; Sharma et al. 2010a; Sharma and Badoni 2000;
Rawal 1991 and Thadani and Ashton 1995). The
Phosphorus was also found higher in the lower
horizons of all the forest types, which may be due to
the leaching properties of the soils.

The potassium is found in soluble form in all
parts of plants, and is responsible for the carbohydrate
and protein formations. Potassium activates the
enzymes of the plants, which in turn help in the
metabolism of the plants, starch synthesis, nitrate
reduction, and also plays a role in sugar degradation.
Potassium performs very vital processes like
regulating transpiration and respiration, influencing
enzyme action, and synthesis of carbohydrates and
proteins, etc. (Brady 1996). The decrease of potassium
is caused by leaching and drainage, which results in
the destruction of vegetation (Basumatary and
Bordoloi 1992). Values of available potassium in the
present study area varied between 154.97 kg ha™ in
Conifer-oak mixed forest (Site 4) and 207.10 kg ha™
in mixed broad leaved conifer forest (site 3) (Table 2).
The values of available potassium in the present study
are much higher to those recorded by some other

49

investigators in other parts of the central Himalaya as,
Khera et al. 2001; Kharkwal 2002; Usman et al. 2000;
Srivastava et al. 2005; Nazir 2009; Sharma et al.
2010c; Semwal 2006; Pande et al. 2001; Kumar et al.
2004; Pande et al. 2004; Jha and Dimri 1991; Sharma
et al. 2010a; Sharma and Badoni 2000; Rawal 1991
and Thadani and Ashton 1995). Since exchangeable
potassium in soil largely depends on the composition
of parent rock material, no specific reason can be
assigned to its differential quantities at different
altitudes and sites in various parts of Garhwal region
of central Himalaya.

It has been reported that forest soils should be
slightly acidic for nutrient supply to be balanced
(Leskiw 1998). A fertile soil generally has a pH range
between 5.5 and 7.2, which makes the essential
elements and nutrients available to the flora. Values of
pH in the study area varied between 5.16 (Site 2) and
6.71 (Site 4) (Table 2). Two forest types (mixed oak-
conifer fores and mixed broad leaved conifer forest)
had soils with pH below 6.0. This may be due to high
organic matter content and the undisturbed nature of
the soils in the study area. Robertson and Vitousek
(1981) and Adams and Sidle (1987) have also
recorded low pH in undisturbed natural forests as
compared to disturbed ecosystems. The reduction in
pH can be attributed to accumulation and subsequent
slow decomposition of organic matter, which releases
acids (de Hann 1977). The values of pH in present
study are similar to those values of pH recorded by
Kharkwal 2002; Usman et al. 2000; Srivastava et al.
2005; Sharma et al. 2010c; Semwal 2006; Pande et al.
2001; Kumar et al. 2004; Pande et al. 2004.

The carbon:nitrogen ratio indicates the
availability of carbon and nitrogen (C:N) in the soil
(Miller 2001). When fresh organic material undergoes
decomposition in soil, the rate of decomposition and
the amount of humus formed are related to the C:N
ratio of the residue. When the proportions are equal,
the rate of decomposition increases as the C:N ratio
narrows in the soil. This ratio indicates the availability
of N in floor material, rate of decay of the forest floor
(Fisher and Binkley 2000), and the quality of the
organic matter under the canopy (Cote et al. 2000),
which can also be linked to the soil microbial biomass
(Hogberg 2004). The C:N ratio reflects the release of
N in the soil through organic matter decomposition
and therefore indicates the degree of decomposition of
organic matter in the forest soils (Ulrich 1971). The
vegetation influences the C:N ratio and the C:N ratio
determines the stand composition (Fisher and Binkley
2000). Values of the C:N ratio in the study area
ranged between 2.44 (Site 4) and 3.56 (Site 2) (Table
3). The values of C:N ratio in the present study were
similar to Sharma et al. 2010c but much lesser to the
values recorded by other workers in central Himalaya,
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viz Khera et al. 2001, Kharkwal 2002; Usman et al.
2000; Srivastava et al. 2005; Sharma et al. 2010c;
Semwal 2006; Pande et al. 2001; Kumar et al. 2004;
Pande et al. 2004. As all the forest types were young
in nature and were undisturbed, C:N ratios were near
or below 5. Kawahara and Tsutsuni (1972) have
reported that generally the soil of a forest attains the
steady state when the C:N ratio reaches 10 and at that
level the release of nutrients is rapid due to
mineralization.

Phytosociological data of the study area is
provided in table 4. The highest total density was
evidanced from site 2 (2630 individual ha™) followed
by site 3 (1640 individual ha™) while, lowest was
observed at site 1 (1070 individual ha™). The highest
total basal cover (TBC) was recorded in Site 2
(Mixed oak- conifer forest, mainly Quercus
leucotrichophora,  Buxus  wallichiana,  Lyonia
ovalifolia, Cedrus deodara and Pinus wallichiana:
16954.24 m* ha™) followed by site 3 (Mixed broad
leaved conifer forest: 13644.60 m”* ha™) and Site 4
(Conifer forest mixed, Abies pindrow 9729.24 m* ha®
", whereas the lowest total basal cover (TBC) was
recorded in Site 1 (Pine-oak forest: 7180.65 m* ha™).
Species richness ranged between 7 (Pine-oak forest,
Pinus roxburghii-Quercus leucotrichophora, Site 1) to
23 (Mixed broad leaved conifer forest Site 3). 22 and
13 species were recoded in Site 2 and 4 respectively.
Diversity is a combination of two factors, the number
of species present, referred to as species richness and
the distribution of individuals among the species,
referred to as evenness or equitability. Single species
populations are defined as having a diversity of zero,
regardless of the index wused. Species diversity
therefore, refers to the variations that exist among the
different forms. Species diversity (Shannon—Wiener
diversity index) was aslo recorded highest (0.718) for

Site 1 followed by site 4 (conifer forest: 0.343) while
lowest (0.237) was recorded for site 2 (table 4). The
range of diversity in the present study area is certainly
lower than any other temeperate forests of Central
Himalaya (Ralhan et al., 1982, Gairola et al. 2012).
Values on concentration of dominance (Cd) are
similar as reported by Whittaker (1965) and Risser
and Rice (1971) have reported the range of values of
Cd for certain temperate vegetation from 0.19 to 0.99.
The values of concentration of dominance (Cd) of the
present study were ranged from 0.074 to 0.218, for
temperate forests of Taknaur reserve forest (Table 4).
Mean (Cd) values of 0.31 to 0.42 (Mishra et al. 2000)
and 0.07 to 0.25 (Shivnath et al. 1993) were reported
earlier from other parts of Himalaya. The higher value
of Cd in the forest growing on upper altitude was due
to lower species richness (Bhatt and Purohit, 2009).

High values of phytosociological parameters and
chemical properties of the soil complement each other
and show that these forest types are very fertile. The
high potassium contents were reported under Quercus
semecarpifolia and Quercus floribunda forest types
between 2500 and 3000m amsl. Tomlinson and
Tomlinson (1990), Sharpe et al, (1992), and
Srivastava et al., (2005) are of the view that the oak
individuals are related with higher potassium release,
which may be the main reason for the higher content
of potassium in the soil of these forest types. The
values of physical and chemical properties of soil of
the present study in all the forest types were higher
than the values recorded earlier for similar forests of
the central Himalaya. The possible reason for this is
the luxuriant vegetation and undisturbed nature of
these forest types, which is evident from the higher
values of diversity and other phytosociological
parameters.

Table: 1. Details of the forest types studied in the study area.

Sites | Forest type Direction | Altitude | Species composition
(m amsl)

Site | Pine—oak forest South- 1200- Pinus  roxburghii, Quercus leucotrichophora and
1 west 1800 Rhododendron arboreum
Site | Mixed oak- conifer | North 1800- Quercus floribunda, Lyonia ovalifolia, Buxus wallichiana,
2 forest 2400 Cedrus deodara and Pinus wallichiana
Site | Mixed broad | North- 2400- Quercus floribunda, Swida microphylla Lyonia ovalifolia,
3 leaved conifer | West 3000 Cedrus deodara, Pinus wallichiana and Picea smithiana

forest
Site | Conifer forest North- 3000- Abies pindrow, Picea smithiana, and Cedrus deodara
4 East 3500
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Table: 2. Climatic variables and Physico-chemical properties of the soil of different forest type in the study

area.
Climatic (Mean) Soeil Type Available Minerals
variable WHC Average
Sites Temp Rainfall (%) Moisture N P K pH
°C) (mm) (%) (Kgh) | Kg') | (Kg"
. Sand 58.6 >
Sllte 27.83 999.33 15.67 18.8 Silt 30.13 g % 0.66 33.15 2075'2 6.09
Clay 1126 |2
. Sand 54.16 | >
Slzte 24.17 1146.40 22.58 24.66 Silt 31.43 g % 0.71 16.12 163'6 5.16
Clay 141 |92
. Sand 58.33 | >
S;te 19.25 1036.51 23.40 26.33 Silt 31.1 g % 0.73 28.87 203.1 5.46
Clay 10.06 | 2
. Sand 48 >
Si‘te 17.95 696.72 17.58 20.5 Silt 24.46 g g 0.68 21.75 15?'9 6.71
Clay 1033 | ™

Table: 3. Organic carbon, soil organic matter, and C:N ratio in the soils of different forest types of study area.

Forest Type Organic carbon | Soil organic matter | Carbon:nitrogen
(%) (%) ratio

Pine—oak forest 2.70 4.65 4.09

Mixed oak- conifer forest 3.56 6.15 5.01

Mixed broad leaved conifer | 3.91 6.23 5.35

forest

Conifer forest 2.44 4.21 3.58

Table: 4. Total density, total basal cover, concentration of dominance and species diversity (ﬁ) of the studied

forest in Garhwal region of central Himalaya.

Sites Density | Total Basal Cover | Species Cd Shannon—-Wiener
(ha’) | (m*ha™) Richness diversity index H
Pine—oak forest (1) 1070 7180.65 07 0.216 0.718
Mixed oak- conifer forest (2) 2630 16954.24 22 0.074 0.237
Mixed broad leaved conifer forest | 1640 13644.6 23 0.076 0.256
(&)
Conifer forest (4) 1134 9729.24 13 0.110 0.343
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