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Abstract

The study was carried out in two different forest types viz., Banj oak and Chir pine forests to assess the variation
in forest species composition and soil properties along altitudinal gradients in the Garhwal Himalayas. The results of
the study showed that between the forests soil moisture was higher in Banj oak forest because of closed canopy and
dense forest compared to Chir pine forest. The sand particles were reported higher in Banj oak forest which might
be due to the addition of organic matter favouring coarse structure of soil, helping in holding maximum water in
soils. However in the Chir pine forest low amount of soil organic matter and presence of clayey soil, develops soil
compactness which reduces the penetration of water resulting in high soil bulk density. The higher accumulation of
litter and presence of moisture in Banj oak forest favours higher nutrient level of nitrogen, phosphorus and potassium
compared to Chir pine forest. The soil organic carbon also reduced with increasing altitude at both gradients. While
bulk density has reverse trend with soil organic carbon in both the forests at different peaks of same region. In Banj
oak forest, the highest density and total basal cover was reported 1,100 tree ha" and 58.86 m” ha respectively. However,
the highest values of density and total basal cover of Chir pine forest was 560 tree ha" and 56.94 m” ha respectively.
The total density and basal cover of both the forests reduced with increasing altitude. The study concludes that Banj
oak forest has better nutrient cycling ability, well developed forest floor and has a greater protective and productive
features compared to the Chir pine forest which is without lower vegetation cover and having only pine litter accumulation
which does not allow any other species to grow.
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Introduction

The altitude and aspect plays a key role in determining
the temperature regime of any site. Within one altitude the
co-factors like topography, slope, aspect, inclination of
slope and soil type also affect the forest species composi-
tion (Shank and Noorie 1950, Sharma et al. 2010).
Differences in insolation period at various altitudes may

occur according to slope aspect of site (Sharma et al.

2010). In Himalayas, the north-facing slopes are relatively
cooler because they receive less sunlight compared to other
aspects.

The natural distribution of the Himalayan forests from
the outer hills to the inner higher zones of the Himalayas is
determined primarily by altitude. Although geology, soils
and other biotic and abiotic factors are also important to a
great extent (Champion and Seth 1968). The phys-

ico-chemical characteristics of forest soils differ in space
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and time because of variations in biotic and abiotic compo-
nents viz., topography, climate, weathering processes, vege-
tation cover and microbial activities etc. vegetation plays an
important role in soil formation (Champan and Reiss
1992). Thus the resultant production and community
structure of vegetation too differ (Ruess and Innis 1977).
The natural forest-stands of any place are the result of the
interaction of wvarious factors of the soil and the
environment. The quantum of biomass produced over a pe-
riod of time depends largely on the nature, aggregation of
species and the nutrient supply potential of the soil. On the
other hand, the forests also have a marked influence on the
soil structure. The properties of soil developed under a par-
ticular regime have a profound influence on the growth and
development of plants (Kumar et al. 2004). The type of pa-
rent material from which a soil is derived can influence its
basic status and nutrient level. The ability of the soil to re-
tain water depends upon the amount of silt and clay par-
ticles available in the soil. The effect of the textural proper-
ties of the soil is frequently reflected in the composition and
the rate of growth of forest vegetation.

Quercus leucotrichophora A. Camus, (Banj oak) is a mod-
erate to large sized evergreen tree which grows on a variety
of geological formations and soils, such as shale, gneiss,
schist, quartzite and limestone rocks and mostly sandy or
clayey loamy soils. It is quite frequent on clayey soils pro-
duced from decomposition of shales and micaceous sandy
soil resulting from decomposition of mica-schist. It grows
best on cool northern aspects with deep moist shale soil;
however, its growth gets stunted on shallow and dry soils
on the warmer southern aspects, mostly because of in-
sufficient soil moisture (Luna 2005). Pinus roxburghii
Sarg., (Chir pine) is a large evergreen tree and a principal
species of the Himalayan sub-tropical forest (Champion
and Seth 1968).

The present study was focused on, the variation in forest
species composition, community structure and soil proper-
ties along the different altitudes of two different peaks in
Banj oak and Chir pine forest types of Garhwal Himalayas.
Therefore, the hypothesis was made that; Is there any varia-
tion in forest species composition, community structure and
soil properties along the altitudinal gradient of two different
forest types at two different peaks in the same region,
Therefore to verify the hypothesis two dominant forest
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types i.e., Banj oak and Chir pine of Garhwal Himalayas

were selected along an altitudinal gradient for the study.

Materials and Methods
Stuay site

The present study was carried out in two naturally estab-
lished dominant forest types i.e., Banj oak (Quercus leuco-
trichophora) and Chir pine (Pinus roxburghii) forests selected
in their respective growing temperate and sub-tropical re-
gions of same area. Each forest type was divided into three
altitudes at two different peaks with the difference of 100
meter gap between the altitudes for both the forest types ex-
cept in Chir pine forest where 200 meter gap has been
maintained at upper altitude due to steep terrain. The alti-
tudes of Banj oak forests were selected at 1,700, 1,800 and
1,900 meters whereas the altitudes of Chir pine forests were
700, 800 and 1,000 meters. The Banj oak forest stand was
selected near Pauri Garhwal of temperate region, located
between 30° 07" 9.9” to 30° 7' 12.3” N latitude and 78" 47’
46.5” to 78° 47" 42.5” E longitude and Chir pine forest
stand was selected near Srinagar Garhwal of sub-tropical
region, located between 30° 12" 51.2"t0 30”12 51.0” N lat-
itude and 78° 48" 25.2” to 78" 49" 2.2” E longitude. The
climate of the study area is monsoonic and three marked
seasons i.e., summer, winter and rainy, which is con-
spicuously for the whole year. The snowfall can be observed
only in the Banj oak forest particularly in winter season and
the mean annual temperature ranges between 1.3° C to
30°C, with mean annual rainfall 500 mm. The relative hu-
midity varies between 54% and 63%. In the sub-tropical
Chir pine forest the mean annual minimum and maximum
temperature ranges between 16.45°C to 26.80°C, with

mean annual rainfall 252 mm.
Soil analysis

The soil properties of both forest types was analyzed by
collecting 54 samples from different altitudes of Banj oak
forest and Chir pine forest at different depths i.e., 0-20,
20-40 and 40-60 cm from each altitude. The analysis was
carried out for physical properties (moisture, bulk density
(BD), water holding capacity (WHC), texture) and chem-
ical properties (pH, soil organic carbon (SOC), nitrogen
(N), phosphorous (P) and potassium (K). The moisture,



Table 1. Physical properties of soils of Banj oak and Chir pine forests

Kumar et al.

Fore§t type/ Depth (em)  Moisture (%) ED (g ern™ WEHC (%) Particle size distribution (%)
altitude Sand Silt Clay
Banj oak forest
1,700 m 0-20 18.79£1.12 0.89%0.08 59.50£22.06 74.60£18.33  21.73+13.76 3.67+4.57
2040 15.85+3.26 0.92%0.07 57.39%£18.50 73.70%=7.99 24.49+5.98 1.80£2.01
40-60 15.30+1.87 1.03£0.14 53.94%18.56 80.17x6.77 18.22%+6.55 1.61+0.89
1,800 m 0-20 12.02£1.93 1.07+0.14 43.11£1.19 73.12£13.34  23.99%+11.12 2.89£2.79
20-40 10.53%£3.42 1.30£0.48 37.25+5.63 55.38%£17.10  37.97%12.20 6.65+14.98
40-60 9.39%+3.27 1.360.46 34.37£5.73 67.99+7.87 28.44+6.48 3.57x1.72
1,900 m 0-20 12.12£6.66 1.05+0.08 49.48+18.49 70.00£4.48 26.02%£1.63 3.97+2.85
20-40 12.38+3.29 1.28+0.40 40.69%+12.72 67.41%+2.11 27.22%2.13 5.37x2.77
40-60 10.72+3.8 1.44+0.40 38.30*+11.43 58.73£8.11 31.60%+8.63 9.67%x3.27
Chir pine forest
700 m 0-20 1.70x1.31 1.24%+0.13 47.88*+18.13 32.75%+5.02 20.60*+13.04 46.65*17.79
2040 4.63+3.89 1.34%0.07 35.63%x0.94 19.67%x7.13 29.42*+21.42  50.92%29.79
40-60 4.62+3.89 1.41%+0.06 35.83%£0.95 22.92%3.67 29.52£13.20 47.56%10.48
800 m 0-20 1.87%0.98 1.29£0.16 40.09+4.48 38.84+2.21 27.23+7.9 33.93+10.08
2040 6.29+1.34 1.33%0.18 23.22+9091 35.70£10.61  14.68%9.35 49.62+11.82
40-60 2.55+0.87 1.34%+0.28 31.74%£4.44 36.19£5.84 14.20£9.28 49.61+11.83
1,000 m 0-20 2.76%0.30 1.12£0.09 47.25+14.12 40.30%+9.23 13.73+7.36 4597+16.52
2040 4.77%x2.56 1.33£0.03 31.33%+8.33 40.54=%3.11 12.12+6.98 47.35+3.93
40-60 4.78+2.56 1.45+0.09 31.42£7.56 40.87%=10.61 7.63+7.33 51.50%£12.39
water holding capacity, bulk density (BD) and texture was Results
determined as the methods described by Misra (1968). Soil . .
Soil properties

pH was measured with the dynamic digital pH meter
(1:2.5 soil water suspensions). The total nitrogen was meas-
ured by Kjeldal procedure and exchangeable phosphorus
and available potassium was determined by (Jackson 1958).
Soil organic carbon was determined by Walkley and Black’s
rapid titration method (Walkley and Black 1934).

Phytosociological analysis

The phytosociological study was carried out by using a
quadrat size of 10x10 m for trees at each altitude, a total of
10 quadrats were laid randomly. Thus 60 quadrats were
used at six different altitudes. The size and number of
quadrats were based on species area curve (Misra 1968)
and the running mean methods (Kershaw 1973). In each
quadrate the tree circumference at breast height (at 1.37
m from the ground) >30 cm were considered as trees.
The vegetation data was analyzed as the methods de-
scribed by Curtis and Mclntosh (1950) and Curtis
(1959).

Banj oak forest

The physical and chemical properties of soil are given in
Table 1 and Table 2. At 1700 m altitude, the moisture
ranged from 15.30%1.87% (40-60 cm) to 18.79%1.12%
(0-20 cm). The bulk density increased with increase in
depth. The WHC was highest at the depth of 0-20 cm. In
soil texture, sand particles were the highest at 40-60 cm
depth followed by 0-20 cm and 20-40 cm. Silt was highest
in 20-40 c¢m and lowest at 40-60 cm depth. Clay particles
reduced with increasing depths (Table 1). The pH was
acidic in nature. The SOC decreased with increasing depth.
Nitrogen, phosphorous and potassium reduced with in-
creasing depths (Table 2).

At 1,800 m altitude, soil moisture and WHC decreased
with the depths (Table 1), however, bulk density showed re-
verse trend with moisture which increased with increasing
depths. The lower amount of sand particles was in 20-40 cm
and higher in 0-20 cm depth (Table 1). The maximum and
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Table 2. Chemical properties of soils of Banj oak and Chir pine forests

Forest type/ Depth pH SOC Nitrogen Phosphorus Potassium
altitude (cm) (1.2:5) (%) (%) (kg hal) (kg hal)
Banj oak

1,700 m 0-20 5.5%0.64 1.30%0.07 0.064=%0.005 13.23+1.04 131.5+12.59

20-40 5.9%0.32 1.05*0.16 0.051£0.007 11.45+0.90 104.9£3.94

40-60 5.3%0.65 0.36%0.08 0.018+0.004 9.57%0.86 88.10+2.81
1,800 m 0-20 5.7%0.36 1.40%£0.27 0.072%=0.014 15.89+1.33 133.28+16.49

20-40 5.8%0.1 0.90%0.03 0.046%0.002 12.63+1.97 111.26%+9.05

40-60 5.9%0.05 0.35%0.11 0.018%+0.005 10.56+0.75 82.14%9.39

1,900 m 0-20 5.4%0.20 1.30%0.06 0.065%0.003 16.08%+0.45 133.65%+0.99
20-40 5.4%0.26 0.89£0.07 0.045%+0.003 12.93%+0.17 73.82%50.73

40-60 5.5%0.28 0.21%0.07 0.010%0.003 11.35%+0.90 89.60£5.13

Chir pine

700 m 0-20 6.77%0.23 1.02£0.03 0.051£0.002 24.67x2.27 146.35£10.10
20-40 6.50%0.20 0.80%0.08 0.040%0.004 22.29%2.27 114.61+11.97

40-60 6.27%0.15 0.42+0.03 0.021%0.002 19.34%2.75 88.48+7.35
800 m 0-20 6.97%0.15 1.07%0.15 0.053%+0.013 2594+1.12 118.24£47.86

20-40 6.74%0.11 0.535%0.07 0.028%0.003 23.58*+1.51 115.36*1.11

40-60 6.53+0.06 0.28%0.04 0.014=0.001 21.90+2.05 89.98£5.05
1,000 m 0-20 6.97%0.15 1.125+0.075 0.0560.004 26.25%1.09 114.96£79.63

20-40 6.77%0.12 0.505%+0.12 0.025%+0.005 24.47x1.04 113.49+1.72

40-60 6.57%0.11 0.256+0.114 0.013%0.005 21.80%+0.76 86.99£9.39

minimum silt and clay was in 20-40 cm and 0-20 cm depths
respectively. The pH was acidic in nature. The SOC, nitro-
gen, phosphorous and potassium were decreased with in-
creasing depths (Table 2).

At 1,900 m altitude, the highest moisture percent was at
the depth of 20-40 cm and the lowest at the depth of 40-60
cm. The bulk density increased with increasing depth while
as WHC showed reverse trend (Table 1). The pH was also
acidic in nature. The SOC, nitrogen, phosphorous and po-
tassium decreased with increasing depth (Table 2).

Chir pine forest

In Chir pine forest, at 700 m altitude, the moisture was
lowest at 0-20 cm and highest at 20-40 cm. The bulk den-
sity increased with increasing depths. The WHC was high-
est at the depth of 0-20 cm and the lowest at 20-40 cm
(Table 1). The proportion of soil particles was higher for
clay followed by silt and sand (Table 1). The pH was slight-
ly acidic which reduced with increasing depths. SOC, ni-
trogen, phosphorous and potassium decreased with increas-
ing depths (Table 2).

At 800 m altitude, moisture reduced from 20-40 cm to
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40-60 cm depth, although moisture was lowest at upper
depth (0-20 cm), however, bulk density showed reverse
trend with moisture (Table 1). The WHC was highest at
0-20 cm depth and lowest at 20-40 cm. The sand particles
were higher at 0-20 cm and lower at 20-40 cm while clay
was highest at 20-40 cm. The silt was maximum at 0-20 cm
and minimum at 40-60 cm (Table 1). The pH, SOC, nitro-
gen, phosphorous and potassium were decreased with in-
creasing depths (Table 2).

At 1,000 m altitude, moisture and bulk density increased
with increasing depth (Table 1). The WHC was higher at
0-20 cm and lower at 20-40 ¢cm (Table 1). Sand and clay
particles were highest in the depth of 40-60 cm while as silt
was highest at 0-20 cm (Table 1). The pH, SOC, nitrogen,
phosphorous and potassium were highest in the soils of
0-20 cm depth followed by 20-40 ¢cm and 40-60 cm depths.

Phytosociological studies

Banj oak forest
At 1,700 m altitude, the quantitative information (density
and basal cover) of Banj oak forest is given in Fig. 1A. At

this altitude the most dominant tree was Q. leucotrichophora
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Fig. 1. (A) Density and total basal cover (TBC) of tree species (Ql: Quercus lencotrichophora; Me: Myrica esculenta; Ra: Rhododendron arborewm and Pr: P roxbur-
ghii) in Banj oak forest. (B) Density and total basal cover (TBC) of Pr (Pinus roxburghii) of Chir pine forest.

Table 3. Correlation coefficient of physical properties of soils among the parameters of Banj oak and Chir pine forests

Altitude (m) Moisture BD WHC Sand Silt

Banj oak

Moisture (%) -0.768

BD (gem®) 0.884 -0.978*

WHC (%) 0.724 0.998%* -0.962*

Sand (%) -0.871 0.984* -1.000** 0.970*

Silt (%) 0.746 -0.999%* 0.971* -0.999** -0.977*

Clay (%) 1.000%* -0.772 0.887 -0.729 -0.874 0.750
Chir pine

Moisture (%) 0.893

BD (g cm”) -1.000%* -0.893

WHC (%) -0.200 0.263 0.200

Sand (%) 0.885 0.580 -0.885 -0.634

Silt (%) -0.980* -0.786 0.980* 0.390 -0.960*

Clay (%) 0.167 0.593 -0.167 0.933 -0.312 0.033

*Significant at p<0.05, **Significant at p<0.01.

(IVI-167.26) and least dominant was P roxburghii
(IVI-13.34). The other associated trees reported were
Myrica esculenta and Rhododendron arborewm. At 1,800 m al-
titude, Q. leucotrichophora (1IV1-159.85) and P roxburghii
(IVI-38.76) were again most and least dominant tree spe-
cies respectively however M. esculenta and R. arboreum were
the associated trees. At 1,900 m altitude, the Q. /leuco-
trichophora (IVI-155.80) was again dominant tree but the
least dominant species was R. arboreum (IVI-40.96) with

associated species of M. esculenta and P roxburghii.

Chir pine forest

In the Chir pine forest Pinus roxburghii was the single

dominating tree with associated species of herbs and some
common shrubs. The quantitative information of Chir pine
forest is shown in Fig. 1B. At 700 m altitude P roxburghii
was the dominant tree with highest values of density (560
trees ha ) and total basal cover (56.94 m” ha™). At 800 m
altitude, the density of P roxburghii was 540 tree ha™ and to-
tal basal cover was 53.26 m” ha'. At 1,000 m altitude, the
dominant tree was again P roxburghii with least values of
density (500 trees ha™) and total basal cover (26.79 m’
ha™).

Statistical analysis

The correlation coefficient among the physical properties
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Table 4. Correlation coefficient of chemical properties of soils among the parameters of Banj oak and Chir pine forests

Altitude (m) pH SOC N P
Banj oak
pH -0.359
SOC (%) -0.943 0.650
N (%) -0.764 0.876 0.936
P (kg ha') 0.948* -0.044 -0.788 -0.519
K (kg ha') -0.831 0.818 0.969* 0.994%* -0.611
Chir pine
pH 0.807
SOC (%) -0.754 -0.996%*
N (%) -0.787 -0.999%* 0.999%*
P (kg ha') 0.854 0.996%* -0.986** -0.993%*
K (kg ha') -0.886 -0.989%* 0.973% 0.984% -0.998**
*Significant at p<0.05, **Significant at p<0.01.
Table 5. ANOVA for chemical properties of soils of Banj oak and Chir pine forests
F-value
Source of variance df
pH SOC N P K
Banj oak
Depth 2 0.56 171.816* 153.649* 65.427* 10.816*
Altitude 2 2.48* 1.919* 1.816* 14.258* 0.554
Chir pine
Depth 2 224.6* 37.564* 39.054* 1.047 11.582%
Altitude 2 90.65* 1.215% 1.258* 208.071 1.074*
*Significant at 0.05 level of significance.
Table 6. ANOVA for physical properties of soils of Banj oak and Chir pine forests
F-value
Source of variance df
Moisture BD WHC Sand Silt Clay
Banj oak
Depth 2 7.134% 10.752%* 17.258* 0.809* 1.308* 0.273
Altitude 2 46.192%* 17.458%* 87.993* 2.474% 2.964* 1.907*
Chir pine
Depth 2 5.965* 5.133* 26.305* 1.7463* 0.212 2.453%
Altitude 2 0.202 0.139 6.931%* 14.867* 4.307* 0.725*

*Significant at 0.05 level of significance.

of soil for Banj oak and Chir pine forest is given in Table 3

respectively while correlation coefficient among the chem-

ical properties of soil for Banj oak and Chir pine forest is
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given in Table 4. The analysis of variance (ANOVA) for
chemical properties of soil for Banj oak and Chir pine is
given in Table § while ANOVA for physical properties of
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soil for Banj oak and Chir pine forests is shown in Table 6.

Discussion

In Banj oak and Chir pine forests, the highest moisture
was in Banj oak forest compared to Chir pine forest, which
may be due to dense canopy and multi-layered of Banj oak
forest at higher elevations compared to Chir pine forest
which has sparse forest canopy cover, which enhances more
light penetration in the forest floor and results in higher
evaporation rate and low moisture contents in the soils.
Generally Banj oak forests are characteristically moister
(Saxena 1979) closed canopied and fire free (Champion
and Seth 1968). The relative better conditions of oak forests
may be attributed due to closed canopies (Saxena and Singh
1980), compared to Chir pine forests having open canopy
(Bargali et al. 1998). A forest having multi-layered canopy
with substantial canopy index and depth, and well devel-
oped forest floor, has a greater protective value compared to
a forest with fewer layers and low canopy index (Lull 1964).
The water retention and its movement in soil vary with the
texture of soil (Kumar et al. 2002).

The average water holding capacity of Banj oak forest
(Fig. 2A) was higher compared to Chir pine forest (Fig.
2B) which was 46.01%9.75% and 36.05+4.08% for Banj
oak and Chir pine forests respectively. These values are
within the range, reported for tropical (15.8 to 63.2%),
sub-tropical (31.9 to 42.9%) and temperate forests (28.1 to
81.2%) forests in Garhwal Himalaya (Kumar et al. 2004).
In Banj oak forest (Fig. 2A) sand percent was higher while
as clay percent was higher in Chir pine forest (Fig. 2B).

Sandy soils allow water to enter and pass away rapidly, it

warms up quickly and cools very soon compared to other
textures (Sharma et al. 2010) and less favorable for tree
growth. Although higher amount of clay, reduces pene-
tration of moisture in the soil due to its soil compactness.

In Banj oak forest average soil pH ranged from
5.5%0.25 (1,900) to 5.8+0.17 (1,800 m) and in Chir pine
the pH was slightly higher (ranged from 6.51+0.19 to
6.77%0.13) than Banj oak forest. The acidic nature of soil
in oak forest could be due to higher number of species and
dense composition result in higher input of litter. In Banj
oak forest as pH increases, it also increases the suitability of
nitrogen to the plants. The slight acidic nature in pH level
in Chir pine forest is favourable to higher amount of phos-
phors in the soil for plants.

The SOC and nitrogen in both Banj oak and Chir pine
forest decreased with increasing altitude. The SOC and ni-
trogen of Chir pine forest was lower compared to Banj oak
forest. The lower values of SOC and nitrogen in Chir pine
could be due to lower density and basal cover of trees which
results in low input of litter and provides lower amount of
SOM and soil nutrients to forest soil. The phosphorus in
both the forests increased with the altitudes. The potassium
decreased with increasing altitudes in Chir pine forest (Fig.
3A) but in Banj oak forest it was slightly increased in
1800m and again dropped in 1,900 m (Fig. 3B).

The average value of nitrogen, phosphorus and potas-
sium was higher in Banj oak forest compared to Chir pine
forest. The values of nitrogen reported (0.25 to 0.31%) by
Bhandari et al. (2000) and 0.10 to 0.20% by Kumar et al.
(2004) for temperate forest was lower than the present
study.

The comparison of SOC and BD was compared with the
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Fig. 4. Bulk density (BD) and soil organic carbon (SOC) in Banj oak and
Chir pine forest soils.

altitude (Fig. 4), the study showed that SOC decreased
with increasing altitudes because of low input of SOM,
however BD showed reverse trend with SOC. Altitude is
often employed to study the effects of climatic variables on
SOM dynamics (Lemenih and Itanna 2004). Generally,
temperature decreased and precipitation increased with in-
creasing altitude. The changes in climate along altitudinal
gradients influence the composition and productivity of
vegetation and consequently, affect the quantity and turn-
over of SOM (Quideau et al. 2001). Altitude also influen-
ces SOM by controlling soil water balance, soil erosion and
geologic deposition processes (Tan et al. 2004). Garten et
al. (1999) emphasized the advantages of altitude gradients
in forest soil for testing the effects of environmental varia-
bles on SOM dynamics. The relationship between SOM
and altitude has also been investigated and positive correla-
tions were reported (Sims and Nielsen 1986).

In Banj oak forest, the density of the sites ranged from
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960 tree ha™ (site-III) to 1100 tree ha™ (site-I). The total
basal cover ranged from 40.88 m” ha™ (site-IIT) to 58.86 m”
ha™' (site-I). However, in Chir pine forest the density
ranged from 500 tree ha (site-IIT) to 560 tree ha™" (site-I)
and total basal cover ranged from 26.79 m” ha™ (site-III) to
56.94 m’ ha™' (site-T). These values of density and total bas-
al cover of both the forest reduced with increasing altitudes.

Altitude had a significant effect on species richness and
species composition, which declines even with a 100 meter
increase in altitude. (Markus et al. 2007). It is suggested
that different altitudes and slopes also influence the species
richness and dispersion behavior of trees species (Ellu and
Obua 2005; Sharma et al. 2009). Kharkwal et al. (2005)
have also suggested that altitude and climatic conditions
such as temperature and rainfall are the determinants of
species richness. The life-forms diversity usually decreases
with increasing altitudes and one or two life-form remains
at extreme altitudes (Pavon et al. 2000; Sharma et al. 2009).
Austin et al. (1996), have analyzed association between of
species richness, climate, slope and soil nutrient status.
Gairola et al. (2008) also carried out a study of vegetation
diversity along an altitudinal gradient in three sites of sub-
alpine forest. The results revealed that the size and density

of trees decline sharply from low to high altitude strata.
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