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The present study was conducted to investigate the comparative assessment of edaphic factors and
phytodiversity of herbaceous vegetation on seasonal basis spring (March to May), summer (June to
August), autumn (September to November) and winter (December to February), at two different
ecosystems in lower Dachigam National Park, Kashmir Himalaya. Phytosociological attributes of plant
species were studied by randomly laying 25 quadrats of 1x1 m” size at both sites. The vegetation data
recorded was quantitatively analysed for density, frequency and abundance. Plant diversity was
evaluated using different diversity indices. The abundance to frequency ratio (A/F) for different species
was determined by eliciting the distribution pattern (regular <0.025, random 0.025-0.05 and contagious
>0.05). The results indicated edaphic factors highest at site Il (MC, 35.55%), (OC, 4.73%) and (TN, 0.36%).
pH showed acidic to nearly alkaline kind of nature at both sites with site | at higher side (5.95 to 7.52).
Phytodiversity revealed site Il comparatively higher in Shannon diversity and species richness during
summer season (3.66, 7.92). However, evenness index showed similar trend with equal value at both
sites (0.94). Dominance showed an inverse relationship to diversity (H'). Species at both sites were
contagiously distributed followed by random one whereas regular distribution was almost negligible.
The study concluded that seasons have great influence on edaphic factors and species diversity. An
increase in species diversity was observed during spring and summer season which declined thereafter
as autumn and winter approached resulted in decrease in diversity due to multitude of factors.
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INTRODUCTION

The convention on biological diversity was adapted in Rio
de Janerio in 1992. Since that time the issues dealt with
under the convention have received wide recognition
(Ricotta, 2003; Wamelink et al., 2003). Biodiversity
represents an important renewable natural resource with
scientific,  agricultural, = medical, = pharmaceutical,
educational, cultural and ecological values. The
developmental activities such as overexploitation,
pollution, war, habitat destruction and degradation by
physical and chemical means which affect biodiversity
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are causing significant and often irreversible loss of
biodiversity (Hegazy, 1999). Increased biodiversity has
been found to increase primary productivity (Hector et al.,
1999), change plant allocation pattern (Tilman et al.,
2007), and reduce invisibility by unsown species thus
changing herbage composition (Kirwan et al., 2007).
Biodiversity is defined as the kinds and numbers of
organisms and their patterns of distribution (Barnes et al.,
1998). Generally, biodiversity measurement typically
focuses on the species level and species diversity is one
of the most important indices which are used for the
evaluation of ecosystems at different scales (Ardakani,
2004). Local diversity can be studied with various indices,
such as number of species per unit area (species



richness) or the Shannon index, amongst other. These
are used as indicators of the degree of complexity of the
under study communities and provide information on the
homeostatic capacity of the system to unforeseen
environmental changes (Magurran, 1988).

Vegetation ecology includes the investigation of
species composition and sociological interaction of
species in communities (Mueller-Dombois and Ellenberg,
1974). The structural property of a community is the
quantitative relationship in between the species growing
around. The quantitative study of vegetation is called
phytosociology and its principal aim is to describe the
vegetation, explain or predict its pattern and classify it in
a meaningful way (llorkar and Khatri, 2003). It indicates
species diversity which determines the distribution of
individuals among the species in a particular habitat. Soil
is an essential component that has sustained life on this
planet, favoring the growth of plants that have survived
human competition. The soil resource is limited in space
and the soil evolution is a slow process. The chemical
and physical properties of soils are controlled largely by
clay and humus as it acts as the center of activity around
which reactions and nutrient exchange occurs (Buckman
and Brady, 1967). Soil is a medium of all plant
productivity. The vegetation in turn influences the
physical and chemical properties of soil to a great extent.
It improves the soil structure, infiltration rate and water
holding capacity. Grazing pressure has a simultaneous
effect on both soil and range vegetation cover. Many
scientists believe that vegetation destruction in rangeland
is because of the increment of the grazing pressure and
soil deterioration in the same time (Blackburn, 1982; Leck
et al., 1989). Soil physical properties play an important
role in the establishment and growth of range plants.
Range vegetation grazed by livestock results in
compaction of the soil surface which affects soil seed
bank germination and establishment.

Forests are the essential and most precious renewable
natural resource which plays a key role in the lives of
people living both in mountains and lowland areas by
supplying fresh water and oxygen as well as repositories
of terrestrial biological diversities (Kala, 2004). Today,
this resource is in imminent danger due to adverse
abiotic and biotic stresses resulting from population
explosion, industrial development, agriculture and global
warming (Bawa and Dayanandan, 1998). With increase
in human activity in and around forest ecosystem,
biodiversity in terms of number of species may decline
(Swaine et al., 1987; Abdulhadi et al., 1987). Moreover,
diversity has become an increasingly popular topic within
the discussion of sustainability in the last decade, though
the maintenance of diversity of forest ecosystems is
required since many years (Schuler, 1998; Swindel et al.,
1984). The Indian subcontinent, with its rich biodiversity,
is one of the 12 mega-diversity centres in the world
ranked in 10th position in the world and 4th in Asia in
plant diversity (Singh et al., 2003), harbouring 49000
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species of flowering and non-flowering plants
representing about 12% of the world’s recorded flora. The
herbaceous layer composition is changing continuously in
space and time due to multitude of factors such as
grazing, fire, and rainfall which differs in intensity and
duration. Kashmir Himalaya, due to its rich repository of
vegetation has attracted naturalists and botanists for
more than two centuries (Dar et al., 2001). Numerous
studies dealing with diverse aspects of vegetation from
different areas of the region have been carried out from
time to time (Stewart, 1982; Dar et al., 2001). The
general vegetation of Dachigam has been dealt with in
detail by Singh and Kachroo (1976). They have
recognized a number of vegetational types based on
habitat, form and density of dominant species, though the
vegetation patterns are controlled by such factors as
habitat, slope, exposure to sunlight and altitude, besides
biotic factors. 2. The present study was conducted to
investigate the comparative assessment of edaphic
factors and phytodiversity of herbaceous vegetation on
seasonal basis in two different ecosystems of lower
Dachigam National park, Kashmir.

MATERIALS AND METHODS
Study area

Dachigam National park is located 34° 04’ -34° 14’ N latitudes and
74°48' to 75° 85' E longitudes. The park is located about 20 km
away from Srinagar city of Kashmir valley with an undulating
mountain valley topographic system. The entire area of the park is
distinguishable into two sectors upper and lower Dachigam which is
spread over an area of 141 km®. The present study was confined to
the lower Dachigam National park conducted on seasonal basis at
two different ecosystems viz., site-l (pastureland falls within the
catchment of Dachigam but located outside the official boundary of
the Park) and site-Il (mixed forest located inside the official
boundary of the Park).

Soil analysis

Composite soil samples (0 to 30 cm depth) were collected using soil
auger from the two selected sites. The collected samples were
homogenized by hand mixing and sieved through a 2 mm mesh to
remove large fresh plant material (roots and shoots) and pebbles.
Finally, the samples were air dried for further analysis (Jackson,
1967). The samples were analysed for determination of soil
temperature (Gliessman, 2000), moisture content (Michael, 1984),
organic carbon (Walkey and Black’s rapid titration method: Walkey
and Black, 1934) and total nitrogen by Kjeldahl method (Piper,
1966). pH was assessed by a digital pH meter (model Delux-101E)
after 1:2.5 soil: water ratio was prepared.

Vegetation analysis

To study the community composition and other phytosociological
characteristics of the herbaceous vegetation at the two selected
sites, thorough field surveys were conducted during four prominent
seasons Spring (March to May), Summer (June to August), Autumn
(September to November) and Winter (December to February).
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Figure 1. Physico-chemical attributes of soil recorded at two sites during different seasons.

Phytosociological attributes of plant species were studied by
randomly laying 25 quadrats of 1x1 m®size at each site (Sharma et
al., 1983; Rajvanshi et al., 1987). Specimens of each plant species
were collected per site and were identified at Centre of Plant
Taxonomy University of Kashmir/Botany Division, Forest Research
Institute Dehradun, Uttarakhand.

Data analysis

The vegetation data recorded was quantitatively analysed for
density, frequency and abundance following Curtis and Mclintosh
(1950). The relative values of these indices were determined as per
Phillips (1959). These values were summed up to get importance
value index (IVI) of individual species (Curtis, 1959). The ratio of
abundance to frequency (A/F) for different species was determined
for eliciting the distribution pattern. This ratio has indicated regular
(<0.025), random (0.025 to 0.05) and contagious distribution
(>0.05) (Curtis and Cotton, 1956). Plant diversity in the two study
sites were evaluated using the following indices. Diversity index (H')
Shannon and Wiener (1963):

Bl

H= _Epiani

i=l

H', is Shannon and Wiener’s diversity index, S is the total number of
species (richness) and pi, is the proportion of individuals in the ith
species (Pi= ni/N, ni is the number of individuals in the ith species
and N is the total number of individuals). Simpson Index (Simpson,
1949):

D=3 pi?

Evenness Index (Pielou, 1966):

LnS

Richness Index (Margalef, 1958):

S-1
R= ——
Ln(N)

RESULTS
Physico-chemical attributes of soil

The physico-chemical attributes of soil are presented in
Figure 1. The results revealed that minimum soil
temperature was 6°C during winter season at site Il while
a maximum temperature of 24°C occurred at site | during
the summer season. Moisture content ranged from
11.54% in summer to 16.68% in spring at site I. A similar
trend in moisture percent was observed at site Il, with
spring season recording a higher moisture content
35.55% than summer season 29.66%. pH value showed
overall acidic to nearly alkaline kind of nature at both
sites (5.95, autumn) to (7.52, winter) at site |. However, at
site Il it varied from 6.81 (winter) to 7.32 (spring) season.
Winter conditions were favourable for higher organic
carbon at both sites (site 1=3.82%, and site [1=4.73%).
Like organic carbon total nitrogen content of soil revealed
higher values for forest site Il (0.24%, spring to 0.36%,
winter) compared to pasture site (0.20%, autumn to
0.28%, winter) at site |. Generally moisture content,
organic carbon and total nitrogen in soil were higher at
site Il compared to site .

Species diversity

During the study period total number of herbaceous
species reported during prominent seasons was 49 at
site | (pastureland) and 75 at site Il (forest). The seasonal
break-up of species recorded at both sites showed
maximum species occurrence during spring and summer
season (site |, spring= 28; summer= 25), (site I, spring=
31; summer= 51). During autumn and winter season
species number at both sites showed overall a declined
trend (site I, autumn=14. winter=8) and (site I,
autumn=17. winter= 15) Figure 2. However, 11 species at
site | and 17 species at site |l were highly dominant
based on importance value index (V1) Table 1.

Different diversity indices are present in Figure 3.
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Table 1. Twenty eight highly dominant herbaceous plant species recorded at two sites during different season.

Artemisia sp. - -
Arthraxon prinoides - -
Bothriochloa pertusa 39.51 -
Cynodon dactylon 37.29 27.66
Fragaria nubicola - -
Galinsoga parviflora - -
Galium asperuloides - -
Galium sp. - -
Geranium pusillum - -
Hemerocallis fulva - -
Hypericum perforatum - -
Iris sp. - -
Origanum vulgare
Oxalis corniculata -
Plantago lanceolata -
Poa sp. - -
Potentilla sp. - -
Ranunculus aquatilis - -
Ranunculus sp.
Rorripa sylvestris - -
Salvia moorcroftiana
Stellaria media - -
Stipa sibirica 16.82
Thymus serphyllum 34.01
Trifolium pratense - -
Tulipa stellata
Viola indica - -

12.1

140.97

18.1
40.6

20.31 - - -
23.78 - -

108.97 - - - -

- 12.31
26.22 - - -
41.59 - - - -

Comparative results of Shannon diversity (H') at both
sites showed a variation of 1.80 (site 1) during winter to
3.66 (site II) during summer season. Overall maximum
value of diversity was reported in summer season at both
sites (3.03 site | and 3.66 site Il) followed by minimum in
winter season (site I, 1.80 and site- Il, 2.55). In general
diversity (H') showed overall all an increasing trend from

spring to summer season and thereafter a decreasing
trend was observed till the commencement of winter at
both sites. Dominance showed a reverse trend to that of
diversity index (H) at both sites with lowest value
reported during summer season (0.06, site | and 0.03,
site Il). Equability or evenness index showed maximum
variation (0.94-summer, sites | and Il) and minimum
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Figure 4. Distribution pattern (%) of herbaceous vegetation at site | during different seasons.

(0.73-autumn) at site I. However, at site Il lowest
evenness (0.88) was recorded in spring season. The
index of species richness overall reported highest value
in summer (7.92) at site Il which declined thereafter with
lowest value (2.50) in winter season at the same site. Site
| showed similar approach with increased trend from
spring reaching highest in summer (3.70) and lowest in
winter (1.87). Comparing the average values of diversity
index (H'), equability index and richness index, it is
evident that site Il is slightly better than site | with respect
to these indices: (2.435, site | and 2.945, site I,
equability index (0.9125 site Il and 0.852 site I) and
richness index (4.497- site Il and 2.652- site I).

Distribution pattern

At site | (pastureland) about 26 and 57.15% of the
species showed contagious distribution in spring and
winter seasons respectively. On the other hand 39.14%
of the species showed random distribution in summer

and 56.53% in winter (Figure 4). At site Il most of the
species were contagious in distribution with maximum
species (80%) in winter followed by summer (64.70%),
spring (58.06%) and autumn (58.82%) seasons.
Randomly distributed species showed maximum
occurrence in spring (41.93%) followed by autumn
(35.29%), summer (31.37%) and winter season (20%).
Regular distribution of species at this site was almost
negligible with only three species Poa pratensis and
Impatiens sp. (3.92%) showed regular distribution in
summer season and Arthraxon prinoides (5.88%) in
autumn season (Figure 5).

DISCUSSION
Soil attributes
Temperature at site Il was relatively lower compared to

site |, due to the fact that the former received more shade
than the latter. Generally high soil temperature is
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Figure 5. Distribution pattern (%) of herbaceous vegetation at site Il during different seasons.

recorded in areas where soil surface is not covered by
vegetation (Kuhnelt, 1970). Comparatively soil moisture
was lowest at site | (11.54, summer and 16.68, spring).
This may be attributed to grazing effects by livestock in
the area. The grazing of rangeland plants by livestock
has concurrent adverse consequences in terms of the
soil surface becoming compacted, which in turn
adversely affects the infiltration of moisture into the soil
(Amiri et al., 2008). Chaichi et al. (2005) investigated the
effect of trampling of soil on changes of vegetation cover
and physical characteristics of soil and found decrease in
grass-green cover at the end of grazing period. This was
attributed to cessation of growth of certain herbaceous
species. However, the most prominent change could be
the decrease of soil water availability with increase of
grazing intensity (Dormaar and Willms, 1998; Krzic et al.,
2000; Sarmiento et al., 2004). The results highlighted that
the compaction from livestock trampling likely contributed
soil surface and botanical composition and vegetation
impacts on the decreasing soil infiltration rate. Hence the
present findings of site Il are compatible with (Mapfumo
et al., 2000). Also lowest percentage of soil moisture
present in the soil is mainly due to grazing as grazing and
trampling by cattle increases the compactness of soils.
The highly compacted soil in general shows a lower
permeability and increased runoff (Saxena and Singh,
1984). Further, due to inadequate vegetation cover and
occurrence of denuded patches created as a result of
over-grazing by domestic livestock, the direct sunlight
received by soil surface at site | enhances the chances of
evaporation. A reduction in soil moisture content due to
grazing was also reported by Branson et al. (1981). The
general observation revealed that forest site is ahead to
pasture site in soil moisture percent (29.66 to 35.55 site
II) and (11.54 to 16.64, site I). Das et al. (1980) showed
that nature and content of organic debris returned to the
forest floor varying with vegetation affecting the physic-
chemical properties of the soil from the direct impact of
raindrops, thereby controlling erosion on slopes and

increases the moisture status in soil (site Il). Soil pH
influences the availability of plant nutrient and it is a good
indicator of forest fertility (Black, 1968). pH value showed
overall an acidic to nearly alkane kind of nature at both
sites. It ranged from 5.95-7.52 (site |) and 6.81-7.32 (site
II). Seasonal trend of pH depicted lowest values during
autumn season at both sites (5.95-site 1) and (6.67- site
II). Buckman and Brady (1967) and Keoghh and Maple
(1972) reported lower pH values during dry seasons. The
acidic nature of soil was also reported by Kala (2005) in
grazed and un-grazed soils of western Himalaya. Low pH
reduces the mineralization of soil organic matter and
other nutrient reserves, inhabiting root growth and
consequently, adsorption of nutrients (Vermeer and
Berendse, 1983). Soils with higher pH generally have
poorer capacity for regeneration (Suoheimo, 1995). The
lower pH value at site Il may be due to the continuous
decomposition of surface litter over the years. The acidic
nature of the soil at this site can also be attributed to
various climatic factors. Similar observations were also
obtained by Miller (1965); Shrestha (1992) and Kharkwal
et al. (2009). Pagliali et al. (1995) reported factors such
as land use type, tillage and aspect can affect all soil
properties. The pH values reported by Karki (1999) in
Koshi Tappu Wildlife Reserve were in accordance to site
Il. However, present observations were slightly higher
than the values reported by Sidgel (1994) in Royal
Chitwan National Park (5.90 to 6.42). Other workers
(Bisht and Lodhiyal, 2005) who investigated pH in
different forest ecosystems were of the same view as
reported for site Il. Soil organic matter is one of the most
important soil components, along with stabilization soil
structure and improving infiltration rate. Nowadays, soil
organic matter stabilization is perceived as a mechanism
for organic carbon storage in the soil in the context of
current climate change (Goh, 2004). Indeed, soil organic
carbon is the main terrestrial carbon pool (Batjes, 1996).
Organic matter supplies energy and cell building
constituents for most microorganisms (Allison, 1973) and
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is a critical factor in soil fertility (Brady, 1984). Organic
carbon showed minimum variation (3.23%) in spring to
(4.73%) in winter at site Il. These observations are within
the range of the study reported by Kharkwal et al. (2009)
and Kharkwal and Rawat (2010). Brady (1984)
mentioned that the higher soil organic matter occurred
more commonly in cooler than warmer climates can be
well correlated with the seasonal variations in the organic
matter occurrence during winter season at both sites
(3.81 site I, 4.73 site Il). Intensive grazing reduces soil
organic matter, compacts the soil surface layer and
ultimately increases surface runoff (Faizul et al., 1995).
Overgrazing has led to significant changes in plant cover
composition and in some places to the complete absence
of vegetation cover. The degradation of the vegetation
exposes the soil surface directly to wind and water
erosion leading to a loss of fertile top soil and its content
of nutrients and seeds. The soil becomes compacted by
animal trampling, thereby affecting the water-infiltration
and thus impairing plant germination, regeneration and
growth (ESCAP, 1995; Evans, 1997, 1998; FAO, 1988,
1998). Branson et al. (1981) investigated the effects of
long term grazing on rangeland soil characteristics
compared to a short term grazing period, and reported a
reduction in the soil organic matter and moisture content.
High grazing intensity resulted in the lowest amount of
soil nitrogen content at site I. Some study revealed that if
grazing intensity is increased, a high rate of soil organic
matter is achieved (FAO, 1988, 1998). Loss of nutrients
under extensive grazing conditions is minimal but is much
pronounced under intensive grazing conditions
(Anonymous, 1979; Proulx and Mazumder, 1998).
Physicochemical characteristics of forest soils vary in
space and time due to variations in topography, climate,
physical weathering processes, vegetation cover,
microbial activities, and several other biotic and abiotic
variables (Paudel and Sah, 2003). Soils with abundant
roots and plant-residues have tendencies of more
nitrogen and organic matter (max. 0.36%, site ll-winter).
The higher amount of humus and total nitrogen percent in
forest site could be explained by higher amount of
available organic material at this site (Shourkaie et al.,
2007). Organic matter and total nitrogen followed a
similar trend in their approach at both sites. Similar kind
of trend has also been reported by Shourkaie et al.
(2007). Total nitrogen was also reported highest in
different forest communities by Kala (2005) hence the
findings are in concurrence with site |l. Comparative
values of total nitrogen at both sites revealed highest
value at site Il falls in parallel to the findings (Lyaruu,
2010). In general, soil nutrients are most available in the
spring and early summer when summer temperature and
moisture are favourable, and mineralization, is rapid.
Cold winter temperature limit microbial activity mitigated
mineralization and one would expect availability to
decrease, however, considerable soil mineralization and
nutrient uptake by microbes can occur beneath and

insulting snowpack (Brooks et al., 1996; Grogan and
Jonasson, 2003).

Vegetation attributes

The general structure of species at both sites indicated
increasing trend in their occurrence during spring and
summer season (site I, Spring=28; Summer=25), (site Il,
Spring= 31; Summer= 51). Availability of moisture during
rainy season favoured the occurrence of most of the
herbaceous plant species. The variations in the
dominance of plant occurrence are associated with
micro-climate and edaphic conditions at the study sites
(Sharma and Upadhyaya, 2002). Alhassan et al. (2006)
reported similar factors responsible for the changes in
species number and diversity. Comparative results of
Shannon diversity (H) at both sites fluctuated between
1.80 (site 1) in winter to 3.66 (site Il) in summer season
respectively. However, maximum value of diversity was
reported in summer season at both sites (3.03- site | and
3.66 — site II). It becomes thus evident that diversity is
moreover highest at protected site (site-Il) than
unprotected site-l (Sharma and Upadhyaya, 2002).
Kharkwal et al. (2009) while studied the forest
communities in Nanital catchment of Kumaun Himalaya
reported herb layer diversity within the optimum range for
site Il. The species richness of herb layer reported by the
authors where comparatively higher than the present
study. However, comparative richness assessment for
site Il were supported by Heydari and Mahdavi (2009).
Plant diversity depicts higher trend in the national park
with intermediate human influence (IHI) than other land
uses has been reported by Lyaruu (2010). In general
diversity (H) showed overall an increasing trend from
spring to summer season and thereafter a decreasing
trend was observed till winter at both sites (Figure 3).
This character is attributed to the fact that during spring/
summer season new species go on sprouting depending
upon the root/ seed stock in the soil and thereby adding
to species in total resulted more diversity. During autumn
and winter season the rate of sprouting of root/ seed
stock is diminished and species number declined owing
to adverse climatic conditions (Shadangi and Nath,
2005). The lower diversity during autumn and winter at
both sites could be due to lower rate of evolution and
diversification of communities (Fischer, 1960; Simpson,
1964) and severity in environment (Connel and Oris,
1964). Many authors reported similar view for Shannon
diversity (H’) compared to the present study (Kiss et al.,
2004; Kharkwal et al., 2004; Yadav and Gupta, 2007).
Lalfakawma et al. (2009) also reported similar trend in
Shannon-diversity in concurrence to the present study.
Dominance showed a reverse trend to the diversity index
(H) at both sites. Similar inverse relationship was also
reported by Kharkwal et al. (2004). Hegland et al. (2001)
and Sher et al. (2005) stressed that protection might help



in the revival of original vegetation and recovery of
natural habitats where degradation resulted due to heavy
grazing and other biotic pressures. The dynamics of
vegetation in a rangeland are determined by array of
factors which include fire frequency and intensity, grazing
regime, climatic fluctuations and to some extent the soil
characteristics. The role of plant species diversity in
pastures mainly from a plant and soil view point was
reviewed by Sanderson et al. (2004). Shannon diversity
varied from of 1.80 (winter) to 3.03 (summer) at site .
Ristan and Horsley (2001) reported species diversity
within a range (2.0-2.22) which are slightly lower than
observed at site Il. Favourable observation of ungrazed
site being more diverse than grazed site was investigated
by El-Khouly (2004). Moreover, the work on biodiversity
indicated that diversity tend to be highest under moderate
grazing intensity (Zhou et al., 2006). This result seems to
provide evidence for the moderate grazing hypothesis
(Tilman,  1997).  Further evidences should be
accumulated to explain how different species acclimatize
or adapt to microclimates under different grazing
conditions. However, other suggestions made by
Lubchenco (1978) and (Huston, 1979) considered it as a
positive force that might increase species diversity in the
community by preventing competitive exclusion by
dominant species. Research has shown that depending
on the seasons, the density of grazers influences both
species diversity, spatial heterogeneity and the
vegetation structure (Adler et al., 2001; Metzger et al.,
2005). The effects of grazing on plant species richness
and diversity have been frequently documented and
debated (Milchunas et al., 1998; Wang et al.,, 2002;
Hichman et al., 2004; Sarmiento et al., 2004). Intensive
grazing is known to increase species diversity, species
richness and total amount of crude protein in plants
(McNaughton, 1979; Western and Gichohi, 1995; Vesk
and Westoby, 2001). Livestock impacts on biodiversity
through trampling and removal of biomass, alteration of
species composition through selective consumption and
changed inter-plant competition. However, species
diversity and richness decrease under conditions with
very high grazing intensity or no grazing (Hobbs and
Huennneke, 1992). Species richness indicated lowest
trend during autumn to winter at both sites (Figure 2).
The loss of natural associations may probably be the
reason for supporting low number of species (Walker,
1992). Grazing animals influence species composition,
change in biomass and distribution of biodiversity (Sher
et al., 2010). Sher and Hussain (2009) also observed that
overgrazing reduces the ground cover vegetation, plant
density and productivity. In the limelight of these
observations it can be conquered that during autumn and
winter impacts of grazing reduced the plant cover etc.
Kakinuma and Takatsuki (2008) investigated the change
in plant communities by grazing in northern Mongolia and
observed that species diversity and biomass of forbs
decreased with increasing grazing intensity. Moreover
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pasture site reported species diversity highest during
summer season which might be due to moderate
disturbance by grazing and invasion of new species.
Connell (1978) and Decocq et al. (2004) also reported
species diversity highest in intermediate disturbed
ecosystem or when the grazing intensity is accelerated.
Many other studies mentioned similar observations
pertaining to the present study (site Il) emphasizing
moderate level of grazing promoted species diversity
(Rikhari et al., 1993; Singh et al., 2003). Pandey and
Singh (1985) while estimates diversity in disturbed
ecosystem of Kumaon Himalaya is in the same
agreement that species diversity increased in disturbed
ecosystem. Species diversity reported by Yadav and
Gupta (2007) were within the parameters of this study.
Evenness or equability index showed highest value (0.94,
summer-site | and site |l winter) whereas average
equability index (0.9125) was highest at site Il. The
values of evenness were supported by Lalfakawma et al.
(2009) in conclusion that undisturbed site achieved
highest equability than disturbed site. The evenness
index reported by El-Khouly (2004) in grazed site (1.25
and 0.91) and (0.99 and 0.78) in ungrazed site were
comparably more or equal to the equability analysed for
site |. Ristan and Horsley (2001) reported evenness index
slightly lower compared to site Il. High importance value
index (IVI) value of a species indicated its dominance and
ecological success, its good power of regeneration and
greater ecological amplitude. It does vary with the
season. The reason that certain species grow together in
a particular environment is usually because they have
similar requirement for existence in terms of
environmental factors such as light, temperature, water,
soil nutrients and drainage etc. They may also share the
ability to tolerate the activities of animals and humans
such as grazing, burning, cutting or trampling (Wood et
al., 1994). Plants can be categorized as increasers or
decrease’s, corresponding to their shifts in relative
abundance in response to grazing but this will depend on
the total amount of rainfall available in that rangeland
(Vesk and Westoby, 2001). In accordance with this for
site |, Salvia moorcroftiana and Thymus serphyllum
showed maximum importance value (IV) during autumn
and winter season indicating its dominance due to
environmental suitability and ability of the species against
grazing during these season seasons. Their dominance
in a particular season may be due to availability of
optimum conditions for their growth. Similar observations
in context with the present study were also reported by
Kukshal et al. (2009) based on seasonal changes among
species in the importance value index (IVI) that makes
them dominant during different seasons. Changes in
grazing intensity and selectivity will inevitably change
biodiversity; under grazing and overgrazing can both
have negative effects, nevertheless overgrazing by
livestock is increasingly problematic (Khan, 1994). The
increase of the fertilization through sheep and goat
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excrements, which increase the nutrient availability
compotation with the dominant grazed species. It can
also be attributed that selective grazing by sheep
influenced plant composition by increasing the
dominance of unpalatable species such as S
moorcroftiana etc at site (I) and hence responsible for
decreasing the (IVI) values of other co-dominant species
(Zhou et al., 2006). Watkinson and Ormerod (2000),
Landsbery et al. (2001) documented that overgrazing
caused the destruction due to trampling as green parts
are being removed and damaged. Studies have shown
where the nomadic grazing has stopped, better
vegetation cover, improvement in medicinal plants
diversity were observed (Sher et al., 2005). Krahulec et
al. (2001) found that increase in the availability of
nutrients causes increase in cover of the range species
after grazing. Vesk and Westoby (2000) and Sher et al.
(2005) observed that overgrazing is a dove tail to the
degradation of existing vegetation and reduces the
spread of species not only through direct consumption
but due to alteration in their habitats. Removing grazers
in a protected ecosystem may have a number of
consequences such as increase of above ground
biomass and dominance of herbaceous vegetation (Vesk
and Westoby, 2001). The browsing animals remove buds
and twigs and so can dramatically affect the shapes of
the plants they browse (Crawley, 1986).

Frequency is a measure of the uniformity of the
distribution of a species; thus a low frequency indicates
that a species is either irregularly distributes or rare in a
particular stand or forest. Frequency distribution of plant
density, cover, biomass per unit area, and height, as a
measures for expressing biological abundance and
biological dominance of vegetation have been used to
describe species composition and spatial patterns of
vegetation in different plant communities (Chen et al.,
2008). Composition of the forest is diverse and varies
from place to place because of varying topography such
as plains, foothills and upper mountains (Singh, 2006).
Among human influence, commercial exploitation,
agricultural requirements, forest fire, and grazing
pressure are the important sources of disturbance (Singh
and Singh, 1992). Various parameters like topography,
soil, climate, aspect, altitude and geographical location
influence the vegetation diversity of forest. In context to
this maximum importance value (V) at site Il was shared
by Fragaria nubicola, Geranium pusillum, Potentilla sp.,
Rorripa sylvestris, Stellaria media and Tifolium pratense
during most of the season. Their dominance during a
particular season can be well correlated with the study
conducted by Kukshal et al. (2009). The disappearance
of some species may be due to the mechanical damage
by the man and animals (El-Khouly, 2004). It is generally
argued that each individual species depends on some set
of other species for its continued existence and the
species have co-evolved in the ecosystem on which they
depend (Paine, 1966). Abdullah et al. (2009) also

mentioned climatic factors as a reason that influenced the
distribution of species in certain habitats. Moreover, high
importance value (V) by any individual species indicated
that most of the available resource are being utilized by
that species and left over are being trapped by another
species as the competitors and the associates. This
could be the reason why (IVI) was always reported
highest by few species during autumn than rest of the
seasons. Other factors affected the vegetation
distribution at site Il include biotic such as dispersal
limitation, competition, and predation (Wright, 2002;
Munzbergova and Herben, 2005), and abiotic factors
such as nutrient availability (Hall et al., 2004), light
availability (Bunker and Carson, 2005), and topographic
variation (ltoh et al., 2003; Yasuhiro et al., 2004). It is can
be hypothesized that distribution of niche space or
availability of resource was equally distributed among all
species that showed maximum dominance during autumn
season at site Il. In terms of overall high importance
values index (IVI) of species recorded for both sites
ecological dominance of species are commonly (wide
niched) throughout the study period. Further, it can be
maintained that the dominance of certain species at both
sites in a particular period could be as the other co-
dominant species do not reach maturity to complete their
life cycle.

Distribution pattern

The nature of plant community at a place is determined
by the species that grow and develop in such
environment (Bliss, 1962). Difference in the species
composition from site to site is mostly due to micro-
environmental changes (Mishra et al., 1997). Abundance
and frequency ratio (A/F) ratio was used to assess the
distribution pattern of species. It reveals that most of the
species were contagiously distributed at both sites
whereas as regular distribution was reported at lower
side during different seasons. The studies carried out by
Shadangi and Nath (2005) reported maximum species in
contagious distribution. llorkar and Khatri (2003) while
investigated herb layer species reported contagious
pattern of distribution followed by random. Khatri et al.
(2004) also reported contagious pattern of distribution
and mentioned negligible presence of species in regular
distribution. Contagious distribution in forest ecosystem
was also reported by Kumar et al. (2004) and Chen et al.
(2008) hence are in agreement to the present study.
Contagious distribution in forest foot Hills of Garhwal
Himalaya were also reported by Kumar and Bhat (2006).
Dominance of contagious distribution may be due to the
fact that the majority of species reproduce vegetatively in
addition to their sexuality. Odum (1971) described that in
natural conditions contagious distribution is most
common type of distribution and is performed due to
small but significant variation in environmental conditions,



while random distribution is found only in very uniform
environment. Contagious distribution in natural vegetation
in the present study is in accordance as reported earlier
by Greig-Smith (1957); Kershaw (1973) and Singh and
Yadava (1974). However, observations indicated that
contagious distribution in vegetation (as recorded for both
sites) were due to multitude of factors and the vegetative
reproduction may not be the only reason (Kershaw, 1973;
Saxena and Singh, 1982).

Conclusion

From the present investigation, it can be inferred that
seasons have great influence on soil characteristics and
species diversity. An increase in species diversity was
observed during spring and summer season which
declined thereafter as autumn and winter approached
resulted decrease in diversity due to dry environmental
conditions, slow growth rate and other climatic factors.
Variation in quantitative parameters like, species richness
and species diversity is related to variations in edaphic
factors, elevation, slope aspect and micro-climatic
conditions between the two sites. Grazing pressure not
only brought about a reduction in the plant density and
vegetation cover, but also caused a significant change in
plant growth pattern. By higher animal trampling the
availability of mineral nutrients in the soil was significantly
affected. High nutrient levels at the forest site is also due
to nutrient regeneration from fallen leaves, twigs, buds,
flowers, decaying roots etc. It is further recommended
that species with lower IVIs need priority measures for
protection and those with higher IVIs need monitoring
effort in order to maintain diversity in the selected sites
during different seasons. From forest site to grazed site
due to changes in plant growth pattern and different root
densities, the chemical characteristics of the soil were
altered.
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