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Abstract

Background: The Quercus leucotrichophora is a keystone species in maintaining the biodiversity of several other
species and provides ecosystem service to the people residing around the forest. The present study is to investigate the
community characteristic and coexistence of four medicinally important plants species viz. Boenninghausenia
albiflora (Hk.) Reichb. ExMeissn. Hedychium spicatum (Ham. Ex Smith), Origanum vulgare (Linn.) and Rubia
manjith (Linn.) in Quercus leucotrichophora forest in different canopies at three different sites i.e. Hanumangarh,
Kailakhan and Pines in the Central Himalaya.

Results: In the present study, a total of 81 herbaceous species encountered in the sample, out of which 41 species
showed Importance Value Index (IVI) > 5. About 50% species were common in different sites whereas about 54 %
species were common in different canopies. There was variation in species richness among the sites (52-67 species),
whereas, amongst the canopies, species richness was higher in open canopy and least in close canopy. The co-existence
between the selected four species showed a frequency distribution <60% indicating their presence as rare, seldom or
often. Amongst the sites, Boenninghausenia albiflora and Origanum vulgare showed its dominance in Pines,
Hedychium spicatum at Kailakhan and Rubia manjith at Hanumangarh site. The coexistence between Origanum
vulgare and other three species viz. Boenninghausenia albiflora, Rubia manjith and Hedychium spicatum showed
negative values, while Boenninghausenia albiflora and two other species viz. Rubia manjith, Hedychium spicatum
and Rubia manjith & Hedychium spicatum showed positive coefficient of association. The chi-square in both the cases
indicated the values are non-significant resulting not a strong coexistence in the Oak forest, therefore their occurrence
together in the community might be by chance.

Conclusion: The growth of species in different habitat and association of medicinal plants is important in identifying
the suitable habitat and canopy toward future multiplication of the different species in the Himalayan region. The
finding of the present study would be also helpful to develop the structure and adequate strategy & plan for
conservation and management of habitats, species and communities for their sustainable utilization in different part

of the world.
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Background

The Himalaya spread over a large area in the Northern part of India and rich in vegetation composition. The five
different species of oak are distributed from mid to high elevation areas and form the dominant forest in the Central
Himalayan region. Quercus leucotrichophora is one of the keystone species which maintains the biodiversity of many
other species. Banj Oak (Quercus leucotrichophora A.Camus) forest is distributed between 1500m to about 2200 m
elevation and most of the human population distributed in this mountain part of the India. Plant community plays an
essential role in enduring management by maintaining biodiversity and conserving the environment (Farooquee and
Saxena 1996; Arya 2014). Ecological communities are structured by complex networks of organisms and species
interactions (Pamela et al. 2007). The structure and function of Himalayan forest was studied by various workers
(Saxena and Singh 1982; Saxena et al. 1984; Upreti et al. 1985; Singh and Singh 1992; Singh et al. 1994; Rathore et
al. 1997; Khera et al. 2001; Ram et al. 2004; Kumar and Ram 2005; Hussain et al. 2008; Gairola et al. 2011; Bargali
et al. 2015; Singh et al. 2016; Tiwari et al. 2018; Sati and Bandooni 2018) from time to time. This forest consists the
large number of herbaceous species used by the local people for various purposes. The oak forest provides numerous
ecosystems services and also serve as a lifeline for the local communities (Singh and Singh 1984). The continued
human onslaughts on these forests leads different stages of degradation. Vegetation ecology includes the study of
species composition and sociological association of species in communities (Mueller- Dombois and Ellenberg 1974).
Vegetation, in its entirety, as well as the individual species as indicators are equally considered to be specific subjects
for studying the levels of the critical loads of ecosystems (Burianek et al. 2013). It also plays the fundamental role in
the maintenance of biodiversity (Altieri 1994; Stang et al. 2007; Zhang 2012a; Jayakumar et al. 2011; Ahmad et al.
2013) and helpful in assessment of ground vegetation monitoring and constitutes an acknowledged basis for
biodiversity assessment (Neumann and Starlinger 2001; Petriccione 2002; Seidling 2005; Salemaa and Hamberg 2007;
Burianek et al. 2013).

The interspecific association of plant species were studied by Hurlbert (1969); Connor and Simberloff (1979) Schluter
(1984); Oliveira et al. (2007); Zhang et al. (2014); Yang et al. (2016); Gu et al. (2017); and Sanjerehei and Rundel
(2020). Species interactions are of central importance in the ecology of a species. Biotic interactions (niche
partitioning, limiting similarity) that prevent coexisting species from being too similar is among the most important
and best studied of these processes (MacArthur and Levins 1967; Chesson 2000; Yuan 2016). At high density, plants

may experience strong intraspecific competition for both aboveground (e.g., light) and belowground (e.g., soil



nutrients) resources which results in decreased growth, reduced leaf nutrient content and lowered defenses against
herbivores (Crawley 1989; Kula et al. 2020). Two species have some mutual attraction, repulsion, or no interaction in
a community. Therefore, the association may be positive, negative or absent (Dixon 1994; Pielou 1961). Positive
interaction between plant species are widespread in natural communities and have been acknowledged as a major
driver of plant community dynamics and ecosystem processes (Bruno et al. 2003). Positive association indicates
facilitation, while negative association indicates competition between two species (Sanjerehei and Rundel 2020). We
considered the co-existence of species as positive association and absence of co-existence is as negative or no
association. There are many measures for interspecific association, including x? test, variance ratio method, coupling
coefficient, co-occurrence percentage, point correlation, the similarity percentage for distribution, Spearman rank
correlation, Pearson correlation, etc. (Schoenly and Zhang 1999; Zhang 2007, 2011, 2012a, 2012b). Community
structure spatial distribution pattern, co-existence of plant species, community assembly and interspecific associations
were analyzed for grass community and medicinal plant species by different workers (Goodall 1953, Hurlbert 1969,
Ratliff 1982, Weiher et al. 1998, Oliveira et al. 2007, Zhang 2014, Dice 1945, Correia et al. 2010, Chang and Lambers
2019). However, there is little or no studies were carried out in the region on this aspect. Thus, the aim of the present
study is to investigate the community characteristics and coexistence of four medicinally important plants in Quercus

leucotrichophora forest.

Material and Methods

Study area

The study area lies between 29°21°N and 29°23°N latitude and 79° 27°E and 79° 29’ E longitude between 1800 to
1950 m elevation in Uttarakhand Central Himalaya (Fig. 1). The aspect of the study area falls in North East and East
aspect with Q. leucotrichophora as the dominant tree species. The climate of the study area is influenced by monsoon
pattern of rainfall. The annual rainfall was 2821 mm of which three fourth occurred during rainy season (mid-June to
mid-September). The mean monthly maximum temperature ranged between 16.8 °C (January) and 29 °C (May) and
mean minimum temperature ranged between 1.2 °C (January) and 14 °C (June) (Khera et al. 2001). The rocks of the
study area are mainly sandstones, conglomeration, limestone, quartzite, schist’s and granites (Valdiya 1980). In this
study area, the Banj Oak is the dominant (IVI > 70%) forest forming species and other some species are also associated

viz. Myrica esculenta Buch. -Ham.ex D. Don, Rhododendron arboretum Sm., and Acer oblongum Wall. Ex DC.,



Pinus roxburghii Sarg., Cedrus deodara (Roxb.ex D.Don) D.Don., Quercus lanata Sm. and Quercus floribunda Lindl.
Ex A.Camus etc. These forest witnesses the chronic form of disturbances where people extract a small amount of
bioresources from the forest and do not provide time for ecosystem recovery. The vegetation of oak forest besides
other uses, many herb species are medicinally important and are used by the local people for the cure of several
diseases. Four medicinally important plant species i.e Boenninghausenia albiflora (Hk.) Reichb. ExMeissn.
Hedychium spicatum (Ham. Ex Smith), Origanum vulgare (Linn.) and Rubia manjith (Linn.) present in the study area
were selected for the study. These species distributed in the Himalaya from subtropical to temperate region and the

TIUCN Red list indicated that all the four medicinally important species are under threatened category Table 1

Fig. 1. Location map of the study area

Table 1. Description of selected medicinal plant species.

Methodology

After thorough reconnaissance of the area, three sites were selected for the detail study of vegetation characteristics
and association of important medicinal plants. The size and number of the sample were determined following Saxena
and Singh (1982). In each site, line transects of 10 m were randomly placed to determine the crown cover of the forest
and categorized as open canopied forest (< 40%), moderate canopied forest (40— 70%) and close canopied forest
(>70%). In each canopy, 10 quadrats of 1x1 m were randomly placed on the ground for assessment of herb vegetation
and thus a total of 30 samples in each site were studied. The herb cover was determined by placing 10 line transect of
1 m and percent area occupied by each species was noted avoiding overlap (Misra 1968). The vegetation parameters
were quantitatively analyzed for density, frequency and abundance (Curtis and McIntosh 1950). The Importance Value
Index (IVI) for herbs was determined as the sum of relative density, relative frequency and relative dominance (Philips
1959). These vegetation parameters were used to determine the relative importance of the species in different canopies
and sites.

The presence and absence of medicinal plant species in different canopy cover was determined following Raunkiaer,

(1934), where 1-20, was considered Rare; 21-40, Seldom present; 41-60, Often present; 61-80, Mostly present; and



81-100, Constantly present. The percent contribution of these medicinal plant species in the community was

determined by the following equations (a-c).

Density of a plant species

100 ettt (@)

Percent Density =
y Total density of all species

cover of a plant species

Percent Total cover = X100 (b)

Total cover of all spcies

IVI of a plant species

Percent IVl = 100 (©)

Total IVI of all species

The Coefficients of interspecific association was calculated from unit-area (quadrat) sampling data. A total 270
samples were studied in each site for determination of coexistence of species. The presence-absence data of a species
were obtained using quadrats of 1xIm. The coefficient of association was determined based on presence or absence
of four medicinally important plant in different samples (quadrats). The data were summarized in a 2 x 2 contingency

table as (Cole’s 1949; Hurlbert 1969; Ratliff 1982) in the Table 2.

Table 2. Calculation table for coefficient of interspecific association

To construct this table, the sampling units were examined for presence or absence of both species (A and B). The
number of samples containing both A and B is designated (a), only species A is present (b), only species B is present
(c), and both species A and B Absent (d). From these data, a coefficient of association (Cole devised C7), varying from
+1.0 for a condition of maximum possible co-occurrence of species to -1.0 for a condition of minimum possible co-
occurrence, is calculated. A value of O for this coefficient indicates that the frequency of co-occurrence is that expected

by chance. The equations used to determine the coefficient of association are as follows (Cole’s 1949; Hurlbert 1969;

Ratliff 1982).

ad—bc .
If ad > bc and ¢ <b, then Cr= m .......................... @)
Ifad>bcandc>b,then Cs= % ......................... (ii)



ad—bc

Ifad<bcanda<d,then C;= @@ e (iii)
ad—bc .
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The pairing of 4 species is made by taking two species at a time i.e. Boenninghusania albiflora x Hedychium spicatum,
Boenninghausenia albiflora x Origanum vulgare, Boenninghausenia albiflora x Rubia manjith, Hedychium spicatum
x Origanum vulgare, Hedychium spicatum x Rubia manjith, and Origanum vulgare X Rubia manjith. The Chi () test

was applied to determine the significance of the association between the species pair following Hurlbert (1969).

(ad—bc)%+n
(a+b)(a+c)(b+d)(c+d)

X2 =

If the calculated value of Chi () is greater than tabulated value, the difference is considered as significant (< 0.05)
and lesser value indicated the insignificance. The data of total density, cover and IVI were analyzed for Analysis of
Variance (ANOVA). Least significant difference was also determined for the significance among the canopy and sites

(Snedecor and Cochran 1967).

Results

Species Importance

Large number of species contributed to the herbaceous layer of Quercus leucotrichophora forest. A total of 81
herbaceous species were encountered in the samples laid down in oak forest. Out of 81 species encountered in the
sample, 67 species were present in Hanumangarh, 52 species in Kailakhan and 59 species in Pines. Similarly, in Open
canopy 71 species were present followed by Moderate (61 species) and close canopy (51 species). We have considered
importance value of those species having IVI > 5 in different canopies of a site. Thus, a total of 41 species showed
IVI > 5 (Table 3). In Hanumangarh, the most important herb species was Erigeron karvinskianus (IVI=72.16) in open
canopy, followed by Oplismenus undulatifolius (IVI=52.91) in close canopy. While, in moderate canopy Carex
condensata showed its dominance (IVI=47.04). In Kailakhan, the most important herb species was Oplismenus
undulatifolius (IVI=74.99) in moderate canopy as well as in close canopy (IVI=68.15). While, in open canopy,

Capillipedium assimile was the most dominant (IVI=65.53) species. In Pines, the most important species was Erigeron



karvinskianus (IVI=54.44) in open canopy followed by Ophiopogon intermedius (IVI= 44.10) in moderate canopy.

While, Carex condensata (IVI=43.06) was dominant in close canopy.

Table 3. Species Importance Value Index under different sites and canopies

Species frequency

The presence and absence of four medicinal plants viz. Boenninghausenia albiflora, Hedychium spicatum, Rubia
manjith and Origanum vulgare in different samples were determined. All the species showed frequencies < 60%, and
none of the species were mostly or constantly present. In Hanumangarh, Hedychium spicatum, Origanum vulgare and
Rubia manjith were seldom present with frequency (21-40), while, Boenninghusania albiflora was often present (41-
60). In Kailakhan, Boenninghusania albiflora, Origanum vulgare and Rubia manjith were seldom present, while,
Hedychium spicatum was often present. In Pines, Hedychium spicatum and Origanum vulgare were seldom present,

while Boenninghusania albiflora was oftenly present and Rubia manjith was rarely (< 20) present in this site (Fig. 2).

Fig. 2. Frequency (Presence-absence) of four medicinally important plants in different Sites

1-20 Rare, 21-40 Seldom present, 41-60 Often present

Across the canopy, Boenninghausenia albiflora indicated that the vegetation density, cover and IVI was higher in
moderate and close canopy. Hedychium spicatum showed higher vegetation density, cover and IVI in close canopy.
While, Origanum vulgare showed higher value for these vegetation parameters in open to moderate canopy. Rubia
manjith showed higher vegetation density, cover and IVI in moderate and close canopy. Across the sites, the vegetation
density, cover and IVI for Boenninghausenia albiflora as well as for Origanum vulgare at Pines was having higher
values. Hedychium spicatum showed higher value of density, cover and IVI at Kailakhan and Rubia manjith at
Hanumangarh (Table 4 & 5). The analysis of variance (ANOVA) indicated that the density, total cover and IVI were
not significantly different across the sites and canopy. The least significant difference was also not significant among

the canopy and sites.

Table 4. Variation in vegetation parameters in different sites



Table 5. Variation in vegetation parameters in different canopy

The contribution of the medicinal plants to the total vegetation density are given in Fig 3 (a-c). All the four medicinal
plants contributed very small amount to the vegetation density, cover and IVI. Across the different sites the percent
density was maximum at Pines site (<8) followed by Hanumangarh (<6) and Kailkhan (<5) for all the selected species.
Among the different canopy the percent density was maximum for Origanum vulgare (5.29) and minimum for Rubia
manjith (0.86) in open canopy at Hanumangarh for both the species. While, Hedychium spicatum were absent in open
canopy. Whereas, in moderate canopy the density was maximum for Origanum vulgare (6.97) and minimum for
Hedychium spicatum (0.35) at Pines. In close canopy percent density were maximum for Boenninghausenia albiflora
(7.56) at Pines and minimum for Rubia manjith (0.39) at Kailakhan site. While, Origanum vulgare were absent in
close canopy at both Hanumangarh and Kailakhan (Fig. 3a). The percent cover was maximum at Pines (<20) followed
by Hanumangarh and Kailkhan (<7) for all the selected species. In open canopy the total percent cover was maximum
for Origanum vulgare (6.19) at Hanumangarh and minimum for Rubia manjith (0.10) at Pines. While, Hedychium
spicatum were absent in open canopy at Kailakhan. Whereas, in moderate canopy it was maximum for Origanum
vulgare (19.78) and minimum for Hedychium spicatum (0.01) at Pines. In close canopy the total percent cover was
maximum for Boenninghausenia albiflora (19.98) and minimum for Origanum vulgare (0.07). While, it was absent
in Hanumangarh and Kailakhan (Fig. 3b). The percent IVI was maximum at Pines (<12) followed by Hanumangarh
and Kailakhan (<6) for all the four species. In open canopy, the percent IVI was maximum for Origanum vulgare
(5.33) at Kailakhan and minimum for Rubia manjith (0.53) at Pines. While, Hedychium spicatum were absent in open
canopy at Kailakhan. Whereas, in moderate canopy it was maximum for Origanum vulgare (10.57) and minimum for
Origanum vulgare (0.36) at Pines and Hanumangarh respectively. In close canopy, the IVI was maximum for
Boenninghausenia albiflora (11.57) at Pines and minimum for Rubia manjith (0.37) at Kailakhan. While, Origanum

vulgare were absent in Hanumangarh and Kailakhan (Fig. 3c).

Fig 3. The Percent (a) Density (b) Total cover (c) IVI of medicinal plants to the total vegetation in different sites and

canopy class



Coefficient of Association

The coefficient of association between Origanum vulgare and Boenninghausenia albiflora, Origanum vulgare and
Rubia manjith, Origanum vulgare and Hedychium spicatum showed negative value and the chi-square test indicated
that this coexistence is not significant. Boenninghausenia albiflora and Rubia manjith, Boenninghausenia albiflora
and Hedychium spicatum, Rubia manjith and Hedychium spicatum showed positive coefficient of association but the

chi-square test indicated that these values are not significant (Table 6).

Table 6. Coefficient of association & chi-square values of four medicinally important plants

Discussion

The Quercus leucotrichophora is a dominated forest forming species in mid elevation mainly between 1000 — 2000
m, which is the most populated zone in mountainous part of the Central Himalaya. This species acts as a keystone
species which maintain the biodiversity of several other species, and provides several ecosystem services to the people
residing around the forest. This led to high pressure on these forests and therefore is at various stages of degradation
i.e. close to open forest. The chronic form of disturbances affects the growth and distribution of species as well as
biodiversity as whole and some time the recovery of the ecosystem is very difficult. Large number of herbaceous
species are present in the oak forest, but not a single herb species showed its clear-cut dominance to the forest floor
vegetation. The contribution of individual species to the total Importance value is very low (< 25 percent), which
indicated that the poor dominance of the herbaceous species in the forest and large number of species contributed to
the total dominance of the forest floor vegetation. Dicots are the main composition of the forest floor vegetation as
compared to monocots. Few grasses and sedge showed its presence in the forest.

Among the sites, the species richness has shown a variation in a range (52-67 species), it was higher at Hanumangarh
where human interference was low because the existence of ARIES (Aryabhatta Research Institute of Observational
Sciences) compared to other sites. Among the canopy the species richness was high in open canopy and least in close
canopy. The open canopy provide abundant sunlight to the forest floor, favors the recruitment of more herbaceous
species compared to close canopy. The moderate disturbance like fire and grazing may also favour the recruitment of
new species which may resistance to fire or grazing. About 50 percent species were common in different sites whereas

about 54 percent species were common in different canopies. The number of restricted species were also varied from
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one site to another as well as one canopy to another (Table 7). The number of restricted species were high (12 species)
at Hanumangarh, because of little human interference that provide some protection through the presence of ARIES
(Aryabhatta Research Institute of Observational Sciences). The chronic form of disturbances may also responsible for

increasing the species richness.

Table 7. Species richness, common species and restricted species in different sites and canopies

The medicinal plants are at the verge of different stages of degradation which influence the frequency and abundance
of these species. The frequency of all the four medicinal plants species indicated that these were not mostly and
constantly present at the sites. Thus, they were rare, seldom and often present in the community. Boenninghausenia
albiflora showed greater dominance in moderate and close canopy compared to open canopy in all the sites. The
overall dominance of the species also greater in moderate to close canopy. Whereas, the dominance of Hedychium
spicatum was greater in close canopy and Origanum vulgare in open to moderate canopy. The dominance of Rubia
manjith was higher in moderate and close canopy. When compared across the sites, Boenninghausenia albiflora and
Origanum vulgare showed its dominance in Pines, Hedychium spicatum at Kailakhan and Rubia manjith at
Hanumangarh. Thus, it may be concluded that Origanum vulgare grow where sunlight remains sufficient for its
growth, whereas, other species grow in moderate to close canopy where they receive some extent of shade. The percent
contribution to density, total cover and IVI of all the four medicinal plants were very low in the community.

In many ecological studies, there is a need to express in a quantitative manner the degree to which two different species
are associated in nature. A coefficient of association of 1.0 shows that the two species under consideration occur
together in exactly the number of sample units expected by chance. A coefficient smaller than 1.0 shows that they
occur together in fewer samples than would be expected by chance (Dice 1945). We simply determine the coexistence
of four medicinally important plant species in the Quercus leucotrichophora forest. The canopy disturbance creates
different ecological conditions in relation to soil, water, humidity, temperature and solar radiation etc. These factors
may affect the distribution of herbaceous species.

Interspecific associations in the plant community may help to understand the self-organizing assembly and succession
of the community (Zhang 2014). The ability to express quantitatively the extent to which two species do or do not
occur (in a series of quadrats, samples, etc.) is a useful tool for the ecologist (Hurlbert 1969). Cole (1949) advised a

coefficient of interspecific association C7 which can be assume values from -1 to +1 and this values were used by
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several plant and animal ecologists (Evans and Freeman 1950; Macan 1954; Maguire 1963; Hale 1955; Bray 1956;
Vasilevich 1961 & 1963; Cook and Hurst 1963; Beals 1965; Beaman and Andresen 1966; Smith and Cottam 1967;
Hurlbert 1969). In our study Origanum vulgare X Boenninghausenia albiflora, Origanum vulgare X Rubia manjith
and Origanum vulgare X Hedychium spicatum showed negative value of coefficient of association which meant that
these species grow independently and no definite coexistence was observed between them. Boenninghausenia
albiflora X Rubia manjith, Boenninghausenia albiflora X Hedychium spicatum and Rubia manjith X Hedychium
spicatum showed positive value of coefficient of association. But the chi square test indicated that the coefficient of
association was not significant for the above species pairs. Thus, all the four medicinally important plant species were
not showed strong coexistence in the forest floor community of oak forest and their occurrence together in the
community were by chance.

The higher herb species richness reported in open canopy was highest followed by moderate and close canopy which
was subsequently supported by our previous studies (Prasad and Ram 2017). The herb species richness was recorded
for 67 species which was very similar for herbs species in the studies done by Kumar (2000) in Hanumangarh and
other forest sites. According to Arya (2012) the opening of canopy in oak forest provides abundant light to the forests
floor and triggering the regeneration of many species as well as forest floor vegetation. According to Rikhari et al.
(1989), the upper limit of species richness remains higher in considerable altitude upto 2500 m asl which may be the
reason of high richness in Hanumangarh site. The herb richness value reported previously by many workers ranged
from 3-414 (Tiwari 1985; Kharkwal et al. 2005) is similar to our values which is highest at Hanumangarh (67 species)
and 71 species in Open canopy. According to Pandey et al 2018, higher number of species present at hill top may be
due to open canopy which provided chances to species to establish themselves. In our study the dominant species was
reported from Asteraceae family in Hanumangarh site, which was supported by Pandey et al. (2018) where maximum

herb species were contributed by Asteraceae family.

Conclusion

The present study provides comprehensive information on site characteristics, habitats, vegetation distribution and
species composition including the richness of the important medicinal plants. Most of the medicinal plants are
associated with the livelihood of tribal and rural communities living around the forest in Indian Himalaya region.

Maintaining good population density as well as diversity of medicinal plants may diffuse the severity of anthropogenic
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pressures. There are reports on decline of medicinal plant populations across the Indian Himalayan region, which is
mainly attributed to over-exploitation of these important plant species and habitat degradation. The medicinal plants
are at the verge of different stages of degradation which influence the frequency and abundance of these species. The
frequency of all the four medicinal plants species indicated that these were not mostly and constantly present at the
sites. Thus, they were rare, seldom and often present in the community. The four medicinally important plant species
selected in the present study were under [IUCN Red list category as threatened species and therefore, preservation and
conservation of these species is important. The information on distribution and density of species may help design and
redesign forest management practices. The canopy disturbance creates different ecological conditions in relation to
soil, water, humidity, temperature and solar radiation etc. These factors may affect the distribution of herbaceous
species. The growth of species in different habitat and association of medicinal plants is important in identifying the
suitable habitat and canopy toward future multiplication of the different species. The finding of the present study
would be helpful to develop the structure and adequate strategy & plan for conservation and management of habitats,

species and communities for their sustainable utilization.
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