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Due to overexploitation for forest resources, many important medicinal plants are
disappearing from the tropical dry forest (TDF) regions. The present study is aimed to
investigate the diversity of medicinal plants exposed to different levels of anthropogenic
disturbance in TDFs. For this study, we selected six forest regions, covering a radius of
25 km, and exposed to variable intensity of disturbances, in the form of illegal logging,
cattle grazing and fire. Based on the intensity of three disturbances, we categorized
the study sites as low (LDS) and high (HDS) disturbed sites, and analyzed differences
in soil properties and vegetation parameters in the two disturbance categories. We
recorded tree density, tree species richness and herbaceous species richness in 100 m2

quadrats at the selected regions. Results exhibited significantly greater soil organic
C (LDS, 4.6%; HDS, 0.9%; P < 0.001), water holding capacity (LDS, 47.4%; HDS,
33.6%; P < 0.001), and sand content (LDS, 53.7%; HDS, 48.3%; P < 0.001) across
LDS, whereas significantly higher bulk density (LDS, 1.30 gcm−3; HDS, 1.34 gcm−3;
P < 0.05) and gravel content (LDS, 14.6%; HDS, 20.0%; P < 0.001) across HDS.
We found considerable shift in relationships between vegetation parameters under the
two disturbance regimes. The results indicated that many of the important medicinal
plants (e.g., Adina cordifolia, Bauhinia vahlii, Holarrhena antidysenterica, Asparagus
racemosus, Curculigo orchioides, Hemidesmus indicus, etc.) which are potential
constituents of several ayurvedic preparations as well as of traditional medical systems
are lacking from the HDS, either due to direct impact of disturbances or indirectly due to
disturbance induced changes in soil properties. For instance, the high grazing pressure
increased soil compaction, leading to increase in bulk density and decline in water
holding capacity of soil. We suggest that forest managers take into consideration the
presence of anthropogenic disturbances in their management and conservation efforts
of medicinal plants in TDFs.

Keywords: medicinal plants, harvesting, grazing, fire, tropical dry forest

INTRODUCTION

India accounts for 8% of the world’s total biodiversity (Shaikh and D Parveen, 2017), and is among
12 megadiversity countries, with 38.2% of tropical dry forest (TDF) cover (MoEF, 1999; Singh and
Chaturvedi, 2017). TDFs across the globe are potentially rich in biodiversity, however these forests
are the less protected ecosystems, facing high degree of disturbances, leading to considerable loss
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in species richness (Rivas et al., 2020; Jhariya and Singh,
2021a,b,c). These forests are known to harbor numerous
medicinal plants (Rosero-Toro et al., 2018), which are currently
disappearing at alarming rates due to natural and/or man made
disturbances, and overexploitation of forest resources (Shanley
and Luz, 2003; Prajapati et al., 2018). Forest conversion and
alteration in species composition are expected to be governed
by many factors (Klinge et al., 1995; Wittmann and Junk,
2003), although prominent among these are the anthropogenic
disturbances, playing crucial role in modification of canopy
structure, and thus significantly affecting ecosystem processes
(Chaturvedi et al., 2017a, 2021). Studies in TDFs have shown
that the anthropogenic forest disturbances negatively affect the
forest flora and fauna, ultimately resulting into loss of biological
diversity (Rai and Chakrabarti, 2001; Ramírez-Marcial et al.,
2001; Arjunan et al., 2005; Shahabuddin and Kumar, 2007).
Among anthropogenic disturbances, land use change is one of the
important factors influencing biodiversity of TDFs, for instance,
the forests near human settlements are under continuous threat
due to unsustainable resource use and clearing of forest for
agriculture (Trejo and Dirzo, 2000). Moreover, severity of
forest disturbances is also due to the absence of adequate
recovery phase required for the regeneration of plants or
ecosystems experiencing continuous anthropogenic disturbances
(Singh, 1998).

Tropical dry forest exhibits a relatively suitable climate and
soil for supporting agriculture, which attracts high density
of human population (Sánchez-Azofeifa and Portillo-Quintero,
2011). However, it also brings a wide range of disturbances
of variable frequency, intensity and duration, which leads to
forest degradation and shift in species composition (Chaturvedi
et al., 2017a). Besides a long dry period and occasional wildfires,
TDFs are highly threatened by human induced disturbances
such as harvesting and cattle grazing. TDFs exhibit a wide
variety of landscapes, with a continuum of disturbances (or
environmental drivers) and plant survival strategies (Chaturvedi
et al., 2021). At one end, the TDF landscapes, such as moist
forests tend to absorb or dampen the spread of disturbances,
while at the other end, the landscapes, such as dry forests,
fragmented or young forests magnify the spread of disturbances
(Chaturvedi et al., 2017a). During the dry season, forest floor
in TDFs are loaded with dry litter which act as fuel for
wildfires causing mortality of many plant species which do not
have defense mechanisms against fire (Markesteijn and Poorter,
2009). Disturbances such as fire and grazing usually lead to
mortality of small sized plants, which do not have protection
against these drivers, while mortality of large trees is mostly
due to harvesting by humans (Eriksson et al., 2003; Chaturvedi
et al., 2017a). Studies have reported top-killing of herbs and
shrubs even due to low intensity of surface fires (Morgan
and Neuenschwander, 1988). However, despite the loss of
aboveground parts, plants growing in fire-prone ecosystems have
evolved strategies, such as resprouting, seed heat tolerance and
fire stimulated germination, which allow their persistence in such
conditions (Paula and Pausas, 2008). In TDfs, many understory
species also possess capacity of vegetative regeneration from the
surviving buds on plant organs, either located on soil surface

(e.g., stolons), or belowground litter and mineral soils (e.g., roots,
rhizomes, bulbs, corms, and lignotubers) (Paula et al., 2009;
Stephan et al., 2010).

The continued degradation of forests, and changes in the
structural attributes of overstory trees highly influences the
diversity of understory plants including medicinally important
plant species (Gilliam, 2007; Wyatt and Silman, 2010). In
fact, the above ecological concepts relating biodiversity and
vegetation structure with ecosystem processes, although have
been developed, these are not known to common people. In
the modern world, conservation of medicinal plants and their
sustainable utilization is lagging behind due to lack of ecological
awareness among the people (McGeoch et al., 2008). Therefore,
community awareness programs should be organized to inculcate
the idea of sustainable use of forest resources (Singh et al., 2010;
Jhariya et al., 2019).

During the last couple of decades, assessment of medicinal
plant diversity in response to anthropogenic disturbance has been
conducted by different workers across the globe (e.g., Shanley
and Luz, 2003; McGeoch et al., 2008; Adnan and Hölscher, 2012;
Adnan et al., 2014; Shaikh and D Parveen, 2017). In India, a
lot of work has been conducted in TDFs regarding the impact
of anthropogenic disturbances on ecosystem processes, nutrient
dynamics, species diversity, carbon sequestration, and functional
traits (Singh et al., 1989, 1991; Singh and Singh, 1991, Singh and
Singh, 1992; Lal et al., 2001; Sagar et al., 2003a,b, 2008; Saha and
Howe, 2003; Chaturvedi et al., 2011a,b, Chaturvedi et al., 2012,
2017a,b, 2021, 2013; Chaturvedi and Raghubanshi, 2014, 2015),
however specific study focusing on the diversity of medicinal
plants in these forests is still lacking. The present study is aimed
to investigate the diversity of medicinal plants in a TDF exposed
to different levels of anthropogenic disturbance.

In the Indian subcontinent, around 350 million rural
population and 84% of the ethnic communities living in and/or
around forests (Mehta and Shah, 2003), still depend on the forest
resources for their livelihood (Poffenberger and McGean, 1996;
Hegde and Enters, 2000; Kutty and Kothari, 2001; Harris and
Mohammed, 2003). These human settlements generally follow
traditional medical practices, and highly depend on medicinal
plants growing in nearby forests. WHO has listed more than
21,000 medicinal plants which are in use across the globe,
particularly in developing countries, where around 80% people
still rely on traditional medicines for the treatment of various
ailments (WCMC, 1992). According to an estimate, about 15–
30% of household income of the poor people in developing
countries comes from the forest resources, and medicinal plants
are the significant source in this direction (Hamilton, 2004).
Particularly, due to lack of health facilities, and also limited
purchasing capacity, for most of the rural communities, herbal
based medicines are an alternative to the modern allopathic
medicines (Adnan et al., 2015). The present work was conducted
in Jashpur, a human tribe dominating district of Chhattisgarh
with 62.27% of tribal population (2011 census). The land area
of the district accounts for 42% of forest cover and majority
of the human population still depend on forest resources
for their livelihood (Painkra et al., 2015). Subsequently, the
use of forest resources unsustainably has resulted into the
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forest fragmentation and loss of biological diversity in the
forest region. According to local tribes, this forest region is
potentially rich in medicinal plants, and it has considerable
impact on their livelihood. However, systematic evaluation of
the anthropogenic pressure on these forests is still lacking.
Therefore aim of the present work is to evaluate the impact of
anthropogenic disturbance on the diversity of medicinal plants
on the selected forest sites of the region.

MATERIALS AND METHODS

Study Site
The proposed work was conducted in a dry tropical forest of
Jashpur district (22◦17

′

and 23◦15
′

N and 83◦30
′

and 84◦24
′

E) of
Chhattisgarh with a geographical area of 6,205 km2. The forest
is tropical dry deciduous type dominated by Shorea robusta.
The climate is monsoon type with 3–4 months of critical dry
periods. For this study, we selected six forest regions, covering
a radius of 25 km. The idea behind the selection of these forest
regions was to get a gradient of disturbance, mainly determined
by the density of trees and visual observations of the intensity of
disturbances in the form of logging, cattle grazing and fire scars.
The selected forest regions are: (1) Chandan Tongari (22◦55.59

′

N
and 84◦7.36

′

E, 814 m.a.s.l.), (2) Bel Pahar-1 (22◦53.34
′

N
and 84◦7.46

′

E, 894 m.a.s.l.), (3) Luikona-1 (22◦52.38
′

N and
84◦5.89

′

E, 808 m.a.s.l.), (4) Marga (22◦55.58
′

N and 84◦7.88
′

E,
801 m.a.s.l.), (5) Bel Pahar-2 (22◦53.43

′

N and 84◦7.49
′

E, 867
m.a.s.l.), and (6) Luikona-2 (22◦52.42

′

N and 84◦5.91
′

E, 805
m.a.s.l.). Based on our preliminary survey, Chandan Tongari, Bel
Pahar-1 and Luikona-1 were considered as low disturbed forest
regions, while Marga, Bel Pahar-2 and Luikona-2 were listed
as high disturbed forest regions. The differences in disturbance
among forest regions was mainly determined by their distance
from human settlements, as we observed that the low disturbed
forest regions were at least 5 km from the nearest village, and
were not easily accessible, while the high disturbed forest regions
were much close to human settlements and frequently visited by
the inhabitants.

Data Collection
The data was collected by quadrat method with a quadrat size of
100 m2 (20 m× 5 m). At each selected forest region, nine random
sites were chosen depending on the feasibility of sampling. So, we
had a total of 54 sites for vegetation sampling and data collection.
The minimum distance between the sites at each region was
at least 2 km. For each site, plant species were counted in the
three random quadrats separated by a distance of at least 100 m
between the two nearest quadrats. For the tree species, diameter
at breast height (DBH) was noted for each individual in the
quadrat, at each site. Woody species were categorized as adult
(DBH ≥10 cm), and saplings (DBH <10 and ≥1 cm). In the
center of each 100 m2 quadrat, at each site, the stem count of
each herbaceous species was recorded in 10 m2 (2 m × 0.5 m)
quadrat. During sampling of herbaceous species, we neglected
the ephemerals of short life span, and exhibiting less than 5 cm

height. For 2 years, we recorded tree harvesting in the form of
logged stumps, and observed grazing pressure in the form of
dung pellets in each 100 m2 quadrat, at each site. During this
period we also recorded frequency of fire occurrences and the
quadrat area under fire, for each quadrat.

Composite surface (0–30 cm) soil samples were collected
at five random locations from each quadrat, at each site, in
September, for the physico-chemical analysis. These samples
were analyzed for texture (Sheldrick and Wang, 1993), water
holding capacity (Schlichting and Blume, 1966), and organic C
(Walkley and Black, 1934) contents. To get the actual organic
carbon content, values obtained by Walkley–Black method were
multiplied by a correction factor (1.95) given by Krishan et al.
(2009) for similar soils of central India. The correction factor is
based on the relationship between Walkley–Black estimate and
that from oxidative combustion-infrared analysis method using
total organic carbon analyzer. Soil bulk density at each quadrat,
at each site was determined by the core method (Krzic et al.,
2000). For chemical analysis, we pooled the soil samples collected
from the three quadrats and obtained one value for each soil
parameter, per site.

Statistical Analysis
We calculated percent frequency, density, and abundance of tree
and herbaceous species at each site based on the data collected
from the three quadrats at each site. The importance value
index (IVI) for all species was calculated by averaging relative
frequency, relative density and relative dominance (i.e., basal
area for trees and cover for herbaceous species), following Curtis
and McIntosh (1951). Disturbance index for all study sites was
calculated following Chaturvedi et al. (2017b).

The statistical analyses were done in R version 4.0.5 (R
Foundation for Statistical Computing, Vienna, Austria) (R
Development Core Team, 2018). We used likelihood ratio tests
(LRTs) for testing interactions and main effects. We also used
Wald tests for evaluating the parameter estimates. We observed
site groupings by using harvest index, grazing index, and fire
intensity data for each site through PCA, hierarchical clustering,
and partitioning clustering particularly through k-means method
by HCPC (hierarchical clustering on principal components).
For this analysis, we used the R package “FactoMineR” and
“factoextra” (Kassambara and Mundt, 2016). We used functions
prcomp() and PCA() (FactoMine package) for PCA analysis.
After clustering, all 54 study sites were separated into two
disturbance categories (viz., low and high disturbance sites).

Through step-wise regression, we identified the best predictors
of tree density, tree species richness and herbaceous species
richness across the low (LDS) and high (HDS) disturbed sites in
the forest region. For predicting the three vegetation parameters,
we used harvest index, grazing index, fire intensity, and soil
parameters across 54 study sites in the six selected forest regions.
For step-wise regression, we used the R package “tidyverse”
(Wickham et al., 2019), “caret” (Kuhn et al., 2016), and “leaps”
(Lumley and Miller, 2009). We used the function stepAIC()
(MASS package) (Venables and Ripley, 2010), for choosing the
best model by AIC.
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FIGURE 1 | PCA showing clusters of low and high disturbed study sites based on harvest index, grazing index, and fire intensity at those sites.

We calculated Student’s t-test for analyzing differences
between LDS and HDS for tree density, tree species richness,
herbaceous species richness, harvest index, grazing index, fire
intensity, and soil properties by using “vegan” package (Oksanen
et al., 2018). Pearson’s correlation was observed on tree density,
tree species richness, herbaceous species richness, harvest index,
grazing index, fire intensity, and soil properties across the
54 study sites by using “Hmisc” (Harrell, 2017) and “xtable”
(Dahl, 2016) package. For plotting boxplots, we also used
“ggplot2” package (Wickham, 2009).

RESULTS

PCA and Hierarchical Clustering on
Principal Components Analyses
The PCA biplot (Figure 1) explained the variability among
the 54 study sites on the basis of disturbances in the form of
tree harvesting, cattle grazing and wild fires. The eigenvalue
of the first two PCA axes were 1.768 and 0.855, respectively.
The individual variance explained by the first two PCA axes
were 58.9 and 28.5%, while the two axes together accounted
87.4% of the total multivariate variation during PCA. The first
PCA axis exhibited stronger associations with fire intensity
(R = 0.768), while the second PCA axis indicated stronger
correlations with grazing index (R = 0.887) and harvest index
(R = 0.780). The HCPC separated the total 54 sites into two
separate clusters as shown in Figure 1, where the sites inside the

high disturbance eclipse (blue color) are in cluster 1, and the sites
inside the low disturbance eclipse (red color) are in cluster 2.
Description of quantitative variables of HCPC, including V-test
indicated that the sites in cluster 1 exhibit significant positive
influence for grazing index and harvest index (Supplementary
Table 1). However, in cluster 2, the sites were observed to have
significant negative influence of harvest index and grazing index
(Supplementary Table 2).

Impact of Disturbances on Vegetation
Properties
Vegetation features including tree stem count, tree species count,
herbaceous species count, stump count, harvest index, grazing
index, and fire intensity in the study sites with low and high
disturbance are listed in Supplementary Table 3. In terms of
disturbances, the low and high disturbance category sites showed
significant differences for tree harvesting and cattle grazing, while
the fire occurrences for the two categories of sites were not
significant (Figure 2). Similarly, soil properties also exhibited
significant differences between the LDS and HDS, although clay
content was not significantly different between the two categories
(Figure 3). We observed soil organic C, water holding capacity,
and sand content significantly greater across LDS, whereas bulk
density and gravel content was significantly higher across HDS.

Pearson’s correlation exhibited considerable impact of
disturbances on vegetation parameters including soil properties
(Table 1). Among the three disturbances, grazing index exhibited
significant positive correlations with harvest index and fire
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FIGURE 2 | Boxplot showing distribution of harvest index, grazing index, and
fire intensity at low and high disturbed sites.

index, whereas the relationship between harvest index and fire
index was not significant. We found that the harvest index in
the study region exhibited significantly positive correlation only
with gravel content, while with other vegetation parameters, viz.,
tree density, tree species richness, soil organic C, water holding
capacity, and sand content was significantly negative (Table 1).
The relationships of grazing index were observed significantly
positive with herbaceous species richness and gravel content,
across the study region, whereas the negative associations of
grazing index were similar to harvest index, i.e., significant for
tree density, tree species richness, soil organic C, water holding
capacity, and sand content (Table 1). Regarding fire intensity,
the correlation across the study region was significantly negative
with tree species richness, soil organic C, and water holding
capacity (Table 1).

We observed that, for other than disturbances, correlations of
tree density was significantly positive for tree species richness,
herbaceous species richness, soil organic C, water holding
capacity, and sand content, while the association was significantly
negative for gravel content (Table 1). Across the study region,
the relationship of tree species richness was significantly negative
for gravel content, whereas significantly positive with soil
organic C, water holding capacity, and sand content. Across the
study region, herbaceous species richness exhibited significantly

positive correlations with gravel content, whereas significantly
negative association with clay content (Table 1).

We found that the correlation of soil organic C was
significantly positive with water holding capacity and sand
content, while significantly negative with bulk density and gravel
content, across the study region (Table 1). Further, correlations
among other soil physico-chemical properties indicated
significant positive association of water holding capacity with
sand content, whereas significantly negative relationship with
gravel content. Bulk density exhibited significantly positive
correlation with clay content, while significantly negative with
sand content. Among the soil particles, the correlations of clay
content was significantly negative with both sand content as
well as gravel content, while the sand content also exhibited
significantly negative association with gravel content, across the
study region (Table 1).

We recorded 21 tree species across the 54 study sites in the
forest region, among which the LDS showed the occurrence
of 17 tree species, while the HDS exhibited only 11 tree
species (Supplementary Table 4). Between the two disturbance
categories, we recorded only six tree species growing across
both LDS and HDS (Supplementary Table 4). According to IVI,
S. robusta was the most dominant tree species across both low
(IVI = 59.6) as well as HDS (IVI = 55.1), where this species
constituted more than half of the tree composition. Among the
other common species occurring across low as well as HDS, the
dominance of Buchanania cochinchinensis and Syzygium cumini
was greater across LDS, whereas the dominance of Diospyros
melanoxylon, Randia diversiloba, and Vitex negundo was higher
across the HDS. Among the 17 tree species across the LDS,
16 species exhibit medicinal properties, while out of 11 tree
species across HDS, 10 have medicinal importance. Moreover,
based on IVI, 90.5% of tree cover in the forest region contain
medicinal properties.

Across the 54 study sites, we recorded 12 herbaceous species,
in which the LDS and HDS exhibited eight and seven species,
respectively (Supplementary Table 5). Only three herbaceous
species were common to both categories of disturbances.
According to the IVI values, Cynodon dactylon (IVI = 41.1)
was the dominant species across the sites in low disturbance
category, while Dichanthium annulatum (IVI = 34.9) was
dominant species across the sites in high disturbance category.
Interestingly, we observed that the composition of species
belonging to Poaceae family was greater across the HDS (three
species), as compared across the LDS (one species). It was
found that around 56% of the herbaceous species community
across the sites for high disturbed category was dominated by
Poaceae family, whereas across LDS, Poaceae family accounted
for 41% of the herbaceous species community. Among the
eight herbaceous species across the LDS, seven species exhibit
medicinal properties, while out of seven herbaceous species
across HDS, only three species have medicinal importance.
Moreover, based on IVI, 63.6% of herbaceous cover contain
species of medicinal importance. When both medicinal and non-
medicinal species were included in the analyses, we observed
significant differences in tree density and tree species richness
between the LDS and HDS, however herbaceous species richness
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FIGURE 3 | Boxplot showing distribution of soil properties at low and high disturbed sites.

was not significantly different (Figure 4). While on the other
hand, when we analyzed the differences for only medicinal plants
between the LDS and HDS, we found that besides tree species
density and tree species richness, the herbaceous species richness
was also significantly different (Figure 5). This result indicates
that the impact of disturbances is more on medicinal plants.
Across the LDS adult tree (≥10 cm DBH) density, as well as
sapling tree (<10 to ≥ 1 cm DBH) density were significantly
greater compared to the HDS. Moreover, adult:sapling ratio was
also recorded significantly higher across the LDS compared to
the HDS (Figure 4). We observed 16.9% of tree population
across the LDS at adult stage, while 11.6% of tree population
across the HDS at adult stage (Supplementary Table 3). We
also noticed that across all LDS, both adult and sapling growth
stages were recorded, however across the HDS there were five
sites, where we were not able to get adult trees, although there
was also one site, where we were not able to find sapling trees
(Supplementary Table 3).

Table 2 summarizes the stepwise regression results relating
the three disturbing factors and soil properties with tree
density, tree species richness, and herbaceous species richness,
across the LDS and HDS in the forest region. Here we
have produced the models exhibiting maximum variance and
lowest AIC. According to stepwise regression results across
LDS, maximum variance for tree density (80.6%) was observed
for the model containing harvest index, sand content, soil
organic C, bulk density, and water holding capacity. For
the tree species richness, stepwise regression selected the
model containing sand content, water holding capacity, clay
content, grazing index, and fire intensity, exhibiting 53.6%
variance in the model, while for the herbaceous species
richness maximum variance (70.3%) was recorded for the
model containing clay content, grazing index, sand content,
and bulk density. Across the HDS, for tree density, the
stepwise regression selected the model containing harvest
index, grazing index, and sand content exhibiting variance
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TABLE 1 | Summary of Pearson’s correlation among various habitat characteristics across the low and high disturbance sites.

TRD TSR HSR HIN GIN FIN SOC WHC BD Clay Sand

TSR 0.63***

HSR 0.28* 0.01ns

HIN −0.66*** −0.64*** −0.19ns

GIN −0.30* −0.68*** 0.37** 0.57***

FIN −0.21ns −0.30* 0.18ns 0.16ns 0.39**

SOC 0.53*** 0.84*** −0.13ns −0.78*** −0.84*** −0.27*

WHC 0.40** 0.81*** −0.14ns −0.76*** −0.85*** −0.28* 0.95***

BD 0.02ns −0.19ns −0.04ns 0.14ns 0.24ns −0.11ns −0.28* −0.22ns

Clay 0.00ns 0.13ns −0.66*** 0.14ns −0.20ns −0.18ns 0.13ns 0.11ns 0.44**

Sand 0.53*** 0.50*** 0.26ns −0.61*** −0.44*** 0.00ns 0.58*** 0.50*** −0.40** −0.37**

Gravel −0.49*** −0.58*** 0.32* 0.45*** 0.58*** 0.16ns −0.65*** −0.56*** 0.00ns −0.51*** −0.61***

TRD, tree density; TSR, tree species richness; HSR, herbaceous species richness; HIN, harvest index; GIN, grazing index; FIN, fire intensity; SOC, soil organic carbon;
WHC, water holding capacity; BD, soil bulk density.
N = 54; nsP > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001.

FIGURE 4 | Boxplot showing distribution of total tree density, adult tree density, sapling tree density, adult:sapling ratio, tree species richness, and herbaceous
species richness at low and high disturbed sites.

of 96.1%. For tree species richness, maximum variance
(48.7%) was recorded for the model containing clay content,
bulk density, harvest index, and gravel content, while for
herbaceou species richness the most efficient model contained
clay content, grazing index, bulk density, water holding
capacity, and soil organic C, exhibiting variance of 81.2%
in the model.

DISCUSSION

Across the study sites, we reported significant positive
associations between harvest index and grazing index, at
one hand, while grazing index with fire intensity, at the
other hand. These relationships suggest that there is indirect
associations among the three disturbances. As a resistance
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FIGURE 5 | Boxplot showing distribution of tree density, tree species
richness, and herbaceous species richness of medicinal plants at low and
high disturbed sites.

against disturbances, TDF species generally possess functional
adaptations against drought, grazing and fire. After harvesting,
open spaces develop in the forest where herbaceous species
grow abundantly, which attract grazing animals to frequently
visit these places. The fire adaptive C4 grasses also grow in the
gaps, thereby increasing the fuel load helping in fire occurrences
(Chaturvedi et al., 2017a). Most plant species are deciduous in
TDF (Chaturvedi et al., 2011b), and these species are having
numerous traits providing resistance against fire, such as thick
bark, basal resprouting ability, and underground storage (Ratnam
et al., 2016; Jhariya, 2017a,b). However, intense cattle grazing
induces adverse impacts on species diversity, which is harmful
especially for small sized trees, as compared to the herbaceous
species (Chaturvedi et al., 2017a). Due to high grazing pressure,
many tree saplings including important medicinal plants get
damaged, and after the impact of drought and fire, these species
are removed from the forest site (Chaturvedi et al., 2012, 2017b).

Among the three disturbances considered in our study, the
step-wise regression results indicated harvest index as negatively
influencing tree density across the LDS, and tree density as
well as tree species richness across the HDS, while fire intensity
was negatively impacting tree species richness, only across the

LDS. Besides, the impact of grazing index was interesting, where
it showed negative influence on tree density across the HDS,
whereas for tree species richness at LDS, and for herbaceous
species richness, both across LDS as well across HDS, the
impact of grazing index was positive. Across the HDS, open
spaces are more abundant (or more frequent) which attract
grazing animals, and makes their movement easy. This leads
to frequent damage, and mortality of tree saplings coming on
their way (Chaturvedi et al., 2012, 2017a,b). Also, during the
dry season, when grasses dry out, grazing animals are attracted
toward tree saplings, which leads to high mortality and shift
in the composition of tree species. In our study, we found
some sites across the high disturbed category, where adult
trees were absent, while at one site saplings were absent. For
herbaceous species, situation is different, because in our forest
region, herbs and grasses shed their aboveground structure
and survive in the form of underground storage organ during
the dry period, while they are available for grazing animals
only during favorable wet season, when grazing pressure is
less, compared to dry season. Moreover, the grazing animals
damage the potential overstory trees and make open spaces for
better growth of light demanding tree saplings and herbaceous
vegetation, particularly palatable grasses which are more tolerant
to grazing. Although, our results did not show significant
difference in the herbaceous species richness between LDS
and HDS, graminoids were more abundant, and medicinal
herbaceous species significantly less abundant among HDS,
compared to the LDS. Thus, we can argue that the intensity
of grazing by cattle and wild animals, at our study sites could
be the potential mechanism responsible for determining shift
in herbaceous species composition in near future. Our findings
in this study are supported by Lin et al. (2010) and Fenetahun
et al. (2020), where they reported significant impact of intensity
and distribution of grazing on composition and productivity of
herbaceous species.

Disruption of soil organic C in TDFs is mostly due to
disturbances, such as overgrazing and occasional fires, however
it is generally neglected in scientific studies (Abril et al., 2005).
Across the study sites, we observed that the soil organic C
was positively associated with tree density and tree species
richness, whereas negatively related with harvest index, grazing
index, and fire intensity. The results are in accordance with
other studies; for example, in one of those, higher soil organic
C induces positive feedback on species richness (Chaturvedi
et al., 2011a). We observed significantly high soil organic C,
across LDS, compared to the HDS. Among other factors, the
decline in soil organic C across the study sites could also
be due to grazing by cattle, since due to increasing grazing
pressure, ground layer vegetation gets eaten and removed
by grazing animals, leading to reduction in soil organic C
(Chaturvedi et al., 2012). In a study by Chen et al. (2015)
moderate grazing accumulated more soil organic C due to high
root production and turnover. They reported that consistent
high grazing pressure reduces above and belowground plant
production, increases soil N losses, and creates unfavorable
microbial environment, which leads to decline in organic C
input in soil. Moreover, the soil organic C at HDS could also
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TABLE 2 | Summary of step-wise regression coefficients.

Estimate SE t-Value P-value

Low disturbed sites

Tree density (RSE = 21.69; df = 21; R2 = 0.8435; Adjusted R2 = 0.8062;

F = 22.63; AIC = 171.4)

(Intercept) −809.063 244.890 −3.304 0.0034

Harvest index −7.05700 1.86100 −3.792 0.0011

Sand content 8.97600 1.77000 5.070 5.08e−05

Soil organic C 24.8780 6.98000 3.564 0.0018

Bulk density 155.345 97.8110 1.588 0.1272

Water holding capacity 4.08700 3.14000 1.302 0.2071

Tree species richness (RSE = 1.42; df = 21; R2 = 0.6250; Adjusted

R2 = 0.5357; F = 6.999; AIC = 24.11)

(Intercept) −47.0323 13.9164 −3.380 0.0028

Sand content 0.52317 0.11624 4.501 0.0002

Water holding capacity 0.40648 0.20862 1.948 0.0649

Clay content 0.18592 0.06824 2.725 0.0127

Grazing index 0.21245 0.09326 2.278 0.0333

Fire intensity −0.23807 0.17073 −1.394 0.1778

Herbaceous species richness (RSE = 1.04; df = 22; R2 = 0.7485; Adjusted

R2 = 0.7028; F = 16.37; AIC = 6.60)

(Intercept) −14.8306 8.02366 −1.848 0.0780

Clay content −0.20220 0.05334 −3.791 0.0010

Grazing index 0.19964 0.06523 3.061 0.0057

Sand content 0.18231 0.07729 2.359 0.0276

Bulk density 9.40575 5.01968 1.874 0.0743

High disturbed sites

Tree density (RSE = 6.255; df = 23; R2 = 0.965; Adjusted R2 = 0.9605;

F = 211.5; AIC = 102.68)

(Intercept) 205.3077 16.3566 12.552 8.96e−12

Harvest index −1.73183 0.07237 −23.932 <2e−16

Grazing index −0.61626 0.14160 −4.352 0.0002

Sand content −0.49122 0.29251 −1.679 0.1066

Tree species richness (RSE = 0.7446; df = 22; R2 = 0.5656; Adjusted

R2 = 0.4866; F = 7.16; AIC = −11.46)

(Intercept) 9.60564 4.73073 2.030 0.0546

Clay content 0.38121 0.07218 5.282 2.67e−05

Bulk density −13.57851 4.17657 −3.251 0.0037

Harvest index −0.03354 0.01101 −3.046 0.0059

Gravel content 0.05825 0.03948 1.475 0.1543

Herbaceous species richness (RSE = 0.6185; df = 21; R2 = 0.8483; Adjusted

R2 = 0.8122; F = 23.49; AIC = −20.73)

(Intercept) 1.23740 3.71381 0.333 0.7423

Clay content −0.00767 0.10113 −0.076 0.9403

Grazing index 0.07188 0.01635 4.397 0.0003

Bulk density 19.81711 3.75989 5.271 3.17e−05

Water holding capacity −0.94924 0.23118 −4.106 0.0005

Soil organic C 4.93218 1.44316 3.418 0.0026

be influenced by greater gravel content, since large soil particles
are not able to hold organic C. Earlier studies have suggested
that soil organic C increases productivity by increasing water
holding capacity of soil in TDFs (Tiessen et al., 1994; Chaturvedi
and Singh, 2017), therefore understory vegetation, particularly
herbaceous species needs to be conserved and protected from
excessive grazing.

Studies made for the assessment of plant diversity in
the dry tropical regions have reported decreasing pattern of
diversity due to anthropogenic pressure (Chaturvedi et al., 2011a,
Chaturvedi et al., 2012, 2017a,b). Similarly, the diversity of
medicinal plants in our study is also affected negatively due
to forest disturbances (Figure 5). For instance, the important
medicinal plants like Adina cordifolia, Anogeissus latifolia,
Asparagus racemosus, Bauhinia vahlii, Curculigo orchioides,
Hemidesmus indicus, Holarrhena antidysenterica, Lygodium
flexuosum, Nyctanthes arbor-tristis, Schleichera oleosa, Terminalia
tomentosa, Woodfordia fruticosa, and Ziziphus nummularia were
not recorded from the HDS, and the probable reason behind their
absence from our study sites might be enormous anthropogenic
pressure. Supporting our observations, similar studies for the
assessment of medicinal plant diversity exposed to anthropogenic
pressure, for instance, in Himalayan region, conducted by Adnan
et al. (2014, 2015), in Eastern Amazonia by Shanley and Luz
(2003), in Western Nepal by Kunwar et al. (2016) have also
reported similar results in their forest regions.

Among the herbaceous species recorded in this study,
A. racemosus, C. dactylon, and H. indicus exhibit clonal
propagation where plant population is derived from a single
individual through asexual reproduction. Therefore, these species
produce large clones, and might be under or over represented
in our data set. Further, although we found greater impact of
disturbances in the form of harvesting, grazing and fire on
declining composition of medicinal plants in the forest region,
some of the differences between HDS and LDS might potentially,
already be there before the disturbance. For example, differences
in clay, sand, and gravel. As soil structure influence water
retention, nutrient content and bulk density, which themselves
influence which species can grow or determine the abundance of
some of the species, and it is difficult to separate the impact of
the disturbance from the differences between sites that existed
prior to the disturbances. Considering the difference in soil
texture between high and low disturbance, we could expect
some difference in both tree and herbaceous species composition
due to soil properties, as well. The other soil properties could
have been modified by the disturbance or were already present
and exacerbated by the disturbances. Therefore, we emphasize
further investigations on the potential role of anthropogenic
disturbances in modulating habitat properties, community
structure and diversity of medicinal plants. We suggest that forest
managers take into consideration the presence of anthropogenic
disturbances in their management and conservation efforts for
medicinal plants in TDFs.
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