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Abstract

Panax pseudoginseng Wall. is a highly sought-after medicinal plant in Bhutan, but little is
known about its distribution and habitat in the country. Therefore, this study aimed to determine
suitable habitat, and potential distribution of P. pseudoginseng, and the diversity of its associated
species in Nangkor and Shingkhar Geogs, Zhemgang, Bhutan. A total of 42 plots were laid using
a purposive sampling method. Various parameters like slope, aspect, soil nutrients, soil pH,
humidity, temperature, and soil water tension were collected. The Spearman’s correlation test
indicated that the temperature and canopy cover had negative association with the counts of P.
pseudoginseng. The Spearman's correlation test for NPK indicated that Phosphorus had significant
difference with the counts of P. pseudoginseng. A total of 1,277 species distributed in 87 genera
of 66 families were recorded including the trees, herbs and pteridophytes. Fagaceae was the most
dominant family in the study area. Seven types of forest were classified based on the floristic
composition of trees. Potential distribution was obtained using ArcGIS that combined observation
data, reclassification and Weighted Overlay. Overall, 95.39% of an area under Zhemgang District
is suitable for the growth of P. pseudoginseng.
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Introduction

The genus Panax was derived from the Greek words ‘pan’ and ‘axos’ which means all and cure
respectively by Russian botanist C.A. Meyer as its rhizome is useful in traditional medicine
(Radad et al., 2004). There are 17 species under the genus Panax (Zhang et al., 2020). P.
pseudoginseng is native to India (Sharma and Sett, 2001), and is found in China, South Tibet,
North Burma (Lolen et al., 2016), North-East India and Bhutan (Royal Government of Bhutan
[RGoB] and European Union [EU], 2008).

Flora of Bhutan contains 13 genera with 27 species in the Araliaceae family. Only one
species (P. pseudoginseng) is found in Genus Panax (Grierson and Long, 1991). It is known as
Bhreeng-geera-dza (Dzongkha term) (RGoB and EU, 2008), and listed in Schedule | as a totally
protected plant species (RGoB, 1995). P. pseudoginseng has several nomenclatural synonyms,
including Aralia quinquefolia Decne. and Planch. var. pseudoginseng (Wall.) Burkill, Aralia
pseudoginseng (Wall.) Benth. ex C.B. Clarke, and Panax sikkimensis R.N. Banerjee. It is also
known as Indian Ginseng, False Ginseng and Himalayan Ginseng in commercial trade (Becker,
2012).

The plant contains an active ingredient in the root (rhizome) called Ginseng saponins,
which is useful in diverse ginseng products. Ginseng saponins are also called Ginsenosides (Radad
et al., 2004). It prefers habitat under canopy cover not less than 80% shade in undisturbed areas
(Kumar et al., 2019) within the altitude range of 3000 - 4000 masl. It normally grows in a cold
climate where dew, hoar frost and snow falls regularly (Lolen et al., 2016) with rich organic matter,
thick forest soil and compost having the moist area (Merry et al., 2017). A study was done on the
medicinal plants including P. pseudoginseng in Bhutan (Wangchuk et al., 2016), but it contained
limited information about its presence and distribution (RGoB and EU, 2008).

The over harvesting has led the species to be highly endangered (Merry et al., 2017). Due
to its high demand, it is harvested in huge quantities risking its sustainability (Jamir, 2014;
Twyford, 2017). Therefore, apart from showing the potential distribution, this study will serve as
the baseline data on habitat studies such as soil nutrients, soil moisture, soil pH, aspects, altitude,
canopy cover, and associated floristic composition which will help in conservation of P.

pseudoginseng.
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Materials and Methods

Study site

Zhemgang District is located at 27°12°50.60" N and 90°39'19.32" E with an annual rainfall of
126.5 mm and a mean temperature of 16.1°C (National Center for Hydrology and Meteorology
[NCHM], 2017). The Central Bhutan was chosen as the study area particularly at Nangkor and
Shingkhar Geogs, under Zhemgang District. The district has warm and humid climatic conditions.

Table 1: Showing the different attributes of the two study areas

Attributes Nangkhor Geog Shingkhar Geog
Area 543 sg.km 325 sg.km
Elevation 500-1700 masl 1000-4000 masl
Population 2,602 1,276
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Figure 1: Map showing the study area
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Northern regions have moderately cool temperature (Tourism Council of Bhutan [TCB],
2020), which is favorable to collect data during late winter and early spring. Nangkor Geog,
consists of 5 Chiwogs, 513 households as per Geog Census Record, 2017 (Zhemgang Dzongkhag
Administration [ZDA], 2018). Shingkhar lies to the North-East of the District, which comprises
of 5 Chiwogs and falls in the temperate zone with an altitude range from 1000 - 4000 masl. The
Geog consists of 325 sq.km of which 77% is under forest coverage with different micro-climate
favoring various floristic compositions (ZDA, 2018). The northern part of Geog falls under
Phrumsengla National Park (Department of Forest and Park Services [DoFPS], 2020).

Sampling methods

The study was carried out in 2021 in early spring in two Geogs. The species were counted using
a purposive sampling method, since P. pseudoginseng is less abundant in nature. For the associated
species evaluation, a total of 42 sample plots (major) (Figure 2) were laid using the quadrat method
of 20 m x 20 m (400 m?) for tree species (Wheater et al., 2011), and for ground cover species
(shrubs) a plot of 5m x 5 m (25 m?), and 1 m x 1 m (1 m?) plots were laid for herbs. P.
pseudoginseng was counted within the center of the major plot (Forest Resource Management
Division [FRMD], 2012). In the major plot, for all the trees (>1.3 m), Diameter at Breast Height
(DBH) were enumerated and other associated species within the sample plot were recorded.

For the habitat study, soil samples were collected from the nearby area where P.
pseudoginseng was found within the plot of 10 cm x 10 cm (100 cm?). Commonly used sample
depth for soil sample collection is 0 to 15 cm for the Soil Organic Carbon (SOC) and nutrients
(Pennock et al., 2007). The soil samples were analyzed in the soil laboratory of the College of
Natural Resources (CNR). Relative humidity and temperatures were collected using a Data logger.
Altitude was recorded using GPS, slope with Clinometer and soil water tension with Tensiometer.

Its potential distribution was analyzed using ArcGIS (Model Builder). It was used for
combination of vectors (road, study area and river), and raster data (Aster DEM and land use and
land cover), with the output being raster data that were analyzed for suitability using the significant
parameter. Rivers, roads and settlements were buffered with 30 m, 50 m and 1 km respectively.
These combined observation data on environmental variables such as settlement, land use and land
cover, forest types, elevation, and aspects. All the factors were reclassified with high weightage

given to the highly suitable factors, and used Weighted Overlay from Arc Tool Box (Latif et al,
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2019). The output clearly displayed the suitability, and areas were calculated from the Attribute
table of ArcGIS.

Data analysis
The data collected from the field was compiled in Excel and analyzed using Statistical Package
for Social Sciences 23 (SPSS) to find the species diversity and abundance of associated species in
the habitat of P. pseudoginseng. Vegetation analysis was done using PC-ORD software. The
Shannon's Diversity Index, Pielou's Evenness and Margalef's species richness (Yeom and Kim,
2011; Olawusi and Ajibare, 2014) were used for analyzing the diversity, species evenness and
richness respectively. Berger-Parker's Dominance index (Olawusi and Ajibare, 2014) was used to
determine the dominant species.

To calculate the most dominant associated plant species with P. pseudoginseng, Important
Value Index (IVI) analysis was conducted following Nguyen et al. (2014). Soil pH was analyzed
by the Electrometric method. Nitrogen content in the soil was determined through the Loss of
Ignition method, which was used to determine Soil Organic Matter. Total potassium content was
determined by decomposition of the sample through HF, followed by flame photometric
determination (Sakar, and Haldar, 2005). Phosphorus content was determined using the Bray Il

extraction method followed by spectrophotometric determination (Sakar and Haldar, 2005).

Results and discussion

Species composition

Including trees, herbs and pteridophytes, a total of 1,277 species of 87 genera belonging to 66
families were recorded in the entire study sites. Fagaceae was the most dominant family in the

entire study site.

Major life form of tree

In the study area, 210 tree species of 31 genera belonging to 19 families were distributed with
maximum number of species in Fagaceae (n = 94), Lauraceae (n = 32) and Symplocaceae (n = 19).
The following were the top ten dominant tree species in the decreasing order on the species counts
in the entire study area; Castanopsis hystrix J. D. Hooker & Thomson ex A. de Candolle,
Lithocarpus elegans (Blume) Hatus. ex Soepadmo, Quercus lamellosa Sm., Beilschmiedia

gammieana King ex Hook. Fil., Symplocos ramosissima Wallich ex G. Don, Cinnamomum
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impressinervium Meisn., Castanopsis tribuloides (Smith) Lindley., Lindera pulcherrima (Nees)
Benth. ex Hook. F., Cinnamomum bejolghota (Buch.Ham.) Sweet.,, and Daphniphyllum
himalayense (Benth.) Mll. Arg. The floristic composition such as Alnus nepalensis (Betulaceae),
Schima wallichii (Theaceae), and Cinnamomum impressinervium Meisn (Lauraceae) were found
as a major life form of tree in association of P. pseudoginseng (Lolen et al., 2016). Sharma and

Sett (2001) found out that Quercus sp. was most dominant tree, supporting our finding.

Major life form of understorey

The life form understorey includes shrubs (deciduous and semi-evergreen), climbers,
pteridophytes and mosses. A total of 381 ground cover species consisting of 21 genera of 19
families were recorded from the major ground cover species. The top three dominant families in
decreasing order were Athyriaceae (n = 36), Dryopteridaceae (n = 33) and Polygonaceae (n = 25)
respectively. The top 10 dominant species were Selaginella monospora (Spring) Baker., Diplazium
esculentum (Retz.) Sw., Persicaria chinensis (L.) H. Gross., Dryopteris nidus (Baker) Zhang,
Plagiogyria pycnophylla (Kunze) Mett., Hedera nepalensis K. Koch, Hort. Dendrol, Rubus
ellipticus Smith, Strobilanthes oligocephala T. Anderson ex C. B. Clarke in J. D. Hooker, FI. Brit.,
Tetrastigma sp., and Daphne boula Prezi. The study done by Pandey et al. (2007) mentioned that
it grew in association with pteridophytes particularly Plagiogyria sp., Strobilanthes sp. and

Polygonum sp. which was a similar finding.

Major life form of underground cover

The major ground cover species consisted of 677 species with 34 genera of 28 families. The species
consisted of herbs (annual, biennial, perennial, and climber) which dominated the underground
cover. The top three dominant families in decreasing order were Urticaceae (n = 271), Violaceae
(n = 83) and Araliaceae (n = 69) respectively. The most dominating species of herbs were Pilea
pumila Linnaeus, Elatostema lineolatum Wright, Elatostema sp., Viola pilosa Blume, P.
pseudoginseng, Oplismenus sp., Viola sp., Pilea sp., Ageratina adenophora (Spreng.) R.M. King
& H. Rob, and Girardinia diversifolia (Link) Friis, Kew Bull. P. pseudoginseng was among the
top ten dominant species in the study area. The study done by Lolen et al. (2016) also found that
it grew in association with Dicentra sp. (Fumariaceae), Impatiens sp. (Balsaminaceae), and Pilea

umbrosa Blume (Urticaceae) which were usually found in damp and moist areas.
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Diversity and Evenness

Shannon-wiener index of species diversity for trees ("H") showed 3.13, for herbs H' = 3.18 and H’
= 3.07 for ground cover species (including shrub, climber and fern species), stating higher diversity
of trees (Jost, 2010) within the ecological range of P. pseudoginseng. Similar report of Shaheen et
al. (2011) supported the finding that higher herbs and shrubs diversity may be due to thin canopy
of the tree which provides the required amount of light favoring the growth of herbs and shrubs.
The diversity of trees were high due to suitable microclimate and environmental factors. Similarly,
the Pielou's Evenness Index (J) for trees showed 0.83, J = 0.79 for herbs and J = 0.86 for other

ground cover species, indicating that the species are almost evenly distributed (Help et al., 1998).
Species richness (Sr)

Table 2: Species Richness of Associated Species

Sr Sr Sr
(Trees) Plots (Shrubs) Plots (Herbs) Plots
High
SR 9 23 1 13 46 17
8 6,7 &11 29 22 43 19
7 1,2&8 23 4,18 & 42 38 19
Low
SR 5 29, 31, 36, 37,39 & 42 19 7 3 21
4,5,9,14,15,17,18,20 &
4 38 3 27 2 4
512,16,32,3 &
3 12, 16, 33, 34,40 & 41 21 37 1 7

The habitat of P. pseudoginseng was outnumbered by herbs with the highest number of species
(Sr = 46) followed by shrubs (Sr = 29) and tree species (Sr = 9). Pearson correlation test of species
richness within the plot showed that species richness patterns were positively correlated with total
plant species richness Sg = 0.32 (P = 0.039) as supported by Herzog and Kessler (2009). Since the
vegetation composition in the study areas were found to be heterogeneous, differences in the
number of individual trees, climber, herb and shrub species and their indices in the study area may
be due to differences in different micro climatic and local factors observed in the study area (Dash,
2016).
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Important Value Index (IVI1)

Table 3: IVI of Associated Species

Species Species
Species (Tree) VI (Pteridophytes) (\ (Herbs) W
Most Castanopsis Diplazium Panax
dominant hystrix 26.24 esculentum 26.24 pseudoginseng 26.24
Lithocarpus Persiaria
elegans 23.84 chinensis 23.84 Pilea pumila 23.84
Quercus Elatostema
lamelosa 22.48 Dryopteris nidus 22.48 lineolatum 22.48
Least Prunus Calanthe
dominant cerasoides 0.56 Cyathea spinulosa 3.00 plantaginea 0.56
Chirita
Litsea glutinosa 0.54 Hedychium sp. 3.00 macrophylla 0.54
Brassaiopsis Hydrocotyle
hainla 0.49 Smilax lanceifolia 3.00 himalaica 0.49

Castanopsis hystrix A. DC. UPQOV, Lithocarpus elegans (Blume) Hatus. ex Soepadmo, and
Quercus lamellosa Sm. were the most dominant species while Prunus cerasoides D. Don, Litsea
glutinosa (Loureiro) C. B. Robinson, and Brassaiopsis hainla (Buch. Ham.) Seem were the least
dominant tree species just as reported by Chettri (2010). This is because the dominant species have
a high ability to regenerate in the micro environment while least dominant species are less viable
to germination (Turner, 2001).

Plots 11 and 19 had a high number of dominant species, while plots 4 and 13 had few
dominant species. The proximity of the plots from the pasture land and the difference in the
presence of the anthropogenic activities could be the probable reasons for such difference.
However, the result contradicts Rol (2013) as the dominance of this species could vary due to
habitat adaptation and favorable environmental conditions that favor dispersal, pollination and
eventual establishment of the species. Similar situations were reported by Pausas and Austin
(2001) on species richness in relation to the environment. In this study, P. pseudoginseng was the

most dominant species due to the purposive sampling method employed to do the survey. The
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result of understorey (Shrubs) contradicts Rol (2013), and this could be due to differences in

environmental conditions and the canopy cover of the forest stand.

P. pseudoginseng response to environmental factors

Temperature

The annual temperature of the study site ranged from 14.5 - 26.6°C, with a mean annual
temperature of 20.56°C (£ 2.96 SD). The Spearman's correlation test indicated that the temperature
had a negative association (r = -0.137, p = 0.03) with the count of P. pseudoginseng, indicating a
decline in the number of plants with the increase in temperature. Sakutemsu et al. (2016) reported
that the temperature below 30°C is favorable for the growth of P. pseudoginseng. However,
Shahrajabian et al. (2019) reported that it grows best in 10 - 25°C, and high temperature adversely
affects ginseng by initiating photosynthesis cessation, drying of leaves, and early defoliation.

Table 4: P. pseudoginseng response to environmental factors

C';'J::t Alt Slope SWT RH Tem Cc pH
P. p count 1
Alt -0.15 1
Slope -0.07 -0.03 1
SWT 0.28 0.09 0.09 1
RH 0.07 0.00 -0.10 -0.1 1
Tem -0.13 - 42%* 0.08 01 -54r 1
cC 0.03 -0.02 0.13 005 009 -0.20 1
pH 0.16 -0.23 0.18 003 005 -012 -0.08 1

**Correlation is significant at the 0.01 level (2-tailed)

P. p count = P. pseudoginseng count, Alt = Altitude, SWT = Soil Water Tension, RH = Relative

humidity, Tem = Temperature, Cc=Canopy cover
Slope

The slope range was between 15 - 49° with a mean of 34.81° (x 9.171 SD). The Spearman's
correlation test indicated that the slope had a negative correlation (r = -0.07, p = 0.001) with the
number of plants as the slope increased. For the favorable growth of P. pseudoginseng the slope
International Journal of Environment ISSN 2091-2854 9|Page



range should not exceed more than 49°, because the dispersal of seed and its rooting is often found
difficult, especially in the steep slopes (i.e., fluctuating asymmetry) (Auslander et al., 2003). Not
only slope has a large impact on the quantity and function of plant communities, but also plays a
key abiotic factor in plant diversity and change in soil nutrients. The effects of slope on plant
communities are primarily reflected in plant communities' growth conditions and soil erosion,
plant abundance, community diversity, and vegetation distribution patterns, among other things.

Hence, as the slope increases, the number of P. pseudoginseng decreases (Zhang et al., 2018).

Elevation

The Spearman’s correlation test indicated that the altitude (r = -0.15, p = 0.053) did not
significantly affect the number of P. pseudoginseng, as the plant was found in a similar elevation.
Elevation range of the study site was 1,609 - 2,655 masl with a mean of 2,024.93 (+ 242.598 SD),
and it is favorable for the growth of P. pseudoginseng was found at an elevation of 1800 masl as
supported by Tanaka et al. (1990).

Soil pH

The soil pH ranged from 4.79 - 6.71 with mean soil pH of 5.66 (+ 0.48 SD). The Spearman's
correlation test indicated that the pH (r =0.16, p = 0.31) did not have a significant difference as
almost all the values were close to each other. It grows in an area where the soil is slightly acidic.
Thach et al. (2014) supported that with an increase in pH (r = 0.16, p = 0.31), the development of
adventitious roots also increased to some extent as it induces root elongation. The plant best
survives at pH 5.5 - 6.5 (Jamir, 2014).

Canopy cover

The canopy cover ranged from 30 - 95% in the habitat with mean canopy cover range (61.45%) (+
16.29 SD). The Spearman’s correlation test indicated that the canopy cover had a weak negative
correlation (r = -0.03, p = 0.026) to the number of P. pseudoginseng. A similar finding confirms
that P. pseudoginseng were physiologically adapted to low light intensity. The increase in light
does not increase photosynthesis (Muir et al., 2011). Therefore, it grows naturally and survives
better under the shade of tall trees (Court, 2006).
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Table 5: Summary of environmental attributes of the study area

Environmental Attributes Minimum Maximum Mean Std. Deviation
P. pseudoginseng count 1 9 1.74 1.32
Altitude (masl) 1609 2655 2024.93 242.59
Slope 15 49 34.81 9.17

Soil water tension (mb) 37 63 49.79 6.42
Relative humidity of Air (%RH) 39.1 64.3 52.46 5.62
Temperature (°) 145 26.64 20.59 2.96
Canopy cover (%) 30 95 61.45 16.29

pH 4.79 6.71 5.66 0.48

Relative humidity of air (% RH)

Relative humidity of air ranged from 39.1 - 64.3 with a mean relative humidity of 52.466 (+ 5.62
SD). Spearman’s correlation test indicated that the humidity (r = 0.07, p = 0.653) did not
significantly affect the number of P. pseudoginseng as most of the plants were found in moist and
damp areas. Growth of P. pseudoginseng was favored with 60% of relative humidity of air
(Mcgraw et al., 2013).

Soil water tension (mb)

The soil water tension (mb) ranged from 37 - 63 mb with a mean soil water tension of 49.79 mb
(£ 49.79 SD). The Spearman's correlation test indicated that the soil water tension (mb) (r = 0.281,
p =0.072) did not significantly affect the number of P. pseudoginseng. According to Court (2006),

the soil must have high water content with rich organic matter which enhances seed germination.
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Potential distribution of P. pseudoginseng
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Figure 2: Distribution map of P. pseudoginseng

P. pseudoginseng was distributed in loam - sandy loam in a broad-leaved forest with a mean
temperature of 20.5°C, south-southwest aspect. It was found at an altitude above 1600 masl, under
the high canopy cover, and in an area with moderate slope (30 - 45°). All variables found from the
sampling plots were used in Arc GIS and reclassified with the highest value given to the values
within which P. pseudoginseng was found. The habitat excluded conifer forest due to less soil

moisture (Figure 2).
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Most of the areas were moderately suitable from the suitability map, consisting of 81.8%
followed by the most suitable area with 13.37%. The least suitable areas consisted of 0.228% and
non-suitable areas consisted of 4.59% of the total area respectively (Table 6). Overall, there were
more suitable areas in Zhemgang District. However, the most suitable area was minimal, and the
moderately suitable area covers most area beyond settlement and dense forest (Figure 3). The
species were primarily distributed in a site free of anthropogenic activities. There was no potential
for growth in most of the high-altitude areas due to lack of rainfall data. However, Merry (2018)
reported that suitability shifts towards higher altitudes due to climate change.

N

Legend

- Least suitable
- Moderately suitable
:| Most suitable T RN
|| Notsuitable

- e s s Kilometers
0 5 10 20 30 40

Figure 3: Potential distribution of P. pseudoginseng
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Table 6: Suitability area of P. pseudoginseng from GIS

Suitability Non-suitable  Least suitable ~ Moderately suitable Most suitable
Area (ha) 8991.85 445.12 159979.864 26153.75
area (%) 4.59 0.228 81.8 13.37
Correlation between NPK and P. pseudoginseng
Table 7: Correlation between NPK and P. pseudoginseng count
P. pseudoginseng Potassium  Nitrogen  Phosphorus
P. pseudoginseng 1
Potassium -0.035 1
Nitrogen 0.032 0.052 1
Phosphorus -0.109 0.029 0.091 1

**Correlation is significant at the 0.01 level (2-tailed)

The Spearman’s correlation test indicated that phosphorus (r = -0.109, p = 0.042) had weak

negative correlation. Available nitrogen and potassium in the soil to the P. pseudoginseng counts

did not have significant differences, as reported by Zhang et al. (2015) (Table 7).

Forest type classification

Forest type was classified based on site variables (temperature, relative humidity, soil water

tension, altitude, canopy cover and soil pH) and maximum relative basal area (of each plot) using

PC-ORD software. The cluster analysis grouped homogeneous plant communities and site factors.

With a 50% similarity index, the entire study area was categorized into seven types (Figure 4).
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Forest Types Cluster Dendrogram
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Figure 4: Dendrogram showing different forest types
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Table 8: Forest Types and the associated species

Forests Type Associated Species Plots
Type-I Castanopsis tribuloides, Cinnamomum impressinervium, Lithocarpus
(Quercus elegans, Persea clarkeana, Rhododendron arboreum, Rhododendron 1,21,23,25, 26,12
lamellosa falconeri, Rhododendron grande, Beilschmiedia gammieana, and and17
Forest) Daphniphyllum himalayense.
Lithocarpus  elegans,  Beilschmiedia  gammieana,  Cinnamomum
impressinervium,  Castanopsis tribuloides, Cinnamomum  bejolghota,
. . - 2, 41, 11, 29, 34,
Type-II Daphniphyllum himalayense, Rhus succedanea, Acer campbellii, Alnus 14 27 38. 39, 42
(Castanopsis nepalensis, Betula alnoides, Betula utilis, Brassaiopsis hainla, Casearia 5 ’13 ’ 37’ 32’and,
hystrix Forest) glomerata, Elaeocarpus lanceifolius, Engelhardia spicata, Exbucklandia 3’3 o
populnea, Litsea glutinosa, Macropanax dispermus, Magnolia campbellii, '
Michelia doltsopa, Persea fructifera, Phoebe cathia, Quercus oxyodon, and
Symplocos glomerata.
Type-IlI
(Symplocossp.  Quercus oxyodon and Lindera pulcherrima. 16
Forest)
Type 1V Beilschmiedi [ C is hystrix, Lith I d
(Schima P(;I scl; mi hl_a gammieana, Castanopsis hystrix, Lithocarpus elegans, an 36.and 10
Khasiana Forest) T oeoe cathia.
Tvoe/ Lindera pulcherrima, Symplocos ramosissima, Beilschmiedia gammieana,
P . Castanopsis hystrix, Cinnamomum impressinervium, Macropanax dispermus,
(Castanopsis . i
tribuloides Persea odoratissima, Prunus cerasoides, Quercus lamellosa, and Symplocos 5, 15, 7 and 9.
Fores) glomerata.
Type-VI Eurya acuminata, Exbucklandia populnea, Lithocarpus elegans, Lyonia
(Castanopsissp.  ovalifolia, Persea fructifera, Phoebe cathia, Quercus lamellosa, Quercus 3,35, 8,28 and 4
Forest) oxyodon, and Symplocos lucida
Type-VII . . . . .
(Lithocarpus Castanopsis hystrix, Altingia excelsa, Casearia glomerata, Cinnamomum sp., 18, 30, 31, 20, 19
elegars 2; rest) Lindera pulcherrima, Symplocos ramosissima, and Symplocos lucida. and 40.
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Conclusion and way forward

P. pseudoginseng prefers area with loamy soil and slightly alkaline soil, moderate soil moisture, moderate
temperature, and high canopy cover. The Spearman’s correlation test indicated that phosphorus had a negative
correlation whereas available nitrogen and potassium in the soil did not have significant effect on the counts
of P. pseudoginseng. A total of 1,277 species distributed in 87 genera of 66 families were recorded including
the trees understorey, herb and pteridophyte. Overall, Zhemgang District had 95.35 % of areas that are suitable
for the growth of this species.

Future research in the same line would be better, if the time frame for the survey is increased to cover
at least two seasons (spring and summer). Also, larger areas for sampling would increase the precision of the
results. The potential distribution would be more accurate if annual rainfall and temperature data are
included. This way, the species extinction can be minimized through species specific action, site and habitat-

based interventions, policy making and education.
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