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Abstract

In Bhutan the Persian walnut (Juglans regia L.) is highly valued for its timber and other medicinal properties
and is listed under special class in Royalty on Forest Products of Bhutan. However, the ecology of the species
in the country is poorly understood. Therefore, this study aimed to understand the ecological requirements and
habitat modeling of the species in Bhutan. A total of 20 plots (five plots in each district) were laid using
purposive non-probability sampling in four districts (Gasa, Punakha, Wangdue Phodrang, and Dagana) of
Western Bhutan. Plot size of 20 m X 20 m (major plot) for tree and understory and 2 m X 2 m (minor plot,
nested within the major plot) for ground cover were used to collect vegetation data. Soil samples (N = 20)
were collected from the center of the major plot from a depth of 25-30 cm. A total of 163 plant species
belonging to 74 families were recorded. Pearson and Kendal correlation of CCA Ordination showed moderate
influence of slope (r = 0.66) followed by altitude (r = 0.55). Annual mean temperature and rainfall showed
moderately negative correlation with the growth and distribution of J. regia (r =-0.54 and -0.64) in the study
area. Suitable habitat was obtained using fuzzy overlay in ArcGIS. Overall, 18.61% of the country’s area was
found to be suitable for growth and development of the species. This area can be used for the protection and
management of the species in future.
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Introduction

Juglans regia L. (Persian Walnut) is an economically important plant species (Querné et al., 2017) belonging
to genus Juglans under the family Juglandaceae (Manos and Stone, 2001). According to Dong et al. (2017),
genus Juglans has an estimated 21 different species, of which majority of them not only have edible and
nutritious nuts, but also produce high quality, durable, and decay -resistant timber, which is highly valued in
the global market (Chen et al., 2019). From the global estimate of 21 species, J. regia and J. nigra are
considered to be the most common species which are widely distributed and commercially cultivated (Burtin
et al., 1998). Juglans regia is the oldest cultivated species in the history of mankind for timber and nuts
(Thakur, 2011) and is found in its natural state in central and other Asian countries (Molnar, 2011), including
Bhutan (Zohary et al., 2012).

Juglans regia is regarded as one of the best commercial timber species (Rigo et al., 2016) but very little is
known regarding the species despite holding high significance in economic landscape (Guo et al., 2020). The
natural stand of J. regia in Bhutan has been reported from evergreen oak forests in various pockets of the
country including Dagana, Chhukha, Punakha, Wangdue Phodrang, and Gasa among others (Grierson and
Long, 1983; Department of Forest and Park Services [DoFPS], 2012). Jain and Priyadarshan (2009) reported
that the species is usually found growing in mixed stands or as scattered individual trees but rarely as pure
stand.

In Bhutan apart from natural growing stands, native inhabitants grow the species due to commercial
potential of the nut in the national market (Ghimiray and Katwal, 2013). Natianal Statistics Bureau [NSB]
(2021) reported about 26,061 trees grown by local people of which 8,708 are in bearing stage. In the year
2021 approximately 179 metric ton (MT) of nut was produced in the country (NSB, 2021). Mariana and
Niculina (2017) stated that various factors influence the growth and development of J. regia. Cosmulescu et
al. (2010) highlighted that ecological factors play decisive role in growth and yield of the J. regia. Gauthier
and Jacobs (2011) emphasized light, rainfallwater, soil nutrients, and temperature as the major factors
contributing to the growth and distribution of J. regia. However, lack of scientific studies in the country
increases exploitation of the species resulting in accelerated population decline. The high timber value and
medicinal use of J. regia has caused illegal felling thereby posing risk to population in the wild.

Though Bhutan has placed J. regia under special class of timber (Department of Forests [DoF] 2006),
very sparse information is available in the country regarding the growth and distribution of the species. The
variation in the environmental attributes in different sites is expected to contribute differently to the growth
and development of the species. Therefore, this study aims to explore the vegetation composition, assess
environmental attributes, and model suitable areas for growth of J. regia in the country. The information

generated through this study is expected to inform the policy makers and practitioners to be aware of basic
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ecological requirements of the species in the country and help make better decision on sustainable

management as Well as plantation of the species for timber production.

Materials and methods

Study area

Owing to its occurrence in small pockets of the country, current study focused in four districts, namely,
Dagana, Gasa, Punakha, and Wangdue Phodrang (Fig. 1), where the species is found (Grierson and Long,
1983; DoFPS, 2012). Gasa district lies in the extreme northwest of the country (RGoB, 2018b), and has an
elevation ranging from 1,000 to over 7,000 masl and falls entirely under Jigme Dorji National Park (JDNP)
(DoFPS, 2021). The district experiences a total annual rainfall of 2,509.3 millimeters (mm) and the average
annual temperature ranges between 4.5°C to 14.3°C (National Centre for Hydrology and Meteorology
[NHMC], 2020). About 19.06% of the district is under forest cover (Forest Resource and Management
Division [FRMD], 2017). Situated in western Bhutan (RGoB, 2019), Punakha district has an elevation
ranging from 1,300 masl to 4,800 masl experiencing cool winter and warm to hot summer. The average
annual temperature ranges between 16.3°C to 28.3°C. It experiences a total annual rainfall of 553.1 mm
(NHMC, 2020). Approximately 83.63% of the district is under forest cover (FRMD, 2017). Wangdue
Phodrang lies in the central part of the country and occupies an area of approximately 4,035.65 km? (FRMD,
2017).The district has an elevation ranging from 500 masl to 7,070 masl. The annual average temperature
ranges between 15.6°C to 25.1°C and experiences a total annual rainfall of 643 mm (NHMC, 2020). Dagana
district is located between the deep valleys of Thimphu and Wangdue Phodrang, and lies in the southwest
region of Bhutan (RGoB, 2018a) with elevation ranging between 750 masl to 2,000 masl, and experiences
cool winter and hot summer (FRMD, 2017). The annual temperature ranges from 13.2°C to 22.4°C with a
total annual rainfall of 1,316.7 mm (NHMC, 2020). Almost 89.14% of the district is under forest cover
(FRMD, 2017).
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Fig. 1. Location map of study area showing four districts and the sample plots

Plot layout and vegetation survey

Juglans regia is sparsely distributed in the country, so a non-probability purposive sampling was used to
collect the primary ecological attributes, namely, climatic, edaphic, biotic, and topographic, influencing the
growth and distribution of the species (DoFPS, 2012; Acharyaet.al 2013; Rabgay et al., 2020) For a univariate
(single) population the optimum sample size and plot area depend upon the spatial distribution of the target
species and the resource and time available (Kenkel and Podani, 1991). A total of 20 plots in four different
districts were established (five plots in each district) based on available resources and local information.

The study adopted plot design following DoFPS (2020) where a major plot size of 400 m? (20 m X 20 m)
was established in each site for tree and shrub. Within the major plot a minor plot of 4 m? (2 m X 2 m) was
nested for collection of herb data (DoFPS, 2020). Soil samples were collected from a depth of 25-30 cm from
the center of the major plot (Clay et al., 2002).

From the major plot, all tree species with diameter> 10 cm at Diameter at Breast Height (DBH) and height

of the species were recorded (Kakaetal., 2014). In addition to tree species, all shrub species were also recorded
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by taking individual count of each species (DoFPS, 2020). All herbaceous plants were enumerated from the

minor plot.

Climatic and topographic data collection

Environmental variables such as altitude, slope, aspect, and location having significance influence on the
growth and distribution of J. regia were collected using an altimeter, compass, clinometer, and Global
Positioning System (GPS), respectively. For the collection of climatic variables such as rainfall and

temperature effecting the growth of the species, the models developed by Dorji et al. (2016) were used.

Vegetation data analysis

Vegetation data collected from the field was cleaned and sorted using Microsoft Excel followed by the
computation of species basal area (BA) from the DBH data of individual trees with DBH > 10 cm and height
> 130 cm (Kaka et al., 2014). Similarly, relative Basal Area (RBA) in percent was computed for each tree
species. Relative Basal Area was used to determine the vegetation structure present in J. regia stand. The
DBH data was used to analyze stand structure and distribution pattern of J. regia forest (Wangda and Ohsawa,
2006a). To explain the floristic composition of shrub and herb, density and relative density (RD) were

established using count of individual species.

Soil data analysis

The soil samples were analyzed in Soil, Water, and Air Testing (SWAT) laboratory at the College of Natural
Resources (CNR), Royal University of Bhutan (RUB). The variables included were soil pH, nitrogen (N),
phosphorus (P), and potassium (K), soil organic carbon (OC), moisture content (MC), and soil organic matter
(SOM).

Soil pH was analyzed using automatic pH meter (Pakale et al., 2018). Soil N was determined using
Kjeldhal method (Bremner, 1960), Soil P using Bray Il extraction method (Bray and Kurtz, 1945) and soil K
using flame photometric method (Knudsen et al., 1982) after processing the soil samples using multiple
extraction procedures (Bhattarai and Tomar, 2009). Soil OC and SOM was determined using Loss on Ignition
method (Dean, 1974).

Habitat modeling

Suitable habitats for the growth of J. regia in Bhutan was analyzed using fuzzy overlay in ArcGIS. Both vector
and raster variables were used for the modeling. Vector data such as land use land cover, river, road, and forest
types were obtained using Land Use and Land Cover of Bhutan (LULC) 2020. Raster data such as slope,
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aspect, elevation, temperature, and precipitation were extracted from Digital Elevation Model (DEM) using
spatial analyst tool in ArcMap (Rabgay et al., 2020). A proximity buffer of 100 m and 50 m was maintained

for roads and rivers respectively.

Statistical analysis

Al the data processed in Microsoft Excel were analyzed by using PC_ORD software v5.1. Cluster analysis
was performed using distance measure of Relative Sorensen’s (Bay-Curtis) method and Group average as
linkage method to determine the forest types. To determine the relationship between J. regia and
environmental variable, Canonical Correspondence Analysis (CCA) ordination was performed on the forest
structure of J. regia using RBA from each plot as the main matrix data and environmental variables as the
second matrix data (Wangda and Ohsawa, 2006a). Pearson and Kendall correlation (r) was used to determine

the strength of correlation of variables between axes (Wangda and Ohsawa, 2006a).

Results and discussion

J. regia vegetation composition

A total of 163 plant species belonging to 74 families were recorded from the 20 plots. The floristic vegetation

was classified under three major growth forms; tree, understory, and ground cover.
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Major lifeform trees had a total of 49 tree species belonging to 26 families. The most dominating lifeform
was evergreen trees (57.14%) followed by deciduous trees (42.86%). Majority of the plots (n = 17) had
evergreen and deciduous trees except three plots (P4, P14, and P18) which were completely dominated by
deciduous trees (RBA = 100%) (Fig. 2A).
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The understory vegetation consisted of 49 species belonging to 27 families. The evergreen shrub
constituted maximum proportion of understory vegetation (59.18%) followed by deciduous shrubs (22.45%)
and bamboo and semi-evergreen shrubs the least (2.04%) (Fig. 2B). The top three most dominating species
in decreasing order were Thymelaeaceae (Daphne bhoula Buch. -Ham. ex D. Don), Berberidaceae (Berberis
asiatica Griff.), and Rosaceae (Rosa microphylla Roxb).

The groundcover vegetation consisted of 66 species belonging to 35 families. Perennial herb dominated
the groundcover vegetation (56.06%) followed by fern (16.67%) while moss, orchid, and biennial herb were
least dominating (1.51%). Rosaceae (Fragaria nubicola Lindl.), Urticaceae (Girardinia

diversifolia (Link) Friis), and Urticaceae (Pilea sp.) were in abundance in J. regia vegetation.
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Fig. 2. J. regia vegetation composition, (2A): Distribution of major lifeform tree in Juglans regia habitat,

(2B): Distribution of major lifeform shrub in Juglans regia habitat, (2C): Distribution of major lifeform

groundcover in Juglans regia habitat

Stand structure and distribution pattern of Juglans regia

Three stand distribution types, namely, Inverse J (showing excellent regeneration pattern/ status), Sporadic

Shaped (indicating poor recruitment of tree species) were

,and J-

(showing good regeneration pattern/ status)

observed (Teketay, 2005) (Fig. 3).
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Fig. 3. Stand structure and distribution pattern of overall tree stand and J. regia stand in the study area

The overall stand distribution pattern in J. regia habitat was performing well, portraying an inverse-J
distribution in three districts (Gasa, Wangdue Phodrang, and Dagana). However, Punakha district displayed
sporadic distribution showing good regeneration status but with human intervention (Tesfaye et al., 2010).
The distribution pattern of J. regia stand showed that three districts (Punakha, Wangdue Phodrang, and Gasa)
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had sporadic distribution while the remaining district (Gasa) had an Inverse-J which signifies unstable
distribution of J. regia population in the study area thereby limiting continuous regeneration of the species
(Rao et al., 1990; Teketay, 2005). High utilitarian value of J. regia has triggered mass felling of the species
causing its natural population to decline along the silk road which extends from Europe to Southeast Asia
including India, Nepal, Bangladesh, Bhutan until it reaches China (Vahdati, 2014; Rigo et al., 2016; Wilson
et al., 2019). Additionally, illegal harvesting might have resulted in lack of mother trees in the wild thus

extremely affecting natural regeneration of J. regia.

Environmental variable assessment

During the study J. regia was found at an altitude range of 1,434 masl-2,597 masl (SD + 359.66) showing
great variation in altitude, thereby enabling the species to grow. According to Arab et al. (2019), J. regia is
found growing well at the altitude range of 1215 masl — 2823 masl. Similarly, the soil pH ranged from 5.45—
6.94 with mean pH of 6.09 (SD + 0.41). For proper growth and development of J. regia the optimum soil pH
requirement is 6.0-7.0 (Dokmen et al., 2017).

Other edaphic factor such as soil N content can often provide hindrance to the growth of the species
(Fernandez-Moyaet al., 2019). The current study found relatively low soil N content ranging between 0.16%—
0.03% with an average N content of 0.09% (SD + 0.04). Bremner (1960) reported that any soil with N content
less than 0.7% is considered to be low. Low soil N content makes root system weak and does not support
regeneration (Claassen and Carey, 2013). The study reported no regeneration of the species in the entire study
area which could be attributed to low soil N. However, there are little evidences to prove whether plant species’
requirement for soil N is due to adaptation or acclimation (Boczulak et al., 2014). Similarly, during the study
period soil moisture content ranged from 0.2%-27.88% with average moisture content of 5.96% (SD + 5.96)
indicating higher water requirement of the species and low drought stress (Vahdati et al., 2009).

Climatic factor such as rainfall plays a significant role in the development of the species (Behrooz et al., 2019).
Mohni et al. (2009) reported that the species requires an optimum precipitation between 1,000 mm-1,200
mm per year and the current study area also had a similar annual precipitation range between 796.35 mm-—
3,170 mm. The annual temperatures ranged between 13.13°C-19.05°C with a mean temperature of 16.07°C
(SD + 1.66). Fernandez-Moya et al. (2019) reported that under ideal condition the species requires not lets
than 10°C of average annual temperature for at least six months during its peak growing season. Juglans regia
can grow well in areas which experiences temperatures within 0°C to 10°C (Department of Agriculutre
[DoA], 2019). There should be frost-free period during flowering time and the temperature should not exceed
38°C during summer months (DoA, 2019). Mariana and Niculina (2017) reported that elevated temperature

reduced the number of days of flowering. The analysis of environment factors revealed a strong significant
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correlation between soil N and temperature (r = 0.6, p = .002). Temperature has a direct influence on the
overall availability of soil N and warming increases nitrogen availability in soil by increasing microbial
activity (Lukac et al., 2010). Similarly, there was a positive correlation between temperature and soil
potassium (r = 0.4, p < .05), while no association of soil pH was found with altitude and temperature.
However, Cheng-jun et al. (2014) reported that soil pH has a negative correlation with mean temperature and
rainfall. Similarly, Jeyakumar et al. (2020) highlighted that soil pH decreases with increase in altitude. The
influence of climatic and topographic factors on soil pH are observed at regional scale (Cheng-jun etal., 2014).
According to Reuter et al. (2008), distribution of soil pH is highly dependent on the nature of parent material.
Factors associated with variation in soil pH differs with geographical location and scale (Slessarew et al.,
2016).

Table 1. Environmental attributes of the study area

Environmental attributes N Maximum Minimum Mean +SD
Altitude (masl) 20 2594.00 1434.00 1906.71 359.66
Aspect 20  Northwest (NW)  North (N)

Slope (°) 20 45.00 8.00 26.85 11.36
Soil pH 20 6.94 545 6.09 041
Soil Moisture Content (%) 20 27.88 0.20 5.96 5.96
Soil Organic Carbon 20 191 0.32 1.01 043
Nitrogen (%) 20 0.16 0.03 0.09 0.04
Phosphorus (mg/kg) 20 9.12 0.09 1.00 193
Potassium (mg/kg) 20 173.80 0.70 76.71 46.39
Temperature (°C) 20 19.05 13.13 16.07 1.66
Precipitation (mm) 20 3170.60 796.53 147715 652.17

Note: N = Total number of samples, SD = Standard Deviation

Juglans regia forest classification

Following Wangda and Ohsawa (2006b) cluster analysis was performed in PC_ORD by taking the RBA of
each species from all the plots. Five different forest zones (Forest zone 1 = Cool broad-leaved forest, Forest

zone 2 = Mixed conifer forest, Forest zone 3 = Evergreen Oak forest, Forest zone 4 = Cool-dry broad-leaved
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forest, and Forest zone 5 = Warm moist walnut forest) were classified with a similarity index of 50% (Kaka
et al., 2014). Naming of different forest zones were done based on temperature, elevation, rainfall, soil

moisture content, and dominant tree species (Ohsawa, 1987).
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Fig. 4. Cluster Dendrogram of five types of forest classification in J. regia forest showing similarity index

of 50% and also showing cluster solutions with dotted lines and their possible indicator species

Cluster 1 (Cool broad-leaved forest)

Plot 1 under Gasa district was classified under cool broad-leaved forest owing to its low annual average
temperature of 13.13°C compared with the rest of the plots, which had an average annual temperature of
16.07°C (Table 1). The highest elevation (2,594 masl) among all the 20 plots was also noted in this group.
The vegetation was dominated by Betula utilis and Myrsine semiserrate which are usually found growing and

thriving better in higher elevation (Shrestha et al., 2007).

Cluster 2 (Mixed conifer forest)

A total of five plots (P5, P10, P11, P15, and P17) were clubbed under this forest zone. The elevation in the
plots ranged from 1,586 masl to 2,128 masl. Some of the unique characteristics of these plots were soil MC
and soil OM, which were relatively low (5.5 and 1.1 respectively) compared to other plots. One of the driest
areas was also noted from this forest type, with plot 8 experiencing as low as 828.312 mm of average annual
rainfall (Dorji et al., 2016). The dominating species found in this forest zone were conifer species (Pinus
bhutanica and Cupressus torulosa) and broad-leaved species (Quercus glauca, Quercus griffithii, and Acer
sp.) (DOFPS, 2012).
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Cluster 3 (Evergreen oak forest)

Two plots (P07 and P16) were clubbed in this zone. The plots were characterized with the presence of similar
annual average temperature of 14.4°C and 16.9°C respectively. Both the plots had same soil N content of 0.09
each. Both the plots represented a transition in vegetation type and were mostly dominated by evergreen trees
with the presence of maximum number of species belonging to family Fagaceae (Castanopsis hystrix and C.
tribuloides) (Petit et al., 2013) along with the presence of other tree species such as Alnus nepalensis, which

were found growing with species belonging to the of family Fagaceae.

Cluster 4 (Cool-dry broad-leaved forest)

The fourth forest Zone comprised two plots (P03 and P08), which were characterized by the presence of low
temperature (14.05°C and 16.39°C), and less rainfall (1,366.13 mm and 823.81 mm) and low soil moisture
(6.16% and 4.38%). So, the name cool-dry broad-leaved forest was assigned to this cluster or zone. The

dominating species in these plots were Betula alnoides and Cornus capitata.

Cluster 5 (Warm moist walnut forest)

The fifth and the final forest zone consisted of 10 plots (P02, P12, P14, P09, P10, P04, P13, P06, P18, and
P19) and was named warm moist walnut forest, as the main dominating species in these plots was walnut (J.
regia) with Acer campbellii, Engelhardia spicata, Schima wallichii, Sapindus rarak, Toona ciliata,
Daphniphyllum himalayense, Brassaiopsis mitis, Macaranga pustulata, and Albizia gamblei as the co-
dominating species. All the environmental factors reflected by Wani et al. (2016) was found ranging in these
10 plots. The average annual temperature in this forest zone ranged between 14.00°C-19.05°C with average
annual rainfall of 796.52 mm-2,424.39 mm. The highest soil moisture content (27.88%) was also recorded

from this cluster favoring the growth of J. regia in this cluster.

Influence of environmental variables on the growth and distribution of J. regia

Canonical Correspondence Analysis (CCA) multivariate constrained ordination was used to determine the
relationship between the vegetation structure and environmental attributes (Wangda and Ohsawa, 2006a) of
plots (Table 2; Fig. 5) where J. regia was found. The biplots of CCA ordination clearly reflects that Axis 1 is
mostly related with Altitude, soil N, soil K, and Slope and Axis 2 is mostly related with temperature and
precipitation.

From the Pearson and Kendall Correlation with ordination axis shown in Table 2, slope (r = 0.66) had the
maximum influence on four plots (P06, P07, P08, and P11) with species Acer sterculiaceum, Acer sp.,

Daphniphyllum himalayense, Quercus glauca, Illicium griffithii, Castanopsis tribuloides, and Symplocos
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lucida. Similarly, altitude (r = 0.55) had the maximum influence on eight plots (P01, P02, P03 P04, P09, P12,
P13, P14) in which J. regia was the most dominating species indicating greater influence of altitude on the
growth and distribution of J. regia in the study area. Some of the species associated with J. regia in these plots
were Betula utilis and Myrsine semiserrata, which perform well in higher altitude areas (Shrestha et al., 2007).

Soil N and soil K were also found to have influence (r = 0.43 and 0.29) in Plots 06,07,08, and P11
indicating strong influence of the parameter in the growth of the species in those plots (Fernndez-Moya et
al., 2019). In the ordination plot, soil K had the shortest arrow length (r = 0.29) with Pearson Kendall
correlation indicating less influence of the parameter on the growth and distribution of the species.

Similarly, ordination biplot showed maximum influence of rainfall in five plots (P16, P17, P18, P19, P20)
with strong Pearson and Kendall correlation (r = -0.64) in opposite direction indicating negative relation with
J. regia growth and distribution in these plots. Additionally, temperature had moderate influence (r = -0.54)
in three plots (P05, P10, P15) in the opposite direction. This indicates that the species has wider adaptation to
varying rainfall and temperature. Juglans regia is found establishing and growing in a wide range of climatic
conditions and is inured to drought being deeply rooted species (Hemery et al., 2010). The species can tolerate
drought for a considerable period but rainfall should not fall below 100 mm-150 mm during growing season
(Mohni et al., 2009). The species requires a mean annual temperature between 10.5°C to 15°C however the
annual mean winter temperature should not fall below 2.5°C (Hemery et al., 2010). Soil parameters such as
soil pH and soil P had negligible influence on the growth and distribution of vegetation in the study, thus they
were eliminated from the ordination biplot.

Table 2. Pearson and Kendall Correlation with Ordination Axes (N = 20)

Axis 1 2

r r? tau r r tau
Altitude 0.55 0.30 0.32 0.32 0.10 -0.22
Slope 0.66 0.43 0.50 0.00 0.00 0.02
Temp -0.54 0.29 041 -0.10 0.01 -0.13
Precipitation -0.64 041 -047 041 -0.16 -0.11
Soil pH 0.23 0.05 0.18 -0.01 0.00 0.02
Nitrogen 043 0.18 0.31 0.14 0.02 0.13
Soil P -0.02 0.00 -0.04 0.12 0.01 -0.03
Soil K 0.29 0.09 0.25 -0.29 0.08 0.07
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Fig. 5. Canonical Correspondence Analysis (CCA) ordination biplot showing influence of environmental
variables on the growth and distribution of J. regia

The CCA ordination biplot indicates that the growth and distribution of J. regia are influenced by
altitude and slope followed by nitrogen indicating better performance, growth, and distribution of the species
at higher altitudes within the study area. The findings are in line with the study conducted by Winter et al.
(2009) in Southern Kyrgyzstan where it was reported that altitude had a direct influence on the radial growth
of J. regia and higher altitude provided favorable conditions for the growth of the species when compared to
lower altitude. Similarly, a study conducted by Loacker et al. (2007) reported that J. regia is greatly influenced

by slope and performs well in less sloppy area and is usually found growing up to 60°.

Suitable habitat for the growth of Juglans regia in Bhutan

The environmental factors contributing to the growth and development of J. regia in the country were climatic

(rainfall and temperature) and topographic (aspect, slope, and elevation) variables collected from the 20 plots.
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Using reclassifying tool in ArcGIS, all the raster data was converted in suitable range favoring the growth of
the species.

The ArcGIS suitability analysis revealed 18.61% (7,146.53 km?) of Bhutan’s total area as suitable habitat
for the growth and development of J. regia (Fig. 6). The analysis also revealed that all 20 districts of the
country are feasible for growth of the species. Wangdue Phodrang district has the largest suitable habitat for
the growth of J. regia with a total feasible area of 736.46 km?while Bumthang district has the lowest area with
about 14.11 km?,
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Fig. 6. Suitable habitat of J. regia in Bhutan

Conclusions and recommendation

A total of 163 plant species belonging to 74 families were recorded from 20 plots surveyed in four districts.
Evergreen species were in abundance under major lifeform trees. The understory (shrub) and groundcover
vegetation were dominated by evergreen shrubs and perennial herbs respectively. Growth and distribution of
J. regia was predominantly influenced by altitude and slope indicating better performance of the species in
higher altitude and slope up to 45°. However, temperature and rainfall have negative influence on the growth
of J. regia indicating greater adaptation in varying climatic condition. The species was mostly found growing
in areas with high soil MC and slightly acidic soil. Bhutan has about 18.61% of area suitable for growth of the
species, indicating adequate coverage for plantation, protection and management of the species in near future.
Through this study we could understand the basic growth requirement of the species covered in a relatively

small area with a smaller number of plots. The current study could cover only four districts and relatively less
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altitudinal range. Further study covering larger area and greater altitudinal range with more samples is
required. The study was carried out during winter and additional studies in different seasons can be done to

fully understand the floristic ecology.
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