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Abstract

A study was carried out at Lingmethang to find out the ecological requirement for the growth of San-
dalwood (Santalum album L.) trees in Bhutan. It also aimed to determine the preferred hosts of San-
dalwood in the study site and to map its habitat suitability in the country. Plot size of 20 x 20 m” for
trees, 10 x 10 m* for shrubs, and 5 x 5 m” for regenerations and herbs were used. Soil samples were
collected by digging soil to 25-30 cm depth from each plot. PC-ORD software was used for finding
the relation of the variable with seedling abundance. A total of 19 tree species under 14 families and
40 undergrowth species under 24 families were recorded in the areas where Sandalwood is growing
naturally. Mallotus philippensis and Albizia sikkimensis were the co-dominant tree species with
chirpine as the dominant tree. Chromolaena odorata (Asteraceae) was the most preferred host species
of the Sandalwood seedlings followed by Murraya koenigii. Mature Sandalwood tree was found par-
asitizing on Desmodium sp. (Fabaceae). Slope was one of the most determinant factors for the growth
of Sandalwood (r = .951, p <.05), but rainfall had greater influence even though negative (» = -.943,
p <.05) in the valley. Soil Nitrogen did not have much effect on the seedling abundance but mature
trees prefered Fabaceae as hosts. A total of 16 dzongkhags are suitable for plantation of Sandalwood.
Among these, Zhemgang Dzongkhag has the maximum potential area (469.62 km?) and Punakha

Dzongkhag has the least (2.88 km?).
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Introduction

Santalum album L. (Sandalwood) is a commer-
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cially and culturally important plant species
belonging to the family Santalaceae and the
genus Santalum. There are around 18 Sandal-
wood species of genus Santalum (Baldovini et
al., 2011). Among various Santalum species,
Indian Sandalwood (S. album), which is also
sometimes referred as east Indian Sandal-
wood, stands out for its highly valued oil and
aromatic wood (Arunkumar et al., 2016).
However, there is lack of knowledge on the
ecology and the distribution of this commer-
cially valued species due to inadequate re-
search (Subasinghe, 2013). Due to hemi-
parasitic nature, finding suitable host species
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is a limitation in establishment of Sandalwood
plantations (Silva et al., 2016). In India, the
area under Sandalwood is decreasing fast due
to illegal collection and its difficulty in planat-
tion establishment (Rocha et al., 2014).

In Bhutan, the Sandalwood is known by the
local name “Tsenden Karp” which is described
as a woody plant that grows up to 10-12 m
high. It was planted around a Research Centre
at Lingmethang, Mongar (Wangchuk and
Samten, 2009), which has escaped and estab-
lished in the surrounding areas.

Due to high value of oil and timber, research
in Santalum album has gained over the years
(Jain et al., 1998). In Bhutan, it has its cultural
and religious significance as it is used for vari-
ous purposes including in formulation of tradi-
tional medicine. Due to over harvesting in its
natural habitat in India, it is listed as Vulnera-
ble by the International Union for Conservation
of Nature (JUCN) and is placed in Appendix II
of CITES.

Owing to the immense value and its declin-
ing population in its natural habitats, opportuni-
ty for plantation of Sandalwood to satisfy its
demand is huge (Jones, 2008). Considering its
successful natural establishment at Ling-
methang, this study aimed to identify the local
host species and enumerate environmental fac-
tors supporting its natural population in the
study area. The contributing factors are used to
generate a habitat suitability map for growing
Sandalwood in the country. This will provide
opportunity for the farming communities to
plant Sandalwood and benefit economically.

Materials and Methods

Study area

Lingmethang is in eastern Bhutan at 27.264°N,
91.153°E. It is located in Mongar District, par-
ticularly to the west and close to the town
of Gyalpozhing. It is one of the hottest places in
Bhutan. The focus area is primarily covered by
broadleaved and chirpine forest. It falls under
Saling gewog which has an area of 479.5 km®
with a population of 3,727 individuals (1,879

males and 1,849 females) consisting of 355
households (Mongar Dzongkhag Administra-
tion, 2019). The temperature in the study can
vary between 15 to 30 degrees Celsius (59-86
degrees Fahrenheit). In the central part of the
country, which consists of temperate and decid-
uous forests, the climate is more seasonal with
warm summers and cool-dry winters (Bhutan
Travels, 2019).

Study design

Purposive sampling was done in the Sandal-
wood established stands to collect data for host
plants due to its confined distribution. Plot size
of 20 x 20 m? for trees, 10 x 10 m? for shrubs,
and 5 x 5 m” for regenerations and herbs were
used following Seran et al. (2018) and Kacholi
(2014).

Climatic and edaphic data were collected to
analyze the ecological factors from all the
plots. Mean annual temperature and annual pre-
cipitations were computed using Dorji et al.
(2016). Soil samples were collected by digging
soil to 25-30 cm depth from each plot (Clay et
al., 2002). A depth of 30 cm was dug around
the Sandalwood trees and saplings to find the
host association following Rocha et al. (2014).
Primary, secondary and tertiary roots were ex-
amined to find the host association.

Specimen identification

The unidentified plant specimens from the field
were taken to the National Biodiversity Centre
at Serbithang to compare with the herbarium
collections. Specimens that were identified un-
till their families were identified using Grierson
and Long (1983-2001) (Flora of Bhutan).

Vegetation analysis

Cluster analysis was conducted based on slope
with dominant forest types using PC-ORD
(Dorji and Gurung, 2017). For NMS (Non-
metric Multidimensional Scaling) ordinations,
two data matrices were used; one containing
relative abundance of the Sandalwood regener-
ation data and the second containing environ-
mental variables including mean annual tem-
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perature, mean annual rainfall, slope, aspect
and soil data (pH, N, P, K moisture content and
organic carbon). NMS ordination was per-
formed for the Sandalwood regeneration status
based on its relative abundance in each plot as
the main matrix data and the environmental
variables as the second matrix which were sub-
sequently correlated and overlaid on the NMS
axes. The distance measure used was Sorensen
(Bray-Curtis). The “auto-pilot” and “medium”
options were selected. This analysis used a se-
ries of repeated computations (iterations) to
adjust the position of entities (plots) in ordina-
tion space including 400 randomisation to
measure Sorensen distance and Monte Carlo
test to check ordination stress. Pearson’s corre-
lation (7) was used to see the strength of corre-
lation of variables between axes following
Rowland et al. (2009).

Dominant species

Species association or correlation among spe-
cies was determined to understand the influence
of biotic factors enabling the growth of Sandal-
wood in the region. In order to calculate the
most dominant associated tree species with the
Sandalwood, Important Value Index (IVI) anal-
ysis was carried out using the following formu-
lae based on Mishra et al. (2008).

IVI = Relative Dominance + Relative Density +
Relative Frequency .

Associated co-dominant species was calcu-
lated using the modified formula developed by
Ohsawa (1984).

1
d=ﬁ{2 (Xi—x)2 + Zxj2}

Where Gi is the actual percent share (relative
basal area is adopted here) of the top species
(7), ie.,
dominant model, or the two top dominants in
the two-dominant model and so on; G is the

in the top dominant in the one-

ideal percent share based on the model as men-
tioned above, Gj is the percent share of the re-

maining species (U) and N is the total number
of species.

Soil data analysis
For soild data analysis, the variables included
were soil organic material, Nitrogen, Phospho-
rus, Potassium, soil reaction (pH), and soil
moisture content.

Suitable areas for Sandalwood plantation
Based on the ecological data, suitable Sandal-
wood plantation sites were mapped across the
country with the help of Q-GIS. Field data
such as slope, precipitation, temperature and
elevation in combination with Bhutan’s Land
Use and Land Cover data of 2010 through a
simple model builder were used.

Results and Discussion

Tree species composition

A total of 19 tree species was recorded from 15
plots. Based on the lifeform of the trees record-
ed in the plots, the Sandalwood habitats in the
study region were divided into two major
liefeforms. The evergreen lifeform comprised
of Santalum album, Persea sp. Mallotus
philippensis, Pinus roxburghii, Mangifera syl-
vatica, Citrus reticulata, Zyziphus mauritiana,
Aegle marmelos, Rhus paniculata, and Syzygi-
um belonging to eight families and the decidu-
ous trees consisted of Albizia sikkimensis,
Flueggea virosa, Sapium insigne, Zanthoxylum
armatum, Wrightia arborea, Morus sp., Phyl-
lanthus emblica, Bombax ceiba, and Desmodi-
um sp. belonging to seven families.

Undergrowth composition

Undergrowth cover was classified under six
life forms which included herbs, shrubs, grass-
es, climbers, ferns and sub-shrubs. A total of
40 undergrowth species under 24 families were
recorded. P1 was dominated by Justicia
adhatoda (shrub), P2, P3, P4, P5, P6, P9, P10
and P12 were dominated by Chromolaena odo-
rata (shrub), P7 by Rhus paniculata (shrub),
P8, P13 and P15 by Murraya koenigii (shrub),
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Figure 1: Undergrowth vegetation composition

P11 by (Alternanthera sessilis) herb and P14
with grass (Oplismenus sp.) (Figure 1). C. odo-
rata is an invasive species and occupies barren
areas at lower altitude.

Co-dominant tree species

With the help of Important Value Index (IVI)
the dominant species of trees were calculated.
Out of 19 associated tree species recorded, the
top most tree species with the highest value of
IVI after Santalum album was selected as the
most co-dominant tree species. Pinus rox-
burghii was the most co-dominant associated
tree species in the Sandalwood established for-

Table 1: Important Value Index (IVI)

50%

= Ferns

60% 70% 80% 100%

= Shrubs # Sub-Shrubs

est (Table 1) which is predominant with dry
soil as mentioned by Singh and Singh (2011)
and Padmanabha (2003). Although Nuroch-
man et al. (2018) reported that Syzygium cu-
muni has a strong association with Sandal-
wood in Indonesia, it was not the case in this
study, which had the least IVI value of 2.73
among the 19 species. The girth data from the
incidental distribution of Sandalwood outside
the plantation sites were compared with the
girth of Sandalwood trees found inside the
plantation sites.

A Mann-Whitney test compared the tree
girths of sandalwood from the two sites. No

Species Total number of Relative Relative Relative IVI
Santalum album 71 47.973 29.412 17.906 95.29
Pinus roxburghii 17 11.486 7.843 18.243 37.57
Mallotus philippensis 18 12.162 9.804 14.109 36.08
Albizia sikkimensis 13 8.784 13.725 11.445 33.95
Zyziphus mauritiana 1 0.676 1.961 0.221 2.86
Zanthoxylum armatum 1 0.676 1.961 0.217 2.85
Syzygium cumini 1 0.676 1.961 0.095 2.73

Note: Qs is the number of quadrats
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significant difference in the results of the tree
girth was found (U = 14, p > .05). The tree
girth of sandalwood outside the planation sites
averaged 6.25 cm and those inside the planta-
tions averaged 10 cm.

Associated co-dominant tree species
Sandalwood was the most dominant tree spe-
cies, followed by Mallotus philippensis as the
first co-dominant associated tree species in
Sandalwood forest as shown in Table 2. A
similar finding was recorded in the Floral Di-
versity of the Indian Sandalwood, Marayoor
Sandal Provenance of Kerela, written by
Sundararaj and Sharma (2010). Fabaceae is
one of the most preferred host family of plants
for Sandalwood growth as reported by Ra-
domiljac (1998). Barbour (2008) also reported
Sesbania formosa (Fabaceae) as the primary
host for the Sandalwood in Australia. With
Albizia sikkimensis as the next co-dominant
tree species in the study sites, which belongs
to family Fabaceae, the finding is similar to
the previous studies mentioned above.

Undergrowth dominance

Undergrowth species dominance analysis was
done with the help of PC-ORD software fol-
lowing Rosabal et al. (2010) to determine the
most dominant undergrowth species. Chromo-
laena odorata stands out top followed by Mur-
raya koenigii, Oplismenus sp., Rhus panicula-
ta, Desmodium sp., Alternanthera sesillis, Adi-
antum philipense, Justisia adhatoda, Stro-
bilanthes sp. and Creptolepis sp.

Hosts of Sandalwood

Within the 15 plots, 22 random attempts were
made to dig the regenerations and the Sandal-
wood trees to confirm the most suitable hosts

Table 2: Associated co-dominant species

in the area. Sandalwood seedlings were found
parasitizing on Chromolaena odorata (12) fol-
lowed by Murraya koenigii (5). Whereas in Sri
Lanka its primary host is Trithonia diversifolia
(Tennakoon and Cameron, 2006) belonging to
family Asteraceae, which is absent in the study
area. A matured Sandalwood tree was observed
to be parasitizing on the roots of Desmodium
sp. (1). Least encountered host was Paederia
foetida (1) (Table 3). In an experiment carried
out by Radomiljac (1998), Alteranthera nana
(Amaratheceae) and Senna formosa (Fabaceae)
were identified as the most effective hosts both
of which are absent in the study area.

Parasitizing Desmodium sp. by a mature
Sandalwood tree indicates potential supply of
nitrogen by the host as Sandalwood with age
requires more nitrogen. Barbour (2008) report-
ed that as the Sandalwood tree ages, there is an
increasing demand for nitrogenous compounds
which the Fabaceae family can provide. There-
fore, considering the parasitizing nature of
seedlings and mature Sandalwood trees, vege-
tation composition may play an important role
in the germination of the Sandalwood seed-
lings.

The formation of haustorium was more or
less confined to younger roots (Figure 2). They
arise from external layers of rootlets, unlike
lateral rootlets, which are formed deep in hosts’
tissues as noted by Sathe and Chauhan (2003).
Therefore, in this study, the primary hosts of
seedlings were identified as Chromolaena odo-
rata followed by Murraya koenigii based on
their dominance. Although C. odorata is con-
sidered invasive in nature, Woodall and Robin-
son (2002) reported that parasitism of hosts by
Sandalwood can weaken and cause the death of
the host, particularly when it is at a young
stage. So, growing Sandalwood trees could

Species RBA 100% 50% 33.33% 25.00% 20%
Santalum album 30.28  4860.80 388.90 9.10 27.90 105.70
Pinus roxburghii 16.18 261.80 1143.70  293.00 77.80 14.60
Mallotus philippensis 13.44 180.60 180.60  394.40 133.60 43.00
Albizia sikkimensis 10.87 118.10 118.10 118.10 199.80 83.40
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Table 3: Showing the dominant host plants for Sandalwood in the study site

Species Frequency  Relative Frequency Remarks
Chromolaena odorata 12 54.55

Paederia foetida 1 4.55

Murraya koenigii 5 22.73

Desmodium sp. 1 4.55 By mature tree
Zanthoxylum armatum 3 13.64

Total 22 100

control invasive C. odorata in the area.

Environmental variable assessment

Kendall’s tau correlation was performed to ana-
lyse the soil factors influencing Sandalwood
growth. The result showed that none of the six
soil parameters had significant association with

the growth of the Sandalwood in the study site
(Table 4). However, a significant association
of nitrogen was noted with soil moisture (¢ =
0.65, p < .01) and soil carbon (¢ = 0.65, p
< .01). This indicates that soil moisture is a
critical environmental factor that determines
the soil nitrogen and carbon content.

Figure 2: Haustorium nature of Sandalwood (A:
B: mature tree parasitizing on Desmodium sp.

Table 4: Kendall's tau correlation matrix

seedling parasitizing on Chromolaena odorata,

Parameters 1 2 3 4 5 6 7 8

1. Tree counts 1

2. Seedling counts  -.419* 1

3. Soil pH 0.221 -0.367 1

4. Soil (P) 0.342 -0.367 -0.01 1

5. Soil (N) 0.101  -0.077 0.105 0.086 1

6. Soil (K) 0.161 -0.077 0.352 -0.086 0.257 1

7. Soil (moisture) 0.133 -0.296 0.107 0.34 651*%* 0.185 1

8. Organic C 0.101  -0.077 0.105 0.086 1 0.257 .651%** 1
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Table 5: Showing the result of the soil minerals

Soil pH P(ppm) N(%) K(mg/kg) Moisture (%) C(%)
Lowest 6.5 12 0.06 12.26 0.8 0.71
Average 7.29 38.19 0.1 325.94 2.48 1.16
Highest 8.36 60.4 0.23 690.17 9 2.71

Soil nutrients
Highest soil pH was recorded from Plot 11
(8.36) and lowest in Plot 15 (6.50 [Table 5]).
Similarly, highest Phosphorus content was in
Plot 5 (60.40) and the lowest in Plot 15
(12.00). Maximum nitrogen content was in
Plots 7, 8, and 9 with lowest in Plot 13. Like-
wise, the highest potassium was recorded in
Plot 13 and lowest in Plot 1. Similarly, organic
carbon was highest in Plot 13 and lowest in
Plot 9.

Soil moisture was highest in Plot 13 and
lowest in Plot 15. In India, Rajan and Jaya-
lakshmi (2017) reported the suitable range of

soil moisture between 3.70-114.86 kg/m’ and
soil pH between 3.11-7.30 for the growth of
Sandalwood. Comparatively, in the study area
the soil pH ranged between 6.5 to 8.36, which
is high but the soil moisture content was low.
Low moisture content could be attributed to the
time of study, which avoided monsoon season.
Mishra et al. (2018) reported that the Sandal-
wood can grow in soil pH up to 9.0, but cannot
grow in waterlogged sites.

Climatic variables
According to Rajan and Jayalakshmi (2017),
the most suitable mean annual temperature,

Table 6: Suitable environmental variables for the growth of Sandalwood in the region

Altitude (m)

Mean annual tempera-

Mean annual rainfall

ture ("C) (mm)
Minimum 559 21.58 592.63
Average 699.93 22.23 950.43
Maximum 820 22.97 1516.75
Dendrogram Information Remaining (%)
w % . z !
Flat areas
with 0 slope

Pl
Albizia sikkimensis m:—

3

4}

Gentle slope Mafllotus philippensis
with 10-30 Bombax ceiba H
degree slope Sapium insigne -
Wrightia arborea |
]
]
]
St.e ;PSSSI?}P; Wrightia arborea "
oomce u Albizia sikkimensis »
egree slope . .
Mallotus philippensis ’s
Pinus roxburghii
P

Figure 3: Cluster dendrogram based on the steepness of the areas and the dominant trees
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altitude, mean annual rainfall ranges are 19.05-
28.90 °C, 451-1,951.36 m and 981.85-1,983.95
mm respectively in southern India. The study
site had similar ranges of these variables which
could be the reasons for successful establish-
ment of Sandalwood seedlings.

The suitable slope for the growth of the San-
dalwood in the region was recorded as 0°to 70°
with an average slope of 40.67° which is little
steep that is helpful in avoiding waterlog condi-
tion (Table 6). Padmanabha (2003) reported
that Sandalwood needs sloppy areas for good
drainage. In this study, Sandalwoods were pre-
dominant in the south facing slopes.

Cluster analysis using slope

Sandalwood sites were classified into three
broad clusters based on slope percent. A Mann-
Whitney test using the incidental data showed
no significant difference (U = 14, p > .05) in
the girth of the Sandalwood growing in these
sites. In plots with 0°slope, the only dominant
tree species was Albizia sikkimensis. This was
replaced by Mallotus, Bombax, Sapium and
Wrightia in the gentle slope. At higher slope

Pinus roxburghii sarted to feature as one of the
dominant species as shown in Figure 3.

Ordination using Non-metric Multidimensional
Scaling (NMS)

In Figure 4, Axis 1 is mostly associated with
slope, Phosphorus, altitude and soil pH. The
plots associated with Axis 1 had higher slope
with Pinus roxburghii as one of the dominant
species. Whereas Axis 2 was associated with
temperature, precipitation, Nitrogen, Organic
carbon and soil moisture. The research plots in
this group predominantly had broadleaved spe-
cies.

Based on the Ordination Axes (Table 7)
showing the Pearson and Kendall tau correla-
tions, slope had the maximum influence (»
=.951, t = 0.811) on the relative abundance of
Sandalwood regeneration (P2, P3, P4, P5, P6,
P7, P8 and P9). Effect of Phosphorus, Potassi-
um and pH was negligible on the seedlings of
Sandalwood. In this study, slope was important
factor for the growth of Sandalwood as report-
ed by Padmanabha (2003) and other adaphic

factors had almost no ef-
fect on the growth as noted
by Viswanath et al. (2009).

NMS
o) »
w
i 5 P3| Sloppy sites
[[]Regeneration (relative T
abundance) in each plot P4
——»+ Variables
P8 p2
80 Slope P7
P6
P5
oil(P}M; A;Pm
T -
" . 7 ol pH Aius 1
Temp.
0 40 P10 emp, 80
S(Moisture) Soil(x)
Plain sites Organic® TS0l
(Warm P14 Rainfall a0k
broad- - P12
leaved
dominated
Pl forest)

P15

P13

ok

Figure 4: Non-metric Multidimensional Scaling

Relationship between DBH
and height

There was significant rela-
tionship  between  the
height and the DBH of the
Sandalwood, » = .643, p
< .01. This could be be-
cause of young regenera-
tion growth of Sandalwood
trees in the sites. There
were not many matured
trees ready for harvest.

Suitable Sandalwood plan-
tation sites in Bhutan

Since the range of temper-
ature and altitude was very
small in the study site,
some variables used in this
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Table 7: Pearson and Kendall Correlations with Ordination Axes N=15

Axis 1 2
r r tau r r tau

Slope (Deg) 0.951 0.904 0.811 0.872 0.76 0.551
Altitude (m) 0.82 0.672 0.721 0.638 0.408 0.375
Temperature (Deg) -0.826 0.683 -0.721 -0.635 0.403-0.375
Soil (K) -0.366 0.134 -0.333 0.363 0.132 0.371
Soil pH 0.114 0.013 0.86 0.378 0.143 0.295
Soil (P) 0.331 0.109 0.219 0.258 0.066 0.2
Soil (N) -0.728 0.531 -0.604 -0.511 0.262-0.342
Soil (moisture) -0.569 0.323 -0.254 -0.341 0.116-0.117
Precipitation (mm) -0.943 0.89 -0.79 -0.893 0.797-0.505
Organic C -0.721 0.52 -0.581 -0.503 0.253-0.257

study are based on previous study findings
from India. The range of mean annual tempera-
ture (MAT) and altitude was within the range
studied by Rajan and Jayalakshmi (2017) there-
fore, MAT and the altitude data of this study
was used along with other determinant varia-
bles.

There are 16 districts in Bhutan where San-
dalwood plantations can be carried out (Figure
5). Zhemgang Dzongkhag has the highest suita-
ble area of 469.62 km? of land where the spe-
cies can be planted. Among these Dzongkhag,
Punakha Dzongkhag had the least suitable area
of 2.88 km’ of land suitable for the plantation.
If Sandalwood plantation can be taken up by
farming communities in these potential areas,
the plantations may provide additional income
for the rural people.

Conclusions

The study assessed the host species and ecolog-
ical factors supporting Sandalwood growth in
Bhutan. A total of 19 tree species with Pinus
roxburghii as the most dominant species fol-
lowed by Mallotus philippensis and Albizia
sikkimensis were recorded. Syzygium cumini
had a weak association with the Sandalwood
growth. Sandalwood seedlings established well
in the slopy areas which escaped from the plan-

tation sites. There was no significant differ-
ence in the girth of Sandalwood trees growing
in the natural and plantation sites (p = .068).

Although this research could find only
one host species of a mature Sandalwood tree,
there could be more host species which require
further study. Chromolaena odorata was the
most preferred host species of Sandalwood
seedlings, so plantation of useful Sandalwood
trees could help controlling invasive C. odora-
ta in Bhutan. A map showing potential areas
for growing Sandalwood showed that local
communities from 16 Dzongkhags could bene-
fit economically from Sandalwood plantations.

Acknowledgement

The authors would like to thank Mr. Ngawang
Gyeltshen (NCD) and his colleagues Mr. Nima
(NBC) and Mr. Kezang Tobgay (NBC) for
helping in identifying unknown plant species
and Mr. Pema Tobgay (PRO, PNP) for his
continuous support. We would also like to
thank the Norwegian Programme for Capacity
Development in Higher Education and Re-
search for Development (NORHED) project
for providing financial support through the
College of Natural Resources, Royal Universi-
ty of Bhutan.

BJNRD (2020), 7(2): 12-22

20



.N,
@
s
\M P
Gasa ,/W \{‘\
=~ < }
/ / hD
| \
b o
J\?’\/\/g L{J\J /" 3 Bumthang
S Ihlmphu< Punakha g(
f/\ Y / |
& \, Paro | \ Y \
, \R ; ;WWangduephodrang\ — “\ﬁ\\ -
? 9 \ L I s
A 1 + 1/
' S Y /\\1“ AQ‘J
e L W
Mo Ay “\L Zhey
% $
A ) .
) ‘\/\ﬂ,
1:1,250,000 Legend
0 15 30 60 Kilometers - suitable sites
S Y T |
District boundaries

Figure 5: Map showing potentials areas to grow Sandalwood

References

Arunkumar, A.N., Joshi, G. and Warrier, R. (2016). Santalum album, Know Your Trees. 2: 35-40.

Baldovini, N., Delasalle, C. and Joulain, D. (2011). Phyto-chemistry of the heartwood from fragrant Santalum
species: a review. Flavour Fragrance Journal, 26(1): 7-26. DOIL: https://doi.org/10.1002/f].2025

Barbour, L. (2008). Analysis of plant-host relationships in tropical Sandalwood: Santalum album. Australia:
RIRDC Publication.

Bhutan Travels. (2019). Climate and weather of Bhutan. <https://www.bhutan.travel/page/climate-weather>.
Accessed 01 February 2019.

Clay, D.E., Kitchen, N., Carlson, C.G., Kleinjan, J.L. and Tjentland, W.A.J. (2002). Collecting representative
soil samples for N and P fertilizer recommendations. Journal of Crop Management, 1(1): 10-20. DOI:
https://doi.org/10.1094/CM-2002-1216-01-MA

Department of Forest and Park Services. (2017). Forest and Nature Conservation Rules and Regulations.
Thimphu: Ministry of Agriculture and Forests.

Dorji, T. and Gurung, D.B. (2017). Grassland communities Graminoid composition and their diversity pattern
on eastern mountain slope of Dochula, Bhutan. BJNRD, 4(2): 10-28. DOI: https://doi.org/10.17102/
cnr.2017.06.

Dorji, U., Olesen, J.E., Bocher, P.K. and Seidenkrantz, M.S. (2016). Spatial variation of temperature and pre-
cipitation in Bhutan and links to vegetation and land cover. Journal of Hydrology, 36(1): 66-80. DOI:
https://doi.org/10.1659/MRD-JOURNAL-D-15-00020.1

Grierson, A.J. and Long, D.G. (1983). Flora of Bhutan, including a record of plants from Sikkim. Volume 1
parts 1 and 2: Royal Botanic Garden: Edinburg.

Jain, S., Angadi, V., Rajeevalochan, A., Shankaranarayana, K., Theagarajan, K. and Rangaswamy, C. (1998).
Identification of provenances of sandal in India for genetic conservation. Paper presented at the ACIAR
proceedings (pp. 117-120). Canberra: Australian Centre for International Agricultural Research.

Kacholi, D.S. (2014). Edge-interior disparities in tree species and structural composition of the Kilengwe for-

21 Ecology of Sandalwood ... Thinley ef al., 2020


https://doi.org/10.1002/ffj.2025
https://doi.org/10.1094/CM-2002-1216-01-MA
https://doi.org/10.17102/cnr.2017.06
https://doi.org/10.17102/cnr.2017.06
https://doi.org/10.1659/MRD-JOURNAL-D-15-00020.1

est in Morogoro region, Tanzania, [CRN Biodiversity. 2: 100-130. DOI: https:/
doi.org//10.0.4.131/2014/873174

Mishra, B., Chakraborty, S., M, S. and Viswanath, S. (2018). Sandalwood farming in India: problems and pro-
spects. Applied Ecology Environment Research, 26(2): 60-76.

Mishra., Upadhyay, V. and Mohanty, R.J. (2008). Vegetation ecology of the Similipal biosphere reserve, Oris-
sa, India. Applied ecology environment research, 6(2): 89-99.

Mongar Dzongkhag Administration. (2019). Saling gewog profile. <http://www.mongar.gov.bt/gewogs/
saling>. Accessed 18 March 2019.

Nurochman, D., Matangaran, J.R., Santosa, G., Suharjito, D. and Sari, R. K. (2018). Autecology and morpho-
logical properties of Sandalwood (Santalum album) in Pidie District, Aceh, Indonesia. Journal of Biologi-
cal Diversity, 19(2): 406-412. DOI: https://doi.org/10.13057/biodiv/d190207

Ohsawa, M. (1984). Differentiation of vegetation zones and species strategies in the subalpine region of Mt.
Fuji. Vegetation, 57(1): 15-52. DOI: https://doi.org/10.1007/BF00031929

Padmanabha, H.S.A. (2003). Information memorandum on investment opportunity of Indian Sandalwood.
<http://www.quintis.com>. Accessed 15 February 2019.

Radomiljac, A.M. (1998). Santalum album L. plantations: a complex interaction between parasite and host.
Australia: Murdoch University.

Rajan, N.M. and Jayalakshmi, S.J.P. (2017). Predictive species habitat distribution modelling of Indian Sandal-
wood tree using GIS. Polish Journal of Environmental Studies, 26(4): 30-65.DOI: https://doi.org/10.15244/
pjoes/68887

Rocha, D., Ashokan, P.K., Santhoshkumar, A.V., Anoop, E.V. and Sureshkumar, P. (2014). Influence of host
plant on the physiological attributes of field-grown sandal tree (Santalum album). Journal of Tropical For-
est Science, 166-172

Rosabal, D., Burgaz, A.R. and De la Masa, R. (2010). Diversity and distribution of epiphytic macrolichens on
tree trunks in two slopes of the montane rainforest of Gran Piedra, Santiago de Cuba. The Bryologist, 113
(2): 313-322.

Rowland, S., Prescott, C., Grayston, S., Quideau, S. and Bradfield, G.J. (2009). Recreating a functioning forest
soil in reclaimed oil sands in northern Alberta: an approach for measuring success in ecological restoration.
Journal of Environmental Quality, 38(4): 1580-1590. DOI: https://doi.org//10.2134/jeq2008.0317

Sathe, P. and Chauhan, O.J. (2003). The saga of Sahyadri: societal environmental issues of Konkan and Goa.
Recent Advances in Environmental Sciences, 26-35.

Seran, Y.N., Hakim, L. and Arisoesilaningsih, E.J. (2018). Sandalwood (Santalum album) growth and farming
success strengthen its natural conservation in the Timor Island, Indonesia. Journal of Biological Diversity,
19(4): 1586-1592. DOI: https://doi.org/10.13057/biodiv/d190452

Silva, J.A.T., Kher, M.M., Soner, D. and Nataraj, M. (2016). Sandalwood spike disease: a brief synthesis.
<http://www.semanticscholar.org>. Accessed 17 March 2019.

Singh, J.S. and Singh, K.D. (2011). Silviculture in the Tropics. United States: Springer publishers.

Subasinghe, S. (2013). Sandalwood research: a global perspective. Journal of Tropical Forest, 3(1):13-60.

Sundararaj, R. and Sharma, G. (2010). Studies on the floral composition in the six selected provenances of
Sandal (Santalum album Linnaeus) of South India. Biological Forum-An International Journal, 2(2):73-77.

Tennakoon, K.U. and Cameron, D.D. (2006). The anatomy of Sandalwood haustoria. Journal Botany, 84(10):
1608-1616. DOL: https://doi.org//10.1139/b06-118

Wangchuk, P. and Samten. (2009). Low altitude medicinal plants of Bhutan. Thimphu, Bhutan: Ministry of
Health.

Wangda, P. (2003). Forest Zonation along the complex altitudinal gradients in a dry valley of Punatsang-chu,
Bhutan. Doctoral dissertation, Master’s Thesis. The University of Tokyo, Japan.

Wangda, P. and Ohsawa, M. (2006). Structure and regeneration dynamics of dominant tree species along alti-
tudinal gradient in a dry valley slopes of the Bhutan Himalaya. Forest Ecology Management, 230(1-3): 136
-150.

Woodall, G. and Robinson, C.J. (2002). Same day plantation establishment of the root hemiparasite Sandal-
wood (Santalum spicatum (R Br) A DC: Santalaceae) and hosts. Journal of Royal Society for Western Aus-
tralia, 85: 36-37.

BJNRD (2020), 7(2): 12-22 22


https://doi.org/10.0.4.131/2014/873174
https://doi.org/10.0.4.131/2014/873174
http://www.mongar.gov.bt/gewogs/saling
http://www.mongar.gov.bt/gewogs/saling
https://doi.org/10.13057/biodiv/d190207
https://doi.org/10.1007/BF00031929
http://www.quintis.com
https://doi.org/10.15244/pjoes/68887
https://doi.org/10.15244/pjoes/68887
https://doi.org/10.2134/jeq2008.0317
https://doi.org/10.13057/biodiv/d190452
https://doi.org/10.1139/b06-118

