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Abstract

The Santalum album is becoming a popular income generating tree species in Nepal but its growth performance has not
been assessed so far yet. Thus, this study was objectively conducted to assess mean annual increment, income from
Santalum album and value chain analysis. The Private plantation of Pyuthan district was selected for the study site. The
diameter and height of 450 plants were measured and their age was recorded. Total fifteen key informant interviews,
forty five farmers’ interviews and one focused group discussion were conducted to collect primary data. The collected
data were analyzed using descriptive and inferential statistics .Mean annual increment, price of Santalum album and
contribution of Santalum album in total income were analyzed. The result showed that the highest mean annual
diameter increment was 51.94 cm and lowest mean annual increment was 28.25cm, the highest mean height increment
was 6.39 m and the lowest mean annual height increment was4.47m and the highest mean volume increment was 0.678
m3but the lowest mean annual volume increment was 0.134 m3. The estimated maximum range of annual income from
Santalum album was US$ 221-530 which was 10-15% contribution in farmers annual income while minimum range of
this was US$ 194-265 and it contributes<10%.The difference of the price of Santalum album between the farmers and
users in Kathmandu was2200 times more.
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1. Introduction

Globally, the total area of the forest is about 3.999 million ha of land (30.6 %). Out of this, approximately 299 million ha
(7%) area is planted forest that has grown by 105 million ha since 1990[1]. Annually, the plantation areas have been
increasing in different countries. The key examples are the large scale of plantation done in China, United States, Russian
Federation, India and Japan. These countries contribute about 65% of total plantation areas in the world [2].

East Asia, Australia and South Asia including India, Nepal and Sri Lanka [3, 4, 5]. This species is exotic to Nepal but the
importance of this species has been increasing because of high price. This species has high religious and social value
and hence economic importance. The Chandan (mark on forehead) as symbol of god. This wood is generally used to
worship god Shiva [6, 7]. It is also believed that goddess Lakshmi lives in the sandalwood tree. In this context, there is
no research work related to this species in Nepal. According to the report of forest resource assessment [8], forest
occupies a 5.96 million ha in Nepal, it is about 40.36% of the total area of the country. In addition, the other wooded
land covers 0.65 million ha which is about 4.38%. Forest area of Nepal is increasing because of community forest
management. The community plantation in hilly area is one of the important reasons. The hill community forest
programme was the main base of massive plantation forestin 1980 to 2000 [9]. The plantation activities were continued

* Corresponding author: Ram Asheshwar Mandal
School of Environment Science and Management, Pokhara University, Nepal.

Copyright © 2021 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US
https://zealjournals.com/wjbpr/
https://doi.org/10.53346/wjbpr.2021.1.1.0115
https://crossmark.crossref.org/dialog/?doi=10.53346/wjbpr.2021.1.1.0115&domain=pdf

World Journal of Biological and Pharmaceutical Research, 2021, 01(01), 026-034

in Terai (plain) areas as well to increase the forest areas and improve the quality of degraded forest. Private plantation
forest is one of the achievement of Hill community forest and Terai community forestry programme [10].

The main purpose of private plantation in Nepal is to meet the demand of forest product. The timber, firewood, grass
and non-timber forest products are the major forest product in private forests. The local farmers have been generating
a good income from private forests. Pyuthan district is one of the hilly district in Nepal and recognized as the plantation
of Santalum album [11, 12, 13]. This species is fast growing tree species and many farmers have been generating a good
income from this species [14, 15] but there is no any research work related to this. Thus, this research was objectively
conducted to assess the growth of Santalum album and its income potential and evaluate the value chain market of
Santalum album.

2. Material and methods

2.1. Study Area

The study was conducted in Pyuthan district. The district covers an area of 1,309 km2 with population of 226,796 in
2011 [16]. Khalangais the district's administrative center. Pyuthan is situated 250km west from
Kathmandu in Province No. 5in Midwestern Nepal. Pyuthan district lies in latitude of 28.1017° N and longitude
82.8533° E. Altitude of this district ranges from 305m to 3659m.
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Figure 1 Study area
Sandalwood has been planting over 20 years in this district and there are large number of this tree in this district.
Therefore, Pyuthan district was selected as the study site. Within the district, the study area was selected by considering
availability of Sandalwood in Private plantation.Three siteswere selected as the study area, particulalrysite 1 as Kwadi,
and site 2 Bijaya Nagar in Pyuthan Municipality andsite 3 Ramdi in Mandavi Rural Municipality (figure 1).

2.2. Data collection
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The primary and secondary data were collected from the field. Stratified sampling was applied to collect the primary
data. The diameter at breast height and heights of plants were measured using D tape, Range finder and simple tape. All
together 450 plants were measured using stratified random sampling. Specifically, 45 household having 10 plants in
each plot were measured in private plantation. The secondary information was gathered from available records from
Division Forest Office, Pyuthan and forest owner. The secondary information included the plantation time, seed sources
and previous measurements. In addition, the literature review, various publications of Ministry of Forest and
Environment, Department of Forests and Soil conservation, Department of Research and Survey and other related
literature (published and unpublished) was consulted during this study.

2.3. Data analysis

The data includes the estimation of mean annual increment and coefficient of variance.
Basal Area was calculated using following formula:

(BA) = nd?/4
Where, BA = Basal area and d = diameter in cm

Volume of tree was calculated using volume calculation formula mentioned in Inventory Guide line, 2061. The Volume
Calculation Formula is as following:

nd?
Volume(V) = (T * Height * form factor)/10000

Where, V = Volume in m3and d = diameter in cm
Mean diameter and Mean annual diameter increment was calculated using following formula:

Sum of total diameter

" total number of measured tree

MADI = Mb
~ Age of tree

Mean height and Mean annual height increment was calculated using following formula:

Sum of total hight
" total number of measured tree

MH

MAHI = ——
Age of tree

Mean basal area and Mean annual Basal area increment was calculated using following formula:

Sum of total Ba

MBa =
a total number of measured tree
MABal = MBa
a= Age of tree

Mean Volume and Mean annual Volume increment was calculated using following formula:

Sum of total Volume

" total number of measured tree

MV

MAVI = ——
Age of tree
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Coefficient of variance (CV) =

3. Results and discussion

Mean

3.1. Mean Annual Growth of Santalum album at site 1(Kwadi)

Standard deviation

[17,18]

The result showed that the estimated highest mean annual diameter increment was 47.84+1.720 cm at 16 years while
it was the lowest at the age of 9 years i.e. 28.25£0.391cm. More ever, the estimated highest mean annual height
increment was 6.312+0.07 at the age of 15 years while it was the lowest at the age of 9 years i.e. 4.575+0.064.
Instinctively, the estimated highest mean annual volume increment was 0.573+0.018 m3at the age of 16 years while it
was the lowest at the age of 9 years i.e. 0.144+0.005 m3. The growth of the plant according to soil quality and
environment [19, 20, 21]

Table 1 Mean Annual Growth of Santalum album at site 1(Kwadi)

Age Diameter increment (cm) Height Increment(m) Volume Increment(ms3)
MADI+SE Max | Min | SD MAHI+SE | Max | Min | SD MAVI+SE | Max | Min SD
9 28.25+0.391 | 30 | 26 | 1.36 | 4.575+0.064 | 5 43 | 0.22 | 0.144+0.005 | 0.18 | 0.114 | 0.019
10 | 31.07+0.649 | 38 | 26 | 3.31 | 8.042+5.563 | 7.2 | 4.4 | 13.1 | 0.285+0.072 | 2.06 | 0.128 | 0.367
11 | 30.994+0.773 | 38 | 27 | 3.28 | 5.111+0.101 | 6 45 | 0.43 | 0.196+0.012 | 0.32 | 0.134 | 0.054
12 | 34.12+0.779 | 38 | 26 | 3.12 | 5.443+0.129 | 6.6 | 4.6 | 0.52 | 0.252+0.014 | 0.34 | 0.121 | 0.056
13 | 37.33+0.701 | 43 32 | 2.72 | 6.06%0.156 7 49 | 0.6 | 0.454+0.045 | 1.02 | 0.247 | 0.182
14 | 42.25+1.778 | 60 | 30 | 7.11 | 6.293+0.14 | 7.2 | 55 | 0.56 | 0.455+0.046 | 1 0.25 | 0.183
15 45.9+0.836 54 | 32 | 48 | 6.312+0.07 7 5.1 | 045 | 0.527+0.018 | 0.47 | 0.261 | 0.108
16 | 47.84+1.720 | 54 | 36 | 6.2 | 6.289+0.169 | 7 49 | 0.61 | 0.573+0.018 | 0.74 | 0.227 | 0.04

(Source: Field survey, 2019)

3.2. Mean Annual Growth of Santalum album at site 2 (Bijaya Nagar)

The result showed that, the estimated highest mean annual diameter increment was 51.94+0.73 cm at 16 years while it
was the lowest at the age of 9 years i.e. 28.25+0.391 cm.

Table 2 Mean Annual Growth of Santalum album at site 2 (Bijaya Nagar)

Age Diameter increment(cm) Height Increment(m) Volume Increment( m3)
MADI+SE | Max |Min| SD MAHI+SE | Max |Min| SD MAVI+SE Max | Min SD
9 27.6+0.349 30 | 26 | 1.352 | 4.5+0.043 | 4.8 | 42 | 0.169 | 0.134+0.003 | 0.159 | 0.114 | 0.014
10 | 30.7+0.597 36 | 26 | 2.67 5.16+0.08 6 | 45 |0.386 | 0.194+0.009 | 0.29 | 0.12 | 0.041
11 30.7+£0.59 36 | 26 2.7 6+0.090 57 | 4 | 0413 | 0.188+0.009 | 0.29 | 0.114 | 0.044
12 | 36.04+0.52 39 | 31 | 249 | 557+0.086 | 6.5 | 49 | 0.415 | 0.287+0.011 | 0.388 | 0.184 | 0.054
13 | 39.07+1.07 46 | 33 | 4.001 | 5.96+0.126 7 | 530472 | 0.361+0.021 | 0.484 | 0.246 | 0.079
14 | 41.54+0.531 | 49 | 37 2.6 | 597+0.101 | 69 | 5 | 0496 | 0.407+0.013 | 0.584 | 0.283 | 0.067
15 | 50.53+1.347 | 56 | 40 | 4.85 | 6.39x0.089 | 69 | 59 | 0.32 | 0.640+0.033 0.8 |0.376 | 0.119
16 | 51.94+0.73 60 | 47 32 6.37+0.07 | 6.7 | 56 | 0.3 0.678+0.021 | 0.876 | 0.549 | 0.093

(Source: Field survey, 2019)
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More ever, the estimated highest mean annual height increment was 6.39£0.089m at the age of 15 years while it was
the lowest at the age of 9 years i.e. 4.5+0.043m. Instinctively, the estimated highest mean annual volume increment was
0.678+0.021 m3 at the age of 16 years while it was the lowest at the age of 9 yearsi.e. 0.134+0.003 m3.

3.3. Mean Annual Growth of Santalum album at site 3 (Ramdi)

The result showed that, the estimated highest mean annual diameter increment was 50.64+0.69 cm at 16 years while it
was the lowest at the age of 9 years i.e. 28.53+0.94 cm. More ever, the estimated highest mean annual height increment
was 6.5£0.09 m at the age of 15 years while it was the lowest at the age of 9 years i.e. 4.47£0.053 m. Instinctively, the
estimated highest mean annual volume increment was 0.647+0.028 m3 at the age of 16 years while it was the lowest at
the age of 9 years i.e. 0.145+0.011 m3.

Table 3 Mean Annual Growth of Santalum album at site 3 (Ramdi)

Diameter increment(cm) Height Increment (m) Volume Increment( m3)

Ase MADI*SE | Max | Min | SD MAHI+SE | Max | Min | SD MAVI+SE | Max | Min | SD
9 28.53+094 | 39 26 | 341 | 447+0.053 | 48 | 4.2 | 0.19 | 0.145+0.01 | 0.28 | 0.11 | 0.04
10 | 28.5%0.510 32 26 | 1.91 | 4.80+0.090 | 5.6 | 4.5 | 0.33 | 0.154+0.07 | 0.2 | 0.11 | 0.02
11 | 32.96+0.55 | 42 29 | 2.76 | 5.14+0.06 59 | 45 | 034 | 0.222+0.01 | 04 | 0.16 | 0.05
12 | 36.94+0.50 39 31 | 212 | 5.65%0.09 6.5 | 49 | 042 | 0.305+0.01 | 0.38 | 0.18 | 0.04
13 | 41.36+£1.04 | 49 38 | 3.47 | 5.94+0.13 6.5 | 53 | 0.44 | 0.402+0.02 | 0.57 | 0.3 | 0.07
14 | 42.33+0.55 | 49 37 | 3.19 | 6.10+0.07 6.8 5 0.4 | 0.431+0.01 | 0.58 | 0.28 | 0.06
15 | 50.18+1.12 56 45 | 3.73 6.5+0.09 7 59 | 0.32 | 0.645+0.02 | 0.77 | 0.47 | 0.008
16 | 50.64+0.69 55 41 | 3.46 | 6.40%0.11 7 45 | 0.56 | 0.647+0.02 | 0.79 | 0.43 | 0.099

(Source: Field survey, 2019)

Similar studies were done [19, 20, 21] to find the Assessment of Growth Performance of Tectona grandis and Acacia
catechu. The mean annual volume increment (MAVI) before thinning was found to be highest in Block D i.e. 0.0015 m3
and lowest in Block B i.e. 0.0011 m3. The mean annual volume increment in 2018 was found to be highest in Block D i.e.
0.0031 m3 and lowest in Block A i.e. 0.0022 m3. The mean annual volume increment is quite similar to our research.

3.4. Percentage contribution of Santalum album total income

Table below showed that the contribution of Income from Santalum album can be categorized into four main types these
are <10%, 10-15%, 15-20% and >20%. The highest annual income from Santalum album was recorded US $ 221-530 at
site 3 which was 10-15% contribution in farmers annual income while it was the lowest US $ 194-265 at site 3 which
contribute <10%.

Table 4 Percentage contribution of Santalum album of total income

o Site 1(Kwadi) Site 2(Bijaya Nagar) Site 3(Ramdi)
% contribution
of Santalum Income Annual Income Annual Income Annual
album from income from incomeUS | from income
(total income) Santalum Us$ Santalum $ Santalum Us$
album US $ album US $ album US $
<10% _ _ 226-353 3398-3716 194-265 1911-2654
10-15% 265-442 1699-3292 198-318 1911-2442 221-530 1911-3610
15-20% 212-353 1061-2123 415- 2761- 318-371 1699-2336
>20% 194-336 1061-1061 292- 1274- _ _
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3.5. Consistency of income generation form Santalum album

The result showed that there was consistent in income generation from Santalum album at site 1(Kwadi) because the
coefficient of variance was 24.54. The value of coefficient of variance was at site 1, this showed that there was high
consistency in income from Santalum album (CV1<CV2<CV3) i.e. (24.54<31.1<34.69).

3.6. Layer of value chain market of Santalum album

The layer starts from farmers to middle man. Farmers from Pyuthan district grow/produces Santalum album and Middle
men purchase at very first and sells to the local market or Pyuthan Road head. After arriving on the Road head market
the product is brought by the wholesaler of Kathmandu Boudha. Before selling to shopkeeper it is packed in different
sizes and shapes with different prices.

Source &

market

Kathmandu
Shop Keeper {Pashupati)

Kathmandu

wholesaler — {Boudh)

(roadhead)

Middle Man — Pyuthan

Pyuthan
farmers - {wvillage)

sSmall Market — PO E ]

Figure 2 Layer of value chain market of Santalum album

3.7. Value chain of Santalum album: Distance & time to reach and its price

The supply chain is very long with as many as five or six marketing stages involving farmers or primary collector, Middle
man, small market, wholesaler and shopkeeper or specialized suppliers.

Table 5 Value chain of Santalum album: Distance & time to reach and its price

Sources and Market | Price Details Distance Time to | Price Price
Level us (Km) reach difference difference
$/kg (US $) (%)

Shopkeeper 1769 | Shop  keeper & 10 2 hours 106.2 150.21
wholesaler

Wholesaler 70.7 Wholesaler & Small 432 1 -2 days 41.5 142.12
market

Small Market 29.2 Small market & 8 4 hours 12.2 71.76
Middle Man

Middle Man 17 Middle Man & 2 3 hours 9.5 126.67
Farmers

Farmers 7.5 Farmers & 1 -2 days 169.4 2258.67
Shopkeeper
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Matured Santalum album which is produced by farmer takes 1 to 2 days to weight and collect from farm cost about US
$ 7.5 per kg. After the Santalum album is ready the middle man buys it from the farmer directly from the farm, which
makes price difference of 126.67% i.e. US $ 9.5 per kg. Small market is defined as local market in Pyuthan district where
farmers takes their product on local bazaar, where price hikes about 71.76% and can reach up to US $ 29.2 per kg. All
the product which are brought from farmers, middle man or local market are collected by wholesaler in Kathmandu
which is also specialized suppliers and distributor raises price from 71.76% to 142 .12% i.e. US $ 70.7 per kg. Finally
after labeling and packaging the shopkeeper sells the final product as US $ 176.9 per kg which is 2258.67% from the
starting price.

3.8. Value chain of Santalum album from farmer to Shopkeeper

The figure described that farmers keep the profit margin of US $7.5 per kg only. The middle man who manages
relationship between farmers and local market makes around US $17 per kg. After the product reaches from farmer to
wholesaler or the specialized distributor, whole seller keeps profit margin of US $70 per kg where transport collect and
labels the product before it is ready for shopkeeper. After the final product is arrived from whole seller the shopkeeper
or retailer sell them by keeping profit margin of US $176.9 per kg (Figure 3).

Shop “~__ (  Whole

Keeper seller
Small market
Us$29.2 /kg

Figure 3 Value chain of Santalum album from farmer to Shop kipper

Value Chain Analysis of Forest Products showed that there is six layer of value chain of forest products in Koshi Hill
Districts of Nepal [22]. The layer starts form farmers/collector to Village Level Traders / Middlemen. Middleman
Purchase at first and sell to District level traders. After arriving at District level traders the product is brought by
Regional level traders it is packed in different size and supply 90% in India and 10% in national level market. It is similar
with our study which has five or six layer of value chain. Similar type of study was done by [23, 24] showed that the
supply chain is often very long with as many as six or seven marketing stages involving primary collectors and
producers, local contractors, regional wholesale markets, large wholesale markets and specialized suppliers which was
similar with our research findings.

4., Conclusion

The growth performance of Santalum album with respect to height, diameter and volume was significantly differed
according to site quality. The growth response of Santalum album of Pyuthan district has shown good performance,
these sites are potential for plantation Santalum album. There is about one fifth contribution of Santalum album in total
annual income. The price differences of Santalum album was over two thousands two hundred times between the
farmers and users in Kathmandu. The high-quality growth performance of this species in these sites was the indicator
of potential plantation.

Details study should be carried out to find the growth performance of this species which were planted in different region

to compare within it. The value chain analysis showed large price gap between farmers to shopkeeper in Kathmandu, it
needs to reduce applying appropriate policy
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