..V . ‘ 3\\ " '.'i. :‘ f" (‘ o." : ,‘}:' . ) o~
! ey N R w, W ¥
P AR A (1SSN 2385 - 468%)

Yéara208 . ¥ (¥ \;.i;j )

4 ¥éal . Assue: Decémber2018
e "',r J

. T Veg

o:’v X - o 5 - AT, A .'"(
"y | “QQ :- 4 ,\"!.s.\"y — ¥ —“' o
O % e T ‘zf_ AP \ 4
\\\ ‘l.y. ;' - “ 1% 3 ."- L] ':
’ '..\.“"..\, 2 v/ : ) \
.'3"' R wly A AN
- 1 : L
i l~a ‘”S& T f
\ , ..." P Wi }xg. . ¢
- p ‘c \ ’l ,.“ "
A monthly ope na B
b~ a8 b e ' . - § ',.! "

I2OR

M e T o
e e Tl Tropical Forest Research Institute
Foundation Inst. of Org. Res. (Indian Council of Forestry Research and Education)
(Germany) (Australia) Ministry of Environment, Forests and Climate Change (MoEFCC)
PO RFRC, Mandla Road, Jabalpur — 482021, India



Van Sangyan (ISSN 2395 - 468X) Vol. 5, No. 12, Issue: December, 2018

Van Sangyan

Editorial Board

Patron: Dr. G. Rajeshwar Rao, ARS
Vice Patron: C. Behera, IFS

Chief Editor: Dr. R. K. Verma

Editor & Coordinator: Dr. Naseer Mohammad
Assistant Editor: Dr. Rajesh Kumar Mishra
Note to Authors:

We welcome the readers of Van Sangyan to write to us about their views and issues in
forestry. Those who wish to share their knowledge and experiences can send them:
by e-mail to vansangyan_tfri@icfre.org
or, through post to The Editor, Van Sangyan,

Tropical Forest Research Institute,

PO-RFRC, Mandla Road,

Jabalpur (M.P.) - 482021.
The articles can be in English, Hindi, Marathi, Chhattisgarhi and Oriya, and should contain
the writers name, designation and full postal address, including e-mail id and contact number.
TFRI, Jabalpur houses experts from all fields of forestry who would be happy to answer
reader's queries on various scientific issues. Your queries may be sent to The Editor, and the

expert’s reply to the same will be published in the next issue of Van Sangyan.

Cover Photo: Panoramic view of Achanakmar-Amarkantak Biosphere Reserve
Photo credit: Dr. N. Roychoudhury and Dr. Rajesh Kumar Mishra, TFRI, Jabalpur (M.P.)


file:///E:\Desktop\website\VanSangyan\Van-Vangyan\index.html
file:///E:\Desktop\website\VanSangyan\Van-Vangyan\index.html

Van Sangyan (ISSN 2395 - 468X) Vol. 5,No. 12, Issue: December, 2018

From the Editor’s desk

The Santalum album [, locally known as ‘Thandan” belongs to family Santalaceae of kingdom
plantae. Sandal wood name itself shows that it is a woody tree. The tree is popularly known as
Sandalwaood tree or white sandal in Fnglish and in trade it is known as East Indian Sands/ wood. 1t
is declared as vulnerable plant species. The tree is known as sattvic tree. In Sanskrit it has many
names like Amindita, Bhadrasars, Bhogivallabha, Lhandrayuti Lhandans, Lhandrakants, Ekang;
Loshirsha, harichandsn, Krishnachandsns, Malayaja, Mangalays, Pavana, lgjayoghya, Raufins,
Shrigandha, Shrikhanda, Jailaparna, Varnaka ete. In Gujarati and Hindi it is known as Chandan or

Safed chandan,

‘ Santalum album is a small to medium size ever green, glabrous, semi parasitic tree with slender

. U drooping branches, opposite leaves, hermaphradite flowers, axilary or terminal trichotomous
panniculate cymose inflorescence and small globose fruiting berries. The sapwood is white and odourless and heart wood is
yellowish in colour and scented. The tree is root parasite, it forms haustoria which establishes contact with the host It obtains
lime and potash directly from soil through roots and for mitragen and phosphorus it partially depends uypon its host. Lomimon
fosts for Sandalwood tree are Acacia, Albizia, Bambusa, Lassia, Frythrina, Erythroxylon, Gossypium, Pongamia, Semecarpus,
Strychnos, Tectons, Thespesia and Vitex. Santalum album commonly known as “Thandan” or "Swet Chandan” The tree is known as
sattvic tree. In Sanskrit it has many names like Anindita, Bhadrasars, Bhogivallabha, Lhandrayuti Lhandana, Lhandrakants,
Lkangi; boshirsha, harichandan, Krishnachandans, Malayaja, Mangalays, Pavana, lajayaghys, Rauhina, Shrigandha, Shrikhands,
[ailaparna, Varnaka etc. In Hindi it is known as Chandan or Safed chandan and in Fnglish it is known as Sandal Sandal wood tree
and White Sandal wood tree.

Sandalwood Plantations has been declined due to natural or unnatural reasons. Natural reasons includes natural calamities,
epidemic, fire, drought, flood, grazing of seeds by animals etz. and unnatural reasons include unorganized cutting of the trees,
smuggling, theft ete. The demand of elite Sandalwood perfume fias been increased but the supply of the heartwood is decreased
due to above mentioned reasons. However, the gavernment is now encouraging the growers by providing subsidy upta 75% for
plantation. The elite Indian Sandalwaod is rich in Santalol content, which is responsible for aroma of the Sandalwaod oil. The Indian
Sandalwood- Santalum album L is therefore high in demand in the globe but declared as vulnerable plant species (IUCN Z000),
therefore the species must be conserved. We can revive the flourishing of the royal tree and also increase the supply to meet the
higher demand. The largest Indian sandalwood plantation lies in 0000 ha area in Australia. The plantation can be rapidy
increased by planting tissue cultured plants which are free from bacteria, fungi and virus,

In line with the abave this issue of Van Sangyan contains an article on Fast Indian sandal wood (Santalum album) - As a potential
high value tree for agroforestry. There are other useful articles viz.. Heavy incidence of insect-pests and identification of insect-pests

resistant clones of Shisham trees (0 Sissoo) at Bir Plasi (Himachal Pradesh). The great mal tree: giant poplar of spiti, BTTETT TITT FT
ST TOFT, TLHFET TTT7: TF TG FTTATT and 1313 ST 57 TIEH T IR,

| hape that readers would find maximum infarmation in this issue relevant and valuable to the sustainable management of forests.
Van Sangyan welcomes articles, views and queries on various such issues in the field of forest science.
Looking forward to meet you all through forthcoming issues

\ 2 y,
M | sk )
\ [ ——

Dr. R. K. Verma
Scientist 'G' & Chief Editor
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Introduction

Sandal is a commercially and culturally
important plant species belonging to the
family santalaceae. Sandal is considered is
as one of the most valuable tree in the
world. The sandal is known for its oil
which is pronounced as the most famous
East Indian sandal wood oil which is
produced from the heartwood of sandal on
distillation. The sandal wood oil has been
known in the perfume industries for
several centuries (Srinivasan et al. 1992)
Besides perfume industry the sandal oil
and powder obtained from sandal wood
found multifarious utility in cultural and
religious festivals coupled with the utility
in wide range of medicinal use.
Particularly in Asian Countries
(Subasinghe 2013) such multifarious
utility and the associated escalating
demand in the global market both in
perfumery industry and other utility. The
demand for sandal is increasing but at the
same time the supply from forests has
almost been stopped which resulting in
wider gap between demand and supply.
Due to this wider gap between the actual
availability and the growing demand, the
prices of sandal wood and the associated
value added product have gone out steeply.
This  necessitated  development  of
sandalwood plantation throughout agro
and farm forestry but for want of suitable

varieties and the associated management
technology the achievement in the
sandalwood promotion is dismally modest.
This paper reviews the existing status and
suggests the possibility of sandalwood
promotion in the country.

There are 18 species of sandalwood
distributed all over the world, out of which
Santalum album, S. yasi, S. spicatum and
S. lanceolatum vyield fragrant oil of
commercial importance.  All  the
sandalwood species are identified as
obligate wood hemi-parasites which mean
they absorb certain nutrients such as
phosphates and nitrates from the host trees
via root connections called haustoria
(Subasinghe 2013). S. album produces the
best fragrant material, and is one of the
oldest perfumery materials and the
powdered heartwood, upon distillation,
yields East Indian Sandalwood Oil. The oil
is highly rated for its fixative properties
and for its persistent, heavy, sweet and
woody odour (Arun Kumar et al. 2012).
Sandal Diversity

Hence among all species Santalum album
is widely preferred by the growers and the
dependent industries.

India is housed with wide range of sandal
trees naturally in Deccan plateau and the
Western Ghats. The total extends of sandal
distribution in the country in around 9000
sq km and out of which nearly 8200 sq km
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is present only in two states viz.,
Karnataka and Tamil Nadu (Venkatesan et
al. 1995). These two states contribute over
85% of world production of sandal wood.
In general, sandal is regenerated naturally

in other parts of the country. Sandal
thrives best under rainfall ranged between
500 and 2000 mm and distributed between

650 and

1200 MSL altitude. The

distribution in India state wise is furnished

in these two states but its commercial in table 1; figl.
significance made this species introduced
Table 1. Distribution of sandal wood in India
Total Area
S.No State
(ha)
1. Karnataka 10,775
2. Tamil Nadu 490
3. Kerala 68
4. Andhra Pradesh 320
5. Telangana 5104
6. Mabharashtra 110
7. Madhya Pradesh 410
8. Gujarat 80
9. Punjab 4
10. Himachal Pradesh 31
11. Assam 40
Rise of the “ M Government area (in ha)
royal tree § Private area (in ha)
b
Total land under sandalwood g
cultivation in India is increasing
by 600 hectares annually
P S
g 07¢
state-wise details 55 § ) \@
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Fig. 1 Distribution of sandalwood in India

Industrial status of sandalwood

The sandalwood industry in India is very
large compared to any perfume industries.
India contributes over 85% of the sandal
wood and oil production in the world. In

Source: Annupamapallavi 2015

India, Tamil Nadu contributes maximum
followed by Karnataka due to non
availability of wood and the study raises of
sandal wood price domestic and world
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market. Many sandal wood industries are
established in Karnataka either closed or
moved out of state (Brand et al 2006, Jain
et al 2007).

It is estimated that the annual production
of sandal ranged between 300 and 400
tonnes and oil production vary between
120 — 150 tonnes. The domestic industries
consumed about 80 tonnes sandalwood oil
every year and Handicraft industry
requires 50-20 of the total wood
production (Subasinghe 2013). In a
holistic ~ perspective  sandal  wood
significantly contributing to the industrial
development but for want of suitable
institutional mechanism coupled with lack
of strong research and development
support for promotion of sandalwood on a
plantation scale. The industrial sustainable
is under threat.

Botanical description

Sandal wood is botanically described as
Santalum album L. and is a small
evergreen tree distributed in dry deciduous
forests. The tree attains the height of 12-13
meters under the girth of 100-240
centimeter. The tree has slender, Drooping
and erect branching; Leaves or opposite
and decussate with whirled arrangement.
They are thin, ovate-lanceolate and
glabrous. Bark is reddish or dark gray or
nearly black, rough with deep vertical
cracks. Flowers are purplish- brown,
unscented and are axillary paniculate
cymes. Flowers are  tetra  or
pentamerous.the tree starts flowering even
at the stage of 2-3 years and flowering
occurs biannually from March to May and
September to December. Fruit is the drupe,
purple at maturity and the fruits are
predominantly single seeded. The seeds
are naked lack testa (Luna 1989).

Silviculture requirement

Climatic requirement

Sandal grows best with a rainfall ranges
between 500-2000 mm and it is reported
that good heart wood formation occurred
in the rainfall ranges between 800 and
1000mm. the temperature requirement for
the species range between 15° - 17°
(Minimal) and 37° - 40° (Maximum).
Sandal does not tolerate water logging and
is a light demanding species but in early
stage it seems to be shade bearer. Sandal
grows very well in sandy clayey red
lateritic loamy even in black cotton soil.
But sandal very well grown in red
ferruginous (iron) loam over laying on
metamorphic rocks. The sandal also grows
in rocky ground and stony or gravelly
soils, but not suitable for calcareous
conditions (Luna 1989).

Propagation

Seed collection and treatment

Sandal is propagated predominantly
through seeds. The seeds are to be
collected from the identified plus trees
preferably at the age of 20 years and
above. The seeds are collected and soaked
in water and are rubbed to remove the soft
pulp. The depulped seeds are then dried
and

1 kg seeds contain about 6000 seeds. The
seeds exhibits initial dormancy for 3-4
weeks and after 4 weeks it starts
germination which is about 80% under
laboratory condition and 60% under field
condition. The seed retain viability upto 9
months. The uniform and very good
germination can be obtained soaking seeds
with 0.05% gibberlic acid over night.

Seed germination

For germinating seeds, raised beds are
prepared with 10 x 1 m size. The mother
beds are raised with sand and red soil at 3:
1 and are thoroughly mixed with thimet at

© Published by Tropical Forest Research Institute, Jabalpur, MP, India
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500 g per bed. The treated seeds are
soaked with carbendazim at 0.02% and
around 2.5 kg seeds spread uniform over
the bed. The seeds are covered with paddy
straw and the mother bed to be watered
two times daily for a period of 10-15 days.
The germination starts from 4 weeks
onwards and continue up to 7-8 weeks.
The germinated seeds are at 4-6 leaf stage
are picked out transplanted to the polybag
containers of 15 x 25 cm size. The poly
bags are filled with soil, sand and
farmyard manure at 3:1:1 ratio. The sandal
seedlings are transplanted along with host
plant. Wide range of host plants viz.,
Casuarina, Cajanus cajan, Albizia,
Amaranthus, etc. are better suited for
association. Necessary initial shade to be
provided for 15-30 days and then the
seedlings are placed in open nursery
condition. Shifting is very essential for the
plant to avoid root penetration. Pruning of
host plant is also very essential and this
pruning of host plant has to be done
frequently which will ensure growth of
sandal. All these nursery operation to be
continued for about 9-12 months till the
seedling attain 45-65 cm. Two feet old
seedlings are amenable for planting in the
field and ensure higher survival in the
field.

Espacement

The spacing recommended for sandalwood
plantation 3 x 3 m. But several farmers are
practicing wider planting of 4 x 4 m and 5
X 5 m in Tamil Nadu.

Pitting and planting

The pits of 30 x 30 x 30 cm (or) 40 x 40 x
40 cm (or) 60 x 60 x 60 cm are dug out
depending of nature of soil. The pits are
partially filled with soil mixture with neem
cake

25-50 g/ pits, Chlorpyrifos 2 g powder/ pit
and the 2 ft height seedlings are planted

along with the host. The host in the
polythene container can be maintained
along with secondary host species. Sandal
attracts or it has association with over 150
species (Luna 1989). Best association are
found wide range of host viz., Albizia,
Terminalia, Lagerstroemia, Dalbergia,
Anogneissus, Casuarina, Acacia nilotica,
Pongamia pinnata, Wrightia tinctoria and
Cassia siamea. Sandal is a hemi root
parasite and hence planting host is very
essential to meet the nutritutional
requirement. Sandal establishes
association with host haustorial connection
which facilities drawing of nutrients.
Tending operation

Soil working has to be done once in every
six months around the trees radius of 50
cm during soil working periods application
of farmyard manure particularly in farm
land is preferred at 5 kg per plant per
annum is preferred. The host plant needs
to be pruned periodically otherwise they
suppressed the growth. Sandal also needs
to be pruned in order get clean bole and
ensure  maximum  development  of
heartwood. Care should be taken while
pruning sandal wood branches and it
should not damage the plant which
otherwise will attract pest and diseases.
Sandalwood based agroforestry models
Agroforestry pay a vital role in sandal
cultivation. Sandal trees are notable to
directly uptake nitrogen and phosphorous,
due to this host plants is very essential to
establish the sandalwood plantation. It
will uptake the nutrients through hastorial
association between sandal wood and host
plants. There are more than 160 host plants
identified viz.,  Albizia,  Casuarina,
pomegranate, Amla etc., Based on above
perspective, the Agroforestry practices
particularly Silvi horticulture (Sandalwood
+ Amla; Sandalwood + Pomegranate) is

© Published by Tropical Forest Research Institute, Jabalpur, MP, India
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one of the important way to satisfy the upto 5cm/ annum. The heartwood formation
hastorial connection of sandalwood and in sandal starts after 10 years. The
this is planted as quincunx model. heartwood forms at the rate of 1 kg/ annum
Growth increment and yield after 20 years. (Orwa et al, 2009). The heart
Sandal is a slow growing species and girth wood formation in sandal wood as indicated
increment is around 1 cm/annum. But under by Jain et al 2003 is furnished below.

favourable conditions the increment goes
Table 2. Average heartwood formation

Age (Years) | Girth (cm) | Yield (Kgs)
10 10 1
20 22 4
30 33 10
40 44 20
50 55 30

Source: Jain et al 2003

[ Sandalwood ] ﬁ [ April & May ]
plantation Sandal Tree Seed Collection September & October

& Processing

% Y

Seed, Treatment &

Espacement With Host Sowi
Sowing

0.05 % GAq - 16
hours Raised Bed

Field Planting Germination

2 feet tall seedling 25-60 Days
3 Methods % GP-60-80 %
Primary Host Transplanting

Alternanthera spp

- 3-4 Leaf stage
Phosphate & Nitrate
[ p ] h Seedling @ [ 15X 25 em ]

Grading ]

Pest and diseases
Sandal also suffer from pest and disease, But the notable among them and control measured

furnished them.
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Diseases

Disease

Casual
organisms

Symptoms

Control
measures

Spike
disease

Phytoplasma
like organisms

The infected trees exhibit shortened
internodal length leading to crowding of the
leaves at the top. A drastic reduction in the
size of the leaves was also observed. The
leaves show tendency to stand stiffy from the
branches giving a spiky appearance. Later the
leaves become yellowish and finally turn to
red in colour. The affected branches do not
flower, if flowered produce only fruits with
aborted seeds

There is no
permanent
Control
measures for
spike disease

Flowering
parasites

Giant Mistle toe
Dendrophthoe
falcata

The parasite is a partial parasite. It produces a
very hard flattened prostrating stem which run
over the stem portions of the host and produce
haustorial connections to drive the food
source. The points of parasitism become
thickened to form a gall like structure from
which multiple shootings ranging from 15-20
arise as a clusters. In the case of the severe
parasitism, the affected branch start withering
drying from tip and dry off.

The parasite
should be
removed and
burnt before
flowering.

Pest

Major Pests

Casual
Organism

Damage

Control measure

Borer

Indarbela
quadrinotala

Damage the sapwood and
some time it entered into
heart wood.

Systemetic
insecticides

Defoliators

Lantana inflate

Feed the
Defoliation

foliage

Foliar spray  —
Phosphamidon 0.5%

Red borer

Zeuzera coffeae

Drying of seedlings,
saplings and branches of
older trees

Pruning, thinning and
burning, injection of
dichlorovos

Harvest

Generally sandal harvesting it associated
with dead and dry trees. The rotation is
followed for sandal is physical rotation.
Rotation is not been fixed for organized
plantations which demands systematic
research and development program.
Currently the dead and naturally fallen

trees are harvested and they are separated
in main trunk, branches and roots. Finally
cleaned wood is further convert into
billets, roots, chips and transported to
sandal wood depots.

Classification of sandal wood

The woods on arrival at depot are further
converted into sapwood and hardwood.
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The sapwood will be used for various
purposes. But the commercial importance
of sapwood is negligible. On the other
hand the heartwood is very essential and

its highly fragrant the heartwood is further
classified into 18 different types as
indicated in table 3.

Table 3. Classification of sandalwood and its description

SI.No Class Description
1. Vilayat Budh Sound billet weighing not less than 9 kg and not exceeding
(Class 1 billets) 112 pieces per tonne.
2. China Budh Slightly inferior billet weighing less than 4.50 kg and not
(Class 1l billets) exceeding 224 pieces per tonne.
3. Panjam Billets have small knots, cracks and hollows weighing not
(Class I11 billets) less than 2.2 kg and not exceeding 448 pieces per tonne.
4. Ghotla Includes short and sound pieces. There are no limits of
(billets of short length) | weights and numbers per tonne.
5. Ghatbadla Billets with knots, cracks, small hollows, weighing not less
than 4.5 kg and not exceeding 250 pieces per tonne.
6. Bagardad Consists of solid pieces without lim it as regards
dimensions, weight or number.
7. Roots (Class I) Pieces weighing not less than 6.75 kg and not exceeding
150 pieces per tonne.
8. Roots (Class II) Consists of pieces weighing not less than 2.25 kg and not
exceeding 448 pieces per tonne.
9. Roots (Class IlI) Consists of small and side roots below 2.25 kg in weight
10. Jajpokal or Badla Consists of hollow pieces weighing not less than 3.10 kg
(Class 1) and not exceeding 320 pieces per tonne.
11. Jajpokal (Class I1) Hollow pieces weighing not less than 1.3 kg per tonne.
12. Ainbagar Consists of solid, cracked and hollow pieces weighing not
less than 450 g.
13. China Sali or Consists of pieces and chips of heartwood weighing not
Large Chilta less than 2.25 g.
14, Ain Chilta Consists of small pieces of heartwood.
15. Hatri Chilta Consists of heartwood and chips obtained by plaining
billets with Hatri or Randha (plane).
16. Milva Chilta Consists of pieces and chips having fair proportions of
heartwood and sapwood.
17. Basola Bukni Consists of small heartwood and sapwood chips.
18. Saw dust Sawn powder obtained while sawing the sandalwood.

Source: Arun kumar et al 2011

Sandal wood oil extraction

Sandal wood ol is  extracted
predominantly by stream distillation but
the following methods are employed both
for commercial and academic importance.
Stream distillation

In this method, the sandal wood is
pulverized into powder and the powdered

sandal wood is stream distilled to extract
oil. In this process, the stream is generated
at 140 — 212 ° F and the stream is passed
through the powdered wood which
releases the oil from the sandal wood that
is locked within the cellular structure of
the wood. The oil with the stream is
transferred to the condenser wherein it gets
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cooled and the oil and water are separated
in two different layers. The oil is separated
and collected in a vessel. This method of
distillation yields over 80% of santalol
content.

Hydro distillation

It is a traditional method wherein the
powdered wood is soaked in water and
boil through open fire. On boiling, the oil
is expelled and will float on the surface of
the water. The floating oil can be separated
and collected. It is a crude method and
involves huge volume of fire wood cost
and time.

Solvent extraction

In this method, the finely powdered wood
is extracted using solvents like hexane,
petroleum ether and ethanol are used. In
this method, the oil is extracted in thick
and highly concentrated form. This extract
is mixed with alcohol to extract only the
oil.

Sandal wood oil properties

The sandal wood oil has wide range of
chemical  constituents  (Ashok and
Jayaprakash 2012) which are characterized
through GCMS which are furnished in
table 4. The oil contains predominantly -
Santalol and p-Santalol which are the
essential factors for perfumery utilization
of Sandal.

Table 4. Components of oil isolated from Santalum album

SI.No Compound name Molecular Percgnta_ge
formula contribution
1. | Piperazine CaH10N2 0.26
2. | Trans-a-Ocimene CioH16 0.20
3. Sabinene CioH16 0.20
4, Cis-Ocimene CioH16 0.20
5. | Z-a-Trans- Bergamotol Ci5H240 0.31
6. | Trans-a-Bergamotene CisHoa 0.31
7. | Trans-a-Bisabolene CisHos 0.68
8. a-Bisabolene CisHos 0.68
9. Cis-a-Santalene C15H240 1.67
10. | Cis-Farnesol CisH260 0.29
11. | o-Bisabolol CisH260 0.28
12. | Bornylene C1ioH1s 0.28
13. | 5-Isocedranol C15H260 0.26
14. | Epiglobulol C15H260 0.26
15. | 3-Carene CioH1s 0.71
16. a-Santalol Ci5H240 48.31
17. | Trans-a- Santalol Ci5H24,0 22.82
18. B-Santalol C15H24O 22.82
19. | o-Santalene CisHo4 2.61
20. | Epi-p-Santalene CisHa4 2.61
21. | E-cis,Epi-B- Santalol C15H240 7.42
22. | Cis Lanceol Ci5H240 0.33
23. CiS,OL- Santalol Ci5H240 0.33
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24. | Cis,p — Santalol Ci5H240 0.40
25. | Cis-Z-a-Bisabolene Epoxide Ci5H240 0.50
26. Epi-a-S&ﬂt&'O' Ci5H240 2.09
27. | Geranyl-a-Terpinene CaoH32 0.16
28. | a-Terpinene CioH1s6 0.15
29. LUpGO' CzoH500 0.19
30. Sclareol CooH360, 0.19
31. | Biformene CooH3o 0.19

Utilization

Sapwood: Sapwood is white and
scentless. The sapwood, also called 'white
wood' is generally used for manufacture of
agarbattis.

Heartwood

Heartwood of sandal is moderately hard,
heavy and strongly scented and yellow or
brown in colour. Both wood and oil are
used in incense, perfumes, soap making
and medicines which are of great
commercial importance.

Religious

Sandal finds many religious uses also. It is
considered sacred by Hindus.

Timber

S. album is mainly grown for its timber,
which weighs 870 kg/cubic m, is durable
and strong. The specific gravity of
heartwood is 0.92. Its close grained
heartwood is used for ornamental and
carving work. Sandal wood being close
grained and amenable to carving, is one of
the finest woods for the purpose. It is used
in making idols and inlay ivory work.
Such work is done on cottage industry
scale.

Essential oil

A valuable oil, ‘the sandal oil’, is distilled
from the heartwood (yield varies from 4-
10%) and is used in perfumery, soap
making and medicines. The roots contain
maximum quantity of oil and hence are
more value. Sandal oil is the base of high
quality perfumes. Powder of heartwood

Source: Krishnakumar and Parthiban, 2018
upon steam distillation yields East Indian
Sandalwood oil. Light coloured wood
generally contains higher percentage of oil
than dark coloured wood. The oil content
varies from 3-6% and in medicine it is
used as antiseptic and antipyretic.

Seed oil

Seeds vyield oil that can be used in the
manufacture of paint.

Medicinal uses

The wood is bitter, dry, antipyretic,
aphrodisiac useful in diseases of the heart,
burning sensation, cold, bronchitis, vaginal
discharges and small pox. The wood is
tonic to the heart and the brain. It has
antiseptic properties and can be applied to
skin. Local people commonly apply the
wood ground up with water in to a paste to
local inflammations to the temples in
fevers and to skin diseases to allay heat.
Other products

Powder from the heartwood is used to
make incense sticks, burnt as perfumes in
houses and temples, or is ground into a
paste and used as a cosmetic.

Market and trade

The sandalwood traded both locally and
globally due to its importance in
perfumery and pharmaceutical industry.
India produced nearly about 100 tonnes of
heartwood and 40 tonnes of oil annually
over several years and contributed 25% of
the revenue from essential oils exported
(Jain et al, 2003). The price of heartwood
and oil was at Rs.12 lakh per tonne and Rs.
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22000 per kg during the year 2003
respectively. However the price of sandal
wood has been steadily increasing which
currently ranged between Rs.5000 and Rs.
12000 per kg based on quality (Tewari,
2014). The market trend indicated that the
sandal prices have increased from Rs. 6.5
lakh per tonne (1999 -2000), Rs. 37 lakhs
per tonne (2007), Rs. 56.5 lakh per tonne
(2012) and Rs. 52.97 lakh per tonne

(2013). This indicated that the price of
sandal wood has steadily increased due to
increased market potential. The
Government of Karnataka during 2012- 13
fixed prices for various classes of sandal
wood as per the government order no. FEE
31 FSW — 2012 Bangalore dated 2™ Nov.
2012 (Tewari, 2014) which are furnished
table 5.

Table 5. The price list of classified sandal wood in 2012-13

S. No. | Class | Fixed price (Rs. lakhs/MT)
Heart wood
1 Vilayat budh 56.0
2 China budh 56.5
3 Panjam 52.0
4 Ghotla 56.0
5 Ghatabadla 55.0
6 Bagardad 56.0
7 Roots-I 41.0
8 Roots-11 41.5
9 Roots-111 42.5
10 | Jalpokal-I 49.0
11 | Jalpokal-II 45.0
12 | Ainbagar 55.0
13 | Cheria or Large chilta 43.5
14 | Ainchilta 35.5
15 | Hathri chilta 23.5
Mixed wood
16 Milva Chilta 20.0
17 Basola bukni 16.0
18 | Saw dust 7.5
Sap wood
19 | White Chips 0.7
20 Bark & waste 0.18

Source: Tewari et al, IWST, 2014

Summary and Conclusion

Sandalwood is valued for its aromatic
heartwood since time immemorial which
resulted in ruthless felling of sandalwood
population across the country. This has

resulted in dwindling of elite genetic
resources and the existing population is
highly emaciated population. Hence
several improvements programme have
been made but for want of suitable
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technologies the achievement in this front

is very low. The dwindling sandal genetic

resources on one hand and the increasing

demand on the other hand escalated the

gap between demand and supply. Hence

organized plantation development coupled

with efficient supply chain is very

essential and hence the current paper has

been designed and presented for

promotional activities.
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Introduction

Dalbergia sissoo Roxb. (Shisham or
Shishu) is commonly cultivated timber tree
of Punjab, Utter Pradesh, West Bengal and
Assam. It is also cultivated in the lower
and foothills of Himachal Pradesh. The
tree is known for its excellent fuel wood
and highly valued timber throughout north
India. In the state of H.P. alone, 4 lakhs of
trees of this species are planted every year
by State Forest Department, Himachal
Pradesh. However this plant species is
prone to insect and attack and degrees of
resistance to insect-pests attack vary from
species to species.  Sissoo (shisham,
siss00) is one of the most important timber
species of India. Shisham grows naturally
and also planted on alluvial soils and is
widely distributed on riverain beds in sub-
Himalayan tract from Indus to Assam and
Himalayan valleys. Dalbergia sissoo is
widely distributed in many parts of India
up to 900m in the sub- Himalayan tract
and occasionally ascending to 1500m. It
grows abundantly and forms a forest,
either pure or mixed with other species on
the new alluvium formed of deposits of
sand, boulders etc., in the riverbeds of
these regions. It grows on land-slips and
other places where fresh soil is exposed

but not on stiff clay. Sissoo trees from
different localities have varied
characteristics including growth, form,
colour, grain, working and strength
properties. Sissoo is a primary coloniser on
the new alluvial soils along the riverbanks.
It is a large deciduous tree growing up to 8
feet in girth and 100 feet in height. The
rotation of the natural crop in Uttar
Pradesh is about 60 years though in
irrigated plantations of west Punjab, it is
much shorter being about 20 years. It
thrives well in sandy loam soil with good
drainage. In India, it is found in Jammu &
Kashmir, Himachal Pradesh, Punjab,
Haryana, Rajasthan, Uttar Pradesh, Delhi,
Bihar, Orissa, West Bengal, Sikkim,
Arunachal Pradesh, Assam, Nagaland,
Manipur, Mizoram, Meghalaya, Tripura,
Madhya Pradesh, Gujarat, Maharashtra,
Andhra Pradesh, Pondicherry, Tamil
Nadu, Karnataka and Kerala.

Earlier, Thakur (2000) reported the
damage to the nurseries due to termites is
primary phenomenon whereas termite
damage in grownup trees, is more often a
secondary phenomenon occurring as a
result of excessive competition, poor soil
condition injury during transplantation,
root-rot, droughty and other environmental
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stresses, but by and large termites
aggravates the process, reaching at times,
serious proportion and resulting in total
loss and abandonment of the site. Earlier,
Kumar et. al. (2016) has highlighted the
importance of various morphological
characters in identification of Lepidoptera.
Further, Ahmad et. al. (2001) reported
Insect pest spectrum of poplar in India.
Chatterjee and Mishra (1974) recorded
natural insect enemy and plant host
complex of forest insect pests including
those attacking the poplars of Indian
region.

Results and discussions

Three orchards including CSO, SSO and
VMG were established by Himalayan
Forest Research Institute, Shimla during
1998, selecting 28 clones (20 plants of
each clone were planted) collected from
different parts of UP, HP, Haryana, Punjab
and  Uttaranchal. During  present
investigation, it was found that Plantation
of VMG and cuttings raised in the nursery
were heavily infested by Lepidopteron
caterpillars and even 95% mortality of
cuttings was recorded during September to
October 2007. The present study which
was carried out w.e.f. April, 2007 whcih
continued till September, 2011 at Birplasi,
Himachal  Pradesh  reveals  heavy
infestation of different insect species on
different maturity stages of Shisham. It
was fond that Lepidopteron -caterpillar
were feeding and damaging the cuttings
and VMG stock, whereas termites were
causing damage and mortality of trees
grown in the SSO and CSO. Insect
infestation data of selected clones was
taken fortnightly from VMG, CSO and
Nursery taking into consideration the
damage to the number of leaves on annual
twig growth of Shisham. The data has
been analysed to study the insect

resistance ability of clone. New cuttings of
the selected clones have been raised and
statistical design RBD has been employed
to note insect infestation and subsequently
comparative resistance in the clone to the
insect-pests in natural conditions. The
major insect causing serious damage has
been collected and reared and identified as
Plecoptera reflexa and Diacrisia obliqua
belonging to the order Lepidoptera
(Insecta). Heavy attack of Termites
(Odontotermes paevidens Holmgren) is
reported during the months of April-May,
2008 which is causing serious damage to
whole the plantation of CSO and SSO.
Large scale mortality of young trees is
occurring due to the heavy attack of
termites and early measures to control the
same are required. Heavy incidence of the
termite attack was recorded on the trees of
Shisham (D. sissoo) in the seed orchard
and clonal orchard at Bir Plasi (Nalagarh)
during April-May, 2008. It was recorded
that trees are heavily infested by termites,
which are causing fall of trees due to high
wind velocity, drying of young trees and
their mortality. It was observed that
colonies of termites are building up inside
the bark and eating the wood causing
tunnel formation inside the bark. This is
weakening the tree and trees are falling
even when there is high wind flow. Tree in
initial stages show no external symptoms
but in highly infested stage, large hollow
tunnels easily visible through naked eyes
can be seen after removing the bark. Even
in the heavy infestation stage tree remains
green. Colony of termites can be easily
seen feeding on the wood inside the bark.
In case of termite attack, in the initial
stages, the termite work through the xylem
(pith) portion of the stem and then later
extending towards the peripheral region,
so plant appear healthy outwardly and the
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plant exhibit symptoms of dieback, leading

Plecoptera reflexa
Data on insect infestation and resistance to
insect pests by all selected clones was
recorded from damage on leaves of annual
twig growth by various insect pests in

ultimately to its death in due course.

Diacrisia oblique
nursery, VMG,CSO and SSO. The data,
thus collected was analyzed statistically to
identify most resistive Shisham clones.

Table- CSO analysis

CLONE Mean Std. Error 95% Confidence level
Lower Bound | Upper Bound
237 2.018 .083 1.854 2.182
42 2.238 .083 2.074 2.403
204 2.060 .083 1.896 2.225
215 1.938 .083 1.773 2.102
106 2.013 .083 1.849 2.178
49 1.971 .083 1.807 2.136
99 2.047 .083 1.883 2.212
200 2.074 .083 1.910 2.239
254 2.026 .083 1.861 2.190
203 2.079 .083 1.915 2.243
236 2.014 .083 1.850 2.179
58 2.101 .083 1.937 2.266
59 2.155 .083 1.990 2.319
6 2.318 .083 2.154 2.483
36 2.162 .083 1.998 2.327
260 1.838 .083 1.673 2.002
CSO analysis the fact that clones are
1. Clones are significantly significantly different at 5%
different at 5% level of level of significance and clone

significance (within) the years.
2. In a pooled analysis of all the
years taken together disclose

(260) is found most resistive
with mean value 1.838 and
clone (06) is found least
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with mean value

resistive

Control measures for termites
1. Soil insecticide (0.5 of
Chloropyrophos 75ml/bed or 5
It./sq.m) (Tradename-
Chlorguard)
2. Phorate: 10gm /sq. M (10%)
(Tradename-Dhan 10G)
3. 750 ml. of Chloropyrophos in
50 It. of H,0
Control measures  for
caterpillars
1. Foliar spray of 0.05% of
Cypermethrin or
2. 0.03% Quinalphos in nurseries.
3. Dimethoate 20EC (foliar spray
of 0.01-0.02% water emulsion)

nursery

Fungicides
1. Bavistin (Systemic fungicide)
2 gms/1lt.
2. Indofil M-45 (Contact
fungicide) 3 ml/It.
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The Spiti Valley - locally known as ‘Piti’ lies
in the middle of Ladakh and Tibet and on the
eastern side of the Lahul and Spiti district of
Himachal Pradesh with Kaza as its head-
quarter. It is also called the Living and hidden
museum and the Fossil Park of the world.
Spiti covers an area of 7,589 sg.kms and lies
between latitude 31 ° 42" and 33° North
longitude 77° 37" and 78° 35' east. Lying on
the leeward side of the greater Himalayan
ranges, the lack of precipitation and minimum
elevations of over 3350 meters, combine to
produce in spiti a dreary, awe inspiring terrain,
seemingly devoid of vegetative cover and one
of the most harshest climates in the world.

But this geographically isolated and
geologically distinct valley has a spectrum of
unique and rare things to boasts of including
its rugged terrain and mesmerizing landscapes
attributing to the endemic and timeless beauty
of the place. The tranquility and the eternity
of the valley vividly explains its remoteness
and signify Rudyard Kipling statement about
Spiti “a world within a world” and a “place
where the gods live.”

The Spiti Valley is formed by the Spiti River
which originates at the Kunzum Pass (4551m)
and descends into the mighty Sutlej River. The
valley is narrow except in places where the
width can be up to 3km, flat and broad
bordered by vertical cliffs.

En-route to Kunzum pass from Tabo, there is a
small hamlet Sumling. This village is located
between North latitude 32°17°51.7° and
longitude 077°58°41.3”’ and at an altitude
3624m above msl. A very huge poplar tree (
Populus ciliata; Botanical family- Salicaceae)
and locally Known as the GREAT MAL

TREE is present in this village on the land of
Cheering Tundoop.

The tree due to the melodious sound of its
rustling and swaying leaves, is adjectively and

wisely Known as “Sumling Butta Shil Shil
by the natives of the spiti valley. GREAT
MAL TREE existing at the centre of the
village just below the La-Khang Village
temple is known to be the Biggest and the
Oldest Tree in the entire spiti valley.

It is believed to be 150 to 200 years old or
more. It is said to be planted by local Shepard
of this village around eighteenth century.

This giant tree has been standing tall and alone

since  more than five generations. It is < 150
feet in height and its girth is 6.70 meters.
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Nobody in the village harms the tree in
anyway due to an exceptional spiritual and
sacred reason- “LHU” Nag Devi/ Female
Serpent Deity is believed to be residing in this
tree. LHU appreciates the cleanliness and
punishes who tries to harms the beauty and
glory of this tree. If one takes care of this tree
— the LHU bless one with money, food, timely
rain and snow. It punishes in the form of
epidemics, ill health and poverty. The LHU is
offered prayers once or twice in a month
according to the Spitian Calender. It accepts
only milk or sugary products and dislikes the
meat and alcohol.

The Great Mal Tree has lot significance to the
villagers of the SUMLING. Many generations
of Children have grown old playing around
this tree. It instills divine inspiration and
provides human retreat. Sadly this great Mal
Tree has not received the due respect and
consideration it deserve.

Being a landmark, special identity, religious
and community convenience and public pride,
it needs immediate scientific interventions and
endeavors for its protection and longevity.
The Great Mal Tree Last for a century more -
as without it not only SUMLING, but entire
Spiti Valley will lose its glory and special
feature.
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AT 9 IIAT 6T ITAAT ATA TATH HT
FATE FL AT 9T & [ A ot 3t
AT ZIAT ATRT FA1eh ATHT T I
A% 971 9 ¥ S &9 § a7 §9% ®%
SITAT g Ta q9re i gy a7 Aaha awe
EECIE]

feafa

FATTT GHIT SIA,3€ % Vg qAqT FieA-
FEETET | gL AT ATRYN TAF IT9 g

Al o orET 9% Ifagd THTE 989t 8

SRIEICIEC R K R ]

SR ESTIEIS IR otel T TqT

FIAT AT g FAGTL Qe T 949 a8l

T TAary, {=TE F Aed, 92F, AT
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ZAEAT, THATHT AT 6 AR, ST
AN § LT Al F A I FAT
FATRA| = § @M g F==a 6T S
Tt Yer T IO AAT TSAT(d Arfs 92 AT
o e 3 St i s eThT 2
FIAT A g AALTH FTH

EISASRIGH

AT T F qF IEHT GLAT o @d &
T AT ATE AT T Flgaar O w14
M TS & | W # awy 99 o
SITEAT STTAAT 6 SAATALTTF T T TR ST
e T N 1 e O L A i
FTeQTT dTe TMAT ATEAT AE AT FFhe]
21 FUET, 9T F ATE, AL, ARMEAL, ST
SToeft, HEdY, "R, fReet sty 9y
g T =L AT T T ST TR g S
qTE T FTH AT FLA § AT ATATh o o

ITH gl gl

ell";{,(l‘ésl°ha'gvl‘ll"ll
aTe Ft qvE & a0 A

39T T gt fRom # v, ofter g= ar

g9 TSl T FATL AF9TF | F WM oF

ST ATRU T ATAGF ALLOT O TH
gatet 9 offq o< & a0+ & B FaAT Al
qLAT LA 5| =7 g offer, g, S,
g, 2¢ft 1w, o<1, THIET, a2 i 1
T ST qh G

Ri=s i =g
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e H=TS A ST HaedT fit A
=Tl H=TS &7 ATferT T 9rdt i FATA 6
e ¥ et =rfey arfe <1 Fard i
UF gl ATl | AT a0h AALTHATTATL
qrae FATHRL I f=2IT ST "/ Ay v
FATL F AT Al HETe #7116 o4
9T H AT A I HHTAAT 98 Sl §
T @12 At oy @Yy § 9g+ Srar g
= 7 =T % o aattes sugs fafy
g2-gz fH=re (Ru fafa) 21 zaq ot =
A TET R TG GRIT AT ATAT H
AFLTFHATTATE I T F F10r Jerame
¥ gfs g 2

6 &7 A g L@ THT

FITHTT

FATRTT At aee vd 399 g1 =9y Td |
9T T FHATE F FATE Al gL aL1a< gt gl
=9 fafer 7 staareres Ay 3 § gaan
TEAT & AT AT FT Y AT T A T
H A T FAAL THAAT 2

s fater

7 fafd st Gt i @ity g1 =7 =
fafert # sreav Faw 72 2 & zwH uw
gfhd & gAY dfe & A, dReA § qEr
T et & et i T AT ST st
gt g1 == fafed s fafe & afa
THTS ATAF IS T AT FHA 5

a7 fafeyr
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g At av a9 s &t i
qE gl A AT IS o 1A heAL o ®TH
U TqTater T ot el < ATl ST qorar
qT =T e ®A T GI&T AT Thd g ST
Hqer a7 ofter e I AT 2, AT H
e fafa =1 o= fafer wga 81 vq@
UE H e AT T & d1E Ieg (ATl (&AT
SITET AR

st fafer

e ffer # 9fxe & d9f< qor 9t |
qrer T g AT AT fater i 938 ot Ledl
g, TTeq YT AT dfth | OreT g9 i
T "W § T AR FUL & AT =2l h
7T # A AR H wAn qar ) A
TRTE T iR § qreT FHehor a=rar gan
T AT & A= AT AT H AT J7aT 2
= fafg & asft dat Fr g aTw @
THTT BT 2l

g Ay

o At At f srem wfq 2w 15
gfaera 9re sAferd §eqT § o g foee
aT ATIF AT § T S[aTs qgT 5+F
staeTerer fohamet @ sgfaem wEdt 81 =9
fafer & sreasta awarg BFE & g A
9T AT AATT gl TH THL 6 9 TSR
ATHFTT | 7 SATd gl UF 9reT 39 a9 |
AT g1 STRT I SATer® IS 9 "It gl
agt 72 ffy &9 F f s wwdT 7|
fafer 7 et 7 stfersae ST gt Bl
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Ty ar fafer (Fe fafen)
IETET T SATEF TATT ATel T U< Tg fAfer
HUATE JATAT &1 IATAT FT TG gL TATT %

= GT=F FATHRT Fee & ATA-TTHT AT T
AN

wter e % forw gt o gars
g TR 6 UE HIE qd AATd He-51
7 offam @ F Fifgd o W e
GITHL Ig GAT BIE AT ATRT qrfeh ao
o T fer A S
ST | TES @iad 90T FAT & et 3T
gl U 9T T <=1 AR AT A9 et
gt T v ST AR
T T AHTT
o IS MHT & FHAFAl & U ¥
A, AFAT g g1 1 Hiex o, 1
HTe AT, ToT 1 He T @i |

o WUTH ATH F Frgel F forg S
75 e @wEn, 75 e
ST, AT 75 HEHeT 727 @re)

o TFIT AHT F Frgelt F forw SF
aeftaT, ¥, Fenmfy ¥ wEr 50
Fdrefer awaT, 50 AT ey,
TAT 50 HEHIT T2 @al

gt fT W

Tt T GaATE F UF A I1% G T FI
ST g # 20-30 R, Maw M@z 7
FFIEE 111 AT % (oo § FAershe wgi
T A AT AT ATRA| AHF H =T F
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ferT 50-100 T fHerTser YT 93T
gt gt fHamET =R 7 w19 a9l I
I | qd &L AT AU TAT ALY /AT
H ot w7 3 oreg Ty i W wet Wit
9% ST UH I J9T g & 18 gl qreT
T[0T FHTAT AT |

A FEAT T THE fHhen

T

AL, AFAE, T, AET,  Her,
TATIL, FET, FIOH, AT, HioAT,

e, TR, TATITETE TAT FIFR(

AT

FOM, &ad, UAU.-7, FTHAT, STATHI,

grefiega, atees- 1

AHET

A@AS- 49, AFHIHIAT, TATEATEl THAT,

o O o o
Adlaly, UHA el lgdic-dthal, lgdlX

o o o o
ﬂ_@c, [T T, ATeld ST

HAATL

LI, AT, HERe, ATATT Heerd, JIAT,
ST, FTEA, TATR

ik

FOSH FT, T THA-1, TATRAT, &,
qAFIT-49, HIeaq

TwY, r.RUH-1,
AT AT

aT

ERE

gfiar

g7 SAHaIE, 997 AforEdt, 997 JHee,

(ol (o o
TET SATh, AT 921, g1, gied, T
AT, ATINTeA, HAFaeL-1, HTFEEL-2,
FATALL-3, FITCE-5, FAFEIE -6,

FIAFALL-7, FAT TATIR

& FEAT T ATHT T
A I otert it At g | wA g wtert ¥ sraet g8
CAL | 8-10 o< (THUTeAl- | STHER 6-7 Hiex
2.5)
AZEAT AT AL 8 e qATT 5 e
CiE] 7-8 Hiex LIES 5 Hiex
CIEEI 6-8 Hiex Fiar 3 ez
qsT 6-8 Hiex aoftar 2 Hiex

SYLT T KT Tl TLHT TS qraamf=ar

o 3T FEW F werET GG TS
TELT AT IS{ e ALY & 2 G|

© Published by Tropical Forest Research Institute, Jabalpur, MP, India

o TIYT & TS & T ATS-3R e
HTE 9998 5l

24



o TIYT g H IAAT TgLTe H T

AT AT TELE T ag TEt AT
T | AT gicirefT i1 I=ft § om
Sfer TEITe H T & a4 &0 gri
TEAAT & ST FH TS H A o
5z At F aer o g, S
I & gl 2|

o TIET T F T4 I ATAHI
afxelt &1 qIE [T AT At
S ART T FA-a7= gfrat @l
Tgd AT ATRU Grei § St
gt T | aATSIcHsa ATaw
ST § AT qTET AfEw ITAT 2
YT IqT IRATT H g ¥ qr
EERCIE R ICIERIIEAS ERERINIC
EHRERIGIEESEIE EE i
&1 FHT BT ATAT g T YT 7Y o

GETIE

o UTE FT FAW THAT FoT TATH AT
qAg=d 3T AiHL STt A7 oo
faeg g & 25 |t FUT @A
TR o gt & a9 oI ¥ 98

AT S @ STdT g 3 9redT 7Y

qFHAT B

o S A fRar zferor-ufarw fem i
AT AT AU TAT FF F q
AT | SIS Z2qT T 2

o TTYT T & THT IHh NH-TTH

& gt ==t avg &aT a7 AR,
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forerer fH=Te e § 9YeT 28T T 8r
T

o TIHT A & T&=d AT @l AT
FAT AR

o El Tk WEAT I Y AR H

AT AT AT

o TfX Y g7 F I & AT T E A
37 T2l THA H TEHL UF qA1E &
U gmEEr T ® @ AT
AT THH 9Tl & AAWHA | g
&7t T BT STt g1 T8 T4 372
Mgl | AT ATR TN LT ol Mg |
ST A | GGl & WA AT TEAT
L

FAFEAT 6 TETS TH FTE-FiE FIAT

Tf ordl ® ITHT TFHT & ATATT 8
ST S a1 7 F oA § STt ' g
T AA g AT TATH B Tal Ad g ST
T et it Fie Gie FA @A T 2

ST 3T AT SHTE T g a7 T AT

FHA AT A==l 2Nl 3 a1d 1 AT TE@AT
T & Fg ol ft Fer-gers Faw
aEyy # gyt F fow ff Irh g s=fw
qUITAT FEAT § SIE- 3T, 9, g (e Al
FTE-Zic ST FEOA % o0 HT JTAT B
qgTe F7 areqd g & qg fr osmEitea
TS AT FWT FT FEH T TH Afed
9TFA <ATI TITE ST Fle-Fie | F=a< A
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TaqT g T Tars 9y v srefede sraear §

FTe-Fie FIT &l AT gl oee 9ver &

TS AFL a7 T JATF FrE-Tie q1e
T wEA qFer # A AT g e
wATeaTed fAafae w7 & e siw s o
T et ITH BTl 9T o SATRIL AT A ol
ferfae Fear € Fre-sie #3597 81 9
T STE R 29 | Fet e i 9
F T 74T fREwa & ATt it 81 IHTe-
Bie FTA w1 qHF At Frewt a7 srgtia

g, S - g Y U, AT TATH,

ST AT IS FALTI qre 1 F1e-Tie

T qH F(EAT T9T a4 21AT & I F TUAT

FAEAT | BId gl ST LAT FIe-Bic Fgd
gl A7 q H T T2 Fe-Gie ATSHEHTAT

FTE-Bic FHgATdl gl
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HYHAFET ITAT: Teh VSTATUTE T AT

TS9N FHTT fosam

IO AT SATHATT FEATT
(AT ATTAHT ST U forear afiwg, aafawor, 3= o Faarq aTaqd S, I L)

a1 3t ST U AT, 24T 1, TaA9T (7. T.) — 482 021

HYFET qTA Tah UAT AT g ST Gt
Rt |/ 2 ART A7 65 A0S 9 39

o ‘

AT FT AYATHL Uk qrad § AqT@ il

FHTE FT TFd gl =0 AT | FF AW

T FH ST AATHT SATIT {ATHT HHTAT ST
FHAT gl AT 390 § AgHAEFEAT H OEe
MHTaHT aF q9T | FATe gl Lol gl
HLHFET qTAT FHT AT SAa™ gl ==
w § gz fEgea &t THE, adl &
ATt agaT {ieT ST 37 sirufer @i 2l
HagTRe AT AemtrEat & g T
T qaH 3T IUEE /AT AT | Faqa §
o=TaT % =9 § FYHFET 9T & A =TaH
Fiyerg e g Taar & @ & 91

T F TTHT AT & Sttaq # ffgaiT
I ITH & T | o oge &1 S1ge 98t
i o, e B, qafert £ ware-
e i @t &t Sawar A= #it st
ofF |

THTY 297 | HEHFE! qraq q&Ad: a41 I
AT TJT g1 AAF ITHidsw aqeqadl o
THHT L&A AT 2| TH d8 9M8& IATE %

T g1 W TF § Taq: IqAey T AT
2l a9 qRAl H AgHFT qrerq F forg 7 ar
afafs f @t g, T &7 I F Srran
TYATAT & TiTeqert FHTAT g2dt gl HHaFa’
TTAHT FT g IR HATA | AT A2t
% S fadT 92d g1 59 q%g a5 h AT
Td SAeTT FEEr & o 9w ge #wv
AT FETT B AT@T gl TR
TTHEIRT & oo s @rdt ud JrErEmT
STIRT T TTIAT g ar a9 1980 & 39 §
TRt AT T faferr aywerdt g searted
EauE LI e s R e i e i i
IqTET 10,000 27 & SATET g9 T gl Tg

© Published by Tropical Forest Research Institute, Jabalpur, MP, India 27



Van Sangyan (ISSN 2395 - 468X)

FAATEAT T SJASrfadl &1 ar qRaiE
AT TGT &l &, oS <97 & SF-FeHIY,
gstre, fgam=e v, gRATm, 39T 9=&9,
fag, e, afs| a9d, "ed uR,
HETATY, ST, ATeel I=er e Toai § a8
YT U IAT GAT FHLA qTel Fohar off uioe
AT, TUNT ggAFd, oy qfersa ua
IUST TSATIAAT 1 AgHATF@IT % a9 | Th
FIH 15 ¥ 20 TG AT T il FATS FT o
% &l

gzl 9% AR 20000 F SAfeE THL A
qeEtEFaaT §, ™EH & Fad 9 I A gt
TS FAT 9Tt g, ATHATE I¥ TYHFAT F BT
H TF AT T, T2 gATT ATHE THET 3T
T T AT TG €| AT 7T T
9 faraTet o fafsre &t & forg o=
T ITHA IS0 Al gl HeAFET THF
HqegmfFagl it @ Gf | [Ewa arer /9
" AIAT FEAT T4 § olee, 9AgF &1 T
Fgl STAT gl AYATFGAT A9 HgH F
TEAATA 3 | ST qIST SHGT HA 6 [0
FAT 21 B o ST W7 T TETHTA AT 98X
STHT 2 o forw vt 81 B o 3" 9mrr
THET TLA, ATHH TLAFET AT SH ARA
AT HLATFGAT & (S G % HYF a1 g
IR0 T AegwiFear g # b g9
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AT & At TW AT FeHiFEAr Had
SATET T E T AT 8

AYHFET I IART TAA: 9T & qad 1T
&1 H AT gom €1 399 A8 IIH H3d &
T wygHFEt #T 9T BT STar g1 S9Y
Ta9T, STFY eI, Fferft Tse , qeTy,

G AT AHAATE | AR I GHE T

gATrorq foham SImar g1 M-arad ud qE

% G
& AR o :
i » o
V. 7 408
9 o e, N b 3 . R v caen e ]
SRS RN 3 A iam a3
R - — T o \, X R

A HT Teg AYHFET ITaq |1 Taw AR
21 AT g GfH | TH & 7 AT F '
o foram g1 a8l o F a=-a8 HeAieHAT
=IO BT T ¢l qg1 & ART ATl w997 9fd
T T IUART F FHT T g A FUST FIT FHT
AT o= TR g1 9T &, F1Y ScaTad
frafzF =T H, TR L

ad # fFEl a9 ugd S @ ¥
HemfFaat aret STt off, v 3 ave ¥
H I ST | qTAd o T gl T4 &7 &
gt & ==t #, Tt & 9l |, 9T & a4l &
Gradl |, I7 4T T a0 §, g7 AT ot
qA{FGAT FT qTAT E WY H AT AL A
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AET ITH FTA & o ST I FHTewT AT Al
e T IraT & 97 o ¥ @] 9T
T ST 21 %2 =9 98T F1 w92 | =;H
d g1 =9 fafer & 87 uF 93 92 o A
T &, ST SiAd § f&aar g1 369 T
TTHIE &7 & HeAiFEAT F 979 § F2 9
2| ATLT 9Tgq STATE & "o | oTHT Ii=g
T 9T g1 fRETet i1 3T 9819 7 & oy
A TEAFIT AT KT FETaT o & g 39
% T EATT TH AT Hl A &9 T 5
gl TH FAA W OE T & forg AT

ATAT ITH | geqrT | gforeqor foram S

AT 2l

Wi 9re & o U weg a9 g g
e o\ AT STar g1 di| avg @&
AYFET I Ted aidal gl qgdt T
HEAFET AT 24 He § AT 800-1500 3
AT 8 | THRT WYHFET AT U ol § & T
ST |haT gl T ATHE (FHL) T ALHFET
3T ¥ fAFar gl &1 @ET gt g1 uF o
¥ TAdr gear 25-30 T gl ATRu
LT ST (AT) TH TEHFET T HTH AT I
T GTI0T HTAT 2IAT g1 ST G&AT 300-400
T gl AT

HA 919 & o orer, @<, 9,
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I\, ST, Teoloreed s & AgaEFal |
TGT MEE SCATEA (AT ST T T 5

HIA T =6 gq STLH TSl

. Ui T SRewT- 38 T ®i9 & A

EEICISIGIE]
ufog &<ft ®7- =7 zEforam wywedy F 91

H STET SATAT g1 o7 TF9TE, AiEF Iarad

SHAT, 9T Ilg ATAT| Tg T SATT qTAT
ST 2
HF [g G 90T &9 & aTell ard

. W I[g WY 3T 7y T AFET 6 9 gl

|7 g | T &€ T[T 20

HIF [g § A9 AT H 7H4E 9 T4 &

| T2 H 5-6 T AYHAFHT, T, AAT 9
AT § 9L 3

FFAT o TITATALI KT HTF A | gl FHedAT
FTRT

T wiEFEAT 7 N i T IO AR
STAT &1 AT T SATET ST AT FLdl 5l
| g & s@HT

. T T FTATETE T 97 79|

JLATT o THT HIA T2 Fl A 3T o eI
H 7|

-1 1 =TH TATIS 9% FLd 5

AT | g 9T 50 qiaera =1 T =rert

TFATFT T |
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HeAfFETl HT AHT TG F97 FT TG
=iy & =ifedi & a=ra * forg #19 afF
€T & A FANAT § T AT TG T
2l

HIF T & SET @IAT AW ATAT BHT
et T o g fawerd g | 9t aqw

T ZAH FATAT ST TFHaAT & |
AT A OF FF F 0 = A= A
qEAT & ST

. GeAT STE FT AA9AFAT BT &, TET I AT

HEHTFGAT o ITAF o (7T Ifet T 946 |
TR % a T

HE T STt

TIAT et

grrt o for =

SSATRTHT AT SIS 6T SFTHAT T=adT 2l
T AT 200 ¥ 300 ufewi mywHfFai
A & AT TR 4 F 5 L T hiie il
ST St g2 8, ST SR 9 ¥ 10 v
=9 qe e JTust |

FAl T AE (nactar) wgE FT FFT AR
ZIAT g ST 9t T aE7 AT § agaira i
Tl & HE[ H @I 6 &9 § FAl § o AT &
qT I AAEAT Tl g8 TATE AATH Fgl SATAT
21 erre feft f3rore g 3 et s
HETT | ITH 22 el F1 HY ITS TIL
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ATAT | ¢ 7 TH TG g TATg a9 Fgl
STET 2|

A & d18 6l AT HET [T & AHL
qAGL qF FIAl B, IA HET HIHAT 2R
TATIET BT 21 T, Frefiere, forss,
AT, HT searfe | agd &9 AT |

IR T FAL T T ITAd graTl g | Fradl

F HEY q9EC ¥ Jaa4 IF T 9 uE
AT 988 TaTg AATd gl Farqd, Hirer
STE GYel € agd H AT IUAeH gl HeHILT
HTET FIHIT ATET H I AT-3RT afe 2
THE EE YATE SAaid 3T gicai &t w1

AT THE Ag FT 9T THT § % 2rar @
AT 9T K H GH1H gAT gl Tgi Adh
srgs & forw =T % e e, verre
fRedrhegaw, g| ufemw, e Tadid,
CATE I E TTEE, ST e, HRrhay
TEIolY, ASRE UIHTET, HIHd AT dT
Adifeded Gt S| did g1 weHTd
HIET AT TRONE AEHFd O F o
SITET STar g e o ames g9 i)
ST 1 SMALTHAT gl gl FHIT T e
HEHFET ITAT TRATRI DBl AT H TEA
FAT THATH GIUTAT qLa 1 STITFHAT
2T 7, a1 § THET 3T 90" T90 § 9979
FT AL TR F TGS &F IAL Tq 6

EEIEIRCE I I G e I U O
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YA gl BT T ST 9rdt Al aXE
ST BT T He TITT Hd gl {9 o6 FAAT
Heldl § YTHaH gHTa 2ia1 @ A9 § A
T AT TF IHE qF YATg AAS T

STHT T WIHA Tl T8 & WL [ § HeT
fday a& fufeaa g1 ags agatFaql &
TN S FAT FT TG THET FLA 6 (T FH
qHT [HAar g, At qegHFEt aire T
arent & I &, A feAATieraT AT
3liY & ST gfeAT S JT9| FLaTq & e

H qAIT T wmEAl 6 gaH gS1 A 2

TFEAL | & AT A99% H TH g &

e § TR FT T HT T T=3T T

RIS

HYHFET qTAT & T Fael fFarar 7 sT=ht
AT gt B, Afcd AYHTFEIT FO IATRT
e # off AT FAT 51 AYHFET 9T q
TEE, |IH, TAA AT aife Afafih Icare ot

9T 2 & ST et iy sfafes smaey &

Sz o AR A #
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ATATH ST G AAFH T IATIA

AT G, TH.F. THT, fa=rier T, V. *. ST TH A1, &, FH

ICURICA T T ATHLTT HEATT
(AT FATIART ST U foreqT aiws, aaiawor, a7 oY STaarg aadd §a7ad, 973 4H1T)

a1 AT ST TH AT, AT U, TaAYT (7. T.) — 482 021

HIEH AT Gl 2T ST $1 3 AT
T AT HEHE 2| @I AT AOEH TSt
T, FHAT oFd, A= ug @t
TITAT | VI A 6 WO ARG
IO M g | ST AT ATeey UF UHT
o AuiETe = gra g, e asaE am
TG SfEZCEE € | A, ATFATE UH
zferor ufters IOt § A0 sruex

7= w7 [T #3399t 9T F#7T

FALTET FTSE § AT T gl HigaATd
AT HUEH ITATET FT % AT il AF
HEE H Tl & |

AT HAEH F ALl 9T g GHI
THE-9X Y37 % FHealsh dqal  a97 g 8, S
Fra e qaredy, ARt gt snfy # g =
& T T qTeTRl | AT U R AR

TETT Fle-Fle Fat A ThE-gL 3 &

FATHTT FATT & | T FAAHT STHeT
ASTOsT T o7 T g, ST ATHA IS
FFA I I: TAT Fdeh A a9Td ¢ |

HIAEH IATIA 7Y ATLTF Aradft

#ITH T T3 AT g T STAT FTAT 30 ATex
gaar aren fAgr & ar=, & oAr g,

arett=ft Sferrt, st it Trwtat, defdE
ofte, =1 (1), a9 AT AFHST & 4, dTH-
JHTHET o7fR

HAEH AT %‘I T T IS

HOEH FHT IcATed e i gt 47
T FT THRAT 7 AT IF Fg T 95
FHUH AT AT S |

HAEH IATEA & T 417 T [0/ 7

AT I FHTAT

HITEA T G F TAT AT A FT AT T
T 2 | 7 1 Fq &1 & [ 6l 2 T 3
+ 0.5 §. #I. /1T *F F-He Thel H FTe
AdE | ST ZHEI B @TAT AT H5H 7
e T AT 32T 2 & At o
* foro grame™ T § arE-gEy w6 oar
ettt 1 offe 9% Fer 39 71 o 3 fEer
Tg & gH AT 99 & @A &1 5 FA
wTHfeegTee Ua 1.5 19 arfafeed geT
AT 3 aredt 9+t | 10 | 15 =2l &
forw gt &t 71, 7 77 3u # o @
Id gl AT I 9 fRure % oo
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STATIIT T § AT6-FAL B T qrerr=ia
FT 9ffe I T T 2

ettt et § g v e gene 1
T S[AT ALAT

TH qEATA/SAT T 100 & 200 I HIEF TH
12 9 16 = 919 H qrenefia afeat |
AT 12 15 9H. FT T 109 15 82
T I gl WIS TATT gadt g gSferai =
T A1 dALg 919 < 5

w1 (ftoT) s

=T (ftsT) T T g I A F qH H 2

gfaaa W & Fg 97 fHend g s

HIAEH T #q1 (fiN)

Tt It § Tger M TEe/sEm f
h! 9T BT ¥ HITEH T (A1) F 20-
30 T T 21 qA: ATST AT T9 AT AT
TEAA STARE T (A19T) qI g1 THT TFHC
Feft wad % T (d1S) F 20-30 T
T g1 3 FR.AT. 58 AT [0 & forw us
Jrae #9149 (A7) o ST gt g e 1
o 2 Tt ae Hered Hear g |
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T i St T ST

o (fS) T e/ gET 9 T
Ffert &1 ATH-TAL I F THAT 8 ¥ 10
AT % fou Taeee I A |, e
AT 25 & 30 =t @3 uF smufed
SATRAT 75 | 85 Wi erd @l &, T&@ ad gl 10
" 15 & T Fasdh S T I F e
STAT g1 T A€ AT ATE & T =i It T
SEATHTL T o AT It T ST
T I g dAT FAF ST <6 TA/TH &
FTAT &1 30 |/ 40 F.sHT. A T TR T@ ad &

T TEHT | FTE - Aol 9% AT <d g

T+t &7 fgewTa

JF BF AT FeAN A A § 2 A1 3 91
FHL T AT S [TE/gH F g=r 9%
art FT1 feEFE Fa 8, Seg saes
ARAT a1 TR

g & & I AIEH & IATET
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SRIEG]

T % TATA/TE o SH T &= H Fdoh AT
A & a12 15 ¥ 20 T & 719 oy
AT IR BT SATAT Bl T HOEH h
FATHRTT 6 H 8 H.HT. w%'@aﬁ% GE]

g % SO I HAEH & AT

ISTETT ATA ATE AT 5T & Trg TUSA Aigd
oI % TRk I+ o e+ o
FTEHT THAT HT Ad gl T a7 8 | 10
3T & sfaT T2 =9 &= § 9 9 "9
EaECRERISICIRA

HIAET

HEH HATRIT & TUSA IT R A/ TH
T HTE HT W qretr=i= It 7 Tg=T

AT U| ATHTT ATATALOT JT FHL o ATTHTA

T HOEH F FATHTT Aoal GOa gl Sl
2, SHTIT ST 3T TF dai L@qar arigul
M

ST AT AAEL AUEH A1 g9 H @THL

ESETRISEASCARSER LIRS ER °h'{\|, i, HYehle,
T2, faege T shufer enfy a=r+ & o
ST Bl

[EER

EED! %"g’ qTSIT STTEEL WQRFW%ZOOW%

fi?-rmqfrvat Wﬁw&mﬁw
Tohe FETH ST ¢ ST AT | T 40 § 60

Tt TR o Wra & sk 21 FEt S a1

AT gorew & gfa .97, F % =97
1500 ¥ 2000 & |17 7 o & |

IR ATATR, TAAYL § AAEH A6
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T

1.

S HA § HIETIT 7247 2|

qegWE, gad fawr v oo @
FoqAT § ATHEITH g

L Teft T a1 AT 2

wefaet, foreaet  wiRemsi s
Fawer | qifzd agi & o 59w
AT E |

qragfaat

HIEH FeT 3fT =qF AT a7F RS HT

T e TEar ARul A #Y
et o ame & ards STt @ A
T SEE AT ot Fie svad Jaer A7
T | FIHAFHTLF hie T BRQAT & TH1T
Tl HH FLA & [T ST FHLe AT U:

THTE H U d1% Icdad HeT & AT
A EHTCIEEE qAT HATIAAT

AT FT FHA: 5 ufdera U= 0.05

Tfrera &1 [RgEaTa e ATl
o (&) B F qHT @
(STIATATEE FfedATa®) 0.1 Jfaera

Vol. 5, No. 12,

Issue: December, 2018

[N o o
G TEEShTT R{AT AT Tl

qEY IATET & GHT Hilal &
THIT HH TR ST ThaT 2|

Tfs &= (&) FATT "ET AT
A=A AETea 997 /= F
FHET 9T FTAT 7 24 Fhe a3
T I ATT &l S FT gl & agT

qTtafeed (FhaaTera) 0.1 Siera &
TITIHT ITATE FHT|
T GOU=H qred IT THAT FA h

TETT 99 Tg TUSA A Tg @i, al

TR FT HT s =T IT3ST 0.02

ST 1 FREE T FLAT AT U

AT AARH 6 Al T Fad
@eg % e aJfew 9AEe
fRasrr ot € i =9 9 997,
AT U =9 § afare fir srfdw
Safa & for afafis s o g

CRIEA
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