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Message
The MY FOREST Journal actually had
its origin in 1924 under the name “My Forest
– Forestry Quarterly Journal” (as per the
records in the archives of Karnataka Forest
Department) during the colonial period. The
journal was brought out for about 40 years
intermittently, but not with regular periodicity.
The journal was primarily intended to publish
the experiences shared by the then forest
officers and staff of the department.
With the birth of the Mysore state on
1st November 1956 profound changes both
administratively and organisationally occurred
in the forestry of Karnataka. As a result of
the reorganisation, the old Mysore state,
Bombay, Madras, Hyderabad and Coorg got
integrated. The “My Forest – Forestry Quarterly
Journal” was reincarnated as MY FOREST in
April 1964.
The board of Management was headed by
Sri N. S. Kaikini, the then Chief Conservator
of Forests in Mysore as President. The Editorial
Board was headed by Sri Y. M. L. Shastri,
the then Conservator of Forests, Shimoga
Circle as Chief Editor assisted by the then
District Forest Officers – Sri N. S. Adkoli and
Sri Thippeswamy. I am happy and proud that
I had the opportunity of joining the above
stalwarts by serving the journal as Editor and
Chief Editor. Though the journal was meant
for foresters to share their experience in the
formative years, now the journal is open to
researchers, universities, environmentalists,
students related to forestry and allied sciences
and have also been provided an opportunity for
contributing articles.
I have tried to bring in several useful
modifications in the contents and outlook of
the journal. Bringing out the journal
punctually on a regular basis was a great
task. When I assumed the charge of APCCF
v

Sri Sanjai Mohan, IFS

Principal Chief Conservator
of Forests (HoFF)
Karnataka Forest Department
&
Chief Editor, MY FOREST Journal

(Research & Utilisation) to which the responsibility of bringing out the journal is
attached, I found that there was a backlog of many volumes due to a few technical
reasons. I was able to sort out the hurdles by bringing special volumes of the journal
by combining back issues. Since then the journal is being published regularly.
I am also proud to have been a part of the Golden celebrations of the journal.
The Golden Jubilee issue (December, 2014) was a unique one with the articles of eminent
foresters of yesteryears. Another issue that gave me a sense of satisfaction was the
commemorative issue brought out in honour of Sri S. Shyam Sunder and Sri S. G.
Neginhal. This issue contained a record number of 35 articles contributed by both present
and past foresters and nature lovers recalling the contributions of Sri Shyam Sunder
and Sri Neginhal.
The journal has travelled a long way of 57 years and surging forward with
positivity. It is expected to complete Diamond Jubilee in the year 2024 which coincides
with the Centenary of the State Forest Department. I hope that the Department and
the government will celebrate the occasion of the Centenary of the Department and the
Diamond Jubilee of the journal on a grand scale.
Now, the time has arrived for me to step down as the Chief Editor of the journal
and also as the Principal Chief Conservator of Forests (HoFF). I wish to record my
deep sense of gratitude to Department and staff for the cooperation rendered during my
service.
I thank all the contributors of articles, Foresters who regularly contributed articles,
to scientists, students of forestry and allied sciences, staff of the research division for
making this journal a success. I record my heart-felt appreciation to editors, honorary
editor and members of editorial board for their valued contributions for making the
journal a success.
I earnestly hope that you will all cooperate and contribute to the further improvement
of the journal.
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Editorial
Dr. Surya Deo Pathak, IFS
Additional Principal Chief Conservator of Forests
Research & Utilisation
The MYFOREST Journal started in 1964 is
completing 57 memorable years and entering its
58th year. All through, the journal has travelled
a long way with the efforts of the foresters, both
past and the present to achieve the goals and
objectives. Each issue of the journal has served
as a catalyst to the academic needs of foresters,
scientists, students of forestry and allied sciences.
The achievement is due to the continued patronage
of the forest department and the contributors of
articles.
The present issue has articles on Orchids,
Rattans, Teak, Sandalwood and Bamboo. It
is heartening to note that the article entitled
“Vanda Krishna – New Vanda hybrid” by
Dr. Shashidhar IFS (Retd.) reports a new hybrid
orchid. The new hybrid orchid was achieved by
crossing Vanda tessellata and Vanda x hebraica.
The new hybrid Vanda Krishna has been
recognized by the Royal Horticultural Society,
Kew, England and the same has been registered.
I join the editorial members to congratulate
Dr. Shashidhar for this feat.
The article on Rattans by Sriyuths A. C.
Lakshmana, IFS (Retd.), M. N. Ashwath and
Prakash Netalkar, IFS, deals with the status and
yield estimation in Cane plantations of South
and North Canara Circle, Karnataka. The paper
provide general information about the study
locations, survival rate in plantations, and yield.
The article by S. K. Banerjee et al., provide
baseline data to assess soil carbon sequestration
over a period of time. The paper is based on the
studies carried out in the Bori Wildlife Sanctuary in
Pachmarhi Biosphere reserve in Madhya Pradesh
regarding the soil under Tectona grandis.
vii

Based on the studies carried out in long-term monitoring ecological plot established by
our Department at Hebri of Udupi district, Dr. Kumaraswamy Udupa and others recorded a total
of 26,471 individuals belonging to 134 species of plants after enumeration in 400 quadrats.
Their paper provides data recorded and an exhaustive list of species categorized according to their
habit.
Sri Dipak Sarmah, IFS (Retd.), in his paper entitled “Indigenous species in the afforestation
of dry zone in Karnataka” gives elaborate characteristics of Dry zones of Karnataka. He cites
relentless attempts by the Forest Department to rejuvenate the forests in the dry zone under
various afforestation programs. A list of 103 (Trees, Shrubs and Climbers) native species occurring
in the dry forests is also provided which is of great use to the department.
It is a fact that seed germination in Sandal is a complex one as it is time-consuming
and dependent on various factors. In the research paper entitled “Effect of pre-sowing seed
treatment on germination parameters in Santalum album L. seeds from three different sources”
Sri Govardhan Singh, M. Niveditha and C. Supritha of the Seed laboratory of our department
discuss the germination behaviour and present a technique that achieved 80% germination of
seeds collected from three different sources.
In the paper “Large scale production of Bambusa tulda Roxb. through micropropagation”
by Dr. Subramany, M. J. Govardhan Singh and Nivedita presents a new protocol using nodal
segments of Bambusa tulda which is cost-effective, repeatable and commercially viable.
Sri B. K. Singh in his review Paper “Amendment in Forest laws; surge in deforestation and loss
of Carbon storage potential” narrates various aspects of forest law amendments and their
repercussions and suggests remedial measures to mitigate the loss of carbon storage potential.
In the section MY FOREST – 50 years ago to, recall the past and to rejoice we are reprinting
the articles “Exploitation details on Sharavathy Submersion Area” by Sri A. C. Lakshman and
“Forest Plantation in Dry Zone – A Suggestion” by Sri S. Shyam Sunder.
In the book review section, Dr. K. R. Keshava Murthy has reviewed the book entitled “Down,
But not out – Sandal in Karnataka” authored by Sri Dipak Sarmah, IFS (Retd).
Sri Sanjai Mohan, IFS, will be retiring on March 31, 2022, as PCCF (HoFF) and Chief Editor
of MY FOREST Journal. I thank him for the constructive contributions made for the improvement
of the journal and services rendered to forestry in Karnataka. I join the members of the Editorial
Board in wishing him a happy and productive retired life.
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Abstract

about Orchids in general and importance
of hybridisation of Orchids. The paper also
provides descriptions of Vanda tesellata
Vanda x hebraica and Vanda Krishna. A
table providing the comparative account of
the above three is also provided. The hybrid
Vanda Krishna has been recognised by the
Royal Horticultural Society, Kew England and
the same has been registered.

Orchids have a special ranking in the
plant world due to their fascinating flowers
encompassing beauty and complexity.
Each species is so different, some are large
and showy, others are microscopic. Color
combinations are very diverse. They belong
to one of the largest families of flowering
plants - Orchidaceae. Hybridization has played
a pivotal role in floriculture. Innumerable
hybrids have been registered. The number
of orchids hybrids the world over stands
around 1,80,168 India’s contribution is a
mere 187. A large portion of the best hybrids
has been made by experienced orchid
growers who are experts both in orchid
taxonomy and breeding techniques. The
present paper is about the hybrid Vanda
Krishna.

Keywords: Hybridisation, Vanda, Vanda
tesellata, Vanda x hebraica, Vanda Krishna.

Introduction
Orchids are found all over the world
from tropical forests to tundra and the Arctic
Circle. They are highly diverse, adaptable and
evolved plants. Orchids signify exotic, bizarre,
mysterious flowering plants belonging to the
family Orchidaceae which is one of the largest
flowering family. Orchids are well known for
their gorgeous flowers with intricate designs,
brilliant colours, varying sizes and shapes.
Apart from the commercial value of cut flowers
and potted plants which run into billions of
dollars in the international market, they have a
major role to play in the ecosystem. With the
production of hybrids, cultivation of orchids for
their beauty and commercial cut flowers has
become relatively easier. Orchids also have
medicinal properties and have been used in

Vanda tessellata is a popular species used
in hybridisation. It is widely occurring in
India. Vanda x hebraica is a natural hybrid
with some of the best characters of Vanda
denisoniana and Vanda brunnea. The
hybrid, Vanda Krishna has some of the best
characteristics of both the parents in terms
of plant habit, inflorescence and the colour
of the flowers and the shape of the lip which
is important.
The paper highlights about the technique
adopted in the process of creating the hybrid
Vanda Krishna, besides providing details

* Former Additional Principal Chief Conservator of Forests, Nagaland Forest Department.
Present Address: # 766, 13th Cross, 3rd Block. Rajajinagar, Bengaluru 560 010. Email: kss70@hotmail.com
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environmental changes. The interrelationship
of orchids with insects has been documented
with some classic examples indicating that
the relationship thrives together. It is these
associations that ensure a complex interaction
with the environment. They are known to
show measurable responses to historic and
current environmental disturbances. Information
on the general health and condition of the
ecosystem may be obtained by measuring the
health and responses of orchid populations.

various cultural and festive occasions in the
country.
There are about 29,199 accepted species
under 900 genera as per the World Checklist
of selected plant families. As of 2020 August,
180,168 orchid hybrids are registered and
equal or more, though not registered are
available in the market. About 5000 orchids
are yet to be described the world over. About
70% of the epiphytes are from tropical forests.
New orchid species are still being discovered
at a rate of 200-300 per year. In 2014, world
over 300 orchids was discovered. In India,
recently, a Habenaria keralensis species was
discovered from the Western Ghats of Kerala
area and then Spathoglottis arunchalensis
was discovered from Arunachal Pradesh. This
emphasises the untapped potential of orchid
wealth all over the world as well as in India.

Hybridisation
The commercial importance of orchids
is more for the cut flowers and potted plants
which command a multibillion-dollar industry
world over. Thanks to the technological
interventions of hybridisation and mass
multiplication which made it possible. Though
India’s contribution in producing commercially
popular hybrids keeps in mind the market, it
is indeed negligible when compared to other
countries in South East Asia. But there is
great potential for making more impact in the
domestic as well as international trade in this
area. With India’s diverse orchid population
about 200 of them from the North East have
potential ornamental value. Several genera
comprising of Dendrobium, Aerides, Cymbidium,
Phalaenopsis,
Coelogyne,
Vandas
and
Paphiopedilum have been used in hybridising
and producing high-value potted plants and
cut flower varieties. Similarly, several of the
genera from the Western Ghats are unique
such as Dendrobium jerdonianum, Dendrobium
barbatulum, Vanda wightii and Vanda thwaitesii,
though lesser known but have high value
for hybridising. However, with the number of
orchids hybrids the world over stands around
1,80,168, India’s contribution is a mere 187.

India with a record of 1256 species
under 155 genera comprising of epiphytes
and terrestrials has diverse orchid flora. The
Western Ghats is one of the major orchid
distributions in the country next only to the
North-East Himalayan region. Karnataka has
a sizeable portion of Western Ghats as the
home of many orchids. About 175 orchid
species have been recorded in Karnataka
and the majority of them are in the Western
Ghats. These diverse species and genera
numbers indicate that India and Karnataka
are home to some of the most fascinating and
commercially important orchids.
The role of orchids from the ecosystem
perspective is very important and has been
there all along. This has not really been
emphasised and unquestionably deserves
more attention than what it is receiving now.
Epiphytes in general and orchids, in particular,
are suggested as potential indicators of change
in the climate. Orchids’ interaction in the
ecosystem such as mycorrhizal associations
and pollinators makes them sensitive to

Hybridization offers many advantages
in orchids. Besides producing plants with
amazing colors and fantastic patterns, they are
vigorous and have more adaptability with robust
2
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Penta generic are available commercially.
Line breeding has paved way for some of the
most popular and high-demand lines in the
market. Although free breeding is commonly
observed in orchids, It is not possible to make
crosses between any two genera as there
will be a genetic incompatibility. The majority
of the breeding success was mainly due to
tremendous patience involved in the breeding
process, intuition and perseverance and on
occasions merely by luck. There are nurseries
and laboratories involving generations of
work in producing some of the best hybrids in
the world.

growth. They are easy to cultivate and flowers
profusely. Hybrids also indirectly help in the
conservation of wild orchids. In many cases,
vigorous hybrids.
Looking at a brief history of orchid
hybridization, from the time orchid seeds were
observed for the first time and developing a
method for germination through asymbiotic
method, a time gap of almost 400 years has
passed. In the 1880s David Moore’s approach
was a major effort in orchid seed germination,
this was followed fifty Years later by Noel
Bernard (1874–1911) who made another leap
by formulating a method for symbiotic
germination of orchid seeds and the role
of mycorrhiza in orchid seed germination.
Bernard also predicted that future orchid
growers would have laboratories as part of
their establishments. This turned out to be true
not only for orchids but also for other plants.

Looking at the Indian scenario, with its
1256 species of germplasm spread over the
entire country, there is tremendous potential
to produce commercially viable hybrids
About 200 of them have ornamental value for
commercialization and breeding. In addition,
the advantages India has in orchid cultivation
are suitable climatic conditions, availability of
technical know-how for mass multiplication,
experienced and skilful growers. These
advantages need to be converted into an
output that meets the needs of the people of
the country and abroad.

Lewis Knudson’s (1884–1958) method
for the asymbiotic germination of orchid seeds
was the first practical procedure for in vitro
propagation of any plant in pure culture, this
method paved way for modern biotechnology.
Orchids were probably hand-pollinated for
the first time in 1797–1799 by the German
botanist, J. K. Wachter. The first attempt to
propagate an orchid (Phalaenopsis) by tissue
culture methods was made by G. Rotor at
Cornell University. The first man-made orchid
hybrid was in the year 1856 by J. Dominy of
M/s Veitch & Sons of U.K. This was a cross
between Calanthe masuca x Calanthe furcata
and named as Calanthe x Dominii.

With this background, efforts were made
in India by several hobbyists and commercial
growers in India mainly from the hilly areas
of Kalimpong, Darjeeling, Gangtok and in
parts of the North East to produce some of
the hybrids. One such effort was made by the
author to produce a Vanda hybrid which is
described below.
Genus Vanda

With the ease at which orchids hybridize
between genera (intergeneric hybrids) and
within the genus among different species
(Intra generic hybrids), lots of crop improvement
took place. Numerous natural hybrids occurred
which is due to crossing between species
naturally. Artificial hybrids which are manmade such as bigeneric, tri generic, tetra and

The genus Vanda is horticulturally important
in the family Orchidaceae. It has about
87 species. The name Vanda is derived from
the Sanskrit word ‘Vandaka’. The plants are
mainly epiphytes and some are lithophytes
and a few terrestrials also. They are distributed
3
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yellow streaks, 2-lobed; spur conical, white.
(Fig. 1 & 2)

in India, SE Asia, Indonesia, Philippines, New
Guinea, Southern China and Australia. In
India, they are mainly distributed in Eastern
Himalayas, Western Ghats, and Eastern
areas. The famed Vanda caerulea, Blue Vanda
occurs naturally in the states of Nagaland
and Manipur which is much sought after for
its azure blue flowers of enchanting beauty
and hybridization. It is also an endangered
species. There are several natural hybrids
and also man-made intergeneric and intrageneric hybrids available known for their
beauty and profuse flowers.
Material and Method
The hybrid produced by the author
belongs to the genus Vanda. The parents of
this hybrid are described below.
Vanda tessellata (Roxb.) Hook. ex G Don
This is a Vanda species occurring widely
in India from the Himalayas to the Western
Ghats and also in the Eastern sector. It occurs
widely in the Western Ghats of Karnataka.
It is also called as Checkered Vanda. It has
medicinal properties. This species is used as
Pollen parent for the cross.

Fig. 1

It is an epiphytic perennial plant having
a scandent stem of 30–60 cm long, stout
with simple often branching aerial roots.
Leaves succulent, about 15 cm long, linear,
recurved and complicated. Flowers in 6-10
flowered racemes with peduncle of 15–20 cm
long. Sepals and petals are yellowish-green
with brown nerves, subequal, clawed,
tessellated with brown lines and with white
margins. Petals are shorter than the sepals.
Lip 15 mm long, bluish, dotted with obovate,
wavy. 3-lobed, shorter than sepals, side lobes
small, acute, obliquely elliptic, sub-falcate;
mid lobe, thick, fleshy, sides deflexed, upper
surface ridged, colour varying from purplishblue to red, with white streaks or white with

Fig. 2
Fig. 1 & 2 – Vanda tessellata – pollen parent

4
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Vanda x hebraica (Rchb. f.) M. Motes, L. M.
Gardiner & D. L. Roberts

V. brunnea and as the flower colour in these
plants darkens, the lip typically narrow. The
side-lobes of the putative hybrid flowers also
typically show the fine spotting characteristic
of V. brunnea but which is totally absent in
V. denisoniana (Fig. 3 & 4).

This is a natural hybrid of Vanda
denisoniana Benson & Rchb. f and Vanda
brunnea Rchb. f. This is the seed parent of
the cross. The plant is short stout stemmed
with close and overlapping leaves at the
base. Stiff, leathery leaves and recurved and
bilobed at the apex. The inflorescence is
relatively short and stout emerging from the axil
of the lower leaves. The thick fleshy flowers
which are 5-8 in number are of golden yellow
to white with spots. Sepals and petals
unguiculate, obovate, obtuse, white on the
outside, yellowish-green inside with numerous
reddish-brown spots. Lip ovate, convex
traversed by three lamellae and terminated
by a kidney-shaped broad, bifid apex, with
two small triangular, rather blunt side-lobes
or auricles at its base, apex violet, auricles,
and conical spur white. The narrow lips of this
hybrid share the characteristics seen in

Fig. 4
Fig. 3 & 4 – Vanda x hebraica – Seed parent

Both the plants were pollinated on 16
May 2016 with the pollen parent as Vanda
tessellata and seed parent as Vanda x hebraica.
The capsule matured after 170 days and was
harvested on 17 November 2016 and sent
to the laboratory for seed culture and was
cultured on 26.11.2016. After multiple cycles,
seedlings of the size of about 3 cm which
were ready were taken out from the flasks.
This is after a time-lapse of ten months in
the laboratory. Seedlings were planted in
community pots of 4-5 seedlings in each pot
of 6 cm diameter. The media used for planting
these seedlings is a mixture of pine bark,
charcoal, perlite with good drainage at the
bottom. Hardening of seedlings is done in a
relatively controlled environment with high
humidity and low light to begin with and
gradually were acclimatised to the ambient
greenhouse conditions over a period of
6-8 weeks and then taken out. The community

Fig. 3

5

My Forest – March – 2022
lobe which is about 1.5 cm is obscurely
bifid, with ridges on the upper surface with
reddish-brown streaks. Sides deflexed, spur
conical, violet (Fig. 5, 6 & 7).

pots were maintained with regular nutrition.
When seedlings were about 8-10 cm in height
with 4-6 leaves were then transplanted to
individual pots of 6 cm diameter in a media
of charcoal, pumice stone, and pine bark.
The plants bloomed for the first time on
24 January 2022 at the age of 5 years and
two months from seed culture in the laboratory
to blooming. The hybrid Vanda Krishna
(named after my parents) is registered with
the Royal Horticultural Society, Kew, England
as International Cultivar Registration Authority
for Orchid Hybrids on 05 February, 2022.
(Fig. 8).
Vanda Krishna – The hybrid
Description: The plant is small compact
with a height of 18 cm from the base to the
top leaf. It has a span of 30 cm with the leaves
spreading out. The plant has about 6 pairs of
leaves positioned on either side of the stem
spaced closely. Leaves are stiff and leathery
with a length of 18 cm and a width of 1-1.2
cm having a grove in the middle. The base of
the leaves is overlapping on the stem and the
apex is lobed. Plenty of aerial roots which are
branching.

Fig. 5

The inflorescence is erect and with a
height of about 13 cm arising out of the axil.
It has about 8-10 flowers which are yellowish
and with a green tinge, mildly fragrant. The
flowers are about 4 cm in width and 3.6 cm in
length. The sepals and petals are with spots
and some tessellations. Sepals are broader
compared to petals and are about 2 cm in
length. Petals are lesser than 2 cm in length
and are clawed at the base with a wider tip.
Lip is three-lobed and is about 1.5 cm and
as long as petals. Side lobes are violet or
purple inside and white externally. The mid

Fig. 6

Conclusion
Vanda tessellata is a popular species
used in hybridisation. It is widely occurring
in India. Vanda x hebraica is a natural hybrid
with some of the best characters of Vanda
denisoniana and Vanda brunnea. The
6
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Fig. 7
Fig. 5, 6 & 7 – Vanda Krishna – Hybrid

hybrid, Vanda Krishna has some of the best
characters of both the parents in terms of
plant habit, inflorescence and the colour of
the flowers and the shape of the lip which is
important. It is hoped that this hybrid will be
well received.
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Table showing comparison of few main characters of parents and the hybrid
Vanda tessellata

Vanda x hebraica

Vanda Krishna

Plant scandent,
inflorescence is sub erect

Plant short stemmed
and stout

Plant is compact and stout

Flowers white outside

Overlapping leaves at
the base and closely spaced,
short inflorescence.
Flowers with golden colour
and with spots

Closely spaced leaves with
overlapping base. Erect
inflorescence. Flowers
golden yellow colour with
spots and tessellations

tessellations inside,
Lip yellow and extending
Lip is bifid and with ridges
bluish lip with ridges
downwards
on the surface with brown
		 streaks
Singh Sushil Kumar, Agrawala Dinesh Kumar,
Jalal Jeewan Singh, Dash Sudhansu
Sekhar, Mao Ashiho Asosii, Singh Paramjit
(2019). Orchids of India A pictorial Guide.

Botanical Survey of India, Ministry of
Environment, Forest and Climate Change.
https:// en.wikipedia.org. Vanda.
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Introduction

Abstract

Canes are long single-stemmed or clumpforming climbing palms that belong to the
family Arecaceae, found densely in the moist
tropical and tropical forests. There are 13
genera of rattans having about 568 species
(Dransfield and Uhl, 2005). Of the 13 genera,
the Calamus L. is the largest genus with 482
species. In India, four genera namely, Calamus
L., Daemonorops Blume, Korthalsia Blume
and Plectocomia Mart. & Blume are found
with 51 species; 25 are considered endemic
(Basu, 1985). In South India, it is reported that
25 species are distributed, of which 17 are
common in Karnataka, 13 in Kerala, and 12
in Tamil Nadu (Renuka C., 1992). Among the
South Indian states, Karnataka is the richest
with five endemic species. Most cane species
are distributed in Kodagu, Dakshina Kannada,
Uttara Kannada, Ckikkamagaluru, Shivamogga,
and Hassan regions.

The present paper is the result of research
carried out to estimate the yield and know the
status of cane plantations located in Dakshina
Kannada and Uttara Kannada districts of
Karnataka. The selected plantations were
mixed ones (Calamus thwaitesii Becc. and
Calamus nagbettai R. R. Fernandez & Dey)
which belonged to different ages.
In each plantation, two samples plot of
10 x 10 m were laid out for the assessment.
Parameters such as number of clumps,
number of culms, mean height and girth were
recorded for further investigations. The article
include general information about the study
locations, survival rate in each plantation and
the yield.
Keywords: Calamus thwaitesii Becc. and
Calamus nagbettai R. R. Fernandez and Dey,
Yield, survival rate.

Ecologically, canes are a vital plant
community with an imperative regulatory
ecosystem service in the tropical forest by
enriching the fertility of the soil through adding
organic content of their leaf litter, improving
water-holding capacity, soil-moisture conservation, avoiding soil erosion, and also providing
lodging for the number of faunal communal
		Former Secretary, Department of Environment and Ecology, Government of Karnataka.
Ph.D. Scholar, College of Forestry, Vellanikkara, Thrissur.
3
Chief Conservator of Forests, Mangaluru Circle, Karnataka Forest Department.
* Author for Correspondence: aclakshmana@yahoo.com
1
2
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than half of a million people are engaged in
harvesting and handling of rattans (Asiaweek,
1998).

(Dransfield, 1996; Baker and Dransfield, 2008;
Lakshmana, 1993). Among the economically
important plant species in forests, rattans have
special attention.

The growth of the canes is initially slow,
which will hasten after three or four years.
The average annual growth rate of cane is
90 cm. During the first three to four years, the
annual growth varies between 25 to 35 cm
1 year (Lakshamana, 1993). The assessment of
growth and yield estimation of a plantation
is essential before harvesting. With this
background, the status and yield of the
selected plantation were studied and estimated.

Rattans are mainly exploited for their
flexible stems which are used in handicraft
and furniture industries because of their
durability, elasticity, lightweight, lustre, colour
and flexibility which can be fixed into several
forms without affecting the strength properties.
Disparate bamboos, canes are firm and
habitually more robust. Rattans are generally
used in making furniture; split canes are
usually preferred in baskets, matting, articles,
cordage, etc. Rattans are the significant
revenue source for the economically and
socially fragile families in rural regions of south
and Southeast Asia; it is projected that more

Materials and Methodology
The present exploration was carried out
to estimate the yield and know the status of
cane plantations located in Dakshina Kannada
and Uttara Kannada (Table 1). Plantations of

Table 1 – General information about the study locations
Circle
South Canara

North Canara

Sl. No.

Location

Species

1

Atyadi 01

Mix

1998

15

2

Atyadi 02

Mix

1999

10

3

Atyadi 03

Mix

2000

20

4

Akkapadi 01

Mix

1998

15

5

Akkapadi 02

Mix

1999

16

6

Kokkegundi

Mix

1995

12

7

Todikana

Mix

1998

25

8

Mastimane 01

Mix

2019

25

9

Mastimane 02

Mix

2018

25

10

Mastimane 03

Nagarabettha

2018

25

11

Mahime

Mix

2015

15

12

Nagarabasti 01 Mix

2014

50

13

Nagarabasti 02 Mix

2013

25

14

Hadgeri 01

Mix

2011

50

15

Hadgeri 02

Handibettha

2001

25

16

Hadgeri 03

Handibettha

1998

25

10

Year of Establishment

Area (Ha)
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into three groups i.e., Rattan rich plantations
(Akkapadi 02 – 77.50%, Todikana – 75%,
Mastimane 01 – 80%, Mastimane 03-90%),
Medium
plantations
(Atyadi
01-62.50%,
Atyadi 02-72.50%, Atyadi 03-65%, Akkapadi
01- 60%, Kokkegundi – 67.50%, Mastimane
02-65%, Mahime – 70%, Nagarabasti
02-72.50%, Hadgeri 03-60.50%) and poor
populated plantations (Nagarabasti 01-47.50,
Hadgeri 01-37.50%, Hadgeri 02-48%) (Table 2).
The rattan-rich plantations were either recently
established or deprived of anthropogenic
activity and well protected. Generally, the
survival rate is higher in younger plantations
than the older plantations. As the plantations
grow, they may fail to establish because of
some reasons. During the growing period,
most of the plants were either damaged or
uprooted by porcupine and other rodents.
Even some of the plants were died because of
the competition for host and light. Since
the canes are climbing palms, they need
support to grow in the early stages (during the
growing period from the 2nd or 3rd year
onwards). Some of the plants are planted
in open areas, where primary vegetation
(host for support) is absent. Those clumps,
that fail to reach a host or support will struggle
to grow and even die because of light’s nonavailability. In some of the old plantations,
matured culms were harvested and among
those, damaged clumps failed to produce
new rhizomes. These are some of the reasons
for less survival rate or failure of the cane
plantations.

different ages were selected to estimate the
yield. The plantations selected were mixed
plantations of Calamus thwaitesii Becc. and
Calamus nagbettai
R. R. Fernandez and
Dey. In each plantation, two samples plot of
10 x 10 m were laid out for the assessment.
Parameters such as number of clumps,
number of culms, mean height and girth were
recorded for further investigations.
2.1 Survival rate
The survival rate of the plantations was
calculated by using the formula (1). The clumps
present in the field were calculated during
the field investigation and secondary data on
the total number of plants planted was collected
from the Karnataka Forest Department
plantation journals. The plantations were
classified as rattan-rich plantations (>75%),
medium rattan plantations (75 to 50%) and
poor rattan plantations (< 50%) based on
the present status of plantations (Lakshmana,
1993).
(Plants existing)
Survival rate = ------------------------------------- (1)
(Total number of plants planted)
2.2 Yield
The yield of rattans is usually expressed
in meters per hector. The samples clumps
were measured for mean total length after
harvesting the culm. The total length per
hector and unit area was calculated on the
total area’s average length.

The yield of different aged plantations
was estimated and depicted in Table 3.
The harvestable culms were calculated to
estimate the total yield. The maximum average
length of harvestable culms was observed in
Atyadi 03 plantation (18.83 m), followed by

Results and Discussion
The assessment of status and the yield
of cane plantations’ through light on these
species’ great potential in a plantation. Based
on the survival rate, plantations were grouped
11
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Table 2 – The survival rate of the plantations
Sl. No.

Locations

No. of Clumps per Ha.*

Survival Rate

Category

1

Atyadi 01

125

62.50

Medium

2

Atyadi 02

145

72.50

Medium

3

Atyadi 03

130

65.00

Medium

4

Akkapadi 01

120

60.00

Medium

5

Akkapadi 02

155

77.50

Rattan rich

6

Kokkegundi

135

67.50

Medium

7

Todikana

150

75.00

Rattan rich

8

Mastimane 01

160

80.00

Rattan rich

9

Mastimane 02

130

65.00

Medium

10

Mastimane 03

180

90.00

Rattan rich

11

Mahime

140

70.00

Medium

12

Nagarabasti 01

95

47.50

Poor

13

Nagarabasti 02

145

72.50

Medium

14

Hadgeri 01

75

37.50

Poor

15

Hadgeri 02**

96

48.00

Poor

16

Hadgeri 03**

121

60.50

Medium

*The total number of plants planted was 200/ ha.
** Harvested plantations
yielding 3500 m per hector can be expected
under good plantation condition. In the cane
plantations, it is advised to go for selective
felling of mature rattans of 15 m, any time after
15 years (Lakshmana, 1993). In this
investigation, the seven plantations are below
15 years and two plantations were already
harvested, which has stems not than 10 m
mean length. These plantations are not

Akkapadi 01 (18.38 m), Todikana (17.80 m),
Akkapadi 02 (17.63 m), Atyadi 01 (17.40
m), Kokkegundi (16.88 m), Atyadi 02 (16.50
m), Nagarabasti 01 (15.38 m), Nagarabasti
02 (13.58 m), Hadgeri 01 (12.94 m), Mahime
(11.94 m), Hadgeri 02 (8.05 m), Hadgeri 03
(7.97 m). The harvestable culms are only
produced after 3 to 4 years of planting. After
the 15th year, 250 rattan stems of 13 to 15 m
12
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Table 3 – Yield estimation of cane plantations
Sl.
Locations
No.		
			

No. of
Harvestable Harvestable Mean
Yield /
Clumps /
Culms /
Culms /
Length ha (m)
Total area
ha
Total area
(m)		

Yield /
Total
area (m)

1

Atyadi 01

1875

500

7500

17.40

8700.0

130500.00

2

Atyadi 02

1450

580

5800

16.50

9570.0

95700.00

3

Atyadi 03

2600

520

10400

18.83

9791.6

195832.00

4

Akkapadi 01

1800

480

7200

18.38

8822.4

132336.00

5

Akkapadi 02

2480

620

9920

17.63

10930.6 174889.60

6

Kokkegundi

1620

540

6480

16.88

7

Todikana

3750

600

15000

17.80

8

Mastimane 01

4000

–

–

1.75

–

–

9

Mastimane 02

3250

–

–

1.83

–

–

10

Mastimane 03

4500

–

–

1.93

–

–

11

Mahime

2100

560

8400

11.94

6686.4

100296.00

12

Nagarabasti 01

4750

380

19000

15.38

5844.4

292220.00

13

Nagarabasti 02

3625

580

14500

13.58

7876.4

196910.00

14

Hadgeri 01

3750

300

15000

12.94

3882.0

194100.00

15

Hadgeri 02

2400

384

9600

8.05

3091.2

77280.00

16

Hadgeri 03

3025

242

6050

7.97

1928.7

48218.5.00

advised for harvest. Some of the old
plantations are found to produce maximum
yield. Those plantations can be felled to
meet the industrial demand as well as to
generate income. In the coming days, priority
should be given to the rattan species which
facing the verge of extinction. It was recorded
that the Devarabettha and Ontibettha were
also planted in forest plantations, but during

9115.2

109382.40

10680.0 267000.00

the field survey, we could not find much
of those plants. Such genetic materials should
be conserved for future days.
Conclusion
In the context of increasing demand for
raw material in the modern industrial sector,
these rattan plantations can play their own
role in meeting the demand. Rattans are always
13
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A : Laying out the sample plots

B. Overview of plantations

established plantations. During the field
investigation, some of the plantations were
not well maintained and protection (from
animals and humankind) was worse in its
condition. If this trend of carelessness, lethargy
in protecting, cattle browsing, illicit felling

an endless source of returns. These valuable
plant resources should be managed and
conserved for future utility. Karnataka contains
over 15,000 hectares of cane plantations;
it is time for the department to manage them
appropriately and get returns from well14
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C. Candidate clump with robust growth
continues, it is not easy to come back. Some of
the single-stemmed canes species (especially
Ontibettha and Devarabettha) can be introduced
in agroforestry; hence we can generate income
and conserve those cane species.
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Introduction

Abstract

Tectona grandis L.f. belonging to the
family Lamiaceae (Formerly placed under
Verbenaceae) is one of the major plantation
tree species of the world which is naturally
distributed in South and Southeast Asia
particularly in India, Burma, Thailand, Myanmar,
Bangladesh, Nepal, Pakistan, Sri Lanka,
Vietnam, Cambodia, Japan, etc. but plantations
of this species have been established
throughout the tropics within and outside
its natural distribution zone which covers a
wide range of climatic conditions, i.e. from
equatorial type to subtropical type with a
wide range of rainfall and temperature of
500 – 2500 mm and 20 – 48° C (minimum
and maximum range) respectively (Kaosaard 1981). Though it is a very good timber
species, and durability is the gift of nature
bestowed upon it, its other qualities are
due to unique properties such as termite,
fungus and weather resistance, lightness with
strength, workability and seasoning capacity
without splitting, cracking and materially

The natural teak forest of Bori Wildlife
Sanctuary under Pachmarhi Biosphere
Reserve of Madhya Pradesh is existing
since several decades. The characteristics
and carbon sequestration potential of the
soils supporting these old trees has not
been well documented so far although a
lot of studies have been carried out by a
number of scientists and foresters on
distribution of flora and fauna, distribution
of medicinal plants, wildlife and their
habitats etc. of this region. In the present
communication, the characteristics and the
carbon sequestration potential of the soils
under these old teak forests have been
presented. The results provide base line
data to enable us to provide soil carbon
sequestration over time.
Keywords: Bulk density, natural teak forest,
carbon stock, soil characteristics.
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distribution of medicinal plants, wild lives, and
their habitat, etc. but the characteristics of
the matured and very old teak growing soils
and their carbon sequestration potential
particularly of Bori Wildlife Sanctuary of PBR
having quality-I teak have been partially
documented. The objective of the present
investigation is to fill up the lacuna. The results
provide baseline data to enable us to project
carbon sequestration over time.

altering shape (Tewari, 1992). Today, teak is
widely planted not only in South East Asia
but in East and West Africa, South and Central
America, the Caribbean, etc. as an exotic
species.
In India, teak forest occurs naturally below
24°N latitude in the states of Kerala, Andhra
Pradesh, Karnataka, Orissa, Madhya Pradesh,
Maharashtra, Gujarat, Rajasthan, Manipur,
West Bengal, etc. Madhya Pradesh has
maximum area under teak. The distribution
of teak is largely controlled by climate, geology
and soil wherein soil plays an important role
in the growth and development of teak
forests. Teak is a light demanding species
relatively high light intensity of the full
sunlight for better growth and development
(Kaosa-ard 1981 and Balagopalon, 1995).

The
Pachmarhi
Biosphere
Reserve
(PBR) is located in the bio-geographical
region of the Decan Peninsula and the biotic
province of Central India (22.4685ºN and
78.4412ºE). The Satpura mountain ranges
cross India from west to east and Pachmarhi
lies directly in its center. It comprises three
protection sites: the Bori Sanctuary, Satpura
National Park, and Pachmarhi Sanctuary.
Forests represent approximately 63% of the
biosphere, while agricultural lands (30%),
water bodies (5%), wastelands, and human
settlement areas combined 2%. Several
rivers, rivulets, annual and seasonal streams
have given rise to typical micro-climate which
helps in harboring many species of higher and
lower plants and wildlife.

Forests play an important role in the global
carbon cycle by acting as natural storage
of carbon and in reducing the atmospheric
carbon dioxide levels by sequestering
atmospheric carbon into the growing biomass
through the process of photosynthesis
and also by increasing soil organic carbon
contents (Banerjee and Banerjee, 2020a).
Forest vegetation shares almost 60% of the
world’s terrestrial carbon (Winjum et al., 1992).
Carbon stored in soils worldwide represents
the third-largest sink after the ocean and
geologic sinks. The maximum potential of
soil to sequester C is determined by intrinsic
abiotic factors such as topography, mineralogy
and texture as also carbon dynamics driven
by biota and their interaction with climate (De
Deyn et al., 2008, Banerjee and Prakasham,
2013). In Pachmarhi Biosphere Reserve (PBR)
a lot of studies have been carried out on
the distribution of flora and fauna, soil
characteristics of different altitudinal zones,

PBR falls in three civil districts of
Hosangabad, Betul and Chhindwara. Satpura
National Park having a 524.37 sq. km area
forms the core zone of PBR. The total area
of the buffer zone is 4401.91 sq. km which
consists of 461.37 sq. km of Pachmarhi
Sanctuary, 518 sq. km of Bori Sanctuary and
3422.54 sq. km areas of the adjoining three
forest divisions.
Materials and Method
Study sites: The natural teak forest of
Bori Wildlife Sanctuary in Hosangabad district
18
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Results and Discussion

of Madhya Pradesh is situated between
22.4030ºN and 78.0800ºE. It is bounded by
the Satpura National Park to the north and
east and by Tawa River to the west at an
altitude up to 429m on a gently sloping (15%) upland. The parent material consists of
numerous intrusions of 20 to 30m wide
dolerite sills of Deccan trap which are formed
in the Bijori formation of lower Gondwana.
The annual precipitation is 1370mm (10
years average) and the area enjoys a hyperthermic soil temperature of 25.5ºC. The mean
monthly highest temperature is in May (34ºC)
and the lowest in January (18ºC). Along
with teak, the other dominant trees include
Anogeissus latifolia, Diospyros melanoxylon,
Lagerstroemia parviflora, Terminalia tomentosa,
Adina cordifolia, Hardwickia binata, etc.

Teak enjoys a world-wide reputation as
a quality timber on account of its remarkable
physical and mechanical properties. The teak
of Bori wild-life sanctuary is of quality-I (AIG
1). The morphological characteristics of the
soils reveal that they have in general hues of
5YR, chromas of 3 to 4, and values of 2 to 4
(field study). The reddish-brown to brown
colour is attributable to the presence of
non-hydrated iron oxides released due to
weathering of ferro-magnesium minerals
(Challa and Gaikawad 1986, Bhowmik and
Totey 1990). The soils are moderately deep to
deep to very deep varying from 95 to 140cm
and slightly to moderately eroded. These
are strongly acidic (pH 5.2) to slightly acidic
(pH 6.2) at the surface and strongly acidic
(pH 5.1) to near neutral (pH 6.6) at the subsurface to the subsoil and pH increases with
the increase of the soil depth (Table 1). In
general, the pH of the surface soil is low in
comparison to subsurface and sub-soils but
in four cases there is little variation/fluctuation
from the general trend which may be due to
some other pedogenic processes such as
alluvial deposition of soil material through the
influence of different fluvial cycles influencing
the development of soil (Charlton, 2008).
The highly acidic nature of the surface soils is
mainly due to the decomposition of Teak
leaves and litters forming humus and humic
and fulvic acids and these replenishing the
bases from the surface to lower layers showing
comparatively higher pH in lower horizons
(Banerjee and Prakasham, 2013).

12 sites with varying slopes, aspects,
canopy cover of the area, etc. were selected
in the present investigation. At each site, 10 to
12 plots of 100m x 100m in size were laid
and six to eight sampling points in each plot
were selected. From each sampling point,
3 soil samples were collected at four depths
(0 – 15cm, 15 – 30cm, 30 – 60cm, and
60 – 90cm). Soil samples of each depth of
the same altitude, aspect, and slope were
mixed separately and a composite sample of
each depth was prepared. In the present
investigation soil depth was restricted to
90 cm because of maintaining uniformity as
the depth in some cases (3 – 4) does not
exceed 95cm. The air-dried, ground and
sieved soils were analyzed for physical and
chemical
characteristics
using
standard
methods (Black 1965, Jackson 1973). The bulk
density (BD) was estimated by the field moist
method using a core sampler (dia. 50mm)
of known volume (100 cubic cm) (Blake and
Hartge, 1986).

Soils are rich in organic carbon and it
varies from 24.6 to 34.2 g/kg at the surface
and 26.6 to 4.1 g/kg at the sub-surface to
subsoil. It is high on the surface and decreases
19
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Table 1 – Physico-chemical characteristics of the soils in different depths
Site Depth
pH
Clay
Bulk
CEC
		
(cm)		
(%)
density
cmol
(p+)kg-1
				
(Mm-3)
							
							

Exch.
Exch.
Clay
Cations
Ca2+/Mg+2 CEC
cmol
(p+) kg-1
Ca2+
Mg2+

1
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

5.8
6.5
6.9
7.2

24.6
30.4
32.0
24.6

1.26
1.42
1.49
1.59

18.7
19.5
20.7
18.6

11.4
11.4
11.4
9.5

4.5
6.4
6.4
6.4

2.5
1.7
1.8
1.5

76.0
64.1
64.7
75.6

2
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

6.1
6.2
6.2
6.4

25.4
47.0
41.4
37.0

1.30
1,45
1.51
1.53

27.7
27.8
25.5
24.6

15.6
15.2
13.2
13.1

8.3
8.1
7.3
6.4

1.9
1.8
1.8
2.0

109.0
59.1
61.6
66.5

3
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

5.2
5.2
5.2
5.6

28.6
30.0
31.4
24.4

1.24
1.36
1.51
1.54

32.8
33.7
37.1
41.4

22.8
21.6
20.3
18.2

6.9
8.3
7.3
7.2

3.3
2.6
2.8
2.5

114.7
112.3
118.1
169.6

4
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

5.2
5.2
5.2
5.2

33.3
34.2
25.0
23.2

1.24
1.36
1.51
1.54

18.1
19.4
17.7
18.4

13.3
13.1
11.4
10.1

2.9
2.6
2.3
2.7

4.9
5.0
4.9
3.7

54.3
56.7
70.8
79.3

5
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

5.6
5.7
5.9
5.9

22.8
26.7
28.3
21.7

1.24
1.30
1.45
1.51

16.9
18.2
18.6
17.3

10.6
9.3
8.4
6.3

4.8
4.8
3.9
3.7

2.2
1.9
2.1
1.7

74.1
68.2
65.7
79.7

6
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

6.0
5.9
6.0
6.4

27.3
28.6
27.6
25.2

1.29
1.46
1.52
1.54

15.7
14.1
12.0
9.6

8.5
6.9
5.2
4.1

3.7
2.8
1.8
1.9

2.3
2.5
2.9
2.1

57.5
49.3
43.5
38.1

7
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

5.6
5.8
6.0
6.2

31.2
30.5
30.2
26.5

1.25
1.36
1.51
1.58

19.8
18.6
16.6
14.5

10.6
9.1
7.0
4.2

4.7
3.9
2.8
1.8

2.3
2.3
2.3
2.5

63.5
61.0
55.0
54.7

8
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

5.8
5.6
6.3
6.4

27.6
39.3
38.7
35.4

1.29
1.36
1.53
1.54

18.4
15.2
13.6
11.7

11.1
8.7
7.2
5.3

6.3
4.9
4.5
2.9

1.8
1.8
1.6
1.8

66.6
38.6
35.1
33.0
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Site Depth
pH
Clay
Bulk
CEC
		
(cm)		
(%)
density
cmol
				
(Mm-3)
(p+)kg-1
							
							

Exch.
Exch.
Clay
Cations
Ca2+/Mg+2 CEC
cmol
(p+) kg-1
Ca2+
Mg2+

9
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

6.2
6.0
6.4
6.6

32.7
31.6
27.3
22.7

1.32
1.50
1.51
1.56

27.3
21.4
18.3
16.1

14.7
11.5
10.1
8.0

9.2
7.1
5.8
4.7

1.6
1.6
1.7
1.7

83.5
67.7
67.0
70.9

10
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

6.1
6.0
6.0
6.4

27.3
42.2
41.1
36.3

1.33
1.47
1.59
1.58

23.7
28.3
27.2
21.7

11.5
10.6
10.2
9.6

6.1
5.8
5.4
4.6

1.9
1.8
1.9
2.1

86.8
67.1
66.2
59.7

11
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

5.3
5.7
5.9
6.1

26.8
27.7
25.3
23.4

1.22
1.37
1.53
1.59

26.5
23.2
22.1
22.3

10.6
9.8
7.3
5.0

5.0
4.6
2.1
2.1

2.1
2.1
22.2
1.8

98.8
83.7
87.3
95.3

12
		
		
		

0 – 15
15 – 30
30 – 60
60 – 90

5.6
5.5
5.8
6.1

26.1
44.3
42.7
38.2

1.18
1.34
1.53
1.57

30.2
32.6
31.8
31.6

9.7
8.3
8.1
6.3

4.6
3.9
3.7
2.8

2.1
2.1
2.2
2.2

115.7
73.6
74.6
82.7

fall and the employment of this strategy will
also contribute to reducing soil erosion and
improving water quality. Soil is the mediator
between air, water, rock, minerals and
organisms and is responsible for different
functions in the natural world called ecosystem services. These services include
improvement of air quality and composition,
temperature regulation, carbon and nutrient
cycling, natural waste treatment and are
the medium of plant growth (Dominati et al.,
2010). The accumulation of leaves, litter,
plant residues, etc. in the soil surface acts as
mulch and their decomposition increases the
organic matter content which binds the soil
particles to form aggregates protecting soil
against surface runoff and increasing infiltration

with the increase in soil depth (Table 2). The
higher organic carbon content in the top layer
of all the sites is due to the accumulation of
a large proportion of inputs in the form of litter
and its decomposition.
Soil organic matter is composed of different
types of microbes, decaying materials of plant
and dead animal tissues, and the products
formed from their decomposition ranging from
fresh plant residues to highly decomposed
material known as humus. It may be mentioned
here that teak is a deciduous tree species
that sheds all its leaves at one time of the
year and their subsequent decomposition
gives rise to the high input of organic carbon
in the soil. Soil fertility is generally improved
as a result of the increase of SOM by litter
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Table 2 – Soil organic carbon (g/kg) at different sites
Site

0 – 15 cm

15 – 30 cm

30 – 60 cm

60 – 90 cm

1.

29.2

16.5

9.6

7.2

2.

26.7

12.7

10.4

7.5

3.

32.2

18.9

8.2

4.8

4.

32.1

20.2

9.0

5.9

5.

31.2

26.6

12.7

8.1

6.

28.2

14.7

10.2

6.2

7.

29.8

20.2

10.2

7.5

8.

27.5

20.2

9.8

6.3

9.

25.1

10.4

8.0

4.8

10.

24.6

10.1

7.2

4.1

11.

33.2

18.1

10.1

6.6

12.

34.2

22.1

10.8

7.4

frequently used to estimate soil C pool (Post
et al., 1982). BD is affected by factors such
as water, aeration status, root penetration, clay
content, texture, land use and management
and it is a very important soil parameter.
Surface soil samples of all the study sites
showed a higher reduction in BD due to the
higher content of organic matter.

rate. As a whole, soil health undergoes
improvement under teak which is a measure
of soil functions such as the optimum status
of the soils’ biological, physical and chemical
functions (Banerjee et al., 2020b).
The bulk density (BD) of soil ranges from
1.18 to 1.33 Mg m-3 at the surface and 1.30
to 1.59 Mg m-3 at the sub-surface and subsoil
(Table 1). Organic carbon bears a significant
negative correlation with BD (r = – 0.97
p>0.01) indicating that the increase of organic
carbon content decreases the BD. Bulk density
typically increases with soil depth since the
sub-surface layers have reduced organic
matter. Sub-surface layers are subjected to
the compacting weight of the soil above them.
Relationships among SOC, SOM and BD are

Soils are medium to high in CEC varying
from 15.7 to 32.8 cmol (p+) kg-1 at the
surface and 11.7 to 41.4 cmol (p+) kg-1 at the
subsurface to sub-soil (Table 1). The medium
to high CEC indicates moderate to high
nutrient holding capacity of soil and also the
presence of smectite and hydroxyl-interlayered vermiculite as the clay minerals (USDA,
2014). However, the clay CEC of the surface
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Table 3 – Soil carbon stock (t/ha) in different sites at different depths
Site

0 – 15 cm

0 – 30 cm

0 – 60 cm

0 – 90 cm

Mean

1.

58.4

91.4

129.8

187.4

116.75

2.

53.4

78.8

126.4

174.4

108.25

3.

64.4

102.2

134.9

173.3

118.70

4.

64.4

104.8

134.8

188.0

123.00

5.

62.4

115.6

166.4

231.2

143.90

6.

56.4

85.8

126.6

180.6

112.35

7.

59.6

100.0

140.8

200.8

125.30

8.

54.6

95.0

134.2

184.6

117.10

9.

50.2

71.0

103.7

142.0

91.72

10.

49.2

69.4

98.2

131.0

86.95

11.

66.4

100.6

156.3

195.8

129.80

12.

65.0

106.6

147.0

204.6

130.80

Mean

58.70

93.43

133.26

182.81

117.05

soils of all the sites varies from 54.3 to 115.7
cmol (p+) kg-1 indicating that the soils may be
dominated by smectite or hydroxyl layered
vermiculite. But this requires verification. CEC
bears significant positive correlation with
organic matter (r= 0.65, p> 0.01).

Among the exchangeable bases, Ca2+
is the dominant cation followed by Mg2+.
Exchangeable Ca2+ and Mg2+ is high at the
surface and decreases with the increase in
soil depth. Teak is a calcicolous plant and it
consumes a higher amount of calcium. Most
of the calcium released from the leaves and
litters after decomposition gets accumulated
on the surface soil giving higher content of
calcium. The content of exchangeable Mg2+
is also high at the surface and decreases with
soil depth. The ratio Ca2+/Mg2+ is gradually
decreases with the increase in soil depth
indicating considerable recycling of the bases
from the lower to upper horizons under teak.

The clay content of the soil is low at the
surface and in most cases, it increases with the
increase of soil depth up to 60cm. Significant
translocation of clay in the lower layer in sites
2, 8, 10 and 12 was observed qualifying for
argillic subsurface diagnostic horizons. In the
field study, in the above sites, clay skins and
clay cutans were observed at the ped surfaces.
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soil is labile and only a very small fraction of
what enters the soil accumulates in the
stable humic fraction. Forest plantations offer
considerable potential to sequester C in the
above-ground biomass. However, their impact
on initial levels of SOC varies from strong
losses to gains affecting the carbon balance
in afforestation or reforestation initiatives. In
general, the plantation forests because of the
uniformity of stand structure, the above-ground
biomass carbon will be higher in comparison
to soil organic carbon (Lal and Singh, 2000,
Banerjee and Prakasham, 2013) and are ideal
for carbon storage and sequestration. But
in the present case, the teak plants in Bori
Wildlife Sanctuary are natural and very old
and along with teak a large number of other
hardwood species are there and the distribution
inside the sanctuary is highly restricted.
Moreover, in comparison to plantation teak,
the stand structure in Bori teak area is not
uniform as such the above-ground biomass
formation as well as litter production will not
be changed much in comparison to plantation
stands resulting in the marginal or little change
in soil organic carbon content in the surface
soil and carbon sequestration potential in the
sub-surface and sub-soil over time. However,
from the present study, it may be concluded
that vegetation and soils are viable sinks of
atmospheric carbon (IPCC, 2000) and may
significantly contribute to the mitigation of
global climate change (Lal, 2004). Estimating
the stock of carbon under existing forest land
and their distribution within the soil profile
provide baseline data by enabling us to project
carbon sequestration over time.

The maximum carbon stock up to 90 cm
is present in site 5 (232.2 t C/ha) and minimum
in site 10 (131.0 t C/ha). The average soil
organic carbon stock up to 90 cm depth in
the present investigation is 182.81 t C/ha and
those under 0 – 30 cm soil was 93.43 t C/ha
which was nearly half of those under 0 – 90 cm
soil depth (Table 3). A large proportion of input
is from above-ground biomass in forest soils
so soil organic carbon tends to concentrate
in the upper soil horizons with roughly half of
the soil organic carbon in the upper 30 cm
layer. The average of all the study sites is
117.05 t C/ha. Tangsinmankong et al. (2007)
reported that soil carbon stock up to 1m depth
under Teak plantations of varying ages ranged
from 78.8 to 157 t C/ha and those under
0-15 cm layer had 26.7 to 72 t C/ha in the
same site. Soil carbon stock in the 0-50 cm
soil depth under teak plantation in Columbia
was 54.9 t C/ha (Usaga et al. 2010). Kraenzel
et al. (2003) measured the soil carbon stock of
225 t C/ha in 20-year-old teak trees in
Panamanium plantations. Hiratsuka et al.
(2005) reported that the average carbon stock
in the soil under teak in Thailand was 211.4
t C/ha (range 153.2 to 251.8 tC/ha) in the
17 years old stand and 137.2 t C/ha (range
122.7 to 157.9 t C/ha) in the 22-year-old
stand. In the Tarai region of Darjeeling hills,
the soil carbon stock under Teak plantations
varies from 132.80 to 276.99 t C/ha. (average
188.80 t C/ha) (Banerjee and Prakasham,
2013). All the values by different workers
stated above may be comparable to our present
results.
The stock of organic carbon present in
natural soil represents a dynamic balance
between the input of dead plant material and
loss from decomposition (mineralization). In
aerobic conditions, most of the carbon entering
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Introduction

Abstract

The Western Ghats of India is now
recognized as one of the hottest hotspots of
the world, having a high level of anthropogenic
disturbances. Eco-systems, the world over
are changing and it is very important to
document these changes starting with baseline
data. The effect of anthropogenic activities
and Climate Change on the ecosystem, which
affects the forest dynamics has to be recorded
and monitored. The study of forest dynamics
can also help us suggest, management
interventions for best results in terms of forest
conservation. Relatively small changes in the
structure and/or function of these forests could
have global and regional consequences for
biodiversity, the carbon cycle, and the rate of
climate change. Hence, the present work is
undertaken to know about forest dynamics in the
selected forest.

The present paper provides results of a
study undertaken to assess the species
dynamics in long-term monitoring ecological
plot established in Hebri, Udupi district,
Karnataka established by Karnataka Forest
Department. The study was carried out for
four years (from 2017 to 2020). The present
paper records species dynamics of herbs,
shrubs, climbers, trees and tree regeneration
in a one-hectare square (100m x 100m)
plot that was established near Hebri,
Someshwara Wildlife Sanctuary in the year
2017. A total of 26,471 individuals belonging
to 134 species of plants were recorded in the
400 quadrats. Hopea parviflora and Vateria
indica are the dominant tree species with
maximum regenerations.
Keywords: Species dynamics, Someshwara
Wildlife sanctuary, Habitat monitoring.

Study Area
The study area is situated in Someshwara
South Reserve Forest of Someshwara Wildlife
1
2
3
4

Head, Department of Botany, Sri JCBM College, Sringeri, Karnataka. Email: eskudupa@gmail.com
ACF, Moodabidri Range (Former RFO, Moodabidri Research Range), Karnataka
CCF, Mangaluru Circle (Former CF, Madikeri Research Circle), Karnataka
PCCF & HoFF, Karnataka Forest Department.
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Range, Kudremukh Wildlife Division, Sy. No.
126/1 of Nadpal Village, Karkala Taluk, Udupi
District (N13.46080º E75.02333º) (Fig. 1). The

forest is of moist deciduous to semi-evergreen
type with a dense population of Hopea
parviflora and Vateria indica.

Fig. 1 – Aerial view of the ecological plot, Hebri (Image courtesy: Google earth)
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Methodology

quadrat herbs, shrubs, climbers, trees and
tree regenerations are recorded in January
every year from 2017 to 2020. The X and
Y-axis of each individual are also recorded.
In the present work, the tree species ≥ 10 cm
GBH were considered as trees, and regeneration
of tree species was categorized into three
classes viz.

One-hectare square (100m x 100m) plot
was established in Someshwara South Reserve
Forest, Seethanadi near Hebri, Someshwara
Wildlife Sanctuary in the year 2017. This
main plot is divided into four subplots of size
50m x 50m and named A, B, C and D by leaving
a one-meter path at the center. Each subplot
is divided into 100 quadrats of size 5m x 5m
(Total 400 quadrats) (Fig. 2) by installing large
laterite bricks at four corners of each quadrant,
driven well into the ground, with approximately
20 cm showing above the ground. In each

Class – I: Seedlings (Includes tree species
less than one feet height).
Class – II: Saplings (Includes tree seedling
between one to three feet height).

Fig. 2 – Structure of the Ecological Monitoring Plot, Hebri
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individuals that were present in the last year
(January, 2019) are dead whereas 1,238
individuals are new recruitment to the present
year (Table 1; Fig. 4 to 11).

Class – III: Pole (Includes saplings of trees
more than three feet height and having less
than 10 cm GBH (Girth at Breast Height). All
regenerating trees are tagged with a specific
number.

Hopea parviflora and Vateria indica are
the dominant tree species with maximum
regenerations. The plot harbor several
medicinal plants like Memecylon malabaricum,
Cyclea peltata, Salacia sp., Strychnos nuxvomica, Alstonia scholaris, Tabernaemontana
heyneana, Terminalia bellirica, etc, many
timber
yielding
plants
like
Artocarpus
heterophyllus, A. hirsutus, Hopea parviflora,
Mimusops elengi, Terminalia tomentosa,
Terminalia paniculata, etc. and major NTFPs
viz., Myristica malabarica, Cinnamomum
malabaricum, Acacia sinuata, Vateria indica, etc.

All the species are identified by using
available manuals and flora (Balakrishna
Gowda 2014; Bhat, K. G., 2014; Gamble J.
S., 1998; Keshava Murthy K. R. and Yoganarasimhan S. N., 1990; Kumaraswamy Udupa
E. S. 2011 and 2012; Saldanha C. J. and
Nicolson D. H., 1976; Talbot W. A. 1909; S. N.
Yoganarasimhan et al., 1982).
Results
The last survey carried out in the year
January 2020 revealed the presence of
26,471 individuals belonging to 134 species
of plants in the 400 quadrats of a one-hectare
ecological monitoring plot. Among that tree
species (including regeneration) are dominant
representing 67 species (Fig. 3). 2,711

Trees
Total 830 individuals of trees (with
GBH ≥10cm) belonging to 40 species and
24 families are present in the year 2020

Climbers 40

Trees 67

Herbs 14

Shrubs 13
Fig. 3 – Number of species recorded in the ecological plot (Habit wise)
30

My Forest – March – 2022
Table 1 – Habit wise mortality and natality of individuals in Hebri plot
Jan 2017

Jan 2018

Jan 2019

Jan 2020

Tree				
Species

39

38

41

40

Present

797

791

829

830

Dead

---

52

19

39

New

---

63

84

18

Tree Pole				
Species

38

38

39

40

Present

2801

2696

2536

2445

Dead

---

149

201

173

New

---

43

39

20

Tree Saplings				
Species

46

47

52

52

Present

5414

5066

4732

4364

Dead

---

460

542

539

New

---

107

212

32

Tree Seedlings				
Species

54

54

58

57

Present

12003

10799

10400

9856

Dead

---

1561

1295

1390

New

---

346

884

415

Climbers				
Species

35

35

37

40

Present

3167

2925

3143

3397

Dead

---

386

154

241

New

---

148

370

379
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Jan 2017

Jan 2018

Jan 2019

Jan 2020

Shrubs				
Species

12

12

13

13

Present

4755

4616

4659

4784

Dead

---

311

191

237

New

---

168

234

298

Herbs				
Species

13

12

13

14

Present

809

687

763

795

Dead

---

159

61

92

New

---

36

135

76

Total

29,746

27,580

27,062

26,471

(Table 1 & 2). Trees with lesser girth are
maximum in number (Table 3). 39 individuals
that were present in the previous year are dead.
Trees with lesser girth were showed high
mortality compared to the higher girth class
(Table 4). 18 individuals which are in the pole
regeneration category in the last year are
shifted to the tree category this year due to
the increase in their GBH (≥10cm) (Table 1;
Fig. 4 to 11). Vateria indica is the dominant
tree by representing 292 individuals followed
by Ixora brachiata (202), Hopea parviflora (147),
Holigarna arnottiana (53), Hopea ponga (13),
etc. (Table 2; Fig. 12 & 22).

the new recruitment to this year (Table 1;
Fig. 4 to 11). Piper hookeri is the dominant
climbers (1,385) followed by Pothos scandens
(572), Combretum latifolium (387), Strychnos
colubrina (188), etc. (Table 5; Fig.13).
A total of 4,784 individuals of shrubs
belonging to 13 species and 8 families are
present in the year 2020 (Table 6; Fig. 3).
237 individuals that were present in the
previous year are dead, whereas 298 individuals
are the new recruitment to this year (Table 1;
Fig. 4 to 11). Psychotria nigra (3,757) is the
dominant shrub followed by Leea indica (442),
Psychotria dalzelli (387), Glycosmis pentaphylla
(89), etc. (Table 6; Fig. 14).

Climbers
Total number of 3,397 individuals of trees
belonging to 40 species and 22 families are
present in the year 2020 (Table 1; Fig. 3). 241
individuals that were present in the previous
year are dead, whereas 379 individuals are

Herbs
A total of 795 individuals of herbs
belonging to 14 species and 8 families are
present in the year 2020 (Table 7; Fig. 3).
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Fig. 4 – Year wise total individuals in ecological monitoring plot, Hebri
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Fig. 5 – Number of species (Habit wise) in four years
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Fig. 6 – Number of dead individuals (Habit wise) in four years

Fig. 7 – Number of newly recruited individuals (Habit wise) in four years
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Fig. 8 – Year wise mortality and natality

Fig. 9 – Total individuals of all species in four years
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Fig. 10 – Total dead individuals of all species

Fig. 11 – Total new individuals of all species
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Table 2 – List of trees (GBH ≥ 10cm) and their individuals
Sl. No. Tree Species

Family

2017

2018

2019

2020

1

Actinodaphne hookeri Meisn.

Lauraceae

3

3

3

3

2

Aglaia elaeagnoidea (A. Juss.) Benth.

Meliaceae

1

1

2

2

3

Alstonia scholaris (L.) R. Br.

Apocynaceae

2

2

2

2

4

Aporosa cardiosperma (Gaertn.) Merr.

Phyllanthaceae

7

5

5

7

5

Artocarpus heterophyllus Lam.

Moraceae

1

1

1

---

6

Artocarpus hirsutus Lam.

Moraceae

2

2

3

3

7

Cinnamomum malabatrum (Burm.f.) J. Presl

Lauraceae

4

5

6

6

8

Clausena dentata (Willd.) Roem.

Rutaceae

2

2

2

2

9

Diospyros sylvatica Roxb.

Ebenaceae

8

8

8

8

10

Diospyros sp.

Ebenaceae

---

---

1

1

11

Diospyros buxifolia (Blume) Hiern

Ebenaceae

6

7

8

9

12

Glochidion zeylanicum (Gaertn.) A. Juss.

Phyllanthaceae

---

---

1

1

13

Holigarna arnottiana Hook.f.

Anacardiaceae

51

50

53

53

14

Holigarna ferruginea Marchand

Anacardiaceae

8

7

7

7

15

Hopea parviflora Bedd.

Dipterocarpaceae

151

146

151

147

16

Hopea ponga (Dennst.) Mabb.

Dipterocarpaceae

14

12

12

13

17

Hydnocarpus pentandrus (Buch.-Ham.) Oken

Achariaceae

1

1

1

1

18

Ixora brachiata Roxb.

Rubiaceae

201

200

203

202

19

Knema attenuata Warb.

Myristicaceae

1

1

1

1

20

Chionanthus mala-elengi (Dennst.) P. S. Green Oleaceae

3

2

2

3

21

Litsea laevigata Gamble

Lauraceae

---

---

1

---

22

Lophopetalum wightianum Arn.

Celastraceae

1

1

1

1

23

Madhuca neriifolia (Moon) H. J. Lam.

Sapotaceae

10

10

11

11

24

Mallotus philippensis (Lam.) Müll.–Arg.

Euphorbiaceae

1

1

1

1

25

Mangifera indica L.

Anacardiaceae

2

2

2

2

26

Memecylon talbotianum D. Brandis

Melastomataceae

3

5

8

9

27

Mimusops elengi L.

Sapotaceae

2

2

3

2

28

Myristica malabarica Lam.

Myristicaceae

4

4

4

4

29

Nothopegia beddomei Gamble

Anacardiaceae

1

---

---

1
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Sl. No. Tree Species

Family

2017

2018

2019

2020

30

Nothopegia racemosa (Dalzell) Ramamoorthy

Anacardiaceae

1

1

1

1

31

Olea dioica Roxb.

Oleaceae

6

8

8

8

32

Polyalthia fragrans (Dalzell) Benth. & Hook. f.

Annonaceae

3

3

3

2

33

Pterospermum acerifolium (L.) Willd.

Malvaceae

2

2

2

2

34

Schleichera oleosa (Lour.) Merr.

Sapindaceae

1

1

1

1

35

Strychnos nux-vomica L.

Loganiaceae

3

3

3

3

36

Syzygium hemisphericum (Wight) Alston

Myrtaceae

1

1

2

2

37

Tabernaemontana alternifolia L.

Apocynaceae

5

3

3

3

38

Terminalia paniculata Roth.

Combretaceae

2

3

3

3

39

Terminalia bellirica (Gaertn.) Roxb.

Combretaceae

2

2

3

2

40

Terminalia tomentosa Wight & Arn.

Combretaceae

2

2

2

3

41

Unidentified

6

6

5

6

42

Vateria indica L.

273

276

290

292

793

791

829

830

Dipterocarpaceae

		 Total		

92 individuals that were present in the
previous year are dead, whereas 76 individuals
are the new recruitment to this year (Table 1;
Fig. 4 to 11). A fern Bolbitis sp. (373) is
the dominant herb species followed by
Pseuderanthemum sp. (260) (Table 7).

(5,828) is the dominant tree seedling followed by
Vateria indica (1,131), Clausena dentata (594),
etc. (Table 8; Fig. 15 & 23).

Tree Generation

A total of 4,364 individuals of tree saplings
belonging to 54 species are present in this
year (2020) (Table 9; Fig. 3). 530 sapling
individuals that were present in the last year
are dead and 32 sapling individuals which
are seedling stage in the last year are the
new recruitment to this year (Table 1; Fig. 4
to 11). Hopea parviflora (1,629) is the dominant
tree sapling followed by Vateria indica (1,350),
Clausena dentata (143), etc. (Table 9; Fig. 16
& 24).

Class-II – Tree Saplings: (Regenerating tree
seedlings with 1 to 3 feet height)

Class-I – Tree Seedlings: (Regenerating tree
seedlings less than 1 feet height).
A total of 9,854 individuals of tree
seedlings belonging to 60 species are present
in this year (2020) (Table 8; Fig. 3). 1,390
seedling individuals that were present in the
last year are dead, Whereas 415 seedling
individuals are the new recruitment to this
year (Table 1; Fig. 4 to 11). Hopea parviflora
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Fig. 12 – Dominant tree species with maximum individuals
Hopea parviflora (759), Aporosa cardiosperma
(82), Actinodaphne hookeri (24), etc. (Table 10;
Fig. 17 & 25).

Class-III – Tree Pole: (Regenerating tree
seedlings with > 3 feet height and < 10cm GBH)
Total of 2,445 individuals of tree pole
belonging to 40 species are present in this
year 2020 (Table 10; Fig. 3). 173 pole individuals
that were present in the last year are dead
and 20 pole individuals which are sapling
stage in the last year are the new recruitment
to this year (Table 1; Fig. 4 to 11). Vateria indica
(1,301) is the dominant tree sapling followed by
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Table 3 – Girth wise distribution of live trees
Girth Class (cm)

Jan 2017

Jan 2018

Jan 2019

Jan 2020

10–20.9

192

193

220

214

21–30.9

110

107

114

109

31–40.9

70

68

70

69

41–50.9

62

59

62

60

51–60.9

36

38

39

39

61–70.9

36

35

37

33

71–80.9

23

21

21

18

81–90.9

17

17

16

15

91–100.9

21

22

22

21

101–110.9

16

16

17

18

111–120.9

12

12

12

12

121–130.9

19

19

21

21

131–140.9

14

14

17

16

141–150.9

20

19

20

20

151–160.9

7

8

8

8

161–170.9

10

10

10

11

171–180.9

9

9

10

9

181–190.9

4

5

6

6

191–200.9

7

7

7

7

201–210.9

3

3

3

3

211–220.9

6

6

7

7

221–230.9

8

8

8

8

231–240.9

5

5

5

5

241–250.9

7

7

7

7

>251

18

19

19

21
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Table 4 – Girth wise distribution of dead trees
Girth Class (cm)

Jan 2018

Jan 2019

Jan 2020

10–20.9

21

22

37

21–30.9

10

7

15

31–40.9

4

6

8

41–50.9

7

6

8

51–60.9

1

1

2

61–70.9

2

1

5

71–80.9

2

2

5

81–90.9

---

1

2

91–100.9

---

---

1

>101

5

2

5

Table 5 – List of Climbers and their individuals
Sl. No.

Climber

Family

1

Acacia sinuata (Lour.) Merr.

Leguminosae

---

4

3

3

2

Acacia pennata (L.) Willd.

Leguminosae

126

123

150

162

3

Alangium salviifolium (L.f.) Wangerin

Cornaceae

20

15

16

16

4

Allophylus cobbe (L.) Raeusch.

Sapindaceae

1

1

2

1

5

Anamirta cocculus (L.) Wight & Arn.

Menispermaceae

8

7

9

8

6

Annonaceae

Annonaceae

9

10

9

9

7

Anodendron paniculatum A.DC.

Apocynaceae

---

1

1

1

8

Apocynaceae

Apocynaceae

2

3

6

8

9

Asclepiadaceae

Asclepiadaceae

25

21

19

17

10

Calamus nagbettai R.R. Fernald & Dey

Arecaceae

15

16

16

23

11

Calamus thwaitesii Becc.

Arecaceae

120

123

152

167

12

Combretum latifolium Blume

Combretaceae

457

373

399

387

13

Connarus wightii Hook.f.

Connaraceae

28

25

28

33
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Sl. No.

Climber

Family

14

Cucurbitaceae sp.

Cucurbitaceae

15

Cyclea peltata (Lam.) Hook.f. & Thomson Menispermaceae

16

Dalbergia horrida (Dennst.) Mabb.

17

Jan 2017 Jan 2018 Jan 2019 Jan 2020
---

---

2

31

3

1

---

3

Leguminosae

107

100

108

107

Derris sp.

Leguminosae

4

---

---

2

18

Desmos chinensis Lour.

Annonaceae

8

6

4

6

19

Diploclisia glaucescens (Blume) Diels

Menispermaceae

20

15

19

23

20

Elaeagnus conferta Roxb.

Elaeagnaceae

6

5

5

3

21

Erycibe paniculata Roxb.

Convolvulaceae

9

7

6

6

22

Gnetum ula Brongn.

Gnetaceae

2

1

1

2

Goniothalamus cardiopetalus (Dalzell)
Hook.f. & Thomson

Annonaceae

18

17

18

11

24

Grewia heterotricha Mast.

Malvaceae

65

56

68

62

25

Hemidesmus indicus (L.) R. Br. ex Schult. Apocynaceae

---

---

---

1

26

Ichnocarpus frutescens (L.) W.T.Aiton

Apocynaceae

4

6

5

5

27

Jasminum coarctatum Roxb.

Oleaceae

28

21

20

29

28

Jasminum sp.

Oleaceae

---

---

1

16

29

Moullava spicata (Dalzell) Nicolson

Leguminosae

34

31

32

30

30

Naravelia zeylanica (L.) DC.

Ranunculaceae

3

4

5

3

31

Piper hookeri Miq.

Piperaceae

1276

1206

1265

1385

32

Pothos scandens L.

Araceae

489

466

497

572

33

Salacia sp.

Celastraceae

1

1

2

2

34

Smilax zeylanica L.

Smilacaceae

25

22

31

41

35

Strychnos colubrina Blume

Loganiaceae

203

197

204

188

36

Tetrastigma gamblei B.V. Shetty & P. Singh Vitaceae

1

---

1

1

37

Unidentified

---

30

26

18

15

38

Uvaria narum A.DC.

Anonaceae

11

8

6

2

39

Ventilago maderaspatana Gaertn.

Rhamnaceae

8

6

14

15

40

Vigna sp.

Leguminosae

1

1

1

1

3167

2925

3143

3397

23
		

		 Total		
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Fig. 13 – Dominant climbers in ecological monitoring plot, Hebri
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Table 6 – List of shrubs and their individuals
Sl. No.

Shrubs

Family

Jan 2017 Jan 2018 Jan 2019 Jan 2020

1

Ardisia paniculata Roxb.

Primulaceae

3

2

3

3

2

Chassalia sp.

Rubiaceae

24

27

26

26

3

Clerodendrum infortunatum L.

Lamiaceae

15

13

8

7

4

Dichapetalum gelonioides (Roxb.) Engl.

Dichapetalaceae

13

10

10

11

5

Embelia tsjeriam-cottam

		

(Roem. & Schult.) A.DC.

Primulaceae

---

---

1

1

6

Glycosmis pentaphylla (Retz.) DC.

Rutaceae

76

74

96

89

7

Ixora nigricans R.Br. ex Wight & Arn.

Rubiaceae

3

6

6

7

8

Leea indica (Burm. f.) Merr.

Vitaceae

421

402

411

442

9

Memecylon malabaricum Kostel.

Melastomataceae

42

42

50

50

10

Psychotria dalzellii Hook.f.

Rubiaceae

395

389

382

387

11

Psychotria nigra (Gaertn.) Alston

Rubiaceae

3757

3645

3661

3757

12

Unidentified

---

5

5

4

3

13

Ziziphus oenopolia (L.) Mill.

Rhamnaceae

1

1

1

1

4755

4616

4659

4784

		 Total		
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Fig. 14 – Dominant shrubs in ecological monitoring plot, Hebri
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Table 7 – List of shrubs and their individuals
Sl. No.

Herbs

Family

1

Acanthaceae sp.

Acanthaceae

6

6

6

6

2

Alpinia galanga (L.) Willd.

Zingiberaceae

1

---

7

5

3

Bolbitis sp. (Fern)

Dryopteridaceae

364

325

344

373

4

Spermacoce neohispida Govaerts

Rubiaceae

1

1

1

1

5

Chamaecrista mimosoides (L.) Greene

Leguminosae

1

1

1

1

7

Dracaena thwaitesii Regel

Asparagaceae

56

55

78

79

8

Geophila repens (L.) I.M.Johnst.

Rubiaceae

4

7

18

14

9

Grass sp.

Poaceae

1

1

1

1

10

Justicia sp.

Acanthaceae

---

---

---

2

11

Ophiorrhiza mungos L.

Rubiaceae

19

16

17

13

12

Pseuderanthemum sp.

Acanthaceae

324

245

249

260

13

Pteris sp. (Fern)

Pteridaceae

13

14

28

22

14

Unidentified

3

3

1

1

15

Zingiber sp.

16

13

12

17

809

687

763

795

Zingiberaceae

		 Total		
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Table 8 – List of tree seedlings and their individuals
Sl. No. Tree Seedlings

Jan 2017

Jan 2018

Jan 2019

Jan 2020

1

Actinodaphne hookeri

341

316

380

367

2

Aglaia elaeagnoidea

19

14

13

18

3

Antidesma montanum

3

2

2

2

4

Aporosa cardiosperma

47

45

47

48

5

Artocarpus heterophyllus

1

1

2

2

6

Artocarpus hirsutus

50

54

61

71

7

Beilschmiedia wightii

---

---

1

1

8

Caryota urens

424

367

364

367

9

Cinnamomum malabaricum

132

121

109

102

10

Clausena dentata

522

468

544

594

11

Cryptocarya wightiana

2

1

1

---

12

Diospyros ebenum

1

1

1

1

13

Diospyros paniculata

3

2

2

2

14

Diospyros sp.

4

4

6

9

15

Diospyros buxifolia

120

116

132

142

16

Diospyros saldanhae

1

---

---

---

17

Dipterocarpus indicus

1

1

1

---

18

Elaeocarpus serratus

21

16

26

26

19

Eugenia roxburghii

---

1

1

1

20

Ficus exasperata

1

1

2

2

21

Flacourtia montana

6

4

4

4

22

Garcinia gummi-gutta

17

20

24

25

23

Garcinia talbolti

5

4

6

7

24

Glochidion zeylanicum

21

18

19

15

25

Gordonia obtusa

25

23

18

16

26

Harpullia arborea

1

1

---

---

27

Holigarna arnottiana

245

209

192

164

28

Holigarna beddomei

6

7

7

6

29

Hopea parviflora

7618

6849

6292

5825

30

Hopea ponga

2

4

9

7
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Sl. No. Tree Seedlings
31

Hydnocarpus pentandrus

32

Jan 2017

Jan 2018

Jan 2019

Jan 2020

---

---

2

2

Ixora brachiata

437

406

453

443

33

Knema attenuata

30

37

42

41

34

Linociera malabarica

4

12

11

3

35

Litsea floribunda

---

---

5

5

36

Litsea laevigata

33

27

35

31

37

Macaranga peltata

---

---

7

8

38

Madhuca longifolia var. latifolia

11

13

19

19

39

Mallotus philippensis

32

21

27

25

40

Mangifera indica

6

6

5

8

41

Meiogyne pannosa

---

---

1

1

42

Memecylon talbotianum

53

53

67

68

43

Mimusops elengi

2

1

1

1

44

Myristica malabarica

4

5

6

10

45

Nothopegia beddomei

7

6

7

13

46

Nothopegia racemosa

2

2

5

4

47

Olea dioca

9

11

17

17

48

Polyalthia fragrans

24

20

27

24

49

Pterospermum acerifolium

49

43

46

47

50

Sterculia gutata

3

2

2

2

51

Strychnus nux-vomica

9

6

6

8

52

Symplocos cochinchinensis

1

1

1

1

53

Syzygium caryophyllatum

1

1

1

1

54

Syzygium hemisphericum

18

18

21

20

55

Tabernaemontana alternifolia

31

29

29

31

56

Toona ciliata

1

2

1

1

57

Unidentified

63

60

50

44

58

Vateria indica

1528

1340

1221

1131

59

Vitex altissima

2

2

5

7

60

Zanthoxylum rhetsa

4

5

14

14

12003

10799

10400

9854

		 Total
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Fig. 15 – Dominant tree seedlings in ecological monitoring plot, Hebri
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Table 9 – List of tree saplings and their individuals
Sl. No. Tree Saplings

Jan 2017

Jan 2018

Jan 2019

Jan 2020

1

Actinodaphne hookeri

150

136

140

125

2

Aglaia elaeagnoidea

34

30

29

25

3

Antidesma montanum

1

1

1

---

4

Aporosa cardiosperma

147

136

135

130

5

Artocarpus heterophyllus

2

2

2

1

6

Artocarpus hirsutus

65

64

63

53

7

Beilschmiedia wightii

---

---

---

1

8

Caryota urens

112

98

94

76

9

Cinnamomum malabaricum

79

76

72

66

10

Clausena dentata

160

155

159

143

11

Cryptocarya wightiana

2

3

3

4

12

Diospyros ebenum

9

6

5

6

13

Diospyros sp.

5

4

3

3

14

Diospyros buxifolia

73

74

67

59

15

Elaeocarpus serratus

9

9

10

9

16

Eugenia roxburghii

---

1

1

1

17

Ficus exasperata

1

1

1

1

18

Ficus hispida

1

1

1

1

19

Flacourtia indica

2

1

1

1

20

Flacourtia montana

---

---

1

1

21

Garcinia gummi-gutta

19

19

17

17

22

Garcinia morella

---

---

1

1

23

Garcinia talbolti

1

1

1

1

24

Glochidion zeylanicum

21

23

21

18

25

Gordonia obtusa

15

14

13

9

26

Holigarna arnottiana

150

135

130

95

27

Holigarna beddomei

2

2

1

1
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Sl. No. Tree Saplings
28

Hopea parviflora

29

Jan 2017

Jan 2018

Jan 2019

Jan 2020

2008

1882

1730

1629

Hopea ponga

15

15

14

13

30

Ixora brachiata

148

145

141

132

31

Knema attenuata

23

21

22

21

32

Linociera malabarica

4

4

4

3

33

Litsea floribunda

1

1

2

1

34

Litsea laevigata

39

36

33

31

35

Madhuca longifolia var. latifolia

16

17

13

11

36

Mallotus philippensis

5

5

6

4

37

Mangifera indica

4

4

5

5

38

Maytinus sp.

---

---

1

---

39

Memecylon talbotianum

149

141

145

133

40

Mimusops elengi

---

---

---

1

41

Myristica malabarica

6

5

13

13

42

Nothopegia beddomei

13

12

10

7

43

Nothopegia racemosa

2

2

2

2

44

Olea dioca

3

3

5

5

45

Palaquium ellipticum

---

---

1

1

46

Polyalthia fragrans

16

17

18

18

47

Pterospermum acerifolium

45

41

42

39

48

Sterculia gutata

1

1

1

2

49

Strychnus nux-vomica

26

25

20

19

50

Syzygium hemisphericum

47

47

40

36

51

Tabernaemontana alternifolia

29

20

19

22

52

Unidentified

19

20

17

16

53

Vateria indica

1734

1609

1454

1350

54

Vitex altissima

---

---

2

2

5081

4898

4732

4364

		 Total
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Fig. 16 – Dominant tree saplings in ecological plot, Hebri
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Table 10 – List of tree pole and their individuals
Sl. No. Tree Pole

Jan 2017

Jan 2018

Jan 2019

Jan 2020

1

Actinodaphne hookeri

32

31

29

24

2

Aglaia elaeagnoidea

11

9

9

10

3

Aporosa cardiosperma

102

97

87

82

4

Artocarpus hirsutus

14

13

10

10

5

Caryota urens

3

3

3

3

6

Cinnamomum malabaricum

14

12

11

10

7

Clausena dentata

14

15

12

9

8

Diospyros ebenum

14

14

11

10

9

Diospyros sp.

14

13

13

14

10

Diospyros buxifolia

22

22

22

20

11

Dipterocarpus indicus

1

1

1

1

12

Eugenia roxburghii

---

1

1

1

13

Flacourtia montana

---

---

1

1

14

Garcinia gummi-gutta

5

8

7

6

15

Glochidion zeylanicum

4

4

3

2

16

Holigarna arnottiana

13

11

10

9

17

Hopea parviflora

875

847

791

759

18

Hopea ponga

24

24

24

21

19

Ixora brachiata

30

29

23

24

20

Knema attenuata

19

19

19

18

21

Linociera malabarica

1

1

1

1

22

Litsea laevigata

7

7

7

7
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Sl. No. Tree Pole

Jan 2017

Jan 2018

Jan 2019

Jan 2020

23

Madhuca longifolia var. latifolia

13

14

13

16

24

Mallotus philippensis

3

1

1

1

25

Mangifera indica

1

1

2

2

26

Memecylon talbotianum

21

20

22

24

27

Mimusops elengi

1

1

1

1

28

Myristica malabarica

1

1

1

1

29

Nothopegia beddomei

6

7

8

8

30

Nothopegia racemosa

1

1

1

1

31

Olea dioca

1

1

3

3

32

Palaquem ellipticum

1

1

1

1

33

Polyalthia fragrans

8

7

8

7

34

Strychnos nux-vomica

1

1

1

1

35

Syzygium lateum

1

---

---

1

36

Syzygium hemisphericum

37

32

27

24

37

Tabernaemontana alternifolia

6

6

5

6

38

Toona ciliata

1

1

1

1

39

Unidentified

5

5

4

4

40

Vateria indica

1474

1415

1342

1301

2801

2696

2536

2445

		 Total
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Fig. 17 – Dominant tree pole in Hebri plot, Hebri
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Fig. 18 – Distribution of trees in ecological plot
(Size of the bubble corresponds to GBH of trees)

Fig. 19 – Distribution of climbers in ecological plot
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Fig. 20 – Distribution of shrubs in ecological plot

Fig. 21 – Distribution of herbs in ecological plot
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Vateria indica

Ixora brachiata

Hopea parviflora

Holigarna arnottiana

Fig. 22 –Distribution of dominant trees in ecological plot
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Fig. 23 – Distribution of dominant tree
seedlings – Hopea parviflora

Fig. 24 – Distribution of dominant tree
saplings – Hopea parviflora

Fig. 25 – Distribution of dominant tree
saplings – Vateria indica
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(Orchidaceae) – a new record for the
Karnataka flora, Southern India. My Forest,
54(4): 49–51.

College, Sringeri for their support and cooperation during the fieldwork. We express our
gratitude to Dr. Surya Deo Pathak Pathak, IFS,
APCCF (Research and Utilzation) for facilities
and encouragement. We thank Dr. K. R. Keshava
Murthy for perusing and editing the manuscript.

Kumaraswamy Udupa E. S., Magadi R.
Gurudeva and K. Krishna Swamy (2018).
Orchidaceous additions to the flora of
Chikkamagaluru district (Karnataka). My
Forest, 54(3): 15–21.
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Introduction

Abstract

About 75 percent of the geographical area
of the state of Karnataka comes under the
category of dry zone comprising semi-arid
and arid regions. The upper limit of the average
rainfall received in these two regions is about
750 mm. Out of the thirty districts of the
state, all the taluks of the following thirteen
districts come under the dry zone: Bidar,
Yadgiri, Kalaburagi, Raichur, Koppal, Ballari,
Vijayapura, Bagalkote, Gadag, Chitradurga,
Tumakuru, Chikkaballapura and Kolar. In
addition, substantial portions of the following
districts also come under the dry zone: Belagavi
district (all taluks other than Khanapur taluk
and part of Belagavi taluk), Dharwada (all
taluks other than Dharwad and Kalaghatgi
taluks), Haveri (all taluks other than parts
of Shiggaon, Hangal and Hirekerur taluks),
Davanagere (all taluks other than parts of
Channagiri and Honnali taluks), Chikkamagaluru
(Kadur taluk and parts of Chikkamagaluru and
Tarikere taluks), Hassan (all taluks other than
Sakaleshpura taluk and parts of Belur, Alur
and Arkalgud taluks), and Mysuru (Mysuru,
K. R. Nagar, T. Narasipura and Nanjangud
taluks). Although portions of the south interior
Karnataka comprising the districts of Bengaluru
Rural, Bengaluru Urban, Ramanagara and
Mandya receive slightly higher rainfall in the
range of 750-900 mm, these areas also by and

The dry zone comprises about 75 percent of
the geographical area of Karnataka. Due to
centuries of anthropogenic pressure, this vast
region has virtually lost its pristine vegetation
with only a few thinly scattered patches still
remaining intact though under severe threat.
There is a crying need for restoration of the
lost vegetation for the overall amelioration of
the battered landscape. This article highlights
the various factors that were responsible for
the decimation of the natural forest cover over
vast stretches of the dry zone and discusses
the multipronged strategy that is being
adopted for restoration and rejuvenation of
the landscape. It lays special emphasis on
the role of indigenous species in such efforts
of restoration and rejuvenation, as they have
a better chance of survival and growth, being
well adapted to the adverse/hostile conditions
of the dry zone.

* Formerly Principal Chief Conservator of Forests (HoFF), Secretary (Forest), Government of Karnataka.
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large exhibit the characteristics of the semiarid region. The remaining districts, namely,
Uttara Kannada, Shivamogga, Udupi, Dakshina
Kannada, Kodagu and Chamarajanagar, along
with the balance portions of Belagavi, Dharwada,
Haveri, Davanagere, Chikkamagaluru, Hassan,
and Mysuru districts, receive rainfall upwards
of 900 mm, and roughly correspond to what
is commonly known as the malnad zone.

the dry zone of Karnataka: During the preIndependence era as also for several decades
after the Independence, these forests were
heavily worked under ‘clear felling’ or ‘coppice
with standards’ systems for the supply of
firewood and small timber to the neighbouring
towns. The forests of the erstwhile districts
of Bengaluru, Kolar and Tumakuru were the
worst affected as these forests were worked
in order to cater to the fuelwood requirements
of the Civil and Military establishments at
Bangalore and the Railways. Attempts at
regenerating the felled areas through natural
regeneration (seed or coppice) were by and
large unsuccessful as the follow-up operations
were either inadequate or were not carried out
properly. Due to severe biotic pressure from
illicit removal of firewood and small timber,
over-grazing, recurrent fires, encroachments,
etc., the incoming vegetation kept on getting
decimated and resulted in the formation of
scrub forests. As the depleted forests were
not in a position to cater to the ever-increasing
demand for firewood due to poor regeneration
of the native species and as there was an
urgency to restock the forests to meet future
demand, planting of eucalyptus was taken
up quite extensively. The introduction of
eucalyptus was considered inevitable at that
time because of its phenomenal growth and
capability to adapt to highly degraded sites
and also due to the non-availability of planting
technique of an alternative species of native
origin capable of effectively tackling difficult
areas under harsh conditions.

As regards natural vegetation occurring
in the dry zone of Karnataka, almost the entire
landscape in the distant past had harbored
climax forests of the dry deciduous and thorn
types, the latter type having been restricted
to areas with poor/shallow soil and receiving
rainfall below 500 mm. However, due to
tremendous increase in population during the
last fifteen decades, substantial areas were
cleared for agriculture, settlement and pasture
and, as a result, the areas under natural
vegetation shrunk considerably, having been
pushed to the hilly and inhospitable sites
that were considered unfit for agriculture or
occupation. In most of the districts in the dry
zone, agricultural lands now constitute about
75-90 percent of the respective geographical
areas of the districts. The remaining areas
with natural growth, which are mostly
designated as reserved forests or protected
forests administered by the Forest Department,
constitute only about 10 percent of the
geographical area of the dry zone (about
10-12 percent in the central districts and
about 6-8 percent in the eastern districts).
The present condition of these forests is fairly
degraded. In fact, most of these forests have
degenerated into scrub types with only a
few reasonably good patches such as
Savanadurga, Sandur, Chincholi, etc. still
retaining their original status of climax dry
deciduous forests.

The eucalyptus plantations raised in the
forests of the state’s dry zone increased the
availability of firewood as well as pulpwood
(for industries) for several decades. This resulted
in a considerable reduction in the pressure
on the remaining natural forests of the region
during that period. However, on the flip side,
the forests where eucalyptus was introduced

Several reasons are attributed to the
rapid degradation of the forests occurring in
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became the biggest casualty, as these were
almost irretrievably lost in terms of their
composition and growth due to suppression
of the native species. This was primarily
because the native species, due to continuous
hacking and lopping in the past, were in a
highly degraded condition and had lost the
vigor of coppicing. The depleted soil and
moisture conditions were also not adequately
supportive of the native species. On the other
hand, these conditions were just adequate or
ideal for eucalyptus. As a result, the planted
eucalyptus seedlings came up vigorously and
virtually suppressed any other vegetation in
the area. Although most of these eucalyptus
plantations have been harvested a number of
times as per the rotation of 8/9 years, remnants
of old eucalyptus trees continue to dominate the
terrain with only a few of the local species,
especially the hardier ones, struggling to
survive.

The Forest Department has been relentlessly engaged in the rejuvenation of the forests
in the dry zone under various afforestation
programs. The initial tempo of planting
eucalyptus was brought down since the mid1980s and was gradually replaced by planting
of a few native species raised in poly-bags.
Species such as bevu (Azadirachta indica),
kamara (Hardwickia binata), honge (Pongamia
pinnata), etc. have been the primary species in
these planting programs. Other species such
as nelli (Emblica officinalis), hippe (Madhuca
latifolia), tapasi (Holoptelea integrifolia), banni
(Acacia ferruginea), some (Soymida febrifuga),
ala/arali/atti/basari (Ficus species), neral
(Syzygium cumini), kakke (Cassia fistula),
karijali (Acacia nilotica), etc. are also planted
in smaller numbers. Fast-growing species
such as Gliricidia, seeme tangadi (Cassia
siamea), Simarouba glauca, etc. are also
planted in large numbers, especially in refractory
sites.

While extensive forest areas of the dry
zone have been degraded due to the
introduction of eucalyptus as mentioned above,
the remaining forest areas were also in no
better condition as these eventually came
under the tremendous mounting pressure of
social felling, over-grazing, recurring fires,
and encroachments. Most of the forests in
the dry zone have degraded to scrub forests
due to years of use, over-use, and abuse. The
degradation is quite visible in the smaller forest
blocks that are sporadically scattered across
the entire landscape of the dry zone. The larger
forest blocks are in slightly better condition
with remnants of original vegetation still intact
in the interiors of the blocks, especially in
depressions and sheltered areas along the
valleys. As already mentioned, Savandurga,
Sandur, Chincholi, etc. are some of the forest
blocks in the dry zone still harboring reasonably
good patches of the climax dry deciduous
forest.

The plantations developed by the
Forest Department have generally shown
initial success as reflected in the evaluation
reports. However, the overall impact of these
plantations after about a decade or so of
planting does not appear so impressive, as
most of the plantations become victims of
social felling during this period and the forest
continues to be in a scrubby state. Although
the India State of Forest reports (ISFR)
published biannually by the Forest Survey of
India, Dehradun, based on interpretation of
satellite imageries, have indicated marginal
increase in the state’s forest cover, the increase
is primarily due to horticulture and agroforestry plantations and not due to plantations
raised within forest areas. As a matter of
fact, there is a marginal decline in the forest
cover within the recorded forest area (RFA) of
the state.
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Although raising plantations has been an
important activity of the Forest department,
it has been increasingly realized that forest
protection is the most cardinal duty of the
department. Very good plantations have been
found to have degraded or denuded for want
of adequate protection. On the other hand,
there are many examples where degraded
forests have rejuvenated into excellent forests
solely due to rigid protection given to the
areas over a long period. One of the best
and easiest ways to develop a degraded forest
is to ensure and enforce rigid protection from
the various pressures working on it. Many
of our forests, especially the one’s nearer
habitations, have been degraded due to intense
biotic pressures caused by human need and
human greed. It is, therefore, necessary to
ascertain the pressures responsible for such
degradation and take steps to withdraw or
reduce these to reasonable limits. Withdrawal
or reduction of these pressures itself is a big
step towards restoring the forest to its original
glory. Rigid protection from fire, illicit removals,
and excessive grazing will enable a degraded
forest patch to bounce back to life. During
the last three to four decades many degraded
forests such as Daroji, Bannerghatta, Jogimatti,
etc. have shown tremendous recovery due to
rigid protection that has been given to these
forests. The dry forests of Chamarajnagar,
Mandya, and Mysuru districts that have
been included in the protected area (PA)
network comprising national parks and wildlife
sanctuaries have also registered significant
recovery in terms of forest composition and
stocking.

regular forests through agroforestry
and farm-forestry so that the pressure
on the limited natural forests is
reduced. There are indications
that some progress has already
been taking place in this direction.
During the last decade, the forest
cover outside the recorded forest
area (RFA) has registered rapid
increase. This momentum needs to
be further intensified by encouraging
farmers to plant more and more
trees in their marginal lands. The
Forest Department should also
initiate steps to further liberalize the
existing restrictions on felling and
transport of the felled material from
the farmlands.

In view of what has been narrated
above, rejuvenation of the forests of the dry
zone can be achieved by adopting a threepronged approach as overall strategy of
management of the forests:
(a)

There is need to develop abundant
biomass resources outside the
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(b)

The existing forests should be given
maximum protection. This has to be
ensured by adopting very rigid fire
protection measures. Appropriate
soil and moisture conservation
measures should be adopted
to ensure that whatever little
precipitation is received in these
rain-deficient areas is fully utilized
or absorbed within the terrain.
Dibbling of seeds of the local species
should be taken up regularly just
prior to the pre monsoon showers.

(c)

Tree planting should be resorted
to only as an exception and not
as a rule. Highly degraded forest
areas which are not capable of
regenerating on their own should be
taken up for planting. Such planting
should be taken up after closing
the area as suggested above at (b)
and observing the status of natural
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germinating and grow into seedlings wherever
they can strike root in the soil. If the forest is
continuously protected from fire, etc., the soil
conditions improve through accumulation of
humus and increase in moisture level, and
seedlings of other trees and shrubs occurring
in the neighbourhood also start appearing.
Appropriate soil and moisture conservation
measures adopted in the terrain improve the
ambience of the site further, enabling the
incoming vegetation to be more vigorous.
Such conditions are also ideal for the artificial
dibbling of seeds which grow into seedlings
with relative ease.

regeneration for a couple of years.
Planting should be diffused and
with native species. Transformation
of the vast extents of old eucalyptus
plantations to natural forest will
also require intensive planting
involving in extreme cases, uprooting
and removal of the eucalyptus
stumps.
As regards dibbling of seeds or planting
of seedlings, the focus should primarily be on
the introduction of the native species of the
tract. It has been mentioned that poly-bagged
seedlings of local species such as Bevu,
Honge, Kamara, and a few others are already
being planted in the forest areas of the dry
zone. It is necessary to explore the possibility
of introducing more varieties of native species
for this purpose. Relatively hardier species
among those occurring in the terrain should
be given importance as they have a better
chance of survival and growth. A list of species
of trees and shrubs commonly occurring in
the forests of the dry zone is given below:

The trees and other plants mentioned in
the foregoing list belong to two broad categories:
(a) the first category comprises species that
primarily occur in the Western Ghats region
where they attain a large size, while their
growth in the dry zone is stunted; e.g., teak,
matti, honne, kindal, tare, beete, bilwara,
shivani, naviladi, etc.; (b) the second category
comprises the remaining species that are typical
of the dry zone where they grow up to their
normal dimensions. By and large, the species
belonging to this category are drought resistant
and fire-hardy. A sizeable number of species
from this category also come up well in rocky or
stony areas with shallow/poor soil.

The above list, though not exhaustive is
indicative of the wide diversity of species that
the forests of the dry zone harbor. The list
includes, besides trees, several hardy shrubs
and climbers. In fact, in the highly degraded
parts of the forests in the dry zone, it is the
shrubs and climbers that play a major role in
protecting the soil mantle. Even in the most
degraded portions of these forests, the root
systems of these shrubs, climbers, and a few
hardy trees remain dormant in the soil. Once
the forest area is given rigid protection from
fire and other forms of biotic interference, they
give out coppice shoots immediately after
receipt of the initial showers. Seeds of local
grasses, herbs, shrubs and trees also start

Species belonging to the second category
mentioned above can well adapt to the
adverse/hostile conditions in the dry zone.
Hence they are more ideal for artificial
regeneration either through dibbling of seeds
or through the planting of poly-bagged
seedlings. As already mentioned, the ongoing
practice of planting is limited to only a few
species. However, the above list indicates that
there are a large number of species that are
ideal for the dry zone. Some of these species
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Acacia catechu (kutch/katha)

Acacia concinna (seegekai)

Acacia chundra (kempujali/kaggali)

Acacia ferruginea (banni)

Acacia latronum (hirejali/goddajali)

Acacia leucophloea (bilijali)

Acacia nilotica (karijali)

Acacia suma (mugali)

Aegle marmelos (patri)

1

2

3

4

5

6

7

8

9

Sl. No. Scientific Name (local name)
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Rutaceae

Mimosoideae

Mimosoideae

Mimosoideae

Mimosoideae

Mimosoideae

Mimosoideae

Mimosoideae

Mimosoideae

Family

Sacred tree; leaves are offered in the worship of
Shiva; edible fruit; medicinal plant; ideal for dry
forests.

Pretty tree with white bark.

A farmer-friendly, multipurpose tree; timber is used
in construction, carts, agricultural implements, etc.;
NTFP (gum); medicinal plant; comes up in black
cotton soil and water-logged areas also; ideal for
foreshore plantations as well as agroforestry.

Medium sized tree, yields good brick-red timber;
NTFP (fibre, gum); bark used in the distillation of
spirituous liquor (toddy); medicinal plant.

Very hardy species; gregarious on poor soils.

Sacred tree; generally not felled; comes up in black
cotton soil also.

A moderate sized tree somewhat similar to Acacia
catechu; more common in relatively drier areas; its
heartwood also yields kutch/katha.

It is a thorny climbing shrub well-known for its fruits
seegekai, an age-old raw material for hair-care
(shampoo); its leaves and young shoots are often
eaten; medicinal plant.

A medium sized tree, often gregarious; timber is of
good quality; the heartwood is the main source of
kutch/katha, an important NTFP taken with betel leaf
and areca nut; medicinal plant.

Remarks
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Atalantia monophylla (kaadu nimbe)

Azadirachta indica (bevu)

Bauhinia purpurea (basavanapada/raktakanchan)

17

18

19

Albizia odoratissima (bilwara/goddahunase)

14

Anogeissus latifolia (dindal)

Albizia lebbeck (bage)

13

16

Albizia amara (tugli/chujjulu)

12

Annona squamosa (seetaphal)

Alangium lamarckii (ankole)

11

15

Ailanthus excelsa (moosi mara/doddabevu)

10

Sl. No. Scientific Name (local name)

Caesalpinioideae

Meliaceae

Rutaceae

Combretaceae

Annonaceae

Mimosoideae

Mimosoideae

Mimosoideae

Alangiaceae

Simarubaceae

Family

Showy flowers, ornamental tree.

A very important farmer-friendly, multipurpose tree;
timber used for construction, furniture, agricultural
implements, etc.; seeds yield oil; oil-cake is a
good manure; important medicinal plant & NTFP; a
popular agroforestry tree.

A small tree; wood is hard, used in carving; medicinal
plant.

A very widespread tree in the dry forests, but much
persecuted because of the wood which is excellent
firewood; timber is hard, useful for agricultural
implements, construction, pegs, posts, etc.; the tree
yields a useful gum; leaves are used for tanning.

Edible fruit; medicinal plant.

Yields good timber useful for construction, furniture,
etc.; medicinal plant; an ideal tree for agroforestry.

Yields good timber useful for construction, furniture,
etc.; medicinal plant; an ideal tree for agroforestry.

Wood is hard, used for agricultural implements,
furniture, construction, etc.; dried leaves are used
as a substitute for seegekai.

Sacred tree; utility timber for agricultural tools,
construction and furniture; edible fruit; medicinal
plant; an ideal agro-forestry species.

Medium to large tree which attains a good size in
very dry lands also; timber used for matchwood,
catamarans, etc.; medicinal plant.
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Bauhinia variegata (basavanapada/arisanantige)

Boswellia serrata (dhupa)

Buchanania lanzan (char/nurkal)

Buchanania angustifolia (maradi)

Butea monosperma (muthuga/flame of the forest)

Bridelia retusa (asana/gojji/mulluhonne)

Calotropis gigantean (ekke)

Canthium dicoccum (therane/kakkarole)

Capparis decidua (karina/chippuri)

Capparis divaricata (revdi/thottala)

Capparis sepiaria (himsra/kathari mullu)

Casearia tomentosa (tordul/konje/sillangi/modi)

Commiphora caudata (konda mavu/hill mango)

Carissa carandas (kawli)

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Sl. No. Scientific Name (local name)
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Apocynaceae

Burseraceae

Flacoutiaceae

Capparaceae

Capparaceae

Capparaceae

Rubiaceae

Apocynaceae

Euphorbiaceae

Faboideae

Anacardiaceae

Anacardiaceae

Burseraceae

Caesalpinioideae

Family

Edible fruit; medicinal plant; ideal for agroforestry.

An aromatic tree with papery, green bark; comes up
in well-drained gravelly soil as well as in rocky areas;
medicinal plant; an attractive ornamental/avenue
tree; easily propagated by cuttings.

Wood suitable for carving; medicinal plant.

Hardy species in dry, stony areas; medicinal plant.

Hardy species, comes up in dry, stony areas, also in
black cotton soil; medicinal plant.

Hardy species in dry, stony areas; fruit edible;
medicinal plant.

Wood hard, used for making walking sticks, combs,
etc.; medicinal plant.

Hardy shrub; Medicinal plant & NTFP.

Utility timber; medicinal plant.

Sacred tree; wood durable , also used in religious
rituals; NTFP (leaves for making plates); showy
flowers; comes in black cotton soil also.

Edible nuts (superior quality); medicinal plant.

Edible nuts; medicinal plant.

Medium to large sized tree; comes up in dry stony
areas; yields softwood/pulpwood; an important
NTFP (gum resin used as incense); medicinal plant.

Showy flowers, ornamental tree.
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Dendrocalamus strictus (medri bamboo)

Dichrostachys cinerea (wadu/sickle bush)

Diospyros melanoxylon (tupra)

Diospyros montana (jagalaganti)

41

42

43

44

Cordia myxa/dichotoma (challe/salle)

38

Dalbergia paniculata (padre/pachali)

Cochlospermum religiosum (kadaburuga)

37

40

Chloroxylon swietenia (mashawal/satinwood)

36

Dalbergia latifolia (beete/sissum)

Cassia auriculata (tangadi/tarwad)

35

39

Cassia fistula (kakke)

34

Sl. No. Scientific Name (local name)

73
Ebenaceae

Ebenaceae

Mimosoideae

Poaceae

Faboideae

Faboideae

Boraginaceae

Bixaceae

Rutaceae

Caesalpinioideae

Caesalpinioideae

Family

Wood is moderately hard and durable; tree is not in
use due to superstitious belief.

Coppices profusely; wood hard, useful: construction,
furniture, carving, piano keys, etc.; NTFP (beedi
leaf); medicinal plant.

Very hardy tree/shrub for dry, stony areas; wood
hard; used for walking sticks; pretty flower (upper
part yellow, lower part pink or purple).

Utility wood for various domestic and agriculture
purposes; needs to be encouraged in agroforestry.

Hardy tree, grows to large size in dry forests.

Primarily a tree of the Western Ghats, attains pole
size in the dry forests; excellent timber.

Edible fruit, pickled; kernel edible; used in local
medicines; ideal for agroforestry.

Ornamental tree, large, beautiful flowers; NTFP
(floss); medicinal plant.

A medium-sized tree yielding very good lustrous
timber with floral designs used for furniture, cabinet
works, engravings, photo-frames, etc.; medicinal
plant.

Hardy shrub; medicinal plant; ornamental plant ideal
for landscaping.

Sacred tree; ornamental tree with attractive flowers;
medicinal plant.
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Erythrina strictata (keechige)

Erythrina variegata (halwan/dadap)

Erythroxylon monogynum (devadari/red cedar/bastard sandal)

Ficus species (ala/arali/atti/goni)

52

53

54

55

Elaeodendron glaucum (mukarthi)

49

Euphorbia species (kalli)

Ehretia laevis (datrang/adak/bagari)

48

51

Dolichandrone falcata (wudige/godmurki)

47

Emblica officinalis (nelli)

Dolichandrone crispa (godmurki)

46

50

Dodonaea viscosa (bandurki)

45

Sl. No. Scientific Name (local name)

Moraceae

Erythroxylaceae

Faboideae

Faboideae

Euphorbiaceae

Euphorbiaceae

Celastraceae

Boraginaceae

Bignoniaceae

Bignoniaceae

Sapindaceae

Family

Sacred tree; softwood; a number of species of Ficus
are ideal for avenue trees; medicinal plant.

Small resinous tree or large shrub; wood red, hard,
aromatic, useful for turnery; medicinal plant.

Showy flowering tree; ideal as shade trees in coffee
plantations; support for vines; live fence; timber
very soft, used as pulp and fish-floats; medicinal
plant.

Grows in arid, stony areas where nothing else
grows; medicinal plant; ideal for fencing around
farmlands.

Edible fruit, pickled. An important medicinal plant;
used in Triphala, an Ayurvedic formulation.

A widely distributed tree occurring from evergreen
to dry deciduous forests; attains small size in dry
forests; excellent timber though logs are small in
size; medicinal plant.

Small tree or large shrub; fruit and inner bark are
eaten during scarcity.

Small to medium-sized tree of the dry deciduous
forests; wood strong and light, ideal for a yoke,
agricultural implements and furniture; flowers
are trumpet-shaped, white and pretty; medicinal
plant.

Very hardy shrub, quite common in scrub forests
and highly degraded sites; wood hard; medicinal
plant.

Remarks

My Forest – March – 2022

75

Gyrocarpus americanus (=Gyrocarpus jacquinii (kadu bende))

Gymnosporia montana (tandarsi/yekkadi)

Givotia rottleriformis (betta thavare/butala)

62

63

Grewia abutilifolia (jani gida/kowri/khar phulsa)

59

61

Gmelina arborea (shivani/culi)

58

Grewia damine/salvifolia (vulpi)

Gardenia species (Bikke)

57

60

Flacourtia indica (bilehuli/mulluthotti)

56

Sl. No. Scientific Name (local name)

Euphorbiaceae

Celastraceae

Hernandiaceae

Tiliaceae

Tiliaceae

Verbenaceae

Rubiaceae

Flacourtiaceae

Family

Moderate sized tree, comes up in stony and rocky
areas; trunk has large circular depressions due to
falling bark; petioles and under surface of the large
cordate leaves are wooly white; wood is soft, light
and white, ideal for toys, boxes, trays, catamarans,
etc.; seed oil is a fine lubricant;  medicinal plant.

Small tree or woody shrub; chewing the leaves
reduces thirst; medicinal plant.

Medium-sized tree, comes up in stony and rocky
areas; bark silvery-grey, shiny; leaves large with
long petioles; wood is soft and grey, ideal for toys,
boxes, trays, catamarans, etc.; medicinal plant.

Large shrub with small leaves, yellow flowers; fruits
relished by sloth bear and other animals.

Small tree with large leaves, white flowers; comes
up in dry forests along stream banks or sheltered
areas; bark yields fiber.

Primarily a tree of the Western Ghats, has limited
presence in dry deciduous forests; very good timber;
growth is good in favorable areas only; medicinal
plant.

Large shrub or small tree with large leaves and
attractive flowers; wood is hard and used for turnery
works; certain species (such as G. latifolia, etc.) are
ideal for planting in parks and gardens.

A large shrub or small tree; wood, though small in
size is very good, useful for agricultural implements,
furniture, etc. medicinal plant.
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Lagerstroemia parviflora (channangi)

Lannea coromandelica (godda)

Limonia acidissima (belaa)

Limonia crenulata (naibelaa)

68

69

70

71

Holoptelea integrifolia (tapasi)

66

Ixora arborea (gorivi)

Holarrhena antidysenterica (kuda/kodasiga)

65

67

Hardwickia binata (kamara/anjan)

64

Sl. No. Scientific Name (local name)

Rutaceae

Rutaceae

Anacardiaceae

Lythraceae

Rubiaceae

Ulamceae

Apocynaceae

Caesalpinioideae

Family

Small tree; medicinal plant.

Sacred tree, planted in temple premises; wood is
useful for construction, agricultural implements, etc.;
fruit edible; medicinal plant; NTFP (gum).

A widespread tree in moist and dry deciduous
forests; attains medium size in the dry forests; wood
soft, central core hard and useful; medicinal plant.
Leaves are good fodder for elephants.

Large, drought-resistant and fire-hardy tree; good
timber for multipurpose use; medicinal plant.

Small tree; wood is considered auspicious, reddish
brown, smooth, useful for turnery works, engraving,
etc.; green branches are used for torches; medicinal
plant.

Fairly large tree; wood is moderate and
multipurpose, not very durable; medicinal plant;
ideal tree for planting in the dry zone including in
avenue plantation.

Large shrub or small tree; flowers are attractive
and fragrant; wood is moderately hard and used
for making toys and small articles; leaves are
sometimes used for wrapping beedis; medicinal
plant. In ancient India, the juice of the plant was
reportedly used in house construction as a potent
ingredient for a mixture of wall plaster.

A very versatile tree of the dry zone; excellent
timber; very good fodder; medicinal plant; ideal for
afforestation.
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Madhuca latifolia/indica (ippe)

Morinda tinctoria (maddi)

Mundulea suberosa (bettahurali)

Opuntia dillenii (papaskalli)

Phoenix sylvestris (ichalu)

Pongamia pinnata (honge)

Pithecellobium dulce (seeme hunse)

72

73

74

75

76

77

78

Sl. No. Scientific Name (local name)

77
Mimosoideae

Faboideae

Arecaceae

Cactaceae

Faboideae

Rubiaceae

Sapotaceae

Family

An introduced tree, has naturalized in the dry, open
forests; fruit edible; medicinal plant; ideal as hedgeplant.

An important farmer-friendly, multipurpose tree;
wood is of average quality, used locally; seeds yield
oil; leaves extensively used for mulching; oil-cake is
excellent manure; medicinal plant; an ideal tree for
agroforestry.

Useful tree of local economic importance; fruit is
edible; jaggery and alcohol (toddy) are obtained
from the sap of the tree; medicinal plant.

Introduced and naturalized species; comes up in dry
rocky areas; good host of sandal; useful for fencing;
supports the Cochineal insect from which the
compound Carmine is extracted; Carmine is used in
textile (dyeing) and cosmetic (lipstick) industries.

Small tree or large shrub with attractive light-green
foliage with a silvery tinge and pretty pea-like
flowers; comes up well in dry, rocky areas; wood
yellow, close-grained, used for furniture, agricultural
implements, etc.; medicinal plant; has potential
for afforestation in dry and refractory areas in the
maidan belt.

Small to moderate tree; wood yellow, used in turnery;
NTFP (root-bark – for dyeing); medicinal plant.

Medium sized tree; timber useful for construction,
naves of wheels, etc.; petals are edible, a spirituous
drink is distilled; seed yields oil; medicinal plant.
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78

Sapindus emarginatus (aralakai/ritha)

Schrebera swietenioides (ghanthe mara)

Securinega virosa (bilisuli)

85

86

Rhus mysurunsis (hulmari/sabale/sappli)

82

84

Randia uliginosa (pandri/banbugri)

81

Santalum album (shrigandha)

Randia dumetorum (kare)

80

83

Pterolobium indicum (badabakke)

79

Sl. No. Scientific Name (local name)

Euphorbiaceae

Oleaceae

Sapindaceae

Santalaceae

Anacardiaceae

Rubiaceae

Rubiaceae

Caesalpinioideae

Family

A large shrub or small tree common in open scrub
and deciduous forests; wood used for agricultural
implements; branches make fine walking sticks.

A moderate sized tree; fruit is bell-shaped and hardshelled; wood is heavy, hard and durable; the tree is
also known as the Weaver’s Beam tree as the wood
was used for beams of weaver’s looms; medicinal
plant.

A moderate sized tree; wood is of average quality,
used for local domestic purposes; fruits are
traditionally used as washing soap; medicinal plant.

A very important tree of the dry deciduous forests of
Karnataka. Well known for its aromatic wood as well
as the oil extracted from the wood; medicinal plant.

A bushy aromatic plant, often gregarious; common
in dry slopes, rocky and bouldery areas; wood hard
and heavy; branches used for fencing.

A large shrub or small tree, common in open forests,
savannah lands, and black cotton soil; medicinal
plant. The tree with large leaves and large, attractive
flowers is ideal for planting in parks and gardens;
medicinal plant.

A large shrub or small tree, very common in scrub
and open forests; an aggressive colonizer; medicinal
plant.

A prickly, woody straggler, common in open scrub
forests; colonizes and protects soil very effectively;
flowers and pods are attractive.
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79

Stereospermum xylocarpum (kharsing)

Strychnos potatorum (chilla/chitta/clearing nut tree)

91

92

Soymida febrifuga (some/Indian Redwood tree)

89

Sterculia urens (buthale)

Shorea talura (jalari)

88

90

Semecarpus anacardium (kadgeru/marking nut tree)

87

Sl. No. Scientific Name (local name)

Loganiaceae

Bignoniaceae

Sterculiaceae

Meliaceae

Dipterocarpaceae

Anacardiaceae

Family

A small to medium sized tree with fluted stem;
wood is used for ploughs, buildings, cart wheels,
agricultural implements, etc.; the mucilage in the
fruit helps in clearing or settling of silt in muddy
water; medicinal plant.

A medium sized tree with dense foliage; wood is of
good quality and used in buildings etc.; medicinal
plant.

Common in scrub and rocky forests; its pale whitish,
smooth bark is very conspicuous; wood is good
for making toys and small articles; tree yields a
vegetable gum (karaya gum); bark yields a good
fiber; roasted seeds are edible; medicinal plant.

A fairly large deciduous tree of the dry and scrub
forests; wood is close-grained, durable and very
hard; suitable for construction, furniture, pestles,
grain mills, carving, etc.; medicinal plant; bark yields
fiber.

Sacred tree; excellent timber; attractive and
fragrant flowers are used in the worship of Shiva
during Shivaratri festival; in the past, this tree was
extensively used for lac cultivation; medicinal plant;
propagation of this tree needs utmost attention; ideal
for tree-park and daivivanas.

A medium sized tree; NTFP (kernels and fleshy
hypocarps are edible; an ink for marking clothes
by washer men is obtained from the pericarp of the
drupe); medicinal plant.
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Terminalia paniculata (kindal/huluve)

Terminalia tomentosa (matti)

97

98

Terminalia bellirica (tare)

95

Terminalia chebula (alalekai/harda)

Terminalia arjuna (holematti/torematti)

94

96

Tamarindus indica (hunase)

93

Sl. No. Scientific Name (local name)

80
Combretaceae

Combretaceae

Combretaceae

Combretaceae

Combretaceae

Mimosoideae

Family

A large tree in the Western Ghats, has a widespread
presence in the dry forests, mostly as pole sized
trees; wood is of good quality, mainly used in
constructions; bark yields oxalic acid; medicinal
plant.

A large tree in the Western Ghats, has a limited
presence in dry forests, especially in south interior
Karnataka; wood is of good quality, mainly used in
constructions.

A moderate sized tree in the Western Ghats, has a
limited presence in dry forests, especially in south
interior Karnataka; wood is of good quality, but is
not much in use as its fruits are an important NTFP
(myrobalan); medicinal plant; fruit constitutes one of
the three ingredients of Triphala.

A large tree in the Western Ghats, attains moderate
size in dry forests; wood is of average quality,
durable when in contact with water; medicinal plant;
fruit constitutes one of the three ingredients of
Triphala.

A large tree commonly found on stream banks; wood
is good and is used for construction and other works;
flowers attract swarms of honey bees; an important
medicinal plant.

A large tree well-known for its fruits that are widely
used across the country; wood is close-grained,
very hard, very heavy and knotty, used for turnery,
oil presses, etc.; medicinal plant.
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81

Zizyphus xylopyrus (gotte/mullukare)

103

Wrightia tinctoria (hale/beppala)

101

Zizyphus jujuba (bore/bugari)

Vitex altissima (naviladi)

100

102

Vangueria spinosa (kare/mullu-kare)

99

Sl. No. Scientific Name (local name)

Rhamnaceae

Rhamnaceae

Apocynaceae

Verbenaceae

Rubiaceae

Family

A large straggling shrub or small tree; very hardy
species and comes up in open and scrub forests;
medicinal plant.

A low-branching spinous tree; timber is hard,
compact, tough; fruit edible; medicinal plant.

An important tree of the dry forests; yields good
ivory-colored timber for construction, furniture,
turnery, etc.; due to over-exploitation, larger trees
are not available and smaller pieces are mostly used
for toy-making for which the town of Channapatna
in Ramanagara district is very famous; an ideal
tree for agroforestry; medicinal plant; flowers were
important source of textile dyes; the tree needs to
be propagated in large scale both in forest and in
agroforestry.

A large tree of the evergreen forests of the Western
Ghats; also occurs in the dry forests, especially in
south interior Karnataka; wood is very good; flowers
are attractive; medicinal plant.

Small thorny deciduous tree; fruit edible; medicinal
plant.
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are already raised in the nurseries in limited
numbers, while a beginning has to be made
in respect of the others. Species for sowing
and planting may be chosen from among the
following:

zone indicates that most of the species
are beneficial to society for more than one
reason. While there are many timber-yielding
trees, many provide varieties of NTFPs
including fruits; most of them have medicinal
properties. There are also a number of flowering
trees that add to the beauty of the forest,
some of the species coming to blossom at a
time when the forests are almost entirely
leafless. Above all, all the species being
indigenous to the terrain can adapt to the
local conditions. Introduction of these species
through dibbling of seeds or through the
planting of seedlings is the best possible way
in which these degraded forests can be
assisted to rejuvenate and regain their pristine
state.

Azadirachta indica, Pongamia pinnata,
Hardwickia binata, Shorea talura, Cassia
fistula, Butea monosperma, Wrightia tinctoria,
Holoptelea integrifolia, Alangium lamarckii,
Santalum album, Emblica officinalis, Syzygium
cumini, Albizia lebbeck, Albizia amara,
Ailanthus
excelsa,
Soymida
febrifuga,
Madhuca latifolia, Semecarpus anacardium,
Buchanania lanzan, Chloroxylon swietenia,
Boswellia serrata, Diospyros melanoxylon,
Aegle marmelos, Limonia acidissima, Acacia
nilotica, Acacia leucophloea, Acacia catechu,
Acacia suma, Acacia chundra, Acacia
ferruginea, Acacia latronum, Acacia concinna,
Lagerstroemia parviflora, Dalbergia paniculata,
Lannea
coromandelica,
Stereospermum
xylocarpum,
Sapindus
emarginatus,
Strychnos potatorum, Annona squamosa,
Dolichandrone crispa, Givotia rottleriformis,
Cochlospermum religiosum, Erythrina species,
Mundulea suberosa, Zizyphus jujuba, Atalantia
monophylla, Grewia salvifolia, Commiphora
caudata, Dichrostachys cinerea, Gardenia
species,
Morinda
tinctoria,
Schrebera
swietenioides, Sterculia urens, Erythroxylon
monogynum, Capparis species, Gyrocarpus
jacquini, Carissa carandas, Cordia myxa/
dichotoma, etc. Species such as Mangifera
indica, Pongamia pinnata, Terminalia arjuna,
Holoptelea integrifolia, Tamarindus indica,
Syzygium cumini, Bauhinia species, Butea
monosperma, Salix tetrasperma, Vitex negundo,
etc. should be planted on stream banks.

As regards raising poly-bagged seedlings
of some of the non-traditional indigenous
species of the dry zone, it is necessary for
the Forest department to diversify its present
nursery program and develop appropriate
nursery techniques for these species. While
the Research wing of the department should
monitor the activities, each territorial division
of the dry zone may be entrusted with the
responsibility of developing and fine-tuning
the nursery technique for one or two species.
Development of nursery techniques for the
non-traditional indigenous species will also
give a boost to the agro-forestry program,
as farmers will be attracted to plant some of
these species in their farmlands, e.g.,
Wrightia tinctoria, Alangium lamarckii, Givotia
rottleriformis, Acacia concinna, Sapindus
emarginatus, Erythrina, Carissa carandas,
Cordia myxa, etc. Besides, the diversity of
species in the Tree-parks and Daivivanas that
are developed by the Forest Department in
various parts of the state can be immensely

A perusal of the list of trees, shrubs,
and climbers commonly occurring in the dry
82

increased by the introduction of these
species. More particularly, the indigenous
trees with attractive flowers such as Shorea
talura, Cassia fistula, Butea monosperma,
Bauhinia, Dolichandrone crispa, Cochlospermum
religiosum, Dichrostachys cinerea, Gardenia

latifolia, Randia uliginosa, Mundulea suberosa,
Schrebera
swietenioides,
Commiphora
caudata, Erythrina, etc. will add to the beauty
of these tree groves which are frequently
visited by a large number of people from the
neighbouring towns and villages.
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Introduction

Abstract

Indian sandalwood Santalum album L. is
one of the best plant species out of 18 species
of the genus Santalum. This particular species
is widely recognized throughout the globe for
its beautiful fragrance and tremendous
medicinal importance. Indian white sandal has
achieved importance as a plantation crop in
Sri Lanka, Australia, Hawaii and other African
countries due to the increase of worldwide
demand for sandalwood and the decline of
sandalwood natural resources and specifically
due to its high santalol productivity, sweet
fragrance, persistent aroma and fixative
property. Propagation of sandalwood plants
commonly takes place by seeds which are
produced twice a year (June to September and
or November to February). Seed dormancy
is the major riddle in the planting stock
production of tree species. The dormancy
period of freshly collected sandal seeds
continues up to ninety days (Clarke and
Doran, 2012). The seeds of sandalwood have
inherent morphophysiological dormancy, low
and
prolonged
germination
and
poor
establishment of seedlings (Parthvee et al.,
2020).

Seed germination in Sandal (Santalum album
L.) is very time-consuming and intermittent.
Therefore it needs to be improved by
additional seed treatments before sowing.
In the present work, the seed materials were
collected from three different locations viz.,
Belisinda Reserve Forest in Hassan district,
Nelamangala taluk farmer’s field in Bengaluru
district and K. Shettihalli reserve forest in
Mandya district were used. The seeds were
collected during October – November 2021.
In this study, the seeds soaked in GA3 at
100 ppm for 24 h and 48 h, GA3 at 1500
ppm for 24 h and 48 h, hydropriming for 24 h
after scarification, and untreated seeds were
used as control. The germination behaviour
remarkably improved by a particular
concentration of GA3 in a specific hour of
treatment. In this paper, we have discussed
the most successful method of GA3 treatment
which helped to achieve germination up to
80 percent within 35 days of sowing, and
the viability of seed lots from three different
sources. The main aim and objective were
to obtain higher, faster, and uniform seed
germination as well as to find out the response
of hormonal treatment in the germination
activities of Santalum album L.
Keywords: GA3, germination, pre-sowing
treatment, Santalum album L., viability

¹ DCF (Social Forestry – Research), Bengaluru. Email: dcfresearch@gmail.com
2
RFO (Social Forestry – Research) Bengaluru.
³ Research Assistant, Seed Laboratory, Karnataka Forest Department.
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100 ppm concentration and 150 mg of Gibberellic
acid powder in 100 mL water for preparing
1500 ppm concentration. The seeds were
then allowed to soak in the prepared solutions
for 24 and 48 hours and sown separately
in a randomized manner in three replications
of 100 seeds each. The seeds were rubbed
in the sand which acts as mechanical
scarification and then soaked in water for
24 hours and the untreated seeds used as
control were sown in seedling trays in the
same manner. The germination trays were
maintained regularly with watering and treated
with fungicide to avoid fungal attack.

There are many reports on seed dormancy
and pre-sowing treatments on sandal. Various
pre-sowing treatments are tried on seeds all
over the world to get quick and uniform
germination. Sandal normally takes 4-12
weeks to complete germination (Srinivasan
et al., 1992 and Srimathi et al., 1995) and it’s
quite challenging to obtain uniform germination
without any treatment. In the current
investigation, pre-sowing treatments are
designed to achieve better, faster and uniform
seed germination.
Materials and Method
The experiment was conducted at
Seed Testing Laboratory, Karnataka Forest
Department, Doresanipalya during the year
2021-22.

Germination Parameters: Different types
of germination parameters viz., percentage of
germination, speed of germination, time taken
for initiation, and completion of germination
has been shown here in the following undermentioned methodologies.

Seed collection: The seed materials
collected from three different locations viz.,
Belisinda reserve forest are in Hassan district,
Nelamangala taluk farmer’s field in Bangalore
district and K. Shettihalli reserve forest area
in Mandya district was used. The seeds were
collected during October – November 2021.
After the collection of mature fruits, those
were soaked in sterile water for thirty minutes
then de-pulped and shade dried for seven
days.

Percentage of Germination: The seeds
germinated normally during the germination
period were counted and the total number
of seeds germinated was dived by the total
number of seeds sown and the result was
expressed as percentage.
Number of seed(s) germinated
Germination (%) = –––––––––––––––––––––– x 100
Total number of seeds sown

Preparation of Germination media:
Cocopeat was used as germination media.
The cocopeat was thoroughly washed twice
and treated with Bavistin to prevent any
fungal infection. The seedling trays of fifty pits
were used for sowing and all trays were
prepared with this same media and labelled
with the name of place of collection and
treatments.

TTIG (Time taken to initiate germination):
Number of days taken to initiate germination.
TTCG (Time taken to complete germination):
Number of days taken to completion of
germination TTIC and TTCG are the number
of days taken from sowing to completion of
germination which were recorded for each
treatment. The seeds were considered as
germinated only when the sprouted plumule
along with the cotyledons had protruded about
0.5 cm above the bed.

Seed treatment: The GA3 solution was
prepared by mixing 10 mg of Gibberellic
acid powder in 100 mL water for preparing
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Speed of germination

Results and Discussion

G1		 G2		G3		
Gn
(SG) = ––– + ––– + ––– + .... + –––
D1		 D2		D3		
Dn

Viability per cent of seeds from different
sources
The seeds obtained from Belsinda reserve
forest of Hassan district recorded the highest
seed viability percent of 83 followed by seeds
from Nelamangala of Bengaluru district which
showed 77 percent viable seeds (Figs. 2a,
2b and 2c). The least percent of viable seeds
was found to be in seed lot collected from
K. Shettihalli reserve forest of Mandya district
with 66 percent viability. The results of TZ
and germination conducted on the same seed
lot are usually quite close and certainly within
the range of normal sampling variation (Verma
and Majee, 2013). In Fig. 1 the comparison
between the percent germination and viability
is shown. The graph clearly depicts that the
seeds treated with GA3 at 1500 ppm for 48 h
were successfully able to achieve maximum
germination as per the seed viability. The
pre-sowing treatment was helpful in achieving
better and faster germination initiation and
uniform emergence from all three different seed
sources and even in the low viable seed lot.

Where G1, G2 G3 ... Gn is the number of
seeds newly germinated on 1,2,3…nth day
respectively.
D1, D2, D3…Dn count on 1,2,3…nth day
respectively.
Viability test: Tetrazolium (TZ) was
followed to estimate the viability of the
seeds. TZ assay is a fast evaluation of seed
viability and an alternative quick method for
evaluating seed germinability (Porter et al.,
1947 and Wharton et al., 1955). All respiring
tissues are capable of converting a colourless
compound, TZ (2,3,5 tripheny) tetrazolium
chloride) to a carmine red-colored waterinsoluble formazan by hydrogen transfer
reaction catalysed by the cellular dehydrogenases. TZ enters both living and dead cells
but only living cells catalyse the formation
of formazan which is a red, non-diffusible
stain in the viable seeds whereas the absence
of respiration prevents formazan production
making the dead seeds (aged tissue) remain
unstained.

Effect of different treatments on Santalum
album L. seeds
In the present study the seeds were
subjected to pre-sowing treatments such
as soaking in GA3 at 100 ppm for 24 h and
48 h, GA3 at 1500 ppm for 24 h and 48 h,
hydropriming for 24 h after scarification and
untreated seeds used as control. The seed
viability of seed lots from three different
sources and the effect of pre-sowing seed
treatment on sandal seeds from three different
sources are given in Table 1. The germination
commenced from the second week onwards
and was continued up to 12 weeks in poor
treatments and control. Among the treatments
from different seed sources, the seeds treated

The seeds were soaked in water overnight,
once imbibed; they were cut into halves with
a scalpel to expose the embryo. The halved
seeds were then put in tetrazolium chloride
solution (1%) and kept in dark for 24 hours at
30ºC and observed for staining. The amount
of staining tells the tale. This reaction only
happens in or near living cells that are
releasing hydrogen as they respire, so staining
indicates the seed is living. This test will give
an estimate of the maximum percentage of
seeds that have the potential to produce normal
seedlings.
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Fig. 1 – Germination vs. Viability of seed lot from different sources treated with GA3 1500 ppm for 48 h.
(Table 1). The higher germination in GA3 treated
seeds might be due to the effect of GA3 in
cytological activities. The cytological enzyme
leads to an increase in the plasticity of the
cell wall and the absorption of water. GA3
releases the seeds from dormancy by
promoting
protein
synthesis,
elongation
of coleoptiles and production of ethylene
(Stewart and Freebairn, 1969).

with GA3 at 1500 ppm for 48 h from Belasinda
showed significantly higher percent germination
and speed of 80 and 1.75 respectively and
lower TTIG and TTCG was recorded in the
same seed lot (15 days and 36 days, respectively)
given in Table 1 and Fig. 3.
Irrespective of the seed source the
seeds treated with GA3 at 1500 ppm for 48 h
showed significantly higher germination, speed,
and low TTIG and TTCG compared to control.
Overall, the seeds which were treated with
GA3 at 100 and 1500 ppm for both 24 and
48 h showed significantly higher percent
germination and speed with lower TTIG and
TTCG when compared to the hydropriming
after scarification and against control which
showed
the
least
germination,
speed
and significantly higher TTIG and TTCG

The increase in germination percentage
along with speed and a decrease in time taken
to initiate and completion of germination of
seedling in GA3 1500 ppm might be due to
the fact that at this concentration it was
sufficient enough to antagonize the ill effect
of inhibitors and induce de novo synthesis
of proteolytic enzymes like alpha-amylase
and ribonuclease. These enzymes hydrolyse
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2a

2b

2c
Fig. 2 – Viability TZ test of seed lot from Belasinda (2a), Nelamangala (2b) and K. Shettihalli (2c)
et al. (2016) in sandalwood, Patil and Krishna
(2016) in canes, Palepad et al. (2017) in
custard apple, Patel, H. T. et al. (2018) in
red sandal, Shankar and Devakumar (2018)
Pamungkas and Nichols (2019) in sandalwood,
Parthvee et al. (2020) in sandalwood and
Hemalatha, M. and Chaudhari, S. B. (2021) in
sandalwood.

starch in the endosperm providing the
essential sugar for the initiation of the growth
process in the developing embryo. The results
obtained in the present investigation are
in accordance with the findings of Vira and
Smith (1996) and Nikam and Barmuk (2009)
in sandalwood, Anand et al. (2012) in Melia
dubia, Caliskan et al. (2012) in fig seeds,
Jayawardena et al. (2015) and Sutheesh
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Table 1 – Viability of seed lots from three different sources and effect of pre-sowing seed
treatment on germination (%), TTIG, TTCG and speed of germination
Seed Source 		

Belasinda Nelamangala K. Shettihalli

Viability (%)

83

77

66

100 ppm for 24 h

56

42

36

		

100 ppm for 48 h

72

69

48

		

1500 ppm for 24 h

68

70

41

		

1500 ppm for 48 h

80

75

59

		

Scarification and hydropriming

35

30

26

		

Control

32

28

22

Germination (%)

S.Em±

0.09

C.D.(0.05)

0.27

CV %

0.57

TTIG

100 ppm for 24 h

18

18

13

		

100 ppm for 48 h

18

17

12

		

1500 ppm for 24 h

15

14

10

		

1500 ppm for 48 h

15

14

10

		

Scarification and hydropriming

20

22

24

		

Control

30

29

32

S.Em±

0.09

C.D.(0.05)

0.25

CV %

1.43

TTCG

100 ppm for 24 h

51

52

58

		

100 ppm for 48 h

43

48

55

		

1500 ppm for 24 h

40

48

51

		

1500 ppm for 48 h

36

44

44

		

Scarification and hydropriming

68

65

63

		

Control

81

80

88

S.Em±

0.07

C.D.(0.05)

0.20

CV %

0.36
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Seed Source 		

Belasinda Nelamangala K. Shettihalli

Speed of

100 ppm for 24 h

0.64

0.50

0.52

germination

100 ppm for 48 h

0.68

0.52

0.54

		

1500 ppm for 24 h

1.65

1.55

1.09

		

1500 ppm for 48 h

1.75

1.58

1.10

		

Scarification and hydropriming

0.45

0.40

0.37

		

Control

0.33

0.30

0.26

S.Em±
C.D.(0.05)
CV %

Fig. 3 – Germination, TTIG, TTCG and Speed of germination of seed lot from Belasinda, Hassan district.
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Fig. 4 – Germination, TTIG, TTCG and Speed of germination of seed lot from Nelamangala,
Bengaluru district

Fig. 5 – Germination, TTIG, TTCG and Speed of germination of seed lot from K. Shettihalli,
Mandya district
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Conclusion

Hemalatha M. and Chaudhari S. B. (2021).
Effect of pre sowing treatments on
seed germination and its parameters in
sandalwood (Santalum album L.) J Pharma.
Phytochem., 10(1): 92–95.

The summarization of the present study
indicates that the pre-sowing treatments
taken up successfully helped to enhance the
germination behaviour of seed lots from all
three different sources. The viability of seeds
varied among the seed sources and the
treatment given affected the germination
parameter and was able to achieve higher,
faster, and uniform seed germination in
seeds from all three different sources. The
treatment with GA3 once again proved to be
the best pre-sowing treatment in sandal
irrespective of the seed sources.

IPNI 2017. The International Plant Names
Index and World Checklist of Selected
Plant Families 2022. Published on the
Internet at http://www.ipni.org and http://
apps.kew.org/wcsp/
Jayawardena M. M. D., Jayasuriya K. M.
G. G. and Walck J. L. (2015). Confirmation
of morpho-physiological dormancy in
sandalwood (Santalum album L., Santalaceae) seeds. J Natl. Sci. Found., Sri
Lanka, (43): 211–215.
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desired genotypes. An efficient micropropagation protocol was developed at our
lab using nodal explants from field-grown
clumps of Bambusa tulda Roxb. In-vitro
cultures were initiated and multiplied
using Murashige and Skoog medium
supplemented with cytokinins. After successful
in-vitro rooting using Indole Butyric Acid (IBA),
plantlets were hardened very efficiently at
Greenhouse and Nursery.

Abstract
In-vitro propagation is an effective and
alternative technique to produce plants at a
large scale to meet global demand. Various
researchers at different Institutes all over the
world have worked on the micropropagation
technique to regenerate Bamboo species
by using nodal segments as explants.
Contamination, browning, necrosis and
acclimatization with physiological stress
are the extreme problems of the micropropagation technique. But, in Bamboo,
several researchers have used nodal
segments as explants for in-vitro propagation.
The in-vitro proliferation of Bamboo species
is totally dependent on the season of
collection, size of explants, in-vitro positioning
of explants, concentration and combinations
of growth regulators, adequate culture
medium, growth room environment, etc.
The long-life cycle of Bamboo produces a
huge amount of seeds, unfortunately, they
are mostly non-viable. Hence, species of
Bamboos are propagated vegetatively by
cuttings and air layering. However, these
methods are only for a small scale and they
also tend to destroy large mother plants
stocks and are difficult to be transported.
Hence, the in-vitro propagation technique
is useful to obtain large progenies from

Keywords: Micropropagation, Nodal segments, Handling and positioning of cultures,
Bambusa tulda Roxb.

Introduction
Bamboos have many attractive plant
species used for various purposes due to
their versatile utilization with high economic
potentiality and its accelerated growing
capacity in a short period (Godbole S. et al.,
2002, Kumar V. and Banerjee M., 2014). It is
perennial, strong, woody giant grass having
a unique complex branching system of
rhizomes with roots. The demand for Bamboo
is on the rise in Asian countries for its utility in
the handicraft industry, construction, paper
making, fishery and human consumption
(Scurlock J.M.O et al., 2000). Edible Bamboos
have been identified and grouped based on
the total cyanogen content. Such highly

* Scientific Consultant.
** DCF (Social Forestry-Research), Bengaluru, Karnataka Forest Department. Email: dcfresearch@gmail.com
*** RFO, Seed Unit, Karnataka Forest Department.
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from young lateral branches of the main clump
of 2-year-old plants of Bambusa tulda Roxb.
from a research farm that belongs to the
Institute of Wood Science and Technology
(IWST), Bengaluru. The explants were
collected from November to January. Leafsheath of nodal segments were removed,
sized, and washed with water several times.
Further washed with disinfected liquid
(SAVLON-1ml in 100ml water) for 5-10 mins
and then again washed with water (2-3 times).
Washed explants were treated with 70%
Ethanol for 30 seconds at Laminar Air Flow.
The explants were then treated with 0.1%
HgCl2 solution for 17 minutes and then
rinsed with sterile water 2-3 times before
inoculation. After washing with sterile water,
the nodal segments were trimmed on either
side to the required size. These trimmed
explants were further dipped in TAXIM solution
for 12 minutes before inoculation into MS
medium in culture tubes. The MS medium
was supplemented with 6-Benzyl Aminopurine
(BAP) at 3 levels (1,3,5 mg/L) for bud breaking.

demanded edible Bamboo with substantial
nutritional attributes are Dendrocalamus,
Melocanna, Bambusa tulda, Roxb. etc.
(Agnihotri R. K. and Nandi S. K., 2009). Protocols
based on zygotic embryos for woody Bamboo
plantlets regeneration have been developed.
Firstly, the limitation with zygotic embryos
protocols in Bamboo plantlet regeneration is
that a given protocol is species-specific and
consequently does not apply to other genera.
Secondly, the long and irregular Bamboo
flowering cycle, as well as low seed viability
and scarcity in Bamboo seeds often limits
zygotic embryo protocols for Bamboo plantlet
regeneration.
Bambusa tulda Roxb. is a sympodial
species which produces nutritive shoots. Protocols
for plantlets regeneration were developed for
Bambusa tulda Roxb. through seeds and nodal
explants (Misra Y., 2008) without achieving
rhizogenesis. Further, an effective protocol
for in-vitro shoot proliferation from the nodal
buds and optimized rooting of Bambusa tulda
Roxb. was established (Sayanika Devi
Waikhomi W. and Bengyella Louis, 2014). All
the above protocols developed are of academic
level and not fully applicable for large-scale
production of Bambusa tulda Roxb. Hence, we
developed a fast, cost-effective, repeatable,
commercial protocol to produce Bambusa tulda
Roxb. using nodal segments. Our success
attributes to the Age of the mother plant, time
of collection of explants, meticulous sterilization
procedure, positioning of explant in-vitro,
appropriate usage of culture containers at
various stages of proliferation in-vitro, duration
in rhizogenesis, and successful timely transfer
of rooted plants to Green House, etc.

Culture Initiation and Multiplication
Bud break and initiation of culture started
after 6-8 days of inoculation in the initiation
medium containing MS basal supplemented
with BAP. After 3 weeks, the entire cluster
containing 2-3 shoots was transferred to the
multiplication medium. The multiplication
medium was supplemented with Kinetin
(1-3 mg/L) and BAP (3-5 mg/L) at different
combinations. In this medium, the initiated
shoots were elongated and started producing
sprouts within 3-4 weeks in the multiplication
medium. These sprouted shoots were used
as explants either as a single or cluster of
2-3 shoots for production of additional
multiple shoots and root induction at regular
intervals.

Materials and Method
Explants and Surface Sterilization
Healthy single nodal segments (1.5-2.0 cm
in length) with internodal portion were excised
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In-vitro Rooting

the hormone Kinetin (Kn) along with Benzyl
amino purine (BAP). Initially, the sprouted
nodal buds produced thick shoots The cluster
of shoots is of varied number. The excised
shoots contain single or 2-3 shoots together.
The variation in the number and new shoot
emergence may be due to size, age or
other conditions of explants. In our ongoing
experiments, we observed that Kinetin along
with BAP produced better results. The
multiplying cultures were sub-cultured every
3-4 weeks intervals.

For in-vitro rooting, the shoot multiplies
bearing 2-3 shoots were transferred to MS
semisolid medium supplemented with various
concentrations
of
Indole-3-butyric
acid.
Rooting response, duration, and percentage
of rooting were recorded after 15 days. After
3-4 weeks in the rooting media, the rooted
plantlets were washed with lukewarm water
(approximately 25°C). While washing, care
should be taken to wash only the root zone
and shoots should not come in contact with
the water. The washed plantlets were
transferred to Green House.

In-vitro Rooting
For root induction, shoot clumps (1-2
shoots) were placed vertically in the MS
medium containing different concentrations
of Indole-3-Butyric acid (1-3 mg/L). Earlier
reports on in-vitro rooting in Bamboo species
suggested half-strength MS basal along with
IBA is enough for rooting. But in our study,
we have found that using MS full basal is
beneficial for better establishment and faster
growth at the Green House level. Since our
project aimed to produce large numbers (in
Lakhs) of Bambusa tulda Roxb. we need to
take care of every stage very meticulously
to achieve our goal in time to supply healthy
saplings to our farming community. In our
study, MS full basal supplemented with
3mg/L IBA was found to be the best for root
initiation (12-15 days) and plants are ready for
Green House transfer after 3 weeks in rooting
media.

Results and Discussion
Initiation of Culture
The sterilization process described as in
materials and methods was used and yielded
99% aseptic cultures. Axillary bud break was
noticed after 6-8 days of inoculation. Almost
80%bud break was achieved with 2-3 sprouts
in the nodal area. Early bud break and the
number of buds sprout are strongly influenced
by the season and time of collection of
explants from the mother plant.
Multiplication of Shoots
In every batch of our initiation, we have
used only 25-30 numbers of nodal segments.
This is to avoid contamination and efficient
sterilization and handling of explants. In our
study at our lab in Doresanipalya, we found
that 80-85% of each batch has produced
2-3 shoots. After 2-3 weeks in the initiation
medium, the elongated shoots were separated
from the nodal portion and transferred to the
multiplication medium.

Conclusion
Although we have succeeded in Initiation,
multiplication, and In-vitro rooting, we are
further improving and standardizing our in-vitro
protocols for commercial-scale production of
Bambusa tulda Roxb. In any commercial-scale
production of plants, it is not the chemical

In the present study, we found that 3 mg/L
BAP was the best for initiation of Bambusa
tulda Roxb. For multiplication, we have used
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Fig. 1 – Culture Initiation

Fig. 2 – Further Growth

Fig. 3 – Culture Multiplication

Fig. 4 – In-vitro Rooting
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Fig. 5 and 6 – Seedlings in Green House

Fig. 7 – Seedlings in Nursery

Fig. 8 – Ready for Field Planting
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and its conversion into plantlets in a
multi-purpose Bamboo, Current Science,
10: 885–9.

media that can alone do the magic, but
other parameters such as culture containers,
growth room environment, time, the season of
explant collection, age of mother plants
and simplifying Green House procedures
will lead to better success rate with very
low cost of production per plant. Ultimately
the permanent shade net structures at
the Nursery can yield better quality plants in
good quantity.

Kumar V., Banerjee M. (2014). Albino regenerants proliferation of Dendrocalamus
as per in-vitro. World Journal of
Agricultural Science, 10: 09–13.
Scurlock J. M. O., Dayton D. C. and Hames B.
(2000). “Bamboo: an overlooked biomass
resource”, Biomass and Bioenergy, 19
(No. 4): 229–44.
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Introduction

Abstract

Forest (Conservation) Act 1980 is being
suggested to be made inapplicable on
private forests and deemed forests, and
on forest lands for constructing temporary
structures for tourism for establishing Zoos and
Safaris, rights of ways held by railways and
road ministry prior to 1980 and is being made
applicable on plantations grown outside forest
areas.

The forest (Conservation) Act 1980 came into
force to address various issues regarding
forestry in general and deforestation in
particular. Since 1980, there have been
amendments made to this act. The present
paper analyses the pros and cons of the
amendment in forest laws and cites several
examples besides the consequences to be
faced due to the amendment. It addresses
various issues including the surge in loss of
carbon storage potential. Effective control will
render a reduction in Green House Gases
(GHG) annual emissions by 200 million tonnes
and also create a Carbon storage place for the
same quantity of CO2 annually.

Wildlife (Protection) Act, 1972 is being
suggested to rearrange the list of species
in different schedules for convenience and
adding a chapter on CITIES. We are also
fortunate to find that the integrity of the habitats
such as section 29 for Wildlife Sanctuaries,
section 35(6) for National Parks, and section
38-O (g) for Tiger Reserves and areas linking
one Protected Area with another is not
tampered with. In general, the amendments
do not propose any change with the power to
arrest the offenders, carry on investigation,
launch prosecution, impose penalties and award
of punishments, etc, but the only alarming
suggestion is to constitute and empower
the Standing Committee of State Board for
Wildlife. Like National Board for Wildlife
(NBWL) is headed by the Prime Minister of
the country, the State Boards are headed
by respective Chief Ministers.

* Former Principal Chief Conservator of Forests (Head of Forest Force), Karnataka.
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All 28 projects in PAs covering 228.23
hectares have been approved by the Standing
Committee of NBWL. 74% of diversions were
for linear projects like transmission lines,
roads, and bridges, and not even a single
proposal has been rejected. The cause of
concern is the impact of multiple diversions in
a single PA. Standing Committee of NBWL
in 2019 approved doubling of rail track in
Bhagwan Mahaveer Wildlife Sanctuary in Goa
and in their first meeting in 2020 Standing
Committee has approved widening of National
Highway and laying of extra high voltage
transmission line in the same sanctuary.
Roads and railway lines are permanent
barriers increase the risk of wildlife mortality
and obstruct the free movement of wild
animals. Arboreal mammals that move through
the tree canopy are severely impacted. PAs
are inviolate areas for wildlife conservation
and the statute prohibits damage and
destruction. The standing committee has been
approving 100% of proposals of diversion
compromising the integrity of PAs. The concern
of the Standing Committee is not the
conservation of wildlife, but favour development
projects.
If Standing Committees of State Boards
of Wildlife (SBWL) is constituted and empowered, more and more projects will be
referred there and all cases will be recommended
to NBWL. In fact, SBWL will hardly meet and
deliberate on issues; Standing Committees
will meet and recommend the proposals.
More meetings will lead to more destruction of
habitats and consequent deforestation.
Standing Committee of NBWL in its 64th
meeting held on August 7, 2021, decided
to levy 2% of the proportionate cost of the
project falling inside PAs and Eco-Sensitive
Zones on user agencies for impact mitigation
measures. The amount collected will be spent
102

in the same PA, where habitat is impacted by
the project. The perception of members of
the Standing Committee who think that
damaged habitat can be restored with money
is completely misplaced.
Praveen
Bhargav,
Trustee,
Wildlife
First and ex-member NBWL observes on
this development, “The ecosystem-level
consequences of habitat fragmentation are
deleterious. Yet the NBWL, whose statutory
duty is to protect habitat is justifying a project
in PA by imposing a 2% levy. Endangered
wildlife now faces a double whammy of fragile
habitats getting fragmented and excess
money causing cascading impacts in PAs
due to wide-ranging construction and earth
moving activities using bulldozers, which will
be termed as mitigation and habitat
improvement works. Already we are witnessing
such negative impacts after the release of
Rs 50,000 Crores CAMPA funds. With states
not allocating the money for habitat
consolidation through voluntary resettlement
and land acquisition is a huge lost opportunity.”
I agree with Praveen entirely.
Suggested
amendments
in
Forest
(Conservation) Act, 1980 can be a disaster.
Its inapplicability on private forests and
deemed forests would open a flood gate of
deforestation in several wooded areas outside
notified forests. A hilly district like Kodagu in
the Western Ghats has only 1700 sq km area
as notified forests and the remaining 2500
sq km (two-thirds of it is still covered with
thick forests) can now be plundered without
making any reference to the Act. The bane
lands, pysari lands, and many other classes
of lands in Kodagu district, Kumaki lands
of Dakshin Kannada district, betta lands of
Uttar Kannada district, and kan lands of
Shivamogga district, which have very good
tree growth and are catchments of important
rivers face immense pressure for development
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Inapplicability of the Act on forest lands
within the right of way of Surface transport
department and Railways prior to 1980 will
increase pressure for the widening of roads
and doubling of railway lines leading to
accelerated
deforestation.
Suggested
amendments under Forest (Conservation)
Act can be put off. Further, a proposal for
the Standing Committee of SBWL under the
Wildlife (Protection) Act can be dropped and
provisions for preliminary offence report on
detection and charge sheet integrating with
Cr P C be added.

projects leading to accelerated deforestation.
Use of forest lands for non permanent
structures for eco tourism would also not require
approval under Forest (Conservation) Act,
once the amendment goes through. It would
again bring the pressure of tourism on pristine
forest areas. Temporary sheds and roads will
be made in the forests without any reference
to the Act. On paper, only a few big trees
will be sacrificed, but people moving to the
area for experiencing wilderness will aggravate
chances of forest fires, loss of regeneration,
and reproduction capacity. Even there will
be disruption in the corridors for the movement
of wild animals.

Among the deals intended to avert
catastrophic global warming, more than
100 countries have pledged at COP 26 to
end deforestation by 2030. Although the
experts observed that such promises have
been made and broken in the past, but
UK Government has confirmed that it has
received leaders representing more than 85%
of the World’s Forests, which include Brazil,
China, Columbia, Congo, Indonesia, Russia,
and United States. India has not joined this
group, which means that we continue to
plunder our forests for the sake of mining
(including coal mining) and development.

Similarly, forest lands can be utilized for
establishing Zoos and Safaris in forest areas
without any reference to the Act. A tiger Safari
is already established near Pakharo gate in
Kalagarh division of Corbett Tiger Reserve,
Uttarakhand with proper permission under
the Act, but it has a cascading effect, and
tourist reception center and arches have been
illegally constructed by Tiger Reserve
management by sacrificing the tree growth
and making the area as a tourist hub.
I witnessed in Lansdowne recently that a huge
tourism complex with a compound wall is
established by the same management in the
area used by wild elephants. Several private
resorts have come up and there is a proposal
to widen the road from Kotdwar to Satpuli
(NH 534) overlooking the fact that the area
is an elephant habitat. Later I learnt from the
press that National Tiger Conservation
Authority, on a report from its panel has
ordered demolishing all illegal constructions
by the Forest department. But several trees
sacrificed for the constructions cannot be
brought back and also nothing can be done
to prevent the expansion of private resorts.
Concerned forest officers should be held
accountable.

Forests are an important sink for
carbon. On many domestic and international
occasions, our PM has been calling for growing
trees on 26 million hectares of degraded
lands in the country by 2030, which is likely to
provide storage for 2.5 to 3 billion tonnes of
CO2 annually. Neither Union Environment and
Forest Ministry nor State Governments have
taken it forward. It is also not known what
portion of the degraded lands is available
for planting and what portion is under the
occupation of individuals/ institutions. Union
Ministry must collate the data from the
districts and states and provide funds for
greening the areas. If the country does not
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Leaders from over 100 countries including
Brazil, China, Columbia, Congo, Indonesia,
Russia and the United States representing
more than 85% of the World’s forests, have
pledged at COP 26 to end deforestation by
2030. Of course, India has not joined this
group as our leadership believes in sustainable
development and does not want deforestation
to discontinue. At Glasgow meet, no one raised
the issue of controlling forest fire, having been
fully aware that the burning of wood releases
GHG emissions and also damages the
potential of forests to sequester CO2 – clearly
it is a double whammy.

want to end deforestation by 2030, it is all
the more necessary to drive reforestation in
degraded areas.
Studies have revealed that the blocks of
forests subjected to degradation, denudation,
logging, fire, diseases, etc, are net carbonemitting blocks. Thus all forests are not
carbon-absorbing entities. Switzerland based
International Union for conservation of nature
and UNESCO have studied the assessment
of Green House Gases (GHGs) produced
and absorbed by 257 sites of UNESCO listed
forests, of these 10 sites are found to be net
carbon emitters, 80 sites were net neutral and
the remaining were net absorbers of CO2.
Factors like logging, wildfire and removal
of tree growth for agriculture are the main
reasons for net/ zero emission of CO2 from
these UNESCO forest sites.

The track record of rich nations in fighting
a forest fire is highly unsatisfactory. With so
many technological advancements, forests
in Siberia, California, and many other places
cannot be allowed to be burning for several
months. Rich nations must focus on forest
fire fighting in their own countries. World
leaders should work out a mechanism to fund
forest fire control within the purview of even
poorer nations.

Forest Fires are Double Whammy
Despite the clear warning of a significant
increase in deadly heatwaves, droughts,
wildfires, floods, and species extinction if
global warming is beyond 1.50 Celsius,
negotiators at Glasgow COP 26 summit are
competitive and leaders drag their feet to
go the whole hog in promising actions. We
saw heatwaves this summer in Canada
(Lytton broke all records and registered 49.60C
temperature), the US and Europe, forest fires
lasting for several months in 1.5 million ha
forests in Siberia, 2 million ha in California
and millions of hectares in Turkey, Greece and
Brazil.

India also does not have a good track
record in controlling forest fires across its
states. In 2021 summer, important biodiversity
hotspots like Simlipal in Odisha, Bandhavgarh
in Madhya Pradesh, Bandipur and BRT in
Karnataka, etc. have burned for weeks. Forest
fires in Chir forests in the Himalayas have
been quite concerning. Effective control will
render a cut in Green House Gases (GHG)
annual emissions by 200 million tonnes and
also create a Carbon storage place for the
same quantity of CO2 annually.
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BOOK REVIEW
By : Dr. K. R. Keshava Murthy

Sri Dipak Sarmah IFS (Retd.), a well-known
forest officer, is a prolific writer on the subjects
related to forestry. His recent book titled”
DOWN, BUT NOT OUT – SANDAL IN
KARNATAKA” is the outcome of his rich
experience over the decades in the field
of forestry. The book is as interesting as its
title!
As the author himself admits in his
preface that this book is not intended to add
to the wealth of information about the Sandal
that is already available. He has shared
information about the forests bearing Sandal
trees that existed across Karnataka and how
these forests have responded to interventions
of management for the past 200 years. Apart
from this, the author discusses the challenges
associated with the management of Sandal
in general and in the context of its dwindling
population in Karnataka. Besides the above
two aspects, the author has suggested
measures to re-establish the depleted stock of
Sandal trees.

Title : DOWN, BUT NOT OUT
SANDAL IN KARNATAKA
Author : Dipak Sarmah, IFS (Retd.)
Publisher : Notion Press.com
Year of Publication : 2022
Pages : 218
Price:Rs. 255/Email: sarmahdipak@gmail.com
Mobile:+ 91 9986232094

The book has nine chapters besides
a succinctly written preface. It also has an
annexure embedded with updated accepted
botanical names (along with local names and
synonyms) mentioned in the book, and has
ninety useful references. The introductory
chapter encompasses general information
about the genus Santalum, information on
various species of Santalum along with
geographical distribution. The titbits in the
boxes include information about the false
Sandalwood, the largest sandal tree, climatic
and edaphic requirements of sandal, dispersal
of Sandal by birds, etc. making the reading
interesting.
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The second, third, fourth and fifth chapters
fill the pages with relevant and useful data
on the Sandal during the pre-British period,
British
period,
post-Independence
era
(including present status and distribution), and
overview of Sandal management during the
post-Independence period, respectively.

The chapter includes the rules and regulations
related to Sandal from the time of Tipu Sultan
to recent times. The chapter also highlights
the amendments related to Sandal that were
introduced in the Karnataka Forest Acts
and Rules to popularise planting of Sandal in
private land.

The sixth chapter titled ‘Sandal on the
move’ draws references to works of Champion
and Seth, Buchanan, working plans written
by Mr. S. N. Kesarkodi (1932-33). The chapter
also narrates how the Sandal migrated to
open areas within the evergreen forests.
A short note on the Havyaka Brahmins
explains their migration from Uttar Pradesh
to Banavasi during the 4th-6th century AD
and the use of Sandalwood in performing
rituals makes the chapter noteworthy.

Chapter eight encompasses details about
the Sandal in the private land. Chapter nine
summarises the contents of the book briefly,
but meaningfully along with the concluding
remarks.

Chapter seven relates to the legal position
of the Sandal tree and extraction of Sandalwood.

The book is a must in the book racks
of foresters, students of forestry and researchers.

On the whole, the book is highly informative,
written in simple language. The amount of
information gathered about Sandal and how
the information is presented shows the prowess
of the author on the subject.
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50 years ago, MY FOREST (Vol. 9, Issue
No. 1, 1972) was published with a cover page
containing the plantation of Eucalyptus Hybrid
at Jarakabande, coppiced in 1961-62. The
photo shows a rare stool with eight coppiced
shoots. The issue had six articles along with
Editorial, News and Notes, a note containing
transfers, Leave, etc. and Further list of
subscribers.

MY FOREST – 50 years ago .....

The articles published were:
Soils and Forestry (Part-II) by Sri S. C.
Thippeswamy,
Vana Soundarya (in Kannada) by Sri K. F.
Patil,
Indispensable Man by Sri Thomas E.
Skirror,
Exploitation
details
of
Sharavathi
Submersion area by Sri A. C. Lakshman,
Trees – our Blood relatives by Sant Tukaram
and
Forest Plantations in Dry zone – A
suggestion by Sri S. Shyam Sunder.
In this issue, we are publishing the
articles by Sri A. C. Lakshman and Sri S. Shyam
Sunder for the benefit of foresters and to rejoice
the past.
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MY FOREST – 50 years ago .....

EXPLOITATION DETAILS ON
SHARAVATHY SUBMERSION AREA*
A. C. Lakshman
Deputy Conservator of Forests**
The Sharavathy river takes its birth in a
modest way at Ambuthirtha in Thirthahally
taluk near Agumbe (The Chirrapunjee in South
India). The river flows through Hosanagar taluk
(which was once the famous and fabulous
Bidanoor Kingdom of Shivappa Nayaka
which comprises the historical Keladi,
Nadakeladi, Ikkeri etc.). Sagar taluk and
Bhatkal taluk (adjacent to Gerusoppa which
was once the famous capital of the pepper
queen of Gerusoppa). The river joins the
Arabian sea near Bhatkal on the West-coast
of India. The total length of the river is less
than 100 miles. The river flows along the
Western Ghats and takes a mighty leap at
Jog.

The toll as usual was to forests. Forests in
the submersion area and forests elsewhere
to rehabilitate persons rendered homeless by
the impounding water. A total extent of 67
sq. miles of forests had to be cleared of
vegetation in the submersion area racing with
time. The forests in this tract unfortunately
happened to be one of the best in the
evergreen zone.
This note is based on the records collected
over a decade. The data is unfortunately not
too specific as different types of terrain and
different types of forests from the degraded
barren areas to the magnificent virgin tropical
evergreens and semi-evergreens are all
missed up. It should however go some extent
to indicate the capacity of our forests in the
evergreen and semi-evergreen zone. From
the figures, the out-turn from the natural
forests would appear to be disappointing.
Considering the fact that a very vast area is
involved covering all the biotic variation types
– these figures may be taken as representative
of any other block of similar extent in the belt
of forests extending from North-Kanara to
the extreme down South, including forests

The magnificent wasteful leap at Jog
has made the tiny Sharavathy river one of
the most benevolent water sources in the
country. It was harnessed long ago to impound
water over a spread of 36 sq. miles by the
Hirebhaskar dam. A mightier monolith was
contemplated in the fifties to drown the
Hirebhaskar dam to spread the water over
a vaster terrain to facilitate the production of
more electricity, the harbinger of industry.

* Paper reprinted from MY FOREST, Volume 9, Issue No.1, April, 1972.
** Sri A. C. Lakshman, served the Karnataka Forest Department in various capacities and is the former Secretary,
Department of Environment & Ecology, Government of Karnataka.
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In both the above types, though rarer in
the latter, bamboo is met with. The bamboo
(Bambusa arundinacea) when met within
the semi-evergreen zone is of very impressive
size.

of evergreen, semi-evergreen and moist
deciduous types. Thus, though it would be
the volume of out-turn from a particular type
of forest in the semi-evergreen or evergreen
zone, it would well denote the sum total of
all the representative types met within this
one.

In the degraded parts of the semi-evergreen
forests, Aglaia species, Myristica attenuata,
Symplocos species, Aporosa lindlyeyana,
Litsea species and bamboos are the common
representatives.

The forests, though in the evergreen zone,
because of the biotic and edaphic influences
vary much. We come across Tropical evergreen,
semi-evergreen, moist deciduous as also the
open regressed types derived from these.
The truly evergreen type of vegetation is met
within the interior valleys at lower elevations.
The area involved being in Western ghat
altitudinal variation is also there. Nearer
habitations of the forests are open and
stunted. The moist deciduous patches
bear species like Terminalia tomentosa,
T. paniculata, Lagerstroemia lanceolata,
Dalbergia latifolia, Terminalia bellirica, Dillenia
pentagyna, Pterocarpus marsupium, etc. In
the outer limits and nearer habitations, the
degraded version of this type consist of
Careya arborea, Terminalia chebula, Cassia
fistula, stunted Terminalia tomentosa, etc.

The true virginal type of evergreen is
met with only in the interior forest valleys and
the total extent of this type could be
considered as to have covered barely 15%
of the entire area. The vegetation here
consists of Calophyllum elatum, C. tomentosum,
C.
apetalum,
Elaeocarpus
tuberculatus,
Syzygium gardnerii, Diospyros microphlla,
Holigarna species, Polyalthia coffeoides,
Machilus
macrantha,
Mangifera
indica,
Artocarpus hirsutus, Artocarpus integrifolia,
Lophopetalum wightianum and Calophyllum
inophyllum, etc.
It is interesting to note that in the entire
area two of the important economic species of
the evergreens of Mysore State, Dipterocarpus
indicus and Poeciloneoron indicum are not met
with.

In the semi-evergreen type, the tree species
are mainly of Syzygium species, Holigarna
species, Hopea wightiana, Memecylon edule,
Cinnamommum species, Artocarpus hirsuta,
Machilus macrantha, Mangifera indica, Vitex
altissima, Mimusiops elengi with a sprinkling
of
Terminalia
paniculata,
Lagerstroemia
lanceolata and Terminalia tomentosa. Along
the water courses towering but twisted and
fluted specimens of Lophopetalum wightianum
are common.

Elevation and fertility of the soil plays
a major role in influencing the type of
vegetation. As we climb up the slope, size of
the trees which is quite gigantic at lower
elevations gets reduced and at the limits the
vegetation is stunted. The species occurring
at medium elevations are Dillenia pentagyna,
Carea
arborea,
Terminalia
tomentosa,
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The total area of water spread is 127 sq.
miles of which 38 sq. miles was already under
water. An area of 15,500 acres or 24 sq. miles
was under the plough. The balance area of
67 sq. miles was legally classified as forests
but from the Working Plan figures it may be
taken that about 60% of this or around 40 sq.
miles only could be considered as productive
area.

Lagerstroemia
lanceolata,
Pterocarpus
marsupium and a small percentage of
Bombax ceiba. It is interesting to observe
that at higher elevations and on ridges beyond
the submersion area which are exposed to
the ravages of wind and rain and which
cannot retain soil moisture because of steep
gradient and the heavy porosity of the soil,
the slopes are devoid of tree growth. Such
areas are covered by grass with sparse
sprinkling
of
Phoenix
sylvestris
and
Wendlandia thyrsoidea.

It cannot be asserted that extraction
has been complete. It was thorough in the
blocks which were situated nearer the roads
while in the interior areas, firewood, some of
the softwood species and bamboo were left
behind in consideration of the high extraction

The soil is ordinarily deep and fertile at
lower elevations and valleys while it is poor
and shallow at higher elevations.

Per sq. mile
of forests 		
Per acre
(considering area 		
to be 67 Sq. miles)		

Per sq. mile of
productive forests Per acre
(considering area
to be 40 Sq. miles)

Total turn of hardwood
timber – 17.41,217

25988 cft.

40.6cft.

45.530 cft.

68 cft

Out-turn of softwood
timber 15,88,628 cft

23,710 cft.

37.0 cft.

39,715 cft.

62 cft

Poles obtained – 1,02,957
at 7 cft. per pole –
Volume = 7,20,699 cft.

10,757 cft.

17.0 cft

18,017 cft.

28 cft

Firewood – 2,29,201 cft.

3,421 tonnes

5.34 tonnes

5760 tonnes

9 tonnes

Charcoal – 54,01,033
bags are in terms of
firewood: (1 tonne firewood
= 6 bags) = 9,00,167
tonnes

13,436 tonnes

21 tonnes

22,505 tonnes

21 tonnes

Bamboos – 14, 000 tonnes			
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cost. The overall picture of material extracted
up to the contour level of 1820 above M.S.L. is
as follows:
Area of Forests

It may be made out from the above
that the out-turn of timber and poles from
productive forest in the evergreen zone is
barely 158 cft. or around 3 tonnes and of
firewood about 44 times per acre with clearfelling. The bamboos occurring at lower

: 67 sq. miles

Area of productive forests at 60% : 40 sq. miles

PLAIN REGION
BLOCK XX

BLOCK XXXIV

BLOCK XXXIX

Lagerstroemia lanceolata
Artocarpus hirsuta
(6330 cft.)		

Lagerstroemia
lanceolata (36,327 cft.)

Mangifera indica (4840 cft.)

Mangifera indica

–

Machilus macrantha (3184 cft.)

Diospyros species

Mangifera indica

Pterocarpus marsupium (2920 cft.)

Elaegnus latifolia (2920 cft.)

Machilus macrantha

Eugenia spp. (1505 cft.)		

Terminalia tomentosa

Litsea zeylanica (1505 cft.)

Eugenia species

Hopea parviflora

Xylia xylocarpa (1300 cft.)
Canarium strictum
Lophopetalum 			
		wightianum
Stereospermum sps. (1290 cft.)
–
Terminalia paniculata 		
		
(4211 cft.)
Terminalia paniculata (1080 cft.)
–
Canarium strictum
T. tomentosa (1025 cft.)		
Grewia tiliaefolia
Adina cordifolia (1000cft.)		
Spondias mangifera
		
Litsea zeylanicum
Calophyllum tomentosum (970 cft.)
–
Hopea parviflora
Artocarpus hirsuta (895 cft.)
–
Holigarna spp.
Canarium strictum (810cft.)
–
Cinnamomum spp.
Spondias mangifera (800 cft.)
–
Calophyllum tomentosus
Holigarna species (720 cft.)
–
Mimusops elengi
Stephegyne parviflora
–
Stereospermum species
Cedrela toona (565 cft.)
–
Myristica sps.
Machilus macrantha (690 cft.)
–
Dalbergia latifolia
Hopea wightiana (480 cft.)
–
Alseodaphne 			
		semecarpifolia (682 cft.)
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BLOCK XX

BLOCK XXXIV

BLOCK XXXIX

Machilus macrantha

Lagerstroemia lanceolata
Mangifera indica
(27,829 cft.)
Lagerstroemia lanceolata
Machilus macrantha
Lophopetalum
(17,044 cft.)
wightianum
Lophopetalum wightianum
Lophopetalum wightianum
Lagerstroemia
		lanceolata (10,994 cft.)
				
		
Machilus macrantha
Mangifera indica
T. tomentosa
Eugenia species
Canarium strictum
Eugenia species
Artocarpus hirsuta
Spondias mangifera
Hopea parviflora
Hopea parviflora
Holigarna spp
Litsea zeylanicum
Terminalia bellirica
Eugenia species
Spondias mangifera
Mimusops elengi
Mimusops elengi
T. paniculata (1502 cft.)
T. tomentosa
Bombax ceiba
Mimusops elengi
Calophyllum wightianum
T. tomentosa
Terminalia bellirica
Carallia integerrima
T. bellirica
Canarium strictum
Bischofia javanica
Ailanthus malabaricum
Litsea zeylanicum
		
Albizia odoratissima
		
Vateria indica
and lower slopes are of superior quality, while
those on the steeper slopes and higher regions
are inferior and stunted.

elevations are abundant along the banks of
streams. The yield of Bamboo works out to
2 tonnes per acre of the productive area
(from the first 10 blocks only from where they
were exploited). Total area 9554 acres of
which the productive area is 6756 acres. The
figures are not encouraging considering the
common feeling that because of the several
tiers of vegetation, the volume of wood in the
evergreens is very heavy.

The proportions of timber out-turn
obtained from the two zones with references
to individual species is noted below with
reference to three typical blocks representing
each of the two types. In cases when the actual
extent of the individual species removed
cannot be made out, the species are only
denoted.

The forest area covered is influenced by
altitudes, soil and other factors. It could however
be roughly classified into two broad types:
1) Forests in the plains region and 2) forests
in the ghat section. The variation in growth
in the former is purely due to biotic factors
while in the latter, the forests in the valleys

Block IV and IX representing plain region
and rather poor while block XXXVII had yielded
good put-turn, though most of it was from
Lagerstroemia lanceolata species alone. The
blocks representing ghat region yielded good
out-turn.
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between hardwoods and softwoods.

Out-turn and the proportion between
softwood and hardwoods from some of the
best blocks in the entire zone are noted
below:

The paper only aims a placing before you
the data that could be collected from the
submersion area worked.

From the above it may be seen that no
conclusion can be drawn as to the proportion
Unit
(1)

Total area in acres
(2)

Soft woods Cft.
(3)

Hardwoods Cft.
(4)

Total cft.
(5)

800

2,95,665

3,68,895

6,64,560

Block-I (First stage)

4,536

2,25,745

3,43,052

5,68,797

Block XXXIX

2,078

88,240

61,635

1,49,875

Block V

2,830

71,415

75,448

1,46,863

Block XXXVIII

4,270

76,537

42,079

1,18,616

Block XXIII

1,817

73,368

30,648

1,04,016

819

68,319

30,750

99,069

3,681

19,680

78,241

97,921

Talakale

Block XX
Block II (First Stage)
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(Paper submitted for the Symposium on Man Made Forests)
species, essential oil and fatty oil yielding
species, fruit yielding species; in short
representatives of all the end types. They
however rarely achieve the purpose for which
they are planted.

Dry zone afforestation, taken up on
increasingly extensive scale since the last one
decade is partially an art and partially a science
though wholly neither. A typical 10 years old
successful soil Conservation plantation has
dense growth of a conglomeration of species
barely 4 mtrs. tall, in strips about 4 mtrs. long,
quite widely set apart being spaced about 10
mtrs. between each other. The area is now
again devoid of grass and fire continues to
be an annual occurrence. At the end of 15
years, the anticipated out-turn of firewood (and
timber ?) would be at best 12.5 tonnes
per hectare. This describes the successful
plantation. The failures, more common than the
above as the vagaries of nature are extreme
in this zone, remain as barren as while taken
up for afforestation except for the filled up
uniformly spaced trenches. These, in quite a
few cases are reselected for renewed
afforestation. The cycle continues.

The common species introduced in the
dry zone afforestation in Mysore State and
Ailanthus excelsa, Acacia Arabica, Prosopis
juliflora, Hardwickia binata, Bassia longifolia,
Terminalia arjuna, Pongamia glabra, Wrightia
tinctoria, Tamarindus indica, Melia indica,
Anacardium occidentale, Santalaum album,
Cassia siamea and Eucalyptus citriodora all
by sowing seeds. Seedlings of Eucalyptus
hybrid and cuttings and stumps of Dalbergia
sissoo are also introduced in the trenches.
Since about last 5 years in Mysore State.
A. auriculiformis has also come into the picture.
It is better clarified that it is not some of the
above species but invariably almost all of the
above. Out of these at the end of 5 years the
surviving species are confined to Ailanthus
excelsa, Acacia Arabica, Prosopis juliflora,
Cassia siamea, A. auriculiformis, Eucalyptus
hybrid, E. citriodora and Sissoo, rest having
succumbed to browsing or fire.

The choice of species is solely based on
the reflex to provide species which will withstand
the first year’s vagaries of rainfall and the
severity of draught. Consideration of economics,
consideration of Silvicultural management are
not of significance as what is required is to
establish; to establish something green. Thus,
we have intimately mixed softwood species,
timber species, firewood species, fodder

The agave fencing alround, set up the
year of planting is ineffective the first 2-3 years
and by the time it is established as we would
have shifted the planting site elsewhere,

* Reprinted from MY FOREST, Volume 9, Issue No. 1, April 1972, Pages 22 – 26.
** Former Principal Chief Conservator of Forests. To know more about Sri Shyamsunder, refer Commemorative
issue in his honor – MY FOREST, Volume 57, Issue No. 2, June, 2021.
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and the reason for the lack of protection has
been noted earlier.

resulting in denial of inspection, watch and
ward, sufficient openings would be formed in
the agave fencing to provide free access to
the cattle (including the prohibited goats).

This could be very much improved by
partitioning the afforestation area into small
units of not more than about 4 hectares
extent within the overall block. The units need
not be of any regular shape but be formed
according to convenience depending on the
terrain. In flat areas it could be square while in
slopping terrain, the lines across the contour
may be short compared to the lengths along
the contour. The partitioning of the units is to
be done by two rows of agave with a line
of thorny tree species like Acacia Arabica
in between. Openings between each of the
units to permit inspection may be made by
breaks about 1 to 1½ mtrs. long in the agave
lines and in its place having trenches a metre
wide and metre deep. The first year, the
operation would consist of only planting the
agave lines, sowing of seeds of A. arabica
as also broad cast sowing within the
enclosed area seeds of leguminous species
of economic value like Cassia auriculata, the
bark of which is of value for tannin. The failed
agave plants should be replaced such that
no breaks occur. The second and third rains,
work should be aimed at strengthening the
agave and A. arabica lines and broad cast
sowing of C. auriculata. Seeds of economic
fruit yielding species like Anona squamosa
may also be sown as its seedlings are not
browzed. It would also be worthwhile to plant
about 10-15 air layers of cashew per hectare
during the thirds year rains.

The areas being large, the annual fire
protection measures ultimately turn out to be
puerile exercises, as once the fires enters the
plantation, there is no means of its control.
The degrading factors like excessive
grazing resulting in both browsing and
compaction of soil and fire continue to have
their play; to make matters worse, competition
amongst the surviving stems is intense as
too many of them exist in too close a space.
The ideal answer would be to first create
enclaves assured of protection from fire and
grazing, introduce leguminous sps. Which
would go to improve the soil and then take up
planting with few selected economic species.
A tall order; but some success could perhaps
be achieved by the method recommended
below.
Fencing the afforestation block with
barbed wire so as to completely protect it
from grazing would be ideal. Such a protected
block, if protected from fire also and is sown
with leguminous species and left as such for
about 5 years would improve the soil to a
considerable extent. Thereafter, if planting
is taken up with economic species suited to
the ecological status of the climatic zone,
these should fare reasonably well. Barbed
wire fencing would itself however cost at least
Rs. 300 – per acre and considering the
site quality, this investment would not be a
commercial proposition.

The several of the units formed within the
afforestation area would work to confine the
fires to the outer patches only. Extension of
grazing to the inner units would also be very
difficult. The prohibition of the two retrogressive
agencies should benefit the site quality
considerably.

Protection today fails because the blocks
are large, normally extending to over 80
hectares. In an average rectangular area, the
boundary line involved would be over 3.25
kms long. The cause for the failure of agave
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The cost of formation by the method now
suggested, including protection for 5 years,
would be within the amount now spent in
the first year in case of trench mound
afforestation.

The regular planting operations should
be taken up during the fourth year rains. The
species to be considered may be few, the
plants to be introduced also being few but
being provided with better conditions. Thus
about 125 to 150 two years old polythene
bagged tamarind, neem or mohua seedlings
preferably a mixture of these may be planted
in saucer shaped pits per hectare. Along the
peripheries (of each of the units) apart from
A. arabica, other species which yield pods
of fodder value like Ceratonia siliqua,
Pithecalobium saman, Pongamia glabra and
a small number of Prosopis juliflora may
be introduced. In areas receiving 750 mm.
rainfall or more, Terminalia chebula, Diospyros
melanoxylon (and Sandal) could also be
introduced. Stress may be more on species
which yield annually some revenue than at
the end of the rotation. Leaf fodder species
may be avoided while light canopied tree
growth which would yield fruits of fodder value
may be preferred. Casualty replacement
together with soil working and light manuring
should be taken up during ensuing years
rains.

This method which banks on live hedge
protection would of course fall, if vandalism
is to exert. Provision of watch and ward would
be necessary for a period of 6 or 7 years,
instead of the present one year as a reinforcing
factor against this. The cost of watch over a
period of 7 years at the rate of one labourer
for about 80 hectare all the year round would
amount to Rs. 95/- per hectare. The species
recommended are of annual economic
significance such that the units could be
given out on 5 years leases to cover all
the M.F.P. items occurring therein, such that
the lessee himself would take up protection
from the time the departmental watch ceases.
In the earlier years, only ban of Cassia
auriculata, fruits of Annona Squamosa,
Acacia Arabica, Prosopis juliflora and grass
for harvesting may be available and even if
the sale does not yield any revenue if it
provides protection, it would be well worth
it. Further, to reduce the pressure, the blocks
taken up may not be continuous, but spaced
out so as not to do away with the present
exercise grounds for the village cattle.

The planting operations being spread out
over a period of five years would necessitate
some inspection, which would be reflected
on watch and ward which would in turn give
the area protection, the factor of greatest
significance in soil conservation afforestation.
The agave lines may be exploited if need
be, after the tree growth is established, one
row at a time, so that their effectiveness both
against cattle trespass and fire is not lost.

Protection till the end of the rotation can
be the only sure method of successful dry
zone afforestation.
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