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Editorial
It gives me immense pleasure to place March 2018 issue of MYFOREST
Journal before the esteem readers on time. This is the first issue which is being
published after I took charge as Additional Principal Chief Conservator of
Forests (Research and Utilisation) from my predecessor, Sri Sanjai Mohan, IFS.
At the outset, I wish to record my deep sense of gratitude to Sri Sanjai  Mohan, IFS,
PCCF and MD, KFDC, Bengaluru, Sri Manjunath Tambakad, IFS (CCF Research,
Bengaluru) and Dr. K.R. Keshava Murthy, Honorary Editor for evincing keen interest
to clear the backlogs of the journal. We hope that our illustrious foresters and
researchers will continue to contribute their valuable research articles related
to Forestry and Wildlife time to time publishing the future issues of MYFOREST
Journal regularly.
This issue contains papers on diverse issues like difficulties in Tiger Reserve
Management, forest cover and tree cover scenario in Karnataka, Ethno-medico
Botany, Biomass Assessment Restoration Silviculture and Urban tree planting.
The articles have been written by Foresters and Researchers. In this issue we
have reprinted articles from MYFOREST 1966 issue on famous Mysore Khedda
along with rare photographs.
It is a well-known fact that we the forest staff strives hard to protect and
conserve the forests and its resources. While discharging duties we face many
hazards like fire, attack by wild animals, threats by poachers, smugglers, etc.
Many of the forest staff in Karnataka has become martyrs. Dr. Manikandan, I.F.S.
(2001 Batch), Field Director, Nagarahole Tiger Reserve (2001 batch) who served
as the Field Director, Nagarahole Tiger Reserve was trampled by a tusker recently
on 3rd March 2018 while he was on duty. Another notable botanist and a forester
Dr. V. Bhaskar, Professor of Farm Forestry passed away due to Leukaemia.
We gratefully remember the services rendered by these two great personalities
and pray God to provide strength to their families to bear the loss.

					
					

Dilip Kumar Das, IFS
Additional Principal Chief Conservator of Forests
Research & Utilisation, Karnataka Forest Department
iii
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“The tiger is a
large hearted gentleman
with boundless courage
and that when he is exterminated
– as exterminated he will be,
unless public opinion rallies to
his support – India will be the poorer
by having lost the finest of her fauna”.
– Jim Corbett

Save Forests
Save tigers

Karnataka Forest Department
iv

My Forest – March 2018
Vol. 54 (Issue 1), Page 01-03

DIFFICULTIES IN TIGER RESERVE MANAGEMENT IN
ARUNACHAL PRADESH
B. K. Singh, IFS (Retd.)
Abstract
The Management Effectiveness Evaluation (MEE) Process is a global framework to evaluate the
performance of protected areas. The Framework includes parameters like Context, Planning, Inputs,
Process, Output and Outcome. This Framework assesses the importance of each tiger reserve for
conservation in the face of current threats to the species. The present paper presents the results of
the exercise undertaken by the team in Namdapha and Kamlang Tiger reserves of Arunachal
Pradesh. The results were not satisfactory. In view of this suggestions have been made for
effective Tiger Reserves management.

important timber tree species and valuable
medicinal plants. Many perennial natural water
bodies make the area an ideal abode for
different aquatic and avifaunal species. Overall
the area has great wildlife, natural and bequest
value and there is a big challenge to put in
sustained efforts for conservation.

Management Effectiveness Evaluation
(MEE) of Tiger Reserves is taken up once in
four years. Five teams have been constituted
by National Tiger Conservation Authority
(NTCA) to take up the exercise during 2017-18.
I am the Chairman of the team entrusted with
this task in West Bengal and north eastern
states. Arunachal Pradesh has three Tiger
Reserves namely Pakke, Namdapha and
Kamlang. The team conducted the exercise
of MEE in Namdapha and Kamlang Tiger
Reserves (TRs) in the third week of October
2017. The two Tiger Reserves are connected
and are located in eastern Arunachal
Pradesh. In fact, Namdapha Tiger Reserve
shares more than 100 km international border
with Myanmar.

Further there are some landlocked
settlements at Vijaynagar, Gandhigram etc.
on international border, who access the
market place of Miao (Changlang district of
Arunachal Pradesh) on foot in six days through
Namdapha TR. Lisu families, who migrated
from Myanmar post Second World War,
cleared the tree growth and created the
settlements.
Subsequently
ex-servicemen
of Assam Rifle were rehabilitated in some
portion, duly displacing recently migrated
Lisu families. They occupied areas by clearing
tree growth in many pockets in Namdapha
TR. River Neo Dihing originate from forests
near Vijaynagar and flows through the TR for
nearly 120 km. A road was aligned all along the

The two TRs have wide altitudinal
gradient, ranging from 500 m to 4,500 m, having
vegetation from tropical wet semi-evergreen,
evergreen and up to alpine forests. These are
unexplored forest of enchanting beauty and
dense evergreen vegetation of more than 150

* Retired Principal Chief Conservator of Forests (Head of Forest Force), Karnataka.
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left bank of this river to provide access to the
families residing in Vijaynagar, Gandhigram
etc. Despite the contract is awarded four
years ago, the road is still not motor-able
beyond 17th mile.

Tiger reserve with 1983 sq. km has three
ranges located at 17th mile, 25th mile and a
place called Farm Base which has to be
compulsorily approached on foot after crossing
the river Neo Dihing and moving for nearly
25 km. The range unit located at 17th mile
has six anti-poaching camps, four of which will
have to be approached on foot after crossing
the River Neo Dihing. The TR management
has not constructed any bridge to approach
places far off from the right bank of the
river. These camps and the Range unit at
Farm Base hardly function during rainy
season. Crossing the river is not the only
issue, the bridle path leading to these places
are covered with vegetation which is required
to be cleared annually after rains. Thus, for
the large part of the year nearly 90% of TR
remains unguarded. Similar paths get covered
by vegetation in Karnataka and several other
states during rainy season, but they are
periodically cleared for the movement of the
patrolling party.

The inaccessibility of TR area makes its
protection difficult. No other TR in the country
is so inaccessible. The inside roads are
maintained and repaired regularly in all
Protected Areas in Karnataka and many other
states.
The Anti Poaching camps in these states
are located even in remote corners so that no
patch of forest is without surveillance.
The places on the only road aligned
in Namdapha i.e. Miao Vijayanagar Road
(MV Road) is referred with mile number starting
from Miao. The TR extends from 10th mile to
79th mile from Miao on this road. Total length
of this road is 95 miles. Along this road forest
camps are located at 10th, 17th and 25th mile,
whereas MV road is motorable only up to
17th mile. Lisu settlements in TR are also
located along this road. Latest survey by
Forest Department was done in February 2012
which revealed that settlements are at 38th,
52nd, 56th, 60th, 67th, 70th and 77th mile on
MV Road.

There are many tributaries of River Neo
Dihing. River Namdapha is the main tributary.
TR provides catchments to all these rivers
and it should be endeavour of state to preserve
the same.

There are totally 157 families with population
704 and occupied 31 sq. km forest land. Eight
years earlier survey in 2004-05 had revealed
that there were only three settlements at
38th, 52nd and 77th mile having totally 63 families
with population 317. No survey is taken up
after 2012, but Google map reveals that
the settlements are expanding in geometric
progression.

Kamlang TR is equally inaccessible. The
TR extends over 980 sq. km forest area. It
is situated in Lohit district and shares its
southern boundary with western portion of
northern boundary of Namdapha TR. There is
no motor-able road in this TR and forest
staffs cover hardly 10% area on foot during
routine patrolling. The reserve is catchment
area of Kamlang, Lang and Lati rivers, which
are tributaries of mighty Lohit River.

The situation in Namdapha is such that
forest officers are stationed on the fringes
of TR and Lisu families are deep inside. The

Carrying of firearms and hunting of small
games is a common practice among the
communities of Arunachal Pradesh. Both Tiger
2
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and prey animals must be carried out on the
lines with other TRs in states like Karnataka,
Madhya Pradesh, and Uttarakhand etc.

Reserves face this threat constantly. Main
threat to wildlife exists in the form of poaching
by unscrupulous people who engage in this
illegal activity with country made firearms,
bows, arrows, snares, nets and traditional
traps. It is these set of people, who pose
threat to the prey-base of the tiger and copredators. There is need for creating sustained
awareness campaign to dissuade the families
from hunting wildlife. Illicit removal of cane in
both the TRs is also a matter of concern.

The combined extent of two TRs is
comparable to the best tiger landscape
comprising of Bandipur, Nagarahole, Wayanad
and Mudhumalai, which is home of nearly
300 wild tigers. Namdapha and Kamlang
combined has wonderful habitat and if
protection is stepped up, it has potential to
compete with best tiger landscape.

Management of both TRs has been
monitoring status of carnivores and herbivores.
The results are very discouraging. Camera
traps in Namdapha TR in 2014 had confirmed
the presence of 3 tigers. In 2015 it had
confirmed the presence of only one tiger while
in 2016 no tiger has been captured in camera.
It is concluded that the tiger number is
dwindling in Namdapha. Kamlang is newly
notified TR and the system of monitoring with
camera traps is yet to be brought in place.
Intensive monitoring for tiger, co-predator

MEE team took up extensive walk in both
the TRs and hardly any sign of wild animals
was observed. There are alpine forests in
these reserves and wonderful habitat for
snow leopard. The habitats are intact
and management have to follow the TR
management of other states like Karnataka
and create enough infrastructures in terms of
roads, bridges, anti-poaching camps etc. so
that forest personnel can move and keep the
surveillance in all corners of the reserves.

3
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Research and utilisation Wing

ದುರ್ಾಾಸನೆ ಮರ
Nothapodytes nimmoniana
Mabberly

Nothapodytes nimmoniana (J. Graham) Mabberly, a highly valued medicinal plant species
raised in Dandeli Research Nursery during 2017-18
Nothapodytes nimmoniana (J. Graham) Mabberly, a highly valued medicinal plant species raised in
Dandeli Research Nursery during 2017-18.
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FOREST COVER AND TREE COVER SCENARIO
IN KARNATAKA
Deepak Sarmah, IFS*
Abstract
Using satellite data the Forest Survey of India (FSI), Dehradun, since 1983 has been assessing
forest cover of the country on a two-year cycle. The first assessment was published as the State
of Forest Report (SFR) 1987. Since then, fourteen assessments of the country’s forest cover have
been made. The mode of visual interpretation was gradually replaced by the technique of digital
image processing (DIP). For State of Forest Reports 1995 and 1997, digital data was used for
two states. For State of Forest Report 1999, digital data was used for fourteen states. For State of
Forest Report 2001 and subsequent reports, digital data has been used for the entire country. The
paper presents salient points of the report in general and forest cover and Tree cover scenario in
Karnataka in particular.

Introduction

dense and open mangroves and merged with
regular forest cover. However, a chapter on
the mangrove forests has been incorporated in
each State of Forest Report. In the State of
Forest Report 2003 and subsequent reports,
‘Dense forest’ (with crown density above 40%)
has been sub-divided into two categories:

1. The Forest Survey of India (FSI),
Dehradun had since 1983 initiated the work of
assessment of the forest cover of the country
on a two-year cycle using satellite data. The first
cycle assessment of the forest cover was based
on satellite data pertaining to the period 198183. The results of the first cycle assessment
were published as the State of Forest Report
(SFR) 1987. Since then, fourteen assessments
of the country’s forest cover have been made
and the results have been published in the State
of Forest Reports 1989, 1991, 1993, 1995, 1997,
1999, 2001, 2003, 2005, 2009, 2011, 2013,
2015 and 2017. For the purpose of monitoring
of change in forest cover, initially three types
of forest were considered: (1) Dense forest
with crown density above 40%, (2) Open forest
with crown density between 10% and 40% and
(3) Mangroves. In the State of Forest Report
2001 and subsequent reports, Mangrove
forests have not been shown as a separate
category. These have been classified into

1. Very dense forest (VDF) with crown
density above 70% and 2. Moderately dense
forest (MDF) with crown density between 40%
and 70%.
2. In the initial years of assessment of
forest cover, interpretation of satellite data was
done visually. The mode of visual interpretation
was gradually replaced by the technique of
digital image processing (DIP). For State of
Forest Reports 1995 and 1997, digital data
was used for two states. For State of Forest
Report 1999, digital data was used for fourteen
states. For State of Forest Report 2001 and
subsequent reports, digital data has been
used for the entire country. There was also a
significant change in the methodology adopted

* Former Principal Chief Conservator of Forests (Head of Forest Force), Karnataka Forest Department.
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4. It may be noted from the above table
that the change in forest cover in a few instances
is quite significant. The forest cover increased by
whopping 4,524 square kilometers between the
State of Forest Reports 1999 and 2001. The net
difference in forest cover assessments shown in
SFR 1999 and SFR 2001 is mainly attributed to
change in technique of interpretation from visual
mode to digital mode and partly due to real
change in the forest cover during the intervening
period between the two assessments. The
change in forest cover depicted between SFR
2001 and SFR 2003 (–542 square kilometers) is
partly attributed to interpretational corrections as
a result of progressive ground truthing. Change
in the methodology followed in the mapping
of forest cover from rastar method to vector
method also had a bearing on the interpreted

in the mapping of forest cover pertaining to the
period 2006-2007 which was reported in State
of Forest Report 2009: vector approach was
followed in place of rastar approach.
The new approach focuses on each polygon
where change in forest cover has occurred
either due to improvement or degradation. Due
to this change in the methodology, the
subjectivity in the interpretation has been greatly
reduced. In order to make the forest cover
pertaining to 2006-07 which was mapped with
the help of the new methodology comparable
with the forest cover pertaining to the
preceding period, i.e. 2004-05, the satellite
data for 2004-05 was reinterpreted with the
new methodology. This resulted in revision of
the figures published in State of Forest Report
2005.

3. The forest-cover scenario of Karnataka as depicted in the SFRs is indicated below:
TABLE I
FOREST COVER OF KARNATAKA AS DEPICTED IN THE STATE OF FOREST REPORTS (SFR)
PUBLISHED BY THE FOREST SURVEY OF INDIA (FSI), DEHRADUN
(Area in square kilometers)
State of
Dense forest
Forest Report:
(Crown density
Year of Report
above 40%)
(Year of assessment) 		

Open forest
(Crown density
between 10%
and 40%)

Mangrove

Total

Change

1987 (1981-83)

16,394

15,870

0

32,264

1989 (1985-87)

24,749

7,351

0

32,100

-164

1991 (1987-89)

24,856

7,343

0

32,199

+99

1993 (1989-91)

24,852

7,491

0

32,343

+144

1995 (1991-93)

24,859

7,521

2

32,382

+39

1997 (1993-95)

24,854

7,546

3

32,403

+21

1999 (1996-98)

24,832

7,632

3

32,467

+64

2001 (2000)

26,156

10,835

–

36,991

+4,524
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State of
Forest Report:
Year of Report
(Year of
assessment)

VDF
(Crown
density
above 70%)

MDF
Open forest
(Crown
(Crown density
density
between
between
10% and 40%)
40% & 70%)

Total

Change

-542

2003 (2002)

431

22,030

13,988

36,449

2005 (2004-05)

464

21634

13,153

35,251 (-1,198)

2005 (2004-05) (Revised)

1,772

20,196

14,232

36,200

-249

2009 (2006-07)

1,777

20,181

14,232

36,190

-10

2011 (2008-09)

1,777

20,179

14,238

36,194

+4

2013 (2010-12)

1,777

20,179

14,176

36,132

-62

2015 (2013-14)

1,781

20,063

14,577

36,421

+289

2015 (2013-14) updated

1,783

20,177

14,489

36,449

+317

2017 (2015-16)

4,502

20,444

12,604

37,550

+1,101

the intervening period. It must however
be conceded that on a short time-scale of
consecutive assessments (when methodology
of interpretation remained the same),
Karnataka’s forest cover had shown increase
on more occasions.

results. Between SFR 2003 and SFR 2005,
there was earlier a difference of – 1,198 square
kilometers; this figure subsequently changed
to -249 square kilometers, as the satellite data
pertaining to SFR 2005 was reinterpreted as
per the new methodology in order to make the
forest cover figures comparable to those of
SFR 2009. All these changes in technology
have made the interpretation more and
more objective and the accuracy levels have
improved. As a result, the figures of forest
cover provided in the State of Forest Reports
have become progressively more realistic. The
figures given in SFR 2009 and subsequent
Reports are based on interpretation of satellite
data with similar advanced technology.
Hence, these figures can be taken to represent
fairly
realistic
assessments.
However,
comparison of the forest cover figures between
two assessments on a long time-scale (such
as, between SFR 1987 and SFR 2015) is
not realistic because of the corrections/
improvements in technologies made during

5. It may also be noted that phenomenal
increase (+2,719 sq. km.) in the extent of very
dense forest (VDF) has taken place between
2013-14 and 2015-16 assessments as
published in the SFR 2017. A similar
phenomenal jump in the VDF category
had also taken place between the 2005
assessment and 2005 (Revised) assessment
when the forest cover pertaining to this
category jumped from 464 square kilometers
to 1,772 square kilometers. The jump between
2005 and 2005 (Revised) assessments
was mainly attributed to improvement in the
technology of interpretation. As regards the
jump between the 2013-14 and 2015-16
assessments, no specific reason has been
indicated; however, the overall increase by
7
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Kodagu and Hassan. Most of these pristine
and dense forests (mostly evergreen and semievergreen) have virtually remained untouched
except for limited clearances for hydro-electric
projects and ply-wood working in some parts
prior to the 1980s. In this context, it may be
mentioned that during 2003-04, the state
Government had assigned a project to the
Karnataka State Remote Sensing Application
Center (KSRSAC), Bengaluru to develop and
generate comprehensive database using
Geographic Information Systems (GIS) and
Remote Sensing (RS) to be used for planning
and management by the Karnataka Forest
Department. The KSRSAC carried out the
assessment based on interpretation of satellite
imageries pertaining to the period 1999-2000.
As part of the project output, the KSRSAC in
2006 provided detailed land use-land cover
statistics for each district. The land use-land
cover classification is very detailed in respect
of the forest areas. The extent of each forest

1,101 square kilometers in Karnataka’s forest
cover has been ‘attributed to plantation and
conservation activities both within and outside
the Recorded Forest areas as well as
improvement in interpretation due to better
radiometric resolution of the recent satellite
data from Resoucesat-2’. It will be interesting
to know as to how much of the increase in
Karnataka’s VDF by 2,719 sq. km. recorded
in SFR 2017 is due to ‘plantation and
conservation activities’ and how much is due
to ‘better radiometric resolution of the recent
satellite data’. As a matter of fact, to any forester
who has served in the Western Ghats region
of Karnataka, the previous FSI assessments
of VDF appeared to be gross under-estimates.
This is primarily because, about 60% of the
country’s Western Ghats region is located in
Karnataka and some of the best forests of the
region occur in a number of districts such as
Belagavi, Uttara Kannada, Shivamogga,
Chikkamagaluru, Udupi, Dakshina Kannada,

TABLE II
FOREST COVER OF KARNATAKA (ABOVE 70% CROWN DENSITY) AS PER KSRSAC
REPORT (2006)
(Area in hectares)
District
Belagavi

Type of forest		
Evergreen

Semi-evergreen

Moist deciduous

Total

22,895.01

–

–

22,895.01

1,98,516.10

5,665.92

0.12

2,04,182.14

Shivamogga

29,179.39

18,579.06

–

47,758.45

Udupi

14,490.44

7,925.69

195.19

22,611.32

Chikkamagaluru

8,447.40

365.08

1,221.66

10,034.14

Hassan

2,698.40

180.24

4.14

2,882.78

Dakshina Kannada

9,247.88

1,098.98

–

10,346.86

Kodagu

30,843.65

–

119.44

30,963.09

Mysuru

–

–

0.13

0.13

Chamarajanagara

–

–

–

–

3,16,318.27

33,814.97

1,540.68

3,51,673.92

Uttara Kannada

Total
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forest area. However, the ‘forest cover’
pertaining to outside the RFA includes only
the tree patches larger than one hectare. Tree
patches located outside the recorded forest
and which are smaller than one hectare are not
included in ‘forest cover’, as these small patches
cannot be captured by the remote sensing
satellites and sensor. If digital boundaries of
recorded forest area (RFA) are available, it is
possible to compute the forest cover pertaining
to the recorded forest area. As digital boundaries
of the recorded forest area in respect of all the
states are not available, the Forest Survey
of India has made an assessment regarding
how much of the ‘forest cover’ pertains to the
recorded forest area by making use of the
green wash areas of the Survey of India (SOI)
toposheets and published in the State of Forest
Report 2015. According to this report, the total
forest cover inside the green wash area for the
entire country is 527,640 square kilometers
and outside the green wash area is 174,033
square kilometers. This indicates that at the
country level, about 25% of the forest cover is
contributed by tree growth outside the green
wash area. Besides, it should also be noted
that this component of forest cover does not
include tree patches less than one hectare.

type in each density class has been indicated.
According to the KSRSAC assessment (2006)
the district-wise natural forest area in the
density class above 70% is as follows:
6. The figure of 3,516 square kilometers
derived from the KSRSAC (2006) assessment
comprises of only natural forests and does
not include the forest plantations, coffee
plantations and palm plantations some of
which are also likely to belong to the category
of VDF. Keeping this in view, and considering
that the imageries used for the KSRSAC
assessment pertained to 1999-2000 imageries,
the figure of 4,502 square kilometers published
in the SFR 2017 appears to be reasonable
and realistic.
7. The State of Forest Reports have also
provided details regarding changes in districtwise forest cover. Various reasons for change
of forest cover are indicated. These include
afforestation, rotational felling, submersion,
etc. The Forest department can access from
the Forest Survey of India information such as
co-ordinates of the places where the changes
have been noticed during assessment. It is
necessary for the department to obtain such
information and verify the changes through
field inspections. This helps the department
to monitor and review the forestry activities
carried out at the field level. It is also necessary
for the department to share the findings of
the field inspections with the FSI in case there
are differences between the FSI assessment
and actual ground situation. This enables the
FSI to further fine-tune its technique of
assessment.

9. As per SFR 2015, the forest cover
within green wash area in Karnataka has been
computed as 27,322 square kilometers and
the forest cover outside green wash area is
9,099 square kilometers. However, as digital
boundaries of recorded forest area (RFA) in
respect of Karnataka are available, the FSI
has also computed the forest cover within RFA
as 22,854 square kilometers and the forest
cover outside recorded forest area has been
assessed as 13,567 square kilometers. The
difference between these two computed
figures, i.e. computed on the basis of green
wash areas and as per digital data of forest
boundaries of RFA (27,322 – 22,854) or 4,468

8. It may be pointed out that the ‘forest
cover’ interpreted by the FSI and reported
in the State of Forest Reports includes not only
the tree growth inside recorded forest area
(RFA) but also the tree growth outside recorded
9
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square kilometers primarily accounts for
wooded areas in the state under the control
of the Revenue department which are not
notified forests but are included as green
wash areas in the SOI toposheets. These areas
include various categories of land such as
paisary and bane lands of Kodagu district,
kan and kumki lands of Dakshina Kannada
and Udupi districts, betta lands of Uttara
Kannada district, thickly wooded revenue lands
in Chikkamagaluru and other districts, etc.

high forest areas, open grasslands within
the protected areas required for grazing by
herbivores, water bodies within the recorded
forest areas, highly degraded and barren
areas in the maidan region of the state having
no potential for tree growth, areas under
encroachment, etc. As most of the accessible
areas out of the recorded forest area of the
state which have potential for tree growth
have been covered under afforestation, the
extent of such lands which are available for
planting is limited. It is also true that large
extents of our scrub forests, especially in the
semi-malnad and maidan areas, which have
been brought under tree planting since many
years have not been able to get registered
in the category of forest with more than 10%
crown density. Such poor response is partly
because of the relentless biotic pressures on
whatever grows on these lands and partly
because of the intrinsic inability of the lands
to respond to treatment due to impoverished
soil and deficient moisture conditions.

10. In the SFR 2017, the forest cover of
Karnataka for the period 2013-14 as published
earlier in SFR 2015 has been updated: the
updated forest cover is 36,449 square kilometers out of which 22,025 square kilometers
constituted forest cover within RFA and 14,424
square kilometers constituted forest cover
outside RFA. The corresponding figures for
the 2015-16 assessment (SFR 2017) are
22,384 square kilometers and 15,166 square
kilo-meters. This indicates that between these
two consecutive assessments there was
increase in forest cover both inside and outside
the RFA by 1.63% and 5.14% respectively.
It has also been indicated in SFR 2017 that
forest cover within the RFA has been computed
from 31,037 square kilometers of forest areas
for which digitized boundary data are available.
It can therefore be inferred that out of these
31,037 square kilometers of recorded forest
area, an extent of 8,653 (31,037-22,384) square
kilometers has tree growth with less than 10%
crown density. This gives an impression that
large extents of recorded forest area of the
state are available for afforestation. However,
in reality it is not so. Considerable portions of
such recorded forest comprise of areas which
are not available for plantation. These
include grassy blanks surrounding the shola
forest patches atop some of the Ghat areas,
inaccessible, steep, hilly and rocky areas
without any or with little tree growth within the

11. One important feature of the State
of Forest Report 2001 was the introduction
of the term ‘Tree Cover’. All perennial woody
vegetation including bamboos, palms, coconut,
apple, mango, Neem, Peepul, etc. have been
treated as tree in this report. It excludes nonperennial non-woody species and tall shrubs
or climbers. Substantial tree wealth exists in
the country in the form of linear plantations
along roads, canals, etc., scattered trees on
farmlands, homesteads and urban areas and
blocks of plantations and woodlots smaller
than one hectare. These areas were assessed
by the Forest Survey of India on the basis
of field inventory, as these cannot be captured
by the remote sensing satellites and sensor
whose data have been used by the Forest
Survey of India for estimating forest cover.
All such trees and plantations constitute
‘tree cover’. Only trees having diameter of
10
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12. We have already seen that as per
SFR 2017, out of the forest cover of 37,550
square kilometers, 22,384 square kilometers
pertain to forest cover within the recorded
forest area (RFA) and 15,166 square kilometers
pertain to forest cover outside the RFA.
Therefore, the total extent of tree growth
outside the recorded forest areas (TOF – Trees
Outside Forest) in Karnataka works out to
20,879 (15,166 + 5,713) square kilometers. This
implies that out of 43,263 square kilometers
of ‘Forest and Tree Cover’ of the state, RFA
contributes 22,384 square kilometers and the
balance area of 20,879 square kilometers
pertains to ‘Trees outside Forest (TOF)’ i.e. tree
growth outside the RFA. In terms of percentage,
the tree growth within the RFA contributes
to 51.74% of the ‘Forest and Tree Cover’ and
TOF contributes the remaining 48.26%. This
indicates that TOF contributes significantly

10 cm or more at breast height have been
included in the tree cover. Tree cover is
comprised of tree patches and isolated trees
situated outside the recorded forest and
covering less than one hectare. The Forest
Survey of India, Dehradun uses the terminology
‘Trees outside forest’ (TOF) which refers to
all trees growing outside the recorded forest
areas irrespective of size of patch. Thus, trees
included in the ‘tree cover’ constitute only a
part of the TOF. Tree Cover is a sub-set of TOF.
As the tree patches larger than one hectare
and located outside the recorded forest are
already included in the forest cover, ‘tree cover’
as defined above assumes significance. For
estimating the ‘forest and tree cover’, only the
extent of ‘tree cover’ has to be added to the
forest cover. The status of forest cover and
tree cover in Karnataka as indicated in the
State of Forest Reports is as follows:

TABLE III
FOREST COVER AND TREE COVER OF KARNATAKA
(Area in square kilometers)
Forest Cover
State of
Forest
Forest
Cover
Report		

Tree Cover

Forest
Tree
Cover as % Cover
of G.A		

Forest and Tree Cover

Tree
Cover as
% of G.A

Total Forest
and Tree
Cover

Total Forest
and Tree Cover
as % of G.A

2001

36,991

19.30

7,446

3.88

44,437

23.20

2003

36,449

19.00

5,371

2.80

41,820

21.80

2005

35,251

18.38

5,467

2.85

40,718

21.23

2005 (Rev.)

36,200

18.87

5,467

2.85

41667

21.72

2009

36,190

18.87

5,683

2.96

41873

21.83

2011

36,194

18.87

5,733

2.99

41927

21.86

2013

36,132

18.84

5,920

3.09

42,052

21.93

2015

36,421

18.99

5,552

2.89

41,973

21.88

2017

37,550

19.58

5,713

2.98

43,263

22.56

(G.A. represents the Geographical area of Karnataka: 191,791 square kilometers.)
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14. The Mangrove patches of Karnataka
are located along the confluences of the
west flowing rivers as they join the Arabian
Seain the west coast in the districts of Uttara
Kannada, Udupi and Dakshina Kannada.
The Forest department has been developing
mangrove plantations in the estuarine areas
for the last 15-20 years and these have
grown into full fledged forests. Considering
the efforts and success of the department
in developing the mangrove forests, the
assessments made by the Forest Survey
of India as reflected in the earlier State of
Forest Reports appear to be underestimates.
It is likely that some of the mangrove patches
have been assessed as regular forest, as all
the three districts have regular forest patches
adjoining the mangroves. It is learnt that the
Energy and Wetlands Research Group, Centre
of Ecological Sciences, Indian Institute of
Science has mapped the mangroves of Uttara
Kannada district with the use of remote sensing
imagery in December 2016 and a total of
1119.73 hectares of mangrove area and 1786.75
hectares potential area were registered. The
recently published SFR 2017 has confirmed
the ground situation.

to the state’s forest and tree cover. There is
further scope to increase the TOF, and KFD
is focusing on this through intensive farm
forestry initiatives.
13. As per the first four State of Forest
Reports, there was no mangrove forest in
Karnataka. Subsequent reports up to SFR
2015 have mentioned about the presence of
mangrove forests whose extent has remained
almost static at 3 square kilometers or 300 ha.
In SFR 2017, the extent of mangrove forest in
Karnataka has been reported as 10 square
kilometres (Uttara Kannada district 8 sq.km.
and Udupi district 2 sq. km):
TABLE IV
MANGROVE FOREST IN KARNATAKA
State of
Forest Report

Extent of Mangrove
forest in sq. km.

1987

0

1989

0

1991

0

1993

0

1995

2

1997

3

1999

3

2001

2

2003

3

2005

3

2009

3

2011

3

2013

3

2015

3

2017

10

15. One criticism that the Forest Department
is often faced with is that in spite of raising
thousands of hectares of plantations every
year and for so many years, there has been
no perceptible increase in the forest cover of
the state. It is true that the Forest Department
has been raising on the average about
60,000 – 70,000 hectares (600-700 square
kilometers) of plantations every year. However,
the following points need to be appreciated in
the context of the state not registering
phenomenal growth in its forest cover:
D
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The ‘forest and tree cover’ indicated by
the Forest Survey of India, Dehradun
in the State of Forest Report includes
all areas having canopy density
above 10%. The Forest department
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(including the social forestry wing)
raises plantations on lands both
within recorded forest area (RFA) and
outside RFA. However, in either case,
the plantations which are raised on
land with canopy density above 10%
do not add to the ‘forest cover’, as
these areas are already included in
the ‘forest cover’ as assessed by the
FSI.
D

Plantations raised in areas after clear
felling of older plantations do not add
to the forest cover, as the older
plantations were already included in
the forest cover, being above 10%
canopy density.

D

In view if the above, only plantations
raised by the department on lands
with canopy density less than 10%
are likely to add to the figure of
forest cover after a few years of
their development when these are
captured
in
satellite
imageries.
However, it must be realized that these
plantations, both inside and outside
RFA, are under tremendous pressure
due to biotic interference. As a result,
many of these plantations become
victims of social felling and do not
contribute significantly to the forest
cover. Nevertheless, by providing biomass to the adjoining villages for a
number of years, these plantations
act as a temporary buffer and prevent
degradation of some natural forest or
another plantation.

D

On account of rotational as well as
social felling, many areas were planted
and replanted. Such areas did not add
to the total area of planting.

a lot because of unauthorized withdrawal of
biomass almost on a daily basis. The plantations
developed by the Forest Department, whether
inside or outside the recorded forest area
(RFA), have been catering to the biomass
needs of the rural population and also a
section of the urban population. Most of
these plantations – although these are very
successful in the beginning – gradually thin
out over a period of eight to ten years because
of continuous unauthorized withdrawals.
Although these plantations have not been
adding significantly to the forest cover of the
state, they have indirectly helped in retaining
the present ‘forest and tree cover’ from further
shrinking. But for these plantations, there
would have been drastic fall in the ‘forest and
tree cover’ of the state over the years. The
very fact that the forest cover of the state
has not fallen and has rather been showing
marginal increase is indicative of the fact that
the pressure on the forests on account of
withdrawal of biomass has somewhat been
contained by the initiatives taken by the Forest
department. However, the department cannot
be complacent over the marginal increase in
forest cover. It is necessary to continue with
the tempo of planting by covering more and
more areas and by improving the quality and
productivity of the plantations. Joint forest
planning and management must be encouraged
in the degraded forest areas adjoining the
villages so that these forests are conserved
and developed sustainably. The forests which
are managed solely by the Forest Department
must be given more protection so as to
further improve their canopy density. There
must be additional thrust on farm forestry and
social forestry in order to ensure that most of
the biomass needs of the population including
firewood, fodder, small timber and NTFPs
are met from outside the regular forests.
The incentive programme of ‘Krishi Aranya
Protsaha Yojane’ initiated by the Forest
Department is an important step in this direction.

16. The forests of the state, especially
the ones nearer to habitations, are under
tremendous biotic pressure and they suffer
13
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area of the state with potential for tree growth
have already been brought under plantation. It
will however be advisable for the Forest
Department to identify all such areas on
division/range basis (including wildlife areas)
in consultation with the Forest Survey of
India, Dehradun as well as Karnataka State
Remote Sensing Application Centre (KSRSAC),
Bangalore. This will enable the department to
plan its strategy for future plantations.
Department’s focus should be on taking up
afforestation on areas coming under such
identified parcels of land (excluding wildlife
areas) and having the potential of supporting
forest cover so that its canopy density can be
raised to a level beyond 10%.

People should also be encouraged to use
alternative sources of energy such as LPG,
bio-gas, solar energy, etc. so as to bring down
the consumption of firewood from forest to
the minimum. Combined effect of these
initiatives will be beneficial to our plantations
and forests and they will be able to register
continuous growth. This will in the long run add
to the forest and tree cover of the state.
17. We have seen that due to change
in technology of interpretation and mapping
during the past three decades, it has not been
possible to quantify the realistic change in
forest and tree cover over a long time-scale,
say, during the period from 1991 to 2015.
Comparable figures for the years 1991 and
2015 can be generated only if satellite
imageries for these two periods are subjected
to the same technology of interpretation and
mapping. It is suggested that the satellite
imageries covering Karnataka for the years
1991, 2001, 2011 and 2015 are subjected to
the latest technology of interpretation and
mapping being adopted by the FSI and the
forest covers corresponding to these years
are assessed. This will enable the department
to realistically assess the change in forest and
tree cover in the state during the last three
decades. Similar exercise can also be carried
out in respect of the forest areas which were
brought under JFPM since the early 1990s in
order to assess the changes that have taken
place in the JFPM areas.
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ETHNO-MEDICO BOTANY OF MALAYALI TRIBES IN SITTILINGI
HILLS, HARUR TALUK, DHARMAPURI DISTRICT, TAMIL NADU
K. Ravikumar*, A. C. Tangavelou, N. Dhatchanamoorthy and
Syed Noorunnisa Begum
Abstract
The present study was carried out to document Ethno-medico botany of Malayali tribes living in
Sittilingi hills of Dharmapuri district in Tamil Nadu. Ethno-medico botanical information was
collected from various tribal herbal healers by standard method. Totally, 68 plant species belonging to 34
families, 64 genera having medicinal importance were enumerated and arranged in alphabetical order
with correct botanical name followed by Family, Tamil name/s (in Italics), Habit, Medicinal uses with
mode of preparation and recommended diet if any. This valuable ethnic knowledge on medicinal plants
needs to be preserved for future generation for the treatment of various human ailments.
Key words: Sittilingi, Dharmapuri, Malayali tribes, Ethno-medico botany, Medicinal uses.

Introduction

For healthcare, they mainly rely on traditional
medicines that solely depend upon the supply
of native medicinal plants. Their knowledge of
tribal medicine is mainly verbal, usually passed
on from one generation to another without
any written script, making documentation is
difficult. The rich biodiversity and associated
knowledge system particularly in Asia are well
known. As per the database built by FRLHT
over the last two decades, it records 6550
medicinal plants used in Indian medical system
(FRLHT, 2017). A total of 122 compounds were
identified; 80% of these compounds were
used for the same (or related) ethno medical
purposes (Fabricant and Farnsworth, 2001).
World Health Organization has developed a
traditional medicine strategy: 2014-2023 to
acquire a better understanding of how to boost
the global integration of traditional medicine
into health systems (WHO, 2013). Revitalising
the traditional medical systems based on

Ethno-medico botany has been playing
very important role in human health care
since time immemorial. Research interest and
activities in the area of ethno-medico botany
have increased tremendously in the last
decades. Since the inception, scientific research
in ethno-medico botany has made important
contribution to the understanding of traditional
subsistence, medical knowledge and practice
(Williams, 2006). The explosion of the ethnomedico botany literature has been stimulated
by an increased awareness of the consequences
of the forced displacement and or acculturation
of indigenous people, the recognition of
indigenous health concepts as a means of
maintaining ethnic identities, the search for
new medical treatments and technologies
(Krippner, 2003). Tribal people have evolved
their unique way of identifying medicinal plants
and using them to treat a particular disease.

* National Repository of Natural Resources used in Indian Systems of Medicine, Trans Disciplinary University,
Foundation for Revitalisation of Local Health Traditions (FRLHT), Bengaluru 560 106.
* Corresponding author: E-mail : k.ravikumar@tdu.edu.in; ravikumarfrlht@gmail.com
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study area ranges from 12° C to 25° C during
March-April, and averages between 12° C
during December and 35° C during April-May.
The area receives an average rainfall of 200
mm annually. The total population is 1474, of
which, 752 are male while 722 are female as
per Population Census 2011-2013.

native knowledge and resources is a bottom
up approach for enduring the health security
(Sharma et al., 2016). Since 1993, Foundation
for Revitalisation of Local Health Traditions
(FRLHT) at Bangalore, has designed and
demonstrated augmentation strategies for
sustainable use of natural resources used by
the Indian traditional medical system. A perusal
of literature shows that documentation of
ethno medical reports from Dharmapuri
district has been made by different workers
(Apparanantham and Chelladurai, 1986; Suthar
et al., 2005; Sivaperumal et al., 2010; Ramya
et al., 2011; Alagesaboopathi, 2011 and 2014;
Meenakshi et al., 2016). However, no work
has been carried out among Malayali tribes
from the Sittilingi hills of Dharmapuri district. In
this context, present study has been designed
to document and conserve the traditional
medicinal knowledge of Malayali tribes living
in Sittilingi hills.

With the aim to document the tribal
knowledge on medicinal plants in health care
under Indo-Norwegian project, field surveys
were conducted during the month of March
to May, 2015. The knowledgeable herbal
healers were taken into forests and the ethnomedico information was documented. Ethnomedical data gathered are given below in
chronological order with correct botanical name
followed by Family, Tamil name/s (in Italics),
Habit, Usages, Diet if any, etc. During the visit,
local names and ethno-medico botanical uses
of plants used by tribal people were noted and
confirmed with the help of literature. The data
were cross checked with them by repeated
interview for authenticity and confirmation of
medicinal usages. The plants used by them
were identified by using various Flora (Gamble,
1915-1936; Matthew, 1981-1983; Nair and
Henry, 1983; Henry et al., 1987; Henry et al.,
1989). Further, all the botanical names were
confirmed and the herbarium specimens for
all the plants were prepared by following the
methods of Jain and Rao (1977) and deposited
in the FRLH Herbarium, Bengaluru.

Materials and Method
Sittilingi hills consisting of 35 hamlets of
Malayali tribes and geographically lies between
11°54’ 23.58’’ N latitude and 78°39’ 6.36’’ E
longitude located in Harur taluk of Dharmapuri
district and enclosed by the Kalrayan hills to
the East and the Sitteri hills to the West in Tamil
Nadu. These Malayali tribes (Malai = Mountain
or hilly regions; Aali = Ruler) solely depend on
agriculture and the forests for their livelihood.
The study is confined to the Sittilingi hills in the
Eastern Ghats of Tamil Nadu.

Results
In the present study, totally 68 plant species
belonged to 34 families and 64 genera were
enumerated with the medicinal uses gathered
from the Malayali tribes of Sittilingi hills.
Regarding the plant parts used, leaves contribute
the major portion which accounts 56% used
by them followed by stem bark (17%). Totally,
17 disease categories were identified from the
present study area. The ethno-medico botanical

Major portion of the study area is covered
with forest and the chief vegetation type is
Dry Deciduous Forests where teak and
bamboo are found to be dominant elements
(Champion and Seth, 1968). The study area
is dominated by the elevation of the hill range
which is 500 – 800 m above mean sea level.
The mean annual temperature in the in the
16
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Achyranthes aspera L., Amaranthaceae,
‘Naaranji chedi’, Herb.

information documented from the Malayali
tribes was enumerated below alphabetically.
Abrus precatorius L., Fabaceae, ‘Vellai
kundumani’, Climber.
•

•

Three seeds ground into a fine paste
and orally administered with sufficient
amount of palm jaggery, along with
25 ml of warm water to just delivered
women for only one time to remove all
the waste foetus after child birth.

Acorus calamus L., Acoraceae, ‘Vasambu’,
Herb.

Abutilon indicum (L.) Sweet, Malvaceae,
‘Thuthichedi’, Shrub.
•

Five grams of fresh leaves mixed with
3 small onions, ground into a fine paste
and consumed twice a day for 48 days
to relieve bleeding piles.

One teaspoonful of castor oil is smeared
over a leaf, gently warmed over fire, tied
in a piece of white cloth and tied on the
wound.

•

Take a small piece of rhizome, burn it
and the ash is orally administered to
babies once a day, to cure stomach
ache.

•

Fifty grams of stem bark mixed with a
pinch of salt, ground into fine paste
and the resultant is tied into cuts and
wounds for 3 days. The wounds with
puss are also curable.

Acalypha indica L., Euphorbiaceae, ‘Kuppaimeni’, Herb.
•

•

Aegle marmelos (L.) Correa, Rutaceae,
‘Vilva maram’, Tree.

Acacia leucophloea (Roxb.) Willd. Mimosaceae, ‘Velaamaram’, Tree.
•

Two hundred grams of shade dried
leaves powdered and mixed with
200 ml of goat’s milk and consumed it
in empty stomach (facing along east
direction) to cure Blood Pressure and
Dysentery.
Diet: Tamarind should be avoided.

Alangium salviifolium (L.f.) Wangerin,
Alangiaceae, ‘Azhinja maram’, Tree.

A handful of fresh leaves with a pinch
of salt, ground into a fine paste and
the paste is applied to the internally
infected throat, 3 times a day till it cures.

•

Diet: Rice porridge is recommended.
•

Apply 3 drops of fresh leaf juice into
the eyes during physical injury of the
eye.

A handful of fresh leaves mixed with
50 g cumin seeds, ground into a fine
paste by adding butter milk and the
resultant is filtered, consumed to cure
bleeding piles.

Five fresh leaves mixed with 2-3 grams
of coriander seeds, made into paste,
boil it in 1 liter of water till it reduces to
250 ml, filter and then consume it for
Blood Pressure and Diabetes.

Albizia amara (Roxb.) Boiv., Mimosaceae,‘
Arappu maram’, ‘Thurunji maram’, Tree.
•

Diet: Avoid spicy foods till it cured.
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amount of water and prepare the
decoction. Apply this decoction to
pregnant women’s naval portion to
attain the right position of umbilical cord
of baby in mother’s womb.

Calotropis
gigantea
(L.)
Dryand,
Asclepiadaceae, ‘Vellai erukku chedi’, Shrub.

Amaranthus viridis L., Amaranthaceae,
‘Kuppai keerai’, Herb.
•

Twenty five grams of leaf extract
consumed with 1 teaspoonful honey,
daily on empty stomach, for 45 days to
cure shivering of leg and hand.

Azadirachta indica A. Juss., Meliaceae,
‘Veppa maram’, Tree.
•

•

One hundred grams of stem bark mixed
with 5 grams of cumin seeds, 2 pepper
seeds, made into powder and boiled
in 1 liter of water, filter it and consume
100 ml of decoction on empty stomach
daily, to cure giddiness and vomiting.
The preparation can be stored up to
4 months.
Ten grams each of Azadirachta flowers
and young leaves mixed with Ocimum
gratissimum leaves made into a paste
and add 50 ml of goat’s milk and
consume once in a week for 2 to 3
weeks to reduce body heat.

Caesalpinia bonduc (L.) Roxb., Caesalpiniaceae, ‘Kalachcha kottai chedi’, Straggling
shrub.
•

•

•

Stem fiber are made into rope and
tied around the hip to relieve body
heat, fear of devils and sudden shock.

•

Three to five leaves and 5 grams of
tamarind, moderately heated and
keep the foot over leaves for 10
minutes to cure leg pain and burning
sensation.

•

Apply 2 grams of leaf paste or 3 drops
of leaf juice only once at the scorpion
sting spot to cure.

•

Five grams of leaf paste mixed with
3 drops of Thulasi (Ocimum tenuiflorum)
leaf juice and along with 10 drops of
honey, orally administered to cure
worms in the stomach.

•

Five mature leaves kept on heated
brick and the calcaneus portion of
leg kept on it for 5 minutes for 3 days to
cure calcaneus paralysis.

•

Ten grams of leaves mixed with 4 garlic
gloves and 2 pepper seeds, made into
a fine paste by adding a little amount
of water and consumed orally to cure
poisonous snake bites. The patient
should not sleep whole day during
treatment.

Capparis sepiaria L., Capparaceae, ‘Kokki
mullu’, Shrub.

A handful of leaves crushed and
boiled in 200 ml of water and orally
administered in empty stomach for
3 days to cure excessive menstruation.

•

Fifteen grams of seed powder
mixed with 100 ml of butter milk and
orally administered to cure stomach
ache.

Two grams of stem bark ground into
a fine paste and applied over the
infected tooth to cure toothache.

Cardiospermum halicacabum L., Sapindaceae, Kothaang kodi, ‘Modakathaan thazhai’,
‘Kothaavaran kodi’, Climber.
18
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•

•

•

administered thrice a day to cure
whooping cough.

Fifty grams of whole plant mixed with
that of Avarai (Lablab purpureus)
leaves, crushed and the juice is orally
administered to pregnant women for
once in a day to reduce labour.

•

Twenty grams of whole plant mixed
with 10 g of Abrus precatorius leaves,
10 pepper seeds, ground into a fine
paste and 2 g of the paste is consumed
for 3 times a day for 7 days for treating
kidney stones.

Cleome gynandra L., Cleomaceae, ‘Vella
velai’, Herb.
•

Hundred grams of fresh leaves,
25 g of Moringa oleifera leaves, 1 or 2
small onions and a pinch of salt ground
into a paste and consumed with
cooked rice once in a week to cure body
pain.

•

Hundred grams of stem bark mixed with
that of Syzygium cumini, Terminalia
arjuna, whole plant of Enicostemma
axillare and Bamboo leaves, ground
into a paste and boiled in 100 ml of
goat’s urine. Twenty five ml of this
decoction mixed with 100 ml of cow’s
curd given orally to women twice a
day for 2 days to cure menorrhagia.
Diet: Tamarind,
avoided.

tomato

should

•

Citrus aurantiifolia (Christm.) Swingle,
Rutaceae, ‘Elumichai’, Tree.
Five drops of fruit juice mixed with
100 ml of goat’s milk, orally administered
on empty stomach for 3 days to cure
hyper acidity.

•

Juice of 5 leaves mixed with 2
tablespoonful of honey and orally

Hundred grams of leaves mixed with
that of Vitex negundo, Pergularia
daemia, gently heated in 50 ml of
sesame oil and applied twice a day
on affected part to reduce inflammation
and joint pains.

Coccinia grandis (L.) Voigt, Cucurbitaceae,
‘Kovai kodi’, Climber.

be

•

Hundred grams of leaves, 1 teaspoonful
of turmeric powder and ½ teaspoonful
of salt, ground into a paste by adding
rice-washed water. This paste is applied
on the affected spot to cure insect
stings or poisonous bites.

Clerodendrum phlomidis L.f., Verbenaceae,‘Thalai tharani’, Shrub.

Chloroxylon swietenia DC., Rutaceae,
‘Porasu maram’, Tree.
•

Five leaves, 1 teaspoonful of cumin
seeds, ½ teaspoonful of turmeric
powder, 1 inch of zinger added to
sufficient amount of water, boiled well
and the concoction is consumed for
cold and throat infections.

Five ripe fruits consumed in empty
stomach daily in the early hours for
1 month to control diabetes.

Cocculus hirsutus (L.) W.Theob., Menispermaceae, ‘Kattu kodi’, Climber.
•

Fifteen grams of leaves, boiled in
100 ml of water and the decoction
consumed for three times a day to
control dysentery.

Cocos nucifera L., Arecaceae,‘Thennai,
Tree.
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•

Eclipta prostrata (L.) L., Asteraceae,
‘Karisalaang kanni’, Herb.

Twenty grams of leaves added with
10 g of palm jaggery, ground into a
paste and consumed with Mondhan
banana, acts as a coolant.

•

Cyperus rotundus L., Cyperaceae, ‘Korai
kizhanghu’, Herb.
•

Two teaspoonful of dried tuber powder
boiled in 50 ml water and 10 ml of the
decoction is orally administered to cure
stomach pain.

Diet: Avoid tamarind, oil, hot stuffs.
Euphorbia
hirta
L.,
‘Ammaan pacharisi’, Herb.

Dalbergia latifolia Roxb., Fabaceae,
‘Kundaasaa maram’, Tree.
•

•

•

Three hundred grams of stem bark
is mixed with 10 g palm jaggery, 10 g
cumin seeds, boiled in 250 ml of water
and the concoction consumed twice a
day to cure internal inflammation.

Datura metel
oomathai’, Herb.

L.,

Solanaceae,

•

Flowers crushed and five drops of the
juice poured into ears twice a day for
three days to treat ear infections.

A handful of leaves mixed with that of
Psidium guajava, ground into a fine
paste and orally administered along
with 200 ml of butter milk to cure
dysentery.

Fifty grams of whole plant, 50 g of
Neem leaves, a small piece of turmeric
and made into a fine paste and applied
to cure skin infections.

Twenty fruits of Ficus racemosa, 200 g
of Senna auriculata bark boiled in 1 lit.
of water and stored. Twenty grams of
Senna bark and 2 Ficus fruits consumed
in empty stomach along with 100 ml of
stored decoction, twice a day for 5 days
to cure menstrual stomach pain.

Hibiscus rosa-sinensis L., Malvaceae,
‘Semparuththi’, Shrub.
•

Diospyros montana Roxb., Ebenaceae,
‘Vagana maram’, Tree.
•

Euphorbiacae,

Ficus racemosa L., Moraceae, ‘Aththi’,
Tree.

‘Karu

Dichrostachys cinerea (L.) Wight & Arn.,
Mimosaceae, ‘Vettuthaera maram’, Tree.
•

One hundred grams each of fresh
whole plant of Eclipta prostrata and
Phyllanthus amarus, ground into a
fine paste, mixed with 100 ml of goat’s
milk and consumed in the empty
stomach once a day for 3 weeks to cure
jaundice.

Ten grams of stem bark ground with
sufficient amount of water and made
into paste, filtered using a clean cloth
and 3 drops of filtrate applied into the
ears to relieve pain.

Two or three flowers mixed with
10 rose petals, ground into a fine paste
to which 100 ml of boiled milk and
2 teaspoonful of honey is added and
consumed twice a day for a week to
relieve leg and hand pain.

Ichnocarpus frutescens (L.) W.T. Aiton,
Apocynaceae, ‘Moolammattai kodi’, Climber.
•
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A handful of leaves added with a small
piece of turmeric, ground into a fine
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and the steam inhaled to get relief
from cold and headache.

paste and orally given along with water
to cure vomiting and dysentery of
children.

•

Ipomoea obscura (L.) Ker Gawl., Convolvulaceae, ‘Sundaan chedi’, Climber.
•

Twenty five grams of whole plant
mixed with 3 pepper seeds ground into
a fine paste and applied to cure skin
infections.

Melia azedarach L., Meliaceae, ‘Kaattuveppa maram’, Tree.

Jasminum angustifolium (L.) Willd., Oleaceae, ‘Villa kodi’, Climbing shrub.
•

•

Fifty grams of root is mixed with ½ a
teaspoonful of water, ground into a
paste and applied on the throat portion
to cure throat inflammation.

Justicia adhatoda L., Acanthaceae, ‘Aadaathodai’, Shrub.
•

•

Five leaves boiled in 100 ml water,
filtered and consumed twice a day for
three days for cold.

•

Ten leaves mixed with that of Thulasi,
Citrus aurantifolium, Coriander, a piece
of dried ginger, boiled and the steam
inhaled to cure cold and the decoction
is also consumed for the same.

•

Link,

Handful of leaves mixed with 2 eggs,
fried on a pan and consumed thrice
a day on empty stomach for 5 days to
treat paralysis.

Momordica charantia L., Cucurbitaceae,
‘Paavakaai’, Climber.
•

Five grams of leaves made into a fine
paste, by adding 100 ml of water and 100
ml of butter milk and orally administered
twice a day to treat dysentery.

Leucas indica (L.)
‘Thumbai chedi’, Herb.

A handful of leaves mixed with 50 g of
turmeric powder, a pinch of salt, little
amount of water and made into a fine
paste, consumed on empty stomach
along with 100 ml of cow’s milk for
7 days before menstruation to enhance
fertility.

Mimosa pudica L., Mimosaceae, ‘Surukku
thamarai’, Herb.

Lablab purpureus (L.) Sweet, Fabaceae,
‘Avarai kodi’, Climber.
•

A handful of leaves and flowers
crushed with few drops of lemon juice
to which a pinch of salt added and
the extract of the juice is deeply inhaled
until the person salivates to cure
migraine.

Fifty grams of leaves mixed with
2 crystals of salt, ground into a paste
and the extracted juice is applied to
cure anal itching in children.

Moringa oleifera Lam., Moringaceae,
‘Murunga maram’, Tree.

Lamiaceae,

A handful of leaves mixed with that of
young Neem leaves, 2 Thulasi leaves,
boiled with sufficient amount of water
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•

Hundred grams of leaves mixed with
10g of capsicum seeds and one
pinch salt, crushed and consumed with
water to cure stomach pain.

•

A handful of leaf extract is consumed
by the pregnant women to relieve
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Ocimum tenuiflorum L., Lamiaceae, ‘Thulasi’,
Herb.

delivery pain. Simultaneously castor
oil is applied on the naval for easy
delivery.
•

•

•

Hundred grams of gum mixed with
200 g of coconut oil, boiled, filtered.
Five drops of the filtrate is applied into
the ear at night before bed to cure ear
infections.

Pentanema indicum (L.) Ling, Asteraceae,
‘Mookuthipoo chedi’, Herb.

Twenty five grams of stem bark and
young root, ground into a paste along
with 5 g of salt and applied on the throat
to cure infections. Also the same is
mixed with neem stem bark, a pinch of
turmeric powder and water, ground into
a paste, applied externally for treating
throat infections.

•

Two hundred fifty grams of leaves
mixed with 3 garlic cloves, 2 fresh
capsicum and sufficient amount of
water along with salt and chutney is
prepared, consumed by women to cure
white discharge.

Five fresh leaves crushed and applied
on tooth to cure infections.

•

Hundred grams of leaves mixed with
that of Wattakaka volubilis made into
a paste and applied on infected
portions of the skin, for 2 times a day,
till cured.

•

Twenty grams of leaves made into a
fine paste, orally administered along
with 100 ml of goat’s milk on empty
stomach in the early morning, for
3 weeks to cure jaundice.

•

Two hundred grams of whole plant
mixed with dried paddy husk, 5 g
cumin seeds, 10 pepper seeds and
100 ml of goat’s milk and ground
into a fine paste. This paste is orally
administered on empty stomach once
daily for 1 month to cure jaundice.
Abstinence from non-vegetarian foods
and oil based foods is advised.

Two hundred grams of pseudo-stem
made into juice and consumed daily to
remove kidney stones.

Ocimum americanum L., Lamiaceae,
‘Thulasi velai’, Herb.
•

•

Phyllanthus amarus Schum. & Thonn.,
Euphorbiaceae, ‘Keezha nelli, Pachai keezhanelli’, Herb.

Musa paradisiaca L., Musaceae, ‘Vaazhai
maram’, Herb.
•

Twenty five grams of flowers made
into a paste and applied at the infected
tooth to cure infections till cured. No
diet restriction prescribed.

Pergularia daemia (Forssk.) Chiov.,
Asclepiadaceae, ‘Uththaamani, Vaeliparuththi
chedi’, Climber.

Murraya koenigii (L.) Spreng., Rutaceae,
‘Karu veppilai’, Tree.
•

Twenty five grams of leaves crushed
and the juice poured into ears and
the resultant paste applied to the
scorpion stung place for cure.

Twenty five grams of leaves mixed
with that of 25 g of Plectranthus
amboinicus, gently roasted and crushed
to prepare the extract which is orally
administered to babies to provide relief
from the cold.
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•

Psydrax diococcos Gaertn., Rubiaceae,
‘Suthi ilai’, Tree.

Twenty five grams of leaves mixed with
50 g coffee seeds and 25 g turmeric
powder, made into a paste which is
applied with little honey to cure wounds
caused by burns.

•

Plectranthus amboinicus (Lour.) Spreng.,
Lamiaceae, ‘Karpoora valli’, Herb.
•

Three leaves mixed with 3 Thulasi
twigs, fried gently and crushed to
extract the juice by adding sufficient
amount of water. The juice is orally
administered to cure cold, chest pain
and cough.

Punica grantum L., Punicaceae, ‘Maadhulai’,
Tree.
•

Polyalthia longifolia (Sonn.) Thwaites,
Annonaceae, ‘Asokapattai maram’, Tree.
•

•

Handful of leaves mixed with 2 bulbs
of clustered onion, ground into a fine
paste and applied to cure chronic
wounds.

Senna auriculata (L.) Roxb., Caesalpiniaceae, ‘Aavaaram chedi, Avaara kozhundhu’,
Shrub.

Hundred grams of stem bark mixed
with that of Terminalia arjuna, ground
into a paste, boiled with 500 g of water,
filtered and consumed by women in
empty stomach for 5 to 7 days to control
menorrhagia.

•

Ten grams of leaves mixed with 10g
whole plant of Cynodon dactylon,
shade dried, made into a fine powder
by adding 2 teaspoonful of cow’s
ghee and consumed twice a day
(morning and evening in empty
stomach) for 3 days to cure piles. Diet:
Abstinence of non-vegetarian food is
recommended.

•

Handful of leaves crushed, boiled with
sufficient amount of water, filtered
and prepared a decoction, consumed
in early hours for 3 days to cure
dysentery.

Psidium guajava L., Myrtaceae, ‘Koyyaa
maram’, Tree.
•

Hundred grams leaves mixed with that
of Psidium gujava, ground into a fine
paste by adding 50 ml of curd and
consumed on empty stomach for 3 days
to cure dysentery.

Ruellia tuberosa L., Acanthaceae,
‘Vedimuthu’, Vettu poondu’, Herb.

Hundred grams of stem bark mixed
with matured neem stem bark and
50 g of Punica granatum fruit rind,
made into fine powder and consumed
1 teaspoonful daily on empty stomach
in the early hours for 48 days to cure
female sterility. Diet: Abstinence from
eating fish and mutton is recommended.

Pongamia pinnata (L.) Pierre, Fabaceae,
‘Punga maram’, Tree.
•

Twenty five grams of leaves along
with 3 clustered onions, consumed on
empty stomach, for 45 days, to cure
bleeding piles. Diet: Abstinence of
non-vegetarian food is advised.

Four ripen fruits with seeds consumed
daily for 10 days to clean the lung
infections due to bheedi or cigarette
smoking. Smoking should be avoided
during the treatment period.
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Senna occidentalis (L.) Link, Caesalpiniaceae, ‘Kutta avarai’ ‘Oosi thagarai’, Herb.
•

Twenty five grams of root (remove the
external skin) with 3 drops of water and
5 cumin seeds, 1 pepper seed made
into a fine paste and mixed with 50 ml
of water, consumed to treat stomach
pain.

•

Fifty grams of dried root ground into
powder, consumed with 100 ml of
water to cure stomach pain.

Solanum trilobatum L., Solanaceae,
‘Thoodhuvalai’, Climber.

Sida cordata (Burm.f.) Borss. Waalk.,
Malvaceae, ‘Moondu thalai’, Herb.
•

Five leaves mixed with that of 5 g
of Piper betle, 5 g of coriander and
50 g of homemade butter, fried gently,
extract poured into the ears to cure
infections.

Handful of leaves mixed with that of
Murraya koenigii, 10 g of coriander
seeds, 20 g of fresh or dried ginger,
15 g of Tamarind fruit, one dried
capsicum fruit, 20 g of palm jaggery,
one teaspoonful of homemade cow’s
ghee or sesame oil and made into a
fine paste and consumed daily for clear
and better vision.

•

Hundred grams of leaves mixed with
that of Catharanthus roseus, Plumbago
zeylanica, 50 g each of fennel and
coriander seeds and boiled with
sufficient amount of water and the
decoction is consumed twice a day for
7 days to cure cancer.

Syzygium cumini (L.) Skeels, Myrtaceae,
‘Naava maram’, Tree.

Solanum melangena L., Solanaceae,
‘Kathirikaai chedi’, Shrub.
•

•

•

Twenty five grams of fresh stem and
25 g of leaves crushed and the
extract is poured into the ear to cure ear
pain.

Solanum torvum Sw., Solanaceae,
‘Sundaka chedi’, ‘Sundaang chedi’, Shrub.
•

Twenty five grams of leaves mixed with
that of Merremia tridendata, ground
into a paste by adding a little water
and paste applied on cuts and
wounds.

•

Fifty grams of leaves mixed with
3 pepper seeds, ½ teaspoonful of
turmeric, 3 garlic cloves, 1 teaspoonful
of water, ground into a fine paste and
applied on the affected portion to cure
skin infections.

Twenty five grams of stem bark mixed
with 10 g of Psidium gujava leaves,
3 leaves of Solanum trilobatum, 3 g
of turmeric powder, ground into a fine
paste and applied at the bitten spot to
cure unknown poisonous bites.

Tamarindus
indica
aceae,‘Puliya maram’, Tree.
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L.,

Caesalpini-

•

Pulp of three fruits with a pinch of
lime, ground into a paste which is
applied on the stung area to cure
scorpion stings.

•

Twenty five grams of stem bark made
into a powder and mixed with coconut
oil and applied on the wounds for
4 days or till cures.

•

Fifty grams leaves mixed with
100 ml of Sesame oil, ground into a
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on the body of new born babies (even
3 days born baby) to cure skin
eruptions. Mother should abstain from
salt and spicy foods.

paste and applied on the affected
portion to relieve nerve sprain for 1 year
old babies.
Tarenna asiatica (L.) Kuntze ex K. Schum.,
Rubiaceae,‘Therani kothu’, Shrub.
•

Discussion

Fifty grams of leaves mixed with small
piece of turmeric rhizome, ground into
a paste which is smeared on the body
of the babies to stop erratic crying.

The above study revealed that Malayali
tribes have been using plant resources for
health security over generations. These tribes
used this knowledge wealth which has been
passed orally from generation to generation
based on personal familiarity. Malayali tribes
used different parts of medicinal plants for
treating various ailments which are supported
by different ethno-medicinal studies reported
by various workers (Ravikumar and Vijaya
Sankar, 2003; Kadhirvel et al., 2010;
Sivaperumal et al., 2010; Francis Xavier et al.,
2011; Vaidyanathan et al., 2013; Rajeswari
et al., 2016). With regard to plant parts used,
leaves are the major portion followed by stem
bark and this revealed that the collection of
leaves for herbal preparations may have less
damage on the species. Conservationists
also opined that medicinal plants primarily
valued for their roots are intensively harvested
often tend to be the most threatened by
overexploitation (Flatie et al., 2009; Mussarat
et al., 2014). Mostly, freshly harvested plant
parts are used which indicates that the
fresh parts are more efficacious with active
ingredients than the dried ones which may
lose their quality on drying. It is also evidenced
by other ethno-medicinal inventories across
the world (Revathi and Parimelazhagan, 2010;
Mussarat et al., 2014).

Vitex negundo L., Verbenaceae, ‘Nochchi’,
Shrub.
•

Fifty grams of leaves mixed with
3 pepper seeds, 50 g each of Thulasi
and neem leaves, boiled in 2 litre of
water till it reduces to 1 litre and the
steam is inhaled to cure cold and
headache.

Withania somnifera (L.) Dunal, Solanaceae, ‘Amukkura chedi’, Herb.
•

Ten grams of root is made into paste
and applied on affected areas twice a
day to cure wounds.

Wrightia tinctoria R. Br., Apocynaceae,
‘Vepaalai maram’, Tree.
•

Two leaves mixed with 1 garlic clove
and 3 pepper seeds, chewed and air
blown into the ear to cure headache.

Ximenia americana L., Olacaceae,
‘Sengaathiri maram’, Small tree.
•

•

Hundred grams of stem bark ground
into a fine paste in 100 ml of goat’s
milk and the paste is applied on burns
by using hen’s feather. Diet: Coconut,
brinjal and dry fish should be abstained.

Jaundice and poisonous bites are a
major concern not only in the study area but
also in the whole country and resulted in high
mortality rate if not treated promptly (Kuncha
and Sharmila Devi, 2010; Naikade and
Meshram, 2014; Sarkhel, 2015). The medicinal

Fifty grams of stem bark mixed with
50 ml of castor oil, boiled and applied
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knowledge and Mrs. Matheswari, Nethravathy
and Tamilselvi and Shri Murugasundaram
from Malayali tribes for assisting in the field
work.

plants particularly Eclipta prostrata and
Phyllanthus amarus contains a variety of lead
bioactive compounds such as Wedelolactone,
and
Demethylwedelolactone
in
Eclipta
prostrata (Wagner et al., 1986; Wagner and
Fessler, 1986) and phyllanthin and hypophyllanthin lignans in Phyllanthus amarus have
been proved scientifically for hepatoprotective
properties (Syamasundar et al., 1985; Islam
et al., 2008).
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structure and composition as targets for
uneven-aged restoration silviculture – with a case
sTudy in the Western Ghats, Karnataka, India
Ben Caldwell*
Abstract
Management of forest for timber can change both the structure (the size, density, and distribution)
of an ecosystem and its composition (the diversity of species). These parameters – the composition
and the structure – are the important metrics for a silviculturalist making management decisions to
improve the integrity of any forest ecosystem. Management goals for native forest in India transitioned
in the last decades from timber management to ecosystem services management. As a consequence,
restoration of forest condition to a reference state better suitable to provision of ecosystem services
may be desirable. Approaches and techniques for restoration silviculture are therefore needed. For
ready use in India, the techniques must be based on information obtainable from commonly measured
parameters in forest stands.
The approach presented here, with a case study in Karnataka’s Western Ghats, is to use basal
area and tree species to construct statistics and models that describe structure and composition of
management units. Structure is described using diameter distributions, which can be summarized
using Q ratios (the ratio between a diameter class and the succeeding diameter class) or modeled
statistically. Composition is captured by calculating the proportion of basal area occupied by each
species in a sample or population of interest. These proportions can be structured into basal area
accumulation curves and modeled. Both of these methods can be used to describe a management
unit’s current condition, and to set quantitative targets for silvicultural prescriptions aimed at changing
that structure or composition. If a more desirable reference condition can be found (e.g. a robust stand
with high basal area, or one thought to reflect better management or less anthropogenic disturbance),
a comparison between the reference condition and the current condition can easily be made using
these metrics. The results of this comparison can be used to guide thinning, enrichment planting, and
assisted natural regeneration efforts.
To demonstrate this technique, a random sample of plots in the four endemic forest types was taken
and post-stratified by forest type and basal area. The metrics and models for structure and composition
of the four forest types found in the area were derived from the sample. They were found to be
representative of the forest types as found in the literature. Differences in the structure of high basal
area forest, a proxy for a healthy reference condition, and the aggregate forest for a given forest type
were readily discerned. Because these quantitative metrics were so readily derived, this case study
demonstrates their utility in India for 1) assessment of forest condition and 2) setting management
targets to restore forest in a degraded condition.
The methodology and the base data and analysis used in the case study are provided here for those
interested in using this approach to guide uneven-aged restoration silviculture in India.
* Chief of Party, Tetratech, 159, Bank Street, Suite 30, P.O. Box 1397, Burlington, VT 05402.
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1.

Introduction

climate change. If the climate changes quickly
and dramatically in a given site, a historical
reference condition may not be well suited for
future conditions. In consequence, a growing
body of work in restoration ecology has
explored methods to return lands and forests
not just to a prior reference condition, but to
a condition that restores productivity and
allows the system to adapt to a rapidly changing
climate.

Forest ecosystems in India are dynamic.
Although they have evolved over millennia,
the ecosystems and their component structure
continue to change due to anthrophonic and
non-anthropogenic factors. For example,
hperturbations during the British colonial period
and subsequent decades associated with
timber extraction quickly changed the nature
of these ecosystems. Because of the type
and the intensity of the disturbance, forests
in the country have lost both density and
species diversity – here we use the term
degraded to describe the systems thus changed.
This degradation is associated with a loss of
ecosystem services that may not be in human
best interest. Population pressures and rapid
anthropogenic climate change will likely cause
further disturbance to these systems without
active management. While if given time these
systems will compensate for disturbance,
accelerating that process may be beneficial for
economic, political, or cultural reasons.

To assess the integrity of a forest ecosystem four attributes are often used: 1) the
structure and the composition of the system;
2) the dominant environmental regimes
including natural disturbances; 3) minimum
dynamic area and 4) connectivity. The structure
and composition of the ecosystem are
critical in the maintenance of the productivity,
internal stability and even the resilience of the
system itself. They are also the characteristics
of a forest normally treated in silviculture,
whereas the other attributes are in the purview
of landscape planning, management, and
conservation. This study focuses on structure
and composition to assist in provision of
guidance for line officers of the Indian and
State Forest Service, who need tools and
targets to guide their efforts to maintain
healthy, productive forest lands.

1.1 Forest Ecosystem Integrity
For forests to provide ecosystem services
at an optimum level, they should be healthy
and the integrity of the system be unimpaired.
The concept of ecosystem integrity as applied
to forest management is of relatively recent
origin. It is based on the assumption that the
ecosystem that has evolved on any site is
the best suited and the most productive. “For
the purposes of biodiversity conservation,
functionality or integrity of a conservation area
can perhaps best be judged by the extent to
which the structure and composition of the
focal ecosystems and species are within their
natural ranges of variability.” (Poiani, Richter,
Anderson and Richter, 2000). In this decade,
the reference to a natural range of variability
has been complicated by anthropogenic

1.2 Prior Forest Management in India
In order to understand the condition of
a forest today, it is useful to first consider
its management history. Traditional forest
management in India considered the forest as
a resource for timber. Forest was harvested
based on a set of principles that were
generally termed as ‘scientific management’.
The two main management principles were
the principle of sustained yield, and the
principle of the normal forest. The principle of
sustained yield in practice meant the provision
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or selection forest with a higher proportion of
larger diameter classes. A higher q value is
seen in managed forests with a higher
proportion of middle and lower diameter
classes.

of a sustained supply of wood to the market
for which adequate forest areas were harvested.
The term ‘normal forest’ meant well stocked
forests of all age gradations spread on
equivalent areas that put on normal increment.
These concepts evolved for the orderly
harvest of timber. Since growing stock was
not uniformly spread over the entire forest
area, and the quality of stocking was also not
uniform, appropriate adjustment factors were
used and applied in practice to ensure that
the supply of timber to the market remained
constant.
Under such management many mixed
species forests, which constituted and continue
to be the bulk of Indian forests, did not all
regenerate adequately and their structure
was altered. In these forests, the composition
changed. Contributing to this, some valuable
forests were managed under the selection
system, where selection diameter was the
criterion for felling a tree. Quite often only species
valued for timber were promoted and cared
for, and crop composition was generally not a
management goal. Selective felling of valuable
species over a period of time also changed the
structure of the forest.

In forest of high site quality, good soil
depth and good moisture conditions, crop
differentiation takes place early and the
proportion of large diameter classes increases
if the forest remains undisturbed for relatively
longer periods of time. The value of q in such
forests is generally of the order of 1.3 – 1.5. In
forests that are harvested and managed the
value of q is generally 1.8 and above. In forests
that are not balanced, the value of q increases
with increasing diameter, which usually
indicates that higher diameter classes have
been removed preferentially, or that the forest
is potentially not capable of producing large
size timber. On the other hand, in forests where
some species are highly shade tolerant, the
q ratio may be higher in lower diameters as
large numbers of small stems may persist
indefinitely in the understory. Studies on the
structure of balanced uneven aged tropical
forests in India have shown that they follow the
law of de Liocourt.

1.3 The Uneven-aged Structure of Forest

1.4 Composition of Forests

In contrast to forests managed for timber,
unmanaged tropical forest has a greater
number of trees in younger age classes than
in higher age classes. In 1898 the French
forester de Liocourt observed that the number
of trees in successive diameter classes in an
undisturbed selection forest maintain a definite
proportion. The ratio of the number of trees
in lower diameter classes to that of the next
higher diameter class is close to constant. He
named this ratio ‘q’. The value of q may be
different for different selection forests. A lower
value of q is seen in forests with old growth

Forests have a highly variable composition,
and the factors that determine that composition
in unmanaged forest are still areas of active
investigation. Disturbance history, climate,
habitat connectivity and management history
are all important characteristics which influence
it. The composition of a forest effects the
ecosystem services the system can provide,
as both particular species and their interaction
as an ecosystem affect the whole management
unit of interest.
In forestry, basal area is a commonly
collected parameter for any management
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unit, and tree species can be readily identified
as part of a forest survey. Together, the
distribution of the forest’s total basal area
across species gives a useful indication
of evenness of species present, and the
dominance of each species by basal area.
When the proportion of basal area occupied
by a given species in a population is sorted
from highest to lowest, an accumulation curve
is formed that can be modeled. The slope
of the model gives an indication of the
evenness of the population. Species richness is
directly obtainable from the data.

and land use, and the valuable ecosystem
services it provides. The Western Ghats is
a range of mountains that extend 1,600 kilometers along India’s southwest coast, and is
considered one of the world’s most important
biodiversity hotspots. Moving inland to the
east, the forest transitions quickly from wet
evergreen to dry deciduous forest, following
one of the sharpest moisture gradients in
the world. These forests have been heavily
impacted by extractive single-tree selection
in the past, and in the present by conversion
to tea and coffee plantations, livestock
grazing, and fuelwood extraction. That
notwithstanding, the forests of the Western
Ghats have some of the world’s highest alpha
and beta diversity and are important as a
watershed for one of the most water insecure
regions of the world. For all these reasons,
these forests are excellent candidates for
restoration and a good test case for these
techniques. Most of the Western Ghats are
found in the state of Karnataka. Within
Karnataka, the Shivamogga district is a good
example of a heavily impacted location that
still has healthy intact forest stands.

1.5 Summary Approach
Uneven-aged
silviculture
with
the
management objective of restoring forest
structure and composition to a healthy
condition supports India’s ecosystem services
management goals. There are various methods
to implement restoration silviculture. The
methodology presented here characterizes
the structure and composition of a forest
area, which can be used to compare it to a
reference condition. Structure and compisition
data are easily derived from measurements
of tree diameter or girth and tree species, two
of the most common parameters measured
in forest surveys. As such, they are practical
and useful metrics for silviculture with the goal
of restoration of forest lands. This paper
accordingly presents techniques to guide
silvicultural treatments used to transition a
management unit from one condition to another,
more desirable condition.
2.

2.1 Natural History of Karnataka’s Forests
According to the forests in Shivamogga
are classified by four types (Champion and
Seth, 1968):

Case Study: Forest in the Western Ghats

To apply this approach and test its
applicability in India, the Western Ghats
mountains are a suitable choice due to its
historical and current forest management
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a) Southern tropical wet
ever green forests

(1A/C4)

b) Southern tropical
semi ever green forests

(2A/C2)

c) Southern tropical
moist deciduous forests

(3B/C2)

d) Southern tropical
dry deciduous forests

(5AC2)
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Each of these forest types is described
briefly below:
a)

are: Terminalia tomentosa, Lagerstroemia
lanceolata, Xylia xylocarpa, Tectona grandis,
Adina cordifolia, Dalbergia latifolia and
Santalum album.

Southern tropical wet ever green forests
(1A/C4)

These forests are situated in the very high
rain fall zone, receiving an average of 50007500 mm each year. The trees rise up to
45-50 m with long cylindrical boles, and are
often buttressed. The tree leaves are generally
thick and glossy. The vegetation has several
tiers, and there are over one hundred plant
species per hectare. Some important species
include: Alstonia scholaris, Calophyllum elatum,
Hopea wightiana, Lophopetalum wightianium,
Poeciloneuron
indicum,
Dipterocarpus
malabaricus, Knema attenuate and Olea
dioica.

d)

Southern tropical dry deciduous forests
(5A/C2)

b)

The total geographic area of the
Shivamogga district is 8,477 km2. There are
three forest divisions – Shivamogga, Sagar and
Bhadravathi – overseeing a total forest area
of 6,600 km2. There are three wildlife
sanctuaries in the district: the Shettihalli
Wildlife Sanctuary is spread over an area of
395 km2, the Sharavathi Wildlife Sanctuary
over 431 km2 and the Gudavi Bird Sanctuary
on 0.73 km2. Of the total tree cover of the
district 4.6% is very dense, 63.7% moderately
dense and the remaining 31.6% is open forest.

The species found in this forest type
remain mostly leafless during several months
of summer. The height of the trees is up to
about 15 m and woody climbers are relatively
few. The important species found are: Tectona
grandis, Anogeissus latifolia, Cassia fistula,
Lagerstroemia
parviflora
and
Terminelia
tomentosa.
2.2 Management History of Shivamogga’s
Forests

Southern tropical semi ever green forests
(2A/C2)

This forest type is located between
evergreen and moist deciduous forests, often
comprising species of both the types. The
canopy is less dense than evergreen forests,
but the undergrowth is more copious. The
important species found here are: Holigarna
arnottiana, Olea dioica, Ixora brachiate, Aporosa
lindleyana, and Flacourtia montana.
c) Southern tropical moist deciduous forests
(3B/C2)

Regular forest management of part of the
area started as early as 1891. Prior to that,
the forests were licensed for harvest, and
timber was used primarily for railway sleepers
and transmission poles. This exploitation
depleted the forests of preferred species.
Since 1987 a ban on green felling has been
followed. However, the removal of dead and
dry fallen trees continues. The forest resource
survey carried out by Forest Survey India (FSI)
in 1983-84 (Report published in 1987) records

This forest type is formed by a mixture
of species that are deciduous for a period of
several months, generally in the summer. The
forest is not very dense but a small number
of species form a canopy. The tree height is
up to 25 m. Undergrowth is present but enough
light reaches the ground to allow for grass
growth. Large woody climbers are also seen
in the forests. The important species found
33

My Forest – March 2018
that the basal area and volume per hectare
in evergreen forests are 21.66 m2 and
127.449 m3 respectively and the same values
for the semi evergreen forests are 11.89 m2
and 76.379 m3 (Forest Survey of India, 1987).
For the deciduous forests these values are
6.09 m2 and 42.216 m3 respectively. The
comparison of these figures with those of the
potential of these forests, as reflected by the
stocking of the linear increment plots of the
same forest types, indicates that these forests
are in a greatly depleted state. The evergreen
forests of the district were managed under
a selection system with a felling cycle of
45 years. Tending and canopy lifting operations
were carried out in these forests. The deciduous
forests were also managed under a selection
system with a felling cycle of 30 years. Bamboo
extraction was carried out on a felling cycle
of four years.

per year mean annual increment (MAI), while
Eucalyptus camaldulensis yields up to 12 m3
per ha per year MAI. Some forest area of
the department is also with the Karnataka
Forest Development Corporation for raising
plantations.
The forests in the district/divisions are
managed under the prescriptions of working
circles with different objectives. For example
in Sagar, the total area under the working
plan is 143,726 ha. The improvement working
circle occupies 45,864 ha, and the afforestation
working circle 50,468 ha. The remaining
47,394 ha, or 33% of the working plan is not
currently under any management. These
figures indicate that although efforts are being
made for the proper conservation of forest
resources, forests continue to be under great
anthropogenic pressure. More efforts are
required to restock forests to their potential.

Presently grazing of all animals except
goats is allowed in these forests, which has
caused damage to the forests’ regeneration
capacity. As per the Vulnerability of India’s
Forest to Fire Report published by FSI in 2013,
the Shivamogga district falls under the ‘highly
vulnerable’ category. This is mostly because
of the high incidence of fire in the dry and
moist deciduous types of forests in the
district. A substantial area of the government
forests are managed by Mysore Paper Mills.
Acacia auriculiformis and Acacia mangium
plantations were raised in the past. The Mill
currently raises the plantations of Acacia
hybrid (hybrid of A. auriculiformis and
A. mangium) in areas of rainfall with 1200 mm.
Until 2017, Eucalyptus camaldulensis clones
were raised in low rainfall areas, a practice
which was recently discontinued after a
state ban on planting Eucalyptus. The Acacia
hybrid plantations yield up to 35 m3 per ha

2.3 Summary Methods
2.3.1. Sampling Design
In order to study the structure and
composition of forest in Karnataka, in coordination
with
the
Karnataka
Forest
Department, fifty-nine one-tenth hectare plots
were allocated across the four forest types
(Table 1). These sites extend from Bylakuppe
in the south to Vasco de Gama in the north
(Fig. 1). Plots were allocated based on a
mixed design. Some were selected for resampling from a survey taken by the FSI and
some were selected based on a stratified
random sample of plots measured for a study
on carbon stocks in the Shivamogga district.
Plots were not placed in latitudes between
Sringeri and Madikeri as these areas were
identified as being highly disturbed and thus
unlikely to yield relevant data. For the same
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Figure 1

Data was collected under the supervision
of current or retired officers of the Karnataka
Forest Department, and species were identified
by local experts.

reasons plots were also not allocated in any
of the forest plantations of the area.
Table 1 – Plots by forest type
Forest Type

Plots

Dry deciduous

16

2.3.2. Analysis

Evergreen

10

Moist Deciduous

21

Semi Evergreen

12

Analysis of the data for structure focused
on summarizing the diameter distributions and
ratios between diameter classes (Q ratios).
A negative exponential model was fit to the
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For all forest types, the coefficient of
variation of the Q ratio was between a third
and a half of its value.

diameter distributions, as this method has
the advantage of providing the variation in the
diameter distribution ratio explained by the
model. Summaries were also run on the plots
with basal areas higher than the median for
each forest type in the expectation that
these plots were less disturbed and more
indicative of the potential structure each forest
type could reach.

Negative exponential models explained
a majority of the variation across forest
types, with the exception of the dry deciduous
forest. The slope parameter, unlike the
simple average Q ratio, had a declining
value corresponding to declining moisture
environment for forest type, with the exception
of for dry deciduous forest.

Composition
was
summarized
by
calculation of the cumulative proportion of basal
area by species for each forest type. These
accumulation curves were then described using
an exponential model with a logtransformed
predictor value.

2.4.1.2 Plots with High Basal Areas
For plots with a basal area higher
than the median for each forest type in this
sample, the same analysis performed on the
aggregate plots yielded lower Q ratios by
forest type and less variation of the estimate
as described by the coefficient of variation.
When modeling the diameter distribution,
the same model form used for modeling in
aggregate plots was used. For this subset of
the data, the slopes of the model for the
diameter
distribution
curve
decreased
monotonically with the moisture regime for
each forest type. The adjusted R2 value
decreased for dry deciduous and moist
deciduous forest types and increased for
evergreen and semi evergreen forest types.

Base tables used for each analysis can
be seen in Annex 3: Base Tables Used for
Analysis. R, a freely available statistical
software, was used for analysis of the data
(Kahle and Wickham, 2013; R Development
Core Team, 2017; Wickham, 2009; Wickham,
Francois, Henry and Müller, 2017). The full
annotated analysis and base data are available
online (Annex 2: Structure and Composition:
Analysis and Source Data).
2.4 Results
2.4.1. Comparative Structure of Sampled
Forest Types

Table 2 – Summary table of Q ratio and its
coefficient of variation for all plots

2.4.1.1 Aggregate Plots
For all plots in aggregate, dry deciduous
forest had both the highest Q ratio and the
highest standard deviation of that ratio across
diameter classes. In dry deciduous plots,
diameter classes higher than 70 cm were not
present. Semi evergreen plots had both the
lowest average Q ratio and the lowest standard
deviation of any forest type.
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Forest
Type

Q
Ratio

Standard
Deviation

CV

Semi Evergreen

2.04

1.50

0.73

Evergreen

2.22

1.67

0.75

Moist Deciduous

2.55

3.28

1.29

Dry Deciduous

3.04

3.38

1.11
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Figure 2

Table 3 – Summary of negative exponential
models for diameter distributions of all
plots
Forest Type

Ad. R2 Intercept

Table 4 – Summary table of Q ratio and its
coefficient of variation for high basal area
plots

Slope

Forest
Type

Q
Ratio

Standard
Deviation

CV

Semi Evergreen

1.91

1.23

0.64

Evergreen

2.10

1.34

0.64

Dry deciduous

0.43

3.223727 -0.5706

Evergreen

0.81

3.815004 -0.61043

Moist deciduous

0.57

3.035955 -0.45853

Moist Deciduous

2.49

3.41

1.37

Semi evergreen

0.68

3.216724 -0.49212

Dry Deciduous

2.73

3.79

1.39
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Figure 3

Table 6 – Exponential model for composition
curves (form y ~ log(x))

Table 5 – Summary of slope and intercept
for a negative exponential model fit to
diameter distributions of high basal area
plots
Forest Type

Ad. R2 Intercept

Forest Type

Slope

Dry deciduous

0.22

2.5223

-0.34285

Evergreen

0.90

4.166967 -0.65474

Moist deciduous

0.48

2.907135 -0.39762

Semi evergreen

0.80

3.3935

-0.47961
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Ad. R2 Intercept

Slope

Dry deciduous

0.92

0.28873 0.191129

Evergreen

0.98

-0.01099 0.231221

Moist deciduous

0.95

0.320463 0.177899

Semi evergreen

0.97

0.121267 0.207742
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Figure 4

2.4.2. Comparative Composition of the Forest
Types
Accumulation of basal area by species
revealed that dry deciduous forest had the
fewest number of species that dominated
by basal area, followed by moist deciduous
forest, semi evergreen forest, and evergreen
forest. Differences in the accumulation curves
were most pronounced for evergreen and
semi evergreen. While there was a pronounced

difference between dry deciduous and moist
deciduous forest compared to the other forest
types, there was not a strong separation in the
accumulation curves for dry deciduous and
moist deciduous forest.
An exponential model fit to the data
explained more than ninety percent of the
variation. A nonlinear logistic model will also give
an excellent fit.
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Figure 5

3.

Discussion

(reverse-J), but different from minimally
disturbed forests there were large irregularities
in the ratios between diameter classes. In dry
deciduous forest and moist deciduous forest,
the data show evidence of suppression of
the lower diameter classes: there are high q
ratios for those forest types. This may be due
to herbivory and due to moisture competition.
Evergreen and semi evergreen forest had
a more regular diameter distribution and
structure. In the absence of prior strata,
comparison of the structure of plots with higher
basal area to the aggregate did yield results
in keeping with those the broader literature
supports. The high basal area plots had both

The results from the case study in Karnataka
are indicative of significant variability in the
composition of forests in the area. Although
intact forests are present in the sample,
degraded forest is certainly characteristic of
the area. This manifests most obviously in the
wide range of basal areas for the plots, even
within forest type.
The analysis of the structural characteristics
of the forest also supports this finding of
variable forest quality within the population.
The diameter distributions were most similar
to those found in unmanaged natural forests
40

My Forest – March 2018
4. Conclusions

lower q ratios, indicative of a more mature
stand, and lower variability of the estimate
for those q ratios. One exception visible in
the graphical representation of the data is
the lowest diameter class for dry deciduous
forest, which has fewer trees in it than the
next-highest diameter distribution. This is likely
an artifact of the lower sample size for that
subset of the data. Use of stands with higher
basal area can be used as a proxy for healthy
stands when selecting a reference condition
– a forester should be mindful of other factors
that can influence that diameter distribution and
basal area, however, such as site class and
exposure. The forester on the ground should
be given some latitude for professional
judgement.

In the case study presented in this paper,
structure and composition of trees by forest
type was readily characterized and modeled
using data found in a standard forest inventory.
While using these metrics as a technique
for silviculture will be useful, a consideration
that will require care for any manager is the
selection of the reference condition desired
for structure and composition. At least in
Karnataka, despite the efforts of Forest
Survey of India to establish such a network in
the past, there is not an established network
of relatively undisturbed forest plots that can
be reliably found and readily used for this
purpose. Forest managers will thus have to
use their best judgement, both to find vigorous
and healthy stands, and to decide what
structural and compositional elements to
recreate in degraded stands.

In all cases, modeling the diameter
distribution of the forest type is a better tool
than using an average q ratio as a management
target. The model gives more information (both
slope and intercept) and provides an estimate
of the variability in the diameter distribution
explained by the model. In this case, modeling
also represented the moronically declining
slope from high to low moisture forest types
observable in the graphs of the data; that
was not reflected in the average q ratio. Models
of the diameter distribution produce a smooth
curve. A modeled distribution of a forest
with a desirable structure can thus easily be
superimposed on the diameter distribution of
a stand scheduled for treatment, and diameter
classes targeted using that comparison.

To implement this silviculture technique
within the regulatory environment of India,
the working plan is a logical and necessary
avenue to codify and sanction the plan. Indian
working plans are written for the management
of forests. In the working plans, working circles
are constituted, within which are management
compartments. The basis of constitution of
working circles is the similarity of treatment
meted out to the group of compartments
allotted to the working circle. In the changing
scenario when the integrity of the forest
ecosystems is to be studied for the sustainable
management of forests and conservation of
biodiversity, all the well-stocked forests and
compartments ought to be identified by their
forest types, for the type represents a definite
crop composition and, therefore, needs
separate treatment. Similarly, in identification
of compartments for treatment and restoration,
the silviculture to take place should be
described
–
well-stocked
compartments
described in the working plan can be used to
identify the appropriate reference condition.

Modeling composition of the forests in
this study provided clear, comprehensible, and
differentiated visual representations of forest
condition. These models give a good picture
of the relative dominance of any one given
species, and in combination with a table or
graph with explicit mention of species present
can be used to set targets for restoration of
composition of a forest type.
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The location of each plot by latitude and
longitude can be obtained from FSI. Lay out
a 0.1 ha plot at each location following the
National Working Plan Code and carry out the
enumeration of the trees by their diameter at
breast height. The forest type as mentioned
in the FSI data may be tallied with the
vegetation type found on the ground. In case
the ground vegetation doesn’t tally with the
forest type mentioned in the FSI data, the
forest type as could be seen from the crop
composition may recorded.

R Development Core Team. (2017). R: A
Language and Environment for Statistical
Computing. Vienna, Austria. http://doi.org/
ISBN 3-900051-07-0
Wickham, H. (2009). ggplot2: elegant graphics
for data analysis. New York: Springer.
Retrieved from http://had.co.nz/ggplot2/
book.
Wickham, H., Francois, R., Henry, L. and
Müller, K. (2017). dplyr: A Grammar of Data
Manipulation. Retrieved from https://cran.rproject.org/package=dplyr

If the data from FSI’s survey isoutdated,
the CCF or DFO will need to locate forests
of good quality of each type using local
inventories or his or her experience of the area.

5. ANNEXURE 1: METHODOLOGY

The number of trees of different species
in 10 cm diameter classes should be recorded
in the field following the standard procedure.
The canopy density should be measured
with a densitometer. This plot wise and
forest type wise data may be used for further
analysis. The data of plots having canopy
density less than 0.7 should be discarded.

A stepwise general methodology adopted
for the study of structure and the composition of
a forest is given below.
5.1 Sampling
Most forests in India have been under
management for over one hundred years and
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5.2 Structure

the forest type of high density with the
corresponding
data
of
well
stocked
compartments given in the inventory for
the current working plan to reflect on the
changes in the composition, and to prioritize
compartments based on their level of
degradation.

From the total number of trees per hectare
in different diameter classes for each forest
type the value of q, the diminution quotient, is
found by dividing the number in lower diameter
by that in the next higher diameter class. In
some forests this value of q will be quite regular,
and exhibit little variation across diameter
classes. For these forests, a simple comparison
of a healthy forest to a candidate for restoration
may be sufficient.

During the course of management of
forests it is generally found that the number
of species contributing to the stocking
decreases, reflecting degradation. If the
percent contribution by number is more but
the corresponding contribution of the basal
area is less it reflects that trees of higher
dimension / diameter have reduced. This may
mean there is a larger proportion of trees of
lower diameters and or thicker trees have
been removed selectively. Within prioritized
compartments, prepare a list of species
whose contribution is not within the range of
distribution as indicated by the range calculated
in step 2 above. From the analysis of past
management practices one may be able to
assign reason(s) for the significant change in
the species contribution. If no management
reasons can be ascribed, the significant change
could be because of other reasons including
natural causes. Silvicultural treatments should
then be designed to select against overrepresented species, and for under-represented
species, within compartments.

However, in stands with recent disturbance
this is not often the case. When q is highly
variable, it is better to fit a model to the
diameter distribution of the reference forest
and compare it to that of a candidate for
restoration. A logistic model will provide a
good fit for a forest that has a history of
uneven-aged management, as should be the
case for the reference forest. This model of
the diameter distribution should be compared
to the diameter class graph of compartments
of the same forest type in a working plan that
are candidates for restoration. Significant
deviations from the reference structure will
guide the silviculturalist’s treatments of the
structure to restore a compartment’s balance.
It may also be of use and interest to
examine the diameter distributions by species
to reflect on their regeneration and structural
status.

6. ANNEXURE 2: STRUCTURE AND
COMPOSITION: ANALYSIS AND SOURCE

5.3 Composition
The data of all plots belonging to one
forest type should be pooled together, i.e. the
diameter distribution tables of the plots merged
to form one table for one forest type. The
total number of trees per hectare of each
species and their respective basal area should
be calculated. Calculate percent contribution
of each species by number and basal
area. This reflects the composition and the
relative contribution of various species in the
growing stock of the forest type. Compare
this composition by number and basal area of

Data for the Case Study
The script and input data for the analysis
can be obtained at:
https://www.dropbox.com/
s/66gg2mxg3sgewim/Script%20and%20
input%20data%20Kar%20Structure%20
composition%20v2.zip?dl=0
R is the free statistical software used for the
analysis and can be installed from files at:
https://cran.r-project.org/
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7. ANNEXURE 3: BASE TABLES USED FOR ANALYSIS
Table 7 – Compositon of Forest Plots
Forest
Species
Type		

Forest
Species
Type		

Proportion
Basal area

Proportion
Basal area

Dry Deciduous Tectona grandis

0.2024

Dry Deciduous Kaduchendu

0.0045

Dry Deciduous Terminalia paniculata

0.1076

Dry Deciduous Bridelia retusa

0.0036

Dry Deciduous Terminalia tomentosa

0.0955

Dry Deciduous Terminalia alata

0.0036

Dry Deciduous Xylia xylocarpa

0.0715

Dry Deciduous Emblica officinales

0.0035

Dry Deciduous Dalbergia latifolia

0.0661

Dry Deciduous Randia Spp

0.0034

Dry Deciduous Lagerstroemia lanceolata

0.0587

Dry Deciduous Kydia calycina

0.0032

Dry Deciduous Bombax malabaricum

0.0544

Dry Deciduous Adina cordifolia

0.0032

Dry Deciduous Anogeissus ltiofolia

0.0524

Dry Deciduous Pongamia pinnata

0.0030

Dry Deciduous Terminalia bellerica

0.0029

Dry Deciduous Lagerstroemia lanceolate

0.0496

Dry Deciduous Adina cardifolia

0.0021

Dry Deciduous Pterocarpus marsupium

0.0303

Dry Deciduous Ziziphus nummularia

0.0020

Dry Deciduous Eucalyptus tereticornis

0.0245

Dry Deciduous Tadaslu

0.0019

Dry Deciduous Anogeissus latifolia

0.0214

Dry Deciduous Chukrasia tabularis

0.0018

Dry Deciduous Diospyros montana

0.0185

Dry Deciduous Syzygium cumuni

0.0018

Dry Deciduous Anogesissus latifolia

0.0126

Dry Deciduous Kadujathi

0.0018

Dry Deciduous Chloroxylon swietenia

0.0101

Dry Deciduous Terminalia paniculata

0.0015

Dry Deciduous Radermachera xylocarpa

0.0096

Dry Deciduous Catenaregum spinosa

0.0013

Dry Deciduous Gmelina arborea

0.0091

Dry Deciduous Catenaregum spinosa

0.0013

Dry Deciduous Lannea coromandelica

0.0089

Dry Deciduous Stereospermum
personatum

0.0013

Dry Deciduous Careya arborea

0.0075

Dry Deciduous Tamilnadia uliginosa

0.0013

Dry Deciduous Butea monosperma

0.0070

Dry Deciduous Syzygium cumini

0.0012

Dry Deciduous Randia spp

0.0065

Dry Deciduous Lagerstromia parviflora

0.0011

Dry Deciduous Bauhinia racemosa

0.0056

Dry Deciduous Diospyros crumenata

0.0011

Dry Deciduous Grewia tiliaefolia

0.0055

Dry Deciduous Emblica officinalis

0.0010

Dry Deciduous Canthium
coromandelianum

Dry Deciduous Aegle marmelos

0.0007

0.0049

Dry Deciduous Kadugoru

0.0007
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Forest
Species
Type		

Proportion
Basal area

Forest
Species
Type		

Proportion
Basal area

Dry Deciduous Jasminum malabaricum

0.0007

Evergreen

Lophopetalum wightianum

0.0139

Dry Deciduous Toona ciliata

0.0007

Evergreen

Syzygium cumuni

0.0135

Dry Deciduous Unknown

0.0006

Evergreen

Cinnamomum malabatrum

0.0126

Dry Deciduous Cornus macrophylla

0.0006

Evergreen

Hopea wightiana

0.0109

Dry Deciduous Elaeocarpus serratus

0.0006

Evergreen

Garcinia gummi-gutta

0.0107

Dry Deciduous Ficus heterophylla

0.0006

Evergreen

Artocarpus heterophyllus

0.0104

Dry Deciduous Ochrocaprus longifolius

0.0003

Evergreen

Terminalia paniculata

0.0104

Dry Deciduous Babala

0.0003

Evergreen

Euodia lunu-ankenda

0.0102

Dry Deciduous Cordia macleodii

0.0003

Evergreen

Syzygium gardnerii

0.0096

Evergreen

Vitex altissima

0.0735

Evergreen

Dimocarpus longan

0.0094

Evergreen

Olea dioica

0.0657

Evergreen

Dysoxylum malabaricum

0.0093

Evergreen

Lagerstroemia lanceolata

0.0593

Evergreen

Diospyros angustifolia

0.0088

Evergreen

Calophyllum polyanthum

0.0563

Evergreen

Cedrela toona

0.0082

Evergreen

Diospyros buxifolia

0.0520

Evergreen

Ficus callosa

0.0078

Evergreen

Diospyros sylvatica

0.0432

Evergreen

Syzygium kanarensis

0.0078

Evergreen

Hopea ponga

0.0398

Evergreen

Aglaia roxburghiana

0.0075

Evergreen

Schleichera oleosa

0.0346

Evergreen

Heritiera papilio

0.0072

Evergreen

Ficus infectoria

0.0332

Evergreen

Palaquium ellipticum

0.0060

Evergreen

Knema attenuata

0.0310

Evergreen

Madhuca neriifolia

0.0060

Evergreen

Memecylon talbotianum

0.0255

Evergreen

Toona ciliate

0.0056

Evergreen

Mangifera indica

0.0250

Evergreen

Michelia champaca

0.0055

Evergreen

Dillenia bracteata

0.0246

Evergreen

Aporosa cardiosperma

0.0051

Evergreen

Litsea floribunda

0.0222

Evergreen

Mimusops elengii

0.0050

Evergreen

Aglaia barberi

0.0201

Evergreen

Caralia brachiata

0.0045

Evergreen

Garcinia morella

0.0192

Evergreen

Ficus religiosa

0.0045

Evergreen

Diospyros candoleana

0.0181

Evergreen

Pterocarpus marsupium

0.0044

Evergreen

Lagerstroemia lanceolata

0.0160

Evergreen

Symplocos cochinchinensis

0.0044

Evergreen

Symplocos foliosa

0.0147

Evergreen

Euonymus indicus

0.0044

Evergreen

Elaeocarpus serratus

0.0142

Evergreen

Poeciloneuron indicum

0.0043
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Forest
Species
Type		

Proportion
Basal area

Forest
Species
Type		

Proportion
Basal area

Evergreen

Cordia myxa

0.0043

Evergreen

Holigarna grahamii

0.0012

Evergreen

Ixora parviflora

0.0042

Evergreen

Trichilia connaroides

0.0012

Evergreen

Holigarna arnottiana

0.0042

Evergreen

Xantolis tomentosa

0.0012

Evergreen

Ailanthus malabarica

0.0039

Evergreen

Acronychia pedunculata

0.0008

Evergreen

Cassine paniculata

0.0038

Evergreen

Artocarpus hirsutus

0.0008

Evergreen

Unknown (Kavalu)

0.0038

Evergreen

Elaeocarpus serratus

0.0008

Evergreen

Actinodaphne hookeri

0.0036

Evergreen

Scolopia crenulata

0.0034

Evergreen

Persea macrantha

0.0008

Evergreen

Ixora brachiata

0.0029

Evergreen

Crataeva religiosa

0.0007

Evergreen

Lepisanthes tetraphylla

0.0027

Evergreen

Machilus macrantha

0.0006

Evergreen

Kadujathi

0.0027

Evergreen

Flacourtia montana

0.0005

Evergreen

Glochidion ellipticum

0.0027

Evergreen

Cinnamomum zeylanicum

0.0005

Evergreen

Archidendron
monadelphum

Evergreen

Calophyllum apetalum

0.0004

0.0024

Evergreen

Catunaregam spinosa

0.0004

Evergreen

Diospyros sp.

0.0023

Evergreen

Cinnamomum sp.

0.0004

Evergreen

Unknown sp. (1)

0.0023

Evergreen

Derris scandens

0.0004

Evergreen

Holigarna beddomei

0.0023

Evergreen

Flacourtia montana

0.0004

Evergreen

Antidesma montanum

0.0021

Evergreen

Gnetum ula

0.0004

Evergreen

Syzygium cumini

0.0018

Evergreen

Liana (Unknown)

0.0004

Evergreen

Myristica malabarica

0.0018

Evergreen

Memecylon malabaricum

0.0004

Evergreen

Aglaia simplicifolia

0.0017

Evergreen

Sterculia guttata

0.0004

Evergreen

Tabernaemontana
heyneana

0.0016

Evergreen

Syzygium hemisphericum

0.0004

Evergreen

Nothapegia racemosa

0.0016

Evergreen

Evergreen

Grewia tiliaefolia

0.0016

Tabernaemontana
alternifolia

0.0004

Evergreen

Holarrhena
antidysenterica

Evergreen

Trichilia connaroides

0.0004

0.0015

Evergreen

Cordia macleodii

0.0014

Moist
deciduous

Terminalia paniculata

0.2591

Evergreen

Litsea laevigata

0.0013

Moist
deciduous

Xylia xylocarpa

0.1272

Evergreen

Buchanania lanzan

0.0012

Evergreen

Caryota urens

0.0012

Moist
deciduous

Terminalia tomentosa

0.0648
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Forest
Species
Type		
Moist
deciduous
Moist
deciduous
Moist
deciduous

Lagerstroemia lanceolata
Syzygium cumini
Tectona grandis

Proportion
Basal area

Forest
Species
Type		

Proportion
Basal area

0.0582

Moist
deciduous

Bridelia retusa

0.0100

0.0494

Moist
deciduous

Haldina cordifolia

0.0078

0.0480

Moist
deciduous

Bombax cieba

0.0073

sauveolens

0.0059

Moist
deciduous

Cordia myxa

0.0392

Moist
deciduous

Moist
deciduous

Dry and fallen Bambusa
bambos (Bamboo)

0.0375

Moist
deciduous

Albizia odoratissima

0.0056

Moist
deciduous

Terminalia bellirica

0.0374

Moist
deciduous

Careya arborea

0.0054

Pterocarpus
marsupium

0.0053

Moist
deciduous

Anogeissus latifolia

0.0258

Moist
deciduous

Moist
deciduous

Schleichera oleosa

0.0230

Moist
deciduous

Hopea wightiana

0.0046

Moist
deciduous

Dalbergia latifolia

0.0197

Moist
deciduous

Syzygium cumini

0.0035

Moist
deciduous

Vitex altissima

0.0166

Moist
deciduous

Caryota urens

0.0034

Moist
deciduous

Grewia tiliaefolia

0.0166

Moist
deciduous

Michelia champaca

0.0029

Moist
deciduous

Eucalyptus tereticornis

0.0163

Moist
deciduous

Dillenia pentagyna

0.0026

Moist
deciduous

Wrightia tinctoria

0.0146

Moist
deciduous

Alseodaphne
semecarpifolia

0.0025

Moist
deciduous

Teminalia tomentosa

0.0138

Moist
deciduous

Cassia fistula

0.0024

Moist
deciduous

Olea dioica

0.0136

Moist
deciduous

Mitragyna pariflora

0.0023

Moist
deciduous

Acacia spp.

0.0119

Moist
deciduous

Strychnos nux-vomica

0.0021

Moist
deciduous

Randia spp.

0.0117

Moist
deciduous

Bombax malabaricum

0.0021
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Forest
Species
Type		

Proportion
Basal area

Forest
Species
Type		

Proportion
Basal area

Moist
deciduous

Radermachera
xylocarpa

0.0017

Moist
deciduous

Syzigium cumini

0.0004

Moist
deciduous

Bauhinia malabarica

0.0017

Moist
deciduous

Artocarpus gomezianus

0.0003

Moist
deciduous

Lannea
coromandelica

0.0017

Moist
deciduous

Canthium
coromandelica

0.0003

Moist
deciduous

Cinnamomum
zeylanicum

0.0013

Moist
deciduous

Grewia tiliifolia

0.0003

Moist
deciduous

Cordia macleodii

0.0013

Moist
deciduous

Grewia tiliifolia

0.0002

Moist
deciduous

Cornus macrophylla

0.0011

Moist
deciduous

Randia Spp

0.0002

Moist
deciduous

Adina cordifolia

0.0011

Moist
deciduous

Salix tetrasperma

0.0002

Moist
deciduous

Diospyros montana

0.0009

Moist
deciduous

Terminalia alata

0.0002

Moist
deciduous

Adina cordifolia

0.0009

Moist
deciduous

Alstonia scholaris

0.0002

Moist
deciduous

Emblica officinalis

0.0009

Moist
deciduous

Terminalia catappa

0.0002

Moist
deciduous

Kydia calycina

0.0008

Moist
deciduous

Holigarna arnottiana

0.0001

Moist
deciduous

Holigarna arnottiana

0.0008

Semi
Evergreen

Terminalia paniculata

0.1300

Moist
deciduous

Anogeissus latiofolia

0.0008

Semi
Evergreen

Hopea wightiana

0.1190

Moist
deciduous

Calycopteris floribunda

0.0006

Semi
Evergreen

Olea dioica

0.0527

Moist
deciduous

Catunaregam spinosa

0.0006

Semi
Evergreen

Hopea parviflora

0.0479

Moist
deciduous

Tabernaemontana
heyneana

0.0005

Semi
Evergreen

Ficus infectoria

0.0393

Moist
deciduous

Madhuca indica

0.0004

Semi
Evergreen

Memecylon talbotianum

0.0386
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Forest
Species
Type		

Proportion
Basal area

Forest
Species
Type		

Proportion
Basal area

Semi
Evergreen

Xylia xylocarpa

0.0386

Semi
Evergreen

Terminalia tomentosa

0.0129

Semi
Evergreen

Lagerstroemia lanceolata

0.0382

Semi
Evergreen

Trema orientalis

0.0100

Semi
Evergreen

Alstonia scholaris

0.0363

Semi
Evergreen

Tabernaemontana
dichotoma

0.0095

Semi
Evergreen

Terminalia bellirica

0.0302

Semi
Evergreen

Garcinia talbotii

0.0086

Semi
Evergreen

Cordia myxa

0.0297

Semi
Evergreen

Chionanthus mala-elengi

0.0084

Holigarna arnottiana

0.0084

Semi
Evergreen

Syzygium cumuni

0.0242

Semi
Evergreen

Semi
Evergreen

Vitex altissima

0.0224

Semi
Evergreen

Dimocarpus longan

0.0078

Semi
Evergreen

Mimusops elengii

0.0224

Semi
Evergreen

Grewia tiliaefolia

0.0076

Semi
Evergreen

Xalia xylocarpa

0.0202

Semi
Evergreen

Cinnamomum
malabatrum

0.0069

Semi
Evergreen

Turache

0.0182

Semi
Evergreen

Mangifera indica

0.0066

Semi
Evergreen

Turuche

0.0151

Semi
Evergreen

Xantolis tomentosa

0.0062

Semi
Evergreen

Aglaia roxburghiana

0.0147

Semi
Evergreen

Knema attenuata

0.0058

Hopea ponga

0.0052

Semi
Evergreen

Machilus macrantha

0.0147

Semi
Evergreen

Semi
Evergreen

Terminalia bellirica

0.0141

Semi
Evergreen

Randia Spp

0.0045

Semi
Evergreen

Huchnala

0.0137

Semi
Evergreen

Sterculia foetida

0.0044

Semi
Evergreen

Syzygium cumini

0.0132

Semi
Evergreen

Cinnamomum verum

0.0043

Semi
Evergreen

Cinnamomum
zeylanicum

0.0131

Semi
Evergreen

Terminalia alata

0.0038
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Forest
Species
Type		
Semi
Evergreen

Diospyros buxifolia

Proportion
Basal area

Forest
Species
Type		

Proportion
Basal area

0.0038

Semi
Evergreen

Casearia esculenta

0.0017

Symplocos
cochinchinensis

0.0016

Semi
Evergreen

Holigarna grahamii

0.0038

Semi
Evergreen

Semi
Evergreen

Holigarna beddomei

0.0038

Semi
Evergreen

Strychnos nux-vomica

0.0016

Semi
Evergreen

Sageraea laurina

0.0035

Semi
Evergreen

Dysoxylum malabaricum

0.0015

Semi
Evergreen

Knema attenuata

0.0032

Semi
Evergreen

Acrocarpus fraxinifolius

0.0014

Semi
Evergreen

Albizia procera

0.0030

Semi
Evergreen

Sygyzium cumini

0.0014

Semi
Evergreen

Careya arborea

0.0028

Semi
Evergreen

Garcinia morella

0.0012

Semi
Evergreen

Nothopegia racemosa

0.0026

Semi
Evergreen

Dalbergia latifolia

0.0012

Semi
Evergreen

Randia spp

0.0009

Garcinia india

0.0026

Semi
Evergreen
Semi
Evergreen

Aglaia perviridis

0.0009

Semi
Evergreen

Allophylus cobbe

0.0009

Semi
Evergreen

Aporosa cardiosperma

0.0025

Semi
Evergreen

Poeciloneuron indicum

0.0025

Semi
Evergreen

Semi
Evergreen

Beilschmiedia wightii

0.0009

Ixora parviflora

0.0021

Semi
Evergreen

Semi
Evergreen

Flacourtia montana

0.0009

Strerculia guttata

0.0020

Semi
Evergreen

Semi
Evergreen

Mammea longifolia

0.0009

Wrightia tinctoria

0.0019

Semi
Evergreen

Semi
Evergreen

Nothapodytes
nimmoniana

0.0009

Syzigium cumini

0.0018

Semi
Evergreen

Tabernaemontana
alternifolia

0.0009

Semi
Evergreen

Artocarpus hirsuta

0.0017

Semi
Evergreen

Garcinia cambogia

0.0008

Semi
Evergreen

Syzygium cumini

0.0017

Semi
Evergreen

Garcinia indica

0.0008
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Forest
Species
Type		

Table 8 – Structure of Forest Plots

Proportion
Basal area

Plot

Diameter
class (cm)

Tree
count

Q ratio

Semi
Evergreen

Michelia champaca

0.0007

0702A

(10,20]

24

4

Semi
Evergreen

0702A

(20,30]

6

1.2

Kydia calycina

0.0007

0702A

(30,40]

5

1

Semi
Evergreen

Albizia procera

0.0006

0702A

(40,50]

5

2.5

Semi
Evergreen

0702A

(50,60]

2

0.67

Kannbilchi

0.0005

0702A

(60,70]

3

3

Semi
Evergreen

0802A

(10,20]

17

1.7

Dillenia pentagyna

0.0005

0802A

(20,30]

10

1.67

0802A

(30,40]

6

1.5

0802A

(40,50]

4

4

0802A

(50,60]

1

1

0802A

(60,70]

1

0.5

Semi
Evergreen

Holigarna arnottiana

0.0005

Semi
Evergreen

Vateria indica

0.0005

Semi
Evergreen

Gnetum ula

0.0004

0802A

(70,80]

2

2

Semi
Evergreen

0802B

(10,20]

15

1.67

Macaranga peltata

0.0004

0802B

(20,30]

9

1.8

Semi
Evergreen

Scolopia crenulata

0.0004

0802B

(30,40]

5

2.5

Semi
Evergreen

0802B

(40,50]

2

2

Ixora pariviflora

0.0003

0802B

(50,60]

1

1

Semi
Evergreen

0802B

(60,70]

1

1

Jatropha curcas

0.0003

0802C

(10,20]

11

3.67

0802C

(20,30]

3

1

0802C

(30,40]

3

1.5

0802C

(40,50]

2

1

0902A

(10,20]

4

0.31

Semi
Evergreen

Kannabilchi

0.0003

Semi
Evergreen

Ochrocarpus longifolius

0.0003

Semi
Evergreen

Terminalia chebula

0.0003

0902A

(20,30]

13

2.17

Semi
Evergreen

0902A

(30,40]

6

1.5

Bassia latifolia

0.0002

0902A

(40,50]

4

1

Semi
Evergreen

Hulluchipu

0.0002

0902B

(10,20]

38

2.92

0902B

(20,30]

13

1.86
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Plot

Diameter
class (cm)

Tree
count

Q ratio

0902B

(30,40]

7

1.17

0902B

(40,50]

6

0902B

(50,60]

1002A

Plot

Diameter
class (cm)

Tree
count

Q ratio

1303B

(30,40]

6

6

1.5

1303B

(40,50]

1

1

4

4

1303B

(50,60]

1

0.25

(10,20]

33

5.5

1303B

(60,70]

4

2

1002A

(20,30]

6

3

1303B

(70,80]

2

1

1002A

(30,40]

2

2

1303Bs

(10,20]

3

0.19

1203A

(10,20]

19

1.73

1303Bs

(20,30]

16

1.45

1203A

(20,30]

11

2.2

1303Bs

(30,40]

11

11

1203A

(30,40]

5

5

1303Bs

(40,50]

1

1

1203B

(10,20]

26

1.37

1403A

(10,20]

26

1.73

1203B

(20,30]

19

19

1403A

(20,30]

15

2.5

1302A

(10,20]

13

4.33

1403A

(30,40]

6

3

1302A

(20,30]

3

1.5

1403A

(40,50]

2

1

1302A

(30,40]

2

2

1403A

(50,60]

2

1

1302A

(40,50]

1

1

1403Aam

(10,20]

4

0.5

1302A

(50,60]

1

1

1403Aam

(20,30]

8

1.6

1302A

(70,80]

1

1

1403Aam

(30,40]

5

0.83

1302B

(10,20]

13

2.6

1403Aam

(40,50]

6

6

1302B

(20,30]

5

1.67

1403Aam

(50,60]

1

1

1302B

(30,40]

3

1.5

1403Aam

(60,70]

1

1

1302B

(40,50]

2

2

1403B

(10,20]

16

1.33

1302B

(60,70]

1

1

1403B

(20,30]

12

6

1303A

(10,20]

16

0.59

1403B

(30,40]

2

2

1303A

(20,30]

27

6.75

1403B

(40,50]

1

1

1303As

(10,20]

14

0.5

1403Bam

(10,20]

11

1

1303As

(20,30]

28

2.33

1403Bam

(20,30]

11

1.38

1303As

(30,40]

12

12

1403Bam

(30,40]

8

4

1303B

(10,20]

2

0.33

1503A

(10,20]

15

2.14

1303B

(20,30]

6

1

1503A

(20,30]

7

1.4
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Plot

Diameter
class (cm)

Tree
count

Q ratio

1503A

(30,40]

5

0.83

1503A

(40,50]

6

1503B

(10,20]

1503B

Plot

Diameter
class (cm)

Tree
count

Q ratio

1703AC

(20,30]

20

10

6

1703B

(10,20]

7

0.54

31

3.44

1703B

(20,30]

13

1.3

(20,30]

9

0.82

1703B

(30,40]

10

2.5

1503B

(30,40]

11

11

1703B

(40,50]

4

4

1503B

(40,50]

1

1

1703B

(50,60]

1

1

1602A

(10,20]

19

1.73

1802Ask

(10,20]

19

0.79

1602A

(20,30]

11

1.83

1802Ask

(20,30]

24

4

1602A

(30,40]

6

2

1803A

(10,20]

25

2.78

1602A

(40,50]

3

0.5

1803A

(20,30]

9

1.8

1602A

(50,60]

6

6

1803A

(30,40]

5

1.25

1602A

(60,70]

1

0.33

1803A

(40,50]

4

2

1603A

(10,20]

7

0.7

1803Asywl

(10,20]

43

1.39

1603A

(20,30]

10

1.25

1803Asywl

(20,30]

31

2.82

1603A

(30,40]

8

1.14

1803Asywl

(30,40]

11

5.5

1603A

(40,50]

7

3.5

1902B

(10,20]

21

2.63

1603Abh

(10,20]

49

5.44

1902B

(20,30]

8

4

1603Abh

(20,30]

9

3

1902B

(30,40]

2

1

1603B

(10,20]

15

1.25

1902B

(40,50]

2

2

1603B

(20,30]

12

3

1903A

(10,20]

7

1.17

1603B

(30,40]

4

4

1903A

(20,30]

6

1.5

1603B

(40,50]

1

1

1903A

(30,40]

4

2

1603B

(50,60]

1

0.5

1903A

(40,50]

2

2

1703A

(10,20]

20

2

1903A

(50,60]

1

0.5

1703A

(20,30]

10

5

1903Akwl

(10,20]

15

1.25

1703A

(30,40]

2

0.67

1903Akwl

(20,30]

12

6

1703A

(40,50]

3

1.5

1903Akwl

(30,40]

2

0.5

1703A

(50,60]

2

2

1903Akwl

(40,50]

4

0.8

1703AC

(10,20]

16

0.8

1903Akwl

(50,60]

5

5
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Plot

Diameter
class (cm)

Tree
count

Q ratio

Plot

1903Akwl

(60,70]

1

1

Kushalnagar3

(50,60]

3

1

1903B

(10,20]

25

1.19

Kushalnagar4

(10,20]

10

1.25

1903B

(20,30]

21

21

Kushalnagar4

(20,30]

8

2

1903B

(30,40]

1

0.33

Kushalnagar4

(30,40]

4

4

1903B

(40,50]

3

1.5

Kushalnagar4

(40,50]

1

1

1903B

(50,60]

2

2

Kushalnagar5

(10,20]

22

1.69

2003B

(10,20]

19

1.46

Kushalnagar5

(20,30]

13

13

2003B

(20,30]

13

6.5

Kushalnagar5

(30,40]

1

0.5

2003B

(30,40]

2

1

Sirsi1

(10,20]

12

0.75

2003B

(40,50]

2

0.67

Sirsi1

(20,30]

16

5.33

2003B

(50,60]

3

1.5

Sirsi1

(30,40]

3

1

2003B

(60,70]

2

2

Sirsi1

(40,50]

3

3

2303A

(10,20]

19

1.46

Sirsi1

(50,60]

1

0.25

2303A

(20,30]

13

1.18

Sirsi1

(60,70]

4

4

2303A

(30,40]

11

11

Sirsi2

(10,20]

52

3.06

2403A

(10,20]

28

2

Sirsi2

(20,30]

17

2.43

2403A

(20,30]

14

3.5

Sirsi2

(30,40]

7

3.5

2403A

(30,40]

4

0.8

Sirsi2

(40,50]

2

1

2403A

(40,50]

5

1.67

Sirsi2

(50,60]

2

1

2403A

(50,60]

3

3

Sirsi4

(10,20]

39

3.9

2403A

(60,70]

1

1

Sirsi4

(20,30]

10

2

2403A

(70,80]

1

1

Sirsi4

(30,40]

5

0.71

2403B

(10,20]

22

0.76

Sirsi4

(40,50]

7

3.5

2403B

(20,30]

29

3.22

Sirsi4

(50,60]

2

2

2403B

(30,40]

9

9

Sirsi4

(60,70]

1

1

Kushalnagar3

(10,20]

1

0.5

Sirsi4

(70,80]

1

1

Kushalnagar3

(20,30]

2

0.67

Sirsi5

(10,20]

20

4

Kushalnagar3

(30,40]

3

1.5

Sirsi5

(20,30]

5

2.5

Kushalnagar3

(40,50]

2

0.67

Sirsi5

(30,40]

2

0.5
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Plot

Diameter
class (cm)

Tree
count

Q ratio

Plot

Sirsi5

(40,50]

4

4

Yellapur3

(10,20]

37

2.18

Sirsi5

(50,60]

1

0.5

Yellapur3

(20,30]

17

1.31

Sirsi5

(60,70]

2

2

Yellapur3

(30,40]

13

2.6

Sirsi5

(80,90]

1

1

Yellapur3

(40,50]

5

0.83

Sirsi6

(10,20]

39

1.95

Yellapur3

(50,60]

6

6

Sirsi6

(20,30]

20

2.86

Yellapur3

(60,70]

1

1

Sirsi6

(30,40]

7

2.33

Yellapur3

(70,80]

1

1

Sirsi6

(40,50]

3

0.75

Yellapur4

(10,20]

23

3.29

Sirsi6

(50,60]

4

4

Yellapur4

(20,30]

7

2.33

Sirsi6

(60,70]

1

0.33

Yellapur4

(30,40]

3

0.38

Virajpet2

(10,20]

51

2.55

Yellapur4

(40,50]

8

8

Virajpet2

(20,30]

20

2.22

Yellapur4

(50,60]

1

1

Virajpet2

(30,40]

9

3

Yellapur5

(10,20]

39

3.25

Virajpet2

(40,50]

3

3

Yellapur5

(20,30]

12

1.71

Virajpet2

(50,60]

1

0.5

Yellapur5

(30,40]

7

0.78

Virajpet5

(10,20]

4

0.57

Yellapur5

(40,50]

9

9

Virajpet5

(20,30]

7

0.88

Yellapur6

(10,20]

13

2.17

Virajpet5

(30,40]

8

8

Yellapur6

(20,30]

6

1

Virajpet5

(40,50]

1

0.5

Yellapur6

(30,40]

6

0.86

Virajpet5

(50,60]

2

1

Yellapur6

(40,50]

7

1.17

Virajpet5

(70,80]

2

0.67

Yellapur6

(50,60]

6

3

Yellapur2

(10,20]

29

3.22

Yellapur6

(60,70]

2

2

Yellapur2

(20,30]

9

1

Yellapur7

(10,20]

32

4.57

Yellapur2

(30,40]

9

4.5

Yellapur7

(20,30]

7

1

Yellapur2

(40,50]

2

1

Yellapur7

(30,40]

7

1.4

Yellapur2

(50,60]

2

2

Yellapur7

(40,50]

5

2.5

Yellapur2

(60,70]

1

1

Yellapur7

(50,60]

2

2
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BASAL AREA AND LOCATION OF PLOTS SAMPLED
Table 9 – Table of plots sampled
Forest Type
Latitude Longitude Basal area
			(m2ha–1)

Forest Type
Latitude Longitude Basal area
			(m2ha–1)

Dry Deciduous

13.691

75.875

10.92658

Moist deciduous

14.45

75.091

18.56735

Dry Deciduous

13.783

75.932

3.216052

Moist deciduous

14.1

75.357

18.87976

Dry Deciduous

14.102

75.406

17.0747

Moist deciduous

14.057

75.314

45.62457

Dry Deciduous

13.823

75.517

29.45155

Moist deciduous

14.147

75.302

17.17515

Dry Deciduous

13.852

75.518

21.55449

Moist deciduous

14.131

75.12

22.7982

Dry Deciduous

13.951

75.812

4.59018

Moist deciduous

14.278

75.193

22.33391

Dry Deciduous

14.189

75.245

30.92978

Moist deciduous

14.289

75.135

30.77648

Dry Deciduous

13.864

75.809

13.52966

Moist deciduous

13.907

75.183

21.24917

Dry Deciduous

13.849

75.843

13.8133

Moist deciduous

13.932

75.227

28.4856

Dry Deciduous

14.318

75.21

19.55076

Moist deciduous

13.801

75.542

23.79683

Dry Deciduous

14.189

75.417

5.086005

Moist deciduous

14.317

75.207

34.81533

Dry Deciduous

14.19

75.421

14.28904

Moist deciduous

13.841

75.507

19.55529

Dry Deciduous

13.644

75.723

22.45058

Moist deciduous

13.778

75.471

27.87705

Dry Deciduous

12.344

75.969

26.95978

Moist deciduous

14.005

75.325

11.92816

Dry Deciduous

12.385

75.969

13.19227

Moist deciduous

13.982

75.33

27.48965

Dry Deciduous

12.385

75.927

14.07431

Moist deciduous

13.832

75.398

28.64469

Evergreen

13.795

75.411

34.56905

Moist deciduous

14.677

74.865

35.20494

Evergreen

14.174

74.772

31.18509

Moist deciduous

12.22

76.01

47.15085

Evergreen

14.05

74.719

33.47811

Semi Evergreen

13.754

75.413

49.38502

Evergreen

14.344

74.656

38.04281

Semi Evergreen

13.685

75.397

18.03438

Evergreen

14.323

74.719

37.92776

Semi Evergreen

13.612

75.189

29.32803

Evergreen

14.523

74.63

44.83069

Semi Evergreen

13.643

75.178

39.68715

Evergreen

14.198

74.677

53.01834

Semi Evergreen

14.114

74.794

13.19075

Evergreen

12.031

75.823

42.45302

Semi Evergreen

13.805

75.101

47.52118

Evergreen

14.76

74.656

62.91253

Semi Evergreen

14.345

75.021

23.52342

Semi Evergreen

13.869

75.39

45.06763

Evergreen

15.177

74.323

35.35834

Semi Evergreen

14.781

74.635

33.07654

Moist deciduous

13.587

75.297

35.78666

Semi Evergreen

14.802

74.531

28.12944

Moist deciduous

14.09

75.379

14.521

Semi Evergreen

15.011

74.447

46.3455

Moist deciduous

14.457

75.09

20.82882

Semi Evergreen

15.323

74.385

31.10153
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Biomass Resources Assessment in
Belagavi District, Karnataka
Ninga Setty H H1, Dr. Lasya Gopal1, Veerabaswant Reddy1 and Dr. Janakaraj Murali2
Abstract
Energy plays an important role in the development of any country. Post the oil crisis the focus
of the energy planners have shifted towards renewable resources and energy conservation.
Biomass is one of the most promising renewable energy sources and is considered to be widely
available. In India, biomass caters to about 65-75% of the rural energy needs, and in Karnataka,
non-commercial energy sources like firewood, agricultural residues, charcoal and cow dung
account for 53.2%. A study was conducted to assess the biomass status in Belagavi district
of Karnataka. It assessed the biomass availability (from agriculture, horticulture, forests and
plantations) and sector-wise energy demand (domestic, industry and processing sector). Belagavi
was chosen for the study because it is an industrial hub and also a district witnessing fast growth.
The biomass resource assessment was based on primary data through survey, collection of
secondary data, sample measurements and feedback from stakeholders. The data was analyzed
and the biomass availability was derived. Sector-wise energy demand was computed based
on primary survey and secondary data from the literature. This paper provides results from the
biomass Resource study including biomass availability and sector wise consumption, biomass
import and biomass availability in Belagavi district for energy efficient technology interventions.
Key words: Biomass; Firewood; Agriculture; Residues; Industries; Renewable.

Introduction

widely available, carbon-neutral and has the
potential to provide significant employment
in rural areas. There is a tremendous
demand for resources such as fuel wood,
agricultural residues, etc., to meet the daily
fuel requirements. Dependence for biomass
to meet the daily requirement of fuel, fodder,
etc., in rural areas is more than 85%, while in
urban areas the demand is about 35%.

Energy is an integral part of a society
and plays an important role in socio-economic
development by raising the standard of living
and the quality of life. The energy demand
increases as the economy grows bringing
along a change in consumption pattern,
which in turn varies with the source and
viability of its energy, conversion loss and end
use efficiency. Biomass has always been an
important energy source for India considering
the benefits it offers. Biomass is renewable,

In Karnataka state, non-commercial
energy constitute 53.2% of the energy and
is met mainly by sources like firewood,

The Energy and Resources Institute (TERI), 4th Main, 2nd Cross, Domalur 2nd stage, Bengaluru 560 071.
Dr. Janakaraj Murali, Consultant, Bengaluru.
Corresponding author: Ninga Setty H H. E-Mail: hhnsetty@teri.res.in or hhningasetty@gmail.com
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The maximum temperature varies from 27°C
to 35.7°C and the minimum varies from 13.9°C
to 20.6°C. Agro-climatologically the district
can be divided into three zones i.e. high
rainfall “Hilly zone”, “Northern transitional zone”
and “Northern dry zone” from southwest to
northeast respectively. The normal rainfall in
the district ranges from more than 3002 mm
in Khanapura taluk in the southwest, to less
than 486 mm in Raibag taluk towards the
northeasterly direction.

agricultural residues, charcoal and cow dung,
while the commercial energy’s share is 46.8%
met by electricity, oil, coal, etc. Availability of
bio resource is highly diversified as it is
influenced by a host of factors like edaphic,
meteorological, geographic and also to a
certain extent the socio-economic status of the
people. The agro-climatic conditions are an
important factor influencing the use of biomass
in rural areas and availability of biomass.
There are 33737 small scale industries in
Belagavi district (Sources: census 2011, www.
districtsofindia.com), out of them 692 are
registered industries. A maximum number of
industries use biomass as fuel for processing
their products. The existing biomass ovens
are inefficient, consume more fuel and
polluting.    

Land use pattern and Agriculture scenario
The main occupation in the district is
agriculture and major crops grown in Belagavi
district are jowar, maize, paddy, bajra, grams,
tur, groundnut, sunflower, sugarcane, cotton,
tobacco. The total area under sowing in the
area was 9,64,752 hectares in Belagavi
district in 2008-2009 and 2010 for all the three
seasons such as Kharif, Rabi and Summer
(Source: Department of Agriculture, Belagavi
district, Government of Karnataka). Of this,
46.01% of the sown area consists of cereals,
13.2% pulses, 18.0% oil seeds and 22.7%
commercial crops (Source: Data, Department
of Agriculture, Belagavi district, Government
of Karnataka). Jowar, maize and paddy are
the main crops under cereals sown in 15.6%,
15.7 and 7.1% of the total sown area
respectively. In the case of pulses, red gram
is the main crop and is grown in about 9.7%
of the total sown area. Other crops such as
horse gram, green gram and black grams
are grown in small patches. In the case of oil
seeds, soya bean is the major crop (10.4%)
grown in Belagavi district and rest of them are
sown in marginal areas. In case of commercial
crops, sugarcane is grown in a maximum area
(17.7%) compared to other crops in Belagavi
district.

The present paper draws from a larger
project titled “Accelerating use of Biomass
Based Energy System for Clean Energy
Services” supported by Swiss Agency for
Development and Cooperation (SDC). The
project focuses on assessment of biomass
availability from agriculture, forestry and industry
and consumption in different sectors such
as domestic and commercial purpose,
availability of surplus biomass in Belagavi
district for further technology dissemination.
Profile of Belagavi District
Belagavi district is located in the northwestern part of Karnataka and is situated
east of the Western Ghats. The district lies
between 15.23° and 16.58° North latitudes, and
between 74.05° and 75.28° East longitudes.
Belagavi has 10 taluk, 18 municipalities,
22 towns, 35 hoblis, 485 gram panchayats
and 1,270 villages. It has a population of
47,78,439 with a population density of 356
persons / Sq. Km (2011 census). Belagavi
district falls under the semi-arid climate zone.

The type of biomass available is based on
the land use pattern and land types available
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manufacturing units. Some of the biomass
consuming industries and activities in Belagavi
district are brick kilns, pottery kilns, marriage
halls, foundries, puffed rice processing units,
tyre re-treading, hotels /dhabas/khanavalis,
Jaggery processing units, bakeries, sugar
mills, rice mills and tobacco curing units and
also mid-day meal schemes.

for cultivation. The total geographical area of
Belagavi district is 13,04,382 hectares, of which
14.60% is forest land, 5.33% is non-agricultural
land, 3.4% is barren land, 3% of land is
un-cultivable land and 15.52% is fallow land.
Of the total cultivable land, 61.18% of the land
is cultivated once a year, while 16.18% of land
is cultivated more than once a year. The overall
forest area in Belagavi district is about 14.60%
as against the overall forest area available
in Karnataka which is 22.61% and 23.02% in
India. There are 4.66 lakh hectares of land
under irrigation by various sources such as
canal, bore well and open well.

Materials and Methods
The study consisted of intensive field
surveys, interviews with various stakeholders
and secondary data collection from various
sources such as Grama Panchayath,
Zilla Panchayath, Agriculture Department,
Industries and Commerce Department, Forest
Department, etc. Meetings were held with
officials of the Revenue Department, Agriculture
Department, Horticulture Department, Forests
and Industries Departments of the State
Government during the field survey for verifying
the data.

Forest Scenario
Belagavi district has been divided into
two divisions by the Forest Department,
namely Belagavi and Gokaka. Both divisions
consist of 91.64% reserved forests. In Belagavi
forest division, there are 1,43,270 hectares
of forest land, of which 38.35% is covered by
dry deciduous forest, 20.21% by scrub forest
and 14.39% by barren land. Gokaka forest
division consists of 47,090 hectares of forest,
of which, 66.30% are sparse and 22.48%
scrub forest (Source: Data, Department of
Forest, Government of Karnataka).

Sample size
Totally 15 villages were selected for the
field survey and the villages were selected
based on defined criteria such as fuel
consumption per capita, forest and agriculture
area per capita, village population, and
were representative of all the 10 taluks in the
district.

Industries in the District
Belagavi is one of the fastest growing
cities in Karnataka and has a very good
industrial base. There are several tiny, small
and cottage industries including processing
units. Belagavi is popularly known as the
“Sugar Bowl”. The industries can be classified
based on biomass producing industry (as by
product) and biomass consuming industries
(as fuel). Some of the major industries which
produces biomass as by-product are rice
mills, jaggery processing units, briquette
manufacturing units, saw mills, sugar
producing unit, wood plying mill and furniture

The household survey was carried out in
15 villages in rural areas and 6 taluk headquarters in urban areas. In each village, about
80% of the total households were covered
and 25 households were covered in each
of the taluk headquarters in peri-urban and
urban areas. Totally, 1289 households from
15 villages, 152 households from 6 taluk
headquarters were surveyed.
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To assess the biomass availability and
consumption in the industries, 68 industries
from 15 clusters were studied, in each sector
2-5 units were selected for the study.

Sector-wise demand and consumption (in
tonnes)
Households
B1 = Annual consumption for heating,
cooking and as fodder for cattle (agri residue).

Tools and techniques
The tools and techniques used for
the biomass resource assessment were
questionnaires, interaction with stakeholders,
and sample measurement of biomass and
group discussions.   

B2 = Annual consumption for heating,
cooking (wood).

Questionnaires

B4 = Annual consumption by industries
(wood).

Industrial (All categories)
B3 = Annual consumption by industries (agri
residue).

Four types of questionnaires for village,
household, industries and wood depots were
prepared and pre-tested in selected villages
and these were finalized based on the inputs
from the field.

Total biomass consumption C = B1+B2+
B3+B4.
Surplus/deficit by biomass types (in tonnes)
Agro biomass

Frame work for biomass balance study

A1+A3 – B1+B3.

Agriculture

Woody biomass

A1 = Annual agro-residue production.

A2+A4+A6 – B2+B4.

Forests

In the study site selection, the assumption
was made that these villages and urban
centers selected for the detailed study truly
represent all types of biomass and user
functions. Due to many types of biomass and
its multi-level user functions, it was difficult to
capture every single type of biomass and its
demand and supply gaps.

A2 = Annual wood collected by communities
and the wood sold through Forest Plantation
Corporation and waste lands.
Industries
A3 = Annual biomass generated through
industrial process (agro residue).
A4 = Annual biomass generated through
industrial process (wood)

Results

Import (Inflow into the district)

Estimation of Agriculture Biomass
The estimation of biomass availability
was based on field surveys and sample
measurements of biomass. The crop yield
and agriculture residues produced varied from
place to place depending on the type of

A5 = Annual import of biomass (wood).
Total biomass availability S = A1+A2+
A3+A4+A5.
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maiza stalk produced is about 2206 kgs/
hectares, of this about 80% of stalk is used as
fodder and the remaining are used as manure
and fuel purpose. The study revealed that,
ragi has the highest yield per hectare at 2887
kgs/hectare, while niger has the least yield per
hectare at 593 kgs/ hectare per annum.

cultivation, rainfall, inter cultivation practices,
type of soil etc., The residues from crops such
as paddy, jowar, maize, ragi, minor millet,
pulses are used as fodder for cattle. The
leftover residues in the cattle shed are
converted into manure and people use it as
household fuel. Stalks of agriculture crops
such as tur dal, cotton, castor, corn cobs
and other residues which are not suitable for
fodder are used as fuel for domestic purposes.
Crop residues such as sunflower, tobacco,
soyabean etc., are mulched with soil or burnt in
the field by farmers.

The Crop Residues Ratio (CRR) was
drawn based on field survey of respondents
from the study. The average crop yield and
residues were taken as CRR and extrapolated
with total sowing area, the sowing area data
was collected from the Agriculture Department
which was an average of three (2008-0910-11) years’ data on each crop. The biomass
estimated from paddy crop and its utilization is
given in Table 1. The taluk wise crop residues
and its usage are given in Table 2 excluding
paddy crop.

The respondents in the study indicated
that the average paddy straw produced per
hectare was 2554 kgs/hectare, which is used
as fodder for cattle, jowar stalk produced
was 2090 per kgs/hectare, of this more than
90% stalk is used as fodder for cattle. Hybrid

Table 1 – Paddy sown areas and biomass production and utilizations
Name of
Total sown Total biomass Average biomass
Taluk
area (hect)
production
production
			
(Tonnes)
(kg/hect)
					
Khanapura

Total Biomass
consumption
for fodder
(Tonnes)

Balance
(Kg)

31229

81976

2625

81413.1

563

Chikkodi

803

2109

2626

2094.8

14

Hukkeri

1975

5180

2623

5144.6

36

Bailhongal

4127

10838

2626

10761.8

76

30294

68767

2270

68765. 7

1

61

156

2554

155. 8

-3

68489

169026

168641

687

Belagavi
Gokaka
Total (Tonnes)

Sources: TERI Field Survey, 2012
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biomass from crops such as, jowar, maize,
ragi, pulses, minor millets is used as fodder.,
15.46% (236020 tonnes) of biomass leftover
the cattle shed, unused agriculture residues,
are converted as manure, 23.22.% (354322
tonnes) of agriculture residue, especially from
crops like tur dal, cotton, castor and corn
cobs are used as fuel for domestic purposes
7.10% (108469 tonnes) of agriculture biomass
produced from niger, sugarcane trash etc is
burnt in the field. About 3.51% (53591 tonnes)
of biomass is sold for fodder and other
applications.

The average paddy sown in Belagavi
district (from 2009 to 2012) was 68490 hectare.
The estimated biomass produced from paddy
field is about 169026 tonnes per annum. Out of
which, 168641 (99.77%) tonnes of paddy straw
was used as fodder and remaining 687 tonnes
available as (surplus) in Belagavi district.
The average geographical sown area is
884496 hectares in Belagavi district, excluding
paddy crop. The study indicated that the
estimated total agriculture biomass produced
in Belagavi district was 1525917 tonnes per
annum from various crops. The agriculture
biomass is used for various applications such
as fodder, converted as manure, used as
fuel, sold to others, burnt in the field etc.
About 40.73% (743849 tonnes) of agriculture

Industrial biomass residues production
For the estimation of biomass from seven
industrial sectors, surveys were carried out in

Table 2 – Taluk-wise estimated quantity of agriculture residues and usage (in tonnes)
Sl. Name of		
Production		
Biomass consumption		
Balance
No. taluk									
biomass
			
Total
Total Biomass Biomass Biomass Biomass Biomass
Total
			
sown Biomass used
convert used as
burnt
sold
biomass
			
area produc- fodder
into
fuel
in the		
consump				tion
Manure		Field			 tion
1 Athani

168887 256234

87334

19264

79930

20498

41667

248693

7541

2 Bailhongala 103124 179068

89264

4867

70176

5232

0

169539

9529

3 Belagavi

45431

21622

1593

11992

3026

4891

43124

2307

4 Chikkodi

105629 194803

49123

97576

28013

19472

0

194184

619

5 Gokaka

115484 198477

95560

18805

45284

31785

4275

195709

2768

6 Hukkeri

68984 107413

36424

58269

9854

2071

0

106618

795

7 Khanapura

13216

19906

9894

277

699

6571

0

17441

2465

8 Raibagh

63948

114754

66036

13389

32158

1971

113554

1200

9 Ramadurga

90128 163149

117549

14509

14120

15115

0

161293

1856

123044 246682 171043

7471

62096

4699

787

246096

586

884496 1525917 743849

236020

354322 108469

53591

1496251

29666

10 Savadatti
		Total

32052

Sources: Field study, TERI
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Table 4 – Estimation of biomass production
from forests in Belagavi district

three to five units in each sector which included
small, medium and big industry. Relevant data
was collected from the concerned person
from each unit. The data was compiled and
estimated based on the number of days in
operation, quantity produced per day etc. The
quantities of biomass produced per annum
from the industries are given in Table 3.

Category

The total quantity of biomass produced
was 20, 83,003 tonnes per annum, out of which
82.4% is produced by sugar industries.
Estimation of biomass from forest
Estimation of biomass from forest was done
through collection of secondary information
from forest department such as working plan
report, progress reports, annual reports, forest
check post data etc., and also estimation of
biomass through household survey. The details
of biomass obtained from the forests are given
in Table 4.

Tonnes

Sold through wood depot

3470*

Clear felling

2441

Harvested from private land
without prior permission
from forest department

21928

Sold through auction/tenders

1365

Transaction through check post
(From Maharashtra )

119858

Collected by community for
domestic consumption

337776

Total

486838

Source: Department of forest, Belagavi district
and Field study, TERI
Note: *Conversion one cum wood into 550 kg

Table 3 – Estimation of biomass production from industries in Belagavi district (in tonnes)
Name of
Number of
Total
Total loose
Total
industries
units
biomass
biomass
biomass
		
production production
production
				from
				Industries
Rice mill
Jaggery processing units
Briquette manufacturing units
Saw mills
Sugar producing unit

25

51975

52000

1500

295489

296989

2		
354

2

6883

7237

20

1715880

1715900

Wood planning mill

150

5625

5775

Furniture manufacturing units

100

5000

5100

2073969

2083003

Total

2147

6883

Source: TERI Field survey, 2012
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urban area and 75.9% families are in the rural
areas as per 2001 Census data.

The average quantity of forest biomass
fuel transacted through the check post is
1,19,858 tonnes per annum. Out of this about
92% of fuel wood comes from Maharashtra.
About 3,37,776 tonnes of fuel wood is collected
from the forest by the communities for their
domestic needs. The rest of the fuelwood
is generated from plantations and illegally
harvested and sold through auction. The total
quantity generated from the forests is 4,86,838
tonnes.

Fuelwood and loose biomass are the
main fuel used for domestic purposes like
cooking and water heating. In addition cow
dung cake and kerosene are used during
exigencies and during rainy season. The type
and quantity of biomass consumption from
Belagavi district in domestic sector are shown
in Table 5.
The total quantity of wood used as fuel was
1801474 tonnes per annum in Belagavi district.
The average wood consumption per month per
family is 227 kgs in rural areas and 168.6 kgs
are peri-urban and urban areas in the Belagavi

Consumption of fuelwood in the domestic
sector
In Belagavi district, there are 761914
families, out of which 24.1% families are in

Table 5 – Type and quantity of fuel consumption in Belagavi district
Name of taluk		

Wood consumption

Number of
Average fuelwood
families
consumption per month
		(Kg)

Total fuelwood
consumption per annum
(Tonnes)

Athani

75740

199

180867

Bailahongala

55870

196

131406

Belagavi

55809

200

133942

Chikkodi

87399

319

334563

Gokaka

69134

289

239757

Hukkeri

58775

149

104878

Khanapura

41312

256

126841

Raibagh

51721

245

151749

Ramadurga

34223

227

93223

Savadatti

48276

192

111402

Sub-Total Total

578259		

Total family
No. of families
Average fuelwood
(Nos)
biomass uses consumption per month
		(Kg)
183655

95317

168.6

Total

761914		

Sources: Field study, TERI
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information collected included quantity of
fuel consumption per day, number of days of
operations per annum, sources of biomass,
cost of biomass, etc. The details of biomass
consumption from industries are shown in
Table 6.   

district. The data variation among the districts
revealed that Chikkodi had the highest quantity
of fuel wood consumption at 319 kgs/ month,
while Hukkeri had the least at 149 kgs/ month.
This is also related to the fact that Chikkodi has
the least consumption of loose biomass and
Hukkeri has a much higher usage per family per
month.

Totally 22,51,999 tonnes of biomass
is consumed per annum by industries and
service sectors. Out of this 76.37% of biomass
is consumed by sugar industries, 16.92%
by Jaggery industry, and 4.68% of by brick
industries. The rest of the sectors consume a
small quantity of biomass.

Biomass consumption from industries
To quantify the consumption of
biomass, a survey was carried out in
industrial sectors. The survey was carried
in 3 to 8 units from each sector and

the
12
out
the

Table 6 – Quantity of biomass consumption in industries and service sectors (in tonnes)
Type of
industry

Number of units		
Loose Total biomass
in Belagavi district Fuelwood biomass consumption

Brick kilns

3500

85750

19650

105400

Pottery Kilns

200

2650

350

3000

Foundry

30

5103

Puffed rice processing units

74

1200

Tyre re-treading

30

3000

1500

0

381079

381079

Sugar mills

20

4000

1719878

1723878

Rice mills

25

0

15593

15593

Sub total

5379

101703

2140896

2242599

100

750

0

750

2

1500

0

1500

Hotel Dhaba / Khanavali

250

6212

0

6212

Bakery

200

938

0

938

Sub Total

552

9400		

9400

Total

5931

Jaggery processing units

5103
4346

5546
3000

Service sector
Marriage halls
Midday meals scheme

Sources: Field Study, TERI
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Summary of Biomass Resource
Consumption (tonnes per annum)

and

About 38.05% biomass is consumed as
domestic fuel and remaining used for manure
(4.16%), fodder (16.11%) and burnt in field
(1.91%).
The quantity of biomass produced
from various sources and consumption are
shown in Table 7.

The total quantity of biomass produced
is 56,23,766 tonnes per annum from different
sources. Out of this 37,68,491 tonnes is loose
biomass from agriculture and industries and
remaining is 18,55,275 tonnes of woody
biomass from sources such as agriculture
land, waste land, community land, forest
land and industries. Total biomass consumption
is 56,65,139 tonnes in various sectors such
industries, domestic, fodder for cattle, manure
etc., of which 39.75% is used by industries
including loose biomass and woody biomass.

Conclusions
The biomass resources assessment
was based on primary data through survey,
analysis of secondary data available, sample
measurements,
interaction
with
various
stakeholders. The study was carried out 2012.
The total biomass available from various

Table 7 – Summary of Biomass Resources and consumption
Sources of Biomass (Tonnes)
Consumption (Tonnes)		
Surplus /
				
deficient
				(tonnes)
Loose biomass
Agriculture

1525496

Faddy land
Industries

Domestic

354322

169026

Fodder

912490

2073969

Manure

236020

Industries
Burning in field
Sub total

3768912

2140896
108449
3752562

16350

Woody Biomass
Farm land
Industry

488560

Domestic

1801474

6883

Industries

111103

Community land and
waste land

791207

Forest

486838

Fuelwood depot (Private)

81787

Sub total

1855275

1912577

-57302

Grand total

5624187

5665139

-40952

Sources: Field Study, TERI
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Ramachandra T V, Kamakshi G, Shruthi B V,
2003. Bioresources Status in Karnataka,
Science direct, Renewable and Sustainable
Energy Reviewers, 8(2004),1-47.

sources in Belagavi district is 56, 24,187 tonnes
per annum, and the total consumption was
estimated at 56, 65,139 tonnes per annum.
The total surplus loose biomass was 16350
tonnes and total shortage of woody biomass
was 57302 tonnes. The deficient woody
biomass sources are met from other districts
such as Dharawada, Bagalakote, Bijapur and
Uttara Kannada districts.

T V Ramachandra et al., 2007. Geospatial
mapping of bioenergy potential in
Karnataka, India. Journal of Energy and
Environment, Vol. 16, pp. 28-43.
Ramachandra T V, Kamakshi, November 2005.
Bioresources Potential in Karnataka,
Technical Report No. 109, pp. 6-7.
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Research and utilisation Wing

ಏಕನಾಯಕ

Salacia reticulata Wight

Salacia reticulata Wight, a rare Plant Species with medicinal values raised in
Salacia reticulata Wight,
a rareResearch
Plant Species
withduring
medicinal
values raised in Dandeli
Dandeli
Nursery
2017-18
Research Nursery during 2017-18.
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URBAN TREE PLANTING
(Urban Horti-Forestry with Vision)
B.M.T. Rajeev, IFS (Retd.)
Introduction

causing droughts or heavy rains and floods,
cyclones/ tsunamis etc.gave rise to importance
for protecting the existing forests and raising
trees as one of the measure to check global
warming.

The present article on “Urban Trees” is
based on my visits to Columbus city of Ohio
State, U.S., Washington DC. And Canberra,
Australia during 2013 and 2017. The article is
intended to guide urban planting in Bengaluru.

Efforts are in full swing all over the world
since 1974 (the gathering of 100 countries
and declaration of ‘World Environment Day’
on June, 5th of every year in 1974) to raise
more trees/ improve green cover of the
earth. Greening earth took momentum with
the involvement of all countries in the fight
against GW, in addition to other mitigating
measures against emission of CO2 and other
poisonous gasses in to the atmosphere by the
civilization. Tree planting is common in forestry,
horticulture, waste land management, farming
fields and in human habitations etc. which led
for the need of urban tree planting.

Trees are large perennial plants with woody
trunk. They grow hundreds of feet tall and
live hundreds/thousands of years depending
on the species and varieties to which they
belong. Trees play major roles in maintaining
ecological balance in nature and their utility
value is high compare to any other forms of
plants.
Trees are valued high in nature due to their
capacity for sequestration of carbon dioxide
(CO2) from the atmosphere, then splitting it in
to carbon (C) and oxygen (O2) – the life line of
animals; and further letting O2 into atmosphere
by fixing (sinking) the C as starch and wood in
them. These acts of the trees are a panacea
against all the ill effects of Global Warming
(GW) – the byproduct of the modern Science
& Technological progress through industrial
revolution, urbanization, explosion of human
population causing for raise in areas under
farming and sink in areas under forests/ its
quality etc.

The governments all over the world
undertook projects to raise more and more
trees in the urban areas by making use of
the avenues/ streets, parks, margins of play
grounds/ public institutions/ industries and
vacant lands in and around town/ cities. Urban
tree planting is a social forestry in urban areas
and not a pure forestry and it has to play the
role of horticulture as it has enters in to human
habitations – roads/ streets/ parks which were
either to run by the municipal councils under
horticulture.

With the raise of awareness against the
ever raising GW and its ill effects on weather
conditions, rain fall and seasons of nature

Dy. Conservator of Forests (Retd), Karnataka Forest Department.
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Hence, the ‘urban tree planting’ has to
be looked as ‘Urban Horti-Forestry’ with
more conscious for scenic beauty which
requires more nursing, care and dressings as in
horticulture.
The urban tree planting took off in a
scientific way since 1980s in Bengaluru and
slowly in other cities of Karnataka State.
Bengaluru gained fame in urban tree planting
as a pioneer in India and its expertise was lent
all over India and the government of India
adopted it as a national policy since 1984 in
its -‘Five Year Plan Programmes’. Karnataka is
a winner of ‘Indira Priyadarshini Green Award’
for Planting in Bengaluru from Government
of India- the credit of which goes to a nonagenarian forester Sri S.G. Neginhal, the then
Deputy Conservator of Forests, and Bengaluru
in 1980s.

ii.

i.

Horti-Forestry scientific considerations
in urban tree planting are many and they
are as follows…..

2.

3.

4.

6.

To maintain agro climatic conditions in
balance, to attract clouds and induce
rains.

7.

To induce infiltration of runoff in to the
earth and to increase underground
water table.

8.

To provide soothing, inspiring and
healthy environment to the citizens.

9.

To utilize vacant space for production
of wood-the modified form of Carbon
suck from the atmosphere.

Characteristics of trees to be selected for
raising in urban areas

2. Tree species should be flowering
tree with attractive colours to provide
nectar / food to animals/ birds in
addition to providing aesthetic value of
grandeur to city.

The principles of trees planting in urban
are….
1.

To provide food/ shelter to the small
wild animals/birds present in the urban
areas.

1. Tree species should grow straight
with clear bole and branch well to
form beautiful crown to provide shade/
aesthetic look.

Urban Tree Planting
1.

5.

To green the town/ city with trees of
flowering, fruiting, shade giving to
enhance the aesthetic and ornamental
values of the urban areas.

3. Tree species should also fruit
profusely- palatable pulpy/ berry fruits
to provide. Tree species should grow
to moderate height, strong against wind
with moderate crown.

To provide green shelter/ filter against
wind, dust, noise and hot Sun to citizens
and denizens in the city.

5. Tree species should have long life,
wood/ timber value and should be
semi/ evergreen in nature.

For sequestration of CO2 from the air,
sink C and produce and let O2 in to the
atmosphere.

6. Tree species should have pleasing
physiognomy without formation of
buttress,
knots,
crooked
stems/
branches, thorns and robust rooting…

To maintain the temperature of the
ambient air low/ cool/ clean.
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iv. Grading of trees with the characteristics
of the spp for selection to plant in cities

7. Tree species should be of known fast
growing spp for early development in
the city.
iii.

Following are 7 characteristics for selection
of spp.

Criteria for selection of tree/ species for
urban planting….
1.

Tree species should fulfill most of the
above cited principles and possess
some of the characteristics to be
selected for urban tree planting.

2.

India is a biologically rich country and
it is a home for many tree spp; so more
importance should be given to known
indigenous tree species.

3.

There are more attractive and suitable
exotic trees; such trees should not be
forgotten since the towns/ cities are
the global villages in this modern
era; and the urban trees should also
provide varieties to make outsiders
feel homely by seeing the trees of
their home lands. E.g.: I could see Melia
azadirachta trees planted in the streets
of Melbourne.

1.

Flowers (Fl) – All trees flowers but
flowers
which
are
ornamentally
attractive only have been quoted.

2.

Fruits (Fr) – Most of the trees fruits
but only edible/ pulpy fruits are taken
in to consideration and not woody
fruits.

3.

Crown (Cg/Cn) – Crown is classified
as good/normal.

4.

Ornamental (Or) – good looking
trees are considered as ornamental
trees.

5.

Grows tall (Gt); Grows strong and
sturdy (Ss).

6.

Timber value tree (T)/ Soft wood
(w).

7.

Grows to a very big size (VB).

1.		

Albizia odoratissima

..............

--,--,Cn,Or, Gt, Ss ,T

2.

Alibizia procera

..............

--,--,cn,Or,Gt,Ss,T

3.

Alstonia scholaris		 .............. Fl, --,Cg,Or, Gt, Ss,T

4.

Alstonia spectabilis

..............

Fl,--,Cg, Or,Gt, Ss,T

5.

Azadiracha indica (Neem)

..............

Fl, Fr,Cn,Or,Gt, Ss,T

6.

Bauhinia purpurea

..............

Fl, --,Cn, Or, --,Ss, W

7.

Bauhinia variegata

..............

Fl,---,Cn, Or, --, Ss,W

8.

Cassia grandis

..............

Fl,---,Cn,Or,---,--- ,W

9.

Cassia javanica

..............

Fl, ---, Cn,Or,---,--,W

10.

Cassia fistula (Indian Laburnum)

..............

Fl,---, Cn,Or, --,--- ,W

11.

Cassia purpurea

..............

Fl ---, Cn,Or, ---,--,W

12.

Cassia spectabilis

..............

Fl,---,Cn,Or, --, --,W

13.

Couropita guianensis (Naglinga)

..............

Fl, Fr,Cg,Or, Gt, Ss.W

14.

Dalbergia sissoo

..............

---,--,Cg, Or,---, Ss,T
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15.

Dalbergia latifolia (Rose wood)

..............

Fl,---Cg, Or, Gt,Ss,T

16.

Dalbergia paniculata

..............

Fl,---Cg, Or, Gt,Ss,W

17.

Delonix regia (May flower)

..............

Fl, --Cg,Or,---,--,W

18.

Eucalyptus ptychocarpa (Red gum)

..............

Fl,--,Cg, Or, Gt, Ss,T

19.

Eucalyptus hybrid (Mysore gum)

..............

Fl,--,Cn, Or, Gt, Ss,T

20.

Ficus religiosa (Aswath)

..............

---,Fr,Cg, Or, Gt, Ss,VB

21.

Ficus glomerata (Cluster fig tree)

..............

---,Fr,Cg, Or, Gt, Ss,VB

22.

Ficus mysorensis (Fig)

..............

---,Fr,Cg, Or, Gt, Ss,VB

22.

Grevellia robusta (Silver oak)

..............

---,---,Cn, Or, Gt, Ss,T

24.

Khaya senegalensis (Mahagony)

..............

--,---,Cg,Or, Gt, Ss,T,VB

25.

Kigelia pinnata

..............

Fl,---, Cn, Or,---, Ss ,W

26.

Lagerstroemia speciosa

..............

Fl,---,Cg, Or,---, Ss , W

27.

Madhuca latifolia

..............

Fl, Fr, Cg, Or, Gt, Ss ,T

28.

Mangifera indica (Mango)

..............

Fl, Fr, Cg, Or, Gt, Ss ,T

29.

Melia azadirachta

..............

Fl, Fr, Cg, Or, Gt, Ss,T

30.

Michelia champaca (Champak)

..............

Fl, Fr, Cg, Or, Gt, Ss, T

31.

Millingtonia hortensis (Cark wood)

..............

Fl,--, Cn, Or, Gt, Ss,W

32.

Mimusops elangi (Bakula)

..............

Fl, --,Cg, Or, Gt, Ss, W

33.

Muntingia calabura (Singapore cherry)

..............

Fl, Fr, Cg, Or, ---, Ss ,W

34.

Ochrocarpus longifolia (Suragi)

..............

Fl, --,Cg, Or, Gt, Ss ,W

35.

Peltophorum ferrugineum

..............

Fl,---,Cg, Or, Gt, ---,W

36.

Polyalthea longifolia (Ashok)

..............

Fl, Fr, Cn, Or, Gt,---,W

37.

Pongamia pinnata

..............

Fl,---,Cg, Or,---, Ss, W

38.

Salamalia malabaricum (Silk cotton)

..............

Fl,--,--,Cn,--- Gt,--,W,VB

39.

Samanea saman (Albizia saman-Rain tree)

..............

Fl, --,Cn, Or,Gt, Ss,T,VB

40.

Simarouba glauca (Semarouba)

..............

Fl, Fr, Cg, Or, Gt Ss, T

41.

Spathodea campanulata (African Tulif)

..............

Fl,---,Cg, Or, Gt, Ss, W

42.

Swietenia macrophylla (Mahagony)

..............

---,---,Cg,Or, Gt, Ss,T,VB

43.

Swietenia microphylla (Small leaved mahogany) ..............

---,---,Cg,Or, Gt,Ss, T,VB

44.

Syzygium cumini (Jamun)

..............

---, Fr,Cg, Or, Gt, Ss, T

45.

Tecoma argentea

..............

Fl, ---,Cn, Or, --, --, W

46.

Terminalia catappa (Wild badam)

..............

Fl, Fr, Cg, Or,Gt, Ss, W

47.

Tabebuia avellanedae

..............

Fl, ----,Cn, Or,Gt, --,W

48.

Tabebuia rosea

..............

Fl, ---,Cn, Or, Gt, --,W

49.

Tabebuia guayacan

..............

Fl, ---,Cn, Or, Gt, --, W

50.

Thespesia populnea

..............

Fl,--,Cg, Or,---,Ss,---,W

72

My Forest – March 2018
v.

Background for trees selection in urban
areas

By looking in to the above two school of
thoughts the mixture of tree spp looks better
for Indian conditions compare to/ against
planting of single spp in a street. Single spp
can be seen in FRI, campus Dehra Dun and
in some developed countries where coniferous
trees rule the preference.

1. The tree spp selection depends on the
agroclimatic conditions of the city; i.e.
its soils, weather and rainfall and the
space for planting, width of the road
etc.These factors are more important
in selecting the spp.

vii. My/ any Foresters’ selection of trees for
urban tree planting will be as follows:
e.g.: Bengaluru

2. Trees not Ss i.e. not strong and sturdy
has to be avoided in roads/ streets

1.

3. Trees of Fl, Fr, Cg/n, Gt, Ss, T/W to
be preferred along roads/ streets to
make the urban planting aesthetically
worthy.

For 100 feet wide Double Roads:

		 Trees in Sl. No.: 3, 5, 14, 18, 25, 26, 28,
29, 36, 42, 43, 44, 45, 47.
2.

For 60 feet wide Main Roads:

4. Trees growing VB- very big size need
to be preferred along the boundaries
of grounds/ streams/ ponds and in
waste lands only

		 Trees in Sl. No.: 1, 2, 4, 5, 13, 14, 15, 24,
27, 31, 36, 38, 42, 43, 44, 45, 47, 48, 50.

vi. School of thoughts for selection of tree
spp for urban planting

		 Trees in Sl. No.: 4, 5, 6, 7, 8, 17, 19, 24,
27, 30, 31, 32, 33, 38, 41, 45, 46, 48, 50.

i)

ii)

3.

Planting trees of single species in
a street- which gives uniformity in
aesthetic physiognomy in growth,
greenery, flowering, fruiting, leaf
shedding and grandeur etc.

4.

For 40 feet wide Cross Roads:

For 30 feet wide Cross Roads:

		 Trees in Sl no: 6, 7, 8, 19, 24, 27, 30, 31,
32, 33, 38, 41, 48, 49, 51.
5.

For parks:

		 Trees in Sl. No.: 6, 7, 8, 14, 15, 16, 18,
19, 21, 22, 23, 24, 25, 27, 31, 32, 38, 40,
41, 43, 44, 45, 49.

Mixture of tree spp, presents the
cosmetic scene of physiognomy,
growth, greenery, flowering and
fruiting and aesthetic grandeur
which always presents freshness
since leaf shedding will not happen at
a time; and one or the other spp will
remain in flowers to project flowers
throughout the year.

6.

For boundaries of Schools/ Colleges/
Offices and Industries:

		 Trees in Sl. No.: 7, 8, 9, 10, 15, 18, 19,
21, 22, 23, 24, 27, 31, 32, 38, 40, 41, 42,
43, 44, 45, 49.

E.g.: The mixture of species should not
be less than 10 species in a road and no
species should be preferred more than 10%
except trees of known flowers and fruits to be
not more than 20%.

7.

For open grounds of Kharab/ Ponds/
Nalahs:

		 Trees in Sl. No.: 10, 11, 18, 20, 21, 23,
24, 38, 40, 42, 43, 44, 45, 46, 50, 51.
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8.

NB: while transplanting to bigger size
bags lean and lanky weaklings should be
mercilessly discarded and only robust and
healthy seedlings should be preferred to have
a good nursery stock. There should be a
provision for discarding 25-33% of the primary
stock of small bags in the interest of quality
nursery stock to have success in the field of
urban tree planting.

For Medians between two way roads:

		 Sl. No.: 20, 27, 32, and 37,48,49,50.
9.

For single spp in a street:

		 Sl. No.: 19, or 27, or 32, or 37,48,49,50.
10.

For median below metro elevated track:

		 Generally flowering plants are planted;
instead it is better to plant trees in
Sl. No.:19, 27, 32, 37.
2.

25% of the stock should be developed for
3 m height by keeping for 2 years in bags of
16 x 24 inches to prefer them to the plant in
busy streets. e.g.: M G Road or K R Market/
Majestic Road in CBD of Bengaluru and also
in lieu of the trees harvested due to their
posing danger to life and property/ moribund/
dead etc. (e.g.: China is famous in planting tall
trees in cities)

Seed collection

It is a routine job and Foresters are
well versed in collecting seeds from good
mother trees in the right seasons but the job
is generally outsourced.
3.

Nursery

NB: Planting seedlings of haphazard/
random in size/ quality and in spp mixture
has become the practice or way of standard
in the urban tree planting in the Bengaluru
city in the past decade. Any comments in the
press regarding these practices have no effect
towards improvement. To check these maladies
the Horticulture department in Karnataka gave
up raising of nursery in favor of the nursery men
societies who produce a very quality seedlings
and supply to government and to the public.
It appears to be wise to outsource the raising
and supply of tall seedlings from the horticulture
or forestry nursery men or societies well in two
or 3 years advance by prescribing name of the
spp, size of bag, size of seedlings and quality
with age and number of seedlings for etc.

Raising of seedlings.
Generally potted seedlings are raised for
urban tree planting. Netted PBs or bigger size
polythene bags of higher gauge are used for
raising tall seedlings for urban planting
First the seedlings are raised in small bags
by directly dibbling seeds or raised in mother
beds and transplanted to smaller bags to
have seedlings of 60 cm/90 cm tall to keep
them ready to transplant in to bigger size bags
in the next season.
Then the well developed and sturdy
seedlings from the smaller bags of 5 x 6 or
6 x 9 inches are transplanted in to big size
bags of 12 x 16 or 14 x 18 or 16 x 24 inches;
instead it is better raise in bags of size
12 x 18 or 14 x 24 or 16 x 30 inches-which gives
more space for tap root to develop in to 2m tall
and sturdy seedlings with better tap root in a
year. (In developed countries they raise up to
3m tall e.g.: seen in Australia – 2017).

The entry of nursery men may solve the
maladies affecting the standard of urban tree
planting in Bengaluru city or Pay the cost of
seedlings to line department in advance and
lift the quality seedlings from the nursery. It is
better to depend on out sourcing to have quality
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pressure of human population/ stray cattle on
the planted plants. Tree guards can be any of
the following types.…..

seedlings for urban tree planting (e.g.: Saplings
planted in urban tree planting in Melbourne
were seen tagged by the supplier with botanical
name.
4.

a)

Ground preparation

Before pitting, the rows should be aligned
with the rope. The pits should be of 60 cm or
75 cm cube.
Most of the urban planting is done in pits.
The size of the pits depends on the rainfall,
type of soils and the width of the road margin
to accommodate planting. Pitting or preparation
of the site can be done in advance only in
new extensions where as in inhabited areas –
it has to be done just before planting, refill and
then plant.
5.

e.g.: All Saplings of 3-4 m height and
the saplings of known-unpalatable
spp like in Para 1-iv vide Sl nos.
3 , 9 , 1 0 , 11 , 1 2 , 1 4 , 1 9 , 2 4 , 2 5 , 2 7 ,
32,34,36,37,38,41,42,43,44,46.5
1 need only sturdy stakes as wind
guards. Providing tree guards to these
spp is waste of resources. (NB: Money
being spent for tree guards for these
spp can be partly used for raising tall
seedlings/ partly saved)

Tree Planting

Planting of tall potted seedlings of 2.00
m height has to be done in right time. Planting
in the beginning of the monsoon rains is
always better and gives good result. It makes
the plants to benefit with all the rains of the
year to develop well in the first year itself.

b) Bamboo thattee/bamboo splits woven
in wire – it is worth for tall seedlings; and
not for small seedlings as they fall to
ground with white ants attack within a
year and end up in waste by exposing
the small plant to die.

Planting should be done by holding rope
so that all the stems of the seedlings stand
in the rows/ straight line to give an aesthetic
and beautiful look to the Avenue or road when
grown/developed like Horticulture Park.

c) Rectangle or triangle tree guards of
wooden sawn sizes /Nilgiri tops framed
with chicken mesh with tar coating – a
good TG in busy roads

The plants should be given with a base
dose of 20 gm. Murato-potash with 10 gm
DAP while planting and a watering once if
there happens to be no follow up rains. It should
be followed by a soil working or hoeing in the
month of December or January with watering
in (March, April and May – 3 watering at one pot
per plant)
6.

Tar coated wooden sturdy stakes of
2.5 m tall with a shoe of plastic pipe
for 0.5 m deep in to the ground
wrapped with phoenix or coconut leaves
including the tree-sapling with plastic
thread tying at 3 points.

d) Tree guards of rectangle steel frame
with wire mesh and painting fitted with
hinges and latches in opposite corners
to open and remove after 4 years for
reuse.
e) Tree guard of circular/ tubular steel
frame with wire mesh and painting
with hinges/ latches in opposite side
to open and remove after 4 years for
reuse.

Tree Guards

Protection to plants is a must in the
urban areas. It depends on the locality and the
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7.

f)

Even Aluminum framed tree guards are
used in Melbourne (Central Business
Dist.) and steel bars in rectangle frame
are also seen used in Sydney, Hobart
and Columbus cities.

g)

The steel tree guards should be
salvaged for reuse in the 5th or 6th year
without fail; otherwise, they will become
eye sores and finally get embedded
in to the stem of the trees – a danger
causing element at the time of utilizing
the out product- wood. Moreover, it is
a waste of resource if not salvaged
and reused. e.g.: Even wind guard posts
are salvaged in Melbourne. (As seen)

grown around trees in US and ii) Mulching with
wood chips done in temperate countries around
trees in OZ and USA to save trees from snow/
frost.
8.

Training/ Pruning of trees

This is a very important item of maintenance
in which the trees will be trained to grow in
the way or pattern we want. If they are left to
nature most of the trees branch at lower height
and develop in to dwarf trees obstructing
movement below/ by the side of them. To
make them to grow straight and form uniform
crown they have to be trained with pruning of
branches.
In 5th year – Pruning of side branches of
the trees up to 2/3 of its height with sharp
sickle or hand saw without causing injuries to
the main bole to ensure formation of clear
bole for at least 3 - 5 m height

Maintenance

Maintenance is most important to make
the urban tree planting a success.
In the 2nd year – Two hoeings should be
done- once in the beginning of the monsoon
and another in the end of the monsoon.
The casualties should be replaced in the
beginning of the monsoon with tall seedlings.
One dose of Urea at 15 gm per plant should
be administered during rains. Watering during
summer for 25% say for weaklings in April and
May be done.

In the 7th year – Final pruning of the
side branches of trees to train the trees to
branch above 4 m height to ensure that they
will not obstruct the movement of vehicles in the
road.
9.

Fall of trees due to Wind

Reasons for fall of trees in wind in cities are
many

In the 3rd Year – One hoeing should be
done in the monsoon with one dose of 15 gm of
urea per plant.

i. The wind with force along with torrential
heavy rains causes fall of trees.

In the 4th year – One hoeing should be
done at the beginning of the monsoon.

Pic: Wind fallen tree – there were 3 deaths
in Sept, 2017 in Bengaluru in addition to damage
of many vehicles.

The ground around the tree should be
formed in to a basin of 15 cms deep and left
open without Asphalting/CC bed / BS slab/ tiles
pavement for 1.00 m square and later to the
require size of the stem to allow the rain water
that runs down on the tree trunk to percolate
in to the soil. e.g.: i) Flowering plants are

ii. The trees planted along streets or
roads of cities are subjected for restrictions in
development of roots- one side is storm water
drain and further building which prevents the
deep roots from spreading and the other side
is the road- which are generally cut year after
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11. Translocation of trees

years for laying cables of electricity/telephones
or pipes of water and even sanitary etc.,
preventing the trees from spreading roots in
two opposite sides and they have to spread
roots only for two lateral sides which acts
as determinant for their anchorage against
center of gravity of its body above ground and
induce the trees to fall during winds when soil
is wet.

Consciousness to save the trees in urban
areas is high among the citizens. Many come
forward to contribute for the cost of translocation
of huge trees especially religiously noted
trees like- Aswath, Neem and Nagalinga when
marked for felling. Many times, people force
the authorities undertake tree transplanting.
Such operations have costed over Rs 20 K
to 100K. Many times trees dry up or it starts
sprouting after 6 months or so. e.g.; Experiments
in Bengaluru in 2014 and 2016and 2017. This
operation is non-technical and most of the
Foresters do not support it. The better way to
handle this type of pressure is to raise 4 m -5
m tall saplings of Ficus religiosa, Azadirachta
indica,
Couroupita
guianensis,
Michelia
champaca, Syzygium cumini, Ficus glabra etc.
in big size bags or plastic drums of 18 x 36 or
24x 36 inches for 3 years to plant in lieu of the
trees being demanded for translocation; so
that such trees will develop faster than the
trees translocated by fulfilling all the aspirations
of people/ environment

iii) Trees in city roads are subjected for
all sorts of damages and develop hollowness
in branches which causes for breakdown of
branches due to the weight of their own foliage
during wind and rain.
All these cause are unavoidable which
cause havoc in monsoon in cities. The remedy
lies in harvest of over grown, dead, diseased
and malformed trees and replant immediately
with tall saplings to minimize the damages to
the life/ property/vehicles of the people.
10. Harvest of danger posing, moribund and
dead trees

Care should be taken regarding retaining
majority of roots and branches to facilitate
absorption of water and nutrients from the soil
besides light for photosynthetic activity.

Tree is also a form of life. It grows with
time, matures, regenerates, suffers natural
calamities and dies as any other form of lives.
It has to be salvaged regularly. In addition,
there are huge trees in Bengaluru and other
cities posing dangers to the life and property
of the citizens. They need to be enumerated
and scientifically harvested to ease the
accidents in the course of rains/winds and
also natural falls to make use of the wealthwood produced in the city for the society. The
Revenue earned from sale of trees should
be recycled for tree planting in the urban area.
There should be a mechanism to harvest
trees posing danger and plant tall seedlings
immediately in lieu of such trees felled/
removed.

It is observed that some trees sprout
with the potential of its stored food in stem/
hormones injections and special watering
treatments; some die later. In some cases Ficus
spp. survives as it is a species with latex and
its stem can strike roots, but, growth will be
slow and stunted with a grave yard look
compared to the robust growth in trees of
4-5 m tall saplings planted.
12. Conclusion
Urban tree planting is a peoples’
programme. All citizens want trees grown
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in cities. The governments need to make it
a permanent programme by allotting funds
without forcing it to be spending or with
drawing it by the end of financial yea; which
is the root cause for all haphazard trees
planting. If the funds made available in all
the seasons, the tree authorities can plan for
timely nursery, planting, maintenance and
tree training and tree harvesting works and
execute seasonally with precision. The tree
planting fund should be included in the road
extension/ development works and transferred
to forestry wing which is bound to execute as
per seasons and render accounts in tune with
the financial cannon of rules.

Only selected tree species should be
planted with tall seedlings of 2m and
above in line with base of fertilizer.

2)

Tree guards/ sturdy stakes given,
nursed and pruning done to make them
grow fast/straight.

Diseased, moribund and oversized
trees harvested and replanted with
tall saplings of 3m and above in lieu of
the harvested.

4)

Grants once made by Government
to remain for at least 2 years. without
withdrawal to enable the Tree Officer
to accomplish the seasonal works- as it
is a job to deal with life form.
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3. Sapling tied to 3 wind
guard posts with belt in
Melbourne before saucer
formation and watering.

4. Row Planting in a park,
Vijayanagar, Bengaluru

6. Grill fitted above the pit of the tree planted –
left open for nursing along road in CBD,
Columbus, US (Author showing the grill at
ground level)

7. Pongamia trees along
a street in need of
pruning (Vijayanagar,
Bengaluru)
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5. Aluminum tree
guard in CBD,
Melbourne

8. Systamatic
Pruning of trees in
Melbourne city –
Melia azadirachta
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9. A tree guard in a busiest street leading
to Opera House, Sydney, Oz

10. A huge Rain tree spread over a building
in Vijayanagar, Bengaluru

11. A Ficus religiosa tree ready for translocation in
Bengaluru
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MYFOREST 50 Years ago……
KHEDDA” by Sri. K. Kadambi (Retired Chief
Conservator of Forests)/. The article was written
by him on a request by Sri. D. Nanjudappa,
the then CCF. The author has narrated
his experiences which he got through his
participation in the first Khedda operation
(named as “Irwin Khedda –1929) and the
second Khedda operation named as Linlithgo
Khedda of 1939.
The second article on Khedda was
contributed by Sri N.S. Kaikini, IFS, the then
CCF (Development). The title of the article was
FAMOUS KHEDDA of December 1960.
The article narrates the author’s experiences
including some anxious moments he faced
during the Khedda operation.
The article “Capture of a Solitary Tusker”
by Sri B. Marappa provides a brief account of
a solitary tusker which roamed in the forests
of Sakrebyle range of Shimoga district causing
considerable damage to crops and its capture.
The tusker was captured by enticing method
using the female elephant named Lalitha!
The issue also comprises of some
interesting incidences occurred during IX
Commonwealth Forestry congress held at New
Delhi. The deliberations of the conference were
written by Sri Y.M.L. Sharma.

January 1968 issue was dominated
with articles related to world famous Mysore
Khedda. The cover page was named as “In
the Khedda enclosure 1968. The photograph
was contributed by Sri K.N.S. Iyer. In the
same issue Sri K.N.S. Iyer contributed many
photographs related to Khedda which brings
nostalgic memories alive. The photographs
are worth preserving. Three articles related
to elephant capturing were published in this
issue two of which are about Khedda. The
article “My reminiscences of THE MYSORE

Articles named “My reminiscences of
THE MYSORE KHEDDA” by Sri K. Kadambi,”
FAMOUS KHEDDA OF DECEMBER 1960”
by Sri N.S. Kaikini and “Capture of a Solitary
Tusker” by Sri B. Marappa are reprinted in this
issue along with photographs taken by Sri K.N.S.
Iyer during the 1968 Khedda operations.
Rejoice the past…………..
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THE 1968 KHEDDA ILLUSTRATED
Photos: K.N.S. Iyer

Platform for Spectators around roping stockade

His Highness Sri Jayachandra Wadeyar arrives
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River Drive

River Drive
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Inside Khedda enclosure

Inside roping stockade
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Leg is noosed

In Peelkhana
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my reminiscences of The mysore khedda*
K. Kadambi**
When I received a letter from the
Conservator of Forests (Mr. D. Nanjundappa)
a few days ago to give him a write up of
reminiscences of the Kheddas in Mysore,
my thought flew back to the first Khedda
in which I participated the “Irwin Khedda –
1929”. I was then a young probationer in the
Forest Department. I used to walk about the
Khedda area in Jodhpur breaches shouldering
a 405 – Wincher Magazine rifle with an
assumed air of importance. The Khedda
Officers Camp was on the Mastigudi Hill at
whose summit was the Chief Conservator’s
tent with the tents of the smaller bosses
occupying positions of decreasing altitude
on the hill in the order of their importance.
We, probationers were herded into tiny,
bamboo walled thatch roof huts provided with
no furniture apart from a bamboo bedstead
made of flattened-out bamboo known
as “Jubbudatte’. I was at first put on the
extraction and transport of ‘Saras’ and
‘Mundiges’ from the neighbouring forest to
construct the Khedda stockade; later, I was
in charge of the construction of the roping
stockade – the stockade which plays a vital
role in a Khedda. The following incident
springs vividly to my mind in this connection;
the construction of the roping stockade
was running behind schedule. The Chief
Conservator arrived one morning and told
me that the work must be completed by 4-30
that afternoon. The elephant mahouts were
directly responsible for its construction along

with a gang of labourers from Penya village
who were considered experts at constructing
a roping stockade. I was, so to say, their
commander. Owing probably to my extreme
youth and experience, the labourers took
little notice of me and my efforts to make
work harder was therefore of no avail. I tried
to reprimand them and finding this useless.
I lost my temper and boxed one or two who
were particularly tardy. The labourers who
outnumbered me twenty to one retaliated
in kind, and I got a severe thrashing at their
hands. The mahouts looked on without trying
to help. I swallowed the bitter pill but had
learnt a major lesson on human nature.
When the surround started, I was placed on
the lines to watch over the labourers and
keep them vigilant, night and day. I spent a
whole fortnight of sleepless nights, without
adequate food and clothing at the end of which
I was nearly blind for want of sleep.
The next important Khedda in which
I took part was the Linlithgo Khedda of 1939.
By this time I was no longer a youngling in
the Department I had, therefore, an important
share in making this Khedda a success.
I participated in a series of Kheddas during
the forties, most of which were held at
Buthipadaga, another famour scene of Khedda
activity in Mysore. During these Kheddas
I was more or less in charge of driving the
elephants into the stockade; the days of long
vigil on the Khedda lines were behind me. On

* Reprinted from Myforest, January 1968 issue.
** Retired Chief Conservator of Forests.
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to commands of the leader of the herd that
Khedda captures are rendered possible.
Scores of wild elephants are driven into
Khedda enclosure and this is done time
after time at the same spot and under almost
identical conditions. Such captures would
indeed have been difficult if each elephant
in a herd had used its discriminative power.
In a herd, the reasoning power of individual
elephant seems to be completely lost, or to
put it in a crude way, these mighty animals
appear to be stupid, and this enables man
to impound them in the Khedda stockade
almost like sheep and to subsequently noose
them one by one. But, thre are instances in
which elephants have shown great reasoning
power, which we may term intelligence in
every sense of the term.

occasions when distinguished visitors were
about, I used to enter the roping stockade on
a Kumki to actively participate. In the roping
operation, often at great personal risk, but
I enjoyed every minute of it although I could
not tolerate the bad treatment meted out to
the Khedda captives during their roping.
I believe this is a necessary evil, but I have
not reconciled myself to it even to this day. The
next important Khedda in which I participated
was the ‘Nehru Khedda’ of 1949. The
responsibility of making this eventful and
important Khedda a success was more or
less entirely mine.
By this time, however, I knew every
aspect of Khedda operation in minute detail
and what is more, I had studied the instinct,
intelligence and character of the wild elephant
study which required close observation,
active power of discrimination and a certain
amount of intuition. Whent his majestic animal
looked at me in those days, I thought I read
in its noble eyes the sentiments that it wished
to express. Even today I feel that this noble
animal, the largest of its kind, surpasses in its
intelligence most others, except perhaps the
dog which has been closely associated with
man for thousand of years. Later in my life,
I had opportunity to work in Elephant country
in Africa where I used to study the instincts of
the African species. I, however, have a feeling
that the African elephant does not equal the
Indian in its level of intelligence or in
handsomeness. The latter observation is
perhaps, due to my having been accustomed
to the looks of the Indian elephant although,
I must admit that I have been seeing
African elephants in India and Europe since my
youth.

The roping operation which essentially
involves the slipping of a loop of rope up the
trunk of the elephant on to its neck or on a
limb, is a tricky matter and one which provides
lot of fun to onlookers, but although the
animals are noosed in full view of one
another, they learn nothing from what they
see, nor do they help in freeing a distressed
friend who, after the ropes are on him, is
forcibly dragged out of the roping ring
bewailing his loss of freedom by raising heartrendering cries and pouring forth a constant
stream of tears from his tiny winking eyes.
A captive in the act of being roped rarely,
if ever, lifts its head above its shoulder level
or attempts to push down the man who is
engaged in the roping often precariously
perched on the back of an adjacent Kumki
elephant. It would have nearly impossible for
the roping men to enter the roping ring to
carry out their difficult task had the Indian
elephant been in the habit of raising its trunk
to push down a roping mahout, it submits to
the roping without any show of its enormous

The intelligence of the individual Indian
elephant is subdued, if not surmounted by its
team spirit. It is because of this obedience
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strength or display of any streak of intelligence.
True it makes clumpsy and ineffectual efforts
to prevent the noose from being pulled up the
long trunk, but it does not seem to be conscious
that the rope which is being slipped up the
trunk is axing its freedom for ever.

at Kakankote roughly in the manner in which
we have been doing it, but failed miserably.
He is supposed to have said that it would not
be possible for any human being to organise
a successful Khedda at Kakankote. I am
certain Hyder Ali’s Khedda would have been
successful had his men studied more closely
the instinct of the Indian elephant and tried
to utilise this knowledge in capturing them.
It is not alone brute force that could make a
Khedda operation succeed; it is combination
of limited force tempered by knowledge of
the guiding instinct of the animal which makes
it follow a beaten path or react in a particular
way, which would make for success. An
elephant is born free and like all wild animals
tries zealously to guard its freedom by
processing its instinct, intelligence and
magnificent muscular power to this end, but
all these can be of no avail against the cool
calculated measures taken by man.

Having had experience of both the
Indian and African elephants in their wild
state, I have no hesitation in saying that the
African elephant compared to the Indian is
generally wilder and more difficult to train
for every kind of work which is expected of
a domesticated elephant. From the reports
I have read in newspapers of the progress
of preparations for Khedda 1968 and from
what I have heard from eye witnesses, I have
firm faith that this Khedda will perhaps be one
of the most spectacular among the long series
of such operations conducted during the
last century and a half. It is stated that Hyder
Ali, Nawab of Mysore in the 70s of the 18th
century, attempted to stage a Khedda operation

May I wish the Khedda – 1968 all success?
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Research and utilisation Wing

Garcinia indica (Thouars) Choisy seedlings raised at Agumbe Research Station

Garcinia indica (Thouars) Choisy seedlings raised at Agumbe Research Station.
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famous khedda of december 1960*
N. S. Kaikini, IFS**
With the re-organisation of the new
Mysore State, I found myself in this new State
on 1st November, 1956 posted as Conservator
at Belgaum. Soon after, when I went to
Bangalore to call on my new Chief Conservator
of Forests, Shri. Muthanna, the first thing
I happened to see in his chanber was an old
sketch of Khedda area. Till then I had only
heard of the famous Mysore Khedda, but
did not know anything more than that. It was
one of the Forest Officers, Shri. N. S. Bhagwan,
who was on O.O.D., who gave me greater
details of the Khedda operations and how
hard a life it was though every one who had a
look at the river drive, thought it was equally a
fine occasion for the various Forest Officers
deputed on Khedda duty. In the middle of
June 1960, I took over as the Chief Conservator
of Forests of Mysore State and soon I as
charged to arrange the Khedda operation as
the site where Khedda is normally conducted
for this spectacular river drive would be
inundated with the completion of the new dam
on the Kapila River a couple of miles down
stream. The time left at my disposal was hardly
about 4 months to complete all the operations
preparatory to the river drive. Since the
Khedda operations were not remunerative
the idea of arranging these Kheddashed
been practically given up. But the very thought
that the new proposed dam would submerge
the river drive site made the authorities order
the Forest Department to have the so called
last Khedda. Due to the various difficulties

encountered in the Khedda during 1953
many officers who had experience in several
previous Kheddas refused to take the
responsibility. All the same one of the officers
who as working as the Technical Assistant to
the Chief Conservator came forward and told
me thtat he was prepared to take up the
responsibility provided, I gave him full support
in carrying out the various arrangements. It
was Sri B. Balaiah who should get the
credit for the two successful river drives one
following the other in December 1960. Ofcourse,
Shri. Mohamed Ahmed and I did take part in
almost every operation including all the drives
preceeding the river drive. I must say, it was
Shri. Balaiah who bore the brunt of all these
arduous operations.
The spectators, who always enjoyed the
fine spectacular river drive and ease with
which the wild elephants are driven up the
river, perhaps felt that the officers of the Forest
Department had not much of arduous and
dangerous work in arranging this. It is these
officers who are in the thick of the Khedda
who take active and leading part in the
various land drives in driving the wild
elephants into the ultimate surround preceeding
the river drive, experience very dangerous
situations especially when the cow elephant
gets infuriated on seeing the fright of its calf
or a tusker who is enraged at the nuisance
caused by these various drives turns about
and attacks the driving party. I have gone

* Reprinted from Myforest, January 1968 issue.
** Chief Conservator of Forests (Development).
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of my officers, we could surmount these
difficulties one by one, both the river drives
were spectacular and a grand success. Since
I was rather new to the Khedda operations
and as I was keen to go through the thick
and thin of the Khedda and knew almost
every detail, I took part in all the operations
and all the drives and had a thrill of my life
on more than four or five occasions along
with Shri. Balaiah and Shri. Mohamed Ahmed
which I have been cherishing all along. The
Mysore Khedda – the river drive has been a
unique thing in the world. Any one who would
be witnessing this would enjoy the spectacular
sight and remember it for over.

through such experiences and I have seen
the way the Kumki elephants actually tremble
out of sheer fright when the wild elephant
is ready to charge or charging. Ofcourse,
some of the old trusied Kumkis like Radhapyari
Sita or Rajendra and such others were
exceptions. These elephants could face the
charge in an unconcerned manner. To other
Kumkis and the riders on them used to pick
up courage from the the example set by these
old Kumki elephants and their riders.
During the last Khedda in 1960, we had
very anxious moments on four or five
occasions. But due to the undaunted courage
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Capture of a solitary tusker*
B. MARAPPA
In 1952, a solitary wild Tusker roamed in
the forests of Sakrebyle Range in Shimoga
District causing considerable damage to
agricultural crops in the vicinity attacking
passers by and vehicular traffic. I watched
the movement of this Tusker and found it was
not a rogue. He was enticed by Lalitha, one
of our departmental cow elephants. This
weakness of the Tusker to lalitha was taken
advantage to capture him.

On the appointed day, the Tusker went
to the nearby stream for water. The mahouts
had equipped themselves with ropes with
nooses. They took positions on the top of
the Banyan tree and laid the nooses on the
ground. A few Kumkies were kept ready
behind bamboo clumps nearby for help. The
Tusker returned from the stream and joined
Lalitha under the Banyan tree. Immediately
the mahouts pulled the ropes and noosed one
of Tusker’s front legs. The Tusker was tough
and snapped the rope and stood on his hind
legs, almost reached the mahouts, but they
were careful enough to escape being pulled
down. The wild Tusker was successfully
roped and brought to camp for training next
day. This is one of the methods of capture of
stray elephants adopted in the State.

Lalitha was tied near a big Banyan tree at
the outskirts of the forests. The Tusker
approached her frequently, even during the
day, shared the choicy feed such as sugarcane,
jaggery and paddy with dope tied in small
bundles of paddy straw spread over there.

* Reprinted from Myforest, January 1968 issue.
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obituary
Shri S. Manikandan, IFS

Shri S Manikandan born on 15th July 1972
hails from Cumbam Town of Theni district of
Tamil Nadu. He had his education up to
secondary level from Cumbam. He graduated
in Agriculture from Agricultural College and
Research Institute, Madural (Tamil Nadu
Agricultural University). He was a fellow of ICAR
fellow and completed his M.Sc. in Agricultural
Entomology from IARI, Pusa and New Delhi.

Shri S Manikandan worked as DCF,
Bagalakote territorial division from July 2008
to September 2010 and as DCF, Bidar from
October 2010 to July 2011. He then took
up mantle of Deputy Director of BRT Tiger
Reserve in Chamarajanagara from July 2011
to December 2011 but was asked to take up
more challenging job as DCF Ballary, where
he streamlined the mining activities. He
continued there till October 2014. He then had
a brief tenure as DCF, Madikeri before being
promoted as Conservator of Forests in January
2015.

He then joined as Scientist ‘B’ in Institute
of Wood Science and Technology, Bengaluru
and worked during 1999-2000. In the year
2001, joined Indian Forest Service. After
completing initial training at IGNFA, he joined
the Karnataka Cadre in 2003. He joined for
field training at Honnavara Division and did
Range Training at Gerusoppa Range. He
worked as ACF, Wildlife, Madikeri in 2004.

He served as Director (Information
Technology),
Bengaluru
Metropolitan
Transport Corporation, Bangalore and then as
Conservator of Forests (Forest Conservation) at
Headquarters.
His tenure as Director, Rajiv Gandhi National
Park (Nagarahole) commenced in July 2016.
He worked in the current post till he attained
Martyrdom on 3rd March 2018.

In 2005, he was promoted and posted
as DCF, Social Forestry, Raichur. He completed
his PG Diploma in Wildlife Management
from WII, Dehradun in 2007. He later had a
short stint as DCF Forest Mobile Squad,
Belagavi.

Manikandan was an exceptional officer
who worked without fear of favour discharging
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his duties as per the book of law. Because of
officers like him the Bellary mining scam was
brought under control. A very upright officer who
would mince no words in conveying what he
thought was correct.

prepared a catalogue of Tigers of Nagarahole
and could individually identify the tiger when
sighted. He was currently preparing profile
of tuskers of Nagarahole, least knowing one
would cut short such illustrious carrer. He was
dignified gem of an individual.

He appeared blunt to the point of being
rude but then that was exactly what was
required in Bellary limping back to normalcy.
His love and support for the genuine tribals
made him dear to them. His voice was always
heard at the government because of his
neutrality. He brought a lot of discipline wherever
he worked including in Nagarahole. He was
very efficient with the computers as well as
legal issues. He was an extraordinary asset
like no one else. As a true forester and a keen
wildlifer he always led from the front. He has

Manikandan’s hobbies included wildlife
photography and tennis. He also loved going
on short cycling trips with his children.
He leaves behind his wife Sangeeta and
children Teja Nithila aged 14 and Kavinesh
aged 9 years.
Mani has left a void difficult to fill.
Manoj Kumar
Subhash Malkhede
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obituary
Dr. V. Bhaskar

Agricultural Sciences, Bangalore as Assistant
professor in 1975 and went on to become
Professor in 1987. He served as Coordinator
regional centre National Afforestation and EcoDevelopment Board University Agricultural
Sciences, Bangalore, since 1999. Among
his notable works Taxonomic ‘Monograph
on Impatiens L. (Balsaminaceae) of Western
Ghats – The key genus for endemism’ is well
known. He was an authority on Balsaminaceae.
He erected several new species of Impatiens.
Besides these notable works, he was a good
teacher with high moral standards. He was an
excellent guide to farmers. His keen sense of
observation helped in analysing the problems
and work out a solution to farmers. His Kannada
booklet on Teak is a concise but comprehensive
publication. He was very dear to farmers also.
His hunger for research was insatiable, resulting
in publication of number of research papers
in standard journals. When Karnataka Forest
Department launched Social Forestry Project
in 1984 he was a young Forest Scientist who
was well equipped to draw strategies in farm
forestry component. He helped the Department
on this regard. He was a consultant for

Dr. V. Bhaskar, a botanist, forester, teacher
and a friend to all those around him passed away
leaving a vacuum in various fields. The death
of Dr. Bhaskar an Agro-Forestry Scientist has
left Forest Education and Forester Department
faculty in shock and dismay.
Bhaskar, Veeralinga was born on
August 7, 1949 in Mysore, Karnataka, India. Son
of Veeralinga Muddalinganna and Janakamma.
He got his post graduate degree in Botany
from Mysore University (1971). He was trained
as a Taxonomist under Prof. Basheer Ahmed
Razi, an inerasable name in the history of
Indian Botany in general and floristic works of
Karnataka in particular.
He was awarded PhD of Mysore University
(1976) for his work on Balsaminaceae. Besides
these degrees he graduated in forestry from
State Forest Service College, Burnihat, India,
1978 and obtained Master of Forestry Yale
School Forestry and E.S., New Haven, 1988.
He started his career as Demonstrator
botany MDTDB College, Mysore, India, 1971.
He joined Department of farm forestry University
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National Afforestation and Eco development
board, Ministry of Environment and Forests,
Government of India. He conducted many
evaluations in Phase I and II of Social Forestry
Projects and also in both the phases of JICA
project. The feedback provided by him has also
helped Forest Department in achieving goals
and objectives of Social Forestry programmes.

He is survived by his wife, son and a daughter
.We would always remember his contributions
and pray God that his soul rests in peace and
his family members and friends gather enough
strength to overcome the loss.
A.C. Lakshmana, IFS (Retd.)
Dr. K.R. Keshava Murthy
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