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Editorial
We are delighted to place this issue in the reader’s hands. This issue contains 

articles	 on	 various	 issues.	The	 articles	 have	 been	 contributed	 by	Forest	Offi	cers	
and	Researchers	from	other	Scientifi	c	Organisations.

This issue contains articles on

•	 Sandalwood	 which	 describes	 its	 potentiality	 in	 earning	 additional	 income	
enlightening*;

•	 Forestry	research	in	Karnataka	which	offers	a	broad	spectrum	of	Forestry	
Research carried out under the umbrella of Forest Department*;

•	 Establishing	 permanent	 preservation	 plots	 in	 Bannerughatta	 National	
Park keeping in view of long term studies to monitor climate change*;

•	 Pongamia pinnata L. (Honge) in relation to pod and seed traits;

•	 Impact	of	‘Project	Tiger’	in	Bandipur*	

 and

•	 On	managing	insect	pests	in	forest	nurseries	for	profi	table	tree	cultivation.

It is heartening to note that four of the above articles highlighted with * have been 
contributed	by	the	offi	cers	of	 the	Forest	Department	and	of	 these	two	articles	are	
contributed	by	retired	IFS	Offi	cers.

World Environment Day was celebrated by the Forest Department of 5th June 
2018 to create awareness in the society of the theme “Beat Plastic Pollution” 
marked by the United Nations. Research and Utilisation Wing of the Forest 
Department also organised Plastic clean-up drive and planting program at 
Doresanipalys Forest Campus involving school children and public.

I hope this issue will be useful for all the readers. 

Dilip Kumar Das, IFS
     Additional Principal Chief Conservator of Forests
      Research & Utilisation, Karnataka Forest Department
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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
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   Sandalwood Seed oil – a Potential Source of 
additional income

G. ravikumar, S. Sanjay mohan* ifS, B.S. chandrashekar, 
V. Shettappannavar  and V. Soundararajan

*  Institute of Wood Science and Technology, Bengaluru
*PCCF, Karnataka Forest Department, Bengaluru
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abstract

The heartwood, sandalwood’s fragrant timber, has long been used traditionally in important 
religious ceremonies not only in India but in many parts of the world. Sandalwood oil has antipyretic, 
antiseptic, antiscabietic, and diuretic properties. India realised the value of sandalwood trade and 
took positive steps to protect the natural population of sandalwood. Measures to sustain this 
valued bio resources, took prominence and flaws in policy which endangered the species were 
amended. Government of Karnataka promulgated an amendment to Karnataka Forest Act in 2001 
to encourage private domestication of sandalwood as a means to conserve and enhance the  
status of this resource. With all these positive measures the private growers have taken up 
more farming of sandalwood and in continuation to this positive measures sandalwood seeds are  
also available in plenty and could be collected in huge quantities and presently these seed and 
oil obtained from it has limited use. On an average, the 3-4 years old plant could produce around  
2-3 kg of sandalwood seeds and the matured trees of 8-10 years of aged tree can produce around  
4-6 kg of sandalwood seeds per tree twice in a year. The seed oil possesses diuretic, anti-tremorogenic,  
antiviral and hypotensive activities. Sandalwood seed oil contains a fat rich in santalbic acid  
(Ximenynic Acid), which is an acetylenic acid. Partial hydrogenation using Lindlar’s catalyst has  
yielded an oil containing 80%  of C18:1 and C18:2 fatty acids, 13%  of C18:3, 6% C20 fatty acids and traces 
of Lauric acid (C12), Palmitic acid (C16) Stearic acid (C18) fatty acids making it more semi drying oil  
in the process. Apart from having high value oil in its heartwood sandalwood seed oil possesses 
interesting pharmacological activities and also has great potential for various applications in cosmetics 
and others such as surface coating and low pour point bio diesel. It can be emphasised that the  
Santalum album (Indian Sandalwood) seed oil is an excellent source of Ximenynic acid and oleic acid,  
an essential fatty acid and is hither to unexploited. In this paper it is highlighted about the potential 
availability of seed oil of S. album to be a good source of ximenynic acid and also additional income 
generation to the sandalwood growers as the seeds sets in right at 4th years onwards.

Key words: Sandalwood seed, Seed Oil, Santalum album, seed oil income, Indian Sandalwood, 
Ximenynic Acid.

introduction

Forests are the most notable storehouses  
of biological diversity on the land – they house  
over two-thirds of known terrestrial species;  
they also harbour the largest share of threatened 
species. Forests function as habitats for 

organisms, hydrologic flow modulators, and 
soil conservers, constituting one of the most 
important aspects of the Earth’s biosphere. 
Forests have a variety of uses to humans  
too, including wood from trees, nutrition from 
animals, for grazing, recreation and medicinal 
purposes. 
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Indian sandalwood is commercially an 
important tree species in peninsular India 
because of its high economic value and is the 
best endemic tree in the world. The average 
yield of oil ranges from 2-6% w/w of heartwood 
content. Traditionally, sandalwood oil has 
unique stability, and provides perfume with 
its best fixative property. The heartwood, 
sandalwood’s fragrant timber, has long 
been used traditionally in important religious 
ceremonies not only in India but in many  
parts of the world. Sandalwood oil has 
antipyretic, antiseptic and diuretic properties. 
Sandalwood oil is a vital ingredient in the 
manufacturing of high value perfumes since  
the medieval times. The primeval Egyptians  
used Sandalwood oil for embalming the 
deceased, for treating skin disorders and 
in spiritual flaming for honouring the Gods.  
Among certain Hindu communities it is a ritual  
to place a piece of Sandalwood in the funeral 
pyre (Srinivasa Rao, et al., 2016).

conservation status of sandalwood species

The links between biodiversity conser-
vation and sustainable development are now 
universally acknowledged and recognized in 
the Millennium Development Goals and the 
conclusions of the World Summit on Sustainable 
Development. Sustainable trade in natural 
resources contributes to local and national 
economies creating incentives to conserve 
species and their natural habitats. A sustainable 
trade in wild species from the natural forests 
can contribute significantly to rural incomes, and 
the effect upon local economies in developing 
countries can be substantial.

Sandalwood is recognised worldwide 
as one of the most valuable economically 
important commercial tree species. Due to 
the over exploitation from the wild and human 
interferences and lack of sufficient plantation 

establishment, sandalwood resource declined 
worldwide from the past with skyrocketed price 
in the international market.

Sandalwood plants are widely distributed 
in Southern parts of peninsular India mainly in 
the States like, Karnataka, Tamil Nadu, Andhra 
Pradesh and Kerala. East Indian sandalwood, 
Santalum album L., is the queen among the 
species yielding supreme quality essential oil 
much required by domestic and international 
perfume and allied industries (Srinivasa Rao,  
et al., 2016).

Due to high value of sandalwood and its  
oil and rising demand in domestic and 
international markets, prices have skyrocketed.  
Smuggling of Sandalwood has created socio-
economic and law and order problems in all 
Sandalwood producing states. Karnataka Forest 
(Amendment) Bill, 2001 allows cultivation of 
sandalwood trees in private lands. This comes 
as a major policy change as far as sandalwood 
cultivation is concerned (Srinivasa Rao, et al., 
2016).

Karnataka Forest Department (KFD)  
has risen around 8500 ha. of sandalwood 
plantations in the state up to 2001-02. During 
2003-04 and 2006-07 the department has  
raised around 400 ha. and 1000 ha. of 
sandalwood plantations respectively in the  
state.  The country’s production of heartwood 
during 1930s through 1950s was around 4000 
tonnes a year, which has now decreased to 
a meagre 500 tonnes of wood a year or even 
less. It is estimated that the Global demand 
for sandalwood is around 5000 – 6000 tonnes/ 
annum and oil is around 100-120 tonnes/annum. 
Apart from departmental plantations several 
farmers have also shown keen interest in  
raising plantations in lieu of the liberalisation  
and amendment of policy during 2001 in the 
state (Srinivasa Rao, et al., 2016).

my forest – June 2018
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At present, the demand for sandalwood is 
continually increasing in line with the increasing 
growth of industry, tourism, mining and the 
increasing number of population, therefore to 
overcome this predicament, conservation must 
be done.

characteristics of Sandal Seed oil

It is viscous, slimy, pale greenish yellow, 
Refractive Index. 1.479-1.488, Specific 
Gravity 0.9304-0.9430 Unsaponifiable matter 
7-17%, Acid value 9-15, iodine value 145-159, 
Saponification value 185-195.

The seed oil on reaction with zinc chloride 
yields a dark plastic solid which when dissolved 
in .benzene forms an ideal base for insulation 
tapes. Seed oil reacts with sulphur at 220°C 
yielding a dark sticky rubber like product and 
hence classified under vulcanisable oils. 
Resins like colophony (rosin) copal, shellac 
etc. could be dissolved in seed oil at 200°C to 
produce an orange coloured varnish. The highly 
resinous unsaponi fiable matter constituting 
7 to 17% of oil could be easily separated by 
shaking seed oil with cold dilute alkali and  
ethyl acetate (Shankaranarayana, 1988) By 
partial hydro genation i.e. reduction at the 
acetylenic bonds, using Lindlar’s catalyst,  
sandal seed oil could be converted into a semi-
drying oil (Shankaranarayana, 1979). Four 
surface active products having good foaming 
capacity and foam stability were prepared by 
reaction of (i) dimethyl sulphate on sodium 
santalbate (Shankaranarayana and Krishna 
Rao, 1982), (ii) seed oil with diethanolamine, 
gelatin hydrolysate or sodium-ammonia 
(Shankaranarayana and Parthasarathi, 1986). 
On pharmacological screening, sandal seed 
oil was found to possess diuretic hypotensive, 
antitremorogenic and antiviral activities (Desai 
and Shankaranarayana, 1990). Seed oil finds 

use in treatment of skin diseases (Kirtikar and 
Basu, 1987).

chemistry of Sandalwood seed oil

Sandalwood seed oil is fatty oil produced  
from the seed kernel of the Sandalwood tree 
having different properties than the essential  
oil obtained from the heartwood of tree.  
Sandalwood seed oil is a natural blend of 
Ximenynic acid and oleic acid with minor 
quantities of other common fatty acids.  
Sandalwood seed oil contains 55-60% of a  
drying oil highly rich in unsaponifiable matter  
(7-17%) rich in one of the rarest fatty acids 
found in the plant kingdom. Sandalwood 
seeds from young trees (aged around 10  
years) are as much potentially rich in fatty 
oil, proteins and minerals as the seeds 
from the mature trees (age more than 30 
years) (Shankaranarayana, et al., 1990; 
Shankaranarayana and Parthasarathi, 1985).

Sandalwood seed oil contains a fat rich in 
Santalbic acid (Ximenynic acid), which is an 
acetylenic acid. Partial hydrogenation using 
Lindlar’s catalyst has yielded an oil containing 
80% of C18:1 and C18:2 fatty acids, 13% of 
C18:3, 6% C20 fatty acids and traces of Lauric 
acid (C12), Palmitic acid (C16) Stearic acid 
(C18) fatty acids making it more semi drying oil 
in the process (Shankaranarayana, 1979).

Sandalwood Seed Oil is a reliable natural 
source of Ximenynic acid which is an established 
anti-inflammatory lipid. This rare active oil  
can be formulated and delivered in a similar 
manner to normal carrier oils. Having excellent 
stability and favourable physicochemical 
characteristics, Sandalwood Seed Oil may 
offer the Personal Care Formulator an exciting 
ingredient with anti-inflammatory activity on  
skin together with the known emollient and 
nourishing properties of oleic acid (Hettiarachchi, 
et al., 2013).

my forest – June 2018
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Pharmacological importance

The health benefits of Sandalwood 
essential oil can be attributed to its properties as 
an antiseptic, anti-inflammatory, antiphlogistic, 
antispasmodic, astringent, carminative, diuretic, 
disinfectant, emollient, expectorant, hypotensive, 
memory booster, sedative and tonic substance 
(Soundararajan, et al., 2017).

Initial pharmacological studies of seed oil 
of S. spicatum reveal that it does not cause 
any toxicity or pathological damage to mice, 
but reduces fat deposition in adipose tissue. 
However increased aspartate amino transferase 
enzyme in plasma suggested an increased 
hepatic activity. Increased n-3 and n-9 fatty  
acids and decreased arachidonic acid (n-6) 
were also observed suggested a stimulation 
of the delta 9- desaturase enzyme. Isolated 
ximenynic acid from S. acuminatum was 
reported to have anti- inflammatory properties 
on several rat peritoneal leukocytes. Further 
studies of Ximenynic acid found it to alter the 
cytochrome P-450 enzyme in rats, indicating 
a pharmacological change in the hepatic 
metabolism (Dhanushka, et al., 2012). Studies 
have also found that rats and mice that 
consumed sandalwood seed oil deposited less 
fat on adipose tissue (under the skin) than the 
control group. Researchers have identified 
that ximenynic acid produces micro-vascular 
constriction activity or otherwise increased  
blood circulation in the skin. The ethyl ester 
of ximenynic acid has been associated with 
micro-vascular kinetic properties which could 
be beneficial in treatment of cellulitis, hair 
loss and varicose veins (Dhanushka, et al., 
2012). Studies have also shown that a highly  
purified ximenynic acid increases cellular 
detoxification, anti-oxidation capacity. It leads 
to a strengthening of the Extra Cellular Matrix 
(ECM), increases dermal strength and improves 
skin elasticity (Vasundhara, et al., 2015).

It has also been reported that Ximenynic 
forms triximenynic glycerides (Dhanushka,  
et al., 2012, Liu, et al., 1996). Santalbic acid 
(trans11-octa-decen-9-yonic acid), a major 
constituent of the seed inhibits gram positive 
bacteria and several pathogenic fungi (Misra 
and Dey, 2013). Studies on unusual acetylenic 
fatty acids of Santalum seed oil genus began 
in the 1930s and most of them were identified 
by comparison with those found in seed oils 
of the Ximenia genus (Oleaceace), such as 
Ximenynic acid, E-11- octadecen-9ynoic acid, 
a long chain acetylenic fatty acid. This rare 
ximenynic acid previously named santalbic 
acid, was then identified and reported in 
various genera of Santalaceae. Proximate and 
fatty acid composition changes in developed 
sandalwood (S. spicatum) seeds and separation 
and identification of Ximenynic acid isomers 
in this seed oil as their 4,4-dimethyloxazoline 
derivatives have also been studied (Butaud,  
et al., 2008).

conclusion

Sandalwood Seed Oil is a reliable source 
of Santalbic acid (Ximenynic acid) which is 
well known source of anti-inflammatory lipid. 
Santalum album seed oil possesses excellent 
stability and favourable physicochemical 
characteristics and also pharmacological values 
with great potential for various applications in 
cosmetics and others such as anti-inflamatory 
creams. Sandal seed oil finds use in treatment 
of skin diseases. On pharmacological screening 
it exhibited diuretic activity, antitremorogenic 
activity and antiviral activity. It produced 
prolonged fall in carotid blood pressure and 
increase in respiration when administered 
intraperitoneally to adult healthy mongrel dogs 
anesthetized with pentobarbitone sodium  
(Desai, et al., 1991). As the global demand 
for novel cosmetic agents is ever increasing,  
sandalwood seed oil could enter the market as  

my forest – June 2018
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a cosmetic ingredient that could also act as a  
vehicle for other oil-soluble agents. Studies 
continue on oxidative stability and pharma-
cological effects such as anti-inflammatory and 
cytotoxicity to extend knowledge of sandalwood 
seed oil as an acceptable pharmaceutical and 
cosmetic ingredient (Dhanushka, et al., 2012). 
Acetylenic acids such as Ximenynic acid are 
known to interfere with fatty acid metabolism in 
a variety of tissues. Seed oil of S. album may 
be a good source of ximenynic acid for cyclo-
oxygenase and lipoxygenase enzyme studies 
(Butaud, et al., 2008). Hence, an attempt is 
made to assess the fatty acid methyl esters.

Research interest to evaluate its 
pharmacological and cosmetic potential has 
developed recently perhaps on realization 
that sandalwood seed oil may contain 
novel chemicals that exhibit a wide range of 
pharmacological cosmetic effects. Hence,  
more studies are required on phytochemical, 
cosmetic and pharmacological/ biological 
importance of seed oil of this important species.   

It can be emphasised  that the S. album 
(Indian Sandalwood) seed oil is an excellent 
source of Ximenynic acid and oleic acid, an 
essential fatty acid and is hither to unexploited. 
It is highlighted about the potential availability 
of seed oil of S. album to be a good source of 
Xymenymic acid and also additional income 
generation to the sandalwood growers as the 
seeds sets in right at 4th years onwards.
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The Karnataka Forest Department has a 
fairly long tradition of forestry research. In the 
early 1900s, the then Conservator of Forests 
and ex-officio Secretary to the Government 
of the princely state of Mysore, Mr. Muthanna 
had encouraged research works to control the 
dreaded ‘Spike disease’ which had seriously 
affected the sandalwood trees. During the year 
1938, the Forest Research Laboratory was set 
up in Bengaluru, which was the second forest 
research institute in the country after the Forest 
Research Institute at Dehradun established 
in 1906. The Forest Research Laboratory, 
Bengaluru had carried out research works on 
various subjects including, investigation on 
Spike disease, finding alternative wood such as 
Yethyaga (Adina cordifolia), Buruga (Bombax 
malabarica) and Sampige (Michelia champaca) 
for Battery Separators, development of tool 
handles with Dindiga (Anogeissus latifolia) and 
Dhaman (Grewia tiliaefolia), development of 
Eucalyptus hybrid, decorative small wood work, 
use of bamboo cellulose for rayon, work on lac 
development with host plants such as Jalari 

foreStrY reSearcH 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.

(Shorea talura), Kusum (Schleichera trijuga), 
bore (Zizyphus jujuba) and Ficus species, 
essential oils from Bursera delpechiana and 
Pogostemon patchouli. The Forest Research 
Laboratory was transferred to the Central 
Government in 1956. It is now under the Indian 
Council of Forestry Research and Education 
(ICFRE), Dehradun and has been renamed 
as Institute of Wood Science and Technology, 
Bengaluru

2. After Independence, the State 
government decided to have an officer  
exclusively to conduct and supervise forestry 
research and related works in the state. One  
State Silviculturist with headquarters at 
Bengaluru was appointed during 1948. During 
early 1970s, two more posts of Silviculturists 
were created and the jurisdictions of the three 
Silviculturists were re-organized as follows:  
(1) Silviculturist, Southern Zone, Headquarters-
Mercara (Madikeri), (2) Silviculturist, Central 
Zone, Headquarters – Bengaluru and  
(3) Silviculturist, Northern Zone, Headquarters 

* Former Principal Chief Conservator of Forests (Head of Forest Force), Karnataka Forest Department.
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– Dharwar. The Silviculturists were forest 
officers of the rank of Deputy Conservator of 
Forests (DCF). They were working under the 
supervision of the Conservator of Forests (CF), 
Research and Utilization with headquarters 
at Bangalore. Subsequently, one more post  
of DCF, Research with headquarters at 
Bellary was created by reorganizing the zonal 
jurisdictions of the Silviculturists. During the  
last two decades the Research wing has 
undergone significant transformation. It is now 
headed by an officer of the rank of Additional 
Principal Chief Conservator of Forests. The  
posts of Silviculturists / DCF, Research 
have been upgraded and re-designated as 
Conservator of Forests (CF) / Chief Conservator 
of Forests (CCF), Forest Research. There is 
also a Deputy Conservator of Forests with 
headquarters at Bengaluru who looks after 
various aspects of production, development 
and certification of seeds. In addition, there is 
an Assistant Conservator of Forests, Forest 
Utilisation with headquarters at Bangalore.  
The number of sub-divisions and ranges 
dedicated to forestry research has also  
increased over the years in keeping with 
the expansion of research activities of the 
department.

3. As per the recommendation of the  
third Silvicultural Conference held at Dehradun 
in the year 1929, concerted efforts were  
made to lay Tree Increment Plots in various  
parts of the country in order to study the 
composition and growth parameters of tropical 
rain forests. The idea of establishing permanent 
Preservation Plots representing various forest 
types for the purpose of scientific studies was 
also mooted in the same conference. During  
the period 1937-1940, seven Linear Tree 
Increment (LTI) Plots were established in the 
wet evergreen forests of Uttara Kannada, 
Shivamogga and Kodagu districts of Karnataka. 
These LTI plots were located at Agumbe, 

Devimane, Katlekhan, Malemane, Kodkani, 
Bannadpare and Chippehole. During 1950, 
sixteen LTI plots were established in the moist 
deciduous forests around Dandeli of Uttara 
Kannada district under the guidance of Mr. 
Quereshi, the then Siviculturist, Pune. One of 
these plots has gone under submersion. The 
remaining fifteen LTI plots were located at 
Raulwada, Usoda, Shingatgeri, Karka, Bailpar, 
Veerampalli, Aurla, Shiroli, Phansoli, Jambagali, 
Kulgi, Bhagwathi, Adkehosur, Bhagwathi and 
Mainal. Five preservation plots were laid out  
in 1987 at Telageri, Devimane, Katlekan, 
Malemane and Kodkani. All these LTI and 
Preservation plots have been maintained by 
the Research wing by fixing number plates, 
boundary stones and name boards. Growth 
data is recorded from the trees in all the plots 
once in five years. The object is to study the 
diameter increment of different species under 
natural conditions. Besides, status of natural 
regeneration is also being studied in these  
plots. Studies like leaf litter collection have also 
been taken up in some of the LTI plots.

4. The Research wing had in 2016 carried 
out total enumeration of the tree species in the 
LTI plot at Agumbe. It has been found that as 
against 799 trees belonging to nine (9) species 
recorded during 1940, there are now 2,068 
trees belonging to forty-seven (47) species in 
the plot. Earlier, the dominating species were 
Poeciloneuron indicum, Dipterocarpus indicus, 
Palaquium ellipticum and Diospyros paniculata. 
Now Humboldtia brunonis, Poeciloneuron 
indicum, Litsea floribunda, Dipterocarpus 
indicus, Dimocarpus longan, Mastixia arborea, 
etc. are dominating the plot. Hence over a period 
of time (75 years), many new species have 
appeared in the plot. 

5. During the last few decades, the 
Research wing of the Forest department  
has made multidirectional efforts in tree 
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improvement programme and has been able 
to achieve far reaching results. Plus trees 
(phenotypically superior trees i.e. trees with 
visible superior traits) of various economically 
and ecologically important tree species in 
different agro-climatic zones in the state have 
been identified for seed source as well as for 
mass multiplication through vegetative means. 
Seed mother trees of important species  
have been identified in the state to obtain good 
quality seeds. clonal orchards for various 
species have been created for production of 
good quality seeds, conservation of superior 
germplasm and also for collection of material 
for vegetative propagation. The species 
include Teak, Tamarind, Jackfruit, wood apple, 
Seetaphal, Carissa carandas, Nelli, Bore, 
Jamun, Mango (Appemedi variety), Honge, 
Bevu, Anjan, Casuarina, Eucalyptus, Antawala, 
Cashew, Cane, Sandal, Garcinia, Shivani,  
etc. Seedling seed orchards have been 
established for a number of species such 
as Jackfruit, Nelli, Tamarind, Jamun, Bela or 
Wood apple, Sandal, Bevu, Bore, Seethaphala, 
Seege, Antawal, Waate, Saludhupa, Hebbalsu, 
Hippe, Baaage, Bilwara, Nagasampige, 
Mahogany, Thaare, Honne, Tapasi, Matthi, 
Beete, Ashoka,Hebbevu, Balangi, etc. These 
are orchards raised with seedlings obtained  
from seeds of selected phenotypically superior 
trees. Germ Plasm Banks of a number of 
species such as Tamarind, Bore, Seethaphala, 
Teak, Cane, Undimara (Calophyllum inophyllum), 
Marihal bamboo, Honge, Faizabad Nelli, 
Shivani, etc. have been established by bringing 
the species from different parts of the country 
and from within the state. Germ plasm banks 
are established by multiplying phenotypicaly 
and genetically superior parents by vegetative 
methods. This is done to preserve the genetic 
base of the species. These clonal banks form 
valuable source of superior genetic material for 
future multiplication.  Seed Production Stands 

have been selected for a number of species  
with the object of collecting good quality seeds 
from identified climatic areas for use within 
the state and also to supply outside the state. 
Vegetative production methods like grafting, 
budding, air layering, cutting, etc. have 
been standardized for many economically 
important species and are being used for mass 
multiplication. Provenance trials of species like 
Eucalyptus, Acacias, Sandalwood; Subabul, 
Glyricidia, Jackfruit, Shivani (Gmelina arborea), 
Seethaphala, Nelli, etc. have been taken up in 
different locations of the state. Progeny trials for 
teak, Tamarind, Waate (Artocarpus lakoocha), 
Neem, Kamara, Catechu, Garcinia morella, 
etc. have been taken up in order to screen the  
Plus trees to get superior and selected 
germplasm for specific characters.

6. The Research wing has been carrying 
out various trials regarding introduction of 
species. These trials include, introduction of 
bamboos from Arunachal Pradesh, Ceiba 
pentandra, Acacia auriculiformis (straight 
growing provenance), introduction of Garcinia 
cambogia in grassy lands in high rainfall zone 
(Aiyengeri-1997, present survival 75.36%), 
Hopea parviflora (Muchinadka – Uppinangadi 
range: 1911 plantation, 82 trees, average height 
20.634 m, average girth 1.950 m recorded in 
May, 2015), Cinnamomum verum (near FRH 
Thitimati-1972, survival 33.5% recorded in  
2000-01 and 13% recorded in 2014-15), 
Diospyros ebenum (adjacent to Koinadu 
nursery of Madikeri Research range – 1999, 
survival 79.38% recorded in 2014-15), Cane 
under-planting in older plantations of Acacia 
auriculiformis, irrigated plantation of teak 
and rosewood, under-planting of evergreen, 
semi-evergreen and deciduous species in old 
Acacia auriculiformis plantations, introduction 
of various Ficus species (Kalkere plot-1989), 
introduction of Indian Acacias (Challakere  
plot-1989), development of typical moist 
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deciduous vegetation in a clear felled area, 
study of teak coppice, dibbling of seeds in 
Acacia auriculiformis plantations, trial plots 
of dry zone species, study of performance of 
species in various rainfall zones and different 
localities including under-planting/clear felled/
degraded areas, etc. Acacia auriculiformis which 
was planted in a number of trial plots in the high 
rainfall zone has proved to be very successful 
in grassland afforestation along with some  
hardy native species such as Mango, Nelli, 
Jackfruit, Saaludhupa, Antawala, Jamun, etc. 
A number of species trial plots with multiple 
indigenous species have been established in 
different localities with different environmental 
conditions to check the suitability of the 
species. Such trial plots are located in Belagavi, 
Dharawada, Bandai, Shivamogga, Dandeli, 
Tirthahalli, Sirasi, etc. Importance has been 
given to rare, endangered and threatened (RET) 
natural species which are becoming endangered 
in the Western Ghats region and with this 
objective, a number of trial plots have been 
established in Chakra, Malali, Hunsekoppa, 
Varanda, Kumbeli, etc. where these species 
have been introduced.

7. Varieties of exotic species were 
introduced for trial purposes in the research plots 
and their performances were also observed. 
Among these species, Pinus caribaea var. 
hondurensis and Pinus oocarpa were found to 
be suitable for grass lands of high rainfall zone. 
Species such as Terminalia ivorensis, Terminalia 
mantalay, Khaya grandiflora, Khaya anthotheca, 
Agathis alba, etc. which were introduced in 
Lakkunda research plot near Thirthahalli during 
1966 had shown good growth of more than  
one meter girth at breast height (GBH) during 
1990. In Sampaje range, 250 seedlings of 
Terminalia ivorensis had been introduced in  
1979 in a failed Pinus caribaea plantation (1978). 
As on March 2001, 189 plants were found to 
survive and the average height was more than  

25 m with a few good trees having more than  
18 m clear bole. The trees are seeding well. 
The wood appears to be good hardwood. 
Chlorophora excelsa (named as African teak) 
was introduced in a trial plot at Thithimati  
during 1972. The performance of this species 
was found to be very good during 2001 with an 
average girth of more than 1.2 m and average 
height of about 24 m. Another Chlorophora 
excelsa trial plot with 303 seedlings was  
raised in 1972 in Chennangi near Polybetta 
in Kodagu district. It had recorded a survival 
percentage of 51% during 2006 but it decreased 
to 28% in 2015, apparently due to fire during 
2014. The existing trees are reported to be of 
very good growth. In Majjigehalla research plot 
of Thithimathi, exotic species such as Andaman 
padauk, Chlorophora excelsa and Khaya 
senegalensis had been introduced during 2003-
04. Andaman padauk and Chlorophora excelsa 
failed due the biotic interference but Khaya 
sengalensis has established well. Varieties of 
American dry zone hard wood species were 
planted in Kamarakaval research plot in Bellary 
research unit during 1986. Many of these  
species had shown promising growth of about 
15 cm GBH during 1991. More varieties of 
exotic species were introduced in trial plots  
in Jarakabande (1987) and Hosakote (1989). 
During the period 2001 to 2008, a number 
of species such as Acacia hybrid, Acacia 
auriculiformis Springvale Provenance and 
Eucalyptus (ITC Bhadrachalam clones) have 
been introduced in trial plots located in Hosur, 
Managundi, Tadas, Salakinkoppa, Halabavi, 
etc. and fairly good growth and survival have 
been observed. It is necessary for the Research 
wing to take up a comprehensive survey of 
all the research plots in the state where large 
numbers of species including exotic species 
were introduced in the past and bring out a 
compendium about their performance.

8. Establishment of Medicinal plots or 
gardens has been another achievement of 
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the Research wing of the Forest department. 
These gardens or ‘Vanas’ of medicinal herbs, 
shrubs and trees associated with Ayurvedic 
and herbal systems of medicine have been set 
up in the 1990s in various parts in Karnataka. 
These gardens serve as source of seeds,  
plants and literature on herbal cure. Many 
medicinal Vanas such as Triphala Vana, 
Panchavati Vana, Panchpallya Vana, Ashoka 
Vana, Saraswati Vana, Antidiabetics Vana, 
Krishna Vana, Pushpa Vana, Chavana Vana, 
Ramachandra Vana, Kalpavruksha Vana, 
Mandara Vana, Dhanavantri Vana, etc. have 
been established. The nursery techniques for 
most of the species have been standardized. 
Publications and awareness programs 
through mass media are done to convey the 
importance of conserving and developing our 
rich biodiversity and its usages to the people. 
During 2013 and 2014, a number of plots have 
been established in Shivamogga and Sirasi 
divisions with species such as Saraca ashoca, 
Canarium strictum, Mappia foetida, Garcinia 
gummigutta, Dysoxylum malabaricum, Myristica 
malabarica, Salacia oblonga, etc. The Forest 
department has carried forward the concept 
of medicinal plant conservation through its 
plantation programs such as Tree Parks and 
Daivi vanas. The department is also maintaining 
a number of medicinal plants conservation 
areas (MPCA) which were established in the 
state in collaboration with the Foundation 
for Revitalization of Local Health Traditions 
(FRLHT) for the purpose of in-situ conservation 
of medicinal plants. The Karnataka State  
Medicinal Plants Authority (KaMPA) was set up 
in 2002 for the conservation, development and 
utilization of medicinal plants in the state.   

9. The Research wing has also carried 
out experiments to assess the impact of 
moisture conservation on teak plantation, 
effects of different soil preparations on moisture 
conservation, effect of soil conservation works 

such as check dams and gully plugs on dry  
zone afforestation works and Agave plantations 
on degraded sites of hillocks with very high 
slope. It has also carried out experiments  
to improve the germination percentage of  
some of the species such as Alale/Hirda 
(Terminalia chebula), Kaadugeru (Semecarpus 
anacardium), Tumri or Tendu (Diospyros 
melanoxylon), Nelli (Phyllanthus emblica), etc. 
The system of raising seedlings from root-shoot 
cuttings has also been developed in respect 
of some hardwood species to achieve better 
results in dry zone afforestation. Experiments 
have been conducted for biological control of 
Teak Skeletoniser. Productivity studies have 
been carried out in respect of species such 
as Tamarind, Subabul, Bellary Jali (Prosopis 
juliflora), Acacia auriculiformis, Bamboo, 
Calliandra calothyrsus, etc. Nutrient cycling 
studies have been conducted by assessment 
of leaf litter fall in wet evergreen forests, moist 
deciduous forests as well as in plantations of 
various species such as Acacia auriculiformis, 
Casuarina equisetifolia, Cassia siamea, 
Anthocephalus cadamba, Gmelina arborea, 
Lagerstroemia lanceolata and Duabanga 
sonneratioides. A number of shade bearer 
species such as Murugal, Rampatre, Ashoka, 
Devadaru, Nagasampige, Cane, Saludhupa,  
etc. have been introduced through under planting 
in older Acacia auriculiformis plantations. 
Among all species Nagabetta, Handibetta and 
Saludhupa have shown promising results.  
A survey on agro-forestry practices in Karnataka 
was done to take stock of the existing situation 
of the whole state so as to take up suitable 
measures in respect of future research needs 
and developmental activities. 

10.  Nursery research works undertaken 
by the Research wing include (a) species 
performance under different water regimes,  
(b) species performance under different 
proportion of ingredients, (c) species 
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performance under different doses of fertilizers, 
(d) standardization of nursery techniques for 
different species and (e) correlation between 
root and shoot ratio of different species. Some 
of the forestry species including important  
NTFP species have very poor germination 
percentage and germination takes a long 
time when sown by usual methods. The 
Research wing carries out trials to increase the  
germination percentage and to reduce the 
germination period of such species by using 
different methods of treatment including 
application of chemical solutions. The species 
include Alale (Hirda), Kadugeru, Tupra, 
Calophyllum inophyllum, Canarium strictum, 
Dysoxylum malabaricum, Swietenia mahagony, 
Syzygium jambos, Garcinia indica, Garcinia 
cambogia, Myristica malabarica, Mimusops 
elengi, Persea macrantha, Elaeocarpus 
tuberculatus, etc. Trials are also done in order 
to induce flowering and fruiting in species. 
A number of chemical and other treatments 
were carried out in Terkanahalli and Hirekal 
research stations for inducing fruiting / flowering 
in Appemidi mango (Mangifera indica) during 
2015-16 and 2016-17 and encouraging results 
have been obtained.

11.  The Research wing has been carrying 
out works on the use of bio-fertilizers. Trials are 
conducted on the efficacy of using vermicompost 
as manure. Vermicompost is produced in a 
number of Research nurseries to meet the 
requirements of manure for raising seedlings in 
departmental nurseries. Nitrogen fixing bacteria 
like Rhizobium, Azolla, Blue green algae, 
Phosphorus solubilising Micorrhiza are some  
of the important biofertilizers being used for 
forestry species. Studies are also conducted in 
order to find effective control measures for the 
pests and diseases in forest nurseries.

12.  With an objective of studying the 
effectiveness of aerial seeding for afforestation 

in difficult and inaccessible areas, the Research 
wing had taken up this method on experimental 
basis in collaboration with the National 
Wasteland Development Board. The study area 
comprised of about 3,100 hectares of forest 
areas in Chamarajanagara, Bengaluru Rural  
and Bengaluru Urban divisions and Bandipur 
national park. Germination of many species, 
particularly, bamboo, Tamarind, Acacia nilotica 
and sandal was found to be encouraging. 
However, heavy biotic interference and 
intervening dry spells caused heavy mortality. 
It was concluded that re-stocking of degraded 
forests through this practice is unlikely to be a 
success. Aerial seeding has been discontinued 
in the state since 1992.     

13.  The Research wing also carried  
out collaborative research projects with 
international agencies such as Oxford Forestry 
Institute and Institute of Hydrology, Roorkee  
on ‘Karnataka Trees and Environment 
Project’ and ‘Fast growing species Project’. 
Collaborative research activities were carried 
out with the Universities of Boston and 
Massachusetts on Population Dynamics and 
rate of growth of species in tropical evergreen 
forests. Collaborative studies were conducted 
with the UNESCO and Government of India 
Institute of Hydrology, Roorkee on comparative 
role of natural forests, coffee plantations and 
Acacia plantations on regulating water flow 
in dry months. It also carried out research 
projects on areas such as Provenance trials, 
Silvicultural research, Clonal propagation,  
Water use efficiency of Eucalyptus and 
Productivity research in collaboration with 
the Forestry wing of M/s Mysore Paper Mills  
Limited, Bhadravathi. 

14.  During 2001-2004, a number of sample 
plots were laid by the Research wing (Southern 
zone) in order to conduct bio-diversity studies 
in different types of natural forests including 
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mangrove forests. The extent of each sample 
plot is 1 hectare with dimensions 100 m x 100 
m. All trees above 30 cms in girth have been 
enumerated, measured and fixed with aluminum 
number plates. Measurements are being 
recorded at regular intervals. The above plots 
are maintained and last recording was taken 
during the 2015-16. Biological studies will be 
carried in the above sample plots.

15.  Climbers are one of the most  
interesting but much neglected groups of  
plants. They occur in all woody ecosystems 
of the world. High climbers play important 
ecological role in forest ecosystem dynamics 
and functioning. They contribute substantially  
to canopy closure after tree fall and help to 
stabilize the microclimate underneath. Lianas  
in particular add considerably to forest plant 
diversity and provide valuable habitat and 
connections among tree canopies that enable 
arboreal animals to traverse the tree tops. 
Climbers also form an essential part of diet of 
many animals in times of scarcity of flowers 
and fruits. Some climbers are also important 
medicinal plants. In order to comprehensively 
study climbers, three climber plots have been 
established in 2015-16 at Basavapura, Agumbe 
and Terakanhalli in Shivamogga and Uttara 
Kannada districts. The numbers of climber 
species planted in the three plots are 22, 24  
and 28 respectively. 

16. In order to conduct long term monitoring 
of the effect of anthropogenic activities and 
climate change on the ecosystem, permanent 
ecological plots of one hectare area have been 
laid out during 2016 in four places, namely, 
Chakra, Agumbe, Talakaveri and Seethanadi. 
The main objectives of such study are: to 
quantify long term changes in forest biomass, 
to relate current forest structure, ecophysiology, 
biomass and dynamics to local climate and 
soil properties, to understand the relationships 

between productivity, mortality and biomass, 
to analyze the diversity of documented  
herbs, shrubs, climbers and lianas and trees 
statistically, and to know about regeneration 
status of the tree species. Each plot is of  
dimension 100 m x 100 m. The main plot is 
divided into four subplots of size 50 m x 50 
m and named A, B, C and D by leaving one  
meter path at centre. Each subplot is divided 
into 100 quadrants of size 5 m x 5 m (Total  
400 quadrants). Details of all herbs, shrubs, 
climbers, lianas, poles and trees in each 
quadrant have been recorded. In the Chakra 
plot, 32,621 individuals belonging to 196  
species of herbs, shrubs, climbers, lianas, 
seedlings, saplings, poles and trees have 
been recorded. The corresponding figures for 
the Agumbe plot are 28,741 and 161. In the 
Seethanadi plot, a total of 67,618 individuals 
belonging to 135 species were documented.  
The department has taken up collaborative 
research with Sri Jagadguru Chandrashekhara 
Bharathi Memorial (JCBM) College, Sringeri 
with an aim to have continuity of observation 
for undertaking long term monitoring of the 
ecological plots.

17. The Karnataka Forest Department 
through the Research wing has been sponsoring 
research projects by providing funds under  
the CAMPA to institutions such as Institute 
of Wood Science and Technology (IWST), 
Bengaluru, Institute of Forest Genetics and Tree 
Breeding (IFGTB), Coimbatore, universities 
and colleges to carry out research and conduct 
studies on various topics on forestry primarily 
related to field issues and problems. Such 
projects are selected by a Research Advisory 
Committee. The numbers of projects selected 
and sanctioned during the recent years are as 
follows: 2013-14 – 17 projects, 2014-15 – 7 
projects, 2015-16 – 12 projects and 2016-17 – 
20 projects.
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18.  The Research wing supplies substantial 
quantities of seeds required by the department  
for raising seedlings for its plantation programs. 
The wing is well-equipped with various 
machineries and equipments such as seed 
grader, seed drier, sieving machine, specific 
gravity separator, seed treater and seed 
germinator. Quality seeds are collected from 
different seed sources identified and maintained 
by the Research wing. The collected seeds 
are cleaned, graded, certified and packaged 
under the supervision of DCF (SF), Research 
and distributed to various forest divisions  
as per indents placed by them in advance.  
Since 2014, teak seeds collected from known 
sources are scarified and then sent to various 
forest divisions. This has increased the 
germination by 50% and reduced the transport 
cost due to reduction of volume. The Assistant 
Conservator of Forests, Forest Utilization, 
Bangalore is raising and distributing medicinal 
plants under different Plan and Non-Plan 
schemes. Funds are also released by the 
AYUSH Department for this purpose.

19.  As a part of its extension programme, 
the Research wing regularly publishes ‘Silva’s 
News Letter’ and ‘My Forest’ (a quarterly  
journal) besides brochures on various topics  
on forestry research.

20. The focus of forestry research in the 
state has so far been primarily species-centric.  
It is felt that while such research should  
continue, there is need for increased focus 
on ecological research. There is need for  
scientific and systematic documentation of 
the existing flora and fauna. Even now, we do 
not have complete details of all the species 
available in our forests. Our present method  
of documentation for the entire forest division 
in the working plan should give way to 
comprehensive study of the floral diversity  
of each and every state forest. Such scientific  

and systematic studies will form the basis 
of further studies on forest ecosystems and 
research on forest ecology. In this context, 
the initiatives taken by the Research wing to 
collaborate with educational institutions such  
as JCBM College, Sringeri for undertaking 
long term monitoring of the ecological plots 
established at Chakra, Agumbe, Talakaveri and 
Seethanadi are steps in the right direction.

21. One area of concern in Forestry 
research is in respect of wildlife research. The 
department does not have a dedicated wing  
or cell to carry out, co-ordinate or monitor 
wildlife research. The department’s inability 
in the past to focus on wildlife research can  
be attributed to the absence of a full-fledged 
wildlife wing for a long time. In the initial years  
after its establishment in the early 1990s, 
the wildlife wing was primarily engaged in 
strengthening the organization for effective 
management of wildlife. Besides, the officers 
have been fully engaged in administrative 
and management related challenges. The 
department’s inability to initiate wildlife research 
on its own created a vacuum which over 
the years has been filled by organizations 
or individuals dedicated to wildlife research.  
From the beginning, the department has been 
permitting outside organizations or individuals 
to conduct wildlife research on subjects of  
their choice. These permissions have been 
almost unconditional. Some of the organizations 
such as Ashoka Trust for Research in 
Ecology and Environment (ATREE), Wildlife 
Conservation Society (WCS)-India, Center for 
Wildlife Studies (CWS), Nature Conservation 
Foundation (NCF), etc. have done pioneering 
works in their respective fields of research.  
At present, there is no mechanism within the 
Forest department to co-ordinate and monitor  
the progress of research works in wildlife 
conducted by various organizations or  
individuals. As a result, the department has 
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access to the results of such research works 
only to the extent that these organizations 
or individuals intend to share or reveal. The 
department on its own has sponsored very 
few wildlife research projects. In recent  
years, some young officers having passion  
in wildlife or trained in wildlife have shown 
interest in taking up studies or research on 
subjects of their interest. It is on account of  
such interest that they have been able to  
develop certain softwares such as ‘Huli’ and 
‘Hejje’ which are being used by the department 
to monitor the movement of frontline staff and 
wild animals in tiger reserves and other forest 
areas. The Research wing has also taken up 
a few wildlife studies through camera traps  
in order to quantify the abundance of wildlife 
in and around some of the research stations 
such as Shivamogga, Thirthahalli, Tumakuru, 
Hosakote, Kolara, Mandya and Sirasi. The 
results are encouraging with recording of  
various animals and birds. This is now being 
done on a regular basis so that the status  
of wildlife in areas outside protected areas can 
be assessed. 

22. It is necessary for the department to 
have a dedicated wildlife research cell under  
the control of the Chief Wildlife Warden, 
Karnataka to monitor all wildlife research works 
being carried out in the forests of the state 
irrespective of whether these are sponsored 
by the department or not. Certain funds  
should also be allocated to the wildlife wing  
so that specific studies or research works 
identified as per the department’s requirement 
are sponsored by engaging experts in the 
concerned field. All researchers should 
mandatorily share their research findings and 
publications with the wildlife research cell,  
so that such findings and publications can 
be made use of by the department in field 

applications. It goes without saying that  
setting up of a wildlife research cell within 
the wildlife wing will require a batch of highly 
dedicated and trained forest officers who are 
prepared to spend considerable time in the 
forest.

23. It is gratifying to note that the State 
Government has on 30-06-2017 accorded 
approval to set up an Institute for Forest and 
Wildlife Policy Research, Climate Change  
and Training for the Karnataka Forest 
Department. The institute, to be established at 
Jharakbande, Bengaluru, will take up studies 
and research on various issues covering forest 
policy, forest law, climate change impacts, 
vulnerability of forest ecosystems from fire, 
encroachment, man-animal conflict, etc., and 
provide solutions and specialized training. 
It will also provide a platform for studying  
and sharing the best practices of other State 
Forest Departments on common issues and 
problems.
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introduction 

The threat to the Park is severe as the 
rhinoceros population is very high and the 
entire boundary is porous. The northern side 
is surrounded by the river Brahmaputra and  
its numerous islands. There is a large population 
of traditional fishing communities all along the 
river, some of whom harbor poaching of wild 
animals especially Rhinoceros. The poachers 
entering the Park from northern side with the 
help of fishing communities use .315 and .303 
rifles. Further there is no village inside the  
Park; villages close to the southern boundary 
also pose threat to the Park and make  
protection difficult. These villagers harbor 
poachers from Nagaland and Manipur who  
use assault rifles (AK 47, AK 56 etc.). From 1980 
to 1997, a total of 530 rhinos were poached, 
averaging nearly 30 rhinos per year. Highest 

   cHallenGeS to oVercome tHreat to rHinoceroS  
in aSSam

B.K.Singh, ifS (retd.)

abstract

During management effectiveness evaluation exercise of Tiger Reserves in north eastern states, 
Kaziranga National Park is seen as most fascinating habitat. The state of Assam has 2600 Rhinos, of 
which 2400 are in this park. It is situated in floodplains of Brahmaputra River. The ground level of the 
Park was raised during earthquake in 1950. The sediments carried by Brahmaputra and rivers originating 
in neighbouring Karbi Anglong District are deposited. During monsoon, the rivers inundate the area by 
overflowing banks and filling low lying areas of the park. The flood is an annual feature. The Park has a 
large diversity of mammals, birds and reptiles. One horned rhinoceros, wild buffalo, elephant, tiger and 
swamp deer are present in good number and are popularly called as big five of Kaziranga. This Park 
has many appellations to its credit. It is a tiger reserve, a world heritage site, an elephant reserve and an 
important bird area.

Excess water of river Brahmaputra drains through the Park back to the river and recharge all important 
water bodies annually.

poaching of 48 Rhinos was reported in 1992 
when the population was 1100. In the years 
2013, 2014, 2015 and 2016 rhino poaching 
cases were 27, 27, 17 and 18 respectively.  
6 Rhinos were poached till November 2017.  
The market for Rhino horn is in China and 
Taiwan. Rhino population in the Park was 940  
in 1980 grew to 1300 in 1997 and has finally 
grown to 2400 as per the latest census in  
2015.

Some other Protected Areas (PAs) in 
Assam also harbor Rhino population, equally 
vulnerable for poaching. Bodo agitation in 
eighties and nineties resulted in wiping out all 
Rhinos from Manas National Park. Elephants 
and tigers were also wiped out. The populations 
of these animals are slowly building up as a 
result of migration from adjoining Royal Manas 
of Bhutan. Management of Manas of Assam 

Former Principal Chief Conservator of Forests (Head of Forest Force), Karnataka.
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state has reintroduced Rhino, but poaching  
goes on unabated. They are thinking of 
reintroducing again. Two Rhinos reintroduced 
in Burachapori Sanctuary in the flood plain 
of Brahmaputra have died. It appears that the 
mother was diseased and the calf was too 
young to survive alone. The choice of the pair  
for reintroduction was probably inappropriate. 

Though there is no village inside Kaziranga 
National Park, cattle from adjoining villages 
graze inside. It leads to habitat loss and  
poses even bigger threat to protection. There 
are 178 anti poaching camps spread over the  
Park so as to keep entire area under  
surveillance. The spots of one Rhino poaching  
in the night of 2nd November 2017 and two 
more in the night of 4th November are hardly 
200 meters from Tunikati anti poaching camp  
in Buda-pahar range. The same gang stayed in  
the Park for two days and committed both 
poaching. They were caught by Police in 
Nagaland after one week. During my visit, 
the staffs of the camp were confronted with 
a question as to how the poachers stayed in 
the forests without being noticed, they had no 
answer. A senior officer shared with me that 
there is suspicion on some staff for abetting  
this. 

Government of Assam has taken many 
measures for effective management of Wildlife  
in the state including legislative changes,  
bringing Wildlife (Protection) (Assam 
Amendment) Act, 2009 for strict enforcement 
in handling wildlife crime including poaching 
of Rhinos. “Anti Rhino Poaching Task Force” 
a Special Task Force comprising of district 
Police of Golaghat, Nagaon, Sonitpur and Karbi 
Anglong districts as well as Forest personnel  
of Kaziranga National Park is established in 

2014. They have arrested many poachers in  
the series of commando based raids.

Additional support for control of poaching  
in the Park is provided by placing 535 personnel 
from Assam Forest Protection Force with as 
many .303 rifles, 200 SLRs. Services of 125 
home guards are also available. Process is on  
to acquire more sophisticated arms like AK 
Series weapons.

An Electronic surveillance system, called 
the Electronic Eye is installed with eight tall 
towers of 45 meter height and one control  
tower. They are fitted with visual and thermal 
imaging cameras with 24X7 accesses. The 
visual camera can track any movement within 
a radius of 10 km during the day while thermal 
camera can track up to 3 km during night.  
To cover surveillance on entire Park eight  
more towers are required to be installed. For 
full night surveillance many more towers are 
required. Presently the system is in operation 
and provides limited support to anti poaching 
strategies. 

During the patrolling in the jungle, the  
staffs are not only prone to attack by poachers  
but are also attacked by wild animals like 
Rhino, wild buffalo and elephant. Fifteen forest 
personnel were killed while patrolling the  
jungle in last twelve years. Eight were killed  
by Rhinos, four by buffaloes and three by 
elephants. In addition 41, 10 and 6 staffs 
were injured by Rhino, buffalo and elephant 
respectively. 

Government of Assam is committed 
to protect Rhinos and they have full public  
support in this regard. The services of CBI is 
often sought to unearth forward and backward 
linkages. Other states should also constitute 
task forces with similar support.
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ecological studies on forests 

Tropical forests are the cradles of 
biodiversity. However, biodiversity varies greatly 
across geographical scales. Tree diversity in 
tropical forests is fundamental to the biodiversity 
of these forests as they provide resources 
and habitats for several organisms in these 
forests (Cannon et al., 1998). Quantitative 
floristic inventories of tropical forests have  
been carried out in several locations (Ayyappan 
and Parhasarathy, 1999, Parthasarathy, 2001, 
Philips et al., 2003, Leigh and Losos, 2004), 
yet there are several locations in tropics 
to be explored. Natural and anthropogenic 
disturbances are critical to the tropical forests 
for the maintenance of diversity, structure  
and dynamics (Mittelman, 2001, Sagar and 
Singh, 2005. Mishra et al.,2004, Gautham  
et al., 2016). These disturbances alter the 
environment, ecosystem process, and plant-
animal interactions. They can potentially 
determine the species composition of a given 
ecosystem. Anthropogenic mediated loss 
of biodiversity has increased the interest in 
estimation, function, and maintenance of 

biodiversity (Barlow et al., 2016, Malik et al., 
2016). 

Assessment of pattern in biodiversity in 
spatial and temporal scale across environmental 
gradients is a crucial step. Understanding the 
variation in diversity is essential pre-requisite 
for scientific management and conservation of 
these natural resources (Condit et al., 1998). 

A significant increase in anthropogenic 
disturbances and forces driving human-
mediated climate change makes it much 
more empirical for the scientific community to  
pay attention towards understanding diversity  
and structure of tropical forests. Phyto-
sociological investigation of vegetation serves 
as a primary requirement in characterizing 
vegetation for its parameters such as diversity, 
species package, primary productivity, and 
floristics. There are several studies that  
describe diversity patterns across different 
vegetation types in peninsular India (Pascal, 
1988, Sukumar et al., 1992, Ganeshan et al., 1996, 
Muthuram Kumar et al., 2002).  Bannerghatta 
National Park (BNP) on the outskirts of  
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mitigation, and scientific research. The National 
Mission on Strategic Knowledge seeks to 
address the inadequacy of knowledge on the 
impacts of climate change by establishing 
research networks and encouraging research 
on socio-economic impacts of climate change 
including the impact on health, demography, 
migration patterns and livelihoods of coastal 
communities. The State Action Plan on Climate 
Change (SAPCC) has been prepared by the 
state of Karnataka, wherein the challenges  
faced by the various sectors of the state  
are listed and feasible action points are 
earmarked. 

Ministry of Environment, Forests and 
Climate Change (MOEFCC) has established 
a network, Indian Network for Climate  
Change Assessment (INCCA) consisting of 
several research institutions and industries. 
Important objectives of INCCA are 1) Assess 
the driver and implications of climate change 
through scientific research. 2) Preparing  
climate change assessments including GHG 
emissions. 3) Build capacity towards the 
management of climate change. Long-term 
ecological, social and economic monitoring 
is required in India to identify the pattern and 
driver of change as a sizable population of  
India is dependent on natural resources for  
their livelihoods. Monitoring is required 
to formulate national policies and signing 
international conventions and treaties such as 
United Nations Framework on Convention on 
Climate Change (UNFCCC). Proposed India’s 
Long-term Ecological observatories (ILTEO) 
is the major step towards understanding the 
impacts of climate change on our biodiversity. 
It is an activity of the climate change action 
program of the country launched by the 
MOEFCC. It encompasses both ecological  
and social perspectives and designed to be 
multi-disciplinary and multi-institutional activity 
across different bio geographical zones of  

Bengaluru city is relatively underexplored for 
its floral and faunal diversity. Though there  
are some studies (Gopalakrishna et al., 2015, 
Varma et al., 2009), there is no systematic 
quantitative information on the forest wealth 
of BNP. This article is on our efforts to provide 
quantitative information on the floristic diversity 
of BNP and also provide information on the 
dynamics of forests in BNP in the wake of  
climate change. 

monitoring climate change

Climate change refers to change in climate 
that can be attributed directly or indirectly to 
human activity. It is beyond the natural variability 
in climate. Fifth assessment report (2014) of 
Intergovernmental Panel on Climate Change 
(IPCC) has concluded the rise in the global 
average temperature and warming of the  
earth’s climate system is unequivocal. The  
global carbon dioxide concentration has 
increased from 280 ppm (pre-industrial  
revolution) to 379 ppm (in 2005). These  
changes could alter the weather events and 
impact freshwater availability, agriculture, 
forests and human health. India’s development 
agenda stresses on the development with 
reduced climate-related vulnerability. Keeping 
in view the magnitude of uncertainties, the  
need is to identify and prioritize strategies  
that help to achieve developmental goals in 
the face of climate change. The government 
of India has initiated National Action Plan on 
Climate Change for India (NAPCC, 2008). A 
key objective of the plan is to create awareness 
in the community about the threats posed by 
climate change and take suitable steps to 
counter it. Through eight sectoral missions, the 
NAPCC focuses on key sectors impacted by  
or impacting climate change, including  
agriculture, water, forestry, energy and 
urban planning and relates to sustainable  
development, with focus on adaptation, 
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the country.  Under this program, students and 
young scientists will also be trained through 
sustained long-term support for research in 
the area of climate change. The initiative will 
also help the country to have its own scientific 
database in this key area without depending on 
studies done abroad.

Permanent Preservation Plots 

Establishment of Permanent Preservation 
Plots (PPPs) in natural forests play a significant 
role in assessing the impact of climate change 
on forests.  The ecological studies would help 
to observe and record the changes in species 
diversity, composition and growth pattern due 
to climate change over a period of time. This 
article describes the initiatives of Environmental 
Management and Policy Research Institute 
(EMPRI) to understand the anthropogenic 
mediated climate change impacts on dry  
forests of Bannerghatta National Park 
(BNP). EMPRI, as a state nodal agency for 
climate change, is strengthened by a project 
sanctioned by Department of Science and 
Technology (DST) to establish a Karnataka 
strategic knowledge center for climate change 
(KSKCCC) with advanced research capabilities 
to take up research studies on climate change 
issues. To pursue long-term studies on climate 
change, it was decided to establish Permanent 
Preservation Plots (PPPs) in two major forest 
areas in Bengaluru. Permission is received  
from Principal Chief Conservator of Forest 
(WL) for selection of PPPs in the Bannerghatta 
National Park and Doresanipalya Forest 
campus. Discussions were held by the  
study team from EMPRI, scientists from Indian 
Institute of Science (IISc), Deputy Conservator 
of Forest, BNP and staff of forest department  
on criteria for establishment of PPPs, a 
methodology for laying sample plots and 
assessment and selection of plots based on 
Forest Vegetation types.  

objectives

Important objectives of the proposed 
research are as follows:

1. To understand the pattern of diversity and 
structure of forests in BNP.

2. To understand the pattern of recruitment, 
mortality, and growth in various species.

3. To understand the short-term fluctuations  
in climate on vital parameters such as 
mortality, recruitment, and growth.

4. To understand the standing biomass and 
carbon stocks in the forests of BNP. Also, 
understand the changes in biomass. 

5. To understand the phenology and variability 
of climate on the phenology of woody 
species of BNP.

6. To understand drivers of diversity such 
as soils in terms of nutrients, physical and 
biological properties.

7. To understand the effect of  climate variability 
on the physiology of various species.

8. To understand the climate variability on 
dynamics of forests of BNP.

Study area: This study is initiated in the 
Bannerghatta National Park (BNP) located on 
the outskirts of Bengaluru city. BNP (12°34’to  
12° 50’ N Lat and 77° 31 to 77° 38’E Long)  
covers an area of 102.74 km2 comprising  
mainly dry forests. It was elevated to the status 
of National Park in the year 2004 vide final 
notification no. fee 19 fwl 98, Bengaluru, 
dated 5th march 2004. The total area of the 
park was further increased to 260.51 sq. km 
by appending three more reserve forests 
measuring 157.77 sq. km in the area drawn  
from the Kanakapura Range of Ramanagara 
Division located in the southern part of the 
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park in the year 2011 vide notification no. fee 
302 fwl 2011-(ii), Bengaluru, dated 27th 
december 2011. Administratively BNP has  
three wildlife ranges namely Bannerghatta, 
Harohalli, and Anekal. BNP is also identified  
as important elephant corridor which is a part  
of Karadikkal – Mahadeswara elephant corridor. 
The terrain of the park is undulating with a 
mean elevation of 850meters ASL (range 700 
meters – 1035 meters). The climate of the  
park is the monsoonal type. Forester had 
recognized the importance of permanent plots 
and had recommended in their management 
plans (Range Gowda, 2002).

The BNP receives rainfall from both 
South-West and North-East monsoons. Heavy 
rainfall occurs during the month of September 
and October from North-east monsoon and 
torrential rains from June to August from  
South-west monsoon (fig. 1). Annual rainfall 

data (based on South-West monsoon, North-
East monsoon & Pre-monsoon) for the Anekal 
region varies from 417 mm to 1494 mm with  
a mean of 869± mm between the years 
1960 to 2016; occasionally the area receives  
heavy cyclonic rains in October and November 
(fig. 2).

fig. 2 – Yearly rainfall in BnP (1960-2016). line represents mean rainfall during that period.

The mean annual temperature of the park is around 24.7°C with a maximum 39.4°C and  
minimum of 10.2°C (fig. 3).
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The geology of the park shows that the 
rocks are of the oldest formation revealing 
cryptocrystalline to coarse granites and  
complex gneiss. The rocks are light to dark grey  
or whitish muscovite granite gneiss or biotitic 
granite gneiss which varies considerably 
from place to place in structure, texture, and 
appearance. According to the fineness or 
coarseness of the constituent grains and the 
relative abundance or scarcity and mode of 
deposition of the darker Ferro minerals, their 
complex gneiss masses have been styled 
“Peninsular Gneiss.” 

The soil on the upper regions is red and 
gravely, which it is generally deep or shallow 
mixed with metamorphic forms of rocks on 
undulating grounds. The soil in the valleys is 
sandy loam and is formed with finer particles 
of the decomposed rocks washed down and 
deposited during rains. The soil is shallow on 
the hilltops and deep in the valleys and low- 
lying areas (Raju, 2014).

Vegetation

Bannerghatta National Park has two major 
types of vegetation viz. scrub and deciduous 
vegetation. The scrub vegetation is seen  
mostly along the fringes of the park and 
experiences heavy biotic pressures by the  
local communities for reasons such as 
fuelwood collection and cattle grazing. The 
upper regions of the park are covered by  
mixed deciduous vegetation type whereas the 
valleys, watercourses and low lying areas are 
covered by mixed deciduous vegetation which 
is relatively less disturbed and degraded as  
it is inaccessible due to the highly undulating 
terrain (Verma et al., 2009, Gopalakrishn et al., 
2015).

establishment of permanent forest dynamics 
plot or permanent preservation plots (PPP)

Two one-hectare plots (100 X 100 meters) 
were established in Bugarikallu (12°42’47” 
N and 77° 32’25” E) and Thalewood house  

fig. 3 – mean maximum and minimum temperature in BnP (2012-2015)
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(12° 45’52” N and 77° 33’33” E) area of BNP. 
Both these forests represent different forest 
types in BNP. Thalewood house plot represents 
relatively moist forest and Bugarikallu forest 
plot represents drier forest with stunted trees. 
Establishment and enumeration of the plot 
follow Centre for Tropical Forest Sciences 
(CTFS) protocol which is standardized in 
par with international monitoring of forest  
resources. CTFS protocol is described briefly. 
The plot was gridded into blocks of 20 x 20 
meters after taking slope into account with 
help of theodolite.  Each corner was planted 
with a semi-permanent pole. For the ease  
of enumeration, each block was further 
subdivided into blocks of 10 x 10 meters 
temporarily with the help of ropes. 

All woody individuals >1 cm dbh (diameter 
at breast height) were tagged, identified to 
species and measured for size. If the stems  
are branched they were given the same number 
but sizes were measured independently. 
They were classified as either stem branches 
(branching of each stem was between 1 and 
1.3 meters) or root branches (stems branching 
from the ground). If such stems are at least 
50 cm apart they are given different number 
otherwise they are considered as branches 
from the same stem. Point of measurement 
was marked with yellow paint on every stem.  
This would help to reduce subsequent 
measurement errors. Ocular estimate of the 
height was made for each individual. Spatial 
location of each tagged individual was plotted  
by measuring x and y coordinates to nearest  
10 cm accuracy. In addition to woody species, 
lianas (woody climbers) are also being marked 
and mapped. Sizes of the lianas are also 
measured.

PPP 1: thalewood house plot
The initial details of Thale woodhouse plot 

is given in this article. Data is being validated 

and cleaned up for typographical errors, species 
identity, and size discrepancies. Thalewood 
house plot has 1588 individuals above 1cm  
dbh belonging to 85 different woody species 
including lianas. Most dominant species is 
Olea dioica (Oleaceae) with 291 individuals 
that accounts for 18.3% of abundance followed 
by Cipadessa baccifera (Meliaceae), a shrub 
(157 individuals and 9.8% abundance) and 
Ziziphus oenoplea (Rhamnaceae), a liana  
(138 individuals, 8.6% abundance). List of the 
species is provided in appendix 1. A community-
wide measure of heterogeneity (Shannon’s 
index) was 3.132 while Simpson’s index (picking 
two individuals randomly belonging to two 
different species) was 0.925. Fisher’s alpha, an 
index that is not sensitive to plot dimensions was 
18.05.

Though the plot was 1 ha in size, there was 
a considerable variation in species package 
and diversity across the plot. Mean number 
of species in a block of 20 x 20 (400 m2) was 
16.54±6.34 (6 – 28 species, N = 25). Mean 
Simpson’s index was 0.851±0.069 (0.556 – 
0.931, N = 25) and Shannon’s H was 2.30±0.37 
(1.24 – 2.99, N = 25). Fisher’s alpha was 
8.25±3.07 (3.04 -16.26, N = 25). The variation 
in species package is considerable, can vary  
as low as 6 (quadrat no. 1) species in a block  
to as high as 28 (quadrat no. 5) species in 
a block. There were 9 quadrats that had 20  
or more species. A similar variation is also 
depicted in diversity estimates. The density of 
stems >1 cm dbh in the plot was 1588 and total 
basal area of the plot was 31.55m2. However, 
density and basal area varied considerably 
across the plot.  Mean density of stems >1 
cm dbh in the plot (20 meters x 20 meter) was 
63.5±31.5 (range = 10 to 110, N= 25) and 
mean basal area of the block was 1.26±0.9 m2 
(0.30 to 4.81 m2, N = 25). The highest density  
of individuals was in quadrat 23 and least  
density was seen in quadrat no 1. 
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Species Number of
(Family) Individuals

Olea dioica (Oleaceae) 291
Cipadessa baccifera (Meliaceae) 157
Ziziphus oenoplia (Rhamnaceae) 138
Acacia dividivi (Fabaceae) 127
Ventilago maderaspatana (Rhamnaceae) 119
Ixora nigricans (Rubiaceae) 107
Polyalthia cerasoides (Annonaceae) 73
Ardisia solanacea (Myrsinaceae) 57
Glochidion velutinum (Euphorbiaceae) 45
Jasminum Sp. (Oleaceae) 40
Randia dumetorum (Rubiaceae) 37
Terminalia bellirica (Combretaceae) 34
Syzygium cumini (Myrtaceae) 33
Terminalia arjuna (Combretaceae) 29
Cordia willichii (Boraginaceae) 26
Cassia fistula (Fabaceae) 21
Glochidion zeylanicum (Euphorbiaceae) 18
Shorea roxburghii (Dipterocarpaceae) 17
Diospyros montana (Ebenaceae) 15
Black ambu 13
Mimosa rubicaulis (Fabaceae) 13
Mallotus phillipensis (Euphorbiaceae) 13
Pavetta indica (Rubiaceae) 12
Polyalthia coffeoides (Annonaceae) 10
Phyllanthus emblica (Euphorbiaceae) 9
Vitex altissima (Verbenaceae) 9
Acacia sp (Fabaceae) 8
Canthium parviflorumum (Rubiaceae) 8
Allophylus cobbe (Sapindaceae) 8
Annonaceae 7

appendix 1 – Plant species reported from thalewood house vegetation plot

Species Number of
(Family) Individuals

Dalbergia lanceolaria (Fabaceae) 7
Schleichera oleosa (Sapindaceae) 6
Viburnum Sp. (Caprifoliaceae) 5
Ziziphus rugosa (Rhamnaceae) 4
Mitragyna parvifolia  (Rubiaceae) 4
Acacia concina (Fabaceae) 4
Ervatamia heyneana (Apocynaceae) 3
Apocynaceae climber 3
Erythroxylum monogynum (Erythroxylaceae) 3
Pterocarpus marsupium (Fabaceae) 3
Breynia retusa (Euphorbiaceae) 3
Dendrocalamus strictus (Poaceae) 3
Premna tomentosa  (Verbenaceae) 2
Bauhinia racemosa (Fabaceae) 2
Wrightia tinctoria (Apocynaceae) 2
Mimosa rubicaulis (Fabaceae) 2
Uvaria narum (Annonaceae) 2
Climber 1 2
Gmelina arborea (Verbenaceae) 2
Diospyros melanoxylon (Ebenaceae) 2
Butea frondosa (Fabaceae) 2
Careya arborea (Lecythidaceae) 2
Toddalia asiatica (Rutaceae) 2
Helicteres isora (Sterculiaceae) 2
Caesarea sp (Flacourtiaceae) 1
Terminalia chebula (Combretaceae) 1
Cassia spectabilis (Fabaceae) 1
Canthium dicoccum (Rubiaceae) 1
Ugani hambu 1
Albizia odoratissima (Fabaceae) 1
Dimocarpus longan (Sapindaceae) 1
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The size class distribution of individuals 
show a typical inverted “J” shaped curve 
suggesting that a large number of individuals 
are represented in lower size class, In fact,  
there were 75% of the individuals below 5 cm 
dbh and 2.73% of individuals were >30 cm dbh. 
Though plot had 2.73% individuals >30cm dbh, 
they accounted for 75% of the total basal area  
in the plot (fig. 4).

Spatial distribution of several species 
was analyzed. Most species show significant 
aggregated dispersion suggesting clumping 
dispersion. Canopy species such as Olea 
dioica, Schleichera oleosa, Shorea roxburghii 
and Syzygium cumini showed significant 
aggregated dispersion (fig. 5a) while species 
such as  Terminalia arjuna, Terminalia bellirica, 
and Phyllanthus emblica showed random 
dispersion (fig. 5b). Most of the species that 
showed random dispersion was not statistically 
significant (appendix 2).

additional parameters to be monitored

In addition to monitoring the forests for 
dynamics, EMPRI is planning to take up following 
research studies on a long-term basis. They 
include monitoring of Climate, Phenology, Soil 
characteristics, Biometrics using Dendrometer 
bands, diversity of Invasive species and 
physiological parameters.

climate data: On-site weather data 
is important information to understand the  
response of vegetation to natural variability in 
climate. An Automatic Weather Station (AWS) 
is installed near Bugarikallu Forest station 

Breynia vitis-idaea  (Euphorbiaceae) 1
Celastaceae member (Celastraceae) 1
Ficus microcarpa (Moraceae) 1
Mende ambu (red bark) 1
Scutia myrtina (Rhmnaceae) 1
Garuga pinnata (Burseraceae) 1
Maytenus emarginata (Celastraceae) 1
Vitaceae shrub (Vitaceae) 1

Species Number of
(Family) Individuals

Species Number of
(Family) Individuals

Sooleballi 1
Vitis Sp. (Vitaceae) 1
Meiogyne cylindrocarpa (Annonaceae) 1
Grewia  (Tiliaceae) 1
Memecylon umbellatum (Melastomataceae) 1
Holarrhena antidysenterica  (Apocynaceae) 1
Flueggea leucopyrus (Euphorbiaceae) 1
Grand Total 1588

fig. 4 –  Size class and basal area distribution 
of individuals in thalewood house 
plot. BnP
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Acacia divi divi 46.7433 5.08 220.8346 24 0 Aggregated

Acacia sp. 1.06 0.32 79.5 24 1.00E-07 Aggregated

Allophylus cobbe 0.56 0.32 42 24 0.012961 Aggregated

Apocynaceae climber 0.36 0.12 72 24 1.40E-06 Aggregated

Ardisia solanacea 13.0433 2.28 137.2982 24 0 Aggregated

Black ambu 2.76 0.52 127.3846 24 0 Aggregated

Cipadessa baccifera 53.2933 6.28 203.6688 24 0 Aggregated

Cordia wallichii 5.4567 1.04 125.9231 24 0 Aggregated

Dalbergia lanceolaria 0.7933 0.28 68 24 5.20E-06 Aggregated

Glochidion velutinum 6.5 1.8 86.6667 24 0 Aggregated

Glochidion zeylanicum 6.5433 0.72 218.1111 24 0 Aggregated

Ixora nigricans 25.46 4.28 142.7663 24 0 Aggregated

Jasminum sp. 5 1.6 75 24 5.00E-07 Aggregated

Mallotus philippensis 2.8433 0.52 131.2308 24 0 Aggregated

Mende ambu 23.19 4.76 116.9244 24 0 Aggregated

Mitragyna parvifolia 0.3067 0.16 46 24 0.004488 Aggregated

Olea dioica 74.9067 11.64 154.4467 24 0 Aggregated

Pavetta indica 1.5933 0.48 79.6667 24 1.00E-07 Aggregated

Polyalthia cerasoides 11.8267 2.92 97.2055 24 0 Aggregated

Randia dumetorum 5.51 1.48 89.3514 24 0 Aggregated

Schleichera oleosa 0.5233 0.24 52.3333 24 0.000736 Aggregated

Shorea roxburghii 6.2267 0.68 219.7647 24 0 Aggregated

Syzygium cumini 2.3933 1.32 43.5152 24 0.008746 Aggregated

Uvaria narum 0.16 0.08 48 24 0.002576 Aggregated

Viburnum Sp. 0.3333 0.2 40 24 0.021415 Aggregated

Ziziphus oenoplia 20.1767 5.52 87.7246 24 0 Aggregated

Acacia concinna 0.14 0.16 21 24 0.639154 Random

Albizia odoratissima 0.04 0.04 24 24 0.461671 Random

appendix 2 – Spatial distribution of species enumerated in thalewood house permanent plot

Species Variance Mean Chi-sq d.f. Probability Aggregation
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Annonaceae 0.3767 0.28 32.2857 24 0.119783 Random

Bauhinia racemosa 0.0767 0.08 23 24 0.520005 Random

Breniya vitis-idaea 0.04 0.04 24 24 0.461671 Random

Breynia retusa 0.11 0.12 22 24 0.579597 Random

Butea frondosa 0.0767 0.08 23 24 0.520005 Random

Casearia sp. 0.04 0.04 24 24 0.461671 Random

Canthium dicoccum 0.04 0.04 24 24 0.461671 Random

Canthium parviflorum 0.3933 0.32 29.5 24 0.201535 Random

Careya arborea 0.0767 0.08 23 24 0.520005 Random

Cassia fistula 1.14 0.84 32.5714 24 0.113175 Random

Cassia spectabilis 0.04 0.04 24 24 0.461671 Random

Celastraceae member 0.04 0.04 24 24 0.461671 Random

Climber1 0.0767 0.08 23 24 0.520005 Random

Dimocarpus longan  0.04 0.04 24 24 0.461671 Random

Dendrocalamus strictus 0.1933 0.12 38.6667 24 0.029587 Random

Diospyros melanoxylon 0.0767 0.08 23 24 0.520005 Random

Diospyros montana 0.4167 0.6 16.6667 24 0.862844 Random

Ervatamia heyneana  0.11 0.12 22 24 0.579597 Random

Erythroxylum monogynum 0.11 0.12 22 24 0.579597 Random

Ficus microcarpa 0.04 0.04 24 24 0.461671 Random

Flueggea leucopyrus  0.04 0.04 24 24 0.461671 Random

Garuga pinnata 0.04 0.04 24 24 0.461671 Random

Gmelina arborea 0.0767 0.08 23 24 0.520005 Random

Grewia sp. 0.04 0.04 24 24 0.461671 Random

Helicteres isora 0.0767 0.08 23 24 0.520005 Random

Holarrhena antidysenterica 
(Kodlimurka) 0.04 0.04 24 24 0.461671 Random

Species Variance Mean Chi-sq d.f. Probability Aggregation
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Mimosa rubicaulis  0.0767 0.08 23 24 0.520005 Random

Maytenus emarginata 0.04 0.04 24 24 0.461671 Random

Meiogyne cylindrocarpa  0.04 0.04 24 24 0.461671 Random

Memecylon umbellatum 0.04 0.04 24 24 0.461671 Random

Mende ambu (red bark) 0.04 0.04 24 24 0.461671 Random

Mimosa rubicaulis 0.6767 0.52 31.2308 24 0.14692 Random

Phyllanthus emblica 0.3233 0.36 21.5556 24 0.606153 Random

Polyalthia coffeoides 0.5 0.4 30 24 0.184409 Random

Premna tomentosa 0.0767 0.08 23 24 0.520005 Random

Pterocarpus marsupium 0.11 0.12 22 24 0.579597 Random

Scutia myrtina  0.04 0.04 24 24 0.461671 Random

Soole balli  0.04 0.04 24 24 0.461671 Random

Terminalia arjuna 1.5567 1.16 32.2069 24 0.12166 Random

Terminalia bellirica 1.3233 1.36 23.3529 24 0.500789 Random

Terminalia chebula 0.04 0.04 24 24 0.461671 Random

Toddalia asiatica 0.0767 0.08 23 24 0.520005 Random

Ugani ambu  0.04 0.04 24 24 0.461671 Random

Vitaceae shrub 0.04 0.04 24 24 0.461671 Random

Vitex altissima 0.3233 0.36 21.5556 24 0.606153 Random

Vitis sp. 0.04 0.04 24 24 0.461671 Random

Wrightia tinctoria  0.0767 0.08 23 24 0.520005 Random

Ziziphus rugosa 0.2233 0.16 33.5 24 0.09373 Random

Species Variance Mean Chi-sq d.f. Probability Aggregation
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Fig. 5a – Species showing significant clumped dispersion in Thale woodhouse, BNP
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(12.7085 N. 77.54577 E). Parameters monitored 
will include rainfall, temperature, humidity,  
solar radiation and wind speed. Along with 
climate information, data on soil moisture  
would be obtained with help of moisture  
meter along different locations in the transect 

line. 

Phenology:  Phenology is the science of 
appearance. It is also considered to reflect the 
impacts of short-term fluctuation in climate. 
Hence it is important to study phenology  
to understand the long-term impacts of  

Fig. 5b – Species showing random dispersion in Thale woodhouse, BNP (Non-significant)
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variability in climate. Reproductively matured 
trees with clearly visible canopy would be 
marked along a transect line. Vegetative and 
reproductive phenologies would be monitored 
regularly on a monthly interval. Vegetative 
phenology includes stages such as leafless, 
initiating leaves, expanding leaves and  
senescent leaves. Reproductive phenology 
includes both flowering and fruiting phenologies. 
Flowering phenology has following stages 
flowerless, flower buds, immature (non-
pollinated) flowers, mature (pollinated) flowers 
and falling flowers. Fruiting stages are no 
fruits, fruit buds, young fruits, mature fruits  
and dehiscent fruits. All these stages are  
ranked qualitatively as the percent of extent in 
the canopy. Other parameters such as herbivory 
and frugivory would also be monitored. 

Soil characteristics:  Soil is an important 
factor that determines the association of plant 
communities. It also characterizes the base  
rock and geology of an area. The number of 
different nutrients and biological activity in 
the soil indicates the health of the ecosystem. 
Soil samples would be collected following 
systematic sampling design. Sampling design 
would be similar to CTFS protocol. Both macro 
and micronutrients would be analyzed. Maps  
of soil nutrients would be prepared and 
overlaid on the maps of spatial distribution of 
each species to understand the impacts of  
the concentration of different nutrients that 
drives the spatial distribution of different  
species in the plot. Biological activity in terms  
of the decomposition of litter would be  
assessed on a regular time frame across the 
plot (PPP). Microbes which are indicators  
of soil health (Vesicular Mycorrhizal (VAM)  
fungi, Plant Growth Promoting Rhizobacteria 
(PGPR)) and their biomass carbon (Microbial 
Biomass carbon (MBC)) will be estimated 
season wise.

leaf analysis: Leaves play a significant  
role in determining physiological activity which 
in turn is dependent on its size and area. 
Leaf samples will be collected and macro & 
micronutrients would be estimated. Specific 
leaf area (SLA) and photosynthetic activity of 
the species will be assessed season-wise to 
understand the impact of climate change. 

measurement of Photosynthesis using 
infrared Gas analyser: The nutrient uptake 
and the photosynthetic activities will indicate 
the health of the species. The main parameters 
related to changing climate are CO2 and 
temperature but other important variables  
may be light, humidity, pollutants, ozone, 
aerosols etc. Study of changes in the carbon 
assimilation and gaseous exchange of plants  
is important for understanding the effect of 
climate change on the plants. The quality  
and quantity of photosynthetic incident light  
(PAR), temperature and water stress, availability 
and utilisation of mineral nutrients, photo-
respiratory losses, presence of pollutants in  
the atmosphere (NO2, SO2, O3) and in the soil  
(heavy metals), etc., are some of the factors 
that affect plant productivity. Using Infrared 
Gas Analyser, the photosynthetic activities in 
the major tree species will be assessed on a 
seasonal basis. 

Biometrics using dendrometers bands: 
Traditional (tape) measurement of stems is 
subjected to many kinds of human errors. 
Unbiased and accurate measurement of  
stems is desirable for estimation of growth  
rates and biomass accumulation and hence 
carbon sequestration. Hence dendrometers 
which measure growth accurately would 
be installed on a subset of trees in the plot.  
Dendrometer measurements would be made 
twice a year (end of dry season and end of the 
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introduction

Worldwide biodiesel production increased 
from 253.34 million gallons in 2001 to 4.16  
billion gallons in 2009, at a Compound 
Annual Growth Rate (CAGR) of 41.9 percent. 
Supported by governments to increase  
energy independence and meet rising energy 
demand, the biodiesel market is expected to 
produce 11.96 billion gallons of biodiesel in 
2020, representing a CAGR of 10.1 percent 
during 2009 to 2020. 

Shortage of edible oil for human  
consumption in developing countries like India 
does not favour its use for bio-diesel production. 
Tree borne oil seeds are not only potential 
renewable energy source to supplement the 
increasing energy requirement, but also serves 
as an alternative source of oil to meet the  
increasing demand of edible oil globally.  

abstract

Pongamia (Pongamia pinnata L.) as a source of non-edible oil is potential tree species for biodiesel 
production. For several reasons, both technical and economical, the potential of P. pinnata is far from 
being realized. The exploitation of variation available in pod and seed traits for crop improvement 
has been the major driving force for the exploration and ex situ / in situ conservation of plant  
genetic resources. Variation in pod traits viz. pod length (36.15 mm – 61.43 mm), pod width  
(16.87 mm – 29.58 mm), pod thickness (7.13 mm – 13.29 mm), pod weight (2.20 mm – 5.85 mm) 
and seed traits viz., seed length (16.53 mm – 25.93 mm), seed width (12.28 mm – 20.58 mm), seed 
thickness (3.63 mm – 8.61 mm), hundred seed weight (69.65 mm – 241.42 mm), total oil content 
(24.03 mm – 41.80 mm).

Vegetable oils of some tree species like 
Pongamia, Jatropha, Neem, Mahua, Polang, 
Simarouba, Sal, Kusum, Linseed, Castor, 
Baigaba etc., are in utilization for the commercial 
production of biofuels. Usage of Pongamia 
(Pongamia pinnata L.) as a source of non-
edible oil is potential tree species for biodiesel 
production. 

Pongamia pinnata (L.) Pierre, synonymously 
known as Pongamia glabra Vent., Derris  
indica (Lam) Bennett., Millettia novo-guineensis 
Kane & Hat. and Cytisus pinnaus L. is an 
arboreal legume, belongs to the subfamily 
Papilionoideae, more specifically the tribe 
Millettieae. Pongamia, popularly known as 
Karanja, is an important shade tree of India. 
The  Pongam tree is considered to be native  
to India (Western Ghats). It is also found in 
China, Florida, Malaysia, Seyhelles, Philippines 
and Australia (Daniel, 1997). 
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P. pinnata has been documented to include 
variable forms with a wide range of pod as  
well as seed size and shape variations 
(WOI, 1969). Seeds contain 30 to 40 % oil. 
Characterization and selection of CPT’s is 
essential for the improvement of this species  
in addition to experiments on controlled  
crossing among selected genotypes (Mukta  
and Sreevalli, 2010). Under the National  
Network on Integrated Development of  
P. pinnata in India, about 432 CPTs have been 
identified from 120 districts of the country 
(Kureel, 2007).

A characteristic feature of all living 
organisms is the immense natural variability  
they exhibit for various characters. The 
information available in literature does not give 
a complete understanding of the geographical 
variations, which is of fundamental importance 
for the development of new varieties with 
good quality and higher yields (Frankel and 
Hawkes, 1975; Holden and Williams, 1984). 
Agro-ecological conditions largely comprising  
of edaphic and environmental factors had 
more than one effect on the performance of  
the seeds. The possibility was that seeds  
were also influenced by their place of birth 
(Heydecker, 1972). Genetic variation between 
individuals enables evolution and adaptation 
of species to take place within a changing 
environment and is thus essential for the long 
term survival of a species (Newton et al., 1999). 
Variation in pod and seed traits among the 
genotypes depending on geographic isolation 
is well recognized. However, no systematic and 
concentrated efforts are made in P. pinnata 
for genetic improvement as a crop plant. 
The variation within the species has been  
increasingly recognized as a tangible, economic 
resource directly equivalent to a country’s 
mineral wealth, thus they have been referred  
to as Plant genetic resources. Identification of  
elite with high seed oil content or high seed 

producing ability or with ability to produce  
seed oil of desired composition in P. pinnata 
has biodiesel utility. As there exists paucity of 
information in areas of genetic improvement  
in P. pinnata, the present study was conducted 
to understand the existing variations in pod 
and seed traits among the genetic resources 
of Karnataka state collected and planted  
under clonal trials by Karnataka Forest 
Department which inturn helpful for future 
breeding programmes.

material and methods

Survey and selection of clones

Survey was conducted to collect the  
pods of all the high yielding clones of  
P. pinnata at fruiting stage from different clonal 
plantations established by Karnataka Forest 
Department under different research ranges in 
Bengaluru, Madikeri and Dharawada research 
circles. After survey of all the Pongamia clonal 
plantations established during 2007-2008, 
clones having good yield potentiality with 
good pod set and free from pest & diseases 
were selected based on the pod/seed yield 
performance i.e. clones which are able to yield 
minimum of 2-3 Kg of pods per tree. A total of 
one hundred fifty-seven clones (phenotypically 
superior trees) were selected by covering a 
latitude and longitudinal range between 12° 12’ 
19.10ʺ N to 15° 32ʹ 58.01ʺ N and 75° 28ʹ 26.02ʺ 
E to 78° 13’ 30.81ʺ E respectively (table 1 and 
fig. 1). 

assessing the performance

After assessment of yield performance 
in field by selecting superior genotypes with 
potentiality of yielding minimum 2-3 Kg of 
pods per tree, performance of selected clones  
were further assessed by collecting few Kg  
of pods by following a random sampling 
procedure from all the four directions of the 
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table 1 – clonal details of P. pinnata plantations established by Karnataka forest department 
(Kfd) and selected out of available clones

 Sl. no. range  location number of clones
    (selected/available)

 1 Kolara  Yeshawanthapura ‘B’ Block (Narsapura) 95/134

 2 Hosakote Nelhal ‘C’ Block 8/8

 3 Tumakuru Ankapura 3/5

 4 Dharawada Gungargatti 3/3

 5 Haveri/Sirasi Jangamanakoppa – Karjagi  6/6

 6 Bengaluru Bommanahalli 1/4

 7 Shivamogga Kesavanakatte – Hittur  5/5

 8 Challakere Somangudda 16/21

 9 Mandya Chikkammanagudda (CM Gudda) 11/18

 10 Mysuru Madahalli 9/60

   total 157/264

fig. 1 – Selected Pongamia pinnata plantations of Karnataka forest department for collection 
of Pods/Seeds
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crown of each selected tree during fruiting 
season February – June, 2015. The total pods 
collected were randomly divided into three 
replications and each replication consists of  
100 pods were selected for recording 
observations for nine quantitative characters 
(four pod and 4 seed characters) at Institute 
of Wood Science and Technology (IWST), 
Bengaluru [latitude: 13° 00ʹ 42ʺ N, longitude: 77° 
34ʹ 8ʺ E, altitude 3090 ft. msl].

Pod characters

The pods were cleaned and stored in 
muslin bags at ambient conditions. All lots were 
dried under similar temperature and humidity 
conditions to reach constant weight. A total of  
300 healthy pods (hundred in each replication) 
were collected from each clone and  
observations for four pod characters viz.,  
pod length, pod width, pod thickness and 
 pod weight was measured as follows:

•	 Pod length: Measured using vernier 
callipers from the tip of the pod to the 
point of attachment of the pod in mm.

•	 Pod width: Measured using vernier 
callipers and expressed in mm.

•	 Pod thickness: Measured using vernier 
callipers and expressed in mm.

•	 Pod weight: Each pod weighed on 
electrical balance and average expressed 
in grams.

Seed characters

Sample of 300 seeds were collected  
from each clone to make three replications 
containing 100 seeds per replication and seed 
morphometric trait viz.  

•	 Seed length: Measured using vernier 
callipers from one tip of the seed to the 

other end using vernier callipers and 
expressed in mm.

•	 Seed width: Measured using digital 
vernier callipers and expressed in mm.

•	 Seed thickness: Measured using digital 
vernier callipers and expressed in mm. 

•	 100 seed weight: The weight of the 
100-seeds was recorded by weighing 
100 pure seed on electrical balance 
and average value was calculated and 
expressed in grams. 

•	 Total oil content: Total oil content in  
seeds was estimated following the 
procedure of Sadasivam and Manickam, 
(1992) using soxhlet apparatus and 
solvent Hexane.

data analysis

The pod and seed parameters and clonal 
field biometric data were analysed for Analysis  
of variance (ANOVA) to understand the 
significance of differences between the pods, 
seeds and clonal traits (Gomez and Gomez, 
1984). 

results and discussion

Pursuant to urgent need for production 
of quality material required for planting in 
deforested areas and meets the needs of 
biodiesel industries, evaluation of oil yielding 
trees germplasm in Karnataka was essential  
so as to unravel the extent of variability in  
pod and seed traits of P. pinnata collected 
and planted by Karnataka Forest Department. 
Information on P. pinnata clonal plantations 
established by Karnataka Forest Department 
research wing under different research 
circles/ranges were collected from APCCF 
(R&U) office. Based on the information all the  
clonal plantations established under different 
research ranges in different research circles 
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were visited to see the growth performance  
and yield potential. Among all the clonal trial  
of P. pinnata, clonal plantations as mentioned 
in table 1 were selected for analysing yield 
performance and collection of pod & seeds 
for further analysis. To meet this requirement 
157 clones of P. pinnata were identified and 
collected from different ranges under research 
circles under KFD. Analysis of variance for  
pod, seed and oil traits showed highly  
significant values, indicating the presence of 
large range of variability among the selected 
clones (table 2). 

Pod and seed traits

The results on variability studies for pod 
traits viz., pod length, width, thickness and pod 
weight and seed traits viz., seed length, seed 
width, seed thickness, seed weight and total  
oil content are presented in table 2 and 
expressed in mm.

Pod length

Among the 157 genotypes, 79 genotypes 
recorded higher pod length over the general 
mean (47.54 mm). The pod length ranged from 
61.43 mm to 34.81 mm. Highest pod length 
was recorded in PP038 (61.43 mm) followed  
by PP092 (59.83 mm). The pod length was 
lowest in PP141 (34.81 mm) followed by PP001 
(35.09 mm).

Pod width

The range of variation for pod width was  
from 16.87 mm to 29.58 mm. There was 
significant difference among the genotypes  
with respect to pod width. The highest valve 
was recorded by the genotype PP153 and  
the lowest by PP139. The average pod width 
was 22.46 mm and 81 genotypes recorded 
higher pod width over the mean.

Pod thickness

 The range of variation for this trait was 
from 7.13 mm (PP094) to 13.29 mm (PP014). 
There was significant difference among the 
genotypes. The highest pod thickness was 
observed in genotype PP014 (13.29 mm) 
followed by PP153 (12.54 mm). The average 
pod thickness was 10.27 mm.

Pod weight

Pod weight ranged from 2.20 g to 5.85 g.  
The highest pod weight was recorded in  
genotype PP090 (5.85 g) followed by PP153 
(5.57 g). The minimum pod weight was  
recorded by genotype PP145 (2.20 g) and the 
average pod weight was 3.49 g.

Seed length

Seed length varied from 16.53 mm to 25.93 
mm. There was significant difference among 
the genotypes with respect to seed length.  
77 genotypes recorded higher seed length  
than the general mean (20.91 mm). Genotype 
PP153 was found to be significantly superior  
over other genotypes in respect to seed length, 
which recorded to the extent of 25.93 mm. 
This was followed by genotype PP151 (25.43 
mm) and PP136 (24.10 mm). The lowest was 
observed in genotype PP115 (16.53 mm).

Seed width

Seed width varied from 12.28 mm to  
20.58 mm. There was significant difference 
among the genotypes in respect to seed width. 
Numerically higher seed width was recorded 
in genotype PP153 (20.58 mm) followed by 
PP151 (1.75 mm) and PP090 (18.51 mm).  
The lowest was observed in PP139 (12.28 mm). 
The average seed width was 14.82 mm.
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Clonal Pod  Pod Pod Pod Seed Seed Seed 100 Seed Total
Code length  width thickness Weight Length Width Thickness Weight Oil
 (mm) (mm) (mm) (g) mm (mm) (mm) (g) (%) 

PP001 35.09 21.01 12.21 3.43 20.21 14.63 8.58 173.69 35.00
PP002 38.23 18.40 9.71 2.72 23.59 13.54 6.30 116.95 30.77
PP003 57.46 25.75 11.33 4.77 19.70 16.22 8.22 182.22 34.07
PP004 47.90 25.56 10.59 3.97 18.49 16.02 7.11 151.25 34.27
PP005 56.73 23.76 9.48 3.78 18.36 14.52 6.38 124.51 32.30
PP006 41.15 18.23 9.54 2.32 22.11 12.36 6.54 106.74 32.43
PP007 54.44 24.77 10.10 3.54 18.92 15.53 7.29 114.65 32.43
PP008 48.36 21.44 9.99 3.70 20.67 14.65 6.57 114.16 33.77
PP009 54.11 24.34 9.93 3.79 19.92 14.57 7.32 115.27 34.70
PP010 55.71 24.88 10.82 4.68 22.14 16.83 4.57 191.49 34.70
PP011 52.93 28.44 9.70 4.39 23.12 17.05 6.80 176.07 34.73
PP012 37.78 18.21 9.32 2.47 22.06 14.68 6.68 111.85 32.00
PP013 42.88 19.47 10.25 2.95 22.67 12.84 6.43 102.24 34.16
PP014 52.43 23.55 13.29 4.36 22.06 14.68 7.48 165.51 35.63
PP015 43.22 21.20 9.54 2.86 23.10 13.45 6.35 105.58 34.20
PP016 38.09 18.10 10.27 2.70 21.63 13.39 6.88 141.44 34.17
PP017 38.44 17.93 9.65 2.54 22.65 12.44 6.24 112.29 34.53
PP018 51.52 23.66 11.75 4.10 22.26 15.76 7.27 162.71 33.43
PP019 52.25 25.95 9.96 3.99 19.91 16.38 6.96 163.03 38.13
PP020 46.57 19.41 9.61 2.68 21.11 12.66 6.94 129.55 37.57
PP021 52.97 21.90 10.17 3.54 23.52 15.31 6.41 103.26 35.40
PP022 43.15 19.44 10.19 3.17 22.24 13.41 6.72 126.31 30.37
PP023 42.69 20.68 9.78 2.87 23.12 13.32 6.13 115.21 30.77
PP024 44.65 19.51 10.37 2.77 22.02 13.36 6.01 131.11 34.40
PP025 46.27 22.38 10.04 2.46 22.80 12.75 6.04 114.01 34.47
PP026 49.24 25.51 12.20 4.59 21.38 16.50 8.31 188.15 32.50
PP027 43.19 23.20 9.92 2.67 18.79 14.68 6.55 99.45 29.53
PP028 46.59 21.17 9.92 3.08 18.50 13.43 6.90 143.24 35.00
PP029 44.12 20.35 9.83 2.56 20.77 13.50 6.11 112.54 35.60
PP030 44.40 21.36 9.31 3.08 16.86 13.18 6.39 102.80 33.50
PP031 42.60 21.33 10.56 3.10 22.30 13.63 6.63 132.92 31.93
PP032 43.71 20.22 10.32 3.35 23.56 13.92 6.43 89.59 34.07

table 2 – mean performance of Pongamia pinnata l. genotypes for pod and seed traits
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PP033 52.75 23.40 11.30 3.76 22.59 14.38 7.55 69.65 32.37
PP034 41.88 18.77 9.84 2.93 23.16 14.12 6.02 138.57 32.90
PP035 44.24 20.30 9.61 2.67 23.32 13.62 5.77 100.78 32.87
PP036 39.57 18.30 9.75 2.57 23.21 12.40 3.67 69.66 33.20
PP037 42.22 20.21 11.51 5.24 22.96 17.22 6.60 172.78 34.40
PP038 61.43 24.28 11.73 4.31 21.00 15.74 8.22 152.13 33.63
PP039 51.91 23.69 10.73 4.12 22.77 15.79 7.32 146.65 35.87
PP040 51.23 23.82 10.82 4.16 22.44 16.25 6.95 112.03 33.33
PP041 48.57 24.40 10.35 3.43 19.03 15.08 7.06 122.18 34.17
PP042 49.80 21.10 10.06 3.29 23.45 12.49 6.69 109.67 33.83
PP043 44.73 20.68 8.98 2.84 20.24 14.32 5.73 148.96 36.90
PP044 47.60 22.42 9.66 3.22 21.47 15.65 6.52 146.11 36.13
PP045 51.83 21.63 10.06 3.82 22.57 15.45 6.35 140.89 34.67
PP046 44.71 23.23 11.47 3.91 21.30 15.47 7.66 134.95 36.10
PP047 37.23 19.02 9.76 2.68 20.32 14.08 6.67 158.19 31.77
PP048 52.88 21.81 10.39 3.69 19.96 15.97 7.37 109.76 33.23
PP049 47.39 20.10 10.52 4.32 22.10 15.88 8.02 134.79 31.10
PP050 48.09 24.00 11.08 3.88 21.46 15.76 7.40 143.34 32.87
PP051 44.85 22.06 10.35 3.07 19.62 13.99 6.95 130.14 35.27
PP052 43.96 19.93 10.50 2.97 20.73 14.08 6.82 113.49 29.80
PP053 43.44 20.62 10.16 3.19 21.90 14.20 7.09 114.69 38.53
PP054 43.46 19.30 9.39 2.78 20.41 12.82 6.54 149.04 35.60
PP055 45.49 19.80 9.94 3.28 21.79 14.50 6.80 140.65 35.13
PP056 48.24 21.98 8.98 3.33 20.37 14.82 6.35 130.05 35.63
PP057 45.96 21.28 10.14 3.36 20.41 14.45 6.85 121.03 34.63
PP058 53.52 24.68 10.87 4.16 19.89 15.34 7.76 145.18 33.73
PP059 52.44 24.45 11.06 4.34 20.67 16.04 7.86 130.01 41.80
PP060 46.83 22.33 9.73 3.33 21.20 14.41 5.93 85.79 33.17
PP061 41.11 21.79 8.54 2.75 20.62 14.62 4.56 109.18 34.00
PP062 46.74 22.49 10.17 3.59 21.50 16.40 7.86 144.80 32.43
PP063 38.88 20.74 8.61 2.67 20.30 14.29 6.14 97.02 35.10
PP064 47.60 22.55 10.64 3.64 22.19 15.44 7.58 166.69 34.40

table 2 contd...
Clonal Pod  Pod Pod Pod Seed Seed Seed 100 Seed Total
Code length  width thickness Weight Length Width Thickness Weight Oil
 (mm) (mm) (mm) (g) mm (mm) (mm) (g) (%)
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PP065 45.06 25.21 10.55 3.75 21.73 15.42 7.11 151.89 34.33
PP066 56.31 24.23 10.06 4.14 20.98 15.77 7.28 157.44 33.27
PP067 42.86 21.46 10.42 3.51 21.34 15.51 6.82 143.01 30.93
PP068 49.25 26.74 10.91 4.03 19.50 16.69 8.03 150.72 37.57
PP069 47.87 23.13 10.65 3.72 20.99 15.00 7.76 142.12 32.23
PP070 43.25 20.36 9.33 3.11 22.21 14.08 6.12 152.78 35.33
PP071 47.37 20.82 11.50 3.45 19.26 14.69 7.84 125.93 30.50
PP072 53.17 25.34 10.26 4.28 21.97 16.70 6.83 139.62 34.90
PP073 52.69 24.03 11.28 4.62 23.45 17.78 7.76 198.17 32.63
PP074 53.50 24.37 11.04 4.26 18.91 15.58 7.61 216.77 32.60
PP075 45.33 22.57 12.13 3.32 20.19 13.76 8.01 133.64 30.63
PP076 44.04 19.36 8.68 2.80 21.08 13.94 6.43 145.74 40.30
PP077 49.43 20.11 11.54 3.37 20.08 13.22 7.80 185.18 31.07
PP078 46.87 22.63 10.64 3.40 21.44 15.71 7.51 183.89 35.00
PP079 54.32 23.77 10.49 3.82 19.31 15.71 7.47 145.78 35.87
PP080 50.91 24.52 11.31 4.18 19.94 16.19 8.01 176.09 33.63
PP081 52.01 22.26 10.35 3.49 22.29 15.20 7.39 152.03 30.84
PP082 51.80 22.22 9.54 3.65 20.26 14.05 7.04 124.72 32.27
PP083 50.56 22.59 10.17 3.65 21.15 14.86 7.43 127.06 35.03
PP084 52.92 24.57 10.88 4.02 19.10 15.64 8.02 160.05 37.93
PP085 49.47 20.79 11.37 3.82 21.75 13.34 7.77 179.96 35.73
PP086 56.29 25.83 10.62 4.59 21.70 15.75 7.77 150.29 33.83
PP087 39.65 20.13 10.77 2.91 20.62 14.18 7.20 149.27 34.33
PP088 43.24 20.70 9.74 3.08 21.67 15.02 6.69 169.28 34.17
PP089 47.08 21.95 10.39 3.56 21.91 15.06 7.39 135.66 37.13
PP090 58.70 27.96 11.55 5.85 23.20 18.51 7.62 218.60 33.43
PP091 53.31 23.94 10.50 4.42 21.67 15.77 7.24 165.58 35.67
PP092 59.83 25.35 9.84 3.85 18.39 14.90 7.18 125.43 29.47
PP093 59.67 25.48 11.78 4.62 20.98 16.37 8.32 187.77 30.90
PP094 46.76 22.50 7.13 3.02 20.54 15.58 5.44 157.84 33.73
PP095 50.28 21.96 10.12 3.27 20.50 15.56 7.90 151.84 38.90
PP096 54.23 25.88 10.82 3.69 17.88 14.31 6.85 130.29 34.40
PP097 57.33 24.76 10.71 4.18 18.59 15.24 6.97 122.95 29.07

Clonal Pod  Pod Pod Pod Seed Seed Seed 100 Seed Total
Code length  width thickness Weight Length Width Thickness Weight Oil
 (mm) (mm) (mm) (g) mm (mm) (mm) (g) (%)
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PP098 54.74 25.13 10.19 3.84 17.89 13.98 7.21 124.31 35.43
PP099 49.78 26.62 9.42 3.81 19.07 16.20 6.48 139.16 37.87
PP100 48.72 22.23 10.10 3.31 17.41 14.27 7.40 115.18 32.50
PP101 47.70 24.62 9.44 3.21 19.27 15.71 6.31 121.32 31.90
PP102 54.96 24.97 10.58 3.78 19.51 16.45 7.28 172.07 31.83
PP103 49.52 26.24 10.20 3.96 19.27 16.42 7.58 165.77 31.47
PP104 48.14 22.98 11.66 4.01 21.61 14.90 7.36 178.83 33.87
PP105 47.85 24.28 10.43 4.10 20.61 13.97 7.85 139.19 37.40
PP106 50.27 23.95 10.06 3.34 20.90 14.98 6.56 204.99 31.47
PP107 45.10 23.15 10.01 3.86 20.57 15.76 3.63 199.29 35.37
PP108 43.11 22.18 9.58 3.31 19.63 14.91 6.63 128.95 38.07
PP109 57.93 22.81 9.10 3.62 20.57 15.34 4.58 133.94 37.57
PP110 48.15 22.90 8.70 3.07 19.75 16.19 6.16 140.40 36.87
PP111 46.63 22.98 9.81 3.01 20.46 14.75 7.27 203.20 36.27
PP112 48.87 24.71 8.68 2.62 16.92 13.64 5.94 135.15 31.37
PP113 53.79 20.84 9.13 3.09 21.21 14.77 6.46 127.46 30.90
PP114 53.03 22.77 8.91 3.11 19.53 15.06 6.50 189.18 28.00
PP115 37.93 18.10 10.03 2.46 16.53 13.82 5.79 111.06 31.00
PP116 45.30 21.29 9.42 3.08 22.73 14.89 6.42 146.11 31.27
PP117 45.78 22.54 9.67 3.10 21.93 14.91 6.71 120.04 32.87
PP118 45.99 23.12 10.26 3.41 22.49 15.06 7.00 140.03 31.83
PP119 47.56 24.01 10.29 3.74 22.67 15.48 6.79 149.60 29.43
PP120 48.44 24.07 9.95 3.56 22.96 14.99 7.07 176.10 32.03
PP121 43.44 22.27 10.05 3.50 22.53 15.16 6.76 150.27 38.13
PP122 51.77 21.72 10.97 3.68 22.52 14.33 8.16 208.31 36.37
PP123 38.15 18.62 9.87 2.51 19.27 12.53 7.05 180.38 31.53
PP124 49.01 24.02 10.68 3.63 20.53 14.42 6.97 145.19 38.30
PP125 45.35 23.27 10.08 3.06 18.42 13.57 6.71 108.95 36.17
PP126 49.83 21.52 9.36 3.30 20.09 14.02 5.99 103.43 33.23
PP127 57.52 26.08 9.61 4.20 20.70 15.46 5.83 118.07 31.87
PP128 38.73 23.04 9.45 3.04 20.74 15.53 7.75 138.98 35.96

Clonal Pod  Pod Pod Pod Seed Seed Seed 100 Seed Total
Code length  width thickness Weight Length Width Thickness Weight Oil
 (mm) (mm) (mm) (g) mm (mm) (mm) (g) (%)
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PP129 44.52 22.83 9.44 3.25 19.87 14.75 6.09 163.76 38.47
PP130 47.81 19.62 9.40 2.57 20.74 12.83 6.16 164.23 41.50
PP131 38.25 19.89 9.98 2.52 20.42 13.25 6.85 175.56 38.10
PP132 49.78 23.85 10.36 3.72 19.28 15.10 6.71 169.34 36.00
PP133 51.85 25.74 9.50 3.16 16.67 14.19 6.12 104.56 34.07
PP134 47.21 22.86 9.74 3.37 18.55 14.53 6.93 114.02 34.57
PP135 44.30 22.53 8.65 2.80 20.32 13.82 6.19 129.44 34.30
PP136 43.70 20.72 10.22 3.79 24.10 15.05 6.84 129.78 24.03
PP137 41.56 18.51 9.54 2.66 21.26 13.25 6.01 146.59 40.13
PP138 46.51 23.21 11.40 3.95 22.11 15.81 8.08 168.16 38.90
PP139 40.24 16.87 11.09 2.50 19.90 12.28 7.70 113.87 36.43
PP140 36.15 20.96 11.25 3.11 19.68 13.65 7.86 128.24 38.47
PP141 34.81 18.47 10.03 2.39 19.82 12.63 6.70 105.61 33.10
PP142 42.51 20.33 10.98 3.36 23.53 15.23 7.63 146.84 35.47
PP143 48.22 23.43 11.44 4.00 21.70 15.54 7.83 165.78 38.93
PP144 47.03 23.12 11.58 3.93 22.37 15.59 8.19 173.35 39.43
PP145 37.31 17.27 9.49 2.20 20.05 12.59 6.35 103.00 33.13
PP146 47.83 23.12 11.67 4.01 21.41 15.47 7.95 162.46 36.70
PP147 36.78 21.10 11.32 2.93 20.16 13.99 7.73 103.86 33.33
PP148 46.90 22.91 11.33 4.01 21.89 15.92 7.91 150.97 40.33
PP149 43.95 22.45 10.08 2.66 17.75 13.08 7.09 164.51 34.77
PP150 53.42 25.59 9.71 3.72 20.43 15.79 6.71 225.74 36.20
PP151 49.23 28.43 11.08 4.77 25.43 19.75 7.55 241.42 37.80
PP152 54.51 24.83 11.36 4.42 22.36 15.14 7.04 179.48 34.23
PP153 50.47 29.58 12.54 5.57 25.93 20.58 8.61 231.53 34.97
PP154 53.74 27.65 11.96 4.71 19.85 16.07 8.30 194.61 35.17
PP155 47.25 20.31 9.34 2.68 19.50 13.21 6.43 163.46 38.77
PP156 45.99 19.25 8.60 2.45 18.00 12.49 5.39 107.22 34.30
PP157 44.62 19.66 10.62 3.24 20.88 14.14 7.18 157.90 36.47
Mean 47.54 22.46 10.27 3.49 20.91 14.82 6.92 143.73 34.35
SEM 0.44 0.20 0.07 0.05 0.13 0.11 0.07 2.53 0.22
CD 1.37 0.61 0.22 0.17 0.42 0.33 0.21 7.86 0.68

Clonal Pod  Pod Pod Pod Seed Seed Seed 100 Seed Total
Code length  width thickness Weight Length Width Thickness Weight Oil
 (mm) (mm) (mm) (g) mm (mm) (mm) (g) (%)
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Seed thickness

Seed thickness ranged from 3.63 mm 
(PP107) to 8.61 mm (PP153). The average 
seed thickness was 6.92 mm. Eighty genotypes 
recorded higher seed thickness over general 
mean.

Hundred Seed weight

The genotypes under study showed 
significant variability for hundred seed weight 
with a range of 69.65 g to 241.42 g. Seventy- 
four genotypes recorded higher hundred seed 
weight than the general mean (143.73 g). 
The genotype PP151 recorded the highest 
pod weight of 241.42 g followed by genotypes  
PP153 (231.53 g) and PP150 (225.74 g). The 
lowest hundred seed weight was recorded in 
PP033 (69.65 g).

total oil content

Total oil content in seed ranged from  
24.03% to 41.80%. The highest total oil content 
in seed was observed in genotype PP059 with 
41.80 per cent. The average total oil content 
in seed recorded was 34.35% and Seventy-
five genotypes recorded higher total oil content 
in seed weight than the general mean. The 
lowest total oil content in seed was exhibited  
by genotype PP136 (24.03%).

The largest, cheapest and fastest gains 
in most tree improvement programmes will  
accrue if use of suitable species and seed 
sources within species is assured (Zobel 
and Talbert, 1984). A wider genetic variation 
is fundamental for the development of new  
varieties with good quality and higher yields 
(Frankel and Hawkes, 1975; Holden and 
Williams, 1984). This diversity could be in land 
races, local selections, elite cultivars and wild 
relatives of crop plants. Therefore, in order to 
understand the existing variations among the  

P. pinnata genetic resources an attempt were 
made for collection of pod and seeds P. pinnata 
from different clonal plantations of Karnataka 
Forest Department and the results of the 
experiments are discussed.

In the present investigation all the pod  
and seed traits showed significant variation 
among the selected genotypes. The variation 
in pod length, seed length and hundred seed 
weight may be attributed to the difference in 
genotypes. The significant difference in pod 
weight in the present study may be attributed 
to number of seeds, seed weight, shell weight 
among the different genotypes. The variation 
is seed physical traits can be attributed to 
difference in physiographic, edaphic and  
climatic factors (Mathur et al., 1985; Padmini  
and Banerjee, 1986) and could be due to genetic 
or environmental factors or interaction effect 
(Arya et al. 1992).

These studies are in accordance with 
variation in pod and seed traits in P. pinnata 
among the seed sources of Andhra Pradesh 
(Rao et al., 2011), Karnataka (Shivanna et al., 
2007), Jharkhand (Divakara and Das 2011), 
western India (Deswal et al., 2015), Telangana 
(Patta et al., 2016), Central India (Ahlawat  
et al., 2016), Haryana (Kaushik et al., 2007)  
and south India (Pavitra et al., 2013).

conclusion

Variability in 157 clones established by 
Karnataka Forest Department research wing 
under different research circles/ranges for pod 
and seed traits in P. pinnata were assessed 
based four pod traits and five seed traits. All  
the pod and seed traits showed highly  
significant values, indicating the presence of 
large range of variability among the selected 
clones.
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introduction

History

Bandipur was first notified as Reserve 
Forest in 1898 by the British administration. 
Later the Maharaja of Mysore declared 90  
sq ms of this area as Game Reserve in 1931, 
and increased its area to 800 sq m in 1941,  
and named it as Venugopalaswamy Wildlife 
Park. The Park had a sanctum sanctorum of  
60 sq km and was forbidden for forestry  
fellings. However, the erstwhile Maharajas 
of Mysore continued their sport of hunting.  
Subsequently it was named as Bandipur  
National Park after including an additional  
area of 80 sq km. The total area of the park 
now is 880 sq km. In 1973 it was included in  
the first nine Tiger Reserves of India, with a  
core zone of 523 sq km, buffer zone of  
274 sq km, tourism zone of 82 sq km, and an 
Administrative zone of 1 sq km. Later an Eco-
Sensitive Zone (ESZ) of varying width of 3.3 to 
7 km was formed coterminous with the Buffer 
Zone.

imPact of ProJect tiGer on  
tHe BandiPur tiGer reSerVe 

 (BandiPur national ParK)

S. G. neGinHal, i. f. S.( retd.)

Former Deputy Conservator of Forest, Karnataka Forest Department. Email: sneginhal@gmail.com

features      

At Bandipur the Deccan Plateau rises to 
meet the Western Ghat mountains. It abuts  
Tamilnadu and Kerala States. Then (1973), 
vast green grass-lands covered most of the  
sanctuary on the eastern part, interspersed 
with smaller and bigger waterholes, natural 
stands of Deciduous forests and bamboo 
clumps of Dendrocalamus strictus and Bambusa 
arundinacea.  

launching of Project tiger

my association   

I had joined as Wildlife Officer in charge  
of Bandipur, Nagarahole and BRT Hills 
Sanctuaries in May 1972, after my advanced 
wildlife training under the late Sri S.R. Choudhary 
I.F.S at the FRI Dehradun.      

In 1973, it was decided by the Government 
of India to implement Project Tiger initially in  
9 sanctuaries of our country to save the Tiger 
from the brink of extinction. Bandipur was one  
of them in South India.

abstract

Project Tiger was implemented at Bandipur Tiger Reserve, Karnataka, on 17-9-1973. It will be 
completing 45 years on 17-9-2017. The status of forests, wild animals, their habitats as  available in 
situ then (1973) are described, and Project’s  impact on these now (2018), after implementation of  
45 years, are discussed. Other related factors like forest fires, poaching, exotic weeds, bamboo 
flowering, removal or otherwise of dead and dying trees and debris, Old Rail Fencing, wild life  
tourism etc. are also dealt with.
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I had the opportunity of authoring the 
Management Plan for Bandipur in 1973 for 
implementing the Project Tiger, which was 
reviewed by M. Krishnan, the noted naturalist 
and wildlife expert, who was one of the 
Steering Committee Members of Project Tiger. 
I attended the Steering Committee Meeting 
at New Delhi, during the finalisation-review of  
my drafted Management plan in May 1973.  
After the approval and sanction of the plan, it 
was launched at Bandipur on November 17, 
1973, by the Chief Minister of Karnataka.       

material and methods        

My Management Plan for Bandipur of  
1973 is the base, coupled with my close 
observation, studies and field notes spread  
over 45 years of my several repeated visits to 
the Bandipur Tiger Reserve.   

reviewing impact of Project tiger on 
Bandipur tiger reserve

Project Tiger at Bandipur will be completing 
its 45th year, and entering into its 46th year  
on 17-9-2018. Let me review its impact on 
the flora, fauna, habitats and ecosystem as a  
whole on the Bandipur National Park (Bandipur 
Tiger Reserve) during these last 45 years of 
Project Tiger. So also forest fires, poaching, 
dead wood extraction etc. will also be reviewed.     

on forests 

Bandipur has Moist, Dry Deciduous and 
Scrub forests, with grasslands scattered 
amongst them. Bordering on its south and west 
are the riverine forests.

Southern tropical moist deciduous forests

These forests are found mainly at Kalkere, 
Banurgadde, and between N. Begur and Gundre. 
These have better site quality. Soil is rich and 
loamy. So large size trees are found. During 1973 

luxuriant growth of Dowga bamboo (Bambusa 
arundinacea) existed here. It flowered and  
died during 2013-14. Due to strict conservation 
and non-exploitation over the last 45 years, 
these forests have reached their climax in  
plant succession. Due to windfalls, old age, 
diseases, wild fires, elephant ravages etc. 
many trees and their branches have fallen  
on the ground. These are lying in situ for  
years, being not extracted, as per guidance  
laid in the policy of Project Tiger and later as 
ruled by  the  Supreme Court. 

Status of wildlife now in these forests

Then (1973), these forests were good 
habitats for Sambar and Barking Deer. A few 
Gaur and Elephants occasionally visited.  
Edges were used by Chital. Some tigers and 
panthers were also seen. Their number is  
much reduced now (2018), habitats being  
thickly vegetated.   

Southern tropical dry deciduous forests

forests             

These forests form a greater chunk of 
Bandipur, where most of the herbivores and 
predators are found, as compared to other  
forest types of Bandipur.

Status of wildlife now in these forests    

Earlier (1973), these were good grazing 
grounds of herbivores. Now (2018), most of  
these forests are covered by Lantana and 
Parthenium, thereby usurping feeding grounds 
of herbivores.  

Scrub forests: Earlier, these forests 
provided good grazing grounds for Chital and 
Fourhorned Antelopes. But now, covered by 
Lantana and Eupatorium, are not much used by 
these animals.       
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  Grasslands: The earlier available large 
extent of grasslands have now receded to a  
great extent, due to invasion of Lantana, 
Parthenium, fires, and cattle grazing.      

riverine forests

These forests are found along the banks  
of Kabini River, Mulehole stream and Moyar 
rivulet. The vegetation consists mostly of  
riverine sps and Dowga bamboo.

These habitats are mostly used by  
Elephants and Gaur.

on wildlife 

Herbivores

chital or Spotted deer: (Axis axis)         
Earlier, large herds of Chital were seen foraging 
on the grassy lands. 

Now, most of their feeding pastures are 
covered by thick Lantana and Parthenium.  So 
Chital are dividing into smaller groups to feed 
on the constricted grasslands. They are also 
observed going to more open areas as towards 
Mangala. Their population also seems to be 
reducing, as observed in earlier decades.

 Sambar (Cervus unicolor): Earlier, 
forested hill-sides were the favourite haunt  
of the Sambar. They were seen feeding mainly  
at night and retiring into heavy cover at day  
break, and did not usually come out till dusk. 
They were crepuscular, nocturnal, and elusive. 
Then, only small numbers of Sambars were 
seen moving.      

Now, they are seen in larger groups at any 
time of the day, and that too in comparatively 
more open, non hilly areas. Their population 
appears to have increased compared to earlier 
decades. Surprisingly, they have become 
diurnal, compared to their earlier nocturnal  

habit. They are also bold, compared to their 
earlier elusive nature. 

muntjak or Barking deer (Muntiacus 
muntjak): Population of Barking Deer is almost 
constant, then and now. These are seen singly 
or in pairs and come out at edges of forests for 
feeding. They skulk away on seeing humans. 

fourhorned antelope or chowsingha 
(Tetracerus quadricornis): In earlier decades, 
these were seen wherever open forests were 
available at the edges. Now, they have shifted 
to open forests of Moyar and at the base of 
Gopalswamy Betta.  

Gaur or indian Bison  (Bos gauru): Prior  
to 1969-70, Bandipur was reported to be  
famous for its Gaurs, both in size and numbers 
(personal discussions with M. Krishnan). Those 
days, they were commonly seen grazing in  
large herds in the green pastures around 
Bandipur.               

But when I joined in 1972, I saw a number  
of head-skeletons of Gaur lying scattered over 
the forest. Rinderpest had taken a great toll  
of the gaur during 1969-70.

Gaurs were rarely sighted during 1972-78. 
They were just recovering in their population 
after the rinderpest. Small herds were seen  
in the interior of the forests and were shy in 
coming out in the open.   

Two Decades ago, their population had 
increased, and were seen boldly feeding in 
the open forests. But now, again their number 
is dwindling due to non-availability of grazing 
and browsing grounds on account of invasion of 
exotic weeds.     

elephants (Elephas maximus): during 
1972, after the pre-monsoon showers in May-
June, Bandipur were a paradise for elephants. 
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Large herds were seen browsing on luxuriant 
grasses, savouring on bamboos, drinking, 
bathing exchanging genes at the water-holes.

They stayed up to end of October, and 
later migrated to wetter regions of B.R.T. 
Hills, Mudumalai, Wynaad and Kabini back-
waters for water and feeding, as the Bandipur 
forests would get drier. Wild elephants which 
earlier used to visit the forests of Bandipur for  
browsing and drinking water are not getting 
sufficient food and water now. So, now, they 
visit Bandipur in lesser numbers, over a  
shorter period than earlier observed. They soon 
migrate to greener pastures of B.R.T. Hills, 
Mudumalai, Wynaad and Kabini backwaters. 
So elephants that used to be seen spread out 
throughout the forests earlier and staying for a 
longer period are not observed doing so, now.                         
Now, only a small number of elephants visit 
Bandipur, as patchy grass lands are available  
in place of the vast ones found earlier, being  
now covered by Lantana and Parthenium. 

Remarkably, those days, they rarely  
visited the cultivated lands around the forests 
for feeding on agricultural crops, except in a few 
cases. 

Now, they have become a menace to the 
farmers, as they go out from forests for raiding 
crops, which was not observed earlier. 

indian wild Boar (Sus scrofa):  In earlier 
decades, Wild Boars were found restricted to 
forests. Of late, only a few numbers are seen 
inside the forests. Now they are often seen 
around the campus of Bandipur, feeding on the 
kitchen garbage and leftovers. They are even 
observed predating on the fawns of Chital and 
young monkeys.         

Predators (Three major predators)

i) the tiger (Panthera tigris tigris): As said 
above, Bandipur was the hunting grounds of  

the Maharaja of Mysore and his guests. From 
1941 to 1958 he and his guests had hunted  
50 tigers, 22 tigresses, 13 panthers and  
6 female panthers, totalling 72 tigers and 19 
panthers. While drafting the Management  
Plan for Bandipur in 1973, my rough survey 
showed the population of tiger of Bandipur to  
be 13 in numbers. 

Tigers have a slower rate of increase. It 
appears that game animals are essential to the 
tiger’s existence. 

Three things are essential for the survival  
of tigers, the neighbourhood of large animals 
upon which they can prey (mainly in the form 
of larger herbivores like gaur and sambar etc.), 
vegetation cover for hunting preys, ample  
shade to rest and sleep,  and  water to quench 
thirst. All these were sufficiently available at  
the Bandipur Tiger Reserve in the earlier 
decades.

Ordinarily the tiger hunts between sunset 
and dawn, but should the day be cold or  
clouded with rain it will be up and about. True  
to their nature, the tigers at Bandipur were 
mostly seen in the late evenings or night, true to 
their nocturnal habit. 

Of late, at Bandipur, the tigers are seen 
even during the day, even between 1 p. m. to  
3 p. m., during the hot summer, either searching 
for water or lying in the waterholes for cooling. 
They are also spotted in the forenoons and 
afternoons for hunting their prey, as the  
sambars, their main food, have also become 
diurnal at Bandipur, as stated above. So their 
behaviour has been modified to suit to the 
acquisition of their food needs. 

During the last two decades, population  
of Tigers has increased manifold at the  
Bandipur Tiger Reserve, from 13 tigers in 2073 
to 104 in 2014, according to the Tiger census. 
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Earlier to 1972 tigers were hunted by the then 
Mysore Maharaja, his relatives and friends for 
game, which was the reason for low number  
of tigers in 2073, before the commencement  
of the Project Tiger.

In earlier decades, they were mostly seen  
in the interior of the forests and that too during 
the nights. Now, they have occupied all the 
available open habitats around Bandipur. 
They have also become diurnal and are seen 
during day time. They fight among themselves  
for occupying territories, which is getting 
restricted due to increase of their population.

Chital, Sambar, Gaur make their main food. 
Village-cattle also provide good food for the 
Tigers at the fringes.

ii) the leopard or Panther (Panthera 
pardus): Earlier few panthers were seen at 
Bandipur. Now their population has visibly 
increased.  These have a high rate of increase 
compared to tigers. They have a wider range 
of food, and are adaptable to varied living 
conditions; they have marvellous powers of 
concealment. These qualities have helped them 
to increase in their population.   

A black panther was sighted on N. Begur- 
Gundre road in 2000 A. D. by me. Chital,  
Barking Deer, Monkeys (Bonnet Macaque  
and the Common Langur) and the village-cattle 
make the main food of the Leopards, though 
they also hunt other animals and birds.

iii)  the dhole or indian wild dog (Cuon 
alpinus): Dholes are social animals, going  
about in packs. Usually these hunt by day, 
rarely by night. Their prey is trailed by scent 
and pursued at sight, with no violent outburst 
of speed, but in a steady, tireless canter which 
finally outruns the quarry’. 

Sambar, Chital, calf of Gaur make their 
food, which varies with locality. Wild pigs are a 
favourite prey.

Then, Dholes were seen roaming in larger 
packs for hunting Chital, their main food.  
Now, though their population has remained 
almost constant, the pack size seems to be 
diminishing.

Birds: A variety of birds are spotted at 
Bandipur. Amongst them gallinaceous birds 
like Peafowl, Grey Jungle fowl, Red spur fowl, 
Grey Francolin, Common Quail stand out. 
Other interesting birds are Woodpeckers, 
Shrikes etc and Raptors like Changeable Hawk  
Eagle, Crested Serpent Eagle, Fish Owl, and 
Buzzards etc. Water birds like Spot-billed  
Ducks and Grebes breed in the local tanks. 

other related factors

forest fires: Then (1973) forest fires 
were very few; and damage to the forests was 
negligible. Fire-lines around forest blocks, 
boundaries, view-lines, State borders etc.  
were cleared and fire-traced in winter. Of late, 
repeated fire infernos are taking place for  
various reasons, destroying the habitats. Some 
attribute heavy fire damages on account of 
non-removal of dead, dying and fallen trees 
and flowered bamboos. This is unjustified. 
(Advantages of retention of these dead trees 
and fallen branches etc. are discussed later). 
Fires are occurring due to various factors like  
not taking fire-tracing works earlier in winter, 
belated allotment of funds for fire-tracing, 
villagers setting fires for revenge etc. 

Poaching: Poaching of animals was almost 
not known during 1980s, except a few local 
cases, which were promptly booked. Of late, 
poaching, trapping and poisoning of Tigers  
are seen, in which local and outsiders are 
involved. The poachers mainly target the  
Tigers and Elephants, the former for skin, 
bones, nails etc, and the latter for tusks and  
for taking revenge for damaging their crops, 
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when elephants go outside the forests for feeding  
on their agricultural crops. Villagers also kill 
Tigers and Panthers for revenge, when they  
prey on their livestock. They resort to this killing 
by using illegal guns or by inviting outside 
shooters. They also trap and poison them.  
Poaching herbivores for food and skin also takes 
place at the fringes which is being controlled

exotic weeds: Of late, the exotic weeds 
Parthenium, Lantana, and Eupatorium (the  
latter to some extent) are covering a major  
portion of the forests, as a result no fresh 
regeneration of trees, shrubs, herbs and grass  
is coming up in most of these forests. 

This has naturally restricted the carrying 
capacity of the herbivores, which in effect  
affects the carnivores. 

Lantana invasion and the latest solution:          
During 1980s, Lantana invasion was not much 
noticed. It was sparsely coming in the Dry 
Deciduous and more so in the scrub areas. 
Now it has become a menace in these forests.            
A number of efforts were made to eradicate 
Lantana, even by bulldozing the growth, 
but Lantana appeared again with vigorous  
growth. Of late, it is observed that an insect 
called Teleonemia scrupulosa, commonly  
known as  Lantana lace bug, is found attacking 
Lantana, resulting in defoliation and drying up 
of  Lantana patches.  Results have to be further 
watched.        

flowering of dowga Bamboo: Dowga 
bamboo (Bambusa arundinacea) gregariously 
flowered and died during 2012-2014, depleting 
the bulk food of elephants. Regeneration of 
Bamboo has failed to come up due to Lantana 
suppression, grazing, wild fires, etc.             

three suggestions 

a) Treated seeds covered in earthen balls  
of Bamboo, Melia dubia, Gmelina arborea, 

Emblica officinalis and other browsable and  
fruit-yielding species should be sown over the 
forest floor, especially around water courses, 
and even under the Lantana and Parthenium 
bushes. Some of these seeds may sprout and 
grow into trees later.

b) Planting of taller saplings: Recently 
the Department has removed Lantana from  
the wild-fire-burnt forest areas at Bandipur. 
Here the authorities are sowing seeds of Dowga 
bamboo, fruit-bearing and browsable jungle 
wood species, results of which is debatable, 
as most of the seeds sown may not germinate 
due to failure of timely rains, rodents and 
birds feeding on these seeds etc. Even if 
some germinate and grow in to seedlings are 
liable to be browsed by herbivores. Moreover  
these seedlings take a longer time to get into 
trees. So a practical suggestion would be to  
plant nursery raised taller saplings of 2 m and 
above in height. Even planting taller saplings 
over and above 2 m in height would be more 
welcome for better result.

c) Salt-licks: Since last 2-3 decades 
the Department has stopped maintaining the  
artificial salt-licks, which were used to be 
maintained since 1972. 

Salt-licks are required to be maintained  
for the good health of the herbivores and 
elephants. Intestinal parasites of the animals 
are purged out with the salt going inside the 
stomachs of the animals. Moreover, salt is  
the favourite savour of the herbivores and 
elephants. On account of this wild animals 
are commonly seen gathering at the salt-licks. 
Elephants going outside are also attracted to 
revisit the sanctuaries on account of salt-licks.  

Salt-licks should be formed at the upper  
side of the gentle slopes, by digging trenches  
and putting salt therein and covering with soil. 
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After the rains the salts will seep down the  
soil, which the animals will lick. If the salt 
is mixed with the soil, as was done in older  
times, the animals will get soil also getting 
inside their stomach, which being unhealthy is 
prevented to a great extent. 

d) dead, dying trees and their fallen  
debris: After 45 years of conservation, 
under Project Tiger, a lot of floor debris has  
accumulated in all the forests of the Tiger 
Reserve. According to the policy of Project 
Tiger and the Supreme Court orders, dead, 
dying, fallen trees and bamboos have  
remained unextracted. Some argue in favour  
of taking up habitat manipulation and removal  
of dead and fallen trees in these forests,  
which are forbidden under the Project Tiger.   

advantages of retaining dead, dying  
and fallen trees: ‘Living trees with internal 
pockets of decay, top dieback, or broken tops 
can all serve as wildlife habitat. Many species 
of wildlife use these trees and the hollow  
snags and log’. 

Dead trees also, whether standing snags  
or fallen logs, are habitat for an astonishing 
variety of plants and animals. They provide 
dens for small mammal and  nests for birds; 
home for herbs, mosses, fern; home for  
spiders, insects etc, which are the base of the 
food chain; foraging site for many insectivorous 
birds like woodpeckers etc; and food,  
protection, shelter, cover  for thousands of other  
tiny organisms.

Fallen trees and branches improve the  
soil, after decaying, by adding organic matter, 
retain moisture for the soil during dry periods, 
provide a seed bed for regenerating trees, 
provide a site for nitrogen-fixing bacteria.

Considering the above advantages of 
retaining defective, standing and fallen dead 

trees, it is advisable not to extract them. Only 
effective fire protection works have to be 
implemented to protect forests from wild fires.

expensive fencing: Earlier forests 
were protected from grazing of village cattle 
by trenching around the forest boundaries.  
Later as the wild elephants started raiding 
agricultural crops, deep trenches were created 
and also electric fencing was provided. 
Department has now resorted to erecting  
Old Rail Fencing around the PAS, which are 
causing other problems. Elephants climb up 
these railings and go out for raiding crops. 
But the returning elephants are prevented in  
re-entering the PAs. So they roam around 
causing more havoc.  

tourism: Earlier, a manageable number  
of tourists used to come.  Now, tourists visit 
in great numbers and have become un-
manageable. This adversely affects the  
wildlife and the ecosystem. Tourism should be 
controlled to the carrying capacity of the P.A.s. 

results and discussion  

Earlier, Bandipur was a healthy ecosystem. 
Forests were healthy. Wildlife was well 
distributed. Herbivores got grass, shrubs,  
herbs, bamboos etc for food, and water for 
drinking. There were no devastating fires. 
Predators also thrived well.                 

  Now, the Herbivores and Elephants 
are not getting sufficient food and shelter in 
the forests. Lantana and Parthenium have  
occupied their feeding grounds. Moreover, tree 
growth is depleted as no fresh regeneration is 
coming up. 

Due to above reasons herbivores and 
elephants are deprived of sufficient food and 
shelter. They are pushed to the edges. So 
predators also follow them to more open areas. 
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Tigers sighted earlier in deep forests are now 
seen coming out into more open areas around 
Bandipur, covered with lesser vegetation, in 
pursuit of their prey animals.

conclusion

The earlier environmental conditions 
prevailing at Bandipur and the status of wildlife 
have been exhaustively dealt with.  The forests 
were healthy, and the wildlife was thriving  
well. A population of herbivores was good. 
Elephants in large numbers used to come to 
Bandipur, and would stay for a longer time.  
They got good browsing material in the form  
of grass, bamboos etc. and water was plenty  
to bathe and drink. 

Prior to 1972 tigers were few in number 
they were nocturnal, and kept to the interiors. 
Now they have increased in number, from 13  
to 104. They are seen even during day times 
also. They fight for territories, and mates.  
Often village cattle are predated, resulting in 
villagers taking revenge by poisoning.    

Earlier, Sambars were not coming in 
the open. They were mostly crepuscular and 
nocturnal. Now they have become diurnal and 
are seen during day time also. Their population 
has also increased. 

Earlier Chital were found in larger groups. 
Now the group size is reduced. Their grazing 

grounds have come down. Population and  
herd-size is reduced. 

Earlier Bandipur was a paradise for 
elephants as earlier described. Now they visit  
in lesser numbers and that too for a shorter 
period. Their feeding grounds are lost due to 
Lantana and Parthenium. Forest fires have 
become a regular feature and have been 
uncontrollable. 

The whole ecosystem is deteriorating due  
to invasion of Lantana and Parthenium and 
regular wild fires, resulting in reduction of  
carrying capacity of the herbivores, there 
by affecting the tiger population. Budget on 
buildings, old rail fencing, new road formation 
etc should be cut down and amount used on 
annually clearing exotic weeds. If exotics are  
not controlled serious environmental crisis  
would take place in coming years. 
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introduction

Forest nurseries are an integral part  
and contribute significantly towards forest 
regeneration programme. Successful establish-
ment of plantations is based on the development 
of a well-managed nursery providing quality 
planting material. The nursery insect pests  
are detrimental to the vigorous growth and  
health of planting stock which ultimately affect  
the survival of out planted seedlings in 

abstract

Plantation forestry have grown phenomenally during the last couple of decades accelerated by 
government departments and farmers as a commercial activity by incorporating tree species of  
commercial and industrial value to meet the needs of local communities by providing fuelwood, fiber  
and fodder for humans and their cattle. Establishment of tree species varies with different climatic 
conditions and the demand for such species is on the rise. Forest nurseries are an integral part of 
plantation programmes as they contribute markedly to forest-regeneration activities. Successful 
establishment of plantations is dependent on well-managed nurseries which supply quality- 
planting material.  Nursery insect pests generally affect growth and overall health of planting stock, 
which affect the survival of seedlings transplanted in the field.  Development of right pest-management 
practices is a priority area in forestry to produce healthy seedlings for improved productivity. Timely  
and proper utilization of the well-designed pest-management practices would keep pests at a 
manageable threshold and reduce costs of managing pests in outbreak situations. A package of 
practices for adoption in the management of selected key nursery insect pests of Albizia lebbeck,  
Aegle marmelos, Ailanthus excelsa, Azadirachta indica, Mimusops elengi, Phyllanthus emblica, 
Pongamia pinnata, Syzygium cumini and Tectona grandis is discussed in his paper. Proper  
integration of different ecofriendly management methods could help in avoiding injudicious  
and extensive use of chemicals. State Forest Departments, Forest Development Corporations,  
NGOs and Farmers raising nurseries for plantation purpose are bound to gain by the offered  
package of practices to manage pest problems in nurseries.

Key words: Nursery, insect pests, management.

the field (Joshi 1994; Ahmad 1994; Varma 
1994; Mathew 1994). Development of pest 
management practices is an important priority 
area in forestry so as to produce healthy 
seedlings for attaining improved productivity 
(Sen Sarma and Thakur, 1986; Joshi, 1994; 
Nair 1985, 1987). Timely and proper utilization 
of the developed pest management package of 
practices could keep the pests at an innocuous 
level and reduce the high cost of containing 
the pest in outbreak situations and loss of 
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planting material could be avoided. A package 
of practices to be adopted for management  
of nursery insect pests is discussed in this  
paper. Proper integration of various ecofriendly 
control methods could help to avoid extensive 
use of chemicals and therefore it will improve 
the quality of the environment. State Forest 
Departments, Forest Development Corporations, 
NGOs and Farmers raising nurseries for 
plantation purpose will be benefited by the 
package of practices to manage pest problems 
in nurseries.

materials and methods

Standardization of management practices

Field experiments in Randomized Block 
Design with various treatments (table 1) and  
five replications were carried out for the 
management of selected key pests of Albizia 
lebbeck, Aegle marmelos, Ailanthus excelsa, 
Azadirachta indica, Mimusops elengi, Phyllanthus 
emblica, Pongamia pinnata, Syzygium cumini, 
and Tectona grandis. Key pests identified through 
an earlier study (Jacob, 2008) include Psyllids, 

table 1 – treatments selected for pest management in forest nurseries

no. treatments

 1 Tobacco extract (5%)

 2 Neem oil emulsion (2%)

 3 Neem Seed Kernel Extract (5%)

 4 Plant mixture (5%)

 5 Pongam oil (2%)

 6 Dimethoate (0.06%)

 7 Imidacloprid (Confidor) (0.01%)

 8 Monocrotophos (0.05%)

 9 Microbial formulation – Commercially available microbial formulation of Verticillium   
  lecanii (1%) for sap feeders and Beauveria bassiana (0.6%) formulation for defoliators

 10 Mixed bed arrangement- Alternating each nursery bed with beds of different species   
  instead of arranging beds of same species side by side 

11  Hand picking

12 Weeding

13 Net collection

14 Gap filling – Filling the space between poly bags with sand

15 Salt lining – Applying common salt crystals on the ground.

16 Gunny bag trapping – Laying wet gunny bag as traps

17 Allowing natural enemy build up

my forest – June 2018



59

Acizzia indica, Psylla hyaline, Leaf Webing 
Larva  Rhesala Imparata and aphids of Albizia 
lebbeck; Citrus Butterfly, Papilio demoleus of 
Aegle marmelos;  Scale Insect Megapulvinaria 
maxima and Slug Laevicaulis alte of Azadirachta 
indica;  defoliators Eligma narcissus and Atteva 
fabricella of Ailanthus excelsa Skipper Larva 
Parata alexis of Pongamia pinnata; thrips 
Arrhenothrips ramakrishnae and defoliator 
Nephopteryx eugraphella of Mimusops elengi; 
defoliator Hyblaea puera and skeletonizer 
Eutectona machaeralis of Tectona grandis 
besides for miscellaneous pests like Myllocerus 
beetles and grasshoppers. Control beds were 
maintained without any treatments.

Sprays were given using Knapsack sprayer. 
Plants were thoroughly sprayed in the evening 
hours. Surfactant teepol was also added for 
uniform spreading. In mixed bed arrangement, 
beds of different tree species were arranged 
side by side instead of arranging beds of same 
species side by side. Instead of mass producing 
and release of natural enemies for biological 
control, blocks of 50 seedlings with parasites/ 
predators were covered with close mesh nets to 
monitor natural enemy build up and compared 
with insect population level in control. To  
assess the influence of weeds in building up  
of common miscellaneous pests like grass 
hoppers and Myllocerous sp. beetles, weeding 
was regularly done around beds and compared 
with insect population level in control. Gap 
between the poly bags were filled with sand  
and wet gunny bags were spread around 
beds as well as common salt crystals were 
applied to manage slug problem in neem. 
Commercial microbial formulations of Beauveria 
bassiana (Trade name TOXIN) and Verticillium 
lecanii (Trade name SHOCK) were used 
as microbial agents. Systemic pesticides 
dimethoate, imidacloprid and contact pesticide 
monocrotophos were used as insecticides.  
Plant based extracts were prepared through 

standard procedures (Vijayalakshmi et al.,  
2000) and compared with locally available 
selected, safe commercial pesticides. 
Mechanical methods like hand picking and 
net collection of insects were also employed 
wherever required. Observations on pest 
population level / percentage damage were 
made before application of control measures, 
10th, 20th and 30th day after application. 

Assessment of insect population level, 
parasitisation and predatory efficiency were 
carried out based on Jacob (2008). Effect  
of various management measures were 
estimated by assessing the significant variation  
of insect population level/ extent of damaged 
plants after 10, 20 and 30 days after treatment  
with the pretreatment level. Similarly, 
effectiveness of treatments were graded by 
assessing the significant variation of each 
treatments with the controls as well as by 
assessing the mean number of left over insects/ 
extend of damaged plants or plant parts after 
10, 20 and 30 days of treatment. Levels of 
significance were determined by Dunnett test 
using KyPlot (Version 2.0 beta 13).

results 

In the present study mixed arrangement  
of beds did not reduce the incidence of  
R. imparata on A. lebbeck after 10th day of 
treatment. However hand picking significantly 
reduced the leaf folder population. Spread of  
the pest tends to get reduced up to 20 days 
when beds are arranged alternately with bed  
of other tree species (table 2). When hand 
picking of P. demoleus larvae on Aegle 
marmelos gave sufficient control for 10 days 
after treatment, the population tends to  
increase during the 20th and 30th day after 
treatments. Alternate bed arrangement with  
other species showed no reduction in the 
population of P. demoleus (table 2). In the 
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case of E. narcissus on A. excelsa alternate 
bed arrangement with other species were 
not effective for its control of E. narcissus on  
A. excelsa even during the first 10 days after 
treatment (table 3). To some extent, hand 
picking was effective in reducing the incidence 
of A. fabricella on Ailanthus. Hand picking  
and removal of galled leaves showed  
significant reduction in gall incidence in  
M. elengi seedlings up to 30 days after treatment 
(table 4). 

Hand picking of tender leaves with the  
larva of P. mathias from nursery beds of  
P. pinnata was found to be effective only up  
to 10 days after treatment (table 5). Mechanical 
control by hand picking of folded leaves  
besides pesticides significantly reduced 
defoliator N. eugrapella in M. elengi up to  
30 days after treatment (table 5). Hand  
picking of tender leaves with the larva of  
H. puera and E. machaeralis from teak beds  
was found to be effective only up to 10 days  
after treatment (table 6). However, the 
population tends to increase after the monsoon 
rains. Alternate bed arrangement with 
other species did not show reduction in the  
population of defoliator and skeletoniser on 
teak. Weeding and net collection significantly 
reduced the population of common pests like 
grasshoppers and Myllocerus sp. beetles on 
many of the nursery seedlings up to 30 days 
after treatment. Filling the gap in between the 
poly bags with sand and trapping the slugs 
by spreading wet gunny bags around the 
beds reduced the damage by L. alte on neem 
seedlings. Slugs usually find shelter in the  
moist cool places in between the bags or 
decaying litter. Wet gunny bags attract them. 
Application of salt crystals around the bed 
blocks their movement. But it did not reduce 
the infestation significantly. The mean number 
of damaged plants in gap filling and gunny bag 

treatment was significantly low 30 days after 
treatment (table 7). 

Treatments with Tobacco extract, 
NSKE were not effective against leaf folder  
R. imparata on A. lebbeck. Neem and Pongam 
oil emulsions among plant based extracts  
gave considerable control of the pest up to 10 
days after treatment. B. bassiana microbial 
formulation and insecticide monocrotophos 
(0.05%) controlled the pest and was effective 
for 30 days after treatment. In the case of 
R. imparata, plant based extracts tend to be 
effective up to 10 days after treatment. NSKE 
showed no effect even up to 10 days after 
treatment (table 2). Tobacco extract, Neem  
oil and Pungam oil controlled P. demoleus up  
to 10 days after treatment on A. marmelos. 
NSKE and plant mixture extract were not 
effective against P. demoleus (table 2). NSKE, 
plant mixture extract was not effective for  
the control of E. narcissus on A. excelsa 
even during the first 10 days after treatment. 
Application of tobacco extract, neem oil  
emulsion and Pongam oil significantly controlled 
the pest for almost 20 days after treatment 
(table 3). Application of plant mixture extract  
and microbial formulation did not give significant 
control of the scale insects M. maxima on  
neem. NSKE showed effect only during the  
first 10 days after treatment. (table 4). Pongam 
oil, neem oil and tobacco extracts were not 
effective in bringing down the thrips population 
in M. elengi for up to 10 days after treatment. 
NSKE tends to be effective up to 20 days  
after treatment. Among plant based extracts 
neem oil and Pongam oil significantly reduced 
defoliator N. eugraphella in M. elengi up to  
30 days after treatment (table 5). Population 
level of P. mathias was significantly brought 
down by application of Tobacco extract, neem  
oil and Pongam oil emulsions up to 10 days  
after treatment. Neem oil and Pongam oil 
controlled H. puera and E. machaeralis up to  
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10 days after treatment on Teak seedlings.  
NSKE and plant mixture extract were not  
effective against defoliator and skeletoniser. 
Application of tobacco extract and NSKE was 
able to control the grasshoppers and Myllocerus 
sp. population up to 10 days after treatment 
(table 6).

Insecticide monocrotophos (0.05%) 
controlled leaf folder R. imparata on A. lebbeck 
and was effective for 30 days after treatment. 
Statistical analysis shows that in spite of the 
increase in population level of Psyllids and 
aphids, pesticide treatments were significantly 
effective up to 20 days after treatment (table 8). 
Insecticides significantly controlled E. narcissus 
on A. excelsa for almost 20 days after treatment 
(Table 3). Monocrotophos was effective in 
reducing the incidence of A. fabricella on 
Ailanthus and the scale population on neem 
(table 3 & 4). Systemic pesticides significantly 
reduced the incidence thrips population 
in M. elengi up to 30 days after treatment. 
Monocrotophos was effective up to 20 days 
after treatment (table 4). Pesticides gave  
good control of H. puera and E. machaeralis on 
Teak seedlings (table 6). 

B. bassiana microbial formulation  
controlled R. imparata on A. lebbeck and was 
effective for 30 days after treatment. Though 
not highly significant, population reduction of 
the pest by natural enemies was evident after 
20 days of treatment (table 2).  Population  
of P. demoleus increased during the first  
10 days of when left with natural enemies 
to build up. After 20 days of treatment there  
was a clear reduction in the unparasitised 
larvae (table 2). Natural enemies of microbial 
formulations were effective in reducing the 
incidence of A. fabricella on Ailanthus (table 3). 

Microbial formulation of B. bassiana 
and insecticides significantly controlled  
E. narcissus on A. excelsa for almost 20 days  
after treatment (table 3). Microbial formulation 
did not give significant control of the scale  
insects on neem. However a reduction in 
population was observed after 20 days of 
microbial treatment. In the case of thrips 
population in M. elengi, microbial formulation 
significantly reduced the incidence up to  
30 days after treatment. 

table 7 – effect of different treatments on the population of Slugs on neem

# Number of infested plants per 50 seedlings.  Mean of 15 observations 

 #Slug on neem      

      days after treatment

treatments    Pretreatment  10 20 30

Gap filling Mean 0 20.4 26 35.6

 p   P<0.001 P<0.001 P<0.001

Salt lining Mean 0 0.6 3 8

 p   P>0.05 P>0.05 P<0.001

Gunny bag trapping Mean 0 0 5 11

 p   P>0.05 P>0.05 P<0.01
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discussion

Increased rate of tree planting is felt very 
much needful nowadays to reclaim wastelands 
and to arrest further ecological degradation 
besides to meet the needs of local communities 
by providing fuelwood and fodder for man  
and his cattle. Thus plantation forestry 
have grown phenomenally, accelerated by 
government departments and farmers as a 
commercial activity incorporating tree species 
of high commercial and industrial value. 
Pest management in forest nurseries relies 
mostly on monitoring to detect pest incidences  
and identify pest population levels. The key 
tactic is prevention (Mathew 1994a). Repeated 
surveillance has been advised to detect  
insect incidence and its increase beyond a 
certain level in the planting stock (Bhandari 
and Singh 1988). Nair et al (2004) suggested  
a solar basket light trap as an efficient devise  
for monitoring population trends of chosen 
species. A number of major groups of moths, 
beetles, bugs, and grasshopper are attracted 
to light traps. Khan et al (1988) studied 
the seasonal activity and abundance of 15  
insect species of agro forestry importance by 
light trap. 

Roonwal (1990) reports that mechanical 
methods are feasible where labor is relatively 
cheap. Caterpillar of Ailanthus i.e. Eligma 
narcissus was handpicked and killed by 
dropping in a tin with mixture of kerosene and 
water. Pupal cluster scrapped of the trunk  
and killed by crushing with stone. Large  
number of pupae can be killed and population 
following generation is greatly reduced.  
Behavior of pests can be identified and 
management measures can be directed in  
such a way that it can be utilized to direct, 
trap or kill the organism in the present study 
management of slugs in neem seedlings was 

successful by identifying the behavior of slugs. 
Behavior of rebuilding the nest cover has been 
made use to kill sapling borer Sahyadrassus 
malabaricus in Teak (Nair 1986).

Tobacco extract, neem oil and Pongam 
oil emulsions were found to be effective in 
the present study against skipper butterfly 
larva, teak defoliator, grass hoppers and 
Myllocerus .sp beetles on seedlings. Presence 
of insecticidal properties of many plant extract  
has been already established (Ahmad et al., 
1996). NSKE 5% and neem based insecticide  
was find to be effective agent Helicovexin 
armigera and Diacrisia obligua (Deole et al.,  
2003) and the same was reported to influence 
nutrition and reproduction of Taragama siva 
(Sundararaj et al., 1995). Various botanical 
insecticides has been used to manage pest  
like Aphis gossipii, Myzus persicae, Spodoptera 
litura on agricultural crops (Devi et al., 2003, 
Sagar 1992 Singh et al., 1995 Singh and Rao 
2000). Extract of Calotropis procera, Datura 
metal and Azadirachta indica were effective 
agent E. machaeralis (Meshram, 1995) 
and Holigarna arnottiana against H. purea  
(Ramana et al., 2004). Extract of Adhatodha 
vasica, Pongamia pinnata and neem were used 
to control termites (Das and Chattopadhyay 
2003). Aqueous extract of Adhatoda vasica 
was found to have insecticidal property  
against Rhesala imperata on Albizia lebbeck 
(Srivasta et al., 1996) Similarly Cinnamomum 
camphora oil tends to deter feeding by  
defoliators on Gmelina arborea (Pandey et al., 
1997).

Reduviis bugs like Panthous bimaculatus 
has been reported as a predator thriving on 
defoliator of Ailanthus and making it an ideal 
biocontrol agent (Varma 1989). Swarms of 
dragonfly Pantala flavescens predates on  
psyllids on subabul and was reported to have 
detectable impact on the numbers of the 
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pest (Joseph and venkitation 1995). Teak 
skeletenizer E. machaeralis has a natural 
enemy complex of 43 species of parasitoids 
and 60 species of predator. These bio control 
agents can be sustained by delaying or  
avoiding pesticide application. (Patil and 
Thontadarya 1983). 25-38% reduction in the 
population of bagworm Pteroroma plagiophleps 
was reached due to parasitism by Goryphus 
sp. (Chalcididae) (Mathew 1989). Braconid 
Apanteles papilionis and B. hebetor were 
reported to be associated with larval populations 
of P. demoleus during peak periods of pest 
activity (Lakshmi Narayanan et al., 2003). 
Among the naturally occurring ant species  
occur in the nursery environment, Anoplepis 
longipes showed high predatory potential  
against A. indica psyllid on A. lebbeck  
Rajendran et al., 2000). Delaying pesticide 
sprays will also help in incidence of natural 
epizootics. Natural epizootics of polyhedrosis 
virus are reported to control defoliator Taragama 
Siva on Prosopis julifera (Ahmed and Kumar 
1998). Beauveria bassiana is a virulent 
microbial pathogen of A. fabriciella of Ailanthus 
(Mohammed and Varma 1994). Spraying of 
Bacillus thuringieusis on Ailanthus plants was 
effective agent A. fabriciella Joshi et al., 1996). 
Commercially available microbial insecticides 
have been reported to be effective agent teak 
skeletenizer also (Meshram et al., 1997).

Nephopteryx eugraphella on sapota was 
controlled by chemical pesticide like permithrin 
(0.01%) Fenvalerate (0.01%) monocrotophos 
0.03% (Jhala et al., 1993). Monocrotophos 
was found to be effective agent A. fabriciella 
in Ailanthus (Meshram and Jamaludin 
1989). Rajendran et al. (2001) also showed 
that synthetic insecticidal were superior to  
botanical in controlling psyllids in Albizia in 
nurseries.

conclusion

In spite of the best efforts made nurseries 
experience losses due to insect pest damage. 
Such field losses are due to improper 
management of pest problems while seedlings 
are in nurseries. Nursery managers must  
analyze the damage or losses caused by  
insects and the costs involved in preventing  
such pest problems. For profitable tree  
cultivation production of quality planting  
materials in forest nurseries is very much 
required and feasible management measures  
as identified in the present study can be  
deployed against insects to avoid pest  
problems assuming serious proportions  
resulting in partial or total loss of planting 
material.
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Volume 5, issue 1, of mYforeSt Journal 
was published in April 1968. The cover page 
of the journal was printed with Dipterocarpus  
indicus with 22’ girth in the tropical wet ever-
green forests of Agumbe, Shivamogga  
division. The photo was by Sri Y.M.L. Sharma. 
Now, unfortunately the cover page is missing. 

The first article was authored by Mr. Jack  
C. Westoby, who belonged to Forestry and 
Forestry division, F.A.O. The article was based 
on his address to the IX Common wealth  
Forestry Conference held at Delhi in January 
1968. The article was on “Changing Objectives 
of Forest management”. The article touches 
upon its title by encompassing various issues 
like Production goals in the international  
context, Goals for non-timber products, 
Production forestry and social forestry, Renewed 
interest in forest management, Contemporary 
problems in management etc.

An article entitled “ Smuggling of Sandal-
wood and its prevention by Sri N.S. Adkoli 
describes methods of smuggling used at that  
time. The author emphasises on the 
shortcomings of prevention of smuggling and 
gives suggestions for improvement. 

mYforeSt 50 YearS aGo…..

Other articles include “Artificial regeneration 
of Eucalyptus citriodora” by Sri A.S. Bhat of  
West Coast Paper Mills, Dandeli, “Random 
thoughts of a forester on Implements and 
Instruments” by Sri. S. Shyam Sunder, the then 
DCF; “Operation Tree-Uprootal and its benefit”  
by Sriyuths K. Ramegowda and A.N. Yellappa 
Reddy, the then DCF & ACF respectively; 
“Soil Conservation in Afforestation Schemes of 
Dharawar District” by Sri B.K.C. Rajan, the then 
DCF. 

Under the section “NEWS & NOTES”, 
reports of participation of forest department 
in Dasara Exhibition (1967)” authored by  
Sri K. M. Kuttayya, RFO, “Mysore and  forest 
stall in Indian trade and Industries Fair held at  
Madras” authored by Sri H.P. Viswanathan, IFS, 
DCF, Mysore were published.

The articles viz., “Changing Objectives of 
Forest Management” by Mr. Jack C. Westoby  
and “Smuggling of Sandalwood and its 
prevention” by Sri N.S. Adkoli have been 
reprinted in this issue.

 rejoice the past………..

my forest – June 2018 
Vol. 54 (issue 2), Page 73



74

four Year old Syzigium cumini (Jambu nerale) in farm forestry plantation raised in 2.50 acres land
 by Sri nagarajappa at chidchikkanahalli, chikkaballapura
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* Reprinted from MyForest, April 1968 issue.
**Forestry and Forest Products Division
Food and Agriculture Organisation on the United Nations, Rome, Italy.

Since the middle of this century the world’s 
consumption of industrial wood has been 
growing at an unprecedented rate. It is not  
easy to document this with precision for the  
world as a whole, since for most parts of the  
world there are no adequate statistics available 
for the period before the First World War. 
But in Europe, for example, industrial wood 
consumption rose between 1913 and 1935-
38 from 138 to 173 million cubic metres, i.e. 
by 35 million cubic metres, or by 1 percent a 
year on average. In 1950, consumption had 
not quite recovered the pre-war level, standing 
at 169 million cubic metres. By 1965, however, 
consumption has risen to 264 million cubic 
metres, a rise of 95 million cubic metres in  
15 years – an average annual increase of  
3 percent a year. In the U.S.A. consumption of 
industrial wood actually fell sharply between 
1913 and ths late thirties from 264 to 185 million 
cubic metres, largely due to the declining use  
of wood in solid form. But since the war, as a 
result mainly of the rapidly expanding use of 
wood in reconstituted form, consumption has 
risen sharply, and by 1965 had reached 331 
million cubic metres.

This acceleration in industrial wood 
consumption since mid-century is, of course, 
associated with the acceleration in economic 
growth rates. The total produce of economic 
activity has risen somewhat more sharply,  
taking the world as a whole, since mid-century. 

cHanGinG oBJectiVeS of foreSt manaGement – 
addreSS to tHe iX commonwealtH foreStrY conference, inida, 1968*

Jack c. westoby**

This perhaps reflects the post-war pre-
occupation of economists and governments  
with problems of growth and development,  
as against their pre-war concern with problems 
of stability and equilibrium.

Forest products penetrate into every  
sector of the economy, and the demand for  
them is linked in a hundred ways with the 
process of economic growth. It is therefore 
not surprising that the consumption of forest 
products is rising faster than ever. However, the 
link between economic growth and industrial 
wood consumption is not a simple and direct 
one; it is very much conditioned by the pattern 
of forest products consumption. That pattern 
has been changing rapidly since the war, as  
the following table 1 shows.

This table shows that the use of wood 
industrially is round from (as posts, poles and 
piling) is steadily declining. The consumption 
of paper and paperboard is rising rapidly – by 
about 3 million tons every year. Sawnwood 
consumption continues to increase, in spite 
of economics in intensity of use, an in spite 
of steady displacement in certain end-uses 
by other products, notably the wood-based  
panels; plywood, fibre board and particle  
board, all of which have shown very high rates  
of growth over the last 15 years.

Broadly speaking, these trends are  
expected to persist in future. In 1966, FAO 
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table 1 – change in recorded world use of wood products, 1950-2 to 1965

change: 1951 to 1965

wood Products million units 1950-52 1965 index average
    1950-2 annual 
    (equals 100) increase

Sawnwood Cubic Metres 266.1 368.7 139 2.4

Paper and Paper Board Metric Tons 44.3 95.8 216 5.6

Plywood Cubic Metres 6.8 24.0 353 9.4

Fibre Board Metric Tons 2.2 6.1 275 7.5

Particle Board Metric Tons 0.04 5.2                      (Over hundred
                          fold increase)

Roundwood Cubic Metres 129.2 116.4 90 –0.8

table 2 – estimated change in world consumption of wood and wood products 1960-62 to 1975

increase: 1961 to 1975

wood Products million units 1960-62 1975 Volume index 1961
     (equals 100)

Sawnwood Cubic Metres 346 427 81 123

Pulp Products Metric Tons 78 162 84 209

Panel Products Cubic Metres 31 76 45 248

Roundwood Cubic Metres 188 186 –3 98

Fuelwood Cubic Metres 1,088 1,199 111 110

completed and published a study (Wood  
World Trends and Prospects: FAO, Basic 
Study No. 16, 1967; and Unasylva, Vol. 20  
(1-2) numbers 80-81, 1966) in the course of  
which they updated, completed and integrated a 
number of earlier studies on wood consumption. 
This study developed projections to 1975,  
using average consumption for the year 1960-2 
as benchmark. These projections, both for the 
several wood products and for the wood raw 
material required to produce them are set out  
in table 2.

According to these estimates consumption 
of the products of the several forest industry 
groups over the next decade or so is expected 
to increase at more or less the same relative 
rates as has occurred over the last 15 years,  
i.e., a continuing rapid increase in consumption 
of the wood based panels, continuing  
substantial expansion in the consumption of 
pulp products, a slower but steady growth in  
the consumption of sawnwood, and a further 
decline in the consumption of industrial wood 

my forest – June 2018



77

table 3

increase: 1961 to 1975

wood Products million units 1960-62 1975 Volume index 1961
     (equals 100)

Wood Raw Materials

Sawlogs and Veneer logs Cubic Metres 629 815 186 129

Pulpwood Cubic Metres 226 493 267 218

Other Industrial Wood Cubic Metres 188 185 –3 98

Total Industrial Wood Cubic Metres 1,043 1,493 450 143

Fuelwood Cubic Metres 1,088 1,189 111 110

used in the round. Global consumption of 
the wood used directly as fuel is expected to 
continue to grow, though but slowly.

Should these estimates prove well-founded, 
then by 1975 the world will be using some  
560 million cubic metres more wood than in 
1961. Of this extra wood, some 450 million  
cubic metres will be used industrially. Of this 
additional industrial wood, well over half,  
close on 270 million cubic metres, will be 
required for pulp and for fibre board and  
particle board, i.e., for those products which 
represent reconstituted wood. These industries 
seek different qualities in their raw material 
supply from those sought by the saw mills  
and the plywood mills; in particular, they can 
accept, indeed they prefer wood in smaller 
dimensions, grown on a shorter rotation.  
table 3 shows that the share of small-sized  
wood in total industrial wood, 22 percent in  
1960-2, will have risen to 33 percent by 1975. 
This trend will certainly continue and the 
proportion may well have risen to half by the  
end of the century.

Most of the extra industrial wood which  
the world is going to need by 1975 will be  
required in the presently advanced areas 

of the world and this in spite of the fact 
that consumption is rising faster relative to  
economic growth in the less advanced parts 
of the world. This is because level of wood 
consumption are very much higher in the 
industrialized regions than in the less developed 
regions. Though industrial wood consumption  
is expected to rise by 72 percent in the low  
income countries up to 1975 as against 37  
percent in the high income countries, 
nevertheless over three-quarters of the  
additional industrial wood, 335 million cubic 
metres will be required in the high income 
countries Europe, North America, U.S.S.R., 
South Africa, Pacific Area and Japan.

Finally we should observe that the Figures I  
have given relate to consumption trends up 
to the year 1975. All the indications are that 
these trends will continue, though in somewhat 
attenuated form, through the succeeding 
decades.

Much of what I have said so far will 
doubtless already be familiar to you. My object 
in recaptualating it here is to bring home to  
you the historically novel nature of the 
contemporary wood supply situation. The 
world’s industrial wood consumption is rising 
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more rapidly than ever before. The pattern 
of that consumption is changing, entailing  
different calls on the forest. Most of the rise  
will occur in the developed regions, but the  
rate of growth is higher in the developing  
regions.

Let me say, parenthetically that I am  
well aware of the vulnerability of these 
requirements estimates, the cavalier  
assumption about income and population 
growth; the paucity of information on trends  
in supply costs the inadequate treatment of  
prices and the almost intuitive assumptions 
regarding technological change. The actual  
levels of consumption realized in 1975 
and succeeding decades, may well differ 
considerably both globally and regionally  
from those which have been projected. 
Nevertheless, no one has as yet seriously 
challenged these main conclusions as  
concerns the direction of the major trends, 
their orders of magnitude and their relative 
importance.

Production Goals: the international context

General though these conclusions are 
they nevertheless present and indispensable 
frame of reference which individual countries 
have increasingly to take into account as  
they redefine their forest policies and lay  
down forest production goals. There is no  
country today which can regard its forest 
economy as a closed one. Already a very 
significant proportion of the world’s wood  
needs is being satisfied through international 
trade. That proportion is destined to increase. 
Each country in establishing its forest  
production goals, should and in many cases 
must have before it some clear concept and  
if possible a quantified concept of its future  
place in the world forest and timber economy. 
It must have some idea of the extent to  
which it intends to rely on imports to satisfy its 

future wood needs. It must have some notion  
of the extent to which it intends or expects its 
own forest resources to contribute to the wood 
needs of other countries.

Obviously, it is no easy matter to define  
the degree of self-sufficiency a country should 
aim at in say 20 or 50 years time or the size  
of the exportable surplus it should aim to  
create. The problem would be difficult enough 
even if all countries could agree that their 
national target should be worked out on the 
basis of some single unifying doctrine, on the 
basis, say, of comparative costs. That is to say,  
a given country is deciding how much  
investment to direct into the forest sector in  
order to raise national industrial wood  
production by a certain amount by a given 
target date, should consider how the cost 
of generating additional wood supplies (and 
valorizing them) compares with the costs 
of generating extra wood supplies in order 
parts of the world. Such an approach would 
give considerable intellectual satisfaction to a  
global planner if such an animal existed. It  
would run into the difficulty that an adequate 
information basis is woefully lacking. 
Nevertheless, some data do exist, and they 
are being added to daily. It is right and proper 
that much more attention is now beig given  
at the national level to the cost of stretching  
wood supplies in one’s own country as  
compared with other parts of the world.

However, the fact that one has to proceed 
on the basis of partial knowledge does not  
mean that one cannot proceed at all. The  
point is that, even on the basis of the  
inadequate data at our disposal, one can  
usually designate a reasonable range of  
action. In real life, the situation which usually 
confronts us can be exemplified as follows. 
Imagine four alternative sets of measures,  
A, B, C and D of progressive scope and  
intensity, each with its associated level 
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of necessary investment. These sets of  
measures are designed, respectively to produce 
by say the year 2000 an extra 5, 10, 15 and 
20 million cubic metres of industrial wood. 
It is usually possible to make some general 
observation on each of the points in this scale 
as for example.

With A we cannot go wrong;

 B would seem pretty safe too, but 
there is some slight risk of over 
production in relation to demand 
and taking into account what we 
think we know about the costs of 
alternative supply sources;

 C could pay off, but only if every 
factor internal and external in the 
total situation were to work out 
favourably;

 D is very chancy indeed.

This, I submit is the way in which the case 
will usually be presented to the policy-maker, 
once the economist has been persuaded 
to jettison his jargon. And we know, from 
experience, that the policy-maker will usually  
opt for a line of action that lies between A  
and B, somewhat closer to A than to B. The 
object of forest economics research is in fact,  
to get rid of as many its and buts as possible, 
and to quantify the remaining ifs and buts as  
far as possible.

Our hypothetical global planner who  
would like to see forest resources developed 
and created in a way that ensures the optimum 
economic utilization of the resources is 
hampered not only by the fact that he is not 
omniscient, that  his data base is inadequate. 
He is also hampered by the fact that a  
variety of institutional frictions will limit the  
extent to which he can do the obviously  
sensible thing. For example, capital scarcity, 

alternative claims on investment capital, as  
well as political risks, mean that for many years 
to come it will be easier to finance 6 percent 
forestry in a developed country than to finance  
12 percent forestry in an underdeveloped 
country. And this is only one example of the 
institutional frictions that abound.

The existence of these institutional 
frictions has two corollaries which should not 
be overlooked. Let us, for the time being, retain  
this notion of an omniscient global planner, 
anxious to ensure that the world’s forest  
resource is developed and where necessary 
expanded in an optimum economic way. Let 
us further suppose that national planners 
are disposed to develop their national plans  
in conformity with his master plan. The  
transition to the economic optimum will not be 
achieved by the full play of economic forces, 
though economic forces may tend in the long 
run to move events in the desired direction, 
sporadically, uncertainly and with a considerable 
time lag. This is because of the institutional 
frictions to which I have referred. The second 
corollary is that, because of this inevitable lag 
in the optimisation process, the developed 
countries will frequently be able to safely 
invest more than the global planner would 
have wished. Thus, referring back to the earlier  
case, a developed country, confronted with  
the A, B, C, D alternatives, may often be able to 
opt safety for B or B+, instead of A + B or B –.

I used the phrase “institutional frictions”. 
This is, of course, a euphemism, but if I had 
recourse of euphemism, it was not that I  
wanted to hide reality, but I did want to pause  
at that point to spell out the reality. The reality  
is that though we may inhabit one physical  
world, economically, socially and politically, we 
life in two worlds, and these two worlds – the 
affluent, technologically advanced, developed 
world, and the poorer, more populous,  
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technically backward, developing world are 
getting farther apart. The euphemism, I used  
was thus simply a convenient shorthand to 
indicate a whole host of problems inherent in  
the complex web of trade and development  
inter-relations that characterizes our age. 
The basic conflict of the second half of the 
20th century is not a East-West conflict – the 
politicians who continue to twitter in these  
terms have been left behind by history. It is the 
North-South conflict.

There are many in the affluent – individuals, 
statesmen and governments – who feel a 
sense of responsibility and obligation towards 
the South in this situation. Their motivation  
is mixed. Their sense of responsibility may  
stem from common humanity. It may lie in the 
feeling that moral debts piled up in a centiry  
of colonial exploitation of the South by the  
North are now due for repayment. It may be 
rooted in the fear of the social upheavals  
that may sweep away their way of life if 
something is not done quickly. But the  
motivation does not matter. What matters is 
that fair deeds should match the fair words  
that have rained on us increasingly in the  
post-war decades.

All this may seem to cry from the  
adumbration of forest production goals, but it  
is not.

In the trade development context, we 
know that a necessary condition (though not a 
sufficient condition) for starting to narrow the gap 
between the two worlds is that the developed 
world must facilitate and accommodate a 
substantial import of manufactured and semi-
manufactured products from the developing 
world. We know too, that one of the sectors 
where this can be accomplished with least 
effort on the part of the developing countries 
and leading to least stress and dislocation on 
the side of the developed countries is the forest 

industries sector. This being the case, national 
forest production goals in those developing 
countries which are suitably endowed should 
be tailored to provide an expanding flow at the 
same time, national forest production goals in 
the developed countries should be so fixed as 
to provide markets for this expanding flow of  
an trade. In other words, concept of global 
economic optimization which inspires our 
hypothetical global planner is not enough. The 
contemporary scene require something that 
goes beyond this. Moreover, it is not sufficient  
to write these ideas into national forest  
production goals. This action has to be 
supplemented and reinforced by a wide range 
of actions in the aras of trade, tariffs and 
developmental aid.

Goals for non-timber Products

So far, in what I have said about forest 
production goals (which are essentially 
the translation of forest policies into action  
programs). I have limited my remarks to 
wood production targets. I have said nothing 
about goals for the production of other forest- 
created or forest derived values; watershed 
values benefis conferred on agriculture, socio-
economic support for the rural communities, 
wildlife, recreation and amenity values. In this, 
I follow an illustrious line of predecessors,  
all of whom have been careful to draw  
attention to the limitation in their approach, all  
of whom are emphatic in stressing the  
importance of the values they have omitted, 
conceding that in many instances these  
values exceed in importance the wood 
production function of the forest and all of  
whom explain their omission by pointing to the 
dearth of quantity and value information about 
these benefits.

I have little that is new to say about these 
non-wood products of the forest. But there  
are one or two observations I would like to  
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make. First, I would remark on the irony of the 
present situation. On the one hand, very rapid 
progress has been made in the last decade 
in emptying some of the witchcraft out of  
our thinking on the wood production function  
of the forest. Wardle’s paper to the Conference 
shows the major contribution which operational 
research can make to the decision making 
process. Grayson’s paper shows how these 
powerful new techniques of calculation and 
analysis are being widely applied in the 
management of enterprises and makes a 
plea for extending these techniques to the 
higher levels of decision making, including the 
formation of forest production goals. But as  
yet, at least so far as I am aware, these 
techniques, which aim at analyzing the  
economic or financial consequences of  
various courses of action are applied solely to 
the wood production function of the forest.

On the other hand, we are all painfully 
aware of the rise – the almost exponential  
rise in the relative importance of the non- 
wood products of the forest. The pressures to  
step up the flow of these physical protection 
and social benefits from the forest get more 
insistent day by day. Thus, the irony is that, as 
our production models get better and better, 
they get more and more out of touch with reality. 
No one has yet elaborated a model which is 
of much service to multiple use forestry. Will 
this be possible in the foreseeable future?  
I do not believe so, I see very little prospect of 
accumulating the necessary data and learning 
how to feed them into the model. Gordon  
Taylor’s paper to this Conference shows, for 
example, what a long way we have to go in  
the field of recreation. We are not even sure  
yet what we ought to be counting!

To my mind, however, the search for such  
a model is a vain one. The hunt is misdirected, 
for at the end of the day the Snark will  
inevitably turn out to be a Boojum.

My views of this vexed problem are  
simple, clear and yet, I fear heretical. So far  
I have found few of my colleagues disposed  
to accept them. I can sum them up in a series  
of elementary propositions.

1. A distinction can be drawn, conceptially 
between production forestry – forestry which  
aims at producing wood for industrial or 
household use and social forestry, forestry 
which aims at producing a flow of protection and 
recreation benefits for the community.

2. In principle, production forestry should 
pay.

3. The starting point for establishing the 
goals for production forestry should be the  
current and expected future costs of producing 
wood as compared with current and expected 
future costs elsewhere, all in relation to  
expected future demand. Many other factors 
including political considerations will have to be 
taken into account in deciding on final goals, 
but the starting point should be the one I have 
mentioned.

4. The goals for social forestry should be 
determined by the amount of investment the 
community is prepared to allocate to secure the 
desired social benefits.

5. The fact that wood and the physical 
protection and social benefits are frequently 
joint products does not rule out this approach;  
it merely means we must start keeping our  
books in a different way.

Production forestry and Social forestry

Permit me to elaborate some of these points. 
As growing emphasis is placed on procuring 
from the forest a flow of physical protection 
benefits and social values, the constraints 
and limitations imposed on the forester as  
an economic producer of industrial wood  

my forest – June 2018



82

steadily multiply. This problem is going to 
intensify. This is one important reason why a 
number of countries in the developed world  
are becoming relatively high cost wood 
producers. Charges are being borne on the 
wood producing account which represent 
services rendered to the community at large  
no less essential than education or basic 
health services. Those charges, the costs of 
social forestry, should be borne by the public 
purse. Only then will it be possible to get the  
books straight for production forestry, to get 
an idea of the real cost of producing wood for 
industry.

I fear that foresters themselves may 
have been responsible for certain misunder- 
standings and confusion which have arisen in 
the minds of some of the public and in some 
governmental circles. They have preached  
the gospel of the multiple role of the forest,  
have stressed the flow of non-crop benefits 
which the forest can provide and have, perhaps 
unwittingly encouraged the idea that the  
forest can provide all these goods and  
services – industrial timber, physical protection 
benefits and social values – simultaneously and 
economically.

A few months ago, I tried to illustrate this 
problem by means of an analogy.

We would all of us hesitate before buying 
an electric gadget which purported to serve as 
hair dryer, washing-up machine and standard 
lamp. We would suspect that full efficiency  
in one of these uses could only be secured by 
some sacrifice of efficiency in the others. Yet 
foresters have been slow to admit that proper 
management for one product will adversely 
affect the out-put of other goods and services.

Exceptions may be taken to this analogy.  
It will be claimed that for any forest truely 

managed on multiple use principles there will  
be an optimum product mix and the  
management plan designed to produce that 
optimum product mix will be the optimum 
one. Indeed, I suppose that even for the novel  
electrical gadget, I mentioned there could be 
an optimum design. But the real problem is: 
for whom are the several goods and services 
produced and who is to pay for them? It is as 
if our electrical gadget were destined to dry  
the hair of the family, wash up the pots of all  
the neighbours and provide street-lighting for  
the whole street.

My good friend Ed. Cliff, Director of the 
U.S. Forest Service took great exception to this 
analogy and referred to the gadget as “your 
infernal machine”. He construed my plea as  
an attach on multiple use forestry. But my  
attack is not against multiple use forestry in 
which I firmly believe. It is against confusion of 
aim and purpose in forestry which sometimes 
goes as far as sheer obscurantism.

When funds have been sought for forestry 
in the past, projects have often been justified  
on the basis of their major use, with the 
subsidiary uses thrown in either as an offset 
to low profitability or as some kind of premium. 
This of course, sidesteps the problem of  
having goods and services paid for by those 
to whom they accrue. Yet surely the volume  
of forest derived physical protection benefits  
and social values which a nation is to have  
should be determined on the basis of what 
the nation can afford to pay having regard to 
other calls on the public purse. It should not  
be determined by what the forestry sector is  
able to provide in the ordinary way of business 
without going into the red, A protective 
afforestation scheme is a matter for public 
discussion, public decision, public financing,  
just as much as the raising of the school-leaving 
age.
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Evidently, it will never be possible to 
get the account for production forestry and 
social forestry completely separate. But if the  
principle is accepted, it should make for clarity 
in concept and somewhat greater precision  
in costing than we have today. So far we have 
paid far too little attention to these problems.  
In this respect we are lagging far behind our 
fellow-workers in the U.S.A. I believe the 
accounting aspects of these problems can be 
solved. I believe they have to be solved if we  
are to ensure and adequate  level of investment 
in forestry in the future.

In several of the populous, industrialised, 
advanced countries the role of the forest a a 
wood-provider is already subordinate to its  
role as a provider of physical protection  
benefits and social values. Even in those 
countries where the wood production function 
still dominates, there are certain areas where 
this function has already become secondary. 
These areas will inevitably extend and  
multiply, as the demands for clean water for 
recreation and amenity for support to rural 
communities, mount. Dawkins, in a recent  
paper, saw the day fast approaching when in 
the forest aesthetics would be all, and wood 
production an anachorism, associated with 
a technology that had become historically 
outmoded. By aesthetics, I understand him to 
mean the whole gamut of non-timber products 
of the forest. I do not share his view. But it  
is certainly true that the community need for 
these products is rising even faster than is  
the need for wood. It will become increasingly 
difficult to pay for social forestry out of the 
revenues from production forestry. Only in rare 
and exceptional cases will social forestry be 
self-liquidating from the revenues it generates 
(camping fees, park admissions and the  
like). Therefore, unless we can win public 
authorities to the idea that the social services 
performed by the forest must be paid for 

by public funds we shall progressively fall  
behind the level of investment required to  
ensure those services.

But, if there are dangers of under  
investment in some countries and in others 
there is the danger of over investment. We in 
FAO are frequently called upon to comment and 
advise upon the forestry plans of developing 
countries. Typically, these have three elements: 
development of the natural forests, industrial 
afforestation and protective afforestation or 
improvement work eg., in watersheds, on sand 
dunes and so on. this last element is nromally 
nonself-liquidating on any financial reckoning, 
though of course it may be well worth while on 
the basis of a comprehensive, economic cost-
benefit evaluation. We have had occasion to 
remark, in some instances, that the volume 
of investment earmarked for this last element 
seems excessive in relation to the country’s 
financial resources, taking into account other 
urgent claims such as education, sanitation, 
infrastructure, etc. And there have been cases 
where we have felt it necessary to counsel a 
reduced investment in protection forestry. I hope 
this admission does not send a shiver down 
the spine of those Directors of forest services 
presently bracing themselves for the annual 
battle of the budget. The cases I have mentioned 
may not be typical, but they are less rare than 
one might suppose.

I have tried to explain why I think that it 
is time for foresters to launch an educational 
campaign designed to enlighten public opinion 
and public authorities on the distinction  
between production forestry and social forestry 
and on the need to render unto Caesar the 
things which are Carsar’s. Yet, as I hinted 
earlier, I find many of my colleagues reluctant  
to accept the necessity of such an approach  
and of such a campaign. This reluctance, it 
seems to me, is rooted in fear, a fear which, 
to my mind, is groundless. Over the years the 
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forester has come to regard himself as the 
keeper of the public conscience in matters of 
resource conservation and resource use. It 
is a role for which he is peculiarly fitted, since 
his training teaches him to set the long-term 
public interest over the short-term interest, 
public or private. It is a role which has fallen to 
him largely because of the lack of practitioners 
of other disciplines with a similar breadth of 
view George Bernard Shaw once said that  
“all professions are conspiracies against the  
laity”. It would be truer to say of the forestry 
profession that for generations it has been 
a conspiracy for the laity, in the sense that it 
has consistently in the interest of that wider  
community which includes the unbron 
generations, fought against abuse of the forest 
resource. The fear of which  I spoke and which 
has tended to make foresters conspiratorial  
is two-fold, first, that the issues involved are 
too complex to be readily grasped by the  
man in the street, the administrator and the 
politician; second, that even if the issues were 
understood, neither the man in the street,  
not the adminstrator, non the politician would 
care enough.

These fears are baseless. The man in  
the street can be brought to understand. 
And once he has understood he will lash the 
administrator and the politician into action.

I have heard it whispered that one reason 
for the dislike on the part of some foresters  
of this conceptual dichotomy between  
production forestry and social forestry is the 
forester’s traditional horror of book-keeping.  
I treat this malicious whisper with the contempt 
it deserves.

One recent event encourages me to  
believe that the ideas I have advanced about 
social forestry being a social service which 
should be paid for out of public funds are  
neither unreasonable nor unrealisable. You 

all know that in the United Kingdom, British 
Railways have been in the read for many  
years. As a matter of fact they went into the  
red about the time I ceased to work for them. 
Post hoc, non proper hoc. I assure you. Over  
the years many measures have been adopted 
in an effort to get them out of the red and back 
into the black. These measures included the 
curtailment of certain services, the closure 
of branch lines and so forth. Due procedures 
were laid down. Notice of closure; time for 
appeal public enquiry; ministerial decision. 
Progressively, unprofitable activities were 
lopped off. But protests grew, particularly 
from those areas where alternative transport  
means were inadequate. This year for the  
first time, the government has specifically 
allocated 50 million pounds sterling for the 
purpose of keeping in being certain transport 
facilities which, though unprofitable, are  
deemed essential social services. The principle 
underlying this step is, I submit, one of capital 
importance. And I think it is highly relevant to  
the case for sustaining social forestry from  
public funds.

renewed interest in forest management

The redefinition of forest policy, the 
establishment of new forest production  
goals, requires a reassessment of forest 
management, the plans for achieving the set 
goals at the enterprise level. And in fact there  
has been a renewal of interest in forest 
management, together with a certain change 
of emphasis in recent years. Richter in 
1963, reported how 130 or so studies on  
management, intended in the main for forestry 
students were spread out in time between  
1750 and 1950.

1750 – 1799 17%
1800 – 1849 29%
1850 – 1899 37%
1900 – 1950 17%
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Thus the golden age for management 
planners was the second half of the nineteenth 
century. These figures are surprising. What is 
more surprising is that, according to Richter  
in Germany the country to which forestry  
science owes so much, only three books on 
management have been published in the last  
35 years.

The revival of interest is quite recent and 
it is perhaps most marked in the U.S.A., the 
U.K., Scandinavia and the East European 
countries. This revival of interest stems partly 
from the need to reconsider traditional forest 
management, partly from the overall progress 
being made in managerial sciences. Changing 
concepts are reflected in changing titles. Thus  
in the Anglo-Saxon countries we can note 
the replacement of the world “management” 
by “management planning” which conveys 
better the idea of production organisation or by  
“forest development” which is a more complete 
idea than that of organisation of production.  
In France, more an dmore the word 
“amenagement” is replaced by the word  
“gestion” a notion broader in scope and more 
flexible.

Some contemporary Problems in management

Perhaps the greatest change that has  
come to forest management at the enterprise  
level is that in determining the objectives,  
national and even international considerations 
have come to weigh more heavily. This is in part  
a reflection of the fact that we live in a planning  
age. We are all planners now, whether we 
subscribe to dirigisme or whether we prefer 
to align our action to indicative plans. But it is  
also a reflection of the fact that technical 
advances in forestry have widened the range 
for positive interventions and have rid us of 
some of the former constraints. Even the 
forestry enterprises in the private sector tend 

to turn more often to governmental bodies 
for guidance. The management plan has to 
interpret the objectives of the national plan  
and for this appropriate machinery must be 
devised. Frequently the regional or provincial 
plan is an essential link. Various formulae have 
been devised for assuring this connection 
between the management plan at the  
enterprise level and and the national plan.  
In Europe, significant contributions have been 
made by Fromer in Poland and Klepac in 
Yugoslavia. Even so, this institutional question 
of appropriate machinery – transmission 
machinery, one might say – is one that needs 
much more thought and discussion than it  
has so far received. Looking ahead, the  
changing product mix required from the forest 
with the growing emphasis on non-timber  
values is going to subject to existing machinery 
to ever greater strain.

Another change that is coming about  
in forest management is our growing  
precaution with the question: What intensity 
of management pays? Almost everywhere we 
note the tendency to multiply those measures 
designed to raise productivity per hectare. 
It must be admitted that, whatever the intensity 
of management, there is a biological limit to  
total productivity which has to be taken into 
account. The better the soils, the more capable 
they are of responding, the more we can step 
up our inputs. Obviously, in the manmade  
forest, where we can totally transform the site 
(through soil cultivation, irrigation, fertilisers, 
improved plant material), the perspectives are 
different: here it is the matter of ensuring that  
the several interventions are carefully co-
ordinated and phased to give satisfactory  
financial result. This trend towards manmade 
forests in one of the essential forester 
characteristics of our time. But between the  
two extremes, the natural forest with convention, 
a large number of intermediate formulae are 
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possible. All these questions are now under 
intensive study. Quite rapidly we are filling  
the gaps in our knowledge of what might be 
termed the micro-economics of the forestry 
enterprise. We are getting answers to question 
as how much of which fertiliser should be 
applied when? What frequency what intensity  
of thinnings?

But we also have a new concern, about 
what might be termed the macro-economics 
of the forestry enterprise. And this concern 
comes to us from observing the progress 
made in managerial sciences and techniques 
in other sectors. There are scale economies  
in management. We have to think more about, 
not only management costs per hectare, but  
also management cost per cubic metre. We  
have to examine, more attentively than we  
have done hitherto, the notion of an optimum 
economic size for the management unit. In 
Europe, current ideas are moving towards  
an area from two to three thousand hectares  
as the most viable mamagement unit in  
economic terms.

This trend immediately brings us face to 
face with two related sets of questions. What 
are the most suitable institutional arrangements 
for grouping and consolidating small forest 
holdings into viable management units,  
capable of harnessing new techniques? What 
are the optimum managerial inputs, professional 
and sub-professional, quantitatively and 
qualitatively? And this in turn comples us to 
re-examine the scope and aims of forestry 
education.

There is one other changing aspect of 
management, I must single out for mention. 
More and more the management plan has to  
look beyond the growing of wood to the 
harvesting of wood. Here I refer not to the  
need to grow those speeches and dimensions  

for which market outlets will be available.  
That need is fairly obvious, and is now  
generally recognised. I refer rather to the need 
to ensure that the wood that is grown can be 
harvested and taken out economically. The  
most vulnerable phase, the economically 
decisive phase, the economically decisive 
phase, in the whole chain to the final consumer 
is the stage from stump to mill gate. All  
efforts to raise standing stock and growth are 
doomed unless there is an equivalent effort  
to ensure that the resource can be mobilised  
in economically favourable conditions. 
The growing shortage of labour for forest  
operations and the increasing unwillingness 
of labour to undertake physically heavy and 
dangerous tasks, means inevitably that the 
machine is going to take over much of this  
work. There will be new machines, heavier 
machines, more complex machines, more 
sophisticated machines. The forest, the trees, 
the wood material that the new generations  
of machines cannot handle will be left  
unutilised. More and more the organisation 
of the management unit will come to focus 
on how the wood can most economically be  
felled and extracted. This invasion of the 
forest by the machine will not be halted,  
even though the machine brings with it  
damage to the standing stock and soil 
deterioration. There are already many  
instances where experts are satisfied that the 
economies realised in exploitation more than 
compensate for the losses enteiled and for  
the cost of soil restoration.

Thus forest management has increasingly  
to reckon with harvesting costs hence the 
tendency to group within the same enterprise  
the functions of wood production, wood 
harvesting and wood transport, and to so 
integrate these functions as to achieve  
maximum profit on the totality of the operations. 
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Hence, too, in those countried where some  
or all of the manufacturing facilities have  
yet to be created, the trend towards combinats, 
bringing under a single management all  
phases from wood production to the integral 
utilisation of the forest crop.

the role of the commonwealth forestry 
conference

In the foregoing pages, I have tried to set 
before you a general international frame of 
reference which must be taken into account  
in establishing national forest production goals.  
I have mentioned some of the political factors 
that influence the setting of goals. I have  
touched on some of the problems we face 
when we come to translate these goals into 
action programs and into management plans. 
And I have drawn your attention to some of  
the changes which are taking place in our 
thinking about management objectives.

I suspect, though I have really no means  
of knowing, that it was much easier to be a 
forester forty years ago than it is today. So  
many things were simpler, so many things  
were clearer than they are today. Yet I do not  

think a single one of us would like to go back 
forty years. In spite of all the uncertainties, 
doubts and unresolved questions, no generation 
of foresters has faced a situation so full of 
excitement, adventure and challenge as that 
which faces us today. The excitement lies in 
the technological revolution in which forestry 
is finally caught up. The challenge lies in 
the understanding we have achieved of the 
potential contribution which forestry can make  
to development and rising welfare. For contrary 
to what many outsiders believe, forestry is not, 
in its essence, about trees. It is about people.  
It is about trees only so far as they can serve 
the needs of people. In determining how 
forestry can best serve the needs of people, 
this Commonwealth Forestry Conference 
has a special role to play. This conference 
encompasses elements of the two worlds  
I alluded to earlier and it links these two  
worlds by professionals and cultural bonds.  
Both worlds today have need of such bonds, 
such bridges. I wish you all, on behalf of my 
Director General, Dr Boerma, of my colleagues 
Dr Osara and Leslie Vernell’ and on my own 
behalf, constructive and fruitful deliberations 
during the coming weeks.

my forest – June 2018



88

fruiting of Syzigium cumini (Jambu nerale) in clonal seed orchard raised in 2004-05 
at K. S. Gida research Station, chikkaballapura
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SmuGGlinG of Sandalwood and itS PreVention*

n.S. adkoli, B.Sc. (Hons.), a.i.f.c.

occurrence

a) distribution: Sandal is the scented 
heartwood of Santalum album (Linn.) belonging 
to Santalaceae. The species occurs naturally  
in the south and south western part of India.  
It is found south of Berar, throughout Mysore 
State and up to Nilgiris in Madras State and 
Malabar in Kerala State. In Mysore and  
Kerala States, it grows from sea level to  
2500’ elevation above m.s.l. It is mostly found  
in deciduous forests with a rainfall from 30” to 
150”.

b)  Habit : Santalum album is a small 
evergreen tree reaching a height of about 40’  
to 45’ and rarely exceeding a girth of 66” at  
breast height. It is a partial root parasite. The 
bark is rough and dark grey with vertical short 
cracks or fissures. The sapwood is white and 
unscented. The heartwood is light, yellowish 
brown, hard and oily. The annual rings are 
indistinct. Pores are small, numerous and 
evenly distributed. Early wood has larger  
pores. Medullary rays are short, fine,  
numerous and equidistant. The sandal trees 

Summary

Sandal is an evergreen hardwood tree growing in the dediduous forests of South India. The  
scented heartwood is used for carvings and the oil distilled from the wood is used in perfumery  
and medicine. There are special rules and procedures for extraction and protection of sandal  
tree. Sandal smuggling is very lucrative as the profits are 100 to 400 percent on the investment. 
The existing personnel and machinery are inadequate for checking smuggling. Improvement  
of communications, strengthening of rules, increasing the number and quality of protective staff  
and proper incentives are needed to control smuggling of this important wood which has great  
export value.

growing along the west coast and on laterite 
are poor in growth, having 8 or 10 rings per 
inch. Sandal grows best in the dry-deciduous 
forest at an elevation of about 2000’ and  
rainfall of 45” to 65”. The wood weighs about  
60 pounds per cubic foot.

c) Silvicultural Practice and management: 
Sandalwood is worked on an improvement  
cum selection system with a felling cycle  
varying from 10 to 20 years. On plateaux in 
Mysore State, it is sometimes attacked by a 
virus  disease called ‘Spike Disease’ which  
kills the trees. The dead and dying trees are 
given preference in removal to the mature  
trees. The trees take about 40 years to attain 
a girth of about 42” at breast height. The 
minimum girth limit for selection marking is  
42”. The drupaceous dark brown fruits are  
eaten by birds. Thus birds help in seed  
dispersal. Natural sandal seedlings are  
found inside thorny bushes where they get 
established, if protected from grazing and  
fire. The seedlings soon send haustoria into  
the roots of any plant from grass to trees.  

* Reprinted from MyForest, April 1968 issue.
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Artificial regeneration is done on a small scale  
by dibbling sandal seeds with host-plant seeds 
of Cassia siamea, Calotropis gigantea or 
Eucalyptus citriodora.

methods and extraction

a) agency: Since the wood is very  
valuable, the trees are extracted departmentally. 
Contracts for uprooting the marked trees,  
rough dressing the wood and delivering them  
to Government Sandalwood Depots called 
‘Kothis’, are fixed annually by calling for sealed 
tenders during July or August. Extraction 
commences at the end of the rainy season.

b) Procedure: The marked trees are 
uprooted by loosening the soil before it  
becomes dry. Roots upto a diameter of 3/4” are 
extracted. The bole, branches and roots are  
cut into billets if necessary and the billets are 
serially numbered separately for the stem, 
branches and roots of each trees. The wood 
is roughly dressed by removing most of the 
sapwood with the help of an axe or adze. The 
rough dressed wood is transported in lorries  
to the Kothi under the escort of an employee  
of the forest department. On arrival at the 
Kothi, the trees are reformed on the ground  
by placing the billets of stem and roots to  
match. This is done to ensure that no piece  
is missing. The wood is weighed in the presence  
of the Kothi officer who is an Assistant  
Conservator of Forests. The extraction 
contractor gets his bill for the work after the 
wood is weighed and taken into the Kothi  
stock. The rough dressed wood is finally  
dressed to heart-wood under departmental 
supervision in the Kothi, classified in to one  
of eighteen classes and stored under lock  
and key till disposal either to the State owned 
sandal oil factories or to the purchasers in  
open action.

c) costs : The cost of extraction, rough-
ressing and delivery to kothis varies from  
eighty rupees to two hundred rupees per  
ton depending on the lead from the area to  
kothi, incidence of sandal growth, size of  
the trees marked and availability of labour.  
The cost of dressing billets, classifying and 
storing in the kothi is rupees fifty per ton.

d) Yield : The average annual yield of  
Mysore State is about 3,000 tons. This  
constitutes abog 9% of sandal production  
of India. 2,500 tons of wood are annually 
consumed by the two states owned sandal-
oil factories at Mysore and Shimoga and  
the balance is exported mainly to the U.S.A.  
The yield of oil is 3 to 6% of the weight of  
wood, being more from roots than branches.

market and uses

a) market : China, Arabia and Europe were 
the main countries buying sandalwood prior  
to the II World War. Export of wood has  
reduced considerably since the war. The first 
factory for extraction of oil was established in 
Bangalore in 1916 and two factories are now 
extracting sandal-oil. Oil is being exported 
to America, Arabia, Europe and Japan. One 
community called Parsees use sandalwood  
for burning in their holy Fire-temples. Sandal 
paste and incense are considered holy by  
Hindus. The market purchasing sandalwood 
within India are Bombay, Kanoj, Kanpur, Agra 
and Kuppam.

b)  Prices : The price of wood varies from 
rupees 3000 to 10,300 per ton from chips to 
export quality billets respectively. The price of  
oil is Rs. 240 per kg.

c) uses : The wood is locally used 
for carving. A  sect of local artisans called  
“Gudigars” in North Kanara and Shimoga 
Districts of Mysore State make a wide variety 
of jewelry boxes, idols, cigarette cases, fans, 
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etc. out of sandalwood. The chips and dust  
are used for manufacture of scented sticks. 
The oil is used as a base in perfumery as a 
distinfectant in pharmacopia and for soap 
manufacture. Parsees and Hindus use wood 
and paste for religious purposes.

Protection from Smuggling

a) Protection by law : Sandal is a Royal  
tree in most districts of Mysore State and  
becomes the property of Government even 
when growing on private lands. Unauthorised 
possession and transport of sandal are  
forbidden by law.

b) Penalties and Procedure : Penalty 
is respect of sandal offences is double that of  
other forest offences. The highest punishment 
that can be given under the Indian Forest 
Act for offences in respect of sandalwood is 
imprisonment for a period of one year, a fine  
upto rupees one thousand or both. Higher 
punishment can be given under Indian 
Penal Code for theft or illegal transaction of 
sandalwood. In the few districts where the  
right of ownership of sandal trees on private  
lands is conceded to land owners, there are 
rigid rules permitting exercise of departmental 
supervision over removals by the owners. 
Offenders are prosecuted in the Courts of Law.

c) current methods of Prevention of 
Smuggling : There are beat guards and 
foresters in charge of forest areas to perform 
duties of protection. The protection of trees 
growing on private land is the responsibility of  
the landowners. Mobile squads have been 
created in areas vulnerable to smuggling to 
keep a vigil on the movement of forest produce. 
Checking gates have been established at 
strategic places on a few roads leading to  
main markets for checking forest produce in 
transit.

methods of Smuggling

a) Smuggling for local Supply : The 
artisans are supplied with some quantities of 
sandalwood through co-operative societies  
from government sandalwood depots a 
concession rates to promote the age old rural 
craft. Some artisans purchase sandalwood  
from petty smugglers at a cheap rate. Some 
criminal minded residents in sandal growing 
areas either select dead trees or kill the trees  
by setting fire or poisoning the trees for  
smuggling. The dead trees are preferred by 
the purchasers for easy matching with material 
purchased from government sources. Again, 
the billets of dead trees are lighter to carry 
and spread fragrance to a smaller area. The 
selected trees are cut flush with the ground  
by a handsaw or axe at night and the billets  
cut to 1’ to 1½’ lengths are kept hidden 
underground in humus or in sand of dry  
dreams or under thick thorny bushes and 
climbers. One or two billets are surreptitiously 
carried at night from the hidden stock in  
small cloth or gunny bags and sold to artisans  
in the nearby towns. Each billet weighs 3 to  
10 kg per billet. It is difficult to catch the 
smugglers red-handed because felling, storage 
and transport are done at odd hours with due 
precaution. The smugglers avoid main roads, 
houses and villages. The only vulnerable  
time is when the billets are being manually 
carried. If there is slight doubt or obstruction  
the smugglers throw away the load and 
disappear in darkness. The purchaser buys  
only a small quantity like one or two billets 
at a time and converts the billet into partially 
processed produce like blocks or planks  
without loss of time.

b) Smuggling for the city market : 
This is done on a large scale and necessarily 
involves transport by vehicles. For the purpose 
of description, it is broadly classfied into two 
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types, viz., 1) smuggling in containers and  
2) Smuggling in lorries directly.

1) Smuggling in containers : This method 
of smuggling is well organised. The organisation 
consists of a few operational managers who 
plan the schemes. They are generally away  
from the sandal growing areas. They are 
in contact with with purchasers at Bombay,  
Agra, Kanpur, Hyderabad, Kanoj or Delhi on  
the one hand and a set of agents working 
at various smuggling centres in the sandal 
growing areas on the other. The agents contact 
criminal minded labourers in the villages for  
the preparation of material. Ambitious carpenters 
or daring landless labourers undertake the work 
of felling the trees and preparing billets for 
smuggling. Felling, preparation of billets and 
rough-dressing them is normally done with the 
onset of monsoons in June-July.

The size of the billets is determined by  
the type of container to be used later for 
transport. The billets are buried in mud or  
humus in thick bushes away from habitation. 
Transport is done after the monsoons from 
October onwards. The containers used are  
tea-chests, trunks, suitcases, bamboo baskets  
or dealwood boxes. The stored billets are 
removed from the hiding place before transport, 
rolled in cow-dung or D.D.T. powder, wrapped 
in rags or gunny cloth and packed into the 
containers. The interspace between the  
billets in the containers is stuffed with rags 
or gunny cloth when boxes are used and with 
hay when baskets are used. The agents pay  
a rate of Rs. 1 to Rs. 4 per piece to the  
labourers according to the size of the billet.

The operational managers give directions 
to the agents about the destination, name of  
the person to whom, the goods are to be 
consigned, the description of the package, 
etc. Destination is fixed after protracted 

correspondence or contact with the prospective 
purchasers. A false name is used for the  
name of the consigner. The containers are 
booked by public rail or road transport or by 
parcel lorry service. Most consignments are 
booked “to self” and the railway or parcel  
receipt is endorsed with authorisation to  
receive property to professional transport 
labourers to avoid suspicion and personal 
involvement if detected accidentally. A 
different pseudonym is used for each set of 
consignments. The contents of the boxes or 
baskets are given a false description at the  
time of booking. The commonly used  
descriptions to cover sandalwood are: i) motor 
or machinery spare parts; ii) turnery articles;  
iii) toys; iv) arecanut powder; v) Indian  
sweets; vi) spices and condiments; vii) soapnut 
powder etc.

The agents receive a small sum from 
operational managers as an advance towards 
working expenses. Payment by the managers  
to the agent is done on a weight basis. The 
prevailing rate is Rs. 1.75 to 2.50 per kg. 
depending on the quality of the material. 50 to 
60% of the value of the goods is paid as soon 
as the parcel receipt is sent by the agent to 
the manager. The remaining amount is paid 
after the manager realises the sale proceed at 
the destination. Final payment by the manager 
to the agent is based on the weight given by 
the purchaser who has to clear the debris and 
remaining portion of sapwood before making 
payment.

All the correspondence is codified to avoid 
creation of suspicion in the minds of officials.

The wood is sold at the market end at 
Rs. 5 to 7 per kg. The profit on the investment 
is between 100 to 250%. Some sandalwood 
dealers and manufacturers of scented sticks are 
the purchasers.
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2) Smugging in Vehicles directly: 
Sandalwood is transported in the form of  
billets directly from the forest to the market  
by means of lorries or cars. The quantity 
smuggled at one time can be as high as four  
tons. The operational leaders are righ enough 
to hire lorries or cars at high prices short 
notice. They operate from the cities like Hubli, 
Davangere, and Bangalore. Some small 
hotel owners or tobacco shop keepers act as  
contact men to keep a liason between the 
smugglers and the field agents. In many  
cases, the field agents never come into direct 
contract with the smugglers. The field agents 
induce some labourers by the payment of  
high wages to prepare saldalwood billets  
during rainy season and to keep them hidden  
in bushes close to a place where a lorry or  
car can be taken. The quantity prepared  
varies from half a ton to four tons. After the  
rainy season, the field agents meet the  
contact man who are in touch with smugglers. 
The contact men talk to both the parties and  
settle the price and deal. The prices paid 
are based on a rate per billet when the sizes  
are uniform or a bulk rate for the whole stock 
if the sizes are assorted. The billets are 1½’ 
to 3’ in length if a car is to be used and are 3’ 
to 6’ when a lorry is to be used for transport.  
The vehicle is sent by the smuggler to the  
contact man who either gives a guide or  
directions to the driver to enable the vehicle to 
reach the correct spot for loading. The vehicle 
reaches the spot after mid night. The agent 
keeps 2-3 men ready for loading. Payment to  
the agent is made after the loaded vehicle 
touches the main road to the market. Diesel  
oil or petrol is smeared to the ends of the 
billets during transport, to suppress the smell 
or sandalwood. Sometimes a screen is used 
to cover the hind seat of the car to create  
an impression that some “Purda” ladies 
are travelling in the car. Various smelling  

substances like bags of onion, chillies or  
chillie powder, D.D.T. powder, jackfruits, fish, 
baskets containing ripe mangoes, etc. are  
used to cover sandalwood billets during 
transport by lorries. The billets are sold to  
big sandal merchants incities are to some 
distillers. The margin of profit to the smuggler 
is 100 to 400 percent of the investment. 
The payments made to the agent vary from  
Rs. 500 to Rs. 5000 depending on the quantity 
and returns on sale vary from Rs. 1000 go  
Rs. 25000 for each consignment. Pack  
animals like asses or ponies are sometimes 
used to carry the billets from the forest to  
main roads at night time to give delivery to 
vehicles waiting by pre-arrangement.

Short-comings in the current methods of 
Prevention of Smuggling

a) Short-comings in rules and 
Procedures : Rules and procedures are 
not uniform in all areas where sandal grows.  
Sandal trees growing on the private lands in  
many districts of Mysore State and in the 
neighbouring states are the property of the 
owners. These sandal trees are purchased by 
some smugglers to cover smuggling of forest 
trees.

Punishment to the offender is inadequate. 
Generally the smugglers remain in the 
background and either some labourers or 
drivers get caught in the sandal offences. Their 
families are looked after by the smugglers  
during their absence for the small periods 
generally awarded on conviction for sandal 
smuggling offences. Adequate and proper 
legal help is not available to officials during the 
investigations and trial of sandal smuggling 
offences.

There is no control on the quantities  
of finished articles of sandalwood sold by  
artisans or merchants. Thus, it is not possible  
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to compare the quantities of sandalwood 
purchased by the artisan through official 
channels to the actual quantities used by  
them. Similarly, there is no control on the 
intake and sale of wood by the merchants and  
distillers.

b) inadequacy of Staff and machinery: 
The present charge of the protective staff is  
too large for effective control. The charge 
varies from 5 to 40 square miles even in sandal  
bearing tracts. The communication system is 
highly inadequate. The checking stations are 
poorly staffed with low paid employees. The  
staff is not armed for self defence. The mobile 
squads are inadequate in number. Funds are 
not provided to incude informants to gather 
information about smuggling activities. The 
protective and the administrative staff is 
burdened too much with several activities of  
the department and cannot devote the  
necessary attention to the prevention of sandal 
smuggling.

c) lack of communication : The present 
road system is inadequate for quick movement  
of staff and mobile squads. There are few  
roads in some rich sandal bearing forests. 
The protective staff is not provided with 
vehicles, telephones or radio communication. 
The checking stations are not provided with 
telephones.

Suggestions for improvement 

a) Strengthening the rules and 
Procedures : There should be uniform rules  
in all sandal growing areas with regard 
to ownership extraction and marketing of 
sandalwood and sandal oil. Trade in sandalwood 
and oil should be totally nationalised. There 
should be rigid control by the department 
over sandalwood consumption centres. The 
commercial users should be subjected to 

maintenance of daily accounts of receipts 
and disposal. They should be made to submit 
monthly returns of the abstracts of accounts  
to the forest department. There should be 
frequent checking of accounts and stocks  
by the officians of the forest department. 
Accounts would have to be maintained on the 
weight basis.

Adequate legal help should be given to  
the officials during investigation and trial of 
offences relating to sandal. Punishments for 
sandal offences will have to be increased.

b) employment of Proper and adequate 
Staff: The charge of an official, whether 
protective or administrative, should not be  
large. The charge of a beat-guard in a sandal 
bearing area should not be more than two 
square miles. Literate and well paid officials 
should be employed for the whole time work  
of sandal protection only. The staff at the  
checking stations should also be literate, 
responsible and well paid. The checking duty 
staff should not get a shift of more than six  
hours duty per day during day time and four 
hours per day during night hours.

Mobile squads should not have jurisdiction 
of more than 40 square miles. Arms and 
ammunition should be supplied to all the 
protective staff for self-defence.

c) improvement of communications :  
The protective staff should be provided with 
bicycles or motorcycles. The checking station 
staff should be connected to the mobile 
squad and the administrative headquarters by 
telephones.

The field staff, the mobile squad and 
the administrative headquarters should be 
interconnected with radio communications in 
the sandal bearing zones. A properly planned 
network of roads is necessary for quick 
movement.
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d) incentive and rewards : Adequate 
funds should be available to buy information 
about smuggling of sandal. Rewards and 
public honour should be granted to officials for 
outstanding and meritorious work in detection 
and prevention of sandal smuggling. Above  
all, it is necessary to employ the right type of 
men who have skill, initiative, presence of mind 
and a certain liking to work in such areas.

conclusion

Sandal smuggling is the cause of large 
losses to the state revenues directly by the 
loss of capital and indirectly by the effect on 

prices and markets. The present arrangements 
towards prevention of smuggling are grossly 
inadequate. The high price of the commodity 
and its importance in foreign trade warrant  
early action to implement the methods to  
prevent smuggling. 
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