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Chapter 10 . *
Ecological Stabilization and

Community Needs: Managing
India’s Forest by Objective

N.H. Ravindranath B Madhav Gadgil Il Jeff Campbell

This chapter examines patterns of forest degradation prevalent in
India. It also explores the porential to restore forest ecosystems if
disturbances can be reduced or stopped, and ways in which natural
forests might be manipulated to provide a sustainable and in-
creased flow of products to communities. The first step to sus-
tainable forest management will involve halting the degradation
pracess. Once access controls imposed by communities are estab-
lished, in many areas rapid regeneration will be initiated as a
second step to ecological recovery. The third step in the process
will require human ingenuity to develop site-specific metheds 1o
manipulate natural ecosystems to ensure a sustainable supply of
important forest products while enhancing biodiversity, water,
and soil conservation. This will often require a reversal of past and

current fOl’CSt management systems.
India’s forests have historically been endowed with vast and

varied flora and fauna, India is comprised of ten broad biogeo-
graphic zones, possessing approximarely 15,000 flowering plants,
and nearly 1200 species of birds and 341 of mammals.! The rapid
expansion of human and livestock populations over the past four
to five decades has placed extraordinary pressures on forest resour-
ces, undermining the nation’s rich biodiversity. By the early 1990s,
an estimated 27 per cent of all plant species and 65 per cent of
bird species were classified as endangered.? In addition to the
degradarion of public forests, other common property resources
(CPR), which were providing an important supply and range of
biomass products to local communities, have dwindled. A study
conducted in eighty-two villages in six Indian states, found that
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CPR forest and pasture area had declined between 31 and 55 per
cent since the early 1950s. Further, common lands have also lost
species diversity and vegetation density.?

While the growth of human and livestock populations has long
been identified as a major factor driving deforestation, as Westoby
notes, ‘It is an over-simplification to regard deforestation as the
consequence of population growth. It is nearer the truth . . . to
regard deforestation and population growth as jeint manifesta-
tions of exploitative social relations  From the colonial 1o the
post-Independence era, government policies that encouraged state
control and commercial exploitation of forests and commeon lands
have contributed substantially to deforestation and ecological
deterioration, through both direct felling and the destabilization
of indigenous management systems.? e

With the destruction of the larger biological systems upon which
India’s agrarian economy ultimately depends, the smaller economic
subsystems of both commerce and rural subsistence collapse cor-
respondingly. While the government of India has invested billions
of dollars in reforesting degraded lands with fast-growing, exotic
tree species, complementary strategies, which can help stabilize and
restore disturbed natural forests, must also be developed. Natural
forest regeneration offers encouraging signs that a range of low-cost,
replicable options can help to biologically restore India’s degraded
lands. To further explore the response and power of nature in
resuscitating badly disturbed environments, and to objectively as-
sess natural regeneration as a viable resource management option,
a more comprehensive ecaological understanding of both degenera-
tion and natural regeneration processes is needed. -

This chapter analyses the definition, extent, and condition of
India’s degraded lands. It reviews factors contributing to degrada- -
tion and their ecological impact, and compares social forestry
schemes with natural regeneration options for degraded lands, ana-
lysing their potential and merits. The chapter concludes with stra-
tegies to encourage natural regeneration management initiatives.

Defining Forest Degradation

According to Blaikie and Brookfield, ‘Land degradation should
by definition be a social problem. Purely environmental processes
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such as leaching and erosion occur with or without human inter-
ference, but for these processes to be described as “degradarion”
implies social criteria which relate land to its actual or possible
uses.® Consequently, land or forests are considered depraded when
they suffer a loss of intrinsic qualinies, which results in a decline
in their capability to satisfy a particular use. Deforestation may
not necessarily be considered degradation, even though changes
in micro-climate, hydrology, and soil take place, since these lands
may be brought under productive agriculture. It is only defined
as such ‘if the degradation process under one system of production
has reduced the initial capability of the land in a successor system
.. In actual practice, this is often the case, since more serious
degradation reduces capability for most, if not all, future possible
land uses.” Certainly, in India, where much of the remaining
forest lands are located on soils with marginal fertility, incapable
of supporting productive agriculture, deforestation ofren under-
mines the productivity of the original forest ecosystem, as well as
the capability of the land to support alternative uses. The vast
areas of the once dense, old-growth forests that now exist as
unproductive, devegetated tracts devoid of topsoil, demonstrate
this point. Since human activities and natural processes can both
contribute to degradation and restoration, Blaikie and Brookfield
suggest that the equartion for ner degradation reflects the outcome
of natural degrading processes plus human interference minus
natural reproduction and restorative management.®

A common method for assessing forest degradation is to com-
pare the current state of a specific ecosystem with its former
undisturbed condition. Even within a single forest ecosystem,
species composition, structure, and density patterns will vary
according to highly localized moisture levels, slope, aspect, and
other variables, Consequently, the extent of degradation should
be measured against the original state of the forest in specific
contexts prior to the initiation of intensive disturbances by human
and domesticated animals. This presents serious methodological
problems for accurately assessing changes in forest ecology. While
it is impossible to assess the precise patterns of ecological de-
generation that has occurred in a given area, it is possible to
observe the general partterns regarding biological changes that

have and continue to take place.
In India, ecosystems experiencing moderate to serious distur-
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bances are classified as wastelands. Degraded forests are typically
defined by the government as land with less thah 40 per cent crown
cover. While providing a useful indicator of canopy closure, this
definition of degradation does not reflect other changes that may
occur underneath the crown, affecting soil feércility, moisture
availability, species composition, and general biotic productivity,
There is a need to develop more sensitive measurements of forest
degradation to better monitor ecological change. Nonetheless, in
forest areas with diminished tree canopy, a dominance of thorny,
bushes or devegetated, rocky subsoil are commonly found.

Extent of Deforestation and Degraded Land

According to the National Remote Sensing Agency, the annual
average deforestation rate in India between 1975 and 1982, was
1.3 million hectares, representing the degradation of 104 million
hectares of closed forest.” Although the Ministry of Environment
and Forests reports that Landsat data indicate an increase of
56,000 hectares of forest cover during 1989-91 it is likely that
this is due to the massive plantation programmes. Many field
observers, however, note that much of India’s natural forests are
continuing to degrade '° Although the decline in deforesration
rates in India is a welcome and significant reversal, the distinction
berween deforestation and degradation is an important one. Satel-
lite imagery often fails to pick up the more gradual processes of
ecological decline. In fact, it is this successive deterioration of
vegetative diversity, forest density, structure, and regeneration
potential that poses the greatest threat to India’s natural forests.
Unless the process of degradation can be arrested and reversed
before natural resilience is lost, opportunities to rehabilitate India’s
degraded forest Jands will be seriously jeopardized.

The Sociery for the Promotion of Wastelands Development
estimates that in 1984, 35.9 million hectares of forest land and
94 million hectares of non-forest area - both private and com-
munal — were degraded.!! This is equivalent to 40 per cent of
the subcontinent’s total land area of 328 million hectares. The
process of devegetation associated with the creation of wastelands
also leads to accelerated soil erosion, resulting in the loss of 6000
million tons of topsoil that is washed or blown away annually."?
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.

Processes of Forest Degeneration

Ll

Forest degradation has numerous agents and causes, many of
which reinforce the process. In India, human activities contribut-
ing to the degradation of natural forest vegetation. frequently
involve five primary processes: (1) removal of woody species at
rates exceeding their renewability, (2) excessive grazing by live-
stock of grass and other herbaceous matter, (3} increased in-
cidence of fire, (4) topsoil loss and soil compaction, and (5} a
decrease in water retention and recharge capacity. Degradarion
often occurs gradually as a succession of biotic disturbances slowly
deplete vegetation, suppressing natural regeneration, and induc-
ing sheet and gully erosion of topsoil. This type of degradation
process may occur over several decades. Figure 10.1 depicts the
more gradual process of vegetative changes common ‘in many
regions of India. _

Degradation of forests often begins with the selective logeing
of larger trees, causing openings in the crown cover. Timber
extraction results in damage to smaller trees, saplings, shrubs and
herbs, as well as causing soil erosion and cornpaction. Roads cut
into forests to facilitate logging open the once-isolated forests to
other outside users. Further felling of trees can cause larger losses
of crown cover, opening up more space for livestock grazing. In
turn, grazing frequently causes further soil erosion and compac-
tion, suppressing natural regeneration through loss of soil fer-
tilizers and both seed and seedling destruction. Progressive losses
of plant diversity and grass productivity are often coupled with
the invasion of exotic, non-palatable weed species. Where fuel-
wood is scarce, local people may uproot stumps and roots, further
disrupting soils and accelerating esosion. Ultimately, overexploita-
tion through cutting and grazing may cause a near total loss of
vegetative cover, topsoil, and soil nutrients, The ecological impacts
of different anthropogenic interventions are summarized in Box
10.1. With each biotic interference, the critical impacts are rela-
tively similar: loss of species divessity; disruption of nutrient cy-
cling and loss of topsoil and its nutrients; progressive suppression
of natural regeneration from both coppice and seed; and decline
of biomass productivity and balanced ecological functioning.

_ Inthe end, the complex multi-tiered, multi-species forest struc-
ture is transformed to a depleted, highly vulnerable biological
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system, with little or no vegetative cover save for some scattered,
thorny and non-palatable species. The soil structure is also altered
— from deep topsoil, high in micro-organisms, humus, and clay
or silt, to a pauperized condition with total loss of humus followed
by topsoil erosion. Declining moisture-holding capacity of topsoil,
accelerating surface water run-off, and minimal groundwater ce-
charge capacity are associated with degradation.

Reversing Forest Degradation: Options and Strategies

The opening of the forest canopy also results in a reduction of
critical fungi living on or in close association with the roots of
many plants.'* Mycorrhizae facilitate the absorption of nutrients
and moisture for many plant species. Consequently, these micro-
scopic, below-ground organisms play an important role in a large
variety of plant communities, facilitating the process of forest
succession in degraded ecosystems. Research indicates that the
removal of canopy trees results in high substrate temperatures,
which constrain the growth of mycorrhizal fungi, in turn reducing
seed survival.'* Deforestation also disrupts the food supply to
many micro-organisms, causing their eventual death. “When this
happens, soils become virtually sterile and inhospitable to both
higher and lower forms of organisms . . . The re-establishment of
the mutualistic relationship of mycotrhizal fungi and host plants
is the key to any restoration activity . . . ?articularly where trees
are being re-introduced to degraded sites.’*

India’s rich forests have gradually been reduced over the cen-
turies. According to Norman Meyers, as much as 90 per cent of
the subcontinent’s forest cover has disappeared.’® The toral area
under forest cover in relation to India’s total land mass has de-
clined from nearly 17 per cent in 1972, to 14 per cent in 1982,
to approximately 11 per cent in 1992.7 The shrinking forest cover
stands in sharp contrast to an ideal forésted arca of 33 per cent.'
As problems of forest degradation have escalated and become
increasingly recognized over the past two decades, the government
of India has initiated a number of programmes to rehabilitate
disturbed ecosystems. These efforts have been carried out in con-
junction with stricter controls on commercial timber harvesting,
the extension of fuel-efficient stoves and biogas programmes, and
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attempts to substitute both non-forest raw muacerial and finished
products. .

Plantations and Conventional Social “Foresu-y Programmes

During the mid-1970s, concern over the rapid forest loss and
the declining availability of wood products led government plan-
ners to introduce the concept of social forestry under its fifth
Five-Year Plan (1976-81)."” The original goals of the social
forestry programme were to produce firewood, fodder, and small
timber resources to meet the biomass needs of local communities,
while helping relieve pressures on natural forests, The scheme
aimed to reclaim wastelands through afforestation programmes
that would generate employment opportunities in rural areas and
restore the ecological balance. The social forestry programmes
were infused with added attention and momentum through a
large influx of funds from foreign governments and international
agencies. Centrally sponsored social forestry projects in virtually
all states were initiated during the early 1980s. Even commercial
banks and industries developed programmes to provide assistance
to farmers to establish tree plantations for specific purposes. The
social forestry prajects included community woodlots, strip plan-
wations and farm forestry, and focused primarily on communal
and private lands. The concept implicitly assumed that most
natural forests would remain under strict forest department con-
trol to meet industrial and commercial needs, while common
and private lands would be reforested through social forestry
schemes to respond to the fuel and timber needs of rural com-

munities,

Ecological Impact of Social Forestry Plantations

Between 1980 and 1990, social forestry activities expanded rapid-
ly. The programmes achieved dramatic success particularly on
private farmlands in the Punjab, Haryana, western Uttar Pradesh,
and Gujarat — India’s ‘green revolution’ belt.”® However, rather
than planting for subsistence fuelwood and timber requirements,
farmers and communities began selecting fast-growing species,
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especially eucalyptus (hybrids of £. rereticornis), to respond to high
market prices and labour shortages. In Uttar Pradesh, farmers
exceeded the original target of 8 million seedlings, planting 350
million between 1979 and 1984.%' [n the Punjab, in only a decade,
more than 3 per cent of the cultivated area had been planted under
eucalyptus.” In Gujarat, from 1983 to 1984, farmers planted 195
million-trees, quadrupling the 49 million mature trees previously
targeted for the state.” Studies estimate survival rates for trees
between four and eight years of age between 60 per cent®* and 77
per cent.”> While social forestry programmes have resulted in the
establishment of billions of trees — mostly exotic, fast-growing
species — most farmers and participating communities planted
them with the expectation that they would be harvested in six to
ten years and sold in commercial markets. The enthusiasm of rural
people ‘to plant eucalyptus declined after 1986, as the tree failed
to generate the kind of returns thar farmers were expecting from
its sale. Some farmers removed the tree roots and went back to
annual crops.’?® Consequently, while social forestry—subsidized
eucalyptus plantations have allowed India 1o reduce the annual
rate of deforestation estimated at 1.3—1 5 million hectares per year
between 1980 to 1985, to approximately 50,000 hectares per year,
it is questionable whether these newly established woodlots will
be sustained.”” Since most social forestry projects are designed
around short rotation felling, unless carefully controlled, this may
reinitiate the degradation process. Many cut-over plantations may
re-emerge as large areas without tree cover, which will be further
subjected to degradation through a host of consecutive biotic
disturbances,

The conventional plantation approach has led o serious losses
of local tree diversity on common and private farmlands, Mono-
culture plantations with tightly spaced, high-density trees sup-
press natural regeneration and vegetative undergrowth due to
shading and competition for soil nutrients and water. In contrast,
the undergrowth and multiple-storey vegetation in mixed cultures
and natural forests encourage a range of micro-habitats. In plan-
tations, due to the loss of diverse, multi-tiered floral micro-niches,
faunal diversity also declines. Loss of plant diversity additionally
deprives local communities of a whole range and continuous flow
of plant products such as food, fodder, oilseeds, leaf manure, and
raw materials for artisans. Exotic, monoculture plantations have
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also proven substantially more vulnerable to pest attacks and
disease. The lack of a multi-tiered structure in plantations also
reduces ground cover and leaf litter, critical for reducing soil
erosion and slowing water run-off. Raising short-rotation plan-
tations of monoculture species like eucalyptus, which is repeatedly
harvested, leads to depletion of sil nutrients. Subsequent harvest
yields progressively decline. Important ecological implications of
the conventional block plantation approach are illustrated in
Box 10.2,

In short, while India’s experiences with farm and communiry
tree plantations have been relatively successful in responding to
market demands for construction-poles, pulpwood, and timber,
they should not be equated with the restoration of natural forests
which serve very ditferent economic and ecological Runctions,
Ultimately, short-rotation plantations of monocuiture species
should be viewed more as a form of agriculture than as a manage-
ment option for forest ecosystems. Although more than a billion
dollars has been invested in social forestry plantation schemes in
recent decades, they have failed to slow the process of natural
forest degradation. Further, a huge area of wastelands needs
restoration in India, encompassing up ro one-half of the sub-
continent’s terrestrial landmass. Thus, it is not realistic to expect
that enough human and financial resources will be available to
restore this land. With plantation costs averaging Rs 10,000 per
hecuare, billions of dollars would be required to artificially re-
plant a sizable propottion of India’s degraded lands. Furthermore,
the very low productivity of most forest plantations does not
justify the current high costs incurred on restoring degraded
natural forests, nor are markets available to absorb the produce.
The biomass needs of village communities can be mer betrer
through the production of a large diversity of plant species, not
by tree species alone. While plantation forestry will continue to
be an important strategy to generate raw materials for plywood.
pulp industries, packing cases, and to provide fuelwood and some
construction timber, alternative management strategies need to
be developed o restore India’s degraded natural forests.

The strong emphasis of conventional social forestry afforesta-
tion programmes on degraded common and private lands has
diverted attention and support away from the management prob-
lems of state forest lands. Further delays in reversing the process
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of forest degeneration will finally render the land ecologically unfit
for rapid revegetation and rehabilitation. The operational
problems faced by forest officers attempting to implement social
forestry projects in the face of pervasive degradation over large
territories are exemplified in Box 10.3.

There is an urgent need for a strategy that will permit rapid
reclamation. The strategy must offer a diversity of forestry options
that are compatible with physical factors such as soil and rainfall,
as well as desired product outputs, Natural regenerarion under
community protection provides a low-cost alternative to planta-
tion restoration.

Natural Regeneration Patrerns

In recent decades, natural regeneration has received inadequate
attention from foresters. The promotion of social forestry planta-
tions has preoccupied forest managers, planners, and field workers,
drawing attention away from the opportunities that natural re-
generation presents, Natural regeneration provides an attractive
and widely replicable alternative to reclaim degraded lands quickly
to enhance their biological potential, while meeting the diverse
biomass needs of local communities in a sustainable way.

Natural regeneration comprises processes of secondary forest
succession. The level of plant biomass depends upon the avail-
ability of sunlight, water, and mineral nutrients, as well as the
impact of factors such as floods, grazing, and other human inter-
ventions. The natural process of vegetative succession involves the
gradual replacement of ccological phases — low biomass veg-
etation dominated by grasses and herbs, to shrubs and young,
Eioneering woody saplings, to a state of high biomass dominated

y tree canopy. Rates and quality of regeneration are determined
both by the natural characteristics of the local ecosystem (e.g
rainfall, altitude, slope and aspect, soil type) and its level of
degradarion.

If -protected before sites become seriously disturbed, both
natural forest regeneration and ‘enhanced’ or ‘assisted’ natural
regeneration have proved to be effective methods to reverse the
degradation affecting natural forests. In many cases, natural re-
generation will occur rapidly if abused lands are provided simple
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protection from anthropogenic disturbance, Social fencing based
on co-operative community agreements and actions are often
effective in protection. Access controls are normally imposed by
communities who establish patrols to stop grazing and cutting,
Once regenerative processes are under way, community manage-
ment groups may decide to allow some thinning or grazing.
Inirially, logging, fuelwood cutting, burning, and grazing must be
stopped or lightly controlled. Even if it proves impossible to halt
grazing, experience from the Western Ghats and West Bengal
indicates thar grazing must at least be prevented during the first
two to three years of recovery. Some communities bring degraded
forest land under protection gradually, facilitating the initiation
of regeneration in certain areas first, while other areas remain open -
for grazing and collection. Once regeneration advances and tree
saplings grow above grazing levels -— averaging 1 metre to 1.5
metres — these lands can be reopened as regulated pasturage.
Sequentially, over a period of two to four years, villages can bring
increasing amounts of land suitable for natural regeneration under
controlled access.

Forest Succession and Natural Regeneration

The process of natural regeneration also follows a succession
pattern, characterized by a series of phases that vary in length and
type depending on the environment and degree of disturbance
experienced previously. Figure 10.2 depicts the process of narural
regeneration under two different scenarios: a degraded forest en-
vironment with high coppicing potential, and a forest with few
coppicing species, but good tree-seed supplies. In areas with high
coppice potential, some silviculrural operations may be required
to clean the rootstock. During the first rainy season, coppice
shoots, grass, shrub, and herb vegetation will emerge. In the next
few years, shrubs and saplings dominate, leading to the decline of
the grass-herb layer. The coppice shoots continue to grow; thin-
ning of coppice shoots will accelerate stem growth. In five to ten
years, the coppice stems will develop an increasingly closed can-
opy, suppressing even the shrubs. The trees will reach a height of
about 10 metres after fifteen years, and some species may be ready
for harvest as construction poles. Others will start producing
non-timber forest products (NTFPs), and in twenty years, tree
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growth rates may decline. After long periods of protection, climax
species may appear and the tree growth rate would be nearly zero.

In many situations, such as in the Western Ghats or Haryana,
coppice potential is low because of the composition of forest
species. In areas with a low percentage of coppicing tree species,
but an ample supply of mature, seed-dispersing trees, natural
regeneration is likely to require a modified time frame and follow
a different pattern than trees in a coppicing area. With protection,
grass production will increase with herbs starting within the first
year, By the second or third year, the soil moisture may improve
and germination of tree seeds from natural seed dispersal me-
chanisms (wind, birds, bats) is likely to occur. By the fifth year,
grass production may peak, and shrubs may start to grow; tree
seedling growth will continue at a slower pace. The tree seedlings
may reach a height of 5 metres by ten to fifteen years. By that
time, the canopy would be closing, grass production would be
marginal, and shrubs would also decline. By the twentieth year,
long gestation trees will starr yielding N'TFPs (e g., mango, jamun,
and tamarind) and some species may start even earlier. Certain
coppice species would be ready for harvest. Very long periods of
protection may lead to changes in species composition from de-
ciduous to evergreen as observed in the Western Ghats.

In extreme situations, where soil erosion has reached condi-
tions characterized by gullies and ravines with little or no vegeta-
tion, natural regeneration alone may have little immediate impact
in improving vegetative cover. In such cases, alternative, highly
intensive forestry options are required. The following review
highlights experiences with natural regeneration in the semi-arid
Shiwalik hill tracts of Haryana, in the sal coppicing forests of
south-west Bengal, and in the moist evergreen forests of the
Western Ghats of Karnataka.

Experiences with Natural Regeneration: Case Studies

The following three case studies document changes in biodiversity
and productivity after varying periods of community protection
and management in three distinctly different ecological zones.
Open access control plots receiving no form of management were
selected to assess the impact of uncontrolled use on vegetation,
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The patameters monitored include species richness, species dis-
tribution, tree density, size of trees, basal area, grass productivity,
and extent of coppicing. Vegetation was monitored in sample
quadrats and data were recorded for tree, shrub, herb, and grass
fayers.

In all study areas, promotion of natural regeneration was pos-
sible only through the participation of the local community; litcle
or no capital or rechnological investments were made. In the
Karnaraka study-sites, protection and management was under-
taken solely by the community; in the two other states, manage-
ment was jointly implemented by the community and the forest
department. Both institutional systems provided viable oppor-
tunities to regenerate degraded forest lands.

In all locations, prior to community protection, vegetation was
very poor, with no trees and only remnant shrubs and stumps.
The soils were eroded, and the community had free and unlimited
access to harvest or graze. There was no management system in
operation, which could control extraction of biomass, overgrazing,
and progressive degradation.

The Evergreen Forests of the Western Ghats

Sagara block in Karnataka's Western Ghats was selected to repre-
sent natural regeneration under community protection for both
deciduous and evergreen forest ecosystems. The area receives an
annual rainfall of about 100 centimetres. In the study areas local
initiative led to the promotion of forest protection activities to
facilitate narural regeneration. Initially, grazing was banned for
three years, but later free grazing was resumed. No harvest of green
wood was permitted. Only fallen twigs could be harvested with
the village committee’s permission. Although there was no official
guard, local access control was strictly enforced by the entire
village. In Hunsur village, the forest was guarded by each house-
hold for one day on a rotational basis. Any harvest or removal not
permitted by the village committee was punished by imposing
fines. In extreme cases of forest abuse, a social boyecott was im-
posed. The Karnataka Forest Department was not involved in this
self-devised community management system.

In two villages, Padauagedu and Honkeri, the plots under
protection have regenerated for ten years; and in Alahalli, plors
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have been under protection for fourteen years. Hunsur, a village
with a long tradition of over 100 years of community manage-
ment, was also selected. To ensure similar socio-ecological condi-
tions, all four study villages were within a radius of 10 kilometres.
In each study area an unprotected control plot adjacent ro the
village was chosen, allowing a comparison of natural regeneration

in protected and unprotected parches.
The study indicates that the number of different tree species

over 1.5 metres in height increased from zero in the unprotected
control plots 1o twenty-six after fourteen years of protection in
Alahalli. The species diversity rose to fifty-five in the 100-year-old
protected forest of Hunsur. The number of trees larger than 10
centimetres in diameter at 5 feet above the ground (GBH) also
increased from zero in the unprotected plot to 1477 after fourteen
years of protection. The number of shrubs and herb species also
increased up 1o fourteen years of protection; these numbers ap-
peared to decline thereafter, possibly due to the growth of tree
canopy and shading, '

Basal area provides an important indicator of standing tree
biomass or standing tree stock. In the control plots, there was no
standing tree biomass. In contrast, in plots under protection,
standing basal biomass per hectare increased from 4.1 square
metres within ten years of protection to 9.7 square metres within
fourteen years of protection and finally to 33 square metres in the
century-old Hunsur site.

Succession from deciduous to evergreen species could also be
distinguished when comparing the dominant species in the four-
teen-year-old and 100-plus-year-old plots. The findings clearly
show that-narural regeneration under community management
has led to significant increases in species diversity, tree density,
and biomass. In Alahalli village, only 12 per cent of the tree
regeneration was based on coppice growth, while in Honkeri
village, more than 50 per cent of the trees originated from coppice
rootstock. This indicates that given adequate seed sources, even
in the absence of coppice rootstock, natural regeneration by seed
can succeed.

The Sal Forest of East Midnapore
East Midnapore forest division of West Bengal was selected for
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monitoting vegerative changes. The area receives a mean annual
rainfall of 120—150 centimetres, Sal dominates the vegetation on
generally poor laterite soils. The promotion of natural regenera-
tion was initiated by the forest department under a joint forest
management system. The programme involved the formation of
Forest Protection Committees (FPCs) in each village. FPCs
entered into an agreement with the forest department to jointcly
protect and promote natural regeneration in a parch of degraded
sal forest. Each participating community was assured 25 per cent
of returns from sal tree harvests and was guaranteed full access to
all NTFPs. FPCs generally did not permit grazing initially; how-
ever, some grazing was permitted as the forest recovered.

In the Moupal-Ranja beat of east Midnapore, three forest plots
near a village were selected for study. The plots included one
unprotected control plot of degraded forest, a sal parch protected
for five years, and, in a neighbouring village, a sal patch protected
for ten years. The number of trees above 10 centimetres in GBH
increased from zero in the unprotected site, to 765 after five years
and 961 after ten years. Correspondingly, the basal area increased
from zero to 7 4 square metres per hectare after five years, and to
16.5 square metres per hectare after ten years, with an annual
growth rate of 1.6 square metres per hectare, The number of
shrubs, herbs, and dimbers increased sharply whereas the lower-
storey species declined somewhat as the canopy closed, presumably
due to shading by the sal trees, The number of climbers, whose
tubers are a crucial source of food for the locals, nearly doubled
during the first five years of protection to 235 per hectare.

The Mixed Deciduous Forest of the Shiwalik Mountasns in
Haryana

The study locations were selccted from the Morni and Pinjore
forest ranges of Ambala division. The area is hilly with steep
ravines and a mean annual rainfall of 100-120 centimetres,
Natural regeneration was facilitated by protection provided by
community-based Hill Resource Management Societies, which
were formed 1o promote soil and water conservation, and manage
the eroded Shiwalik watersheds. Later, a joint forest management
system was introduced. Grazing was banned in the selected area
and protection was done voluntarily. '
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In Haryana, researchers investigated the processes of natural
regeneration and its effects on grass production under varying
periods of protection. Sample plots were chosen to reflect three,
six, and ten years of protection from grazing, A set of unprotected
control plots subjected to free grazing was selected for comparison.
The researchers found thar the number of trees per hectare in-
creased from 90 in the unprotected plots to nearly 500 after ten
yeats of protection. The number of shrubs also increased during
the first three years, and then declined slightly, possibly due to an
increase in trees and shading. Grass productivity increased from
less than I ton per hecrare per year to nearly 3 tons during the
initial three years of protection. However, per hectare grass yields,
declined by nearly 50 per cent between three and six years of
protection, falling somewhat further up to ten years of protection,
probably due to the increasing number of trees and shrubs shading
out lower-storey grasses. While natural regeneration has clearly
led 1o increasing biomass and basal area in protected areas, tree
and shrub vegetation in regenerating plots may need to be manip-
ulated to ensure a steady supply of fibre and fodder grasses to
communities.

The initial findings from three diverse ecological contexts in
south-westetn, eastern, and northern India demonstrate that com-
munity protection has led to significant increases in plant diversity
and biomass production. Yet, evidence supporting the efficacy of
natural regeneration for restoring degraded forest lands is much
stronger. In West Bengal, over the past decade, 350,000 hectares
of degraded sal forests have been brought under the protection of
2350 community FPCs® The impact of local management on
forest regeneration is clearly visible by analysing a time-series of
satellite images of the region, as well as from field-level observa.
tion. Thousands of village forest protection groups operating in
neighbouring southern Bihar and Orissa have had similar success
in regeneraring degraded forests with little or no capital invest-
ments. In the Sarangi Range of Dhenkanal Division in Orissa for
example, more than 100 FPCs protect several thousand hectares
of once badly disturbed forests, In Rupabalia forest, the com-
munity noted that prior to protection the hillside forest above
their village had been reduced to 2 stony wasteland with lirele
grass. After fifteen years of protection the hill is covered by a dense,
multi-storyed forest with high diversity of trees, shrubs, and herbs.
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More studies are required to identify patterns of vegetative changes
in other parts of the couptry under natural tegencration.

High Priority Arcas for Natural Regeneration

In her pioneering study of degraded forests in India with high
natural regeneration potential, Manjul Bajaj used information on
species composition, soil type, rainfall, and dlimatic conditions,
combined with land sacellite imagery and ground surveys indicating
degraded areas * The research found that forests with species that
are resilient coppicers {sal, dalbergia, kbair, dhak, and anogeissus),
fire resistant (sal, pine, sisso), grazing resistant (Butea monosperma-
dbak, acacias, Zizyphus), and colonizers (adina, pine, alnus, and
dalbergia) had high regenerarive potential. Areas with rainfall above
100 centimetres per year and annual minimum temperacures
greater than 10 degrees celsius, were also considered conducive
environments for natural regeneration. Bajaj found that these con-
ditions prevailed in about 63 per cent of India’s forest lands,
covering over 40 million hectares. Further, ground studies and
remote sensing data indicated that of the 40 million hectares, 29.5
million hectares were degraded with less than 40 per cent canopy
closure and in need of community protection if their high narural
regenerative potential were to be unleashed * Another recent report
noted that degraded forests with less than 40 per cent crown
density, occupy 32 million hectases, constituting nearly 46 per cent
of the nation's forest area. Much of this area has good ecological
resilience and could be targeted for diagnostic assessments and
support programmes, especially where communities are already
protecting or motivated to assume protection responsibilities.
Much of the remaining forests with 40 per cent or greater crown
density may have already suffered extensive disturbance and may
be rapidly degrading. Consequently. these areas will also need
better access controls and require community protection.

More precise field assessments would allow a finer definition
of priority areas for natural regeneration. The sequential stages of
degradation shown in Figure 10.1 need to be assessed in deter-
mining the viability and rapidity of natural regeneration in dif-
ferent forest environments. In stage 3, where logging has occurred
bur some remaining trees and good rootstock exist, natural



304 / Village Voices, Forest Choices

regeneration potential is high. In stage 4, aithough no trees may
be present but good coppicing stumps exist, natural regeneration
also offers opportunities for tapid regrowth, especially if ac-
celerated by modest soil and water conservation measures. By stage
5, coppicing tree stools may have been removed, topsoil losses are
severe, and the hydrological balance is disrupted; weedy species
dominate, undermining the establishment of more valuable local
species. In stage 6, where most vegetation and topsoil are lost and
hydrological conditions are poor, natural regeneration may be
impossible, or at most a very slow process, requiring intensive
capital investments in soil and water conservation, and plantation.
There is an urgent need in India to begin field-level mapping of
high potential areas, particularly those in stages 3 and 4, where
communities are interested in managing forest resources. Finer
spatial definition of high potential regions for accelerating joint
forest management initiatives will help guide the forest depart-
ment and foreign donor investments in this sector.

Approaches to Sustainable Forest Management

Although stopping degradation and initiating natural regeneration
through community protection is the first step in restoring the
productivity of forest ecosystems, natural systems can be manipu-
lated positively to accelerate recovery and enhance the flow of
desirable products. Human interventions, however, need to be
directed by specific management objectives.

Soil and water conservation measures such as contour trench-
ing, vegetative bunding, and small check-dams can enhance soil
moisture and the accumulation of topsoil, accelerating rehabilita-
tion of the micro-environment. Such conservation measures are
helpful in improving germination and growth rates of scedlings.
Enrichment planting of desirable local and exotic tree species in
degraded forest gaps can generate additional forest products and
improve forest density and composition. Cleaning degraded forest
lands of dead brush, cleaning stumps, and cutting excessive cop-
ﬁicc shoot growth can also facilitate regeneration and promote

ealthy growth. More extensive enrichment planting is suitable
for locations with no coppice or low coppice potential and with
moderate levels of soil degradation.
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Natural forests can also be manipulated to generate different
products, depending on the needs of communities. Artisan com-
munities may place greater importance on specific raw materials
needed for their cotrage industries. Rope-makers require fibre
grasses; potters need large quantities of fuelwood for their kilns;
women involved in disposable plate making use sal and dhak
leaves in large quantities. Forest resource requirements of dif-
ferent agricultural and pastoral systems also vary. Some farming
systems, particularly in the Himalayas and the Western Ghats,
depend on heavy nutrient transfers in the form of leaf mulch
collected from ‘z)rcst lands. Pastoralists need large supplies of
fodder like grass or leaves; forests may be used for open grazing

or cut-and-carry systems, depending upon the size and com-

position of catle. In other farming systems, the role of the
forest may be most important in stabilizing micro-climatic con-
ditions and hydrological funcrions, ensuring a steady supply of
wood for farming tools, and maintaining a habitat for birds
that control insect pests. Rural women often require the
availability of a diverse range of forest products for food,
medicines, tools, fuel, and fodder. One study indicates that
certain multi-purpose trees, like Zizyphus and Prosopis, are par-
ticularly important to women. These species tend to be low,
versatile coppicers with large crowns, which generate fruits, fod-
der, and twigs and leaves for fuel *

1f manipulated and managed carefully, natural forests can sub-
stantially improve the productivity of desired species, absorbing
labour while generating greater income in cash and in kind ac-
cording to seasonal demands, Unfortunately, only limited scien-
tific research has been conducted to identify the most effective
ways to manage natural forests intensively for both timber and
non-timber products. While community-based, ethnobotanical
knowledge is extensive for some ecosystems, it is often undocu-
mented, and rarely used by outside planners. Further, commun-
ities have neither the tenurial security nor the right to manipulate
forests for long-term productivity increases. In the future, if the
natural forests of India are to be intensively managed to optimize
yields of desirable products, a broad-based programme of sys-
tematic experimentation will need to be initiated jointly by com-
munities and forest departments, in collaboration with universities
and non-governmental organizations.

." 1‘.
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Strategies to Optimize Sustainable Productivity

Increasingly, foresters are beginning to think in terms of managing
ecosystems rather than managing a few valuable timber species.
Ecosystem management is more complex, because manipulations
in one part of the system often affect other components. If forest
management is to adapr itself to respond successfully to community
objectives, new systems of production will need to be designed,
tested, and monitored. The development of non-timber forest
products must emerge as a major forest management strategy.
NTFPs include fodder, fruits and other food, fibre, gums and
resins, oils and aromatic extracts, tannins, medicinal plants, animals
and insects, structural woody material, religious and ornamental
articles. In other words, NTFPs exclude poles, logs, and pulpwood.
From plants, NTFPs may be derived from the leaf, flower, fruit,
seed, twig, pods, stem, roots, tubers, or bark. Unfortunately, not
much is known about the practical ecological requirements of most
NTFPs, including their management within 2 multiple-use forest,
yield-data for different NTFPs, varieral and genetic improvements,
and traditional patterns of manipulation and collection

Reorienting management emphasis to multiple-use, non-tim-
ber forest production will help maximize both social and ecologi-
cal benefits. Unlike timber-harvesting which typically causes
major ecosystem disturbances, NTFP collection tends to be much
less destructive, If product extraction rates do not exceed sus-
tainable yields and technologies remain simple, the harvesting of
timber and non-timber products that are annually renewable may
be relatively benign and ecologically sustainable. Furthermore,
having used NTFPs for centuries, tribal communities have sig-
nificant knowledge about their uses, propagation, and ecological
requirements.

NTFP-based systems have other advantages. Since they often
involve optimization of a diversity of products, they contribute
significantly to the conservation of biological diversity. Leafing,
fruiting, and flowering patterns are typically seasonal, often be-
coming available during periods of food shortage or high un-
employment, providing important labour opportunities and sup-
plementary income and products during non-agricultural periods.
NTEFP collection activities tend to be labour intensive, small, and
often household-based. Perhaps most significant, because their



Ecological Stabilization and Community Needs / 307

opportunity costs for collection are the lowest, NTFP systems
are disproportionately accessible to the poorest, most forest-de-
pendent minority groups, including tribals, landless families, and
women. In fact, harvesting and management of NTFPs are most
often practised by rural women; consequently, product benefics,
whether they be cash or subsistence items, are likely to be more
equitably distributed, both within communities and households.
These characteristics combine to make NTFP systems highly
strategic for the local economy and the local environment.

Management objectives must specify desired ecological and
economic outcomes, reflecting the structure and composition
of the forest, as well as indicating the level of product fows
desired and the periods when they are most needed. In the
forests of south-west Bengal, for decades the forest department
has felled the sal trees every six to fifteen years to maximize
revenues from the sale of construction poles. The primary goal
of this management strategy was to maximize pole yields; how-
ever, under this short rotation the sal trees never mature to
begin producing valuable oilseeds or reach a size where timber
can be harvested. Further, by relying on optimizing sal pole
production, markers have been flooded, depressing prices.
Average prices received by the Arabari farmers in west Midnapore
for 3-inch-diameter poles fell from Rs 14 in 1985 to Rs 5 in
1989 3 Considering the oversupply of poles, more diverse
product management systems need to be developed to maximize
and stabilize income flows.

The clear-felling of the sal on a short rotation disrupts the
forest ecology and many useful associated species. It also disturbs
longer term succession patterns that renew soil fertiliry.
AN, Chaturvedi contends that rapid rotation fails to provide
sufficient opportunities for humus accumulation. soil mycorrhiza
development, and regeneration through seeding. He suggests that
many sal coppice forests should be used primarily for NTFP
collection and fuelwoed thinning, allowing them to mature into
primary forests over a period of eighty to hundred years.** When
the forest is felled, villagers report that many important products
disappear, while micro-climatic changes occur including the loss
of localized humidiry and the presence of stronger, hotrer winds.
To meet both the need for poles and to better maintain the
natural ccosystem, the forest department and communities are
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discussing rotational hatvesting of very small patches of forest, 1
hectare to 5 hectares, to protect the healthiest sal to mature into
‘mother’ trees. Alternatively, some communities may want to
gradually thin out coppice growth 1o allow sal and other useful
trees to mature, thereby facilitating the growth of valuable grasses,
herbs, and shrubs.

Thinning, cleaning, soil and water conservation, enrichment
planting, and timing harvests can all be used to facilitare growth
of certain species, and increase and stagger productivity flows.
Thinning and pruning allow more light to fall on desired species,
accelerating their growth. Cleaning removes dead and decaying
organic material, providing room for new shoots to emerge and
stimulate healthy coppice stem development. Unfortunately,
much of India’s forests are not managed in this manner. Forest
departments rarely have the budgetary or staff resources to carry
out these tasks on more than a small fraction of their forest lands.
Communities have no legal authority or usufruct security to
manipulate forests. As a result, the productivity of most of India's
natural forests is far below their potential.

For example, in south-eastern Gujarat, the state forest depart-
ment planted thousands of bamboo culms over the past ten years
The bamboo (Dendroclamus serictus) was well-suited to the en-
vironment and quickly established itself in the degraded natural
teak forests near Limbi village. Yer, the productivity and quality
of the bamboo have been far below its potential due to the dense
buildup of dead leaves and other organic material, The abundance
of litter within the culm has suppressed the growth of new shoots
and poses additional fire hazards during the dry season. If the
stands were routinely cleaned and thinned, the danger of fires
would be reduced, productivity would increase, and a regular flow
of bamboo poles would be ensured. Since many Bhanjara basket
makers live in the community, the demand for bamboo is high.
Unfortunately, no mechanism exists to allow villagers to manage
the bamboo culms, and the forest department cannot conducr
cleaning operations without a budget to hire labourers. The man-
agement problem could be resolved by formulating an agreement
to allow villagers to clean the bamboo routinely, giving them rights
to the thinnings in lieu of pay. Villagers could even be encouraged
w fertilize the culms to increase the bamboo’s productivity and
the community’s profirs,
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Another example of new approachcs 10 rmanagement is bemg
developed by foresters and villagers in Harda Forest Division in
Madhya Pradesh. In this 142,000-hectare forest tract, 155 village
forest protection committees have been formed and now co-
manage 70 per cent of the forest area.® Initial activities focused
on grazing and fire control. Thousands of hectares of forests in
Harda Division recently experienced profuse flowering of bam-
boos, an event that occurs every thirty-five to fifty years. Without
protection from annual fires and heavy grazing pressures, bamboo
regeneration after flowering is almost impossible. To allow the
bamboo to become established, communiries developed a system
of rotational grazing, effectively keeping carttle our of flowering
areas. Fire protection strategies have also been initiated by local -
forest protection committees, based on participatory rapid assess-
ments where villagers analysed their own use patterns. Villager
innovations include backfiring along all footpaths, since discarded
bidis (Indian cheroots) at the edge of paths are a common cause
of fires. People have also stopped lighting fires under mahua trees,
a practice common in Central India to facilitate flower collection.
As a result of people’s involvement in protectmn. lush bamboo
clumps are now becoming re-established in many protected forest
patches.

Foresters and community groups in Harda are also beginning
to develop more collaborative, improved management practices.
Villagers have complained that mulriple shoot-cutting to elim-
inate excessive coppice growth, was being done improperly and
damaging the trees. They also noted that different tree species
need to be pruned differently. More specialized techniques are
now being developed, not only for teak bur for other species
including fruit trees. Local villagers with specialized knowledge
are now familiarizing forest guards and other community mem-
bers with these silvicultural techniques. The district forest officer
has also noted that sharing agreements must be clarified prior to
any operations and has given community members exclusive head-
loading rights to all coppice shoot-cuttings. -

Finally, in the Harda area many forest protection groups have
complained that since the lucrative trade in tendu leaves was
taken over by state-run co-operative socicties, both yields and
total income have fallen. Tendu (Diospyros melanoxylon) leaves
are used to roll bidis, 2 low-cost cheroot widely smoked in India.
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Tendu leaves are the most important NTEP in Madhya Pradesh
and are a major source of employment in forest areas. Since the
co-operative’s budget for pruning labour is limited, most tendu
plants are not pruned: consequently, the plants do not produce
a healthy Aush of young leaves, resulting in low productivity and
a poor quality harvest. Further, because this task is often per-
formed by outside labourers, tendu plants are often mishandled
and damaged. The co-operative societies have also shortened the
collection season, leaving many plants unharvested. The district
forest officer has proposed that forest protection committees be
given sole collection rights, and communities have responded
very favourably. He has also reccommended that they take respon-
sibility for pruning and culturing the tendu plants in their areas.
This allows the community to shift from being paid labourers
to becoming share-holding managers, with the authority to
develop their own culturing systems, including pruning and
harvesting procedures.

Whether planning fire protection systems, sharing benefits
from intermediate silvicultural operations, or controlling tendu
leaf production and collection, the villagers of Harda are begin-
ning to play an active role in forest management. They are moving
from joint forest protection to actual joint forest management.
Local foresters assist communities to clarify their objectives and
discuss different silvicultural and management strategies by hold-
ing participatory planning exercises. If new options emerge for
Indian forestry, they will be in villages like those of Harda, where
the forest department and local communities are exploring new
approaches ro co-operative forest management,

In badly degraded narural forest environments, community
members and foresters will need to plan for short- and long-term
product flow requirements, considering ways to facilitate the
recovery of lost soil fertility and enhanced micro-climatic and soil
moisture conditions. Enrichment planting with nitrogen-fixing
species and vegerative soil conservation measures may be ifitially
advisable, followed by selective planting of more valuable trees
and shrubs. These measures, however, are uneconomical, often
costing Rs 8000 to 10,000 or more. India is rapidly gaining experi-
ence with much more cost-effective methods. In southern Rajas-
than, foresters and villagers are experimenting with directly seed-
ing local species, including acacia spp . dhak (Butea monosperma),
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pongamea (Derris indica), and mahua (Maduca indica), to com-
plement the regeneration of native acacia, Zizyphus, Lannia, and
‘Boswellia. Villagers collect the seeds in neighbouring forests and
plant them in locations with better soils and moisture levels
including along fence walls, in places where large stones were
removed. in trenches and pits, within the vegetative (fur} fences,
and behind small check-dams. Survival and growth rates have been
good, often surpassing planted seedlings within one to two years,
Further, costs range from Rs 300 to 600 per hectare. Low-cost
restoration strategies can liberate communities and foresters from
depending on centralized bureaucracies and large projects, allow-
ing them to initiate regeneration activities at any time.

Product flows change over time as certain species compete with
others for light and nutrients. In Haryana, rope makers are con-
cerned over declining fibre grass yields as kbair (Acacia nilotica)
tree canopies begin to close under community protection and
grazing controls. Foresters and villagers need greater opportunities
to experiment with enrichment grass planting and tree-thinning
strategies to ensure that grass yields can be maintained, while
allowing forest succession to continue. In the undulating Shivalik
hills of northern Haryana, there is a diverse range of micro-
climatic niches determined by soil conditions, elevation, aspect,
and topographic position, whether in a valley bottom, low, mid.
or upper slope, or ridgetop. Each location has the capacity to
optimally support adifferent mix of species. Some niches are better
suited for grass growth, while others are better suited for acacias
and hardy trees; some nutrient- and moisture-rich niches are
capable of supporting a good growth of mangoes and other valu-
able fruit trees. To take full advantage of the capacities of each
micro-environment, more detailed, site-specific management
plans need to be formulated by local communities.

Optimal harvesting methods should take into consideration
both the timing of product demands and sustainable extraction
levels. Villagers may require products during periods of drought
or unemployment during the agriculeural off-season. Producers -
may also want to time the harvest to correspond to better market
prices; yet, to ensure optimal productivity, harvesting may need
to be timed to natural maturation cycles. Forest managers also
need to assess how much of a given product can be taken without
damaging the individual plant; For example, villige makers of leaf
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need to assess how much of a given product can be taken without
damaging the individual plant. For example, village makers of leaf



Ecological Stabilization and Community Needs / 313

needs among forest-dependent users, specific ‘micromanagement’
by multiple objectives will be requitad. This will require com-
munity-based diagnostic studies and micro-planning that assess
local needs, user groups, the productive capacity of the resource
base, mapping of forest boundaries, and management interven-
tions to enhance the desired range of biomass product flows.

Fortunately, there is now increasing documentation from nu-
merous Indian states of alternative, creative community manage-
ment approaches that are already well-established and witnessing
carly successes. Through development of a co-operative partner-
ship between forest departments and community user groups,
joint forest management strategies can facilitate natural regenera-
tion and improve management of natural forest lands. As
biomass-dependent communities organize themselves around the
protection and management of degraded forest lands, impressive
gains in revegertation will be visible in many locations.
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Ficure 10.1 Common stages of forest degradation
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Ficurt 10.2 Typical stages of natural regeneration
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Productivity

Soil nutrient status

Groundwater recharge
and use

low producrivity of plantations in the absence of appropriate soil and water
conservation measures and high-qualicy seeds or coppice

* reduction in soil nutrient status compared to mixed cultures; conservation or
primary forests -
* soil erosion — loss of clay, silt, and humus in copsoil

generally known to be low in plantations compared to mixed cultures or
narural forests
surface run-off high

exotic monocultures tend to be more water-demanding
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Groundwater recharge
and use

low productivity of plantations in the absence of appropriate soil and water
conservation measures and high-quality seeds or coppice

reduction in soil nutrient status compared to mixed cultures; conservation or
primary forests o -
soil erosion — loss of clay, silt, and humus in topsoil

generally known ro be low in plantations compared to mixed culcures or
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surface run-off high
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Ecological Stabilization and Community Needs / 323

The DFO, with a small staff of range and beat officers, is unable
to protect the vast forest area under his jurisdiction. Instead;
much of his staff's time is devoted to planting a few thousand
hectares of highly degraded land, while more than one-half of
forest lands under his administration are rapidly degrading
Despite the innovative technical strategies being employed in
the small project sites, requirements for budgeting, planning,
nursery establishment, protection, and monitoring are staff in-
tensive. As a resule, donor support is drawing staff attention
away from resolving the resource conflicts tht are driving forest
degradation on much of the forest lands. If such capital intensive,
technically oriented social fotestry strategies continue for another
ten years in south Udaipur, while a few thousand hectares might
be rehabilited, the vast majority of divisional forest lands could
experience further degradation and lose much of their regenera-

tive potential.

1 ] PL Srivastava and RN Kaul, Greeming of the Common Lands in the
Aravalis, Government of Haryana Forest Department: Gurgaon p. 5,
1994.

2. Ibid.. citing Professor Dhabriya, The Pioneer, Press Trust of India, 16
December 1993,







