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THE YEAR 1992-93 : AN OVERVIEW

On reflection, the year 1992-93 has been full of
activity - scademic and other including strengthening
of staff, infrastructure expansion, creation of new
facilities, initiation/stren gthening of collaboration with
national  and  international agencies,  effective
networking and dissemination of R & D outpats.

We fecl happy that the issues highlighted in
Chapier 13 UNCED of Agenda 21 constitute the [ocous
of mandate of this Institute. While at global level
Agenda 21 was released at UNCED, held in Rio de
Janeiro in June 1992, the Hon'kle Minister for
Environment & Forests, Government of Indis, Sri
Kamal Nath released 10 the nation a document
"Action Plan [or Himalaya" prepared by the Instituie,

A number of new scientists joined the Institute,
This resulted in effective strengthening of expertise
for existing programmes and in initiation of new
programmes, particularly those Involving bictechno-
logical inmerventions. Inflow of funds from the
Depariment of Biotechnology, Government of India
has started, for the [first time, with promise of
increased suppart in the coming years. Laying of the
foundation stone of the Institote’s building last year at
Katarmal, Almora paved the way for commencement
ol construction activity. Land acquisition process for
Himachal Pradesh and Sikkim unit has also been
completed.

International cooperition was [urther sugmented
during the year and linkages with ICIMOD resulted in
initiation of two programmes : Mountain Environment
Besource  Information Sysiem {MENRIS) wnd a
programme on ccosystem rehabilitation. Effective
collaboration with NORAD has started and support
for Tropical Soil Biology and Fertility Programmes
was reccived, [nstitule crganized three successful
Waorkshops/Symposia which Facilitated interaction of
experts from the country with thase From overscas.
Efferts initiated sometime ago have resulted in a
UNESCO sponsored regional Seminar cum Workshop
on conservation aspects, to be held during Scptember,
19493,

As usual the Annval Day, celebrated this year at
Gangtok, Sikkim on September 14, 1992 was a grand

W

event and the IInd P G.B. Pant Memorial lecture
delivered by Dr, T.N. Khoshoo on the oceasion has
already been published and distributed to relevant
apencies.

From 1988 1o 1991 the Institule basically
concentrated on  identifying the priority  [ssues,
warking out the research based simple solutions to
these  and  establishing  in-house  small  seale
experimentation and demonstration projects.  Qur
attempls on development of low cost waste water
harvesting technology and regeneration of degraded
lands have been successful, The detail documents on
these are under preparation.

The initiatives [or development of degraded lands
by orienting scientific approaches ta socio-cultural set
up of hill societies initiated by the Instilole are
becoming  incroasingly  visible. The Institote s
committed to develop “Badri Van™ in Badrinath area
of district Chamaoli in collaboration with the TP,
Government, Rhododendron  arboreism has heen
established at Pangthang (Sikkim).

Himalayan Eco-development Programme
transferred from the Ministry of Environmenl &
Forests 1o the Institute in the preceding year widened
Institutional Networking for comprehensive sction
ariented research.

Publication of R and D efforts of the Institute,
basedd on studics and experiences centered around a
watershed in Sikkim, and finalization of final drafis of
twe mare volumes to be published shortly, one on
comscrvalion  strategies for the  preservalion  of
Himalayan biodiversity and the second on the tree
fodders, are other satisfying achievements, Hima-
Paryavaran, a biannual newsletter, entered the fourth
year of its publication,

The Annual Report for 1993-93 presents a
summary account of the contribution of the Institne,
in coming a litle closer towards realization of its
poals, during the year.

AN, Purohit
Direclor




1. INTRODUCTION

The reporting vear 1992-93 is the fourth
financial year of research and developmental
adivities being executed by the Institute in
various parts of Himalaya and addressing region
spedific issues, with constant emphasis on
seeking tangible solutions, centered around four
Core Programmes. Two projects were concluded
during the year, The detail documents on these
are being prepared and will be made available to
the users shortly, The progress of in hand
projects and a brief account of other academic
activities is given in the report.

2. MILESTONE EVENTS

Keeping alive the tradition of celebrating its
Annual Day to mark the birth anniversary of PL
Govind Ballabh Pant, the Institute organized this
academic activity focussing on IInd Pt. Govind
Ballabh Pant Memorial Lecture delivered by
Jawahar Lal Nehru Feliow, Padma Bhushan Dr.
T.N. Khoshoo at Gangtok, Sikkim on Sept. 14,
1992 The lecture provided a gamut  of
information on Flant Diversity in the Himalaya
touching upon diverse issues viz, climate, rock,
soil, vegetation, endemism, spatial distribution of
plant forms, agroecosystems, conservabon of
bicta, bioproductivity and their intricate
relationships for creating a healthy environment
Fome of the suggestions made in his lecture are:

* Declare biological diversity a national
resource, its conservation a national goal and
its implementation a national priority.

* Evolve a national policy on conservation of
biodiversity and periodically update the same.

* Review the existing Protected Area Network
(PAN), which must include bicsphere
reserves, national parks, wildlife sanctuaries,
sacred groves, fragile and unigue ecosystems,
game and genetic reserves, ete,

effort on
spedial

COMEErV ation
and prepare a

Review present
different biota

managemeat plan for conservation of marine
and freshwater habitats, forest trees and
Mmicraorganismes.

* Draw up & plan to establish a representative
PAN

* Establish minimal databases for each

Protected Area.

* Draw up plans for both in-site rehabilitation
of the pricrity threatened/ endangered species
and for purposes  of  restor ng  and
reintroducing the natural populations.

* Domesticate, whera required, those wild biota
that have a trade value but are under constant
threat,

* Draw up plans for education and awareness
about various aspects of PAN for students,
public, administrators, dedision-makers, and
politicians.

* Support PAN with an effective network of
biological gardens, arboreta, aguaria, and
bio-banks concerned chiefly with ex-sity
conservation.

* Guarantee continued financial support.

The Institute completed the task of preparing
the "Action Plan for Himalaya" assigned to it by
the Society.

The Governing Body meetings were held
twice, the Science Advisory Committee met once
and the Eco-development Project Evaluation
Committee  held two meetings during the
reporting period.

3. RESEARCH AND DEVELOPMENT
PROGRAMMES

The research and development activities of the
Institute are bazed on a sound multi-disciplinary
approach, linking natural and social sciences for
environmentally sound development in the
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Himalaya, The present efforts revolve around
four core programmes viz. Land and Water
Resource Management, Sustainable Development
of Rural Ecosystems, Conservation of Biological
Diversity, and Ecological Economics &
Environmental Impact Analysis. Depending upon
the area under consideration in the ecologically
as well as socially heterogeneous Himalaya, the
project sites are located at different places.
Location specific problems and their likely
solutions are addressed through time-bound
research projects. Rigorous data collection and
analysis coupled with development and
demonstration of science and technology inputs
for an all-round betterment constitute essential
project work elements. Most projects entered into
second or third vear of operation during the
reporting year. A few were initiated during the
year 1992-93. The year when the projects were
initiated are indicated with parenthesis in each
project title. Highlights of the work done in
1992-93 alongwith a contextual background,
specific objectives and main achievements are
summarized below for individual projects,

31 LAND AND WATER RESOURCE
MANAGEMENT

3.1.1 Integrated Watershed Management - A
Case Study in Sikkim Himalaya (1989-90)

Backgrownd

Walershed has been recognized as an
appropriate unit for analyzing development
vis-a-vie resource problems, for designing
appropriate solutions of the identified problems
and, eventually testing the efficacy of prescribed
sclutions in the mountains. Watershed approach
also helps in tackling the ecological and
socio-economic  problems  in an  integrated
manner, In view of limited information available
on the watersheds of Himalaya in general and
those of eastern Himalaya in particular, this
project was undertaken as a multidisciplinary
effort with the goal of facdlitating integrated
management for improving the ecology and
economy in the Mamley watershed located in

South district of Sikkim, The watershed is spread
owver an area of 3002 ka at an altitudinal range of
200-2500 m and falls in the upper catchment of
Rangit river, In the previous years efforls were
directed towards the collection of
data /information (primary as well as secondary]
in order to have an in-depth understanding of
structure, function and problems in the
watershed. In the current year efforts were made
to record the perception of farmers on
environment, traditional practices and
conservation ethies, soil changes in respect to
land use and dominant agricultural and forest
systems. This is essential Ffor designing
appropriate management strategies to achieve
sponomic development of the region which is
also sound from ecological point of view.

Objectives

1. Structural analysis of the watershed: studies
on vegetation, soil, geology, socio- economics
and their integration.

2. Intensive study of the dominant land use
systems,

3. Analysis of interactions of dominant land use
sy stems,

4, [dentification of integrated resource
management models and on site testing.

Results and Achievemenis

1. Considerable change in land use from other
forms to agriculture and intensive low input
farming systems on steep uplands of the
watershed are enhancing soil erosion and
resulting in low soil fertility levels. This has
resulted in decreased crop yields as pointed
out by majority of the respondents.

L

The watershed presents a viable system
having a gradient of altitude where almost all
types of land uses and ethnocultural groups of
Sikkim are present. Terraced and unterraced
slope gradients under rainfed conditions at 40
different sites of the watershed were studied
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and significant correlation was found between
gradients of cultivated surface and the parent
undisturbed slopes (r = (L.5%; p <0.01; d.t. = 38)
indicating that the change was not drastic
This ensures that the traditional practices in
the watershed helped in the conservation of
landscape. Traditional adaptation, indigenous
knowledge and perception of conservation
amongst farm-owning  families in  the
watershed are remarkable.

. An increase of 1279% in agricultural land-use
at the cost of diversion of other land uses was
recorded during a period of 40 years. The
effect of change in land use on soil properties
and fertility revealed that percentage of stones
in the first 30 cm depth of the soils in recently
converted agricultural land was lower than in
the soils of other agricultural areas, under
culbvation for long time.

. A total of 23 wild edible plants were recorded
in the watershed, out of which 8 species are
used as fruits, 9 species as vegetables/ pickles
and 6 spedes as medicines {Table 1).

Pattern of fuel wood consumption revealed
that 68% of the total wood is used for cooking

purposes, 9% for animal food preparation, 7%
for water heating, 8% for house warming, 6%
for local wine preparation and the remaining
for festival and other purposes.

. Farmers balance the production of cash crops

and cereals for inhouse use so as to meet their
comsumption. A total of 6 species of food
grains, 8 species of pulses and 40 types of
vegelables and 9 types of fruis were
recorded.

. Litterfall was highest under mixed canopy

cover in a sub-tropical natural forest and
under Alnus nepalensis cover in a bemperate
natural forest. OF the total litberfall, 83 to 94%
was leaf litter and remaining 6 to 17% was |
contributed by wood/branch. Woed/ branch
debris was highest during rains while leaf fall
was maximumn during summer and winter
SEASOTL.

. It was noticed that a considerable portion of

tree wood biomass production is being
removed resulting in a decline in net
ecosystem productivity. OF 17.83 Mg/ ha/ year
net primary productivity, about 22% is being
removed in the form of tree boles in
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sub-tropical natural forest. Removal of wood
biomass was much pronounced in temperate
natural forest where out of 532 Mg/ha/year
of net primary productivity, about 55% is
being removed leaving only 239 Mg/ ha/ year
of wood biomass in the form of net annual
ecosystem productivity,

31.2 Development of Agroforestry Model in
Garhwal Himalaya (1989-590)

Background

Agroforestry is argued to be a sound land
management option meeting both environmental
and developmental imperatives in the hills,
particularly on the slopes. Agriculture, forests
and animal husbandry are interlinked across the
Himalaya. However, the nature and magnitude
of these linkages wvary. Agriculture in the
Himalaya continues to be of subsistence type and
productive potential of cropland depends upon
the organic inputs derived directly from the
forest in the form of litter or indirectly through
animal dung. The Himalayan dwellers stll
depend heavily upon fuelwood to mest their
energy needs. In central Himalaya food crop
cultivation on terraced slopes, often as steep as
40-45°, is also seem as a major threat for
aggravating the environmental degradation.
Introduction of trees which provide a perennial
canopy cover, meet multiple needs {food, fodder,
fuel), add to the fertility of soil. This approach is
likely to result also in dual benefits of
maintaining productive potential of land and
increasing protective cover. The traditional land
use in central Himalaya reflects a practice of
maintaining trees on the slopy cropland.
However, under the present pressure of high
population, agroforestry systems are getting
weakened. There is a need of evaluating the
costs and benefits of introducing trees in
cropland, identifying potential  species,
standardizing the propagation and cultivation
techniques of the identified spedes and
rejuvenating the traditional agroforestry systems
with appropriate science and technology inputs.
This project aims to answer questions like: which
species should be introduced, what should be the

scientific criteria for species selection and, what
are the sodo-economic reasons  behind
diminishing trends of tree- crop mixture, The
expetiences of a pilot project completed last year
in Garhwal indicated a need for diversifying the
agricultural systems not only by means of
introducing  trees but also by altering the
traditional cropping pattern in ways which
render short term benefits to the poor farmers.
It was also realized that development and
demonsteations of land management technology
should be wndertaken as a fairly long berm
collaborative programme after taking the people
of the target area in confidence before the project
is executed. Interaction of scientists and the
people led to transfer of 5.5 hectares of barren
land by Jalai Village Panchayat near Banswara
(about 16 km from Rudraprayag on way to
Kedarnath in DHstrict Chamoli) on lease to the
Institute for a period of 10 years.

Obrjectives

1. To identify agricultural land use practices
suited to the ecological and sodo- economic
attributes of the area and their
implementation in the field on experimental
basis,

2. To evaluate the acceptability of the identified
management practices by the people,

3. To undertake fundamental researches so as to
design refinements in the existing/ identified
agricultural land use practices for sustainable
development.

Resulls and Achievements

1. Survival assessment was carried out at half
yearly intervals following plantation on both
the sites (agroforestry and restoration).
Although survival differed significantly
between species, the average survival in the
agroforestry site was found to be over 0%
after 18 months of plantation. With the
exception of Bauhinie varfegata (33 %) all other
species induding Ficus glomerata, F rumphi
and Prunes cerasoides showed above 75%
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survival. The survival was found to be only
around 55% after 18 months of plantation in
the restoration site.  While two thirds of
planted species had over 50% survival,
Aesculus indica and Boehmeria rugulosa showed
low survival;, most successful species were
Prunus cerasoides (76%) and Grewie optioa
(72%).

Eighteen months after plantation, species
showing highest growth were Dalbergin sisson,
Albizzin  lebbeck and Alwus  mepalensis
(agroforestry site), Albizzia stipulata, Celtis
australis  and  Alnus nepalensis (restoration
site). Measurements of diameter at eollar
height and average number of branches per
plant were also done following 6, 12 and 18
months of plantation at both the sites.

. Plants which failed to survive due to
heat/ frost or other reasons were replaced by
fresh plantations during the rains in 1992,

. Two nurseries have also been developed, one
at Banswara and another at Srinagar. A total
of more than 800 seedlings/ saplings of
many multipurpose trees were raised,
including Acacie  spp., Albizzin lebbek, A,
stipulata, Cellis  australis, Delbergin  <isson,
Hippaphae rhamnoides, Ougeinia delberginides,
Quercus dncana, Sapindus mukorossi and Saptum
sehiferum.

. Cost benefit analysis was carried out to
compare the economic yield of cash crops like
Brassica campestris and Lens esculentums; the
former was found to be economically more
suitable.

Studies on ecophysiclogy of some of the
multipurpose trees were conducted for
selection and evaluation of site specific plants,
These studies made use of modern techniques
like chlorophyll fluorescence supported with
photo-synthesis measurement compact mini
cuvette system. Performance of planted
species was found to be adversely alfected by
environmental stresses, particularly during
summer and winter, Some spedies like Oles

glandulifera, however, showed fast recovery
following a period of stress,

. Data on photochemical efficiency, leaf area
and leaf duration indicated a dose correlation
with growth parameters, validaling the use of
chlorophyll flucrescence techniques for rapid
assessment of plant species,

. Data for chlorophyll content, total soluble
carbohydrates, amino adds, moisture and
preline content have also been determined
during summer and winter,

3.1.3 Biological Mechanisms in the Maint-
enance of Soil Fertility under Varied Land
Use Practices in Kumaon Himalaya
(1991-92)

Background

This project sponsored by the Department of
Science and Technology, Government of [ndia is
focussed on seeking answers for three specific
questions; what are the key factors and processes
regulating soll fertility and their manifestations
in terms of crop yields? To what extent has soil
fertility declined and what are the reasons
thereof?  What are possible options for
maintaining/ improving soil fertility levels,
specifically the avenues of improved utilization
of locally available resources? The work plan is
based on village/farm level ecological and sodio-
economic approaches of analysing sodl fertility in
a systemns analysis perspective.

Mrfectives
1. To quantify nutrients/water demand and
supply in managed, degraded and protected
ecosystems in Kumaon hills,

. To analyze the biclogical mechanisms of
maintenance of soil fertility already existing or
which have a possible scope in the region.

. To study the impact of different land
use/cultural practices on  scil  fertility
processes and identification of appropriate
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biological amendments,
Results and Achievements

1. Among a multitude of factors and processes
regulating soil fertility, the ones found most
crucial to Kumaon hills include a) a shift in
emphasis from coarse grains to wheat and
paddy b) expansion of canal based irrigation
under the control of Government ¢} reduction
in forest area and forest based resources
accessible to farmers d} soil fertility problems
are more serious in the mid hill region than in
high elevation remote areas.

2. Wheat and paddy, in terms of crop yields,
responded more to low levels of soil moisture
and nutrients when compared with millets,
pseudomillets and other coarse food crops.

3. Seil organic carbon and nitrogen pools were
found to be much less variable than the
inorganic pools. In many instances, significant
relationships between organic carbon and
nitrogen levels in the soil during the crop
growth were not found indicating the need of
amendments which synchronize release of
nutrients  from the organic residues/soil
organic matter with the demands of the crops.

4. Project would be completed in the following
year.

3.14 Symbiotic Nitrogen Fixation and
Maintenance of Soil Fertility in the
Eastern Himalaya (1991-92)

Backgrosd

The maintenance of soil fertility in natural and
derived ecosystems through biclogical processes
is an alternative, well recognized realised issue.
Biological nitrogen fixation is one of the key
processes in building up the soil fertility.
Symbiotic Ny-fixation contributes significantly to
the nitrogen economy of agricultural and natural
ecosysterns.  Anglospermic plants have two
distinct groups of symbiotic associations: (i)
Rhizobiwm symbiosis - restricted to the family

Legumimosae;  and  (ii)  Frankia symbiosis
distributed in eight families of angiosperms other
than Leguminosae. Proper listing of such spedies
in the eastern Himalaya is lacking, The project
aims to screen  out  Nyfixing  symbiotic
assodiation, to estimate their effectiveness of N-
fixation and to evaluate their contribubion in the
maintenance of soil fertility.

Obfectives

1. Extensive investigation for sorting out the

symbiotic N.fixing species and  their
association in the eastern Himalaya.
Z To test the effectiveness of symbiotic

assodiation on M-fixation.

3. To estimate the N fixation efficiency and
nitrogen  accretion  in  some  important
associations.

4. To evaluate the role of some of these species
on the maintenance of =oil fertility.

Results and Achievements

1. Leguminous and non-leguminous symbiotic
associations have been sorted out. About 80
spedes belonging to family Leguminosas
induding 65 spedes of sub- family
Papilioncidae, 10 species of sub-family
Mimosoidze and 5 species of sub- family
Cresalpiniodae have been sorted out. Four
genera  {Alnus, Coviaris,  Eleeagmus  and
Hippophae) of actinorhizal plants have also
been identified. The altitudinal range of
distribution of these plants is from foothills to
alpine conditions.

2 Almus + Cardamom combination with a
control site in the natural forest without
MNrfixing symbiosis + Cardamom, and Aibizzm
and other agroforestry species + cropland
with a control site of non N fixing
agroforestry + cropland were extensively
investigated lo see the effect of N fixing
Alnus and Albizzia on ecosystem functioning
with respect to soil fertility,
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3. The performance of large cardamom is better
under Alnus; more than double the number of
tillers and higher production were recorded
compared to the natural forest stand,

4. The light interception by tree species for crops
in agroforestry systems has revealed that
Alnus (24%) and Albizzia (28%) showed much
less light interception as compared to other
agroforestry and forest trees {ca 50%).

5. Per cent organic carbon and total nitrogen
were highest in natural forest + cardamom
followed by Alnus + cardamom, Albizziz +
cropland and lowest in cropland with no
N,-fixing agroforestry species stand,

6. Mineral-P was found to be 69% of total-F in
cropland with non Nfixing trees while it is
39% in Albizzin + cropland, 17% in Alwus +
cardamom and just 9% in natural forest 4+
cardamom. In absolute values also mineral-P
followed the same sequence as above and
much higher mineral-P was recorded in
cropland with non Ny-fixing trees and Albizzia
+ cropland.

315 Land and Water Resource Management
Strategies in Himachal Pradesh and Uttar
Pradesh Hills (1992-93)

Backgromund

Long term availability of fundamental
resources in the Himalaya is now a priority
consideration in the development policy and
programmes. Experiences of the past led to a
change in development policies for setting the
target of environmentally sound socio-economic
development in the region. Development
programmes started laying emphasis on
integrated resource management over sector
oriented management. New approaches defining
the tatgets of natural resource uses, diverse,
unique and abundant at times and places, and
identifying new trade-offs between short term
income objectives and long term environmental
objectives are called for achieving the goal of
sustainable development in the Himalaya, It has

been argued that many of the unsustainable
trends could be aveided in the mountains if
[esource management strategies and
development programmes are  formulated
considering watershed as the Planning Unit.
Integrated watershed management approach has
been tried in a few sectors of Himalaya in the
recent past. These efforts undoubledly played a
catalytic role in promoting  environmental
orientation  to conventional sector oriented
economic approaches of development, However,
the outcome also unravels need for Ffurther
refinements in design as well as execution of
integrated watershed management packages,
This project is a collaborative venture of the
Institute and Norwegian Centre for International
Agricultural Development under the bilateral
cooperation between Governments of India and
Norway supported through Norwegian Agency

Development Cooperation, The project aims
to enhance the knowledge system for sustainable
development in the Himalaya th rough research,
technology development and demonstration, in
two small watersheds, one in Uttar Fradesh hills
and the other in Himachal Pradesh initiated in
Ovctober, 1992,

Objectives

1. To quantify soil loss, run-off and productivity
in the selected watersheds,

2 To survey and review land use practices in
the region in view of the sodo- economic
conditions  prevailing  Ffor groups and
individuals including issues for entitlement,
equity and gender.

3. To work out tree-crop-animal interactions in
different agroforestry systems, needs of the
people and ecological and economic potential,

4. To evaluate the concept of cover approach in
the agroforestry system for land management
and its effect on the reduction of soil ervsion
and run-off.

5. To identify land management options capable
of raising the overall produdtivity of the land




and ecomomic conditions of the farmers.

6. To evaluate the impacts of small dams on
production systems.

7. To develop and demonstrate models of
agroforestry  systems through farmer's

participation.

8. To explore the possibilities for development
policy reorientation for ecologically sound
development of rural areas in the hills,

Results and Achievements

1. Loation of watersheds selected for studies are
given in Fig. 1.
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2. Water resource in both the cases has been
utilized for hydropower generation but the
benefits flow more to the towns than to the
villages, The project areas are characterized by
poor communication and transport services.

3. Sodoeconomic conditions, resources, resource

produchon and use systems are being
investigated so as to identify changes in the
traditional systems and the reasons there of,
and the critical bottlenecks needing science
and technology inputs. Efforts were made to
identify and design interventions considering
aspirations of the people in conjunction with
ecolopical and economic constraints and
opportunities,

4, Efforts were made to  install and
operationalize a geographical information
system (G5 to facilitate problem appraisal
and watershed management planning in ways
more effective than the ones presently used.

5 A survey of local medicinal plants,
agricultural crops and orchard plants has been
done,

3.2 SUSTAINABLE DEVELOPMENT OF
RURAL ECOSYSTEM

3.21 Designing Ecologically Sound Natural
Resource Management Strategies for
Sustainable Rural Development in Kapkot
Block (District Almora) in Central
Himalaya (19859-90)

Bﬂr_‘kgmumf

A major failure of our development planning
strategy was perhaps over- emphasis on
sconomic growth. Economic growth, apart from
being inequitable in the past has not resolved
social issues, many of which have been inherited
by us from the past. The prejudice against and
the inferdor status of women in society, religious
persecution in both subtle and overt ways are
among serious issues. Many issues are of more
recent origin, especially the perceived
degradation of the environment, both as a result
of improvident cutting down of forests and of
some of development policies, Sodal, political
and professional institutions are getting eroded.
The present lifestyle of some sections of people
is unsustainable and though the people wish for
them, we do not have resources to provide the
same to the aspired by the people. Thus the
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social tensions that are now beginning to appear
cannot be contained unless we move towards a
more egalitarian society,

Df:lﬁ‘cl!l'z es

L. To analyse the current problems and
consequences of ringal based cottage industry.

2 Ta identify appropriate land management
practices and resource uses so as to mitigate
the current problems.

3. Todefine integrated resource management on
a peographical unit vis-a-vis administrative
unit.

Results and Achisvements

I. Long lerm monitoring of interventions tried
are continued,

|_\.'I

An attempt has been made o collect
germplasm of the crops and other plants for
conservation and propagalion purposes.

3. Nardostachys  jatamansi,  Swertis chivata,
Acorifum  hetevophyllum, Rhewm emodi, and
Mentha spp. were tried in village depraded
land and found suitable for cultjvatiosn,

4. The success of restoration experiment has
generated peoples awareness. People from
various villages have started 1o submit
proposals for restoration of degraded lands in
their villages to various ApEncies,

3.3.2 Jhum and Sustainable Development of a
Village Cluster in Nagaland {1989-90)

Backgromnd

Shifting cultivation, locally known as ‘jhum’,
is the predominant agricultural practice in the
hilly terrains of Northeast India. 1.5% of the land
ared is brought under jhum cultivation annually
and a minimum of 5.7% of the region is under
jhum at a given time. In the state of MNagaland,
1.15% of the land is annually under shifting

cultivation, while 11.54% is under this practice at
any one time; 1,168,046 families are reported to be
involved in jhumming in the state,

A project was planned and initiated three
years back to identify technological interventione
which arrest and /or revert the ongoing trends of
environmental degradation, originating from the
distortions of traditional jhum. The target area of
the project included three villages, viz
Yaongyimsen, Salulmang and Chuchuyimlang in
the Mokokchung district of Nagaland. The
approach involved interaction with individuals,
the local NGO (Magaland Gandhi Ashram) for
participatery  actions.  Activities such  as
introduchon of ameliorative tree species in the
jhum  fields, diversification of traditional
ropping patterns by introducing new crops,
introduction of water harvesting technology to
support cash crop culbivation and sdentific
evaluation of introduced interventions and their
comparisen with traditional systems constitute
the waork plans,

Objectives

L. To find out ways and means of hastening the
recovery of soil fertility in jhum cultivation.

2. Toexplore the possibilities of intraducing new
Crops.

3. To identify fast growing native tree species
valued by the tribals and, to standardize fheir
culture techniques.

4. To develop and demonstrate low cost water
harvesting technology ensuring availability of
wiater during the lean periods and,

3. To create awareness on the consequences of
forest degradation, exploitation and
conservation through involvement of local
people in the project activities.

Results and Achicvements

L. Alnus trees were introduced in an area of 2 ha
in 199 the area was incréased to 3.5 ha in
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1992.93. In 15 ha of the plantsd area,
Terminalia, Albizzia, Melio and *Alammathung’,
a local species, were interplanted with Alnus,
The trees were planted in the jhum plots as a
means bo check irreversible losses in soil
fertility. In addition, the plants in due course
of time would yield fuelwood, fodder and
timber,

Alnus from Sikkim and MNagaland had been
planted. A preliminary examination of the
results showed almost identical performance
by the saplings from Sikkim as well as
Magaland (Table 2). Detailed statistical
analysis, however, is reguired to assess the
performance and the suitability of each
collection; further chemical analysis is also
required to evaluate N, accretion to the soil.
In addition regular data collection has been
carried cut on hydrological parameters in
these fields, subjected to various treatments.
Data on surface runoff, percolation and
sedimentation have been collected from (i)
traditional jhum fields, (i) traditional jhum
fields but with 1 yr Alsus saplings introduced,
{iii} 1 yr jhum fallow and, (iv) 1st yr jhum
fallow with Alnus introduced.

The results, indicate that a good ground cover
and adequate tree cover achieved through
simple bioclogical treatments can accompany
significant reduction in runoffs and soil losses,
Crop yields from the traditional jhum fields
{with/without alder) have also been recorded,

. A comparative study of the performance of

cardamom (Amomun) under different growth
condilions has been initiated. Local villagers
have also shown interest in plantations, and
the Unit has disbursed 1000 cumps of
cardamom, 1,250 saplings of Alnus and 670
saplings ef hollock.

. In the area of non-traditional crops and/ or

new crop, the project was started by the
MNagaland Gandhi Ashram (NGA) with
technical collaboration of the Unit. Muostard
was grown in the period intervening two
jhum cultivation. Sunflower was also tried,

but did net perform satisfactorily. [t may be
mentioned that the local farmers emulating
the example of NGA had planted mustard.

4. Apart from the above, some effortz have been
putin to collect local land varieties of rice (17
varielies), maize (3 varieties) and other crops.

Table 2. Growth characteristics of MNagaland and
Sikkim collections of Albmus

Farameters MNagaland Sikkim
Collection Callection

Huighl {em) 11278=21.99 10406 +23.39
DIBET {enm) 2154076 L53:0.74
Branch Recruitment 15674204 TETH4273
Heanch lemgth {em) 0750 19774588
Beanch girth (cm) =07 0344022
Branch Numbers 77 a b Tabel09

3,2.3 Development Dilemma : National Context
and Rural Scenario in the Himalaya
{1991-92)

(Summary of completed project; please see last
annual report for details)

The dilemma of development and the
increasing expectations of the people, intensifies
the contradiction of dEV‘-—ﬂUPTI‘IH‘TI.l‘ culture and
environment. In the Himalayan context, the
three studied villages do not project any scope of
agricultural intensification, nor do the prevailing
conditions in the hills permit this.  The
population is on perpetual explosion, and the
growing interaction, exposure and expectations
are increasing the rural resentment. This is
further Intensified with the fast rate of
urbanization and the invelvement of rural areas
in the development of urban centres. Rural
migration to the cities, the neglect of rural
cottage industries, cultural uprootedness and the
growing selfishness are putting acute pressure on
already depleted [forest resources. It is
recommended that people should be informed in
advance of all these maladies, and be allowed to
decide their own future with consensus and
rationality,
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3.24 Institution Building at Community Level:
Elucidating the Constraints from a
Micro-analysis (1991-92)

{Summary of completed project; please see last
annual report for details)

The project, undertaken by the Institute on
request from Central Himalayan Environment
Association (CHEA), Nainital was eompleted in
April 1992, The findings and conclusions were
presented  in  the interaction seminar on
Sustainable and Replicable Eco-development in
Uttranchal conducted by CHEA on 25-26 April,
92 at Sitlakhet, Almora. The findings stressed
that the basic issues in institution building
necessitated the clarity of concept, understanding
the community dynamics and defining the
constituents like economic imperatives, resource
links, cultural intricacies, development
adversaries and many others, particularly those
which emerge from eco-culture centres of the
community. The dynamies of the community
have to be studied and appropriately
incorporated into the development strategy so
that people act as catalysts rather than inhibitors
in the process of institution building,

325 An Empirical Study of Development of
Tribal Communities from Eco-cultural
Perspectives: A Study In the Central
Himalayan Region of India (1992-93)

Background

The tribes and their tracts constitute a very
significant part of the backward people and
region of the Indian Republic. In the Central
Himalayan region of India, 5 major tribal
communities namely the Bhotia, the Buxa, the
Raji, the Jaunsari and the Tharu inhabit,
comstituting around 375 percent of the botal
population of the region. With the conceived
notion of socio-economic handicaps of the tribal
people, programmes under Backward Class
Sector have been undertaken in addition to the
General Development Programmes to develop
them. Year marked provisions for their develop-
ment have been made, beginning with the First

Plan itself. However, no significant study of a
holistic nature has been undertaken so far on the
tribes of Central Himalaya to categorically
understand factual impact of these programmes
on them, However, experiences of tribal develop-
ment planning elsewhere in the country show
that despite the efforts made to ameliorate the
well being of tribal people, the programmes
failed to provide befitting substitutes to the
traditional value oriented life style of the tribal
people. Further, though the interlinks bebtween
communily resources, soco-economics, culture
and environmental needs have been recognised,
they have not been articulated in terms of clear
policies and programmes, With this in view, an
attempt has been made here to understand the
tribal culture in its totality and its connotations
with regard to ecology and economy,

Objectives

. To study the integrated nature of the tribal
culture and its influences on resource use and
management,

2. To understand the concept development from
tribals’ perception.

3 To study the linkages of culture with
development.

4. To identify the markers responsible for
sustainable development and nature of
variation of these markers in different tribal
commmunikies.

u

- To quantify the degree of diffusion of
development programmes and their impact on
social structure and community culture.

Results and Achievements

1. Twor tribal communities - the Bhotia, a semi
nomadic community and the Jaunsar, that
practise polvandry and bonded labour, were
selected For a comparative study. So far the
investigations have been carried out in 5
villages in Kapkot block of Bageshwar tehsil
in Almora distt. and the survey is continuing
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Adopting a hierarchial methodology with
block, village and family as components of the
study, secondary data was collected and
compiled at block and village level on natural
resources, demography, sodo-econormic, agro-
economic and infrastructure, in addition to the
primary data on sample villages (Table 3),

Table 3. Geo-demographic Particulars (1991)

Wil Airrdral Dotma Told ol Toead Dty
Raadas  frem G ok Tritaal A
(]! Pori Pl s e Farpny- (= 5]
fl et wam
fer by
Faiket 1o ) T ar ) =
Futbabug s (F) wa . 1 1M -
Karmdi 15w o ko T il o
Dhmvpsd ] ma i or =0 12§
Isbrels [ 50 - B B ]
2. Bhetias of the area could be categorised into

Harkotias, mostly confined in high altitude
villages of Saryu catchment and joharias,
confined to Ramganga and Pungar catchments
with distinct lifestyles. All surveyed villages
in the study, however, are intercommunity
villages, inhabited by both Bhotias and other
caste groups,

. The low sex ratio {S5R), as found in some

study villages, appeared to be due to shorter
life span of the females as SR declined
drastically in the age proup above 50. This
was more conspicuous among the Harijan
Bhotias and Harijans.

. No sipnificant difference in general literacy

was observed between various communities,
though, difference between male and female
literacy was the highest among the Harijan
Bhotias, followed by Harijans, Thakurs,
Bhotias and Brahmins. More numbers of
professional literate were found among the
Joharia Bhotias than any other including the
Harkotias.

. Higher percentage of joint families were found

among Thakurs followed by the'Bhotias, while
more number of nuclear families were found

© among Harijans followed by Harijan Bhotias.

MNumber of household with females as head
was highest among the Harijan Bhotias and

. The

1. Though, no

lowest among the Harijans.

. The Harkotias practise cultivation like caste

Hindus, while Joharias mostly subsist on
woolen and other trading. The chief crops at
the high altitude village (above 1800 m) of
Harkot was ragi (Cleusine corasana) ocoupying
around 84.4% of the cropped land followed by
wheat (Triticum sestivum) occupying 79.0% of
the cropped land. In the low allitude villages
( below 1800 mj of Kanoli, Dhanyad and
Jakrola, paddy (Oryza satroa) occupies around
80.84% of the cropped land followed by wheat
(Trificum aestivim), occupying 57.13 . Potato
(Solanum tuberosum) is cultivated at both
altitudes. The acceptance of high yielding
varieties of crops in the villages Harkot,
Dhanyad and Keneli is almost nil, and
minimal at the other two introducing

agencies.

Many a varieties of traditional crops have
almost disappeared or are fast disappearing.
The wvarieties facing such threat include 11
varieties of paddy, 3 varieties each of wheat
and ragi. Owa, a wheat like crop has totally
disappeared. The traditional varieties are
being re-placed by other traditional varieties
with more yield or a high yielding varieties.

absolute numbers of domesticated
animals has increased, during the period
1977-19492, though the number of heavy
animals has deereased and small animals have
increased. In per capita holding, sheep
dominate ((L.88), followed by goats (L4100, oxen
{0.21), and cows {0.20).

restriction 18 communally
sanctioned for size of livestock holding, the
animal population is being controlled by
availability of fodder grass at Pindad
grasslands (bugivals). Alpine grasslands at
Findari is allotted among various shepherds,
where they traditionally graze their sheep and
goals  every year from  April-May o
October-November. The sheep and goats
prefer particular grasses like masuria
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(Trachydium royle) at Pindari grassland. A
shepherd can take the sheep or goat of other
households of his village at a charge. For
example, in Harkot a shepherd charges Rs
10.0 per sheep or goat, if he takes it for
grazing at Pindari. The Bhotia shepherd of
Harkot pays either an  amount of Rs. 50.00
per “toli’ {consisting around 30 sheep and
goats) or in kind in berms of one or two sh

or goat to the villagers of Khati when he
passes the forest land of Khati while taking
his flock herd to Pindari. The unyielding cows
and non ploughing oxen, are considersd as
burdens both by the Bhotias and Hindu
communities,

11. Both the categories of Bhotias could be
termed "Hinduised tribes" since both have
undergone marked changes in socio-cultural
milieu through acculturation and have almost
lost their unique tribal characteristics being
assimilated to Hindu culture,

12. One aspect of cultural life, which has
undergone marked change relates to the
marriage pattern of the Bhotia tribe. The
unique marriage practices like rang bang,
child marriage, marriage by capture, cross
cousin - marriage, levirate etc, are being
replaced by Hindu marriage patterns, le,
Kharchadan and Kanyadan, Teenage marriage
is prevalent among all the communities, being
comparatively lesser among the Brahmins.
Parallel existence of patriliny and matriliny
among the Bhotias has strengthened the social
status of women.

33 CONSERVATION OF BIOLOGICAL
DIVERSITY

3.3.1 Mechanisms of the maintenance of bin-
logical diversity and their role in
ecosystem organization & functions in
conservation areas (1989-90)

Background

The biological mechanisms maintaining a

diverse community are not as clearly known as
the variation in diversity in space and time. The
disturbances caused by fire play a key role in the
various ecosystem processes. The present study
was initiated to learn about the causes and
consequences of variability in fire regimes and to
understand the variation in spatial and temporal
terms following fire events and  their
mechanismis).

Olirfectsres
1. To analyse the damage caused by fire.

2. To study the regeneration through seed,
coppicing and sprouting,

3 To understand the characteristics of shoots
and leaves of sprouts; and

4. Determination of Eotal dry matter (leaf and
shoot), and nitrogen production.

Results and Achievements

1. After forest fire behaviour of three species
viz, Quercus lencotrichophora, an EVErgreen
canopy  forming  species;  Rhododendyon
arboreum, an evergreen undercanopy species;
Lyonin ovalifolin, a deciduous undercanopy
species of mixed broadleaf forest was
analysed. Damage in terms of bark depth was
highest for L ooalifolia and lowest in Q.
lewcotrichophara,

2 All the speces showed their regeneration
through coppicing, except for (3. floribuenda
which regenerated through seed. Mumber of
sprouts per tree on main stem and lateral
branches was highest for B arborewn and
lowest for (. lewcotrichophera. Sprouting upto
40 em diameter of trees for (J, leucotrichaphora
was nob observed,

3. Shoot length, diameter, and buds per shoot
were highest for L owalifolin  whereas
leaf{ shoot and shoot mass was highest for R,
arborgum, followed by [ cvalifalia, Leaf area,
leaf mass, moisture and specific leaf area were
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highest for L. cvalifolis, followed by R
arborenm with few exceptions.

4. Mitrogen concentration in leaves was higher
for [. oonlifolin and . lewcofrichophora.
Comparison of leaves of unburnt and burnt
trees of (). leucotrichophora and K. wborewm
showed that the nitrogen concentration was
higher for leaves of burnt trees and, the
reverse was observed for shool nitrogen
concentration. Total leaf and shoot production
was 26563.52 g/ha, of which about half was
produced by [. owaliflia. Total nitrogen
production was 27.13 ¢/ ha, of which about 46
% was contributed by R. arborewm alone,

332 Exploration of Lesser-Known Crops of
Garhwal Himalaya as Food Source
{1590-91)

Backgrowund

Garhwal Himalaya serves as a reservaoir for a
large number of traditional, under- utilized crop
species. With ever increasing population pressure
and fast depletion of natural rescurces, it is of
utmast importance that the possibilities of using
little known crops should be explored in order to
meet the growing demand of food. In the present
project, an attermpt has been made to work out
the eco-energetic analysis and calorie eontent of
some of these crops across an  altitudinal
gradient, and to survey the area under
cultivation of these crops (presently and in the
past) and to find out the reasons for decrease in
the cultivation of these traditional land races
from the region.

Olfectives

I. To survey plant species of potential food
value which have been domesticated by the
traditional societies.

2. To study the contribution of "lesser-known”
crops in meeling the food requirements of

traditional societies,

3 To compare the nuteitional attribubes of the

"lesser-known” crops with those of commaon
food crops.

4. To analyse the land management, cultural
practices and ecophysiological requirements of
lesser-known crops and their comparison with
COMUMON Crop agroecosystems.,

5. To identify strategies for conservation of the
lesser-known crops.

Results and Achievements

1. Survey of Bangar valley {Khalivan- Bangar) in
Tehri Garhwal, revealed that the area planted
by Seturia italica and Echiroclon frumentaces has
declined by upto BESYE in the last bwo
decades. The area under Perille frufescens and
Macrotylema  wniflorum has  been  almost
replaced by improved varieties of Glycine max
(Soybean Brass) and Oryza salinw (Govinda
HY.V.). There are several interacting factors
that are directly and indirectly responsible for
this genetic erosion and for creating an
imbalance in traditional agroecosystem,

2, The caloric content of the edible portion of
some important under-utilized crops
cultivated across an altitudinal gradient of
Carhwal Himalaya was analysed. In majority
of the crops it was found that the caloric
content increased with increasing altitude. The
differences observed in the caloric content of
same crop at different altitudes may be
influenced by climatic variations.

3. Pevilla frutescens locally known as "Bhangjeera”

is an important oil yielding, under-utilised
lesser-known crop of Garhwal Himalaya and
is mostly cultivated between 1000-1800 m. The
cil of this crop is used in medicines. But,
recently due to introduction of high vielding
ail varieties of mustard, the cultivation of this
crop has declined drastically. This erop is
strictly grown in rain-fed condition and takes
almost a year to ripe. Unlike mustard, Perilla
is not seriously attacked by plant diseases,
insect and pests. By the time Perilla plants are
23 inches high, they are already quite
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resistant to drought. Because of its low
growth form in the initial phase, it is also
resistant to unusually low temperature and
can withstand frost. Important information
regarding plant density, grain and by-product
vield of this under utilised oil crop is given in
Table 4.

Table 4. Plant density, grain and by-product yield of
an important undee-utilised oil crop (Perlla
frutescens) grown in pure and mixed stands
2t middle and higher altitude of Garhwal

Himalaya
Crop species Density  Yield  By-product
(fha)  (kgiha) (kg/ha)
Middle altitude {1000-1200m)
Pure stand
Perill frutescens 2EE000 812 1357
Mixed stand
Perilla frubescess 1800 294 GO
-+
Vigna munga 150000 668 S04
Higher altitude (1500-1800m)
Pure stand
Perilla frudescens V6000 44 1214
Mixed stapd
Peritle frutescans g 157 347
Flessing coraeana 495000 542 1331
Amaranthss weidis 51000 25 i

4. Particim millincewm (Hog millet) locally called
as "Chenna" is cultivated exclusively on
irrigated land, Among all the under-utilized
crops, this is the only crop which takes least
time (55-60 days) to ripen. It is a kharif season
erop and cultivated between May to June, Due
ty poor food quality of Pamicwm and
introduction of HY. V. of rice and wheat,
cultivation of this cop has been reduced
sharply in most of the villages in the region
during the last two decades. However,
between 1970 to 1980 or even before the
irrigated land in the region was utilized
properly by taking three crops in a year from
same piece of land like wheat+mustard
between Oct-April (Rabi <rop),  Panicum
millisceums  during May-June and paddy
between July to October (Kharif crop). Now

only bwo crops are harvested annually (wheat
+ mustard during Rabi season) and rice
during Kharif season.

5 The eco-energetic analysis of  Pomcum
milliscenm cultivated in lower (550 m) and
higher altitude (1600 m) has been worked out.
The total energy input was found maximum
for this crop when cultivated at higher
altitude whereas, the total energy vield
through grain and ecrop by-product. and
output/input ratio was highest for the same
crop cultivated ab lower altitude, This crop
required minimal inputs as compared o other
under-utilized crops and was found
energetically highly efficient with output/
input ratio of upto 355 {(grain) and 116.2
(grain + crop by-product), respectively. The
monetary output/inpul analysis  showed
similar pattern like energy, with maximum net
return and efficiency ratio at lower altitudes,

3.33 Studies on Diversity, Fragmentation and
Censervation of Ecologically Sensitive
Habitats of the Himalaya {1991-92)

Background

One of the major priorities in conservation
biology involves the studies of habitat diversity
and the consequences and future trends of
habitat fragmentation. In the Himalavan context,
the scenario of habitat heterogeneity is changing
at a fast pace, largely due to secial and
environmental factors. The identification and
characteri-zation of the habitats in the Himalaya,
espedially those supporting sensitive biota is of
paramount importance for identifying the
disruptions and magnitude of pressures leading
to extirpation of important species. The
consequences of habitat fragmentation  are
multiple; important ones, however, are (i)
reduction in total habitat area, (i) redistribution
of the remaining area, (i} development of
disjunct fragments and (iv) discuptions in
important interactions. Therefore, the whole
process has a negative effect on the population
size, extinction rates and dispersal capacity.
Index of change in a system can effectively be
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monitored and corrective conservation measures
adopted when habitats, instead of single species,
are taken as study units, The project envisages to
initially study the habitat diversity in protected
areas of Kumaon Himalaya. The studies confine
to Askot Wildlife Sanctuary during the reporting

period.
Objectives

1. Habitat classification, mapping and
identification fragmented habitats.

2 Identifying natural and anthropogenic
pressures causing fragmentation.

3. ldentifying fragile habitats/communities/
species

Results and Achievements

1. Epiphytic crchids studied so far indicated
their decrease with increasing elevation.

2. Among identified orchids Eria spicta (27
host), Pholidota articulata (23), Coelogyne ovalis
(14), Luisin brichorhiza (13), Aerides multiflora
{12) etc. are the commeon epiphytes with broad
habitat (host) range. Both the indices, i.e., Rl
and PUI were taken in consideration for the
prioritization of the hosts (habitats). Out of
various critical hosts identified Acer ablongurm,
Ougeinia oojeinensis, Emblica officinalis and
Glochidion velutinem need attention due to
their poor presence/ availability in the area.
Similarly others (Quercus levcotrichphora)
deserve special mention on account of
increasing pressuré on these hosts due to their
multipurpose utility (Table 5).

3. Manifestations of commonness and rarity of
172 ethnobotanically important taxa of the
sanctuary was analysed which revealed that
337% taxa are in endangered category,

4 The total potential number of wild useful
plants increases with increasing elevation.
Anthropogenic and physiological factors are
respongible  for higher percentage of

endangered taxa in lower and higher

elevational ranges, respectively.

5. The richness of plant resources was higher
along the vertical gradient as compared Lo
horizontal.

Table 5. Major hosts of Askot Wildlife Sanctuary
supporting  richness  of  orchids  (host)
ranking according to  their index of
sensitivity

Hasls - Orchads Irdew of sevmitiwity  Total
o (husna)
Rarity  Pressure

Ao ehlsHgnm 8 5 I T
Chigerng ogeineiss Fd 3 £ T
Conlrmiopaiz Irifosloide 12 2 q [
Embiics pfficinadi I 1 3 B
ixkochidion et insim |- a i L
Erigothardtio sl 18 ] i $
L 4 : 1 4
Muacarauga postuleta L] 1 3 4
Quemias lewentrichapliora 14 1 1 4
Hagram s H 1 i Iz

3.3.4 Establishment and Maintenance of a
Functional Arboretum (Surya Kunj) at
Kosi-Katarmal (1991-92)

Backgrownd

Preservation of woody genetic resources
through introduction in the arboretum is the
primary cbjective of the project. While selecting
species for plantation, emphasis is being given o
indigenous species with economic potential. [t is
also envisaged to identify different specific
combinations  for  wviable stratification  for
maintaining the continuum.

Olrfectives

1. Quantitative analysis of existing flora and
biomass.

2. Plantations and nursery development.
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3 Survey of soil and water

characteristics,

analysis

Results and Achievements

1. Quantitative analysis of the vegetation at
different sites revealed the dominance of

Chrysopogon servulatus, Cyperus compressus and
Poganatherum  panicewn  in  the existing

vegetation.

2. Above pround and below ground biomass
revealed the habitat preference of species in
different sites (Table &).

3, Seeds of 64 spedies collected from different
area of Kumaon were sown and their
germination  and  inter-cultural  inputs
monitored.

4. Mixed plantations of about 1295 saplings was
undertaken which showed & survival
percentage of 5234,

5. Scil and water analysis of the arboretum
indicated a soil pH range between 5.5 to 6.6
with a moisture content varying from 2.5% in
dry flat land to 31.2% in marshy land.
Sulphate and chlorides are present up to
desirable level{Table 7). The water quality
data is presented in Table 8.

Table 6. Above and below ground biomass (g m™)
in site A amed B

Species Eiles

A i
Chrysopsgan serradmls 4 -
Arthraxon medes 7 -
Heteropogon controtus - fig
F-‘.‘lgu.lralffrﬂwm PERI:E‘I‘.'LI'.IR = B
Miscellanenss -1 49
Todal above grocnd biomass 15 122
Todal below ground blomass 33 283
Tolal biomuass 470 (1]
RexatSzhoot ratio 1.5 .68

Table 7. Soil Characteristics

Sulphats Chicrides

Sampling % Momere % Orpoic B M FH

ste Canrbeny Img/El Mgl
A 15 nas LTS ] L] L

B Nz L nira 58 a1 nm
L= 23 M {(E-ra alk =l b 1,18
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Table 8. Chemical Characteristics of Upret] Dhara

pH Epedtic Floas BBl Dissohved Chiorded
cendudivilp Lt/ eedn mg/l  thpgen wegsl
b lsfam mg

wil k3 ] BIH, 13m F-

HIA. - Helowr Ditecion Limis

3.3.5 Development
Rhododendron
(1991-92)

Site development of the Sikkim Unit Complex
at Pangthang (1970 m abowve msl) has been
initiated this year. Out of the 7 acres of land,
about 2 acres have been delineated for nursery
and rhododendron arboretum development. The
total area is fenced. The site of the Institute is
about 12 km on the north-west side by road from
Gangtok.

f a MNursery and
Erburezfg_m_ at Pangthang

Nursery Development

All bushy weedy species were removed from
the entire site. Mot a single tree was disturbed
and all the standing individuals have been
retained in the plan of site development. Thus,
some of the species of the area are already in the
collection at Pangthang site. The steep areas of
the site have now been terraced for preparation
of nursery beds. A total of 22 terraces with an
average dimension of 29 x 21 x 22 m were
constructed without much disturbance on the
landscape. With a view of soil preparation,
seedlings of a number of vegetables have been
raised and planted in the first year. Growth of
the vegetables is satisfactory. Seedlings of
cabbage and cauliflower have been distributed
free to the inhabitants of surrounding areas.
Seeds of tree species were collected and seedlings
are  being raised. Experiments on seed
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germination, seedling survival with or without
shade, etc, are being carried out as the site
receives snowfall and frost in the winter. As a
trial in the first year seedlings of Michelin excelsa
(Rani chanp), Michelia catheartii (Tite chanp),
Prunus nepalensis | Arupate), Hovenia duleis (Bangi
kath}, Bassta budyrecen (Chiuri) and Deythoors
arborescens {Phaledo) have been raised.

Seedlings of Michelia excelsa (Lali kawla),
reercus lamellosa (Buk), Mackilus villosa (Ghew
kawla), Engelhardtia spicota (Manuwa), Micheli
lanuginoss (Phusre chanp), Syminglonia populnes
{Pipli), Rhododendron arborewrm (Lali gurans),
Myssa sessiliffore (Lek chilaune), Machilus spp.
{Kawla), Flasocwrpus sikkimensis  (Bhadrase),
Cedrela toona (Tun) were planted on the sides of
the foot-paths of the nursery and %7% seedling
survival was recorded. A number of bamboo
species are being planted on the sides of a drain
in the nursery.

Rhododendron arboretum

Plants (Rhododendrans) collected from different
locations in Sikkim and Darjeeling were planted
at the site demarcated for arboretum  at
Pangthang. Planting procedure was designed so
as to simulate natural conditions as far as
possible. Plants were brought alongwith intact
root-systern contained inside the soil monoliths.
Seeds of various rhododendronms were also
collected for germination studies. 5o far 15
rhododendron species have been collected and
planted. Experimental trials of planting such as
{i} planting at about 1m distance on terraces, (i)
planting on  undisturbed ground, and (i)
epiphylic species on trée stumps are in progress.
The collected and planted species are
Rhododendron avithopogen, K. arboreum, R arboreum
var cinnamarmeem, R, bbb, K. campylocerpros,
R, cilimtum, R cimabarirum, K. dalhausize, R
gmm‘r’_ﬂm-mm R, lepidotun, R nivean, K. promilem,
R. thomsomii, K. triflorum, K. virgetus:, and K
wightti, Germination of thododendron seeds met
with only limited success. This will be further
tried with various treatments in the future.

Field observations revealed that some
rhododendrons are in a bad shape, in terms of
survival conditions, particularly in the Singalila
range. This condition has been brought about by
pxbensive fuel foraging. In less than five years of
time the area is expected to be deveid of
rhododendrons.  Rhododendron nivewm 18 now
guite scarce in the North Sikkim. Only 7
individuals were found growing and 3 seedlings
were observed (average height 40 cm). R
camelliieflorm, R nivele, R leptocarpum, R
vaccintoides, K. lindleyi, B, setosum, R sikkimense
ebe. were quite scarce and not a single one could
be collected so far.

336 Conservation of Biological Diversity of
Ecologically and Economically important
Plants of Central Himalaya (1992-93)

Background

Amongst the economically viable food plants,
wild edible species constitute an important
source as a supplement and substitute espedially
in limes of scarcity. The Himalayan people hold
limited cultivable land and can not afford
optimum  agricultural inputs. Therefore they
largely rely on a number of unconventional crop
plants such as Chenopodium, Buckwheat etc
Since there is a great scope for eénhancing the
acceptability of lesser known economically
important plants i) as income generating
resource for the mountain inhabitants, and ii)
promoting diversity of plant resources for human
consumption, it is envisaged to initially
inventorize such resource and also identify the
occurrence and availability of the resource so
that conservation strategies are developed for -
such germplasm on priority.

Ofrfectives

1. Inventory and identification of ecomomically
viable species.

2, Cateporization and dassification of wild
edible species with regard Lo rarity, endemism
and other altributes.
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Results and Achicvements

1, Dut of 800 species reported from India 334
wild edible plants were identified in Indian
Cenlral Himalaya. [t was noticed that wild
edibles mostly occur bebween 1000-2000 m
perhaps due to mild dimabe conditicns.
Interestingly, only 5.39% of wild edible taxa
are present between 4000-5000 m. This could
be due to inadequate plant exploration in that
ared,

2 The identified taxa were subjected to test of
rarity following Rabinowitz ef al. (1986). The
analysis revealed that 28 tawa (8.68%)
exhibited narrow peopraphical distribution,
restricted  habitat  specificity and  small
population size (Table 9). On the other hand
COMMONNEss was more prevalept,
representing 157 taxa (47.01%). Analysis of the
life forms revealed the representation of 121
herbs, 96 shrubs and 103 tree species.
Acoritum heterophiylhom, Corylus fecquemontit
and Juglans regin top in the trade value,

Table 9. Different forms  of  rarity alemgwith
commonness exhibited by wild ediblos of
Indian Central Himalaya based on three
traits ie. geographical distribution, habitat
specificity & local population size
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distibation  specfidky  sae s of spp
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337 Timber Line and Snow Line Vegetation of
Kumaon in Central Himalaya: Aspects of
Composition, Diversity and Conservation
{1992-93)

Background

The timber line and snow line vegetation in
the Himalava is least investigated, but this

should not be taken to mean that it is less
interesting than those occurring in lower
elevations. The remoteness, difficult terrain and
almost non-existent logistic facilities make the
area [east inviting for undertaking researches of
any kind. The present study, therefore, will be a
pioneering alterpt in Himalayan timber line and
snow ling,

The major objective is to generate base line
information on floristics, phytoseciology and
phenology of plants occurring at timber line and
snow line areas in Pindarl region of Kumaon
Himalaya. The study intends to collect data on

1. Species composition and diversity
2 Phenology of important species

3. Regeneration status and population structure
of tree species at timber line

4. Other aspects of study incude identification
of  endangered/threatened species and
habitats supporting such ecologically sensitive
taxa, prioritization of species and micro
habitat to be conserved in fubure, and survey
of ethnobotanically important species and
their habitats,

Results and Achieventents

1. Based on published records and previous
observation of the investigalor, an extensive
inventory of existing plant species, their
altitudinal range, habitat preference and status
has been prepared for timber line. Nearly 400
species belonging to 54 families have been
recorded. The dominating families at timber
line are: Asteracene (31 species), Rosaceae (31),
Poaceae  (29), Brassicacese (25}, and
Ronurnculacese {22), etc.

2. Preliminary information on distribution of
various dominant (Physiognomic) types has
been collected. In peneral, three disting
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physiognomic types, ie, broad- leaved,
deciduous; broad leaved, evergreen; and
neadle leaved, evergreen were identified,

3. Sites for intensive study have been selected in
Finder micro-catchment area for preparing
data base on timber line vegetation in the
Himalaya.

4. Species representing different dominant types
have been identified as Quercus semecarpifolia,
Rhododendron  campanulatum (broad leaved
evergreen), Betuls  wtiis  (broad  leaved
deciduous), and Abies pindrow (needle leaved
evergreen), for detailed phenological
observations.

5. Following work has been planned for the
coming year: &) Collection of data on
composition and diversity of communities at
timber line. b) Monthly /seasonal observation
on phenophases of identified taxa. o}
Collection of data on natural regeneration of
tree species at timber line, d) Preliminary
survey of snow line vegetation.

34 ECOLOGICAL ECONOMICS &
ENVIRONMENTAL IMPACT
ANALYSIS

3.4.1 Transhumance in Central Himalaya and
its Impacts on the Himalayan
Environment (1990-81)

Background

Transhumance is a historical phenomencn
evolved as an adaptation to extremities of
physical environment in remote and high
Himalayan wmountains. Transhumance
encompasses  essentially varying degrees of
dependence on agriculture and pastoralism to
secure human beings. The very existence of this
life support system and preservation of cultural
values by the societies practising them for
centuries offer a scope for deeper understanding
of sustainability and for getting an integrated
view of the social, cultural, economic and

environmental facets of development.

The Bhotiyas of Dharchula (District
Pithoragarh) praclising transhumance in two
walleys of Darma and Byans constitute the focus
of this study. The target group consists of tribals
settled in 13 villages of Darma valley and 7
villages of Byans valley scattered across an
altitudinal range of 2300 m to 4100 m above sea
level. The extreme cold in higher reaches
imposes constraints on intensive agriculture and
people depend more on trade as a profession to
support their livelihood. The termination of trade
with China in 1962 necessitated diversion of
attention from trade to agriculture. Palthi or ogal
(Fagopyrum  escilentum) and  potato  (Selanwm
Fuberoswm) are the major crops grown in the ares.
Phapher (Fagopyrum fataricum) is grown on a
small scale. Vegetables grown for domestic
consumption incude cabbage, turnip, peas and
radish.  Animal husbandry and wvaluable
collection of plant products from the wild are
other occupations linked to crop husbandry.
Collection of data and analysis initiated earlier
were carried forward.

Objectives

1. Tocompile and analyse the historical accounts
of sodal, cultural, religious, political and
economic setup of these transhumanic people.

2. To analyse the spatial patterns and temporal
trends of the fundamental requirements of
these people.

3 To estimate the efficiency of resource use in
terms of both economic and ecological costs,
and to analyse the guestion of their
sustainability,

Results and Achisvenents

1. These people have a rich knowledge of cattle
breeding to rear livestock resistant to the
extreme of dimate. The genetic variability in
the livestock appears to be a selective
adaptation to climatic variability in the region,
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2. Goats and sheep were found to be kept for
three distinct purposes. The ones used for
procreation got the most attention followed by
those used for wool production and for
transportation.

3. The average annual wool production was
found to be highest for male Tibetan Goat (14
kg, followed by the female Tibetan Goat and
male Sheep (0L8-1.0kg), and the female Sheep
(0.5-0.75 kg).

4. People generate some income through
informal trade in Nepal, where they sell their
agricultural produce at a rate higher than that
in India,

5. Use of roots and stems of shrubs, as fuel
wood was common in villages above limber
line. Juniperus, Caragana, Cotoreaster, Berberis,
Salix and Rosa macrophyla are being consumed
at an average rate of 30 kg per day, per
household,

&. Drata on medicinal herbs being collected from
the wild and their market values have been
compiled.

7. Data/information collected are belng analysed
to  identify appropriate openings for
development of people inhabiting a difficult
and neglected region.

3.4.2 Environmental TImpact Analysis of
Multipurpose River Valley Projects -
Tehri Dam {1991-92)

Background

Sustainable utilization of natural resources for
socio-economic development of the people of
Himalaya by ways which also complement the
development needs of the country has emerged
as @ prime concern of decsion makers and a
challenging issue for the academicians. Time and
again, attention is drawn towards past errors in
the development planning. A more crucial issue
is to formulate strategies for rectifying the past
mistakes, if any, and for removing the

uncertainties of their likely recurrence in the
Future. Rationality in decision making, apart from
many other factors, is strongly influenced by the
quality and quantity of information on multiple
facets of environment, technology and sodo-
economics, enabling one tu envisage the likely
consequences induced by a given development
activity. Recent advancements in remote sensing
technology complemented with automated data
processing offer immense scope for enhanding
the element of objectivity in development project
appraisals. This project initiated in ecllaboration
with Space Application Centre, Ahmedabad
examines the applicability/ wtility of thematic
information derived from earth resources satellite
data, integrated with other information for
environmental appraisal of multipurpose river
valley projects, selecting Tehri Dam as a test
case,  Interpretation of satellite data and
collection  and  analysis of ground based
informab-m initiated in the previous year were
carried forward during this year,

Obrjectives

I. Te review the present mechanisms of
preparing environmental impact assessment
document and management plan in the
context of multipurpose river valley projects.

2. Tocarry out a time sequence resource analysis
in Tehri am catchment area.

3. To undertake socic-economic analysis in the
catchment area and to integrate non-spatial
and spatial information for inferring the
ecological and economic trends.

4. Ty identify spedifications of methodology to
be adopted for impact analysis, preparation of
environmental manage-ment plans and their
moniboring,

Results and Achievements
1. Visual interpretation of false colour composite

(FCC) of RS data (scale 1:50,000) to map land
cover/use in 1989-%) was completed,
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2 Key geomorphological and geological
attributes were mapped using satellite data
supplemented with information available in
topographical sheets and field surveys.

3. Maps depicting population growth, sex ratio,
literacy, land holdings, agriculture in the
affected area were prepared taking village as
a mapping unit at different points of time,

4 Sodo-economic-geological conditions of the
affected area were studied in fifteen selected
villages, following a stratified sampling
design. The changes induced by the
development activities are being inferred,

5. Integration of spatial and
information  through computer
techniques is being looked into.

nan-spatial
based

343 Impact of Domestic Sewage Disposal on
Matural Water Springs of Almora (1991-92)

Backgrownd

Adequate quantity of potable water is not
available to large populace of several hilly areas
of Kumaon Himalaya due to a number of
environmental Ffactors. Hilly areas are
characterized by shallow depth of subsoil water
which enhances the possibility of recharging
through the top soil. This state of affairs leads to
water pollution especially in large townships
through unmanaged open drains and cesspools.
The project aims to collect and analyse data on
the impact of sewage disposal on natural springs
of Almora town.

Obfectives

1. To map the spring lines and their recharge
areasin and arcund Almora town and to infer
their dynamics in the recent times,

2. To monitor quantity and guality of water and
impact assessment of present system of
sewage disposal on subsurface water fows
currently in use.

3. Tosuggest appropriate mitigation measuresin
order to contain qualitative and quantitative
problems pertaining to domestic water in the
tonwm.

Results and Achievements

1. Water chemistry of samples taken from 12
springs of Almora {Fig. 2} town was analysed
in three ditferent seasons,

Fig. 2. LECATION OF NaTURAL SPAIKG IN AL™ORA FENN
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2. Marginal seasonal variations in the waler
quality was noticed.

3. Springs near heavily populated areas showed
higher concentration of nitrates (60 to 68.4
mg/l) as compared to the ones at higher
altitudes (scattered population) indicating
possibie leaching of sewage from the town
which consequently affects ground water
guality.
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4. Preliminary data is also being generated to
assess the relationship between different rock
compositions and the proximity of spring
lines.

3.44 Development of Roads and its
Environmental and Socio-economic
Impact in Kapkot Block, Almora District
in Kumaon Himalaya (1992-93)

Background

Transportation is a focal index of development
of any region, since it plays a vital role in
aconomic and infrastructural growth, In this
context, rtoads are a major means for
transportation, and provide spedialised services
and facilities. However, several negative aspects
are assodated with road construction,
particularly  acceleration of deforestation,
landslides and soil erosion. Kapkot block of
Almora district in Kumaon Himalaya, is known
for its remoteness and underdevelopment. Road
constructions were initiated in this block in 1960,
An attempt has been made in this study to
identify the influence of road building on
economic and infrastructural development of the
block, nature of utilization of road transportation
by different segments of rural socety and the
consequential changes in the soco- cultural
milien. The diversity in landscapes, geological
conditions and road types influence the scope
and objectives of the study.

Obfectives

1, To find out the nature and degree of
socio-economic impact of roads on hill people.

2. Togive a true picture of the transport system,
ie, accessibility, connectivity, length and
density, traffic flow, etc.

3. To highlight the role of road network in
changing the land use, coccupation, expansion
of human settlement, building material and
shape and size of houses.

4. To guantify the degree of enhanced sodo-

conomic services and infrastructural growth
articulated through the woods in different
areas, i.e, near and far from roads.

5. To analyse the human ecology and habital
transformation.

Results and Achfevements

1, Data was collected both from secondary
sources, and primary surveys, on physical
setting, i.e., drainage, geology, physiography
of slopes, landuse, settlement pattern and
road networks, socio-economy and
infrastructural attributes. Base maps had been
peepared for the block and sample villages by
using survey of [India topo sheets by
supplementing it with inputs from field
survey.

2. Geologically, the block could be divided into
two major units ie. the lesser Himalaya
{around 65%) and the greater Himalaya. The
drainage pattern is generally dendritic type
and the block could be cateporized into 5
major drainage systems - the Finder system
with only 9 villages, the Saryu system with
104 villages, the Eastern Ganga system with
13 wvillage, the Mehergad system with 20
villages and the Pangar system with 68
villages.

3. The average slope ranges from less than 107 to
39", Altitudinally, the area ranges between
1000 to 7000 m. Howewver, the maximum
concentration of the settlements and road
nebwork was found in the altitudinal zone of
1200 to 2000 m.

Table 10,  Concentration of Settlements and Road
Networks
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4. Drainage pattern had a significant role in the
development of road network as it was
observed that most of the reads were
constructed along the river or channel.

5. Read development was found to be linked
with growth of basic infra-structural facilities,
i health, secondary education, banking,
communication and electricity. However, the
distribution of primary schools, pest offices
and livestock development centres were not
dependent on road networks, though it was
observed that basic facilities particularly man
power resources, were found to bg more in
road side schools, post offices and livestock
centres than the ones al a distance from the
road.

6. Development of growth centres and service
sectors were found to be positively linked
with the development of road network.
Marked changes in landuse and cropping
pattern were associated with construction of
road networks, Potato as a commercial crop,
had replaced many a traditional crops
particularly at road head villages. Besides
soybean, pea and vegelables, recently
introduced commerdial crops, have increased
in the average income.

4. INFORMATION SYSTEMS,
PUBLICATIONS AND
NETWORKING

41 Environmental Management
Information System on Himalayan
Ecology (1992-93)

Enoemous data and information have been
generated to serve the needs of environmental
management, planning and policy formulation.
This wvast literature, diverse in subject content,
varied in form, multilingual in nature, unevenin
guality, and often difficult to access in terms of
both time and cost needs to be compiled, stored,
updated and disseminated for their wvse
Environmental Information System (ENVIS)
Centre on Himalayan Ecology has  been

established at the [nstitute as a central facility lo
serve information needs of all those concerned
with environment and development of the
region. The Computer System with peripherals
has been procured. The Centre is equipped with
facilities of Color Dot Matrix Printing and
Scanning. A biannual periodical "Himalyan
Environment & Development Bulletin® has been
planned.

42 Integrated Eco-development Research
Programme for Himalayan Region

In March 1982 the Planning Commission had
finalised guidelines/format for Coordinated
Action Research Projects in the Himalaya,
Western Chats and the Ganges Region. The
Himalayan projects, alse called the Integrated
Eco-development Research Programme  [or
Himalayan Region, has four clusters, e, (1)
North-Eastern Region, (2) Eastern Himalaya, (3}
Central Himalaya, {4) Western Himalaya. From
15t April, 1992 the Ministry of Environment and
Forests has enlrusted the responsibility of
execution of this programme to the Institute.

4.3 Insttutional Networking

Scientists of the [nstitute at the Sikkim Unit
have been achively establishing linkages with
other relevant organizations. The Institute has
been contributing to the activities of the Sikkim
Science Society. In the absence of any Science
and Technology Council and an established
Department of Sdence and Technology of State;
the Government of Sikkim has entrusted the
Sikkim Science Society with the responsibility to
function as the State Science and Technology
Council and to carey out science and technology
promotion activities in the State. Out of a variety
of programmes of the Society, the publication
division is coming out with S5S5-Newsletter
(quarterly) and the Journal of Hill Research
(biannually) for the last several years. Recently
scientists of the Institute in the capacity of the
Chief Editor/Editors at the Sikkim Unit hawve
taken over the responsibilities of publication of
above periodicals of the Society.
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Two postgraduate students from School of
Environmental Sciences, Jawaharlal Nehru
University, New Delhi carrded out their
dissertation work at Kosi, Almora on forestry
and agroforestry related problems in Kumaon.

44 Imstitute Publications
44a Action Flan for Himalaya

"sAction Plan for the Himalaya" i= a
comprehensive documentation of the problem
complex-ecological, sodal, economic and the
actions/needed for resolving the problems,
published by the Institute.

The issues related to environment and
development have been considered under ten
broad heads: (i) Water Management and Seil
Conservation (i) Forests and Forestry (iii) Energy
(iv) Farming Systems (V) Bio-diversity and
Conservation (vi) Transport and Communicabion
{vii) Industrialization (viii) Tourism (ix) Health
and Mutriion (x) Management of Natural
Hazards. lIrrespective of the diversity from
varipus considerations, some points ought to be
addressed on priorty all through the region -
water harvesting and decentralized supply
systems, people’s participation in management of
forests, mini and micro hydel projects,
consolidation of land, public purchase system on
lines of public distribution system, micro
industrial units enabling value addition close to
the source of production of raw material,
conservation of wild as well as cultivated plants,
active involvement of educational institutions in
environmental management and maint-enance of
biodiversity, appreciation of geolechnical
considerations in road alignments and more
emphasis of technology like ropeways and cable
transport in order to improve transport and
communication, expansion of tourism industry in
ways which directly involve and benefit to the
rural people, research, development and
extension on wild fruits and oil plants.

The document brings out that the G.B. Pant
Society of Himalayan Environment and
Development consisting of representatives from

Central and State Governments, Scientists,
Technologiste and people’s representatives could
serve the purpose of an apex body carrying the
responsibility of taking decisions on integrated
management of natural resources for sustainable
development in the Himalaya.

44b Himalayan Biodiversity: Conservation
Strategies

The proceedings of the workshop organised
by the Institute in Oct. 1992 at bSrinagar
(Garhwal) incorporates the findings of eminent
scientists on the status of biodiversity in the
Himalayan region. The publication identifies and
analyses diverse perceptions on the focal issues
related to the major themes of the subject matter.
The objective of putting the ideas together in the
printed form is not only to provide an adequate
database on Himalayan biodiversity but also to
draw useful, effective and practically feasible
conservation strategies (expected time of
publication : July, 1993).

4.4¢ Fodder trees of Kumaon Himalaya

Thic iflustrated publication offers a
comprehensive account of the fudder trees of the
area with notes on systematics, distribution and
utility. Nutritional aspects of the [odder are also
reviewed {expected time of publication: Cictober,
1993).

4.4d Agricultural
Himalaya

Economy of Garhwal

This publication has been planned broadly on
the lings of ‘ Agricultural Economy of Himalayan
Region: with special reference to Kumaon'
published in September 1991, The study is
planned to contain 12 chapters namely,
Introduction, Human Resources, Livestock
Resaurces, Land Resources, Land Holdings, Farm
Machinery & Implements, [rrigation, Cropping
Pattern, Horticulture, Tourism, and finally an
overview. First draft of four chapters is ready,
information on another two has been analysed
and is being interpreted and drafted, while the
information already collected for five chapters, is














































