Ty

ANNUAL

REPORT
1993 - 94

G.B. Pant Institute of Himalayan Environment and Development
(An Awlonomaus Institute of Ministry of Envirommment & Forests, Goot, of frdia)
Kosi, Almora-263643
INDIA




Tore Miombors of Leglilabars Aasmmbly
Vhaiar Pradosh
Ramimaisd by Government of Indls

Enangy Brures,

Miniisiry of Nural Domvgai

e of Lirban Develeg
Ihﬁmﬂjm af Agricaliural Hesswich
ik Edswtian

Mininry of liwmas Hessurce Doevclig:
meni

Deparimang of Koucatsan,

A hial Beensliry.
Covarsmiesd of Lhiar Pradess

Ehrpcior Generl
Councl af Seiemifie & Indusirial Re-
mmrth

Nrsipainer {aarsn {Foresil
iniskry of Enviperenam & Feresis

MHreqer Ganoral
Indiun Cousil of Farvatry Rassarch
& Fdecsian

Thairmun
Indiun Ceurell of Serul Scance B
search

[Foreciors of

Indlmn Irnmitane of Fanst Mans pmsit
Botanienl Survey of Inda

Wiklils Irecituie of Eredia

Membpr-Secretary
THreciaf

Cawind Halldsh Pet Hireslays
Puravidis Evam Vi Qansihen
Eadl, Almars

Prafl, H.Y. Mabun Kam, FSA
Depenment al Loy
Urnisersisy of [aini
Balte-130 &7

D, Saslil Kemar
Hrmctar o
Cartral Insiute of Madicimal &

Miembor-Secrelary

Diewitor

1188 Pant Instibuls o Himakaysn
Ervicvnmen ard

Kasi, Almors

SCIENCE

ADVISORY EVALUATION
COMMITTEE COMMITTEE
i (ECO-DEVELOP

Chairman

PROGRAMME)
IPraf. UK. Binka, FRA
Lt Chairman
frdian .i-lp-h-wglnl-uh Bxad risia
Bow Delhi 11801 P vt

mbers ny

e n'm:‘ﬂl.* University
T, Naideer Sabual
Group Direewr [IERAG) Members
Hgsce Apptecstian Canlee -
Ahrsdsiad 25 05 L
Tar, OMrn blamu Sharma ICFRE, Dehra Dun
-td"d al Hloiechralagy, Gt of  Nominoes of [Newcice
Tadia Wiadtia Imatitte af Flimalayan {ology .
[ lkass, C.G A femper lara Thin
Lol oo, Nirw Diofini 110 003

Tominee of Direeior

. 30 Houtha

Acdvmar
[hm-—l.-'ﬂrnmlhﬂﬂlnﬂ"-
[} il

Tarpavarun llhwin

CL0. Cefgplen

Leadi Maad, Mo Dwlin 110000

T, Py Farsagui
lurecior

b Dum-248 300, L1

rol. Babssar Fvakssh
Eeidsgiesl Survay ol India

Momines &f Viea-{ hanoedler
0k Para Universily #f Agreubun
&

Techasdigy
Pani Nager, 1P,

Puzis B Koad e, of Arussihal Fradesh
: Hear lrvms ol
Member-Secretary Iwpanimani of Esvirvniment
{Svesrrenen of Bukin L -
Laeeaior Mamines of Becnary
4118 Pani | of Himsp Ty ol Ew
Ensirsrmen: srd Davslaperan Ol o Mimactal Pradeah

Wit r-Sanralary

Homines of Lireciar

&k Pani lnsiliuos of imalayan
Envirersnei and Tevaiopmel
Koal, Almers



ANNUAL REPORT
1993-94

A

G.B. PANT INSTITUTE OF RIMALAYAN ENVIRONMENT AND DEVELOPMENT

{An Autonomous Institute of Ministry of Environment & Forests, Govi, of India)
Kosi, Almora 263 643
INDA




CONTENTS

The year 1993-04 ; An Overview - 3
1. Introduction - 4
2, Milestone Events - 4
3. Research & Development Programmes - 5
4. Institutional Networking & Human Investment - 46
5. Miscellancous Tiems - 50

6. Statement of Accouris - 56



THE YEAR 1993 -94: AN OVERVIEW

The need of this Institation, its
mandate and niche were clearly spelled
out by the Union Ministry of Environ-
ment and Forests at the time of its es-
tablichment in 1988, However, difficult
as it may be, the Institute has an obliga-
tion to explain its progress to the public.
Unlike many of grown up and well es-
tablished Institutes located far away
from the Himalaya and trying to inter-
pret, simplify, generalize, and popularise
hot izsues of Himalayvan environment,
this Institute has placed priovities for
logical understanding of ground realities,
developing and demonstrating ap
propriate technologies for environmen-
tally zound development, together with
influencing the decision making proces-
gez at all levels. It iz more like a "loyal
partoer” to many other Institutions
working for Himalaya and its inhabitants
rather than as & “competitive partner”.
As with any other growing Institution,
often expectations from the Institute are
more than the realities it is faced with.
It is located in relatively non-accessible
arca and, therefore, is known more to
those who live in these aress. Its main
niche is the area where conventional
seience has not only to deliver goods to
the people but has also to gain substan-
tially from local knowledge. The
Institute's horizontal and vertical
development depends on the awvailable
man power and funding: both of these
are sure to build-up in the years o come.

We are moving from descriptions
to prescriptions and demonstrations,
Some of the major achievements during
the year include designing, development
and installation of adaptive mini- micro
hydel in a remote area; development of
method of vegetative propagation of com-
mon Yew - a Himaﬂwan asset under
threat; development of simple technology
for transforming weed biomass to organic
manure; identification and promaotion of
value additions to wild edibles as a source

of off-farm income to the villagers; and
bringing people from different walks of
life together to join hands in restoration
of Badrivan. A technology package for
regeneration of degraded lands in hills
under the mane of Sloping Watershed
Environmental Engineering Technology
{SWEET) is at final stage of testing and
will be available to the uszers by next
vear. Small scale trials for the intro-
duction of Bulgarian rose (Mamlay
watershed, Sikkim and Kosi) and hops
{Kosi} have been initiated and the early
indieations are quite promising.

The milestone events, mentioned
subsequently in this report, are indica-
tive of the fact that the Institute is
gradually becoming apparent. [t has gone
a step ahead in strengthening its nation-
al and international eollaborations by
signing MOUs with RRL, Jammu for
scientific collaboration on some perennial
cash crops and with the University of
Yale, USA for resource management. Our
eollaboration with NORAGRIC and
1CIMOD continues to give encouraging
outputs. Funding of two major projects
by the Department of Biotechnology,
Govt. of lncﬁa is indicative of the increas-
ing scientific capabilities of the Institute.

Our Networking with NGOs and
the educational Institutions is gettin
strengthened day by day. The impru\res
residential facilities in the coming years
iz sure to inerease further interactions
by way of training courses, workshops
and seminars.

During the past five yearz major
part of our core funds had to be spent
on building the infrastructural and
laboratory facilities. However, the im-
proved financial situation by next year
will be a turning peint in facilitating fur-
ther strengthening and spreading re-
search and development activities,

A.N. PURCHIT

Director




L INTRODUCTION

The reporting year 1993-94 is the
fifth financial year of research and
developmental activities being carried
out by the Institute at different loca-
tions in Himalaya, intune with regional
issues, and endeavouring to seek prac-
tical and workable solutions to specific
problems. Pregently the activities are
centred arcund six desipnated Core
Programmes. A total of seven program-
mes were successfully concluded during
the year; summaries of each of these
projects appear at appropriate places
in the text. Detailed reports would also
be published in due course and made
available to the users. The progress
made during the vear 1993-84 on on-
going and newly initiated projects, and
a brief account of academic and other
activities is placed in this report. Sug-
gestions for improvement and indica-
tion of our shortcomings by anybody
interested in the well being of the
Himalaya would be gratefully received.

2. MILESTONE EVENTS

* The foundation stone for the building
complex of Himachal Pradesh Unit of
the Institute was.laid by Shri Kamal
Nath, Honourable Union Minister of
Environment & Forests on June 12,
1993 at Mchal Village of Kullu district

* The Institute celobrated its third
Annnal Day on September 14, 1993 at
Garhwal Unit, Srinagar, Garhwal. The
highlight of this event was the 111 G.B.
Pant Memerial Lecture delivered by
Shri V. Rajagopalan, Viee-Prezident,
the World Bank and Chairman, Con-
gultative Group of International

Agricultural Research (CGIAR). In his
lecture, Shri V. Rajagopalan dwelt on
a number of issues and problems of
Himalava focusing on the need for par-
ticipatory development. He also
stressed upon identifying priority is-
sues and dealing with them through
effective partnership among planners,
researchers, and the people.

Theree publications of the Institute
namely Agricultural Economy of
Garhwal Himalaya, ENVIS Bulletin
and Himalayan Biodiversity: Conser-
vation Strategies were released on the
Anmual Day.

Shri Rajagopalan donated & sum
of Rs, 5,000/~ towards endowment fund
of the Institute.

* Badrivan restoration programme in
Badrinath through participation of
local inhabitants, forest department,
pilgrims, saints, army personnels,
NGOs, and members of Badrish Panda
Panchayat was inaugurated on Sep-
tember 16, 1994 by Shri R. Rajamani,
Chairman, Governing Body of the In-
stitute and Secretary, Ministry of En-
vironment & Forests, Government of
India.

= A regional training Seminar on Con-
servation and Management of Biologi-
cal Resources in the Himalaya
sponsored by United Nations Educa-
tional, Scientific and Cultural Or-
ganisation was organised by the
Institute from Sept. 21-30, 1993 at
Srinagar, Garhwal, Fifty participants
including representatives from Af-
ghanistan, Iran, Iraq, Bangladesh,
Myanmar, Nepal, Sri Lanka par-
ticipated in the workshop.



# Pirst project monitoring workshop
under Integrated Ecodevelopment
Programme of the Institute followed
by third meeting of Project Evaluation
commmittee was held on June 22 and
23, 1993 at Tadong (Gangtok.

# A workshop on "The Role of NGOs
in Environmentally Sound Develop-
ment of Himalavan Region" was or-
ganised by the Institute at Srinagar,
Garhwal on September 20, 1993, Twen-
ty four NGOs from Central Himalaya
attended the workshop presided over
by Shri Sunder Lal Bahuguna.

* The first meeting of high powered
Coordination Commities of Uttranchal
Research and Development was held
in the Institute on November 8, 1993.
Over 40 participants including the
Becretary Uttranchal Development
Department attended the meeting to
diseuss and decide the priorities.

* The Institute participated in an ex-
hibation organised by ICIMOD at Kath-
mandu, Nepal from November 20 to
December 6, 1993, The theme of the
exhibition was "Mountain Enwviren-
ment and Development-Constraing and
Oppertunities”.

* First Project Presentation cum
Evaluation Woarkshop on Biodiversity/
Biotechnology theme was organised by
the Institute at Kosi, Almora on
December 23-30, 1993, Fifleen prospec-
tive PlIs of Indian Himalayan region
presented their proposals during the
workshop.

#* The Institute under its mandate of
developing and demonstrating people
oriented developmental project
designed a mini-microhydel. The model

developed involves simplified design
and safeguards ensuring its main-
tenance by the local people. It was
installed in January, 1994 in Pranmati
Watershed, the area which does not
have electricity at present. A multi-
purpose cooperative with energy as a
major concernn has been initiated in
the watershed to manage the resources
at village level.

* A regional meeting of NGOz from
North-East was organised on February
17-18, 1994 at Guwahati to identify
initiatives for sustainable development
in the grea. The meecting was in-
augurated by His Excellency Shri Lok
Nath Misra, Governor of Assam; Shni
R. Rajamani, Secretary, Ministry of
Environment & Forests, Govt. of India
delivered the keynote address.

* The Institute signed & Memorandum
of Understanding with Yale University
School of Forestry and Environmental
Studies, New Haven, U.S.A. for re-
search and information exchange con-
cerning rural resource management
and rural development programme.
Similarly, a MOU was also signed with
the Regional Rezearch Laboratory,
Jammu for eollaborative research with
particular reference to medicinal
plants, and introduetion of high value
crops, eg., hops and saffron, ete.

3. RESEARCH AND DEVELOPMENT
PROGRAMMIES

All research and developmental ac-
tivities of the Institute are essentially
multi-digciplinary in nature, and based
on a conscious effort to interlink
natural and social sciences to promote
sustainable development of the Indian




Himalaya, prezerving the fragile
ecosystems, indigenous knowledge and
customs, and in complete harmony
with the perceptions of the local in-
habitants. As in previous years, the
present efforts revolve around core
programmes now six in number, viz.,
Land and Water Resource Manage-
ment, Sustainable Development of
Rural Ecosystems, Conservation of
Biological Diversity, Ecological
Economies and Environmental Impact
Analysiz, Environmental Physiology
and Biotechnelogy, and Institutional
Networking and Human Investment,
the last two programmes having come
into formal operation from this report-
ing vear. The project sites are selected
carefully, keeping in mind the
heterpgeneous heritage of the
Himalaya along with its specific needs,
The thrust of research and develop-
ment efforts is to provide solutions to
location specific problemsz through
time-bound projects; the research is
pazentially need based and all field
activities are well supported by
laboratory based "basic” elforts, when-
ever required. Rigorous data collection
and demonstration of seience and tech-
nelogy inputs, including packages
developed by the Institute, are under-
lying elements of all project activities.
A number of projects { 7 ) were com-
pleted this year, majority are now in
the second or third year of cperation
and a few prajects were initiated during
the reporting year. Highlights of the
progress made during the year 1993-84,
alongwith a conceptual background,
specific objectives and major achieve-
ments are summarized for individual
projects.

4.1 LAND AND WATER RESOURCE
MANAGEMENT

3.1.1 Integrated Watershed Manage-
ment : A Case Study in Sikkim
Himaloya

Background

The first phase of the project has
been completed this year which
covered: (i) climate and geomorphology,
{ii) structural and functional analysis
of different land-uses viz. forests,
agriculture, agroforestry ete., (iii) land-
man relationship, (iv) understanding
of linkages between different com-
ponents  (livestock, cropland,
agroforestry, forests, farm-family,
market ete.) of upland farming system,
(%) socic-economic and ethnoe- cultural
pattern and (vi) identification of gap
areas for action in view of model
development at farm level for
demonstration. The summary of the
results obtained in the first phase are
as followa:

1. Area under different land-use/land
cover categories of the Mamlay water-
shed was estimated using IRS-TAIB,
LIBS-II, band 2.3 and 4 geocoded false
eolor composite (FCCs) for November
1992 and 1888. About 2.12% area
{zsame for both the years) was under
built-up land, 24% and 16% under
agricultural usage, 67% and 76% under
forest, and 8% and 5% under waste
land categories in 1992 and 1988,
respectively., Change in land-uzefland
cover area using multidate inzagery
showed an increase in rainfed area
(B.06%), and crange orchard (0.13%).

2. A decreass in dense mixed forest
{by 5.94%), open mixed forest (by
5.25% and sal forest (by 0,13%), while




an increase in degraded forest (by
0.70%), scrub land (by 1.76%), forest
blanks (by 0.07%), rock out crops (by
0.40%) and landslides (hy 0.20%) was
recorded between 1988 and 1992 This
shows the pressure on forests by the
surrounding inhabitants.

3. The land-use management options
for the watershed were evaluated using
ranking technique, Six factors were
used in this comparison, viz., crop
preferences, productivity, gross mar-
gins, respurce reguirements, zoil
guality and risk. Maize/singer/pulses
showed high ranking followed by large
cardamom, maize/potate and
maize/pulses. Paddy cultivation was
found to be non profitable.

4, A total of 122 woody species were
considered for phenological study, out
of which 110 were trees and 12 shrubs,
The species fell inlo 3 categories, ie.,
evergreens (54 speeies), semi-
evergreens (5 species) and deciduous
(63 species). Peak leaffall period for
most of the deciduous species was Oe-
tober to December while peak flushing
was recorded between February to
April. Maximum fowering coineided
with leal flushing. For most species
the fruit matwration and dispersal i=
over by November; for decidupus
species in fruit maturation takes place
a little earlier than for evergreens.
This phenolagical information can be
utilized in tree harvesting, use of by-
proeducts ete, and may be made use of
in forest management.

The second phase to be initiated
from the forthcoming year envizages
to map natural resources of the Mam-
lay watershed and all the watersheds
of Sikkim using satellite digital data

and geographical information system.
At the Mamlay watershed a model for
agroforestry will be developed and tech-
nology packages such as weed com-
posting, use of symbiotic No-fixers and
root associated diazoatrophs for crop
improvement, introduction of cash
crops are planned. Some of the results
already recorded in the second phase
indicate that:

1. Out of 141 wild edible species in
the Sikkim Himalaya, 77 were trees,
22 herbs, 25 shrubs, 14 elimbers and
2 epiphytes, These are being evaluated
for their nutritional value, marketing
and regeneration potentizl. A general
screening revealed 38 species to have
medicinal value. Environmental conse-
quences with regard to their extraction
from nature have been enumerated.

2. Pulses are among the most potential
creps for rainfed agriculture in the
Himalaya. In Sikkim, pulses account
for 11% of the total cropped area, and
show high diversity. Pulses contain
high protein (up to 40% in bhatmas),
and the input is 3 to 10 times Jess in
pulses as compared to maize and
ginger, respectively, in terms of human
labour; 40-130 times less than potate
and ginger in terms of seed input per
hectare, MNitrogen, phosphoruz and
protein content of 9 pulse varieties of
the watershed have been estimated.

3. Weed composting technigque has been
evolved to inerease/ maintain fertility
levels of the soil in the upland farming
system in the watershed. Crop Feld
weeds and' Expatorium adenophorum
have been efficiently composted in 6
weeks. Traditional cow-dung compost-
ing requires 8-10 months and is not
sufficient. Farmers without livestock




ean also make compost using this tech-
nology. Traditional winter-weed burn-
ing practice in upland farms is
detrimental; 80% of ash-nutrents are
lost during the first few rains. In con-
trast, weed composting is efficient with
less than 10% nutrient loss, As with
cow-dung compost, it also increases sol
porosity, reduces surface run-
alfferpzion and enhances infiltration.
Increase in soil organic matter in
upland farms alse helps in conservation
of moisture and nutrients.

Based on the research findings
as well as farmers’ priorities, an
agroforestry model has been devised
for two different villages {one each in
the sub-tropical and temperate zones)
of the watershed. The main focus of
the model, is to: (i) check soil erosion
from farm fields, (ii) maintain seil fer-
tility, (iii) increase crop productivity to
an optimum level, (iv) strengthen cash
crop, fodder and fruit component in
the farms, and (vi} harvest rain water
for the lean period.

5.1.2 Soil and Water Conservation,
Landuse and Planning and Integrated
Watershed Management : A Case Study
in Garhwal Himalaya.

Background

Erosion is the greatest destroyer
of land resource in the Himalayan
region. Estimation of soil loss is, there-
fore, a valuable design, extension and
planning tool. Its most immediate ad-
vantage is that a well-defined conser-
vation ohjective can be formulated,
namely, to reduce soil losses to accept-
able levels. The satellite remote sens-
ing and geographic information system
(GIS) can play a very important role

for the purpese of evolving an in-
tegrated approach for the management
of land and water resource at a larger
scale in the Himalaya. Resource map-
ping through these technigues will help
identify the areas suitable for agricul-
ture, horticulture, forest development,
fisheries, surface and ground water
development, soil and waler conserva-
tion, food and fodder development and
mining, ete. Watershed management
requires all above information as well
as study of various secio-economie fac-
tors operating in the watershed. On
the lines similar Lo the study under-
taken in Mamlay watershed in Sikkim,
waork was initiated in Dugar Gad catch-
ment in Garhwal with following objec-
tives :

Objectives

1, Sgrio-eronomic and environmental
studies on representative watersheds
in the Himalaya.

2 [dentification of factors leading to
land abandonment, and to assess fu-
ture landuse trends and alternative
land management systems.

3. Integrated resource management
and development using digital data
technigues : to demonstrate the use of
satellite remote gensing and GIS (1) n
assessing the potential of land and
water resouree in the region, and (ii)
to identify the areas under degraded/
waste lands and to find out the
suitability and envirenmental sound-
ness of the present landuse practices.

4. Monitoring soil loss and water yield
under representative landuse practices
feurrently operating in the region, on
a long term basis.




5, Monitoring soil fertility levels, sail
and nutrient loss and water uses in
traditional as well as in proposed model
farm systems and development of a
fertility management strategy to main-
tain and improve land productivity.

6, Application of computer technology
for simplifying terrace grading design.

7. Performance evaluation of vegetative
measures for conservation of land and
waler rezource,

Resulis and Achievemenis

1. Hydrological data monitoring {main-
ly run-off and silt lpad) in two =small
watersheds (Dugar Gad 306 ha, Debh-
Srikot 286 ha) was done using stage
level recorder with flume arrangement.

2, Analysis of year round data for
Dugar Gad watershed indicated a run-
off coeflicient of 018, infiltration coef
ficient of 0.82 and silt load of 1.05 t/ha.

3. Watershed rvetention is very high
which may be attributed to the treat-
ment measures taken earlier e.g, bench
terracing, check dams, gully plugging,
contour trenching, contour plantation
of treeshedge and utilization of water
for raising paddy in the catchment.

4, & multislot diviser has been installed
to evaluate the agroforestry system,
imitially at Banswara, in terms of its
effect in reducing the so1l erosion and
run-off over the vears and with various
crop combinations.

5. A computer software Lotus for land
grading designs has been cuslomised
to work out Lthe appropeiate land grad-

ing designs including reshaping of old
terraces; these can be quickly computed
as per the loeation specific needs, en-
suring economy of the earthwork in
excavation and Alling.

6. Covering an area of 306 ha, Dugar
(Gad eatehment (Fig, 1) has four villages
with a population of 858 persons resid-
ing in 186 families. People own a total
of 115 ha land, distributed in 10,707
terraces, a total of 1,926 animal units
per ha cultivated land and a total of
1,008 fodderdirewood trees, 539 fruit
trees and 5,807 wild trees, representing
a mixture of both temperate and sub-
tropical species.
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Fig. 1 : Map of Dogar Gad Catchment

7. Differences in livestock composition
were found aeross the villages despite
similar livestock size, emphasizing that
this is an outcome of resource
availability, bullock labour required
and economic returns envisaged.

8. Based on 179 households sampled,
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it was found that land abandenment
has reached an alarming level to almast
60%, land : man ratio has gone up by
2.5 times, both due to increase in
population and land abandonment; de-
pendence on market for imported
foodgrain has thus increased many-
fold.

8. Slrong positive correlation between
land holding and abandened land in-
dicates that households having large
holdings appear to be able to aflord to
abandon a greater fraction of their
land. In All, a lower degree of land
abandonment and strong positive cor-
relations between cultivated land and
food grain wield, ground fodder col-
lected and money paid to agrieultural
labourers and between household size
and livestock size emphasize thal de-
pendence upon agriculture is still
greater in this village.

1h, A significant difference in land
abandonment between households
having an income sgurce {47.9%) and
those without a sepular income source
(41.5%) support our contention that
the forces of perceived economie
development promote the process of
land abandonment. Aad, if this trend
continues possibility of offering such
land for alternative land management
is high.

11. A net inerease of 37.5% in irrigated
area over the past few yvears indicates
the need of water and warrants atien-
tion to use this resource fully,

F.1.3 Development of Agroforestry
Madel in Garhiwal Himalava

This is an ongeing project, please see
previous Annual Reports for details.

The major achievements in the report-
ing year are as follows:

1. The survival percentage after 30
months of plantation in the
agroforesiry site remained same as it
was alter six months. Whereas, the
average survival percentage declined
from T8% to 76% in the restoration
site. Minimum survival was recorded
for Aesculus indica (18%) and Boeh-
meria rugulosa (36%).

2. The growth of main axis and
diameter at collar height, 30 months
after plantation in both the sites were
maximum for Alnus nepalensis, Fieus
glomerata, Albizzia stipulata, and Dal-
bergie sissoo.

3. 1t has been observed that cardamom
can be cultivated sucressfully, as a
cash ¢rop under the shade of multi-
purpose trees in rain-fed terraces of
Garhwal between 1000-1600 m amsl:
cardamom started bearing fruit after
two years of plantation and yielded
about 250 gm/mZfyr. on dry weight
basis.

4. So0il under the agroforestry site was
found te be rich in nutrients than that
of restoration site. In general, soil
nutrient status at dilferent depths on
both the siles showed inereasing trend.

5. Alow-input technigue, based on mul-
ching, was designed on the restoration
site to improve the growth and survival
percentage of newly planted seedlings.
Six months after plantation, maximum
survival and growth was recorded for
all species under treatments where
partially decomposed muleh was ap-
plied.
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6. All species planted at the
agroforestry site exhibited significantly
higher photochemical efficiency and
leaf area as compared to those growing
in the restoration site.

3.1.4 Biological Mechanisms in the
Maintenance of Soil Fertility under
Various Land Use Practices in
Kumaun Himalaya.

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

The project has attempted to
answer three specific questions: what
are the key factors and processes
regulating soil fertility and their
manifestations in terms of crop yields?
To what extent has soil fertility
declined and what are the reasonms
thereof? What ave the possible options
for maintainingimproving soil fertility
levels, apecifically the avenues for im-
proved utilization of locally available
resources? Among a multitude of fae-
tors and processes regulating soil fer-
tility, the ones found, most crucial to
Kumaon hills include: (i) a shift in
emphasis from coarse grains to fine
grains (wheat and paddy); (i) expan-
sion of canal based irrigation under
the control of Government; (iii) redue-
tion in forest area and forest based
respurces accessible to farmers and (iv)
soil fertility problems are more serious
in the mid hill region than in high
elevation remote areas, Wheat and
paddy, in terms of crop yields,
regsponded more to low levels of soil
moisture and nutrients when compared
with millets, pseudomillets and other
coarse food crops. Soil 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 in-
dicating the need of amendments which
gynchronize release of nutrients from
the organic residues/soil organic matter
with the crop demand.

This project was sponsored by the
Dept. of Science and Technology, Govt.
of Indiz.

3.1.5 [rrigation Systems Management,
Hydrology and Rural Water Supply
and Sonitation.

Background

Water, being the basic input for any
developmental activity, has a great im-
pact on the sgriculture of an area.
Irrigation changes low-priced grazing-
land inie expensive cropland. New
crops can be grown, and much of the
rigk taken out of growing established
rrops, even in humid mountainous
region, In most cases, irrigation
schedules are not designed to match
the physiclogice! demands of the crops,
This is mainly because of inadeguate
attention paid to the characterization
of soil, water, plant environment and
farmer interactions. On-farm manage-
ment of precious irrigation water for
its optimal utilization and also develop-
ment of cost-effective techniques for
organising irrigation water need very
special attention in the Himalayan
region. Drinking water is becoming a
searce commodity in the mountains.
Needless to emphasize that safe drink-
ing water- supplies and environmental
sanitation are vital for protecting the
environment, improving health and al-
leviating poverty.
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(Mjectives

1. Field evaluation of existing irrigation
systems and possible enhancement in
their efficiency.

2, Development of demonstration
models for water harvesting, storape
and irrigation scheduling, including
consumptive use estimation for the
proposed as well as traditionally grown
Crops.

3. Studies on drinking water supply
and sanitation including hydrological
aspects of springs.

4. Investigations on hydrology and
water balance in selected watersheds
under various landuse, and employing
vegetative manipulations.

Resulis and Achieverments

1. Irrigation status in Pauri-Garhwal
was studied; out of the five available
types in the region, kuhl/canal system
covered the maximum area, i.e. about
67 per cent of the culturable command
area (CCA)L

2. Evaluation studies of some of the
important canal systems indicated that
the area under irrigation has marginal-
ly increased. This increase may be at-
tributed to the levelling of land/terraces
and use of culturable wasteland for
crop eultivation,

3. Studies showed heavy seepage losses
in unlined kuh! and in damaged sec-
tions of the lined kuhls. Kuhls were
seen to be facing landslide and sub-
sidence problems. The existing diver-
sion structures were poor and purely

temporary. No regular operational
schedule was followed.

4. Appropriate lining and more free
board alongwith suitable drop strue-
tures, at critical points need to be
provided. Additional escape structures
are required at middle and tail ends
of the canals to enable safe releasing
of excessive flow of water during heavy
rainfall. Crop water requirement and
the irrigation schedule need to be
worked out for the crops grown in the
command area. And, accordingly a
regular operational schedule need to
be followed,

5. A community tap system has been
developed with the provision of an aute-
matic on/off valve on the stand post.
The device is envisaged to check
witstage of precious drinking water and
alse hazards due to pounding water
around the stand post.

3.2 SUSTAINABLE DEVELOPMENT
OF RURAL ECOSYSTEMS

d.2.1 Designing Eeologically Sound
Natural Resource Management
Strategies for Sustainaeble Rural
Development in Kaphot Block (District
Almora) in Central Himalaya.

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

Over-emphaszis on economic
growth has been a major drawback in
administered development planning.
Economic growth, apart from being in-
equitable in the past, has not resolved
many social issues. The prejudice
against and the inferior status of
women in society, religious persecution
in both subtle and overt ways figure
among serious social izsues, Many is-
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sues are of more recent origin, espe-
cially the perceived degradation of the
environment, both as a result of im-
provident cutting down of forests and
seme of the development paolicies. So-
cial, political and professional institu-
tions are getting ercded, The present
lifestyle of some sections of people is
unsustainable, Thus the social tensions
that are now beginning to appear, can-
not be contained unlezz we move
towards a more egalitarian society.
Scope of this project wasz limited to
high altitude villages in Kapkot block
of Almora District where basic
amenities such as motorable transport
and electrification have not yet
reached. Temperate bamboos (locally
called as Ringal) constitute the basis
of non-farm sector economic activities.
Sustainable resource management
strategies with focus on bamboos were
designed and tested. Project activities
included enrichment plantation of
temperate bamboos mixed with
suitable tree species, cultivation of
medicinal plants, improvement in local
gkill of bamboo cottage industries/
handicrafts, promoting cooperation
among villagers and enhancement of
local knowledge pertaining to natural
resource management with ap-
propriate science and technology in-
puts,

4.2.2, Jhum and Sustainable Develop-
ment of @ Village Cluster in Nagaland.

Background

This project was taken up in col-
laboration with the Nagaland Gandhi
Ashram, Chuchuyimlang in 1989-90
with the following ohiectives:

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

2. To explore the possibilities of intro-
ducing new crops and to identify fast
growing native tree species valued by
the tribals and to standardize their
eultural technigues,

3. To develop and demonstrate low cost
water harvesting technology, ensuring
availability of water during the lean
Eeason.

4. To create awareness on the conse-
quences of forest degradation, exploita-
tion and conservation measures
through involvement of local people in
the project activities.

The first phase of the project is
near completion. The results are sum-
marized below., However, it needs to
be continued in the second phase as
a demonstration.

Resulis and Achievements

1. Over 5000 saplings of Alnus were
distributed to the villagers, to be
planted in jhum plots and fallows.

2. Although no new water harvesting
tank was constructed, a locally
modilied version of the low-cost tank
constructed by our field assistant was
put to use for the nursery. The tank
has a capacity of approximately 200 1;
constructed out of bamboo rings and
palythene/plastic sheets, thiz tank is
ideal for households for storage of
water, especially for irdgation in home
gardens.
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4. Monitoring of ongeing experiments
in the agro-forestry model developed
gn the Nagaland Gandhi Ashram's
agricultural farm continued, (A) SBimul-
taneous monitoring of the growth per-
formance of two varieties of Alnus,
Nagaland and Sikkim varieties, did
not show any difference. Both varieties
ghowed similar growth characteristics
in terms of biomasz accumulation, leaf
and branch recruitment and averapge
number of leaves. (B} Monitoring of
hydrological parameters and soil losses
indicated an interesting trend. (C) The
ellect of Alnus introduction on produc-
tivity of paddy indicated that grain
yield on a unit area basis as well as
grain yield per plant increased in plots
having Alnus. Plant biomass (minus
grains) also increased but the grain
number per plant was much lower in
plots with Alnus. (D) A survey of plants
with potential economic use indicated
two such species to which the local
people are familiar. Hogsonia sp., used
by the locals, has potential as a source
of edible fat. Passion fruit grows
profusely in the area and the ripe fruits
yield a delicious drink. This drink, as
well as fresh fruit, has potential for
marketing outside the region. The
leaves of the plant are believed to have
medicinal value.

4. A survey carried out in and around
Chuchuyimlang revealed twelve
varieties (land races) of paddy.
Another six were collected from a
neighbouring village, The preliminary
survey suggested a rich traditional
knowledge about the different land
races, their suitability for cultivation
in different/particular seil and topog-
raphy and their growth characteristics.
Some vareties are highly priced, but
rare; while others are grown widely

because they are the ‘poor man’s rice',
Productivity of these varielies varies
from 2 tong/ha. to 7 tons/ha. Consider-
ing that the paddy is grown in jhum
fields, with minimum of inputsin Lerms
of fertilizers, a high crop-weed com-
petition and reduced available man-
power, the productivity is considerable.

3.2.3 An Empirical Study of Develop-
ment of Tribal Communities from Eco-
rultural Perspectives: A Study in the
Central Himalayan Region of India.

Background

Tribals constitute a very sig-
nificant part of our heritage and the
backward classes have been the focus
of attention, particularly since inde-
pendence. Though a number of develop-
ment models have been supgested, a
viable one interlinking ecoclogy,
gconomy and culture, and conducive
to them iz yet to evolve,

This project aims to evolve a
model for development which is accept-
ahle, through a study of two tribal
communities, the Bhotia and the Jaun-
gari in UP Hills. The study has so far
been confined to & willages,
predominantly inhabited by the Bhotia
tribe, in Kapkot block of Almaora Dis-
trict in Central Himalaya. Bio-physical
and eco-cultural diversities were ac-
corded prior consideration while select-
ing the sample villages. The
investigation iz expected to identify
markers of sustainability and con-
straints of peoples’ participation in the
development process.

Objectives

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

2. To understand the comespt of
development from tribals perception.

3. To study the interlinkages between
ecology, economy and culture and their
influence on development.

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

5. To quantify the degree of difusion
of development interventions and their
impact on social strueture and com-
munity culture.

Results and Achievements

i. The Bhotia tribe could he divided
into two distinet seets (Joharia and
Harkotia) based on their way of life
iTable 1) which influences resource use
and consequently development efforts.
Both the seects inhabit separate wil-
lages, mostly multi-ethnic in composi-
tion, with considerable
interdependence of one community on
the other. Development stress has, so
far, been mostly on infrastructural
growth and agriculture, Lhough
agriculture is not practiced by the
Joharia sect. Further, the introduced
interventions, like HYV of crops, were
found to be of little use to the other
sect, sinee they were unsuitable for the
egology and could not withstand
drought, hailstorm and snowfall. The
seeds are sold at high cost and are
incompatible to their cultural habits.
Development apathy is well reflected
in the procesz of distributior of HYV

seeds as only 6 Apricultural Centres
manned by 3 persons cater to 212
villages of the block.

2, In keeping with the eco-cultural con-
ditioning, 48.4% of the sampled Joharia
familicz have made use of Government
loans in contrast to 8.3 % of Harkotia
families. Around 27.7 % of the married
couple among Joharias adopted family
planning against 7.4 % among
Harkotiaz. Higher percentage of
literaey (47.2) and service class (21.3)
among Joharias appear to give them
more socio-economic security than the
Harkotias, with lower literacy (26.6)
and service class (10.1).

3. The study suggests a dilferent ap-
proach to development for the Bhotia
tribe than other ethnic groups of the
hills, and even different approaches for
its two different sects, with existing
eultural variations within the same
eco-gystem. For Joharia Bhotias, the
interventions should focus on trade and
cottage industry, and for the Harkotia
Bhotias on agriculture and cottage in-
dustry.

Tahle 1: Distinctions Between Joharia
& Harkotia Bhotias
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3.24 Resource Management Strategies
itn Himachal Praedesh and Uttar
Pradesh Hills.

Bogkgraud

It has been argued that many
unsustainable practices, in the hills,
eould be avoided if resource manage-
ment strategies and development
programmes are based on watershed
as a planning unit. Integrated water-
shed management approach has been
tried in a few segments of Himalaya
in the recent past (please see 3.1.1 and
3.1.2). Thesze efforts have undoubtedly
played a ecatalytic role in promoting
environmental orientation o conven-
tional sector centred economic develop-
ment approaches. However, the
outcome also indicates need [or further
réfinements in design as well as in
execution. This praject is a collabora-
tive venture between the Institute and
Morwegian Centre for International
Agricultural Development under a
bilateral cooperation programme be-
tween the Governments of India and
Norway, supported through Norwegian
Ageney for Development Cooperation.

Ohjectives

1. Te quantify scil loss, run-off and
productivity in the selected water-
sheds,

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

3. To work out tree-crop-animal inter-
actions in different agroforestry sys-

tems, need of the people and ecological
and ecomomic potential.

4. To evaluate the concept of cover
approach in the agroforestry system
for land management and its effect on
the reduoction of seil erpsion and run-
aff.

5. Taidentify land management options
eapable of raising the overall produc-
tivity of the land and economic condi-
tion of the farmers.

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

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

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

Results and Ackfevements

1. Micro-level analysis of the problems
and prospects of managing natural
resources for socio-economic develop-
ment of the people was undertaken in
two watersheds viz., Pranmati in Uttar
Pradesh and Chandkinal in Himachal
Pradesh. Conventional schedule based
survey and informal discussions with
a range of people formed the basis of
pricritization of the problems and
feasibility of implementing available
options.,

2. Crop and animal husbandry are the
primary cccupation of the majority of
rural population. However, a change
from traditional subsistence farming
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to economic, growth targeted farming
is advancing. Therefore, interventions
are needed not only for raising the
crop yvields but alse for influencing
market forces so that farmers could
adegualely realise the monsetary
benefits. Local village level cooperative
institutions need to be strengthened.

4. Soil and water parameters including
svil loss, hydrelogical processes and
nutrient pools are being analysed
under different land use practices in
the selected waterzheds.

4, Water is the most abundant but also
the most neglected resource in the area.
Appropriate acience, technology and in-
gtitutional inputs were planned for
management of water resource and
hydropower, integrated with secil and
water conservation, farming, forestry
and horticulture sectors.

&. With people's participation, innova-
tive microhydel technology was
developed and tested in a remote vil-
lage, Pai in Pranmati watershed, an
area devoid of electrification and
motorable transport. The technology
was simplified so that farmers lacking
any technieal education can operate
and maintain the plant after some
training.

6. Through education, training and in-
stitution building, productive end uses
of hydroelectricity and other sources
of hydropower are being promoted (Fig,
23, Use of electricity in the mountain
villages has been confined to lighting
purpose. There is enormous scope of
value addition to locally available/
produced resources using hydropower,
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Fig. 2 : Sample survey in Pranmati watershed.

7. Data on ecological and econormic
efficiency of different land/resource use
practices in the selected area are being
collected, and effective framework for
soilfland classification and mapping at
large scale in the Himalaya are being
evolved,

8. Geographic information system
capability is being developed for
analysing resource dynamics and
resource modelling objectives; scope of
cable ways in the remote areas lacking
motorable roads is being explored. To
start with, demonstration of the tech-
nological potential has been planned
for movement of goods al one location.

325 Restoration of Degraded Land
and Sustainable Rural Development
al Katarmal, Kumaon Himalayea,

(Summary of completed project; please
see Annual Report for 1991-92 for
details)

Restoration of degraded natural
resources has emerged as an issue
which requires feasible management
aplions to ensure improvement in the
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quality of physical, biclogical and
humsan environment in an integrated
manner. To establish a balance be-
tween harvesting of natural resources
and fulfilment of basic needs of the
inhabitants, in a manner conducive to
the environment, is the long term aim,
in addition to short term goal of bring-
ing the land back into use. Technology
demonstration and its transfer at the
field level is important to ensure long
term benefits to the inhabitants of this
region.

Keeping the above in view, this
project was undertaken to develop and
to demonstrate an ceclogically stable
and economically wviable restoration
model at Katarmal, Kumaon
Himalaya, Appropriate utilisation of
indigenous resources and simple tech-
nologies 1o amend soil and water har-
vesting have been used to improve soil
fertility. Due consideration was given
ta establish practical linkages between
resource availability, basic needs and
utilis.tion of resources.

Since the restoration of degraded
land is a long term process and requires
atleast 20 years, the report containing
details of methodology applied, ap-
proach and results on the basis of
studies made during last 5 years will
soon be published, General recommen-
dation for restoration work in a
degraded land are as follows:

Degraded area should be protected
against grazing, other biotic interferen-
ees, fire and land slides. Development
of vegetational cover ghould be done
by plantation of indigenocus plant
species on ecological principles and on
the concept of community organization
and utility value, as recognised by the

local inhabitants. Inputs in the form
of FYM and water are essential to
improve fertility status of the soil.
Some elementary engineering works to
protect the land against erosion and
soil amendments are required during
early stapges of restoration. Careful and
long term scientific studies to monitor
changes in soil, water, vegelation,
microbial communities, meteorological
and socig- economic aspeclts are ro-
guired to reach any conclusion.

3.2.6 Rehabilitation of Degraded Land
in Mountain Ecosystems: Indian
Central Himalaya

Bachground

As a direct consequence of the
guccess of the rehabilitation experi-
ment in Katarmal, there was a demand
that thiz success story should be
repeated in the communily land. In
this econnection even ICIMOD got in-
terested in its replication and approved
funding under a coordinated project on
rehabilitation of degraded land in Hin-
dukush Himalaya including China,
MNepal and Pakistan. The community
land in Garur, distt. Almora was iden-
tified for the purpose.

Crhjectives

1, Improvement of productivity of
degraded land.

2. Btudies on socio-economic aspects
with special reference to dependency
of the villagers on forest and agricul-
tural land.

3. Imtroduction of water harvesting
technolegy in the area.
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4. Promotion of environmental aware-
ness among the villagers, through their
direet involvement in project activities,

Results and Achievements

1. General characteristics of the study
site have been studied. Primary infor-
mation on socio-economic aspects, live-
stock statistics and related issues have
been collected by using detailed ques-
tionnaire for individual household
8ol physical and chemical properties,
goil maicrobial population are being
analysed following standard methods.
Soil texture iz loam to sandy loam with
an average moisture content of 12.7
percent alongwith 0.98 percent organic
carbon. The s=.il is of low fertility
siatus, and thus needs amendment by
way of external inputs in the form of
organic manure, fertilizers and biologi-
cal means.

2. Following careful selection of tree
gpecies in consultation with the wil-
lagers and on the basis of ecological
as well as socip-economic utility, large
scale plantation has been carried cut
with over 95% survival. Surface and
seepage water harvesting technology
has been introduged in the 8.5 ha =ite.
The work site has been fenced with
stone walls and two low cost, polythene
lined tanks of over 50,0001 capacity
have been made and the entire plan-
tation in the area can now be watered
at regular intervals.

3, A nursery has been raized on the
gsite; perennial prasses including
Thysanologena have been introduced
and the villagers have already har-
vested much more grass from the site
in the first eight months of the project

than in the previous years.

4. Phytosociological studies of the
ground wvegetation showed that the
species having highest IVI (Imperata
eylindrica, 128.5; Euphorbia prolifera,
11.2; Chrysopogon serrulatus, 21.3;
Erianthus rufipilus, 19,1 etc.) are those
characteristic of ecosystems that are
low in fertility. The site is dominated
by Cs plants like Imperate eylindrica,
E. rufipilus, C. serrulatus ete. Also, the
prosence of Drosera pellafa is an in-
dication of low fortility status of the
goil because it generally grows in acid
bogs where nitrogen is in short supply.
Carnivory, therefore, appears to be an
alternative strategy for obtaining
nutrients that are in short supply.

3.3 CONSERVATION aF
BIOLOGICAL DIVERSITY

3.3.1 Mechanisms of the maintenance
of biological diversity and their role
in ecosystem organization and fune-
tion in conservation areas.

Baekground

The biological mechanisms main-
taining a diverse community are not
as clearly known as the variation in
diversity in space and time. The project
aims to assess and analyse com-
munity/ecosystems and landzeape level
diversity in Binsar Wildlife Sanctuary.
Preparation of Thematic mapping,
studies on population dynamics of tree
species, identification of forest com-
munities and the pattern of biomass
accumulation in representative areas.
The effect of forest fire envisaged in
the plan were studied in the previous
years, Efforts in the current year wera
concentrated on the following objec-
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tives:
Ohbjectives:

1. To analyse phenophases of major
tree species and impact of climate on
funetioning of ecosystems.

9. Establishment of a computerized
database for sanctuary by using
Geographical Information System
Technology.

Resulis ond gchisvements:

1. An Automalic Weather Station was
installed at an altitude of 2300 m in
Binsar Wildlife Sanctuary to monitor
weather parameters,

2. Different phenophases in major tree
species (Quercus leucotrichophora, Q.
floribunde, Pinus roxburghii,
Bhododendron aroboreum and Lyonia
ovalifolia) were recorded and are being
correlated with climatic factors.

3. The computerized database for dil-
forent outputs (thematic mapping,
forest cover and types, population
strocture of tree species and biomass,
effect of forest fire and regeneration)
studied in the previpus years were es-
tablished by using ARC/ANFO (a GIS
saftware developed by ESRI Ine,
California).

4. The dataset were categorised using
(i) Core zone and buffer zone, (ii) Eleva-
tional zones, (iii} Micro-watershed, (iv)
Habitat representation. Preliminary
analysis revealed the following : The
diversity, physiographic as well as
vegetative, is well represented in the
huffer zone. A shift in dominant forest

type was observed along the elevational
gradient; Spatial patterns indicate that
pine forests are dominant; With an
increase in elevation forest biomass
was found to be increasing.

3.3.2 Exploration of Lesser Known
Crops of Garhwal Himalayan as Food
Source.

Background

Humans have used about five
thousand plant species as food, but
only 100 or so have entered world com-
merce and less than twenty provide
most of the world’s food. Just three
crops (wheat, rice and maize} account
for roughly 60 per cent of the calories
and 56 per cent of the protein that
humans censume directly from plants.
Hence, in spite of a rich flora, we seem
to depend on only a very small fraction
of glubal plant wealth., With ever
increasing population pressure and fast
depletion of natural resources, it is
necessary that we explore the pos-
sihilities of using underutilized tradi-
tional crop resources. In this direction
Garhwal Himalaya serves as a reser-
voir for a large nuomber of traditional,
under-utilized erop species which are
yet to be exploited and utilized properly
for the benefit of mankind.

Objectives

1. To survey all plant species of poten-
tial food value which have been domes-
ticated by the traditional societies.

2. To study the contribution of lesser-
known crops in meeting  the food
requirements of traditional societies.
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3. To compare the nutritional at-
tributes of the lesser-known crops with
those of common food crops.

4. To analyse the land management
cultural practices and eco-physiclogical
requirements of lesser-known crops
and their comparizon with common
Crop agro-ecosystems.

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

Results and Achievements

1. While conducting the survey regard-
ing the extent of cultivation of tradi-
tional crops, it was found that majorily
of the villages and families particularly
at higher altitudes are giving emphasis
i these traditional under-utilized
crops as compared to the villages lo-
cated at middle and lower altitudes,

2. Majority of the traditional erops, i.e.
pulses, pseudocereals and millets/
minor graing are rich in nutrition and
mineral than common food crops (rice,
wheat, barley).

3. In general, the per capita annual
food consumption in terms of enerpy
and protein equivalents, is maximum
by the people of higher Himalayan
villages. Among the traditional crops
consumed, millets/minor grains con-
tribute more in the local diet than
pseudocereals and pulses across three
different altitudes with maximum con-
sumption at higher altitudes,

4. The role of traditional crops in the
seasonal per capita food consumption
patiern varied with higher consump-
tion during winter; it declined during

raing and summer season.

5. The annual per capita cash earned
from these crops was approximately
Hs. 1120. The economy of the locals
inhabiting the higher Himalayan vil-
lages is largely dependent upon crops
like' Amaranthus, Rajma and Potato.
It was observed that the locals of this
region are exploited by the middlemen
traders with more than 50% bensfit
from this business.

6. Farmers of higher Himalayan wil-
lages prefer to exchange these tradi-
tional crops with common food items
like rice, gur, salt and the quantity
depends upon the items they need for
their own consumption all through the
year.

7. Data on photosynthesis for Hordenm
himaloyens, H. vulgare (generally
grown at lower elevation) for the light
regponse curve of flag leaf of both the
species, at 20°C, was measured. It was
found that the light saturation of
photosynthesis occurred around one-
third of full sunlight. Significantly
higher stomatal conductances for water
and CO2 were recorded in H. vulgore,
yvet there was no significant difference
in net photosynthesis between the two
species.

& H. himoloyens invariably showed
higher respiration rate. There was an
apparent reduction in photosynthesis
in H. himalavens with inerease in
temperature, whereas M. vulgare was
found insensitive to temperature.
Morpho-phystological characteristics of
H. himalayens indicate that this
species can perform equally well even
at lower elovation.
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3.3.3 Studies on Biodiversity, Fragmen-
tation and Conservation of ecological-
Iy sensitive habitats of the Himalaya.

Bockground:

In the Himalaya the scenario of
habitat heterogeneity and species
diversity is changing at a fast pace.
The identification and characterisation
of the habitats of the Himalaya, espe-
cially those supporting sensitive biota
are of paramount importance for iden-
tifying the disruptions and magnitude
of pressures leading to extirpation of
imporiant specica. The consequences
of habitat fragmentation are multiple.
Therefore, the whole process has a
negative effect on the population size,
extinction rates and dispersal capacity.
Index of change in a system can effec-
tively be monitored and corrective con-
servation measures adopted when
habitat, instead of single species are
taken as study units. The project en-
visages to initially study the habitat
diversity in protected areas of
Kumaun Himalaya, and the present
investigations are confined to Askot
Wildlife Sanctuary.

Ohjectives:

1. Identification, classification and
mapping of fragmented habitats; Iden-
tifying natural and anthropogenic pras-
sures leading Lo fragmentation.

2, Predicting future potential habitats,
and identifying habitats which support
important taxa; Evolving conservation
strategy for preserving fragile and vul-
nerable habitats.

3, Narrowing gull between in-situ and
ex-situ conservation, and developing

products of potentially economic plants
to support village economy.

Results and Achisvements:

1. Resource Use Pattern of the In-
habitants: Along the vertical gradient
{(Baram 1000m, Chopta 1400m, Maitli
1800m} the most preferred fodder
species were Arundinaria folcatao
(20.6%), Castanopsis tribuloides
{13.11%), Mallotus philippinensis
(9.8%) at lower elevation, Vilis capriola
(30.8%), Ciribuloides  (20.5%),
Trachelospermum [ucidum {15.4%) at
mid elevation and Quercus lanuginosa
(100%) at higher elevation. Along the
horizental axis (East-West), Arun-
dinarie faloata (20.6%), Castanopsis
tribuloides (13.11%) and Mallotus
philippinensis (3.8%) at Baram (East),
Woodfordia fruticosa (28.4%), Bridelia
montang (19.7%), Bischoffia jovanica
{13.1%) at Maori (Mid): Boehmerin
rugulosa (26.8%), Meliosma pungens
(16.3%), Bauhinia variegata (9.8%) at
Lumti (West) were highly preferred
species. Of the prelerred species Cas-
tanopsis tribuloides (Sensitivity
Index(81)=6), Boehmeria rugulosa
(51=T); Meliosma pungens (B1=5), Quer-
cus lanuginosa (S[=5) are notable due
to their high sensitivity index in the
ared,

2, Identification of Critical Habitats :
i. Degraded Forest Site: Low average
IVI of & leucotrichophora (B6.8) was
obzerved as compared to average IVI
(165) recorded for this species in other
undisturbed forests of Kumaun. The
total tree basal area (28.9 m™ ha']‘%
was also low as compared to 44.6 m’
ha! in natural (undisturbed) forests
of Kumaun. Regeneration (38.9%; see-
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dling + saplings) of thiz dominant
species (G levcotrichophora) wag low,
while two undercancpy stress tolerant
species ie. Rhedodendron arboreum
(seedling + saplings = 77.8%) and
Lyonia ovalifplin (seedling + saplings
= 69.7%) showed better regeneration,
Both species exhibited expanding
population. Preliferation of alien taxa
in the herb layer was seen. OF the
identified (30) species only 7 (23.3%)
were of Himalayan origin; most of the
dominant taxa were alien and the
Himalayan species exhibited low
dominance (Table 2). ii) Semi Modified
Habitat (Field borders/ marginal
lands): Along an altitudinal range
(B00-2200m) a total of 44 species were
present (36 trees, 6 shrubs, 2 climbers);
all the species were of high fodder
value and most of these (58.1%) were
evergreen, iii) Modified Habitats (e,
Agriculture lands) 1. A total of 19
crops, 26 vegetables and 16 fruit trees
were observed in the area. 2. Among
crops, wheat, paddy, and maize ex-
hibited high genetic diversity: for ex.
ample, wheat alone had 9 varieties (i.e.
Kalyan, Malaysia, Roksona, Mongaria,
Dabti, Vikas, Jhusia, Geruwa, Son-
heral

3. The newly introduced high yielding
wheat varieties were mostly cultivated
in irregared, lowlying valleys. In such
areas cultivation of traditional
varieties, eg., Dabti, Geruwa, Mon-
garia was less. These varieties, how-
ever, were widely cultivated towards
higher elevational villages (e.g. Maitli).

4. Of the 19 varieties of Paddy under
cultivation, Taichun, China, RR-21,
Kaljaria, Danabasmati and Jumali ap-
peared promising. Towards the higher
elevations cultivation of relatively

newer varieties (e.g. Kaljaria, Taichun,
and Ratna) has started, thus affecting
cultivation of old varieties (i.e.
Nandhani, Jharua),

5. Information obtained from the locals
indicated cultivation of several tradi-
tional (lesser known) crops, e.g.,
Maduwa (Eleusine coracana), Rajma
(Phaseolus vulgaris), Koni (Setaria
italica), Ghurush (Vigna umbellata),
Lobia, Rians (Vigna unguiculata). Til
(Sisamum orientale) and Bajra (Pen-
nisetum {yphoides); this has decreased
in recent years. In most of the villages
cultivation of Koni, Rajma, China,
Ghurush, Rians and Til is now not in
practice.

6. Among vegetables, Allium ecepa
(Piaji, Hibiscus esculenta (Bhindi),
Brassica oleracea {Gobhi) and
Colocasia esculenta (Gaderi) are new
introductions for the area,

Table 2. Performance of Important
Herb layer species at a degraded
forest site

Specice I!:'Irﬂ]_um-:, !:J\.n‘t.;aqu:l
Himalayam species:

Edvkelsia sirabilifera s 9
Serophularia calfycing 13.3 Lt
Fiestucg mindenta 26.7 33
Airrlurea uptens BT 0.3
Anaplalls foniomia 13.3 s
A iripliaereis 13.3 os
Important Alim Species

Arundinella pusmile 26,7 %3
Arthrazon niidir 57 14.0
Eragrotis ciliatz (iR 18.1
Buotkriochios periusa 00 261

Tiwal wpecies: 30, Himalayan: 7 {23.3%), athers: 23 (76.7%),

This project has been extended to the
protected and ecologically sensitive
areas of Himachal Pradesh from 1994,
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3.3.4 Establishment and Mainfenance
of a functionol arborefum (Surya
Kunj) ot Nosi-Katarmal.

The work on establishment of a
funeticnal arboretum in Kosi-Katarmal
to serve as a germplasm bank of the
Himalayan species, and a model for
training and research activities was
started in 1992, During the current
reporting period infrastiructural
facilities such as nursery development,
pathways preparation, glass house and
net house were developed. Seeds of 80
species (rare-endangered, ethnobiologi-
cal and other values) were collected
from different parts of Kumaun
Himalava. These were sown in
polythene bags and nursery beds and
their germination monitored. Cultings
of nine species were raised. Three
species namely Salix felrasperma,
Cinkgo biloba and Forsythia viridis-
sima showed 100% sprouting.

Considering the landscape,
selected tree species were planted and
their survival monitored. Erythring ar-
Borescens showed maximum survival
rate (71.01%) followed by Terminalia
chebula (69.23%), Fraxinus micrantha
(45.83%), and Semecarpus anacardinem
{13.33%).

Biotic disturbances (porcupine
and rhesus monkey) destroyed some
species whereas growth of about 60%
of total planted individuals was efs
fected by frost.

3.4.5 Conservation of Biological Diver:
sity of Ecologically and Evonomically
important plants of Central Himalaya.

Bachground:

Among the ecologically and
eeonomically important plants, wild
edibles constitute an important source
as & supplement and substitute, espe-
cially in times of scarcity. Due to
limited cultivable land, hill people can-
not afford optimum agricultural inputs,
Therefore, they largely rely on a num-
ber of unconventional crop plants such
as buckwhent, chenopodium ete. Dif-
ferent parts of wild edibles such as
roots, tubers, rhizomes, leaves, in-
florescence, flowers, fruits and seeds,
etc. are consumed either raw, roasted,
fried, cooked, boiled or in the form of
gil, spice, seasoning material, jams,
pickles ete. Presently their use is
limited to certain rural and remote
areas inspite of their potential value
as income generating resource and for
promoting diversity of plant resources
for human consumption. It is envisaged
ta study the population biclogy of thes
species, so that conservation strategles
are developed for potential species on
priovity.

Objectives:

1. Inventory and identification of
economically viable species.

2. Categorisation and classification of
wild edible species with regard to
rarity, endemism and other attributes,

3. Population biclogy of potential
SpBCies,

4. Development of products and dis-
semination to locals.

Resulls and achicvemends:

1. Of the 334 species, 95 (28.44%) are
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trees. The phenological observations
revealed that 62 species (65.26%) ars
deciducus, 30 species (31.58%)
gvergreen and 3 speges [(3.10%) are
semi-decidugus,

2. The analysis of the species showed
that 104 (31.14%) are native to
Himalaya, 62 (5.56%) Indian oriental,
28 (5.38%) Tropical Asia, 21 (6.29%)
European, 18 (5,39%) Himalavan with
extension and 101 (30.249%) are native
to other regions of the globe.

2. Germination and survival of some
of the edibles was analvsed. Semecar
pus anceardium showed highest ger-
mination (48%), followed by Terminalin
chebule (25%) and Zanthoxvlum ar-
matum (12.73%).

3.3.6 Bio-Resource Inventory of the
Himalaya.

Background

The field related studiez in con-
servation biclogy is largely dependent
on an-adequale base line data of the
bioresources of the region. It is, there-
fore, imperative to assess and develop
& computerised data hase of existing
bioresources of the Himalaya. To en-
sure the strengthening of existing in-
formation, studies on the preparation
of inventory of bioresources (family
wise, rare-endangered, ethnobinlogical,
endemics) has been initiated.

Objectives:

1. Develop & computerised dala hase
of all the species and their habitats
and to identify gaps therein.

2. Draw information about various at-
tributes of specific habitats/svecieg and
its effertive dissemingtion

d. Priontization of activities related to
canservation.

Resulis and Achievemenia:

1, Of the 334 wild edibie plants of
West Himalayz, 4 species (i.e. Alltam
strachey, Ange’lva glauce, Lonicéra
parvifolin and Pyrus vestila) are en-
demie¢ to Indian Himalaya and 50
gpecies (14.9%) are near endemics.

2, Of the ten families analvsed, four
{Dilleniacese, Tetracentracess, Cir-
caeasteraceae and Menispermaceae)
are nol represented by endemics in
Indian Himalaya. The extent of en-
dernism in the remaining six familiss
is prosented in Table 3.

3. Except Berberis (Berberidaceae)
with specific endemism reading of 34%
in TransNorthwest Himalzva, cthers
show endemie diversity in East or
Central Himalaya. Thus, the en-
demism disiribution in families (in-
cluding Ranunculaceae angd
Paeoniaceae) identifies two centres of
endemic diversity: i) Trans/North West
Himalaya {(Ranunculaceas and Ber
beridaceae) and ii) East Himslava
tMagnoliaceae, Schisandraceae, An-
nonaceae, Lardizabalaceae and
Padophyllaceae).

4. The variation in extent of endemism
due to subspecific taxa is seon only in
the family Berberidaceae (37.0%) and
is comparable to Ranunculaceae
(31.5%).
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5. Families, in majority (except An-
nonaceae) are represented by only one
life form.

6. Except Schisandraceae, endemics in
tropical families are mostly confined
to lower reaches (<1500m). In
temperate families (except Lar-
dizabalaceae), endemics are mostly
represented in the zone 1501-3000 m
{Berberidaceae 85.7%, Podophyllaceae
100%).

7. Family Circaecasteraceae and
Tetracentraceae (Endemic to East
Asia) with narrow genelic base, and
Berberidaceae and Podophyllaceae
with high anthropogenic pressure are
among the most sensitive families in
the Indian Himalaya.

Table 3. Species composition and rep-
resentation of endemic taxa in Indian
Himalaya

Family Tatal T:nnt.cmini THWW C L (hhers
] s (B}

Magnoliacese 30 50250} - - = EC,E}
Schisandracese 6  2{333) - 1 1 -
ARNNURIACERE I 2] - - 1 1 =
lardizohalpceas 0S5 1 {2000} - — o7 1
Rerberidocess 76 17(355) & 5 3 5 &

Podophyllaceee 05 100) — - = 1 =
(TN = TrunsMoath West: W = West; C = Comml BE= E-lu:,_'l

3.3.7 Timber Line and Snow Line
Vegetation of Kumaun in Central
Himalaya: Aspects of Composition,
Diversity and Conservation.

Background:

Inspite of its recognition as a
biological indicator of environmental
change, both timber line and anow line
habitats in the Himalaya remain least
explored. Present study has been in-
itiated focusing on extensive survey

and inventorization of vegetation of
such habitats of Kumaun Himalaya
with an aim to provide a baseline in-
formation on existing biodiversity at
timber line and snow line.

Objectives

1. To study and collect information on
specific diversity, phenology of impor-
tant species, and regeneration status
and population structure of tree
gpecies.

2. To identify endangered/threatened
gpecies and microhabitats supporting
ecologically sensitive species, for
prioritization of species/microhabitats
to be conserved in the future.

3. To identify ehtnobotanically impor-
tant species and their habitat
preference in natural conditions so as
to determine their specificity.

Fesulls and achievements:

1. The altitude of Kumaun Himalayan
timberline varies between 3000-3500m,
which is comparatively low as expected
from other adjacent latitudinal (25-35°
N) counterparts (e.g. West Sichuan and
Yunnan: 3800 to 4500 m; Tibet: 4000-
43000 m: East Himalayan: 3800-
4000m).

2. Extensive inventorying has resulted
in identification of over 480 species of
angiosperms and gymnosperms and
their analysis for spatial pattern of
distribution and abundance is in

Progress,

3. Asteraceae (44 spp.), Poaceae (42
spp.), Rosaceae (38 spp.), Ranun-
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culaceae (23 spp.), Brassicaceae,
Caryophyllaceae and Scrophulariaceas
{22 zpp. each) are the dominant an-
piosperm femilies.

4. Floristic diversity among 6 distinct
habitats {i.e. forest sites, forest edges,
moist rocks and creévices, moraines, and
human disturbed sites) have been
analysed,

5. A total of 18 forest stands were
analysed and the information is sum-
marised [Table 4).

6. The data obtained on diameter-den-
gity-distribution are being com-
putedfanalysed for the preparation of
population structure in the forest
stands.

7. From the identified sites/individuals,
geazonal information on following at-
tributes is being collacted: Phenology,
Regeneration, Ground flora, and Iden-
tification of problems.

Table 4. Analytical Features of Tim-
berline Stands

Pegraaty: (inei.  Divoray Index Bagal frca
i) ' ) Mﬁm'f
Trues Pl PR K] Lat-3.93 3981
Semdlings Al-530 - 1,82 =
Baplirgs HEE ] 100 3 4] =
Sheubs IS S B4 -3 00 -

34 ECOLOGICAL ECONOMICS
AND ENVIRONMENTAL IMPACT
ANALYSIS

d3.4.1 Transhumance in Central
Himalava and itz Impacts on the
Himalayan Enuvirenment,

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

Transhumance 15 a historical
phenomenon evolved as an adaptation
to extremities of physical envirgnment
in remote and high Himalayan moun-
tains. Transhumance encompasses es-
sentially varying degrees of
dependence on agriculture and pas-
toralism. The very existence of this life
support system alongwith intact soeial
and cultural values for centuries offers
gpportunities for understanding the
element of sustainability harmonizing
the gocial, cultural, economic and en-
vironmental facets of development,

The Bhoetivas of Dharchula (Dis-
trict Pithoragarh) practicing tran-
shumance in of Darma and Byans
valleys 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
settled across an altitudinal range of
2300 m to 4100 m amsl. The extreme
cold in higher reaches imposes con-
straints on intensive agriculture.
People depended more on trade as a
profession to support their livelihood.
The termination of trade with China
in 1962 necessitated diversion of at-
tention from trade to agriculture. Pal-
thi or ogal (Fagopyrum esculentum),
Phapher (F. tataricum) and potato
(Selanum tuberosum) are the major
crops grown in the area. Vegetables
grown for domestic consumption in-
clude cabbage, turnip, peas and radish.
Animal husbandry 1z well developed.
Collection of plant products from the
wild is another oceupation tied up with
crop husbandry, The studies highlight
the scientific principles of resource con-
servation and management, particular-
ly livestock management and local
knowledge system. Tribal societies in
these extremely marginalized areas





































































































































