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THE YEAR 1997 - 98 : AN OVERVIEW

This was an umportant vear for the Institore, especiaily in werms of is infrastroctural
expansion, creation of new facilities and mitagtion/sieenathening of collaboration with natienal &nd
miermational agencies. The inauguration of the Insttute’s Library and Information Centre has
Twelped further the ongeing resgarch activities, and effective networking and disseminaton of R &
1 cutpats. The VIEG.B. Pam Memorial Lectore and & number of academic acovities. of the
Fisgirute were the neabie events ol the vear 1997-98. During the yeur Institute also nitised the
uEntificarion of woronic activiey m Kumaen Himalays using slobal positioning svstem (GPS) for
pencrating base dala lor such measurements. in collaboration with the Tndian Instiwe ol
Astrophysics and the Centre fur Mathematical Modelling and Computer Sinulation {CMMACTS),
Bangalore. A permanent GPS reference station has been set up at Katarmal campus, sned the dita is
being processed along with data generated from other reference points

The Instine’s effert i the logical understanding of the ground realites has led w the
mitigtion of @ new research eflort on Mountain Rask o Engineering based om the mmediage
reguirement of the Himalivan environment. The Institute has further strengthencd 218 tes with a
mumber of National and International parmers committed w the cause of research and development
i the Himalavan region A detailed 9 plan document s heen prepared in consolistion and with
the wuidance of te Scence Advisory Commitee and the same was approved by the Board of
Guovernors of the Institute,  In additien o the six ongoing core programmes i is envisaged o searta
mew programune on Indizenous Knowledge Systems during the plan period. The Institute has also
added four new publications 1o its credit, which were relessed during the Annual Day lunction al
Katurmal in December 19697, The milestong events. mentioned in subsequent pages in this report,
clearly specily the importan: achievements made in 1997-98, Comments and suggestions of all

those interested in the welfare of Himalaya and is inbabitanos would be welcome,

L.M.5. PALNT

Divector




MAJOR ACHIEVEMENTS

A Global Positioning System {GPS) has been established in the Kararmal Campus, the geodetic mode
receivers enable resolution of ground displacement with great aceuracy and would help in quantifying
the rate of ground movement across tectonic boundaries in Kumaun Himalaya.

Demonstrations of Mountain Risk Engineering to address small hill slope instabilities using local
resources and simple physical and bioengineering measures have been set up in two villages

Action onented developmental sctivities have been initiated in selected buffer zone villages of Mandg
Devi Biosphere Reserve to integrate conservation with economic return, e £ cultivation of mediginal
plants by the villagers

Suceessful development of a high altiude plant nursery al Hamwmanchatt {2500 m amsl) and
expansion of arboreta at Survakunj (Katarmal) and Panthang ( Gangrok )

Identification and priontization of conservation sites in timberling zone of Wes Himalaya, and
further, development of participatory approaches to biodiversity conservation, ncluding preparation
of an Action Plan on Himalavan Biodiversity

Inavguration of Library and Information Centre at Katarmal and the estblishment of e-mail
(ghpihed @nda vsnl net in) and internel connectiviy

Documentation of indigenous cattie breeding practices and livestock management stratesies used by
transhumant societies in selected Himalavan stares

“Developing a paradise in peril” - 7" Pt GB Pant Memorial Lecture by Prof K Valdiva, FNA
Shilting and functioning of NE Unit of the Institute a [tanagar in Arunachal Pradesh

Successful demonstration of a model to increase discharge of & natural spring in a remote village in
Garhwal Himalaya using simple biological and phwsical measures

Traimmng and demonstration ol useful technelogies for hill farmers, ey . palvpit, polvhonses,
blecomposting, water harvesting and nursary develapment and mamenance

Linking of ecotounsm activity with biodiversity conservation and influencing policy interventions m
a model study in Sikkim

Develppment of a waste management model for the mountain ecosvstam hased on CAFTYING CHpACITY
assessment of Kullu-Manali Complex




1. INTRODUCTION

The reporting vear 1997-08 is the ninth
firancial vear of research and development
activities being carrigd out by the Instituete ac
various locations in Himalava and addressing
region  specific  issues, with emphasis on
development of tngible solutions. These
activities  inglude  programmes  supporied
throngh core funds provided by the Ministry of
Environment and Forests. Govi. of India w the
Institgte and projects  fnanced by exiernal
agencies, hoth national and international. The
Institute 15 also supporting activities of various
partner Instittions in various Himalayan staes
through IERP Programme. The Science
Advisory Comminee of the Instinute provides
approval general guidance and help for - all
programmes @b o,

Ar present, the actvities of the Instine
are centered around 1A% designated  core
programmes. Some projects were successfully
concluded during the vear, summaries of these
are placed at appropriate places in the text: in
due  course  delailed  documents  will  be
published and macde available o the public. The
progress made during the wear 1997-98 on
various ongoing and newly initared projects
and brief asccount of academic and other
activities, along with the statement of accounis,
has been presented in this report. We would be
miost grateful for critical commenis, suggesnions
for improvement and for indication of our
shortcomings by anvone interested in the well-
being of Himalaya and its people.

2. MILESTONE EVENTS

The Institute celebrated its Annual Day
Function in the Katarmal Campus. Almera on
December 18. 1997: on this occasion the
Institute’s Library and Information Centre was
inaugurated by Shri Vishwanath  Anand,

b

Chairman Governing Body of the Institute and
Secretary Ministry of Environment and Foeesis,
Govl. of India. The function was attended by
many dignitaries which include Prof. K.S.
Valdiva. FNA; Dr. B.S. Tolia, Director U.P.
Academy of Administration; Prof. 1.8, Singh.
FNAC distinguished members of Governing
Body and Science Advisory Commitige of the
Instituee. The highlight of the function was VI
G.B. Pamt Memorial Lecture entitled
“Developing a paradise in pert]” delivered by
Prof. K.5. Valdiva. He dwelt on different
aspects of Himalayvan development considering
the health of environment and its pecple. He
mentioned that having no voice in the affairs of
planning for development, the mountain people
nol omly fee]l marzinalized by are also quie
digillusioned. Later, four publications of the
Institute pamely Himalavan Biodiversity
Action Plan: Developmem  dilemma, Indian
scepario and Rural Himalayva A Central
Himalayan perspective;  Perspectives  of
Mountain Risk Engineering i the Himalayan
Region; Research and Development Initiatives
of the Institute - A Pictorial Glimpse. were
released. The Governing Body of the Institue
met on December 17, 1997 and reviewed the
developments in the Institute and took several
decisions for furthering the cause of Himalavan
environment and development.

The North-East Unit of the Institute was
shifted from Dimapur in Nagaland to Danagar
in Arunachal Pradesh in the first week of June,
1997, A npumber of workshops including
Review Workshop-Cum-Training Programme .
on Biosphere Reserves; Participatory Approach
in  Biodiversity Conservation-1%  Workshop:
Consuftation Meeting on Prioritization  of
Himalavan  Biodiversity;  Workshop  on
Mountain Risk Engineering (MRE) were
prganised at various locations by the Institure,



3. RESEARCH AND DEVELOPMENT
PROGRAMMES

In order to achieve the sustainable
developrment of the Indian Himalava, ressarch
and development programmes of the Instifute
have been based on a multi-disciplinary and
holistic approach with particular emphasis on
inteelinking of natural and social sciences. In
this effort special attention is placed on the
preservation of fragile mountain ecosvstems,
indigenous  knowledee and  customs. A
conscious effort is made o ensure participation
of the local population for long term acceptance
and success of various programmes, The R &
D activities of the Institute are centered around
$ix core programmes, viz., Land and Water

Resource Manapement, Sustainghle
Development of Rural Ecosvstemnms,
Conservation  of  Biological  Diversity,
Ecological Economics and  Environmiental

Impact Analysis, Environmental Physiologay
and Biotechnology and Institutional Networking
and Human Investment. The achievemen of
goals and progress made in various projects
diring the year has been placed under
appropriate core programmes in the text. The
project  implementation  sites  are  carefully
selected keeping in view the heterogencous
heritage of the Himalaya along with specific
needs and aspirations of the local inhabitants.
All activities are need based. tarset oriented
end tme bound, efforts are made 10 provide
practicable solutions rather than theoretical
prescriptions. Te meet the targets, and
accomplish  the objectives  well  equipped
laboratories and computer facilities have been
established.  Rigorous  data  collection,
development modification and demonstration of
science  and  technology  inputs, including
technology packages of the Instiute, arc
underlying elements of all project activilies,
While a number of projects were completed
during the year, a few new projects were also
initiated:; most projects are now in their thicd or
fourth year of operation. Highlights of the

progress made during the year 1997-98,
alongwith a brief, concepual Background,
specific objectives and major achigvements are
summatized for individual projects.  Brief
summaries of projects completed during the
year are placed in the text and detailed findings
will be made available subsequently.

31 LAND AND WATER RESOURCE
MANAGEMENT

3.1.1 Integrated Watershed Management: A
Case Study in Sikkim Himalayva
(Phase T1, 1994-1998)

Background

The second phase of the project has
been initiated in 1994 as g follow-up action
with a view o develop a model at the farm
level for demonstration. Based on the resulis of
first phase of smdv a5 well as farmer's
priorities, ageoforestry  models  have  been
propased at two different villages (one each in
the subtropical and twmperate zones) of the
watershed, Various interventions i the form of
technology packages, such as intensifigation of
traditional  crops.  strengthening  of  fodder
component, weed composting. use of symbiotic
nitrogen-fixers and root associated diazotrophs
for crop management, germination and growth
of rare and potential wild edible species,
intrisductory trails of some high value cash
crops and resource management will be niace

Chapectives

. Estimation of runofi  and  erosion
improved cropping practices. In addition,
soil. water and nuirient conservation undey
different cropping svstems  will also be
studied,

2, Use of Nitrogen FAxing  specics  and
estimation of nitrogen accretion in wplind
farming systems.




Lo
v

Study of the role of bund species on
conservation and their competition  with
crops, and identification of gcologically and
economically useful agroforestry trees for
the region.

Results and Achievemenis

[. Based on the requirement of the farmers and
other  wvillagers of the  watershed,
agroforesiry model is being developed at
twer different sites, viz. at Chhamgaon for
the temperate region, and at Debrong for
subtropical region since 1994 and 1995
respectively.

2. The response of plant canopy o radiation in
various spectral regions. and the absorbing
and transmitling properties  of  large
cardamom  (Amomem  subulenon. Boxb.)
were studied at differenr altitudes in Sikkim,
Photosynthetically Active Radiation (PAR)
estimated in the cardamom growing areasy
ranged between 696 o 1493 mol m® §'
which was lower during winter and rainy
seasoms, bul peaked during the months of
April and May. Total chlorophyll contents
were  relatively  higher in leaves of
cardamom grown under Afmus trees than
mixed tree species, while it decreased in
cardamom leaf in open areas with the direct
light 3irradiance.

el

Meun annual precipitation in the watershed
ranged from a low hill values of 1448 mm. 5.
the mid Bill 1792 mm and high hill 2009
mit. About 90% of the annual precipitation
were recorded during June o Seplember at
all stations. Al the streams ateain significant
sizes  during rtainy sedson. The highest
discharze of 11677 l'second was revorded
in rainy seasem and 1331 lseecond in
summer season from the outlet of the

watershed during 1906-97. The stream
water temperature ranged from minimum
level of 9°C 1o 21'C in different streams of
the watershed during the winter season and
maximum as 14°C w0 24°C in summer
seasons, The average pH values fluctuated
mostly within a range of 7.0 w 8.3,
although minimum value recorded was 6.3
in Tiri khola in the summer season. The pH
varied significantly only in seasons and not
with the streams. The physio-chemical
characteristics of the stream waters from
different micro-watersheds mostly varied
significantly between both seasons  and
Slreans.

The sedimemt-concentration during 1994
1997 ranged from 21-84 mg/l in winter, 1-
79 mg/l in summer and 38-38Tmg/l in rainy
seasons. The highest sediment concentration
in rainy scasons was mainly because of high
precipitation  and  extensive  agriculture
practices followsd in this season. The soil
loss from different micro-watersheds ranged
from 398-2908 v'vear. The soil loss rate
from the entire watershed was 16545 tyear.
Highest soil loss of 2908 t'year was
observed in agriculure based Tirikhola
micro-watershed. Sombarey khola micro-
watershed showed lowest soil loss and it
was dominated by forest and agriculune,
Nutrient loss from seil-sediment in stream
water 0of micro-watersheds  and  total
watershed was also guantified.

Upper Kamrang landslide/gully erosion on
an. upland farm cavsed by diversion of a
stream as impact of road construction has
been undertaken as integrated intervention
for  stabilisation [  erosion  control
experimentation. An estimated 2 ha arca
and 20-25 farm families on the up slope
portion are benefited in terms of protection
from furure impending risk as well as social



and  economic  gains  out of  these
rehabilitation  efforts,  These  families
participated in these activities from tine 1o
time appreciaung the long-term ecological,
environmental and economic benefits 10
accrue. At the end of first calendar year,
assessments and performance evaluations
are being carried owt  which include
monitoring of plant survival, soil erosion
rates and overall site conditions as per the
annual calendar of activities prepared.

3.1.2 Resource Utilization Models for
Himalavan Watersheds: A case study
in Garhwal Himalaya

Background

Eraosion is the greatest desiroyer of land
resource in the Himalayan region. Estimation
of soil loss is, therefore, a valuable design,
extension and planning tool, lts most immediale
advantage is that a well-defined comservation
phjective can be formulated, namely, o reduce
enil losses to acceplable levels. The satellie
remole sensing and geographic information
system (GI5) can play a very important rele for
the purpose of evolving an integrated approach
for the management of land and water resource
at a larger scale in the Himalaya,

Objecrives

1. Socie-economic and environmental studies
on  representative  watersheds  in the
Himalaya.

2. identification of factors leading to land
abandonment, and o assess future landuse
trends and alternative land management
SySLEms,

3. Monitoring soil loss and water yield under
representative  landuse practices currently
operafing in the region. on a long term
hasis.

4 Performance evaluation of vegetative
measures for conservation of land and water
resource.

Resulrs and Achievements

[. Srudy of main streams indicated that annual
runoff from Dugar Gad watershed (26.1%
of total annual rainfall} was about two tmes
maore than that of Srikot Gad watershed.
This indicanéd the effect of better vegetation
cover on surface tunofl in Srikot Gad
watershed Similar effect was also
ohserved in terms of lower soil loss in
Srikot Gad Watershed.

2. After three years of plantation al the

experimental site in Dugar Gad watershed,
A. nepalensis attained the maximum height
{262 cm) bul a poor survival (26%). The
maximum survival (77%) was antained by
G, optivg with a poor growth of 64 cm
zeross all species planted (Table 1), People
accepted 0. sissoo among all other species
for plantation in their wasteland based on its
good performance in the experimental site.

3. In Dugar Gad watershed. soil depth was

found varying from 17.0+27 com im
prazing lands o 77.7+9.0 cm in ircigated
crop fields, Organic carbon ranged from
.91 percent to 2,39 percent between
current fallow and protected grass land,
respectively.
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Table 1. Growth characteristics and proportion of MPTs in native vegetation and peoples'

preference for them
Species Height Survival Proportion  Proportion
{cm) (%) in local planted
vegetation by people

(%) (%)
Non-nitrogen fixing
Barhinia variegata 143.7+7.1 &2 0.5 1.0
Celify australis 75.9+589 70 64.1 1.9
Grewig apriva 63.9+389 77 4.2 4.5
Melia azedarach 66,3459 65 1.1 1.8
Prunus cerasoides 167.8+10.9 36 5.6 0
Cuercus leucotrichophora 115.7+8.1 25 4.2 12.3
Nitrogen fixing
Albizia stipulata 939456 51 1] 12.3
Alnus nepalensis 262.8+150 26 0 2.5
Dalbergia sissoo 134.0415.0 69 0 62.9
Chugeinia dalbergiodes 60.0+3.3 66 0 0.7

3.1.3. Managemeni of irrigation water and
rural water supply in the Himalaya

Background

Water, being the basic input for any
developmental activity, has a great impact on
the agriculure of an area. Irrigation changes
low-priced grazing land into  expensive
cropland. New crops can be grown, and much
of the risk taken out of growing established
crops. even in humid mountainous region, In
most  cases, irrigation  schedules are not
designed to match the physiclogical demands of
the crops. This is mainly because of inadequate
attention paid to the characterization of soil,
water, plant  environment and  farmer
interactions. Drinking water is becoming a
scare commadity in the mountaing. Needless
emphasize that safe drinking water-supplies and
environmental sanitation are vital for protecting
the environment, improving Thealth and

alleviating poverty.
Olyectives

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

Smdies on drinking water supply and
sanitation including hydrological aspects of
Springs.

T

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

Resules and Achicvements
1, Irrigation systems has been classified in

terms of water discharge at the head of the
system. For Kumaun Himalaya, the head



discharge is classified as small { below 1
cum}, medium (between 1-5 cum) and large
{above 5 cum). The largest culmurable
command area (69.84% of wwal CCA) is
covered under medium class  schemes.
Only14.79 percent of toral CCA falls under
small category schemes of below | cum
discharge. Large schemes cover 15.37
percent of wial CCA. About T80 villages
are benefitted from medium scale schemes.
Large schemes provide irrigation to 101

supply and each head load of warer
collection required 30 minuges,

. Recharge zone of near-extinet spring on

which the people were dependent for water
supply was treated with bio-engineering
measures. Water recharge was increased
guite substantially, the net increase in
spring vield during summer sesson in 1997
is depicted in (Fig, 1),

g ThOUSENGS (1)

villages whereas small schemes are found to
be beneficial to 240 villages.

(4]

Large category schemes have greater
potential capacity in both Kharif and Rabi
SEASONS (65.86% and 71.63%,
respectively). However, difference between
irrigation capacities of Kharif (62.11%) and
Rabi (60.31 of CCA) was minimum in
medium class schemes.

3. Drinking water scenario was studied in two
catchments of Garhwal Himalaya under
rural water supply compeonent. On an
average, the per capita drinking water
consumption was 1.5 1/d with total water
consumption of 29 Lic/d. Marginal changes
were found in water comsumption pattern
{Table 1), Most of the people were
dependent on spring water for rural water

— -0

- 9e-B  —F pBaT
Fig. 1, Spring discharge over thres waler vears afier
bipengineering measires.

= ar-48

Table 2. Household water consumption in the two watersheds (values are percentages to the

Household activities Dugar Gad Sriket Gad Average
Cooking 13.1 132 13.2
Cleaning utensils 20.0 286 24.6
Bathing 14.4 25.3 20.2
Washing clothes 250 23.1 2440
Cleaning houses 10.6 9.9 10.2
Tuailet 16.59 -- 7.8
Toral water 160+7. 182+10.0 171.0

consumptionil/d)
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5. Rainfall is the main factor which controls the
spring  discharge, The drop in spring
discharge from its peak value was ranging
from 70.4 (fracture/ joint related spring) 1o
100 percent in seasonal springs. Annual
water yield of springs was only 0.6 w 3.4
percent of annual rainfall.

3.L.4 Performance study of the existing soil
and water conservation practices in
Himalaya

Backgrennd

Soil and water conservation has been
identified as the need of the presemt time. A
number of conservation practices are employed
in the region which are of different scales and
nature. Some age old waditional practices such
as bench terraces, slope stabilization and

vegerative messures are alse used in the
Himalaya.  Quaniitative  and  gualitative
assessment  of  traditonal  and  modemn

conservalion practices is needed o suggest the
most  appropriate  technology  for  different
regions of Himalava.

Objectives

L. To identify the traditional and existing soil
and water comservation practices  in
Himalava and documentation of widely used
conservation measures in different regions

[

Quancification of soil loss in different land
uses with or withour the conservation
practices in selected smudy  areas and
performance  evaluation of low  cost
COMSErVALION Measures.

Lad

. Te estimate the suitability of the
conservation practices in terms of techno-

economic feasibility and sustainability for
development of the technology model for
soil and water conservation,

Rexults and achievements

1. A stmudy was initisted to carry out some
performance tests of low cost  bio-
engineering measures for controlling man
induced erosion in hills to assess their
techno-economic feasibility’s and
adaptability by local farmers. To conduct
the study 3 plots of 20m x 5m were
prepared for different treatments and 1 plot
was kept as control. Plots were treated with
physical measures like embedded waste
cement bags filled with soil and brush wood
structures. One plot was covered  with
polythene sheet anchored on all sides with
small holes for plantation. Vegetative
measures with species were applied on all
treated plots, The species were selected for
plantation on the basis of their ecological
behaviour, root characteristics, socio-
cconomic values and availability,

Bt

The smudy is in progress from mid Jupe
1997 and all plots are in initial phase of
establishment. No marked change in the
hydrologic behaviour of plos 2-5 was
noticed. However, as might be expected,
control plot 1 is generally producing more
SIlT in comparison.

3. Soil analysis of plots indicated acidic nature
of the soil (Table 3. Water holding
capacity varied between 14.89 to 21.51
percent. The available organic carbon and
nitrogen were found low as expected in case
of degraded soil. The particle size
distribution is presented in figure 2.
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Table 3. Soil physio-chemical properties at Katarmal,

Flot. pH  Percent Organic Percent Percent Sulphate Chloride
Mo, Carbon Nitrogen W.H.C (mg/g) (mg/g)
1 6.4 065 0.114 21.1 0.30 0.66
2 3 LS 0.174 14 8 0.32 0.26
3 6.1 1.04 0.473 18.5 017 1.28
4 6.6 0.88 0.121 215 0.17 1.32
5 6.0 100 0.239 19.5 0.18 1.28
& &l 073 320 20.2 0.16 1.99

-t |
—Pet g
| Pty
bl 1]
=P 3
Pl §

Pt e &

Fig 2. Panicle size distribution curve for the soils in the
study area.

3.1.5. Mountain Risk Engineering in the
Indian Himalayan Region

Background

The constraints of difficult terrain,
physiographic features, climatic variability in
addition to natural calamities in the form of
landslides, earthquakes, cloud bursts, etc, pose
real threats to the Indian Himalayan Region
{IHR}. On the other side the complex web of
ever  increasing population  and ins
developmental needs of construction, mining,

food, fuel, fodder, tourist/pilgrims inflow, erc.
have already dismurbed the region considerably,
In view of the accelerated soil erosion rates and
mass wasting processes and the growing
concern for effective stabilisation of hill slope
instability, a consensus is developing regarding
the wrgent need for co-ordinated efforis not
only from civil engineering and geological
sciences but also from the relevant disciplines
of soil and water conservation, plant and social
sciences. Careful and systematic approach to
site selection, process identification, harard
mapping and representation of mass wasting
processes is needed to define the level of risk
and its mitigation. This has helped in the
development of the concept of Mountain Risk
Engineering (MRE). The subject is considered
as the science and art of engineering mountain
infrastructure  giving due consideration to
natural and human processes, and the tolerable
risks to and from infrastructures. Thus, this is
an integrated approach to solving the infra-
structural engineering problems of hilly and
mountainous area. lis aim is to evolve cost
effective and site-specific design, as well as
environmentally conscious construction and
maintenance practices. MRE is being practised
in mountainous regions of various countes for
few years now.

Objectives

1. Formation of 2 multidisciplinary’ team




-
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trained on the integrated approach of MRE
to suseainable hill slope instability control,

Testing of framework for the propesed on-
the-job, on-the-site [raining activities,

Development of suitable approach 10 be
sdopted for local community participation
in the stabilisation work,

Rexulrs and Achievermenty

5

(Y]

fd

To develop a comprehensive package for
the ‘proposed on-site  traiming  and
moenitoring of the MRE activides in IHR, &t
was planned o develop few identified
potential sites in the Kumaun Lesser
Himalayan region using norms of MRE.
Sites representing the local conditions were
selected  on  the hasis of preliminary
reconnaissance survey in this region with
the possibility of implementing varied
engineering, binlogical and bio-engineering
measures, accessibility from the logistics
considerations.

The natre, extent and causes of landslides
for each of the site are different and hence
all these together can serve as Pilot project
for application of the concept of MRE. The
experiences gained in terms of degrees of
success and / or failure for the various hill
area development activities, have justified
the need for an inegrated approach for
fuire developmental activities involving
basic skills and knowledge of the relevant
disciplines of engineering, aeplogical,
hydrological and social sciences.

Land slide and soil erosion prone Kurmaria
micro watershed, Hawalbag ; The identified
site is situated between 79388 to 79°39 2
longitude and 29738 200 to 2973843
latitude  below  Joshiana  village of

Hawalbagh block in Almora district of Uttar
Pradesh. India. The site comprises of small
and medium landslips on both the flanks of
Kutmaria gadhera (stream), a tributary of
Kosi river. In all 6 treatmen paiches  for

implementation of varied MRE treaiments
have been idemified. The different bio-
engineering and engineering measures @ be
adopted are Gabion structure in the stream,
stone pitching of the stream bed/banks,
stream  profiling and alignment, slope
protifing of landslips for plantation using
brush  layering and Jule  neming.
Additionally, w provide incentives to local
people and  have their participation.
horticutrural  and  mult purpose  rees
plantation in abandoned agriculmral terraces
J old landslide area is being taken up.

Land slide site below Khoont village @ The
site is sitwated below Ehoomt village of
Hawalbagh block in Almora distriet of Uttar
Pradesh, on the right flank of Khulgad
stream. The site comprise of medium
landslide of about 200m length and 30 m
width, The primary ¢ause of landslide is
presence of an underground water source al
the crown portion, In consultaion with the
MRE experts, action plan has been worked
out for rehabilitation of this sitc and s
proposed o be taken up for implementation
during summer of 1998. The main bio-
enginsering and engineering measures w he
adopted are Gabion structure in toe section
i provide support o the loose debris from,
further sliding down, stone rip-rap drain
construction for disposal of all surface and
subsurface runofl, comsiruction of
vegetative hedge rows [or diversion of
runoff 10 the main drain @nd plantation
uging brush layering and Jute netting  at
suitable locations. Additionally, o provide
incentives to local people and have their
participation,  horticultural  and  muli




purpose  (rees plantation in  abandoned
agricullural terraces / old landslide area is
being taken up,

3.1.6. Badrivan Restoration Programme
Background

Badrinath Dham is situated in the gorge
of Nar and Marayan hills ar an elevation of
3133 m above mean sea level and remains
closed hetween middle of November to middle
of May. In recent past, some government
organizations have attempted trec plantations
arcund the shrine and in adjacent areas, One of
the reasons for this failure may be incorrect
selection  of species and age of the
scedlings/saplings. Probably the species planted
earlier did not tolerate the harsh climatic
conditions during winter months, Therefore,
mroper selection of ree/shrub species would
secm essential before initiating any afforestation
drive in and around the shrine of Badrinath
Dhany,

Ohjectives

L. To involve pilgrims and local public in
environmental conservation and promotion
af general environmental awareness.

2. Prevention of soil erosion and stabilization
of the soil around Badrivan,

3. Revival of Badrivan.
Results and Achievements

|. The nursery of high altitude trees/shrubs at
Hanumanchatti (2.500m amsl) in Chamoli
Garhwal was maintained and streng thened
properly and successfully during the year
{i.e. from the middle of May 1997 10 the
middle of November 1997; the opening
period of the site). Seeds of fourteen
promising  high  altitede  trees/shrubs

(namely, Berda wilis, Bemla ailnoides,

Juglans regia, Cedrus deodara, Pinus
evcelsa, Taxus buccata, Almus  spp.,
Ouercuy  spp.. Aesculus  indiea, Pyrus
armenica, Saliv  spp., Prunus  comuta,
Viburnim  contifolium  and Hippophae
salicifolia) were also collected during the
vear and subsequently sown both at

Hanumanchatti nursery and Kosi nursery of
the Institute, OQut of 29,066 seedlings of 14
plant species, which were available in
Hanumanchatti nursery upto  November
1996, only 26,080 seedlings of plants
survived upto the middle of May 1997,
During the year, Hanumanchatti nursery
was enriched by 10,085 seedlings of various
high altitude trees/shrubs,

Hanumanchatti .

2. Project site development work for the
development of Hanumanvan was  also
carricd out at Hanomanchawi during the
year, Three thousand and 1en (3,000)
scedlings  of variows  high  altiude
trees/shrubs were also planted at the project
site. Data on heisht and growth of the
seedlings survived at Hanumanchatti project
site were also recorded during the vear, The
project site was also maintained and the
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care of plants for winter season was also
dene at the site during the vear,

3. All the project sites at Badrinath Dham were
also  maintained  and  strengthened
successfully during the vear. Two thousand
five hundred and fifty five (2,555) seedlings
of various high alimde irees/shrubs were
planted during the year at different project
siies in Badvinath valley, Survival potential
of the trees, which were planted in
Badrinath valley before November 1994,
was  also monitored in May 1997 and
Movember 1997 and 61% planis were
observed  well  survived. However, the
seedlings of Almes spp. were nol observed
survived probably due tw the prevailing
harsh climatic conditions at Badrinath from
MNovember 96 o April 97, Daia on heighy
and growth of the seedlings survived at
Badrinath valley were also recorded ar
different project sites.

4, Om the reguest of the local inhabitants of
Badrinath  Dham,  Jamun  Distribation
Ceremony (seeond of its kind under Plant

Distribution. Ceremony,  PDC)  was
organized on  [%th  August 1997 ag
Badrinath. Ower 300 well  established

seedlings of Jamun (Prukis cornula) were
transported from Hanumanchatti nursery to
the Badrinath and distributed from  the
premises of Badrinath Temple, free of cost,
among local inhahitants, priests, saints and
army persennel for planwation in and around
their  hahitation,  Scientific and technical
mnputs by the [INHI core staff members were
also provided 1o the concerned persons.

3. As per one of the objectives of Badrivan
Restoration  Programme,  environmental
awareness in and arcund Badrinath area was
also created among the people from all
walks of life. Fourth Ritwal Distribution of

Tree Seedlings and Planation Ceremony
(RDTSPC) was organized at Govindghat
{25 kms before Badrinath) on 3rd October
1997, This ceremony was organized after
gelting an invitation from the Manager of
Govindghat  Gurudwara,  Govindgha,
Chamoli Garhwal, U.P. The ceremony wis
inaugurated by the Chief Granthi (Mr,
Jaswant Singh) of the above-mentioned
Gurodwara.  Establishment of " Sacred
Guruvan®  at  Govindghat  was  initated
during the occasion.

6. Fully inspired by the activities of Badrivan
Restoration Programme st Badrinath Dham,
the ITBP officials posted at Mana in
Badripath agreed o start plantaion in ITBP
premises under the guidance of INHI core
of the Institute. In its inital phase, 300
seedlings of various high altitude trees were
provided, free of cost, w the jawans of
ITBP during the month of August and
September.

3.1.7. People and Resource Dynamics in
Mountain Watersheds of the Hinduw-
Kush Himalaya (PARDYP)

Buackground

The owerzll goal of the project is 1w
improve the undersianding of environmental and
socio-gconomic  processes  associated  wilh
degradarion  and  rehabilitation  of  mountaiin
ecosystens and to generate wider adoption of -
proposed  solutions by the stakeholders.  For
gchieving this goal. this project has a vision of a
fong  term-commitment to foster bhemer field
work, more appropriate inlerventions, enhanced
participation, and wider communication between
researchers, policy-makers, and the
communities. The watersheds selected for the
studies  and  programme  implementation  are
Bhetagad and Ganur-Ganga waiersheds (297 50
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amd 29° 35 N and 797 2" 10 79 30E). These
watersheds are a part of the Gomi watershed of
the UI.P. Central Himalaya. Bheragad has been
selected for detailed study for meeting the prime
ohjectives of the project, whereas, Garur-Ganga
has been selected for socio-economic studies and
changes in landuse during last 30-40 years.

Chbjeciives

L.

-4

To generate relevant and representative
information and technolopgies about “water
balance and sediment ransport related 1o
degradation on a watershed basis,

To idertify technologies and sirategies to
improve soil fertility and 1o control erosion
and degradation processes in a  farming
systems' approach;

To generate socio-economic information on
resource management and degradation:

. To systematically apply community-bascd

participatory  generation,  testing,  and
evaluation of naral resources’ management
strateeies and technology.

Results and Achievements

(=]

A close network of meteorological and
hydrological stations has been established
after selection of appropriate stations to
optimise data gathering and evaluation of the
key processes in the watershed. These
starions reflect and address the spatial as well
ag the temporal variety in forest, grazing,
and cultivated and degraded lands, as well as
in commeon and private lands,

Five meteorological stations have been
established and their sies’ selection was
hased on nearness to the gauging station and
erosion plots, representative altinde of the
catchment, availability of soitable lamd. The
stations are recording rainfall, temperature,

. Detailed

humidity, wind velocity and direction. and
sunshing hours by using various digital,

analog  and  logging  instrumentss.  Six
hydrological starions have been established
based on land use, slope aspect, soil

characteristics and forest cover. Four stations
are equipped with automatic warer-level
recorders and manual gaupes, and the rest
two, which are on seasonal streams, with
meter gauges only. Discharge measurements
are done throughout the year using current
meters in high tides and salt  dilution
technigue in low tides.

Four erosion plots of 100 meter sg. (2015m)
each have been established in four land use
systems viz. tea garden, Pine forest, upland
agriculture field and degraded open grazing
land,

The rainfall inputs, evaporative losses, crop
requirements,  mnoff  and  smeam-flow
dynamics are being examined with emphasis
on  seasomal  variations  (pre-monsoon,
moensoon,  and  post-monsoent  individual
storm events, and land use

An action research approach is being wsed,
adopting PRA technigque w study and analyse
the diversity of farming practices in crop and
livestock combinations ( forest. agriculture
and livesteck  interrelationship),  femility
management. and use of other resources
(farm and non-farm).

socio-cconomic  information  on
management of various matural and human
resources are being collected as an essential
prerequisite o interventions, Secondary data
from various sources have already been
collected 1o know about the decadal changes
on land use, essential amenities, [TANSPOIT
network, use of organic and inorganic
fertilizers,  irrigation  system,  forest-
agriculture-livestock interrelationships.
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3L SUSTAINABLE DEVELOPMENT
OF RURAL ECOSYSTEM

3.2.1. Supstainable Resource Management
Strategies for Rural Development in
the Himalaya

(a) Natural Resource Management for
Sustainable Development

Background

This project was initiated in 1992-93 for
imparting advanced training o some of the
Institute’s  staff  for advancing  scientific
knowledse on watershed processes and, for
developing and demonstrating the utilization of
local resources  for  sustainable  mural
development based on participatory approaches.

Objectives
and

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

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

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

Rexulis and Achievemenis

For Himachal case study

1. Crops grown with Pinus wallichiana leaf
litter and without the liter showed that in

case of paddy and finger millets, vield was
always higher in the litier conditions than

the crops grown without litter. However. in
case of maize, not much difference was
noted except yield which ranged 23.74 1w
10.12% st Tichi and Rolgl. respectively.
Yield of paddy and finger miliet were
always higher on lower elevation at Tichi
(1600m) than on higher elevations at Rolgi
(2200m). ln general, maximum positive
impacts were shown by paddy and finger
millets.

7. Structure of agricultural system  during
summer cropping  season  (Kharif)  was
studied for Tichinal watershed. Out of 38
plant species found, 15 were summer crops
and 33 were wees and bushes of various
uses. Mearly 94.26 % of total density was
occupied by summer crops and remaining
5.74 % by trees and bushes. However, 54.6
% of total Important Value Indices (VD
was of summer crops and 45.62% of ee
and bushes. Food grains were maximum in
IVl (27.07% of total) followed by fodder
and fuel wood (24.74), pulses (19.47%) and
fruit crops (15.71) (Fig. 4),

Food grains

Wopatables

Puses b

Fibre areps 7

EHmn

[ buraity

o Mos. ol ipecies

Fig 4. Number of plant species, density and IV (all 1n %)
of summer crops, frees and bushes maintained
along terraces of agriculiural systam.




AN

3. Energy (MI/ha) outputfinput ratio in three
micro-agro climatic  zones  of  Tichinal
watershed showed that villazes < 1800m
represented more or less similar patiern of
energy input/output ratic. But, there were
considerable  variations of energy and
monetary (Rsfha) output'input ratios in the
crops cultivated above the ranges of 2200m.
On an average in both-energy and monetary
indicators, crops grown in the upper maost
micra bhell were found guite productive
rather than the crops in the mid and lower
altitudes. One of the most important ressons
for this might be close proximity o
surrounding mixed forests which brings
high nputrients and  humus  through
downstream surface runoff to crop fields
along with high application of manure
inputs 45 compared to low lving crop fields.

4. Considering the whole watershed as & single
system, it was found thar output'input ratic
of barley (< 1B00m), finger millet and
wheat (>2200m) in energy aspect were
notedd 1o he profitable. On the contrary
black gram (< [800m) and lentil { > 2200m)
were found o be beneficial as compared o
other crops. Most of the crops were nearer
to achieving no profit and no loss but they
were again very few throughout the system

LFy

. Perishable fruit crops like apple, pear and
plum are not profitable crops of Tichinal
watershed due to lack of road link. Farmers
of Tichinal watershed area were encouraged
(o plant and develop muet fruits as cash
crops. Each howse hold of all the villages
falling in the area were given nut saplings
{5 walnut and ! pecanut) in month of
December 10 develop nut fruit as a source
of income.

For 11.P. Himalaya case smudy :

Resource sams mapping was completed
and the map outputs are ready for publication,

Land use, land cover change analysis have been
completed. However, the remote sensing data
interpretation  accuracy  verification  using
ground truthing s pending (o finalise the maps
and tables. Some of the significant findings are

1. Conversion of forests under civil or
vanpanchayal area 1o agriculre is the most
significant land cover change between 1963
and 1996, However, the rate of ¢hange is
guite less berween 1986 to 1996 and it could
be attributed 1o the world bank watershed
development  programme  where  the
afforestation  amd  other  infrastrucooral
development works were cartied out, This
pethaps met the fuel, fodder and other
MINOr CCONMMIC MEgUIrements,

2. The ground  wverification of  most
afforestation sites indicated thay though the
success of such efforts were pood during
the implementation phase, the resources
developed were already extracted afler the
project monitoring staff were with drawn
from the area. This suggests that there is
requirement of constani inflow of money in
order to  maintain  the environmental
balances, Detailed technical reports are
under preparalion.

1] Agroforestry and Restoration Models
for U.P. and H.P. Hills

Backgrouhd

Agroforestry is argued o be a spund land
management aption meeting both environmental
and developmental imperatives in the hills,
particularly on the slopes, Agriculmre, forests
and animal husbandry are interlinked across the
Himalaya. However, the namre and magnitude
of these linkages wvary. Agriculiure in the
Himalaya continues o be of subsistence type and
peoductive potential of cropland depends upon
the organic inputs derived directly from the
forests in the form of litter or indirectly through




AN

amimal dung. There is a need to gvaluate the
coste and benefits of introducing trees in
croplands,  identifying potential  species,
standardizing the propagation and cultivation
techniques of the identified species  and
rejuvenating the rraditional agroforesiry systems
with appropriate science and technology inpuis.

Obfeciives

1. Te idemify agricultural land use practices
suited w the ecological and SOCo-EConamic
afiributes  of the area and  their
implementation in the field on experimental
basis.

3. To evaluate the acceptability of the identified
management practices by the people.

3. Toundertake fundamental researches so s
design refinements in the existing/identified
agricultural land use practices for sustainable
development.

Resulrs and Achievements

[. Magniade of nulfient relurn through liter
{kg/ha) of six different multipurpose tree
species were studied in the Ciarhwal Tegion.
Maximum was recorded for F. glomeratd
and minimum for F. roxburghii  on
agroforestry site. However, on restoralion
site, of the two species studied, A. nepalensis
showed significantly higher nutrient return
than A. lebbek (Table 4). The rate of leaf
fitler disappearance of thesc species showed
inverse relationship with the C:N atio.

2. The impact of shade on the productivity was
more pronounced in the Kharil crops than in
the Rabi crops. Kharif crops were generally
arown on the plots where the canopy of the
MPTs were left intact. About 50 times less
grain wield was recorded when compared

wilh crops grown on control plots or an the
plots where only 25% canopy of the MPTs
was left infact.

Among the total 13 MPTs planted on the
agroforestry  site after 3.5 year Alriey
nepalensis  showed  significantly  higher
(52.60 kg/individual) biomass than others
while lower value (8.00 kg/individual) was
ohsepved for Pyrus pashic. On restoration
site, . nepalensis once again had the
maximum (40.00 kefindividual) biomass than
the other (17) planted species, Lowest
biomass was, however, recorded for Quercus
glawea.

. Impact of different MPTs on soil chemical

properties in different seasons, depths and
distances was also analyzed on agroforestry
site. Organic carbon showed significant
varialions in different seasony under each
species. Higher soil organic carbon was
phsepved in spring and summer $easons
while it decreased significantly in rainy
season. Generally, the upper soil horizon {0
15 em) under each sudied species had higher
organic  carbon,  total nitrogen  and
phosphorus than the lower soil horizon (16
30 cm). Total soil nirogen was observed
higher under nitrogen fixing species han
non-nitrogen fixing species, Percentage of C,
N and P generally observed higher in
thizosphere soil than the soil at 2 m distance
from the tree,

Physico-chemical properties (moisture, water
holding capacity organic carbon and total
nitrogen) of the composite spil samples of
agroforestry and restoration sites showed
significantly positive change {750%) in the
above properties afier 5.5 year of plantation
when compared with the same properties
ohserved at the time of plantation.
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6. Swudies of stams of indigenous agroforestry
system was studied at 5 locations in lower
Kullu valley (Bajaaura 1100 m, Garsa 1200
m:  under Sl.lb—tecmpe:rale agro-climatic
conditions and in Upper Kullu valley {Phozal
1400 m, Khumarti 1600 and Malana 2700 m;
under temperate agro-climatic  conditions).
Total 51 woody species (35 trees and 16
bushes) were found in all the 5 locations,
Studies from Bajaura to Malana showed that,
for trees, percentage number, density and
IVl were reducing with increase of altitude.
The reverse trend was noted for bushes.
Among the wees, density of fodder/fuel
wood frees were maximum ranging from
22.9% w 11.5% with increase of altinude,
Density of fruit/fuel wood tree ranked
second after fodder/fuel wood trees. Among
the bushes, bushes used as fencing material
around agriculnural fields were firsi in rank
ranging from 40.0% to 43.2% with increase
of altiude,

7. In the areas like Phozal and Khumarti, where
fruit trees has been extensively introduced as
cash crops, diversity and density of
Fodderifuel wood crops has been significantly
reduced. Large mumber of fodder/fuel wood
trees from edges of the terraces has been
replaced by some fruit crops of commercial

value.

% In temperate agro-climatic conditions of
upper Kullu wvalley, temperate fodder/fuel
wood trees (Pyres malus, Pinus wallichiana,
Prunus armeniaca, Ouercus delatata, .
incang, Morusy  serrata and  Ulmus
wallichiana were found in higher density and
IVl Except Morus serrata all are lopped
after 3 years and has shade effect on under

SIOTY CTOPS,

4. In Khumarti about 13% of one ha area was
affected by shades of tree crops maintained
on the edges of terraces. Apple contributed

4.8% of one ha area, followed by Pinus
wallichiana 2.7%. Percentage shades of
Prunus armeniaca, Quercus delaiata, and Q.
incana ranged in between 1.7 10 1L.4%

10.In general. 23.5+4.4% plant height and
264+6 1% diameter mcrement  Wwere
reduced for maize crops grown under shades
than open. Lowest negative impacts (13.9 %
in plant height and 535 % in diameter
increment) was observed under (. incana,
and reverse was with Pruhus armeninca and
Pinus wallichiana (44.2 10 47.9 %)

11. Shade effect was not noted under Celtis
ausiralis, Ficus palmara  and  Robinia
pseudoacasia which are lopped annually.
Larger trees of Grewia oppositifolia has
shade effect on understory crops, but farmers
chop down the thick branches afier 5-7 years
interval for fuelwood and manage smaller
crown size to minimize shade effect. Except
Grewia oppositifolia, other species are also
found in upper Kullu valley in relatively
lower densities upio 1600m elevation.

(c) Resource use pattern of transhumant
pastoralists

Background

Transhumance is i historical
phenomenon  evolved as an  adaptation, o
extremnities of physical environment in remote
and high Himalayan mountains. |t encompasses
essentially varying degrees of dependence on
agriculture and pastoralism to secure human
beings. The very existence if this life support
gystem and preservation of culmral values by the
societies practicing them for centurics offer a
scope for deeper understanding of sustainability
and for getting an integrated view of the social,
cultural, economic and environmental facets of

development.




Table 4. Nutrient return through litter

rehahilitation sites at Bansward.

2

{ke/hal/yr) of various multipurpose tree species on land

Site/Species Nutrients
= Carbon Mitrogen Phosphorus
Agroforestry site
Athizia lebbek 399.25 26,93 1.40
Alns nepelensis 656,50 4560 2.67
Heretimeria rigdosa 61594 23.57 4.27
Phalhergia SiEsoo 354.13 2435 1.91
Ficus glomerala 66663 45,53 4,36
Fictis voxhuergii 21700 .28 1.07
Restoration site
Albizia lebbek 323.90 14.15 0.79
Alries riepalensis 1114.33 Th 16 4.50
CHyectives 2. The major proportion of the cultivated land
of Jadhs is occupied by potato (79 fe) where
. Te compile and analyze the higtorical a5, 33 % land area otcupied by buckwheal
sccounts of social, culreal,  religious. and petato in Telchhas and 46 % land area
pokitical and ceomomic  seup of  these nccupied by potato in Merchhas.
transhumanic people.
3 Labour allocation patern by male, female
3 To analyze the spatial patierns and temporal and children were studied in agriculiure and
trends of the fundamental requirements of kitchen garden among these communities at
these people, their hoth dwellings. 1t was found that the
male and female of Tolchhas spent (% LT
3 To ciinate the efficiency of resource use in Labeur in hours than Merchaas and Jadns
rorms of both economic and ecological costs,
and 1o amalyee  the gquestion of their 4. It was observed that 95.8 % of sheep

sustainability.

Results and Achievemens

T Gerbywrs) case study

¥

Major  factors which influence these
commiunities o migrate were the absence of
grazing lands and heavy sl n the avea.
Amnong The communitics, Folehhas cultivated
vartous crops inmised and monocropping
where  as Moerchhas practiced  only
edropping,

disposed were sold by Jadhs where us in
werchhas and Tolehhas it was about 80.7 %6,
This was becayss e Merchhas and Talchhas
dipented more o thar Tivestoek for wool,
mieat and transport services than Jadhs

For Arunachal case study ©

Vak Therding and grazimg is the metin
seeupation of Monpas in three if their pure
penmadic willazes  thin compared 10 seni
agriculturists, Sale and barter exchange of
vak milk and milk products s the matn
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sovree of their livelihood, which is done with
e semi-agriculturist Monpa.

2, The Monpa yak grazers are  strictly

pelvandrous society. and still practice i in
their traditional mamner, but. have staried
considering it as backward and old practice |
They are able o maintain and 2raze their
yaks in the forests and meadows for a longer
period of time. due w the polyandrows natune
vl their societry which takes care of their
family,

ad

The non-transhumant Monpas  are  semi-
agriculrist, and cultivale maize, barley,
millet. soyabean and potsto. Agriculture is
dane in mostly rainfed conditons, and in
general energy input in the form of orzanic
manure @nd labour was quite high in their
cultivation as compared w the agriculture
lowry below in the lower elevation.

4. The agriculrisis Monpas use 70 % of their
produced crops of miller, barley and maize in
the making of local drinks after fermentation,
and depend on the supply of food grains
through public distribution system for their
fiwnl regquirement.

322 Desipning, Developing and  Testing

Sustainable Natural Resource
Management Muodels through
Peoples’  Participation in  Critical

Villages in Nanda Devi Biosphere for
Achieving  the Ohbjective  of
Conservation of Biological Resources
in the Himalaya

Boekgreonid

Reconciling economic developimem with
bindiversity conservation has become one of the
most impovtant  elemems in the search for
sustainable  development.. This  problem s
particalarly acuie in remote rural areas of the

country where hiodiversity s conceitrated and
where poverty tends o be pervasive. Facing a
range of developmenial erises with limited public
funds, most of the region/area has invested Fitle
in biodiversity conservaton as is the case of
MNanda Devi Biosphere Beserve, Partlly as a
resule, fragile and unigue ecosystems are being
dearaded or converted W agricultural use on g
large scale. As the habiats are  desiroved,
countless plant species face considerable danger
of extinction. Many of these species may b
unknowiy Lo seience fully, their potential henefis
therefore remain unknown or unrealized.

CMreciives

I. To desizn. develop, and feld test nameal
FesqrIrce mansgenent modeks.,

2. To study qualitative and quantiative changes
of Tesources.

3 To sdy sovio-economic impacts of various
programmes on the development of the rurgl
SySIEIms.

Rexlts and Aclievemerny

. Ewery wvear a laree number of livestock arg
killed by the leopards i the wvillages of
buffer gone. The highest number of reported
losses include sheep (3320 and goats (276).
The toral monetary loss of livestock killed by
wildlife for whole buffer zone villages during
the period of eight vears (1988-9%6) was
estimated  abowt  RBs, 1024520 (RHs.
384 0/ amilyiyo,

2 The wildlife causing erop damage include
ungukares. monkeys, wild boar and bear, The
total crop dammsee in the bufler songe vilkiges
wits evalwited aboui 63634 kedve which iy
eguivillent w the monetary cosis of Ms
5386200, Besides, the damased done by
wild bear v honey  hives gquntified  wnd
estimated abour oo be Bs 60,2800
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About eight economically promising specics
(Al dwmiile, A, steachevi. Sesured
cosis,  Angelive glanea, Plewrosperimmm
dngeliceides, Megararpaea  polvandea,
Cargm cont and  Dactvlorehize larazirea)
used for medicine, spices. condiments and
vegeiahles heing  cultivaied by the
Rhotiva wites Tor the last two o three
decades, These were studied inrelation o
lweir agronemic practices, uses, ethnohotany.
viecld potentinl ind  cost-henefit amalyses
associnted wih the cultivation.

AT

Amenge e medicinal plams, per ha vield per
venr wias found Nighest for Soesstred cosfus
followed by Plewrospersmum  angelicoides
and  Amgelice wlece wler cullivation §
compared towitd, The outputinpus analyses
using menetary valies indicated Caram cany
privided Trighest returns and AL pelvendrg
provided Jeast reiurms.

Dige to fck of ommuized marketing, majorisy
af e cultivamed medicinal plant produce is
still used w barter fur food fems. Of the
wial produce (7694 kg/yrd, least (5503
kaivr) s used lor seli consumption and
i b (4038 kosyr) is used for barter and
the restis being marketed directly (Table 51,

Most of the focal people of the buffer zone
villages were found dependent on herbal
treatment  (ditional  Beadth care sysieng.
Out ol the ol populatoen, 92-93% were
found dependent on herbal treatment and lso
preferred i, while only T-8%
preferrmg  allopathic medicine, For fifleen

WEre

maior ailments assessed in detail, 93-96% of

househelds  were  found  dependent on
praditional health care sysiem W cure these
speciliv diseases (Fig. 5).

T ol ihe heusshnlds

Fig
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3. Dependency of the huffer wone villiges of NDBR
on traditiemal healii care sysiem and allopathic
trestmeni Tor different atlmems,

Various  aglion  oriented  developmental
activities have been inftiated in ihe bulfer
vone villages 1o integrate conservation with
humss needs as o resolve rescrve-peopls

conflicts.  These aceivities  includes  land
rehabilitaion,  promoting medicingl - plant

cultivation.  hertculure, value addition of
wild edibles and eco-tourism in the buffer
FORE arcis, .

8. The average survival percentage of various

multipurpose  trees  alier six months  of
plantation declined from 76% 10 59% and
from 78% o G7%. respectively. ol mwo
different land rehabilitation sies i the buflfer
zome area of NDBR, Various cost-effective
wechnologies  such s water  harvesting,
mulching snd seedling guards (made up of
locally available resources) were introduced
to enhance the survival and growth of the
seedlines and also o protect them against
[rivst amd s




Table 5. Quantity (kg) and monetary equivalent (Rs) of different cultivated medicinal plants
consumed, exchanged and sold in the market by the villagers of buffer zone of NDBR.

Sciemific Name Cuantity  Monetary Cuantity Monetary  Quantity sold 1o
consumed  equivalent  exchanged eguivalent  trader fin
(k) (Rs) ‘harter (eg)  {Rs) miarket (ke)
Aliiwan huamile B 4730 2232 122760 1402
Allivern strachevi 25 1375 686 37730 433
SUNURET CO5IHS [Z3 3075 341 2525 565
Angeiica glawca 170 4250 472 [ 1800 303
Megacharpea polvandra 105 1575 a5 o735 .
Carrum cervi 5 B0 140 11200 252
_Dactviorthiza hatagirea 1.7 382 9.8 2205 32.5 _
3.2.3. Inventory. Commercial Ulilization and Chjectives

Conservation of Agrobiodiversity for
Sustainable  Development of the
Buffer Zone villages Of Nanda Devi
Biosphere Reserve. (funded by M
E&F, Govi. of India)

Background

Traditional crops constitute an important
companent of the sgriculiure of the buffer zone
villages of Nanda Devi Biosphere Reserve
(NDBR), These crops though are low yielding,
are preferred because they are stress-tolerant,
resistant to disease and pests, have a good
nutritional  qualities and adapted 1w  crude
agronomic practices, and dependable. These
craps Nave net been so wested for their potential
and npo attention has been paid for their
improvement. But in recem vears the agro-
diversity of this region is under severe threar of
depletion. There are several interacting factors
that are directly and indirectly responsible for
this genetic erosion and  for creating  an
imbaidnce in traditional agro-ecosystems of this
region.  With rapid  depletion  of  genetic
diversity of crop plants there is considerahle
nerest in traditional under-utilized crop of
fovd value for meeting the needs of increasing
population,  particalarly W the developing
wiorld.

L. To survey all plant species of potential food
value which have heen domesticated by the
traditional societies,

2. To work out the exitent of area under
cultivation with the allocation of fand to
traditional  under-utilized  crops by
individual families in relation o the total
cultivable land of a family.

[

To analyze the land management culwral
practices and cco-physiological
vequirements of traditional  under-utilized
crops and their comparison with common
CTOP agro-ecosystems,

4. To swdy the contribution of traditional
under-utilized crops in meeting 1he food
requirements  of traditional  societies in
lerms of quantity, encrgy and protein,

n

To compare the nutritional atributes of the
traditional wnder-wilized crops with those
of commen food and cash crops.

6. To identify sirategies for vield Improvement
and conservation of the traditional under-
utilized crops,




Resuliy and Achisvemerits

. In-depth survey has been carried out in the
buffer zone villages to cnumerate the crop
diversity and their wild relatives which

include  cereals,  pseudo-cereals,  minor
millets, pulses, ol  yielding craps,
vegelable, spices and condiments, fiber,

domesticaed or semi-domesticated
medicingl plants and fruits, So far, a total of
55 species of above caregories have heen
recorded alomg with their scientific name,
vernacular name and distribulion range,

b

The survey also reveals that the traditional
eraop diversity of the buffer zone villages
have declined rapidly during a very short-
period of two and half decades (1970-1995),
These crops have mostly been replaced by
high yielding wvarieties of wheat and
traditional ¢ash crops like potato, kidney
bean. amaranth and bockwheat (Fiz. 6).

324, An
production
sustainable
hioresources.

assessment of  asricultural
and strategy for
development of

Buacrgronnd

Keeping in view the ever increasing
propulation of human and livestock in the rural
mountain areas, i has bhecome imperative 1o
assess the production of biorescurces such as
agriculture, fodder and fuel in the different geo
environmental conditions. It is not possible w
study and quantify the entire mountain région,
hence. 4 representative site in Hawalbagh block
ol Almora district has been selected for the
detatled swdy, [ order 1o assess the production
af bBioresources, the whole block has been
divided mto three abtipudinal zones, and around
13 villages in-each zones have been selected for
the dewiled study

E_i | 1.
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Fig. & Change in area (had under different crops at three

- different tmme periods in the buffer zone of
NDBER.
CHfectives

1. To quamify the agricoloral production in
the existing prevailing conditions

2. To assess the contribution of agricalmral
production to the wial food reguirement.

3, To guantify the (oal production  and
consumption of fuel and fodder resources.

4. To assess the wal production of differem
land use calegory,

5 To adentify the possible aliernate for
impraving the productivity of these landuse
cllegories,
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Resalis aind Achivvemenis

I Secondary inlrnation rezarding
agriculture,  fivestock, various  land  wse
categories and  demographic tremds have
ien collected and compiled.

2. Based on  the digital and thematic
imformation, villages have been selected for
the detziled study.

ek

Primary  survey  of 32 wvillages  for
demographic parameters and livesiock have
been compheted,

4. Based on wposheers draimage  puttern,
landiese  map,  altitodinal  zone  and
pheingraphy have heen prepared.

3.3 CONSERVATION OF BIOLOGICAL
DIVERSITY

3.3.1. Studics on Biodiversity: Fragmentation
and  Conservation  of  Ecologically
Sensitive Habitats of the Himalaya

Herekarowned

In vigw of the increasing popalation in
the Himalaya many habitats are being constantly
converted into simpler systems for providing
miore harvestable soods 1w the people. As a
pesult the scepario of habitat heterogeneity and
species diversity is changing. The identification
and characterization of habitats of the Hinwalaya.
especially those supporting sensitive biota is of
paramount  importange  for  identifving  the
disruptions and magnitude of pressures leading
o habitat  degradation  and  estrpation  of
important species, The consequences of habital
fragmentation are multiple. Therefore, the whole
process has a negative effect on the population
sive, extinerion rates and dispersa] capacity

Onectives

. ldemitication. classification and mapping of
important habitats,

2 [demtifving  degree  of  bione and
anthropogenic pressures causing
fragmentation.

3. ldemifying
laxg.

habitats that support important

Resiilrs and Avhievemens
West Himalava - Askot Wildlife Sancary

1. The quamdificarion of alpiné vegetalion in
differem habitas was done. Bepresenting o
tomf of 147 species of angiosperms. (135
tavay and peeridophytes {12 taxa) of which
T1.43% are mative o Hima laya.

2. Among the Himalayan natives Acondnm
Sefeosterti and Kebresin dutfiel are nirrow
range endemwic and Prmpinella aowminglo
Plenrospermum elervi o, Lavmce
FricreFaIi T, Seroysiudlaric himnalensis,
Athvriun rubricande and A, durhiel are wide
range endemic. The low density of all the
endemic except Kebresia duthief v their
respective habitats is revealing (Table 6).

3. The lew density of anthropogenic specics
like Aconimm balfouri, A heteropivilum,

Altiwm fwmile. A, wallichil,  Dactlorhiza
hatagired, Jurinella rcrocel,
Meconopsis  acnleara, M. panfoudara,
Mardastachys grandiflora, Picrorhiza

kurrooa, Shewmn speciforme and  Soussured
elvarllarg Indicare their poor availability in
the area {Tabie 6.

4, Consadering frequency distribution of all the
species/habitats 1ogether, 90 (61 2%) tuxa
showed low (<20%). The high fequency
axa are relatively few (12.24%),
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MNorth

Armwng habits, the alpine slopes (South
West, North West North East. North and
Wesl aspects) were species rich (2 30 taxa).
Shannon’s Index of diversity ranged berween
L43 1w 3.58. Alpine slopes (NE, NW and
SW) exhibited higher values (= 3),

The evenness values for all the habiis
vanged between 0.40-0.94. Fourtesn habitais
stowed evenness valoe = 0080 indicating
almost regular distibation of species.

Continuing with previous studies on crop
diversitv, six species were meniwred [or
hiomass  and  production(erain - vield) i
ditferent elevations. The tomal biomass ol
Trittewm aevilinon (Kalyan var) and Lens
eortelentet decreases along the  alGuding
oradient. However, in Piswm sativam, Zeo
s and Elewsine coracana the 101y
bicinass 15 high in mid-elevational village
(Choptiey compared o low (Baram) and high
(Manli) elevational villages (Takle 7)

The erain production (vieldy of Triticin
aestivieny (Kalyan var.y, Hovdewm vilgar
and  Lens  esculenta decrepses  with  the
mcreasing elevation. However, the vield fo
Pivwn  sarrvmen, Lo omavs and  Elensin
covacang B bigh in the mid elevational
village compared o low and high clevational
villages (Table 7).

(Kanawar  Wildlile

Wist  Himulaya

Sanciuary- KWI1S)

Analvsis along Sicku-Opi Thach. a high
altitude  tramseer (2100:3700m) of KWLS.
revealed presence of a4 wial of 1 woody
taxu, comprising 30 rees (9 everzreen and
21 deciduous) and 31 shrubs (16 everareen

Ratio

-_—

and 15 deciduous) species. The zone berween
2501-2700m  in upper lemperate  foresis
supports maximum woody @axa (30, The
two frapsition zones, viz, 3101-3300m and
3301-3700m have been identified on account
WXL species mrmover/diversity ratio,
ie. 1.5and 1.57, respectively (Fig. 7). Buoth
the zones have heen idemified as rich
Fubritars For wildlife
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Table 6. Distribution and status of species in alpine region of AWLS.

Taxa Frequency Diensity RDB
(%) {Ilnd/m") records
Endemic
Avonitum falconerii T7.41 1.5 -
Atfrveien durhiel [N 0,104 +
A. vabricenle i1.11 0.1-1.3 .
Kobwesia duthier 2202 35481 -
Laciea macrovfiza 111 0.1-0.5 z
Pimpinetla acuiinara 3.70 L2 -
Pleyraspermuen densifTorim 1111 1.0-1.8
Seropluelaria fimalensis 11.11 0.1-0.5 -
Anthropogenic
Aconitun bl 14.81 0109 -
A. heweraplylium 3.70 1.0 -
Allivnt heeieife 370 09 -
A. wallichii 29.63 0.22.6 -
Dactvlarhiza hatagivea FEIT 0,307 -
Jurinella macrocephala 30 0.7 -
Meconopsis aouleata 18.52 0.240.7 2
M. paniculat 370 0.4 -
Wardostachvs grandiflora 28.63 1,249 +
Picrorhiza kurrocd 18.32 1.1-8.3 +
Sanzsured obvaliata L1 Ll 0.7-1:6

RDE = Red Data Book of Indian Plants

Table 7. Biomass (kg m*) and production (yeild, kg m”) of crops in the villages of AWLS

Crop species Baram ( [0 Chopta (14080} Wlaitli (2000)
[(varieties)
Total Yield Total Yield Total Yield
briomass hioinass hinmass
Tracwin 394 |0 J.o% 098 380 (.42
gresrivim (Ralvan)
Hardeum valpare 344 1.50 | .44 0.93 586 1.25
Feny cioulenia 0.6l 0.32 (.60 014 (.24 .10
Py sativian .10 (.03 017 0.13 .06 0,02
il Hiys 3.43 0.78 591 2.68 .83 094
Elensime covacana .31 L 0.75 0.25 017 0.0R
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2. lnwentories on bioresources, their use pattern
and traditional knowledze of management arg
being made.  Specics-wise, monthly  fuel
wond  consumption  patern {1996-1997) s
anmalveed, Fight species for upper and twelve
for the lower zone village had their major
contribution w daily households” fugl wood
consumption (olaling as 48.1 kg HH' day’
and 3(L1 ke HE' day'. respectively). For
upper zone. the maximum consumption HH'
day " is obmined for the months of November
(600 ke we Febepary (62.0 kgy, and the
puniomin during June (3000 kg and July
i(31.5 ket Whensis, Tower zone sugpests the
maximum values for December (47.8 k).
and the minimum for July (16.0 kg) and
August 116.3 ke).

1 It ois estmated that the Pinus wallichiond
(43.0% and 22.6% for upper and lower
zones, respectively), Cedis deodara (25.1%
and 0.9% Tor lower and upper Zone,
respectively), and Pines rocbueghed (19.8%
for Jower zope) are highly consumed fucl
wind tuxa

4 The fodder consumption HH' day’ i3
maximum during snow-bound  months  of
December (36.3 kg) and January (62.7 ke).
and the minimum during summer months of
June (16,7 kg), July (14.2 k) and Auvgust
(12.9 kgl for lower zong villages,

L

The People's perception survey on the
extraction of medicinal plants for upper zone
reveal that the 50% houscholds sell their
material o local trade agents and 31.8%
households divectly sell in mearby towns.
Nearly 12% households agreed the money
received from medicinal planis is the main
source of income, whereas 33% consider it
as a fraction of their family mcome. Majority
(85%) of households have Consensus on

29

making village level conperative societies for
trade in medicinal plants,

1. An experimental nursery (0.2 h) of medicinal
plants has been established at Kasel through
the authorities of Parvati Forest Division.
Preliminary work has been initiated.

3.3.2. Bioresource Inventory of the Himalaya
Background

Adequate base line data on biological
resources of any biogeographical region help in
the idemtification of species, population,
communities, habitars, landscape elements and
ecosystems. As such. it Is imperative w develop
a compulerized data  base of existing
bioresources of the  Himalaya. 5o far,
comprehensive base line data for the Himalayan
hioresources  is not  available.  Therefore,
preparation of invenory of bioresources (family
wise, rare-endangered. ethnobiological,
endemic, kev stone species) has been initiated.
The analysis of the data senerated so far has
proved useful,

Objectives

1. Develop a compurerized data base of all
species and their habitats,

2. Tdeniify gaps therein.

3. Diraw information about various aurcibutes of
specitic habitats/species.

4, Prioritization of activities related 1w
conservation,

Reswliy and Achievemenis

1. Inventory of the family Caryophyllaceas in
the Indizn Himalaya prepared. 1t is



represented by 139 raxa in twenty two
genera, ranging from sub tropical to alpine
regions. Among the penera Silene (32),
Arenarig (26), Sweliavia (24). Dianthis (12)
and Lyvehinis (8) are species rich,

The species represenuuion in  different
bivgeographical regions is as follows: trans/
north west  Himalaya(69.8 %), west
Himalaya (36.8%) and central and east
Himalaya (46.8%) Among the genera,
Silene,  Dignifues and  Cerasiiwm showed
makimum representation {>70%) in trans,
north  west  Himalaya., Holostewsn  and
Hernfaria are restricted in trans, north west
Himalaya. However, Sperpula,
Thylacospermum and Vaccaria are widely
distributed in all the provinces. The species
richness among dominant pencra in different
parts of Himalaya is presented (Fig, 8),
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Fig, 8 Species richness among dominant genera in

differemt paris of Himalays (Him-Himaloya,
W.Pak-Wesl Pakisian, Npl-Nepal, Bhe-Bhaan,
TiNW-Trans/MorthWest, W-Wess, CiE-
Central/Easterm}p

3, The family is represented in all altitude zones

of Indian Himalaya but relatively more in
temperate (67 8% jand alpine zones (74 1%,
Among  the largely represemed oenera,

Areparig (88% and 60%) and Minuartiao
(100% each) are mostly confined in alpine
and high alpine areas, Others, Dignthus
(92%, 67T%), Lychnis (88%, 63%), Silene
(2%, 91%) and Sreflarin (67%, 71%) are
commen in temperate and  alpine  areas
respectively. However, Silene, Srellaria and
w some extent Dianrhes  exhibil wide
ecological amplitude, On  the contrary,
among monospecitic genera Mivlacospermum
(high alpine), Viecaria (alpine), Spergila
(temperate). Polvearpaea (sub tropical) are
restricted to specific altitade zones.

- Indian Himalayan Caryophyllaceae revealed

high proportion of native (61.9%) taxa. Most
of the prominent genera (except Dianthus
50% ) exhibited high nativity (> 65%).

5. Of the representative native taxa, proportion

of Himalayan endemic and near endemic is
high (54.2%).Endemic are represented in
four genera. ie. Arenaria (4). Lychnis (1),
Silene  (5),  Steflaria (7). and  mostly
concentrated I trans/northwest (8 66.6% )
and west Himalaya (6; 30.0%), Likewise the
diversity of near endemic is maximum i
tansinorthwest (53: 38.1%) followed by
west (47: 33.8%) and central/east Himalayan
provinces (36: 25.8%). Along vertical range,
represenution  of  Himalayan  endemic
{endemic and near eéndemic) increases (sub
tropical 18.5% w high alpine 68 4%) with
ncreasing altiede. Considering the spatial
extension of endemic ten laxa are restricied
in one biogeographic  province  (narrow
endemic), Also, high percentage (35.9%) of
restricted near endemic axa is interesting,

- The extent of endemism (semsu o)

Caryophyllaceae of the Indian Himalaya and
neighbouring mountain sreas is comparahle
In general, Caryophyllaceae s rich i
endemic in Soviet-Asia and Europe {>40%
each).



7. On aceount of restricted  disgribution andior
depleting population some of the taxa in
Caryophyllaceae of Indian Himalava have
been Jisted in Red Dala Book of Indian
plants, Among these Arenoria  cunvifolia
Majumdar and A, fermipinea Duthiei ex
Williams are endemic 1o west Himalava,
hence parrow éndemic. Other repored taxa
are restricted near endemic.

8. As in Brassicaceae. in view of the sparial
patiern of  mear  endemic  distribution  in
Caryophyllaceae  idemification  of  irans
horder reserve is sugpested,

Medicinal plants of Indian Himalava
I. Inventory of 1743 species (tepresenting 223

families &nd 915 peneral of medicinal plants
of Indian Himalaya was prepared. These

species  are distibuted  within  three
faxonomic  groups  ie. Angiosperms
(26.4%),  Gvmnosperms  (0.7%)  and

Preridophyies (2.9%). Of the toml species
62.9% arc herbs, 19.2% shrubs, 14.9%
trees and 2.9% Preridophytes.

2. Considering the species richness within the
families ~#Asteraceae (129 spp.) ranked first,
followed by Fabacese (107 spp.). Lamiaceae
67  spp.), Rubjaceae (33 spp.),
Euphorbizcese (51 spp.), Ranunculaceae (48
spp.), Rosaceae (42 spp.), Poaceae (40 spp.).
Orchidaceae (38 spp.). and Polvponaceas (32
spp.) respectively. The remaining famibies
showed < 340 species.

3 Among the genera, Polfvgonum (19 spp.),
Euphorbia (16 spp.). Piper (14 spp.), Ficus
(13 spp.), Swertia (12 spp.), Aconimen (12
sop.), Artemisia (11 spp.), Desmiadiam (10
spp.) and Sofemen (10 sppo) are the species
rich genera. The remaining genera showed
< 10 species

3

4. Along the altimudinal gradient maximom
diversity (81.2%) was found in the yone >
1800 This may be due to maximum heman
habitations and knowledge of use of species
as medicine. The diversity decreases with the
increasing altitude, hence. minimum in the
zone above 3800m.

3. The diversity of use of species a5 medicine in
all the biogeographical provinces is >30%
of the toml medicinal plants.  Central
Himalava (40.8%) and West Himalaya
(40.7% ) showed maximum use of species as
medizing.

3.3.3. Establishment and Maintenance of a
functional  arboretum  at  Kosi-
Katarmal, Almora.

Baekground

In order w develop & germplasm bank of
Himalayan  specigs  and  ensure  ex-sit
conservation. enrichiment of  germplasm  in
arboremm st Kesi-Katarmal (Kumaun Himalays)
and maintenance of Rhododendron arboretum at
SikKim are continuing. The project is envisaged
to be extended to Himachal Pradesh and North-
East region of Indian Himalaya, The activity will
not only serve as a gene bank of different
Himalayan life [orms bt also  provide
opporiunities for facilitating research, training
and development activities

CMaieciives

|. Developing a gene bank of Himalavan
species  including economically important
[axa.

2. Developing propagation protocols for locally
accepiable  species for  sustenance  and
conservation value.




3 Large scale multplhication of species and
miaking the sapling available to local people
and also for use in greening of degraded
lands

Revules and Achigvemenix

l. Infrastrocural facilities such as development
of polvhouse. extension of norsery and
arboretamn area for  the  plan@tion  of
Himalavan woody species was carried out.

2. Propagules of over 50 species were collected
amd sown in the arboretum nursery, Species
were monitored for germination and growth
performance. Among all the species, Albizia
Jultbrissin,d - Dalbergia  sissoo,  Ervifiring
arborescens and Afmus nepalensis showed
hgh (=90%) germination whereas Kvdia
calveing, Maesa indica, Acer cappadocicum,
Swmplocos  ramosissima and  Ardisia
sofenaces showed no germination, Also, the
arboretum is enriched with the introduction
of fernis (2 15 spp ), orcheds (2 15 spp.) and
medicinul plants ( =20 spp. ).

3. Over 5000 seedlings were planted in
arboreum  sites  and  Iestiute  campus,
Survival percemtage of the species in

arboretum sites was about 35%

4. About 1,000 scedlings of 20 species were
distnbuted w  schoolsicolleges  for  the
development of conservation maodels.

5. The effect of frost on some of the established
species in the arboretum site was monitered.
Albizia procera, Datbergia sericea, Sauwrauio
napawlensis, Bischoffia  povanica,  Elrenia
laews, Bouhinia variecala, B, racemosd,
Ficws nemoralfis and Fions roxiwrahi were
frost prone species with =>90% damagze of
aerial part, Butea pelite showed 1005 shoo
[oxss

6. Growth performance of four species wis
monitored  in different  experimental
conditions, 1.e. nursery. glass house and net
house (Fable 8y Afizia chimensis  and
Hevnea  trifuga showed maximum  shoot
development in nursery, Albizia lebbek in net
house  while Semecarpus  anacardinm  in
nursery as well as glass house conditions.
The pattern of roof development in all the
species  was  similar  except  Semiecdrpits
anacardivm in which maximum developmen
of roeen svstem took  place in nursery
condlition,

T, Albizia chinensis and A, lebbek  attained
maximom biomass in ner house. However,
8 anacardiuvm and H. fijiga attained
maximum  biomass o glass  house  and
nursery conditions. respeetively (Tahle §),

8. The developmem of root nodules in A
chinensis  and A, febbek in all  the
experimental conditions was observed, the
podele formation in 4. ofigensis was 2.2
times highee than A, fefbeck

Conservation
Participation  in

334, Initiating  Biodiversity
through  People's
Indian Himalava.

Backgrouwnd

Biodiversity conservation  progranmes
are being pursued across the Himalaya by both
the Government and Mon-Government agencies.
Presently. such nitianyves are restricled o
identificdtion of  survews. invenorisation  of
hinlogical resources, strengthening the net work
of Prowected Areas. conservation of threatened
species and ex-situ germplasm maintenance, N
has been argued that conservation action necds 1o
he promoted and mplemented by bringing focal
people into the comservalion movement and
considering them as porential allies.




Table 8. Growth performance of different species in Glass house. Net house and Nursery
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conditions (after 8 months period). (ind =individuals)

Parameters Species
Semecarpus Hevnea Albizia Albizia febbek
angcardivm  trijusa chimensis
Shaoor
Crlass house
Diameter (cm) 1.2 £0.04 1.6+0.11 2.0+0.15 1.7+ 0.04
Height{cm) TEEL2] 144x1.16 4432064 20321214
Leaves (no) T7.0x£0.55 T0x063 84103 5.6 £ 0.8]
Biomass (gm ind”') 1.8 £0.36 34079 422087 29202
Net house
Diameter (cm) 1.4 +£0.12 1.1 £0.10 |.6+0.28 28 +0.33
Height icm) 3.1 £0.78 T4£0.10 2071614 35061114
Lenves (no) 53 1.67 3.0+£00 55+087 10,6 + 1.47
Biomass {gm mnd™') 1.1 = 0:21 .6 £0.25 MNO0£330 30+1.10
Nursery
[Diameter (cm) 1.5+ 0.05 23+0.15 1.9+0.15 1.6 £0.11
Height {cm) 5.7 2056 [56x144 6071158 230:+3.08
Leaves (nod 3.8 £0.37 53+0.20 134+098 o60+0.29
Biomass {gm ind 'y 1.2+0.11 38+ 1.89 30140 1.4+1.0

Objectives

l.

Fd

Promote and strengthen interactions with the
[arget aroups.

Promole  conservation  science  especially
ansong School/College students.

lmpart on &ite training on collection, storage
and propagation methods of target species
focusing on teachers and smdents.

Obiwin and  analyvze response of different
fareel groups with respect o locanon specific
conservaton opiion/priorites.

Fexults and Achirevements

IV raiming  workshep  on "People’s
parlicipation in hiodiversity conservation”

(s

with  desired reorientation of programme
features was held at LW.5. Girls Inter
College, Bhatkot, Pithoragarh {October 24-
2519973,

The mest important feamure of the workshop
was on site training feamring six capsules on
hiodiversity (1) Stamus, (2} Assessment, (3)
Valuation, {4) Conzervarion, (3) Soil, warer
and  hiodiversity  interdependence,  (6)
Participation and role of target groups.

Informanon packages were developed in casy
(Hindl) lamguage and disseminated o
participants.

Participants reactions were obtained through
standardized guestionnaires and  analyzed
(Tahie 9).
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5 Conservation models being developed at
G.1.C. Lohaghat, G.1.C. Naravan Nagar and
G.H.S. Pati through the participation of
students and teachers were strengthened with
plantation of Himalayan native species.

6. Survival performance was monitored in all
the model sites. At G.I.C. Lohaghat and
G H.5. Pati species survival was nearly 45%
whereas survival percentage was >60% in
G.1.C., Narayan Nagar, Auempls are being
made o enrich the modets through
introduction of locally important taxa.

Table 9. Responses of participants during 1V Workshop

Particufars Teachers (%) Stuedents (%)
(n=20) {n=3T

Ohjective

Agred 933 [ 00

Achieved 6l.5 gl1.1
Interaction/Training

Good 538 g1.1

Satisfaciory 38.5 13.5

Meeds improvement 7.6 54
Future Participation

Voluntary {53.8) 4.1

Land/resource

ATTANZEMET 26.9 54

Technical inputs 192 16.2

Mo reply - 24.3
Mode of Future Training

As such 346 287

More frequent 23 270

Tramming needs

modification 385 -

Mo reply 18 324
3.3.5. Prioritization of Conservation sites in area is  also  subjected to  anthropogenic

Timberline Zone of west Himalaya.
Backeronnd

Timberling  represents  a  transition
between high temperate and low alpine zone
across the Himalaya, In the west Himalaya itis a
cradle of high emperate and low alpine sensitive
elements of tremendous biological value. The

disturbances of various tvpes and mapnitudes.
reflected at different orgamizational fevels. In
view of the rich hiological diversity it suppons,
it is important to assess the threals 1w the
ecodone, The data available on realized and
potential value of biodiversity elements and the
nature ‘and extent of pressure on the ecotone s
not adequare.
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Chsjectives

Pad

a2

To develop an  update inventory on
bicdiversity elements of umberline zone of
wesl Himalava,

To select sites for prioritizaton on the basis
of biodiversity and socio-economic value.

To prioritize strategies for conservation of
selected priorily sites and stretches

To develop participatory methodology for
prioritizing sites and stealegics.

Resulty and Achigverneants

I

T

Twenty clusters or sites were identified
throughout  the tmberline zone of west
Himalayva on  the  hasis  of  species
commonalties and draimage nel work.

In order to identify priority closters/sites,
four levels of proritization were followed:
(i} identification and ranking of priority
clusters on the basis of the proportional
representation  of  cumulative  features  of
hiodiversity attributes of clusters with respect
to those of timberfine ares of west Himalaya;
(i) demification of unique clusters on the
basis of proportional  representation.  of

is

stiribates  with  respect to an  identified
cluster; (iil) ranking of representative and
unique clusters: (iv) identification of most
representative grid with maximum species,
matives, endemic and ravitdes was identified
within each prioritized cluster of muliple
arids.

The approach of prioritization has narrowed
and sharpened the focus on representative
erid unit of a prioritized site (clusterd for
initiating appropriate  conservalion action.
The top ranking priority sites/clusters in
West Himalaya are given (Table 10). In the
Himalayan context, secondary data has heen,
for the first time effectively utilized for
SEring conservation priorities, This is the
hallmark of the present study.

Among others, the lollowing are the major
recommendations of this project: (a) the
provess of priocitization should be based on
both primary and secondary data in view of
gaps in knowledge, (b) the studies on TLZ,
should not be restricted o the present study
ared bul must be extended all across the
Himalaya. (¢} efforts should be made
demarcale  biogeographical boundaries of
TLZ of Himalaya using GIS so0 thal
functional  division /| subdivisions are
dentified.

Table 10. Ranking of top priority clusters in TLZ of West Himalaya

Cluster Level Tuotal Priority mnk
(Vallevy . | .

Pindari 1 3 4 |

Ralam 3 2 ] 1]

Tungnith 4 4 ] 111

Panchhuli 9 1 10 v

Bhyvudar > B 10 LY

Mandi Devi ] i) il W
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3.3.6. Biodiversity Studies using Remote
Sensing in the Indian Himalaya
Background

It has been realized * thar the biological
diversity in the Himalaya. particularly in
Kumaun and Garhwal, s facing many pressures.
However the intensity and impacts of these
pressures are not well known, Remote sensing
and GIS could help in identifying the areas of
high pressure and also the gradienes of the
disturbances across different land use catesories.
In view of this, ICIMOD. Nepal and GBPIHED
India. have initiated a collaborative project.
which envisages 0 coordinale remole sensing
and ground wuth data for studying differem
aspects of Biodiversity at Macro, Regional and
Micro Jevels.

Chrecrves
1. Macro  level Using  coarse  resolution

satellite data (IRS-1C, WIES) for field work
and vegelation gssessment.

2. Regional level Mapping the land use
classes. habitat types and forests types using
high resolution (LISS-II and LANDSAT-
TM) digital/bard copy satellite data.

3. Micro  level Detailed mapping  and
classifying intensive sites (e.g. forests, land
use and habitats) at level lower than the
regional level,

Results and Achievermenis

. The Chir pine (Pinis roxburghil) forest in
Askot Wildlife Sanctuary (AWLS) was
studied intensively for their compositional/
structural diversity patterns.

1

Diversity of various compositional feamures
aeross altiudinal steata and in different forest

ar

hn

Zones  was  analyred. P
contributes >58%  relative  density
=>76% relative basal area.

racchierghii
and

The forest tree basal area (TBA) shows no
significant relationship with altinede. Across
altitudinal strata sapling and seedling density
shows decreasing trends  (low  altitode
sapling 147 ha', seediing 11555 ha': hizh
altitude: sapling 99 ha”*, seedling 10011 ha').
Across  forest  zomes, the  regeneration
potential decreases considerably from edge o
CoTe Zones,

The density of P. rovburghit does not vary
considerably along altindinal range (241-263
tree ha'). However, difference was apparent
in £ rochurghii density in different. zones
(237-463 trees ha'). The core zone las
maximum density, The total basal area of £,
roaxhierghil was highest ar low altinude (18.6
m’ ha') and decreases towards high altinude
(13.3 m* ha'), Across forest zones the TBA
values of P roxburghii does not vary
considerably { 15.8-16.6 m® ha''}.

P roxburghii contributes =>29% of ol
seedling and sapling density in the forest,
The species has higher seedling and sapling
density at lower altitudes and forest edges,

Chir-pine. forest map was prepared for
AWLS using visual imerpretation
technigues, To delincate chir-pine from other
forest types and land use classes an
interpretation key was developed. The toral
area (Planimetric) under chir-pine forest was
estimated as 127.7 km® (representing 21% of
the tofal sancuary area).

Considering the difference in tone/ texture
and the =ubsequent difference in species
compositt.n the Chir-pine forest was broadly
categorized into two structural types, ie.
pure pine and mixed-pine.
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8. Three crown  density  classes  were
recognized: {a) 40-60% - low: (b} 60-80% -
mid and {¢) =B0% - high density class, for
further investization of structural properies,
Maximum forest was estimated under low
density class (46:5% Pure pine. 49.7%
mixed-pinel  and minimum  under high

density class(17.2% Pure pine; 14.8%
Mixed-ping).

9. The changes occurred during 1988-1996 in
Chir pine forest were estimated (Table 11}
In general. during this period chir pime forest
has increased at the rate of 0.8sq. Km year',
The maximum conversion was observed
from oak forest 1o mix pine (7.6 knr'),

Table 11. Changes under different forest types/landuse patterns during last 8 years at and

around chir pine forest in AWLS.

Categary | Location Vartation in size (km') Tenal area
(km)
Minimum_| Maximum
Oak o ping 26 0,025 1.83 1.6
Pine o oak 15 0,025 .80 3:5
Pine 1o hahitation 25 0.050 0.38 28
Shruhland/agriculture to Pine 6 0.050 0.5 0.6
Miscellaneous 10 Pine 14 0.030 .90 s
Pine 1 miscellaneous 7 0,050 (.40 1.3
Serub land 1o chir pine 21 0030 .30 3.0
Pine to scrub land 9 0.250 0.30 15
Pine to Macaranga 3 0.130 017 0.5
Muacaranga w Ping 4 0.050 0.60 09
Toual 130 23.2

3.3.7. Wild Edible Plams of Food Value,
Their Nutrient Status and
Repeneration in Sikkim Himalava
(199598}

Backgrond

Sikkim is a hill state and has a very rich
plant diversity of over G000 plants. The state
has sub-tropical w temperate and alpine wype of
climatic conditions in an elevation range from
M0-8506 v above sea level.  Low lands are
utifised for double crop production but most of
the high lands have monocropping system.  In
the Sikkimt Himalwea a large number of wild

plant species are used as food, medicipe
beverages. fish poisoning, dyes, ofl, timber,
firewood, fodder and various other purposes.
These plants have gov little atiention despite
their various uses. There 13 need 10 do further
survey o seée more species of potential uses.
theeir growth as well as nuiritional status.

Objectives

1. To examinc conservation staies of various
wild edible species.
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2. To know  vwiability, dormancy and
germination of seeds of some selected wild
edible species.

3. To find out calorific values of some selecied
wild edible species.

4. To know the micro and macro nutrient
composition of some selected wild edible

species.

Results and Achievemenis

Inventorisations of the wild edible
species are continued and till date a total of 190
species have heen screened for their food value.
Six most potential wild edible species (Spondias
axillaris, Eriolobus indica, Machilus edulis,
Bassia  Buryracea, Eloeagnus  latifolia and
Baccourea sapida) Have been selected for
detailed smudy.

1. The fresh fruit weight was highest for
Eriplobus indica (1515 g) followed by
Machilus edulis  (11.02  g), Spondias
axillaris (9.21 g), Elpeocarpus sikkimensis
(6.75 g), Elaeagnus latifolia (5.80 g} and
Bassia butvracea (5.38 g).

2. Per wee fruit productivity for Baccaurea
sapida varied from 5 kg (tree girth 25cm
¢bh) to 106 kg (cbh 186 cm), Spondias
axillaris is from 1.43 to 185 kg per tree
(cbh from 90 cm to 250 cm), Eriolobus
indica from 6.19 o 56.64 kg per tree (cbh
62 o 130 cm), Machilus edulis from 5.16
kg per tree in 135 cm cbh class to 57 kg per
tree in 410 cm cbh, and for BSassia
buryracea, the fruit productivity per tree
ranged from 3.08 kg in 80 cm 1o 155 kg per
tree in 165 cm cbh size. Elaeqgnus larifolia,
a liana, showed fruit production, which
varied from 20-200 kg per plant from 96 to
193 cm cbh size girth class plants.,

3. Phenological investigations leading to leaf
fall and flushing, flower bud formation and
blooming, and fruiting and mamratoen was
done for six selected species.

4, Sexd permination of Baccgurea sapida
started after 30 davs of sowing and most of
the seeds completed germinaton after 50
days of sowing {seed viability 22-33%). For
seeds of Machiluy edulis, 100% germination
was recorded after two months of sowing.
In case of Elgeqgnus larfolia about 60%
seeds  germinated,  Seeds  of  Bassio
buryracea started germination after 12 days
of sowing and the germination percentage
was observed 1o be 82%.

5. Growth parameters are being recorded on

seedlings raised in the nursery after 3, 6, 5,
12, 15... months interval for different
species. Machiles edulis recorded a high
growth rate with 26.7 cm height in first 3
months, and thereafier the growth was
slow.

6. Collection of large quantities of these wild
edible plams from natural habitat has
sericusly effected their survival, Fruit
collection of a number of wild tree species
has checked their regeneration in nataral
aréas.

7. Inmterview with the villagers revealed that
they are willing to raise a number of wild
edible plants, particularly trees. in their
farms, viz., Spondias avillaris, Bassia
butyracea, Elaeagnus larfolia, Baccawrea
sapida. ete. A few farmers are already
growing some of these species but supply
of seedlings/saplings is the real problem.
For most of the species, fruits are available
for a short period in the market and sold at
a low price. This is due o low keeping
qualirty of these species. Such species can be
available for a long duration if their keeping
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quality is increased and some value addition
is dome 1o them.

3.3.8. Sikkim Biodiversity and Ecotourism.
Backpround

The rich matural and culwral heritage of
Sikkim makes this smail Himalayan state in
north-eastern India an attractive destination for
international and domestic wurists.  With over
90,000 domestic and 6000 international tourists
m o 1995, wurisim is rapidly  becoming an
important  economic  activity for  Sikkimese
people. Ecotourism, with its focus on
environmentally sound practices and generating
widespread economic incentives 1o conserve,
offers an vpportunity for Sikkim o improve
mountain  livelihoods and protect its  unigue
hieritage. The Sikkim Biodiversity and
Ecowurism Project is a collaborative initiative
designed (0 consérve the biological diversity of
key destinations.

Ohjectives

Increasing community and private sector
biodiversity conservation initiatives include

[. Community ecotourism plans covering site-
enhancement, trail and site maintenance,
narural resource management and monitoring
and conservation education,

2. Supporting fuelwood reduction measures by
trek operators and local lodpes.

3. Supporting  local NGOs working  in
ecotourism and conservation,

Results and Achievements

. Project activities in this year included skill
development through training (viz., Porters,

a9

Lodge Operators, Trek-Cooks', Transport
Sectors and farmers for micro- enterprises
like off-season vegetable production and
vegetable seed  production), exchange
programme between travel/trekking agencies
of Sikkim and Nepal, community plantation
and trail clean-up drives, Khangchendzonga
Mational Park (KNP) workshop for linking
park management owards conservation and
ecotourism, and study wurs of  the
government officials, private sector and
community to protected areas of tourism
interest such as Buxa Tiger Reserve in West
Bengal and Chitwan Mational Park in Nepal.

. The project has emphasized to conserve the

biclogical diversity of key destinations
through inereasing economic returns from
ecotourism services and enterprises, which
contribute 10 policies that meet ecotourism
and conservation goals, Out of 346
households in Yuksam and Khecheopalri
sites 57% are involved in tourism, and about
50% of them are porters, 4% own lodges,
7.5% are engaged in tourism  related
business, 25.6% are involved in household
cottage industry and 12.6% reared pack
animals. In Yuksam alone more than 50% of
households  are  directly/indirectly  petting
cconomic benefits from tourism. In 1997, a
total of 1112 domestic and 888 international
towrists trekked in Yuksam-Dzongri wail,
and local communities received more than
Es. 34 lakhs mrm-over. A local NGO cailed
Khangehendzonga Conservation Commitice
has taken up various conservation activities.
More than 40% of the Travel Agents
Association  of Sikkim  members  have
complied to the Code of Conduct by using
fuel-wood alternatives, transporting back the
non-biodegradable materials, discouraging
camp fires and keeping the trail and camp
sites clean.
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3. The Khecheopalri lake situated in the west
district is a closed basin with respect to silt
transport and deposition  processes, Land
management in the watershed, erosion rates
under different land uses, peat development
in the boggy area, and physico-chemical and
hiological parameters of lake-water are
gesesced. Abour 48 plant  species  were
recorded in the bog area dominaled by
Sphagmum,  Acorus  and  Cyperus. The
surrounding watershed forest has sbout 17
tree  species  dominated by  Cassnopsis
rribtloides, Machilus cdulis andt
Beilschimedia sp, with a net productivity of
161 ha' year',

4. In the 26 km Yuksam-Dzongri trekking
corridor  influences of grazing on vegemation
structure. species richness species diversity
are assessed. Grazing indicator species and
carTying capacity assessment are alsn being
done at temperate, sub alpine and alpine
zones. In the smudy area a total number of 91
species of plants have been recorded in the
alpine pasture showing hiclogical spectrum
as short forbs (32.6%), tall forbs (1B.5%),
cushion  form  (15.2%), spreading  form
{15.2%). shrubrundershrub (13.1%) and the
graminoides (3.4%). In order © see the
effect of grazing open grazed areas and
profected  enclosures  were considered for
estimation of species diversity, vegetation
composition, dominance, species richness,
palaable/unpalatable  biomass and et
primary productivity.

5 Fuelwood and fodder collections are the
major threats for the area leading 1o
depletion of forest and destruction of wildlifs
habitat. An assessiment of habitat change and
its impact on birds and hunerfiies  are
monitored, The forest stands (n the area are
diverse bur shows poor regeneration and
productivity specially m human interfered
areq. Aboul 160 species of birds. 43 species
o buterfli=s and 18 species of rrammals

including two endangered species, namely
snow leopard and red pands use this area as
their habitat. A number of indicator species
of birds and buerflies are found inhabiting
gither only in pristine condition or in humésn
stressed area. Bird species like, Nepal parrot
hill, red tailed minla, hoary barwing esc.
were found to be only in pristine condition
and thrushes. bushchats, greenbacked tits are
the dominating species of human stressed
area. Likewise, moor's bushbrown, tigers.
oreiseshell are found in stressed condition
and few species Fike swardils, cerulain,
yellow sailors are indicated to use pristine
Forest condition as their habitat, So far there
is no marked  differences in bird and
buttertly species diversity of two forest types
as well as in forest conditions,

3.3.9. Standardization of Hardening System
for Transfer and Establishment of

Planting  Material  of  Selected
Multipurpose Trees for the Waste and
Marginal Land of Central Sub-

Himalayan Hills.
Background

Hardening of in-vitre raised plants and
their subsequent performance i the field
condition is the most important factor which
determines the success of fp-vitre protocol. The
proposal aims fo optimize the hardening process
of  selected  MPTs  (Sepium  sebiferam,
Diploknema butyracea and Bauhinia vehlii) and
also  standardize their performance in  field
conditions. Scaling up the planting material and
their plantation in demonstration plos will not
only full fill the gulf between demand and supply
but also help the mountain people o augment
their day w© day requirements of fuelwood and
fodder. This will also help e explore the
possibilities of income generation.
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Ohjecrives

[, To momter the survival  and
performance ol in-vitro
during hardemng process.

arowth
raised  planters

3. Eswblishing fn-virrs raised  high vielding
superior plant material in the experimental
plot, arboremum,

3. To scale up production of plant material (of
selected species) developed through in-virre
and conventional mesns,

4 T estahlish demonstration plots in identified
sifes through active collaboration of NGO's.

5. To moniwr the performance of plant materiil
through active  participation  of  local
COMMUNITY aroup.

6. To organize training workshop on methods
of propagation and monitoring. focusing on
identified target groups.

Revules angd Achievements

|, lmprovements  in the efficiency  of
micropropagation protocols in Sapim and
Bauhinie through intervention of different
eytokinin type,

<

Optimization of tme lag between explant
establishment and ex-virro survival in both
the taxa
3 Hardening procedures in Sapiam  and
Bapfinia is in progress,

4 Monitoring ex-vitro growth performance of
Scypniinm.

3.3.10. Seed setting, germination and seedling
growth in 'nahor' (Mesi ferredt

Backgrontd

Mesm ferrea. locally known as ‘miahor”,
is an evergreen tree. The species is extensively
weed for avenue planiaions in north-cast India.
[he seed contains a non-edible oil which is used
in seap industry. The seeds from  avenue
plantations have vast potential of exploitation for
commercial extraction of oil. 1f germination is
found sarisfactory seed crop [rom  natural
populations can be harvested partly.

Oectives

1. To anbyze panerns 0f seed seing within a
Fruit.

2. To  examine their  relation  with  the
germination percentage and seedling growth.

Resules and Achievemenis

1. The seeds from five marked tess were
collected in October, 1997 from  Nirjuli.
Arunachal Pradesh, The source frecs are
abeut 11 vears old and constituie an avonug
plantation in the NERIST campus.

(]

A tomal of 98 fruits were collected from tree-
. 107 fruits from tree-2, 105 fruits from
ree-3. 107 fruits from tree-4. and 124 from
tree-5. Thus a total of 335 fruits were
collected.

3, The fruit of nahor contains 4 carpels, of
which one, two, three or all four may
develop into seeds. Thus a wide variation is
ohserved m seed number per fruit. The
frequency distribution of fruits in seed
number per fruit class was observed (Fig. 9)
Mearly 30% fruits were two-seeded.
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4. The weight of the seeds varies greatly, Seeds
from single seeded fruits were heaviest, and
the seeds from four seeded fruits were
lightest (Table 12).

5. The frequency distribution of seeds in weight
classes shows a near-normal distribution,

G. The seeds were sown in polybags o study
the effect of seed weight on germination and
seedling growth. Further monitoring is in
Progress,

Table 12. Variation in seed weight in 'nahor’.

]

1 2 2 4
Fig ¥, Frequency distmbution of roots in seed number fruit
HES

:

a

Seed Number Fruit”

Minimum Weight (2)

Maximum Weighi (g)

L 2.621
2 0.640
3 0.662
4 0.267

7.392
6.834
6.085
5199

3.3.11. Exploration, Quantification and Use
of Agricultural Diversity, and Folk
Knowledge in a Remote Landscape of
the Central Himalaya

Background

Conserving  hiodiversity of plant and
animal species is essential 0 maintaining 2
productive and  sustainable environment for
agriculture and other human activines, There 15
a threshold of diversity below which most
ecosvstems can ot function. Greater efforn is
also needed (o conserve the penstic diversity
that exists in crops worldwide, The existing
diversity has proven extremely valuable inm
improving  crop  prodoctivity  through  the
development of high vielding, disease resistant
and stress tolerant varielies.

Objecrives
L. to explore the biodiversity and its

management  in a  remotely  locaed
agricubtural landscape

2. 1w identify species rich spots of agriculral
diversity in village and their role in
COnSETvation,

3. 1o explore local land races of crops, their
use, and to establish linkages between the
use of agriculmral biediversity and
functioning of village ecosystem,

4. documentation of folk and indigenous
knowledge and dissemination of knowledge
for wider use

Resules & Achisvements

I, Preliminary — survey indicates that the
diversity of food-grains and pulses is much
greater In the mountains (Shiwalik  and
Lesser Himalayan belts) than in the crop
fields of plains (rarai and bhabar),

b

The native traditional agriculural practices
of hill farmers favour maintenance of high
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crop diversity (in the form of various land
races) and the use of these land races is
generally associated with risk coverage.

The impact of remoteness was clearly
visible in the number of land races stll
under cultivation; as the distance of a
village from the motor road increased there
was a greater abundance of land races,

4. The hill agriculture has proved to be a niche
for rich variety of land races of paddy, The
Lesser Himalayan belt harbours  major
proportion of recorded landraces,

Terrace risers act as a rich gene bank of
matural vegetalion. A romal of 25 plam
families  have been recorded from the
village landscape. It was gréater in the
lower elevation than in the mid and higher
elevations. Thirteen plant families were
comman to all the three locations.

ih

6. A proportional distributional of plant
species in various plant families indicates
that the Poaceae (an important group; most
food-grains are from this family) and
Asteraceae  were among the dominant
families in the three altimudes,

34, ECOLOGICAL ECONOMICS AND

ENVIRONMENTAL IMPACT
ANALYSIS

341, Carrving Capacity Assessment of
Kullu Manali Complex : A study of
Tourism Sector

Background

This smady was initiated in 1993-94,
keeping in view the inputs o tourism planning
in the area, In the first phase, an assessment
with respect to wurism accommodation was

carried out at Kullu and Manali. Also the
tourist flows and wse of various modes of
transport was documented. It was noted that
Kullu Walley is facing various infrastructural
constraints,  Major ones being solid waste
management and architectural and  landuse
control over howel construction.. During 1995-
96, recommendations for Kullu Dussehra were
finalized and  submitted 1o District
Administration. In Mohal, solid waste
sampling and perception study surveys was
carried  out  largely @ access  women's
perception  about  their  wastes and  their
willingness to participate in the process of
mianagement.

CHectives

L. To carry out survey with greater emphasis
on the views of women to ascertain their
perceptions  on  wastes  and  level  of
participation in itS management a Mohal
{Kulh).

2. To estimate quantity of solid wastes and its
characteristics.

3. To initiate waste management activities in
Manali.

Rexults and Achieverments

I. 120 MT/annum SW is collected from
Kullu municipality town and dumped in low
lying river bed or close to river Beas due o
inadequate land and lack of sustainable
SWM opuians. Waste characterisation from
point sources (11 municipal waste collection
points and hotels) showed that readily
biodegradable wastes (REW) ranged in
berween “42% (winter season="W) to 48%
(monsoon season=>5M) in Kuollt municipal
town (Figure 103, . 64% RBW out of total
peneration was identified from business
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establishments such as hotels, Amongst the
major compositions. food and vegetable
waste is dominating in hotels. The RBW
share from disposal sites occupied in
between “43% (W) w0 F6% (summer
segson=>5). The major predominating

components  from  point  sources  were
vegetables, fruits and food showing the
mixed fine organic mutter ranged ~16%
(M) o =20% (5). Moreover, RBW

constituents’ order in non-point sOUrces was
almost similar 1o point sources.

=is [ Im EEw

Eas [ Im BEEEW

Fig. 10, Solid waste characterisation results from (a) point and (b} non-poim sources in Bully municipaliny town,

Biodegradahle wastes (BW) wvaried from
“16% (M) o "21% (W) OF the toral BW,
paper constituted in berween "11% (M) to
14% (W) Paper was followed by
rags/cloths, wooden matier, hay and straw.
But all were below ~4% during every three
seasons.  Based on average hotel waste
results, paper was also found abour 14%
amongst other wastes. Further, paper waste
was found in high quantity in star rather
than in- deluxe-cum-ordinary <alegory of
hotels. BW constieents from non-point
sources also showed almost similar patern.
However, papers™ relative share slightly
decreased 6% (W) to 12% (5).

The non biodegradable wastes (NBW) have
good patential for reuse and recycling. The
NEW differed very slightly from 37% (3)
te ~38% (W) from collection points. On
contrary, ~15% glass in the form of drink
bottles was identified from hotels followed
by plastic ("4%). Non point sources
depicted 23% (5) to 44% (W} where these
ocourrences  slightly  lessened at  point
sources.  The worth mentioning NBWs
from both of the sources were plastic

including polythene and glass composing
“10% (M) to T13% (W), Glass was in
between 2 o 3% during identified three
sessons.  From non-point sources, plastic
varied from 2% (W) to 7% (M). Hospital
waste characterisation results browght 1o
light that maximem waste was non
infectious {58%) whereas infectious and
highly infectious was ~41.89% and 0.11%,
Tespectively,

. Bulk density ranged 184 to 245 kg/m’ in W

and M seasons and 205 w 226 kg/m3 in M
& 5 seasons from point and non-point
sources, mespectively.  Moisture in RBW
cum BW wastes varied 48 (W) w 54% (5)
in waste collection points and S8% in
hotels; and ~32 (W) o 58% (M) in disposal
sites. pH value of 3W ranged 7.19 (§) o
(.86% (M) from collection points. In hotel
waste, N constituted 1.15%. while at non-
point sources it occurred 0.45 (S) to 0.90%
(W). Phosphorus as P:0s (P) nutrient was
in berween (.79 (5) o GLE3% (W), 0.98%
in hotel wastes and 0,45 (5) o 0.85% (W)
at collection points and 0.75% in hotels.
These values came dewn from 0.48 (5) o
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0D.82% (W) al  non-point  sources.
Carbon/nitrogen ratio was found in berween
17 (W) 1o ~32 (5} in collection points, ~45
in hotels and ~25 (W) to 37 (M) in disposal
sites. Calorific value ranped 585 (5)
1080 (W) K cal/kg as the lowest and highest
at disposal sites amongst both point sources-
hotels and collection points.

5. Regarding SWM options, due to high
quantity of RBW and BW, organic wastes
have potentizl for biocomposting or biogas
generations. MNBW has promising potential
for reuse and recvcling, Hospital wastes
due to their more hazardous nature than that
of other wastes need a separate (reatment.
Highly infectious hospital wastes could be
treated to disinfection, grinding and
landfilling; and infectious wastes by
incineration. SWM options and technical
know-how  reguire  integrated  and
participatory  efforts from  concerned
municipality, local hotel  associations,
district administration and non-
governmental  organizations  and  local

peopls,

3.4.2. Ambient Air Quality Monitoring in
Kullu Valley

Backgrownd

Initially, a2 project on bio-geochemical
cycles was conceptualized in collaboration with
Indian Institute of Tropical Meteorology, Pune
to shudy ingeraction in biochemical cycles in
Himalayan ecosystem. As it comprises of
ambient air guality monitering, revised title is
more represcntative of the work, The present
area of study namely Kuollu Valley is an
importan!  tourist  destination  in western
Himalaya. It has experienced tremendous
growth in tourism over past five years. The
valley is a 100 km. long starting from Aut

{south) near Pandoh dam upto Rohtang Pass
{north).

Ohjectives

1. Assessment of background concentrations of
air pollutants.

2. Ammospheric chemical transformations in
the Himalayan Eco-sysiems,

Results and Achievemenis

1. Bi-monthly/monthly sampling of 8 hours
duration in & day Tevealed that total
suspended particulate matter (SPM) remained
56 and 124 pg/m’ in Movember” 57 and
January' 98, respectively at Mohal (lower
Kulle valley; Figure 11). The SPM value,
however, was found to be low at Manali
(upper Kullu valley) showing 51 (August'37)
and 118 (February'98). The SPM wvalues
were more pgoverned by local weather
conditions, seasonal tourists’ nflux, and
increasing vehicular and domestic emissions
during May, June and July months.

T Wanall

T wionm

Fig. 11. 8PM levels in Kullu-Mamali towns.
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2. Trace gases concentration of sulphur diwam.
(50} and nitrogen oxides (Mol were within
detection limits, i.e., 15-30 pg/m’. S0: was
found & to @ at Mohal and 6 to 7 at Manali.
Noo was measured in between 3 to 15 at
Mohal and 4 (o 14 at Mapali. June and
Qcreber months were the important months
when mwurists  visited in large number
Kullo-Manali complex.

3.4.3. An Empirical Study of Development of
Tribal Communities from Eco-
cultural Perspectives: A Study in the
Central Himalayan Region of India

Background

Tribals constitute a very significant part
of our heritage and the backward classes have
been the focus of ameption, particularly since
independence. Though a number of
development models have been suggesied, a
viable one interlinking ecology, economy and
culire, and conductive to them s vet to evolve.

This project aims t evolve a model for
development which is acceptable, through a
study of two tribal communities, the Bhotiva and
the Jaunsari in UP Hills. The studv has so far
been confined to 5 villages, predominantly
imhabited by the Bhotiya ribe, in Kapkot block
of Almera District in Central Himalaya. Bio-
physical and eco-culrural  diversities were
accorded prior consideration while selecting the
sample villages, The investigation is expected to
identify markers of sustainability and constraints
of peoples’ participation in the development
Process.

Objectives
1. To swdy the inteprated nature of tribal

cultore and its influences on resource use and
MANEZEMENL.

2. To understand the concept of development
from trikials perception,

3. To swudy the imerlinkages between ecology.
economy and culture and their influence on
development.

4. To identify markers responsible for
sustainable  development and namre of
variation of these markers in different tribal
commumnities.

5. To quantify the degree of diffusion of
development interventions and their impact
on social structure and community culture,

Resuliy and Achievements

1. The ecology, economy, culture amnd
developmental problems & prospects of mwo
tribal communities, i.¢., the Jaunsaries & the
Bhotiyas, were studied covering 10 villages
each and 3847 and 3266 population,
respectively.  In o this issue, impacts of
Imtegrated Rural Development Programme
(IRDF) on the tribes ane discussed.
Integrated Rural Development Programme,
in India, was first visualized in 1974 as a
technical approach to mural development,
taking the district as unit. The programme
was first introduced in 1978 in 2300 pilot
blocks, which was further exwended o all
development blocks of the entire country by
Oct. 2, 1980. Since the inception of the
programme in the blocks in habined by the
tribes, the yearwise physical achievement is -
shown in Table 13. This Table shows that,
among the four sampled blocks, Kalsi
recorded the highest number of families thar
have benefited so far, whereas the Munsivar
block of the Bhotiva region has the lowest
position. A comparative look on both the
regions reveals that in the Jaunsar region the
number of families benefiting from the
programme has increased from the year
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1984-85 1w 1987-88. bur afterwards the
fizure has declined all the year 1994-95.

In the Bhotiva region the number of
heneficiaries has increased gradually upto the
vear 1985-86. thereafter there have been
fluctugtions  in terms  of number  of
heneficiaries upte  1993-94. The regional
variation in the number of beneficiaries could
e 4 result of variations in the infrastrucural
facilities, geo-demographic features and a
number of other factors.

A positive correlation between the number of
beneficiaries  and  the  availability of
infrastructural facilities (i.e., road network,
hanks, etc.) were found. Table 14 presents
the distribution of beneficiaries on the basis
of communities and sex, Female participation
in the programme, as found, in both the
regions was higher for scheduled tribe
categories than for others.  Regionwise
comparative data show that the total female
participation is higher in the Bhotiya region
than the Jaunsar region. This may be due to
comparatively higher female literacy and sex
rafio in the Bhotiva region.

A great deal of regional variation in sector-
wise distribution of beneficiaries proves the
appropriateness of different schemes made
available under IRDP. The programmes
created o the local needs have been very
successful in terms of people’s participation
and their respomse to such initiatives.
Comparatively greater emphasis has been
given (o primary sectors {agriculture) in the
Jaunsar region and secondary sectors in the
Bhotiya region. Most of the sampled
population in the Bhotiya region are
iraditionally assotiated with trade, and due to

the scarcity of agricultural land they deserve
more financial assistance 10 establish cotlage
industry (particularly woolen) at household
level. On the other hand, the Jaunsaris are
agriculturists, and demands for assistance
are much more under the primary sector.
Thus, the programme really caters to their
respective demands.

. The distribution of beneficiaries of IRDF on

the basis of sector and category as
represented in Table 15 shows (hat the
percentage of marginal farmers who got the
benefit under primary sector was 63 and 29
for the Jaunsaris and Bhotiyas, respectively.
The frequency of marginal farmers is the
least in the secondary sector in the Jaunsar
region as well as in the tertiary sector in the
Bhotiya region.

. Majority (77%) of rural artisans/agricultural

labourers of Bhotiva villages got the benefit
under the secondary sector whereas, most of
them (83%) in the Jaunsar region got il
under the primary sector. The tertiary sector
has also recorded sufficient number of
beneficiaries from different social categories
in hoth the regions. In the same region, the
percentage of beneficiaries on mule/horse
was 89.9% of the tertiary sector and 29.3%
of the toral. In the Bhotiva region retail shops
appears to be the most preferential project
under the tertiary sector.  These two
projects under the tertiary sector indicate the
higher per capita investment for the same as
well as preference for subsidv orented
programmes. The rationale of different
emphasis in the two regions makes sense in
the light of existing socio-econamic and geo-
cultural perspectives.
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Table 13. Yearwise Number of Beneficiaries at Block Level

Year Jaunsar region Bhotiya region
Chakrata Kalsi Munsyari Dharchula

1981-82 324 219
1982-83 568 430 573
1983-84 468 1343 334 514
1984-85 322 578 T2 617
1985-36 397 586 268 373
1586-87 685 6594 101 402
1087-88 1015 755 247 605
198829 705 645 327 462
198960 645 638 463 458
1990-91 594 591 426 392
199152 521 319 312 395
199293 378 390 Pl 281
1993-54 386 427 234 365
1994-35 42 222 290 345
Total 6584 7166 3003 6231

Table 14. Social Category & Sex of the Beneficiaries

Social category | Studied Jaunsar villages Studied Bhotiya villages
(M) (F) (P) M) (F) (F)
| ET 189 24 213 205 81 286
| (82.2) | (55.00 (78.00 (6].6) i66.9) (63.0)
| SC 40 19 59 9% 35 131
(17.40 44.2) {21.6) {28.8) (28.9) (28.9)
Others 1 - 1 32 3 a7
(0.4} (0.4) 19.6) (4.2 (8.1)
Toral 230 43 21 333 121 454
(1007 (100 1000 (100} {100 {100
Table 15. Category & Sector wise Distribution of Beneficiaries
SM. | Sector Jaumsaris Bhotivas
MF SF RAML | MF SF BASAL
L. Primary 126 45 3 88 1 1
{63) {51) i#3) 29 {33 (2}
2. Secondary 9 21 - 158 2 33
(3} (24} (51 &7} (7T
3.4 | Tertiary &4 22 1 62 - 9
(32y | (25) (18) (20) 21
Total 199 B 6 308 3 43
(00 | ooy [qon | aon) | (100 | (100)
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3.4.4. The Socio-economic and development
problems and prospects of Raji (Van-
Rawat) tribe of Central Himalaya

Background

The Rajis or (Van Rawats) are socially,
educationally and economically, the most under-
developed  tribal  community  of Central
Himalaya. They were recognized as a scheduled
tribe in 1967 and as a primitive tribe in 1993 by
Government of [ndia.

The community is numerically small and
are reported from 10 villages in total, ie. 9
villages in Pithoragarh district and | village in
Udham Singh Magar district of stte of Unar
Pradesh, Orther than being primitive and forest
dwellers, the tribe is a nomadic community,
Probably. its nomadism has been the factor that
prohibited a complete and true enmeration of its
total population, as various studies carried out by
various authors and agencies have reported
difference in population for the tribe for a single

period. Hardly little is know about the
demographic  behaviour, socio-economic  and
developmental issues of this tribe. Also,

knowledge in quantified terms about the changes
that must have occurred under developmental
and tachnelogical interventions is totally lacking.
With this background, a study has been
undertaken to have some explanations and
answers 1o the above issues,

Objectives

1. To have a true census of the total population
and to understand the demographic behaviour
of the tribe,

2. To find out socio-economic realities, and

3. To quantify the level of changes/impacts that
have occurred under developmental and
technological interventions.

Resulrs and Achievements

1. The Rajis, a primitive tribe, numbering 331
are distributed in 10 settlements in the
district Pithoragarh and 1 settlement in the
district Udham Singh Magar. Over 97 per
cent of the total pepulation reside in four
sub-divisions (Tehsils), wiz., Dharchula,
Didihat, Kanalichina and Champawat of
district Pithoragarh, which is strategically a
very important district of India bordering
Tibet and Mepal. The Rajis are the oldest
race of Didihat and are described as Van
Rawat (king of forest), Van Raji (royal
people of forest) or Van Manush (wild man
or man of forest) who claim themselves to be
Rajpus and rhe original inhabitants of
Central Himalaya, though anthropologically
they belong to Tibeto-Burman family. They
believe themselves o be the descendants of
Kirata who ruled over these aneas in
prehistoric  time.  The Rajis  are  also
considered as a living link between Kiratas of
somewhat Tibetan physique and the Khasas
of equally pronounced Aryan form and
habits.

2. The Rajis were complete nomads about three
o four decades back, lived under wemporary
huts or in caves and frequently moved from
place 1o place amidst the forests of the border
district Pithoragarh, About 25 per cent of
population are still persuing nomadism. A
part of its population resides in Nepal and
there is a strong sccial and affilial relations
between Rajis of India and Rajis of Nepal,
The occupation and material culture of the
tribe are changing under acculteration. From
hunter-gatherers, they  have moved 1o
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sariculture but are highly dependent on
forests and wage lahour.

Few decades back, they used o avoid going
to habitaions of other communities. hide
away in forests from people of the Kumaon
and the only refationship 1t had with the other
people  was  through  harter of wooden
mmplenents and wensils. The Rajis were
famiogs for the unique practice of invisible
trading and were known as the traders of the
pight.  During  mghts  they  disguised
themselves under barks and sking of animals
and g0 o nearby  settlements of other
communities carrving  wooden implements
and utensils. bamboo haskets and other forest
produces: They used 1o keep these materials
al the gate of the house or at door steps and
disappear, These articles were collecied and
replaced by foodgrains., sall, sugar and other
essential material by the houschold, which
were collected by the Rajis in the next night
agiin.

Also, like the African primitives. the Rajis
usually kept the forest produces as well as
wooden wtensils gt selected places and hide
themselves at @ distance in the forests or
behind the bushes. The local traders or
penple, dcquainied with this practice, would
wvisit the place and replace these products
with articles of this peoples’ need, i.e-, cloth,
foodgrains, ec., which the Rajis collecied
afterwards. This trade of this nomadic people
was completely based on mutual beliel and
trust, With the introduction of  stringent
forest laws restricting and often prohibiting
use of forest wealth. the Rajis were
compelled 1o change their economic pursuits
and occupation. Through welfare schemes of
haoth the state and union government of India,
they have been allotted land for agriculture in
addition to many other benefits, This has
resulted  in changing  lifestyle and  the
community @5 gradually  adopng
sedentary agriculiure. About 5235 per cent

of the populace constimied the main
workforce at the time of survey, Our of it,
44 .60 per cent were agriculturists. But what
was interesting 1 note that nearly 50.46 per
cent of their total mcome was from wage
labour, 27,78 per cent was from foresis and
only 12.55 per cent was from agriculure in
contrast e the largest workforce in
agriculiure,

. The effective lireracy (population above age

of 7) rate was 353.06, being 50.68 for males
and 1666 for females in 1997 (Table 16).
The crude literacy (entire population) rate
was 24,74 recording 38.01 and 12,97 for
males and females. respectively.  This
achigvement was enormous for & tribe which
wits complete nomad about 34 decades back
and hardly had any koowledge of education.
More than 85 per cent of the total literates
were below the age 25 while all the female
literates were below this age. i.e., 25 years,

. The Rajis are mwultilingual. They speak

language, which belongs to the Himalayan
group of the Tibeto-Burman family of
languages. They also speak the Indo-Aryan
language, Kumaoni, with others. Very few
among them speak also Hindi.

The wibe is divided mto a number of
exogamous pamrilineages like Pal, Chand,
Byom. Sah, Bisht, Kunwar, ¢c. The tribe is
monogamous and the modes of acquiring
mates arc elopement. intrusion, exchange
and pegotiations., Widow remarriage s
prohibited while levirate, sororate and cross
cousin marriages are practiced. Bride price is
more prevalent than dowry, The rule of
inheritance is male eguigenire.

Oidest male member of the family is the head
of the household. The life cycle rimals of the
community were extremely simple in the
past. which are gradually becoming elaborate
and complex under acculivration. The (nbe
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i¢ hecoming more Hinduised acculmurating
more cultural rails of the Caste Hindus,
particularly of neighbouring Rajputs of the
Kumaon. The wibe has its deities like
Chuchurmal, Malayvanath, Gananath,
Kholiva, Khudai and Malkan lan. However,
they worship Hindu deities like Mahadev,
Parvati, Ganga. etc., as well as spirils like
Masan & Bhutas, goblins and defied persons,
in addition 10 all aspects of pature. They
celebrate the Hindu festival Mandadevi and
also perform  Jagara (spirit  possession
weanee), Formerly they use to bury their
dead, but ar present they have taken o
cremation,

From 1969 to 1981 the annual growth rate
for the tribe was 3.88 which has declined o

3l

3531 during [981-1991 and very disturbingly
this has sharply declined o 1.24 from 1991-
1906, Average number of pregnancies for an
ever married female (EMF) was 4.28 and the
number of children born for an EMF was
3.88. The general fertility rate (GFR) of the
tribe was abour 198 against India’s 145.2 and
the total fertilicy rate (TFR) was 6.6 against
India's 4.0, The general ferility rate
(GMFR) was as high as 226 The 1ol
fertility rate {TFR) was 6.595 against India’s
4.0 and the o] marital fertlity rae
(TMFR) was 7.52. The age specific fertility
rate {ASFR) and the age specific marital
fertility rate (ASMFR) were 1,319 & 1.504,
respectively (Table 7).

Table 16. Literates in various Age-groups by Gender in the Raji Tribe

No.  Ape-Groups Percentage of literates in various age-groups by gender
Males Females Tional

1, -6 270 322 2.82
.5 7-10 20.72 2258 21.13
A 11-15 23.42 4193 2747
4. 16-20 15.30 22.38 16.90
- 21-25 18.02 968 16.20
&, 26-30 9.92 - T.75
3 31-35 5.40 - 4.23
B. 36-40 [.81 - L.40
0. 41-45 0.90 - 0.70
L. 46+ 1.81 o 1.40
) All Age-Groups 50,68 16.66 15.06




52

Table 17. Fertility among the Rajis

Age-groups  Children Total women  Total married ASFR ASMFER

born in in the age women of child

1996 group (1349 bearing age
15-19 4 27 14 0.140 0.283
20-24 & 23 20 0,260 0.300
25-29 8 21 21 0,380 0380
30-34 3 15 15 0,203 0.200
35-39 3 16 16 0.187 0187
40-44 i 10 10 0.100 0. 100
4545 ] 19 19 0.052 0.052
All age 26 131 115 1.319 1.504

solubilize the rock phosphate and thus make

3.4.5. Preliminary study on Landslide available o the plants usable phosphoms. Most

disaster of June 1997 in the Gangtok
area of Sikkim

Please see section on guick appraisal studies

3.5, ENVIRONMENTAL PHYSIOLOGY
& BIOTECHNOLOGY

351, Rhizosphere  Microbiology of
Himalayan plants

Background

Plant growth promoting thizobacteria
improve plant growth by colonizing the root/
system. The beneficial effects on plant growth
due to inoculation of these bacteria have been
reported through various mechanisms viz. (1)
biological nitrogen fixation (2) production of
antibiotics and siderophores (3) secretion of
growth  promoting  substances  incleding
phywhormones and (4) solubilization of rock
phosphates. The bacteria and blue green algas
are capable of xing nitrogen from the
atmosphere and are therefore applied as source
of fixed nitrogen. The mycorthizae can

studies on the rhizosphere, have been carried
out on short duration plant species. The
microbial community in an established tres
rhizosphere should be more specific owing 1o
the prolonged length of time occupied by the
plant species, and due tw the interaction
amongst  various  microbial  communities.
Therefore, identification of existing microbial
communities in seil, studying plant-microbe
and microbe-microbe interactions, and isolation
and selection of beneficial microbes would be
highly relevant. The selected bneficial isolares
can be developed as inoculants for better plant
performance at higher elevations.

Objecrives

1. Isolation and selection of plant growth
promoting rhizobacteria,

2. Stwudies on rhizoflora

conifers.

associated  with

3. Selection of
MiCroOTganisms
conifers.

phosphate  solubilizing
and mycorrhizag  in
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4. Microbial interactions in tea rhizosphere.

5. Maintenance of useful microbial cultures of
the Himalayan region.

Resuits and Achievemenrs

1. Extensive studies are being carried out on
isolation, characterisation and selection of
beneficial microorganisms. Three groups of
microcrganisms, viz., bacteria,
actinomycetes and fungi have heen taken
under consideration for characterising the
properties like production of antimicrobial
substances,  nitrogenase  activity, -
solubilising  ability and their survival at
various growth conditions, Various species
of Bacillus, Psewdomemas, Trichoderma,
Aspergillies and  Penicilium  have been
characterised and are being developed as
inoculants for improved plant growth.

bt

Smdies in relation 1w the rhizosphere
microbizl communities of three coniferous
trees, namely Pinus, Cedrus and Tacws are
in progress. Detailed studies have been
carried out in case of P-solubilising fungi.
isolated  from  Cedrus  rhizosphere.
Peniciliinm pinophillum was found to have
strong  P-solubilising  activity at  10°C.
Modifications in rhizosphere communities
for better seed germination of Taxus has
repeatedly given encouraging results. Pure
cultures of mycorrhizae, Trichoderma and
various thizobacteria, isolated from soils of
different high altitude locations are being
used as inoculants in Cedrus. Trichoderma
and bacterial inoculation resulted in control
of Fusarimm wilt. Data is recorded on the
establishment of the microorganisms in
rhizosphere after inoculation and growth
promotion.

3. A number of bacteria, isolated from tes
soils, are being developed for inoculation of
tissue culture, seed and cufting raised rea
plants. A large number of bacteria were
initially screened for their antagonistic
properties. Four of these isolates have been
found to have the polential o be developed
as promising inoculants, Two of the
bacteria have repeatedly given 90 o 100%
survival in case of tissue culture plants.
These bacteria are taxonomically identified
and are now being tied in wvarious
formulations. The bacteria are also found
useful in seed raised plamts in terms of
better survival as well as growth promotion;
these bacteria have been introduced in field
(Haigad watershed) where fresh tea
plantations through cuttings is being carried
Out.

4. All the isolated microorganisms (bacteria,
actinomycetes and fungi) are being
maintained using appropriate methods in
our collection.

3.5.2. Large Scale Propagation of location
specific elite plants using conventional
and Biotechnological methods

Background

There has always been a meed 1o
undertake studies for development of methods
for large scale propagation of location specific
clite plants. One of the major constraints in
undertaking large scale plantation work with
regard o rehabilitation of degraded/waste land,
afforestation programmes and introduction of
high value plants is the lack of sufficient
quantities of good quality planting material.

In view of the above, a study has been
initiated to address the above question. For
this, conventional methods of seed germination
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{and overcoming the problems of poor viability,
dormancy, efe.), vegetative/clonal propagation
are equally important, and can be supplemented
by the development of newer technology of
plant tisspe culture for target taxa of each
region,

Objectives
1. To idemtify physical and chemical
treatments,  including  plant  growth

regulators, for successful rooting of cuttings
and to standardize techniques for large scale
applications.

2. Developing in vitre protocols for selected
lree species.

3. Comservation of
species.

endangered/threatened

4. Te understand the problem of seed
germination in selected forest species.

Results and Achievemenis

1. In vitro protocol for mass scale propagation
has been developed for Thammocalamus
speathiflorus (commeon names - Dev-ringal,
Ringal, Tham), an evergresn iemperate
bamboo. By using germinating excised
embryos, multiple shoot formation was
optimized en MS medium supplemented
with 5.0 uM BAP and 1.0 uM [BA. About
90% explants proliferated in this medium
producing an average of about 30 shoots per
explant in 8 weeks. Following 14 days
culture on a medium containing 150 uM
IBA, clumps of 3-4 microshoots could be
subsequently rooted on plant  growth
regulator  free medium.  Almost 100%
rocting was recorded with an average of 4-3
roots per plant. These well rooted plants
have been successfully transferred to pots
containing soil and are being hardened
under net houss condinons (50% shade).

2, Attempts are in progress fo standardize
micropropagation protocols for  Aconitum
balfourit, A. heterophvilum  and Taxus
baceara subsp. wallichiana. Multiple shoot
formation was achieved in A. baffourii in
MS medium supplemented with BAP: these
shoots were subsequently rooted and
transferred to pots. Efforts are continuing to
obtain differentiation in callus culmures
(obtained carlier) of T. baccara and A.
heteraphyllum by using various hormonal
combinations.

3. The standardized wvegetative  (clonal)
propagation  of T Baccata  subsp.
wallichiona using 1st year's young shoots is
being uvsed for multiplying plams for
experimental purposes. Use of
Agrobacterium rhizogenes 1o induce root
formation in stem cottings of tea, poplar
and Grewia is continuing.

3.53 Impact of Environmenial Changes
on Growth Performance of Plants
Background

Rapid depletion of tree resource, a
major concern of today, has resulted in acute
shortage of fodder, timber and other by
products (oil, tannins, medicine etc.) directly
affecting the Himalavan environment and irs
people. In order to ameliorate this problem,

plantation of selected multipurpose  trees
remains a viable alternative. The project
envisages the importance of  inidating

plantations of economically viable selecied tree
species of the region by developing simple
nursery and invitro packazes, which will be
eventually made available 1o the local populace.
This can serve the dual purpose of meeting the
optmum demands for remewable energy
resources and also to uplift the economic status
of the local inhabitants.



Ohiectives

.

LE¥]

(1]

4

ldentification and quantification of the
resource availahility.

Initiating in-vitro
establishment of cultures.

technigues and

Monitoring  biological and  edaphic
adaptation of the seedlings raised through
lissue culture.

Developing propagation packages both for
nursery and in-vitro methods,

Resulis and Achisvements

1

(]

. Considerable

Standardizanon of technigues for
determining carbon metabolic  enzymes
amely ribulose 1, S-bisphospharte
carboxylase (RUBP  carboxylase) and
phosphoenolpyruvate  carboxylase (PEP
carboxylase) using " C compounds.

differences i RUBP
carboxylase and PEF carboxylase activities
i leafl tissues of plants from  different
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. Data

climatic zones, viz., tropical (Boehmeria
rugulosa, Celfis australis, Grewia optiva
and FHumexr denfus), temperate (Alnus
nepalensiy, Berula wrilis and Quercus spp.)
and alpine (Aconitum balfourii, Angelica
Rlawea,  Gewm  elaiwm,  Nardostachys
Jatamansi, Picrorrhiza brroo,
Podophyllum  hexandrum, Potentilla spp.,
Rhewm emodi and Rumex dentatus) were
recorded.

. Quantificatica of protein and pigment

contents in the above mentioned plants was
also carried out.

Analysis of plant tissues was carried out 1o
determine the mineral elements nitrogen,
phosphorus and carbon (Table 18).

ohtained on  the photosynthetic
response  of plants to  rising Co
concentration af varving lemperature and
light levels (using Compact Mini Cuvette
svstem) were analysed.

. Daily measurement of atmospheric Cu

concentration showed a marked variation in
atmospheric CO: level on monthly basis.

Table 18. Chlorophyll a, b, and a/b ratio, protein, nitrogen, phosphorus and carbon content
in leaf tissues from tropical (Boefuneria rugulosa), temperate (Betul wiilis) and

alpine (Podophylium hexandrum} plants,

Plant Species
B.rugulosa B. wrilis P. hexandrum
Chl. a {mg/g fr.wi) .00 1.6] .72
Chi. b (mgfg frowt) 0.28 0.48 0.51
Chi. afb ratio 3.65 3.33 3.%7
Protein (mg/g fr.wt.) 04.36 29.54 67.25
Nz {%) 2.51 1.94 1.58
Phosphorus (%) 0.21 0.2 018
Carbon (%) 4500 44 64 a4 37
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3.54  Study of plant performance, ecology
and interaction in the Himalavan
region

Backgroud

Due to dramatic differences in elevation
(within a map distance of 100-200 km),
climate, physiography and soil, the Himalaya
harbours, perhaps, the premier vegetational
eradient on the earth and is considered world's
largest plami diversity centre. This plant
diversity is critical o the survival of the human
being and exists at the level of an individual,
population,  community and  écosystem.
Increased biotic pressure (mainly in terms of
logging, crown removal and root harvesting)
has caused either threatening of  the
survival/existence or extinction of various plant
species. Further, severe exploitation of one
species may affect the growth and develapment
of other species by affecting specific microsite
and ecological niche of that species. Therefore,
there is an urgent need to undertake studies on
performance, ecology, canopy loss  and
interactions of various plant species in the
Himalayan region.

Objectives

1. To study the role of maral biotechnology for
sustainable use of various plant species.

2. To determine physiological processes and
their effect on productivity at community
level,

3. To smdy plamt soil imteractions and role of
fire in ecosystem processes,

4. Recrmitment and plant behaviour m namre
and/or modified environment.

5. To explare the relationship between forests
and agricultural productiviry.

Results & Achievements

Amongst varicus high value medicinal
plants of the Himalavan region, Tocws baccata
L. subsp. wallichiana (Zucc.) Pilger {the only
Taxus species in India) has gained considerable
importance due to its uncontrolled harvesting
from the Himalayan wilds for the extraction of
anticancer drug taxol # (paclitaxel). Therefore,
a study has been carried out to defermine the
stand  and canopy  struclure.  microsite
characteristics, extent of canopy removal, and
regeneration in anthropogenically disturbed and
undisturbed plots.

1. Taxus boccata in Jageshwar area grows
under Cedriy deodara trees, forming small
groups of 5-10 wees (generally along main
water channels) largely on north-west and
north-east aspects between 1770 and 1920
m altitude. The other associates of the
species  are  Neolitsen  pallens,  Lyonia
avalifolia, Rhododendron arboreum,
Aesciluy indica, Quercus lewcotrichophora
and @, foribunda.

2. In eight plots selected for the study of
different parameters, stock density ranged
from 31 1o 143 treestha with basal area in
the range of 0.69 o 4.67 m*/ha.

3. Regeneration of the species was satisfactory
in  undisturbed plots as  compared to
disturhed plots.

4. The mean leaf area index (LAI) across all
circumference at breast height (CBH) was
2.0, The girth was positively related
(P<0.01) to LA ty= 1.35 + 0.0005 x: ¢
= 0.487) and volume (v = 355.655 +
2.9205 x; r* = 0.882),



3. Mean cancpy removal compured from the
canopy prefile ce-ordinates using a Plam
Canopy Analyzer and C-2000 programme
(Licor . USaA) was approximately 375 .

3.5.5. Network Programme for  Mass

propagation and Improvement of Tree

Species of the Himalayan Region

Bockgiound

Based on the recommendations of a
Brain Stormiing Session held in the Department
of Bintechnology in December. 1992 a network
programme  for  imprevement  and  mass
propagation of Himalayan tree species has been
initigied. wusing a multidisciplinary approach. It
is envisaged thar core facilities will  be
developed making use of hoth conventional and
hiotechnelogical approaches

CHpeciives
1. To develop practicable methods for mass

propagation of selected treg species, using
tissue culture and conventional methods.

2, Large scale propagation of selected plants
frr which tissue culre protocols have been
developed.

3. Studies in tree sced biology in relation o

seed  materation, viability/storage.  seed

germination and seedling establishment.

4, To imparl training © interesied persons
from the Himalayan region,

Resulis and Achievemenis

I. High freguency and reproducible somatic
embryogenesis achieved in tea and Quercus
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2. Complete protocol has been developed for
in wirro propagation of mature and elite
plants of ‘maggar” bamboo {Dendrocalamies
Harmi{tonit),

rd

Encapsulation: of somatic  embryos  into
‘synthetic seeds’ has been standardized for
ea and “magear’ bambpo; conditions being
optimised for improving germination,

4, fn wvirro raised plants of tea. ‘maggar
bamboo and oak have been ransferred 1o
field conditions with sansfaciory survival,

5. Muluple shoots induced from cotyledonary
feaves, hypocotyl and apical portions of
mature embryos of Pious gerardiona.

6. Bacterial isolates obined from  various
tvpes  of soils  have been wsed for
improvement of seed germination, rooting
and establishment of seedling/lissue culture
raised plants.  Microbial inoculation  of
Cedriy deodarg seeds resulied in enhanced

germination  and  better  sarvival  of
seedlings.
7. Four bacterial isolates (two from tea

rhizosphere and two  from  other soils),
characterised for antagonistic properlics,
were  selected for inoculation of  tissue
cubture raised tea plams. Survival rae of
nearly 100% has been recorded with two of
the bacteria against 40-50% in conmrol
plants,

3.5.6. Seedling Development and Subseguent
Growth in Relation to Cotydedonary
Senescence in Two Alpine Roscites

Background
Two  herbaceows  dicots,  namely
Pordaplvitlum hexandrum Rovle



{Podophyllaceae) and Aconitum heterophvilum
Wall (Ranunculaceae) which grows in the
Himalavan alpine and sub-alpines. are of
remendous medicinal and export value, and are
presently endangered. Although these plants
perennate through  underground  paris
(containing  active principles of medicinal
value), the period of active growth is confined
only o oa few summer months, In view of the
medicinal importance and commercial relevance
of these plants, @ would be appropriate to
estimate  the endogenpus  plant  growth
substances  in seeds, cotvledons and  to
experimentally influence seed germination and
stimulate seedling growth.

Ohjectives
1. Toimtate growth of plumule in the 1% vear

irself by chemical means in order 1o hasten
the growing cvele.

bk
'

Comparisons to be made with another
species of Acomtfum, namely A, balfouri
where inhibitory mfluence of the cotvledon
i5 MM present.

1. To mfluence seed permination by chemical
means.

Rexulrs and Achievemenis

1. TIn order to examine the seed viability over
a period of one year storage (), 6, 12
months) at 4°C. the staining pattern in
Avenitum  balfourii and A, kererophvilum
seeds were recorded; the results indicated
that all parts of the seed took stain in about
13-77% of the sceds reflecting that majority
of the seeds remain viable immediately
following collection. The values were found
to decrease with the duration of storape
over a period of 12 months. In general,
seed viability and staining pattern were
quite similar in both these species.

2. The rate of seed germination in A. balfourii
and A. heterophyllum was greatly enhanced
by certain plant growth substances. GAs
(250 uM) significantly enhanced 42.5%
compared t0 27.5% in control) germination
in A. balfourii within 15 weeks while it did
not have any effect in 4. feteraphylinm. On
the other hand BAP (250 uM) enhanced
germination (42.3% compared to 25.0% in
control} in A, heterophyvilom while theee
was no effect in A, balfourid. Thicures and
KNy trearments were found w advance the
time as well as the rae of germination in
both the species. Treatment with 65 mb
thiourea resulted in a permination rate as
high a5 75% {compared 10 27.53% in
control} in the 153" week in 4. balfourit but
such a treatment was ineffective in A,
heterophyilem. Similarly treatment with 50
mM  KNO:  significantly  enhanced
germination (62.5% compared 1o 27.5% in
control) within 15 weeks in A balfourii
only.

ek

Seeds and cotyledons of Podophyllum
fexandrum  are  being  analysed  for
determining plant growth substance levels.
Bicassay results indicate some activity;
results of further analysis are awaited.

3.5.7. Biochemical aspects of Ammonium
Assimilation in Mountain Plants

Background

Today major concerni in (he aréa of
plant biochemistry, biotechnology and crop
improvement 18 © understand the mechanisms
that control the expression and developmental
pattern of enzyme proteins invelved In nitrogen
mewbolism  and  how  they regulate  the
distribution of carbon and nitrogen in different
plant parts. A clear understanding of these two
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major pathways is necessary for the future plant
biotechnology and crop improvement,

Ciectives

I, To understand the binchemical and
molecular  mechanisms  involved in the
regulation of gene expression and enzyme
synthesis  associated  with  ammonium
assimilation in plants,

1

To study the effect of various environmental
stress conditions on the activity/synthesis of
GS.GOGAT and GDH ar protein and
mRENA [evel.

(Summary of completed project)

In wirre protein synthesis using 5
labelled L-methionine and immunodetection of
glutamate dehydrogenase using GDH-antibodies
were  studied in soybean and  Selinum
vaginatum, an alpine perennial herb grown at
three altitudes (550, 2100 and 3600 m). In
addition, fn virre effect of various inhibitors
such as cyeloheximide. chloroamphenicol,
streptomyein,  methioning  sulphoximine and
dzasering were studied on soluble protein,
ammonia accumulation and some  important
enzymes of nitrogen metabolism in suspension
cultures of both the species. [t was observed
that *S incorporation increazed in both the
species as altitude increases but the increase is
species specific. Although immunodetection of
GDH in both the species confirmed cur earlier
findings of increasing enzyme activity with
increasing altitude, gquantitative chanpes in the
enzyme has been vobserved. In both the species,
many of the inhibitors produced contrasting
trends in most of the parameters studied. The
overall results indicate that some of ihe
ammonia assimilatory properties in both the
Species are not similar,
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3.5.8. Effects of Nx-Fixing Almus on the
Mechanisms of Accelerated
Phosphorus  cycling  in  Large
Cardamom  Agroforestry  in  the
Sikkim Himalaya

Background

Mixture of Mz -fixing and non-N:-fixing
species differ from other sets of species by the
direct and indirect effects of increased nitrogen
supply. Nitrogen cycling in such stands have
been observed o accelerate which is auributed
to Ne-fixation. The rates of phosphorus have
also been shown to increase under the influence
of Nefixing species, however, there is no
understanding on. the mechanisms that give rise
te  greater availability and accelermied
phasphorus cycling. The project envisages to
fill the above gap. The work emphasizes to test
the following two hvpotheses related to the
mechanisms on ecosyvstern biogeochemisiry as
an effect of MN:-fixing species : (1) increased
availability, and cveling of phosphorus under
the influence of Afmus may cavse a shift from
sparingly available geochemical pools 1w
rapidly cyeling organic phosphorus pool, and
(2) soil acidification due to rapid sccumulation
of nutrient cations in biomass may cause soil
exchange complex to become more dominated
by H®, Nitrate leaching may also cause
accumulation of H® in the seil. These
hypotheses will be tested in large cardamom
{(Amomum  subulafum) based  agroforesiry
system where Nefixing Almus nepalensis is
extensively planied as associate shade tree.
Alnus has a symbiosis with Frankia and is
efficient in No-fixation.

Objectives

L. To estimate the shift of sparinglv available
geochemical pools 1o rapidly cycling
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organic pools of phosphorus under the
influence of Alnus.

To characterize  the  major
phosphorus and  examine the  processes
mvolved i the rate of release of
phosphorus from the above pools

pools  of

To guantify the level and causes of soil
acidification in Alnus- cardamom
plamations,  and o correlate with
phosphorus availability.

Reswdes g Achievements

[

No-fixing Alnus accelersted nitrogen and
phosphorus  cyeling in large  cardamom
based agroforesiry. Acceleration of nitrogen
cyiling has resulted from nitrogen accretion
through hiological fixation. Mechanisms of
malleability of phospherus cyeling were ot
clear  and, therefore, investizated.
Solubitization o  secondarily fixed
phosphorus m the soil was influenced by
Ne-fixing Alnus in the rhizosphere.

In  the Alnus-cardamom  agroforesiry,
phosphorus pools in sofl [viz., available-P,
labile-P, stable organic-P {soil  organic
matier-P and microbial-P), and Mractionated
phosphorus as Ca-P, Fe-P and occluded Fe-
P| were guantified in rhizosphere and bulk
soils in voung-, medium- and old-Alnus,
cardamom-Alnus, and non-Na-fixing mixed
[ree Species

Organic carbon was recorded maximum in
non-Nefixing  tree  rhizosphere  and
minimum in the bulk soil. Available-P was
highest in mixed tree thizosphere followed
by the bulk soil. s concentration was
relatively lower in different aged Alnus and
cardamom  rhizosphere but  with  higher
microbial-P values (Fig 12). Low available-
P in Alnus rhizosphere sogeests higher rate
of uptake that corroborates with faster

cyveling. The highest microbial hiomass-P
was recorded in the rhizosphere of voungest
Alnus trees. Oxalates in rhizosphere soil of
Alnus and Alnus-cardamonm mixed situation
are higher showing the exudation of oxatic
acid and then solubilizing phosphorus by
chelating with calcium and iron.

[t has been
progesses of

realized  that  rhizospheric
bath Alnus and  cardamom
solubilize  unavailable  inorganic-P  and
organic-P - pools 0 available-P  pool.
Estimation of low molecular acids sueh as
oxalic  acid  from  Alnus  rhizosphere
indicated ils chelating role and release of
phosphorus from unavailable pool. The pH
contral - on Pesolubilization  §s also
investigated. This has increased soil fertility
in wrms of phosphorus, and parly explain
the acceleration in its cvcling in the

presence of Ne-fixing Alnus.

Fig. 12. Available-P (ug/100g sail), microbial-P {ug/[00g

soil) and arganie-Ci{%soil) in the rhizesphere of
Alrs-cardamom  agroforestrv in Sikkim,
[AP=availsble-P; MP=tniceobial-P; OC-Organic
carbon:  BS-Bulk  Seil; AYR=Young Afemus
rieosphere;. AMB=medium Afnus rhizosplers;
ADR=old  Afmay  rhizosphere;  ACR=Almus-
cardamom  mised rhizosphere; CR=¢ardamom
rhizosphere; and MTR~Mixed tree rhizosphere,
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3.5.9, Asian Biotechnology and Biodiversity
Subprogramme ; FARM project : A
case study of Haigad Watershed.

Background

The  Asian  Biotechnology  and
Biodiversity subprogramme 15 one of the seven
sub  programmes of the FARM (Farmer
Centered Agricultural Resource Management)
programme initiated by UNDP?FAOTUNIDO.
FAO is the executing agency and the
Department of Biotechnology, Govt. of India is
the main implementing agency, with the overall
responsibility for Regional Co-ordination and
Monitoring. The sub-programme specifically
aims  al  providing  information on new
biotechnologies  amd  assessing these o
determine their potential to contribute to natural
TESOUTTE MAnagernent,

(higciives

1. To eswblish an Asian Bicinformatics
Network involving eight countries to enable
exchange of information on biotechnology
amongst member countries,

[

. To underake echnology assessment on the
porential  of new  biotechnologies o
contribute 1o [PM, agroforestry and rainfed
farming system.

Based on the topography, soil fertility
status, crop production, demands of the local
people, various alternate practices have been
identified and efforts were made 0 implement
these practices through the ABB  sub-
programme of FARM activity in the Indian
mountain  site (Haigad ‘Watershed). The
demonstrated technologies were simple, cheap
and replicable. Out of the earlier identified and

&l
demonstrated  practices, bio-composting,
protected  cultivation under polypits and

polyhouses, development of agro-forestry and
dry land  horticulture and  germplasm
characterization and conservation have been
replicated with active participation of local
inhabitants in the Khulzad watershed of districe
Almora.

Resulrs and Achievemenis

1. Two sets of bip-composting trails were
iemonstrated o the watershed.  The
ingredients in the first demonstration trial
were (i) soaked waste paper, (ii) cattle
dung, (iii) chopped farmyard weeds, and
vy sieved soil. Im  the second
demonstration, farmyard weeds were
replaced by dried leaf liter of chir-pine
(Fins roxburghify, as it is the most
prevalent material used as cattle bedding
and in the traditional FYM. Now, bio-
composting is being adopted by a good
mumber of farmers (seven in village Jyoli
and thres each from each villages Dilkot,
Kujrari and Kharkung) in the watershed.

2. A total of two polyhouses and two polypits
were made and demonstrated on farmers'
field at village Jyoli using locally available
material (hambon), except for polythene
which was obtained from outside and
provided to them. Additional farmers were
trained for these simple technologies and
polythene sheets were provided to them for
making use of protected cultivation on their
own lands.

3. A large number of saplings (grafied on
suitable root stock) of different fruil trees
{apricot, peach, pear, plum, peamut,
almond, walnut, etc.), lifted from Himachal
Pradesh Krishi Vishvavidyalaya, Palampur
(H.P.}, have been planted on the terrace
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risers of less productive rainfed agricultural
fields, surrounding cultivable waste land
and near the farm house of the villagers
under a suitable agroforestry svstem,

Documentation of the existing germplasm of
village Jyoli has been completed and a total
of 98 plant species have been recorded.

. A traiping programme entitled “Farmers’

field school-cum-training programme”™ was
organised in the village Jyoli on May 18-19,
1998, A total of 10 farmers from four
village (Iyoli, Kujrari, Dilkot and
Kharkuna) were selected on the basis of
their economic status/work performance and
their parficipation during the
implementation of FARM activities. In
addition, school teachers, children, village
pradhans, other farmers of the surrounding
village, etc., also participated and were
given practical inputs. The following
technoiogies Were: discussed” and
demonstrated and their value explained. a)
Bio-composting  technology, b) proected
cultivation-polypit and polyhouse
technology, cf development of agroforestry,
d) water harvesting technology, €) cash crop
production (mainly large cardamom), f)
development of silvi-pastoral system. g}
multi-purpose  tree  plantations, h)  site
improvement/green manuring, i
multiplication technology for bamboo, j)
nursery technology, k) soil conservation
measures  and  bio-fencing. In  addition,
practical training and demonstrations are
being regularly given to farmers on their
farms, Informal discussion are also held
with the villagers from time to tme, in
groups or individually.

36, INSTITUTIONAL  NETWORKING
AND HUMAN INVESTMENT

3.6.1. Integrated Eco-development Research
Programme (IERP) in the Himalayan
Region

Based on the recommendations of the
Project  Evaluation Committees  (PECs),
following nine projects {two to Universities,
four to NGOs and three to Govt. Institutions/
Autonomous  Organizations/Army  regiments)
were sanctioned and funded duning the year.

1. Parvativa kshetra mein brishi vaniki ke live
pauwdh bank ka vikas evam prasar. (Mr. A.
Swami, Jai Bharat Sewa Samiti, Srinagar,
Pauri Garhwal, U.P.).

2. Resource dentfication and technology
transfer for water harvesting in Nayar
watershed area of Garhwal Himalaya. {Dr.
A K. Agrawal, SEED, Kotdwara, Pauri
Garhweal, 11.P.).

3. Garkwal kshetra ke sthai vikas hetie nakadi
faslon evam chare ka wpadan. (Mr. U
Sati, Shri Badri-kedar Srijnatmak Samiti
(SBKSS5), Nagnath Pokhari, Chamaoli
Garhwal, U.P.).

4. Scientific screening of under-exploited food
plants used by Adi, Apatani and Nishing
tribes of Arunachal Pradesh. (Dr. Y.P.
Kohli, Department of  Chemistry,
Jawaharlal MNehru College. Hill Top,
Pasighat, Arunachal Pradesh).

5. A derailed smdy on mass wasting and
related processes: As a step  towards
reducing environmental hazards in parts of
Kumaon and Garhwal Himalaya, (Me. D5,
Tolia,  Geolechnological Engineering
Division, Central Road Research Institate,
New Delhi).
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GIS  application in  forest resource
management, (Dr. 5 Mahajan, GIS Cum
Computer and Instrumentation Centre, Dr.
Y.5. Parmar University of Horticultare and
Forestry, Nauni, Selan, H.P.).

Esmblishment of Rakshevan at Mana in
Badrinath Dham. (Col. Rajendra Singh,
Garhwal  Scouts,  Joshimath, Chamoli
Garhwal. U.P.),

Sustained utilization of Garhwal Himalayan
rivilets  for clectricity  generation by

moedifving Gharats. (Dr. B.5. Semwal,
Department  of  Physics/USIC, HNB
Garhwal  University,  Srinagar,  Pauri

Garhwal, U.P.).

Swidies on myeorrhizal biotechnology of
high altiude Himalayvan comifer - Tarus
baccata, (Dr. T.N. Lakhanpal. Himalayan
Research Group ©/0 Myeology and
Pathology Lab., Departmient of Biosciences,
H.P. University. Shimla. H.P.).

In addition tw the above, following

activities weve also carried out during the year,

1.

Twelve (12} fresh project proposals, which
were received for funding during the wvear,
were screened carefully and subsequently
processed referred for preliminary
evaluation 0 the subject experts. All these
projects were also evaluated by the experts,

For the fimalization of 28 pending
revised/fresh project proposals during the
vear, VIHI meeting of the PEC was
organized at Dr, Y.5. Parmar University of
Horticuloure and Forestry, Nauni, Soiin,
H.P. on Janwary 20, 1998, Six members
including the Chairman and one special
invitee attended the meeting. Follow-up

. On-spon

. Executive

. The exsoutive

K

action on the decisions of the VIFVIIT PEC
meeting was completed/initised during the
year.

. Funds for forty seven (47) ongoing and

ather projects were released during the vear
after careful examination of the Utilization
Cernificates and Statement of
Expenditures/project  documents  submitted
by the respective Pls.

. Annual Progress Report (APR) of twenty

{20} on-going projects, submined by the Pls
during the year, were processed for
evaluation and referred o the subject
expetts. Subsequently, the comments of the
subject experts were communicated o the
Pls for follow-up action.

evaluation of  five (05
field-oriented  on-going projects  was
initiated during the vear by duly constituted
Committee of the subject experts. The
observations of the subject experis were
communicated 1o the respective Pls for
follow-up action.

. Final Technical Report (FTR) of twenty

{20) projects was received during the year
These were mailed w the concerned
Dreptts /Institutions/State  Govt.  etc.  for
follow-up action/ urlization of research
findings. The FTRs were also referred to
the subject experts for their comments.

summaries of fourteen (14}
completed projects were submined w the
SIC. ENVIS, GBPIHED for publication in
ENVIS Bulletin of the Instinute.

summaries of six (&)
completed projects werg published during
the year m the ENVIS Bulletin of the
Institure and the bulletin was distributed o
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the concerned user agencies efc,

9. Follow-up action on eight (8) concluded
praject files was completed in all respects
during the year whersas In twelve {12
completed project files it waz initated
during the year, Follow-up actions on other
T1 project files tfresh/revised/on-going ec,)
were also initiated during the vear. In all,
follow-up action in 91 project files was
initiated/completed during the VEur,

3.6.2.Environmental Awareness Programmes

Environmental awareness on the aAspeCts
of nursery development, tree  plantation
technigues and natural resource conservation
and management was created during the year
among the people by organizing plantation
ceremonies/on-site training programmes! plant
distribution ceremonies as well as by atlending
various meetings with the people/orzanizations
etc. In all, environmental awareness was
created among more than 370 persons during
the year by the scientists of the INHI Core of
the Institute.

3.6.3. On-site Training Programme

Three day on-site training programmne
{sixth of its kind) on nursery development, tree
plantation technigues and natural resource
conservation and management was organized by
the INHI Core of the Institute from February
[l to 13, 1998 at Chessa villape (Districts -
Pupum Para) of Arunachal Pradesh. The target
groups  included  local  body  elected
representatives, volunteers, Farmers and rura)
women, In all. 57 participants from Assam and
Arunachal Pradesh attended this short term
on-sile training programme. The participants
were trained by the staff of INHI Core and
Morth East Unit of the Institute as well as by
the identified resource persons of SERI and
NERIST. Arunachal Pradesh, The participants
welcomed this activity and the response was

quite encouraging for active furtherance of the
programme particularly in the remote areas of
Indian Himalaya.

Fig. 13. On-site training programme at Chessa village

3.6.4. Dissemination of Information through
Networking

Through in-house publications INHI
Core is actively involved in the dissemination
of knowledge. Hima-Paryavaran (a newsletier
of the Institute) and Annual Report of the
Instiste were distributed during the year o
almost 228 NGOs, 121
Academic/Scientific/Govt, Depus. and 396
subject experts working on various aspects of
Himalayan environment and development

R&D inputs on various aspecis of
Himalayan environment and development were
also provided by the scientists of the Core 1o
the  represemtatives of 28  academic/
scientific/Govt. Deptis. and 28 NGOs, and also
o the more than 300 persons (i.e.
villagers/farmers/rural women/ex-service army
personnel! pilgrims/ in-service persons et}
during the year. Scientific snd technical inpuls
to the officials of Garhwal Scouls, Joshimath
for the strengthening of Manavan at Badrinath
Dham and also to the officials of Parmarthlok,
Badrinath for the expansion of Parmarthlokvan
at Badrinath Dham were also provided by the
scientists of the Core from time to time during
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the vear.

3.6.5. Strengthening of Central Nursery at
the Headguarters

Central nursery activities at the Kosi
campus of the headguarters were strengthened
and moniored successfully during the vear,
Seeds of twenty five (253) promising mountain
trees were collected in large quantities during
the vear from time 0 1imé and sown in the
aursery  bheds/polybags/seedlings trays at the
nursery.  Cuttings of ten  (10) promising
mountain trees were also collected in large
quantities during the year and planted in the
beds ur the Central nursery. Twemy five
thousand (25,000) seedlings/saplings/curttings of
varions trees were raised in the nursery during
the year. Five thousand and ten (5.010)
seedlings of various trees were distributed, free
of cost, 1o the villagers/farmers, school
children and NGOs for plantation purpose
whereas four thousand (4,000
seedlings/saplings of differemt  trees  were
distribured o various  scientists/instimrions
during the year for R&D purpose. Five
thousand (3.000) seedlings/saplings of different
trees were also used for plantaton in the
premises of the Institute. The central nursery of
plants at Kosi (Almora) was alse remained
mn-comie generating during the year,

QUICK APPRAISAL STUDIES

Preliminary study on Landslide disaster of
June 1997 in the Gangtok area of Sikkim

Background

A disastrous series of landslides ook
place in Jume 1997 at different spots within
Gangrok city and its suburbs leading to heavy
casualties and other losses. Following this, a
preliminary assessment was undertaken in the
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immediate aftermath of the disaster by G.B,
Parmt Institute of Himalayvan Envircnment and
Development in collaboration with International
Centre for Integrated Mountain Development
(ICIMOD). The broad objectives. of the sudy
were 0 assess and provide (1) brief history of
landslide disasters, (2) causative factors, (3)
consequences and (4 lessons for fuure and
recommendations for further study,

Chver recent vears. there is a rising trend
of high imwensity rainfall wiggered landsiides
and consequent loss of lives in Gangtok (Fig.
14). June'S7 landslide events were preceded by
rainfall of approx. 220 mm during the event.
There were nearly fifty lives lost besides
devastating or affecting large number of houses
and other properties. Another landslide disaster
within city was in Seplember 1995 at Deorali
area with a rainfall of 95 mm during the évent
which swept downslide many dwelling units
with casualty figure of abowt thirty. Similar
calamitous landslides took place in Syari and
Deorali areas of Gangtok in Seprember 1990
with 85 mm of rainfall during the event. There
were nearly twventy five human lives lost.

The fragile  host terrain,  swep
topography and excessive loading of the slopes
lead to increase in the shear stress (driving
forcefunit area) at relatively. constant shear
strength (resisting force/unit area) resulting into
physiographically more sensiiiveé zonegs with
slope instabiliies. The Gangtok area shows
ogeurrence of soft phyvllite and schist along with
gneiss and some mixed rock categories of
brittle nature. The predominant occureence is
that of schist and gneiss. During  field
observations, the intense weathering leading to
reduced cohesion particularly of schistose and
ather allisd rocks were observed which require
special amention. The seil  geperic  and
phystographic conditions suggest the landslide
susceptibility of differemt geomorphic tercain
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units depending on their soil association and the
parent rock properties,

(bservations and recommendations

[

. The high rainfall recorded on a single day

during all the recent landslides of Gangtok
proves its important triggering role. The
norih-eastern  earthquake wemors in the
recent past may also have afTected these
arcas beforehand as an indirect cause. This
city is already overburdened with building
and other constructions. Tourism is also
srowing wvery fast leading to economic
growth and at the same time, putting much
pressure on the existing city infrastructire.
There are  plenty  of  associated
developmental activites, Thus, suitable
building sites are scarce and even less
suitable - sites  are not  spared  from
construction  activities. Thick overburden
soil cover is also significant within heavily
constructed areas with less possibility of the
foundation piles of houses resting on stable
rock strata or slope plane in considerable
number of cases. The pattern of city
sertlements seems to be inadequate coupled
with poor drainage system of old times
aggravating the intensity of recent
hazardous calamity. Numerous drainage
channels were found to be clogged with
water supply pipes, telecommunication
cables and non-biodegradable plastic wastes
during June'97 dizaster.

Different localities of Gangtok and s
suburbs experienced landslides within a
short duration of high intensity rainfall on
the night of 8" June. The severely affected
areas in ferms of loss of human lives,
properties and livesiock were assessed for
observing the geological conditions which
might have conmtribwied to these events.
These localides are - Zero Point near
Sikkim Raj Bhawan, Development Area,
Tathangchen, Chanmari (Fig. 14} and,

. Based on field

Rongey Basti (Dokan Dara) and Chongey
Tar Basti (Fig. 14) on Gangtok-Rongey-
Bhusuk-Assam (GRBA) road (suburban
sites).

investigation  and
assessments, it 15 recommended to carry out
extensive work incorporating the following:
A comprehensive study for (a) multilevel
zonation of landslide hazard on different
scales using remote sensing data and maps
as  well as  ground  surveys (b
documentation of engineering-geclogical,
meteorologieal and other peo-environmental
variables  as  suitable  Geographical
Information Systemn (GIS) overlays. A
terrain  classification  approach  should
supplement these at all the levels in terms of
sloping land facets for crealing database for
the ¢ity and its suburbs around a GIS
platform. This shall allow ready access 1o
the administrators and planners, and shall
glso serve as a model for other mountaimn
cities.

Fig. 14, Important landelide affected localines.
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4. MISCELLANEOUS ITEMS
4.1. Addition to Library

One Thousand two hundred and sixeen
{1216) books were added in the library during
the vear. The total number of books available in
the Library is 8083, A towal of 132 international
and mationals periodicals are being subscribed
in the library including 15 periodical subscribed
by the ENVIS Centre on Himalayan Eeology al
the Instinmte, Dammbases of library have been
updated, and Computerised Current Awareness
Service (CAS) and Selective Dissemination of
Information (SN} Services are being provided.
Mew arrivals and Articles Alert Services are
being provided rtegularly. Library is also
receiving some hooks from some national and
international orsanizations as complimentary
copy

4.2, Membership of Professional Societies
JCommittees

Member, Research Advisory Commiuge of

Wadia Institwe of Himalayan Geology,
Dehraduen (L.M.S. Palni)
Member, Hoard of Governors, Ceniral

Himalayan Environment Association, Nainital
(L.MLS. Palni)

Member, Expert Commitiee set up by the
Government of India for establishing the
Institute of Biodiversity in Arunachal Pradesh
(L.0M.S. Palni)

Member, Ecological Society of America, USA
(Subrat Sharma)

Member, International — Association for
Landscape Ecology, USA (Subrat Sharma)

&7

Member, Sikkim  Science Society, Sikkim
(Subrat Sharma)

Member, Instimute of Landscape, Ecology and
EKISTICS (D.S. Rawat)

Member, Indian Association of Hydrologists,
Roorkee (Kireet Kumar).

Memiber, Indian Society of Tree Scientists
i5. K. Nandi)

Mermbet, National Geographic Society, USA
({R.K. Maikhuri and G.C.8. Negi)

Member . New York Academy of Sciences,
UsSA (G.C.S. Negi)

Member, The Mountain Forum, USA (V. Joshi
and A. P. Krishna)

Member, The Intermational Association of
Hydrological Sciences, Canada (V. Joshi)

Member, Mational Institute of Ecology (P.K.
Samal)

4.3. Awards and Honours

Elected Fellow of the Mational Academy of
Sciences, India (L.M.S, Palni)

Prof. K.K. Nanda Memorial Young Scientist
Mational Award (1996) awarded by the Indian
Society of Tree Scientists in recognition of
work in the area of tree ccology and
conservation (H.C. Rikhari).

Prasasti Patra for book “Pan Ki Kheti™ EBIS,
CSIR (1996) from DG, CSIR and Secretary,
Department of  Scientific  and  Industrial
Research, awarded in 1977 (K.K. Singh)

Visiting fellow of Jawahar Lal Nehru Centre
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for Advance Sciemtific Research, Bangalore
(G.C.5. Negi),

4.4. Publications of the Faculty
4.4.1. Scientific Papers

Agrawal D.K., A.P. Krishna, V. Joshi, K.
Kumar & L.M.5, Palni (Eds.} (1997).
Perspectives of Mountain Risk Engineering
in the Himalayan Region. HIMAVIKAS
Occasional Publication No, 10, G.B. Pant
Institute of Himalayan Environment and
Development, Almora (India), Gyanodaya
Prakashan, Nainital, India, 244 p.

Agrawal D.K., A.P. Krishna, V. Joshi, K.
Kumar & L.M.S. Paloi (1997),
Perspectives of mountain risk engineering
in the Indian Himalayan context : an
overview. In : D, K. Agrawal, A. P
Krishna, V. Joshi, K. Kumar and L. M. 5.
Palni (eds.}, Perspectives of Mouniain Risk
Engineering in the Himalavan Region,
Gyvanodaya Prakashan, MNainital, India. pp.
1-12.

Agrawal, D. K., A.P. Krishna, V. Joshi, K.
Kumar, P.K. Samal, H.C. Rikhari &
G.S.  Batyal  (1997).  Background
information for the proposed on-site
training programme and monitoring of the
mountain risk engineering (MRE) activities
in the Kumaun Lesser Himalaya, India
under MRE imtegrated training programme

in the Himalayas : India project. In : DK,
Agrawal, A.P. Krishma, V. Joshi, K.
Kumar and L.M.5. Palni (eds),

Ferspectives of Mountain Risk Engineering
in the Himalayan Region, Gyanodaya
Prakashan, Nainital.

Agrawal, D, K., K. Kumar, G.5. Satyal, B,
5. Majhila & L.M.S. Palni (1997).
Control of man induced erosion in hills :

low cost alternatives & their assessment -
preliminary results. In ; DK, Agrawal,
A.P. Krishma, V. Joshi, K, Kumar and
LM.S.  Palni (eds.), Perspectives of
Mountain  Risk  Engineering in  the
Himalayan Region, Gyanodaya Prakashan,
Nainital.

Bisht, M.5. , P. Vyas, N. Bag & L.M.S.
Palni {1998). Micropropagation of some
plants of Indian Himalayan region. In : P.5.
Srivastava {ed.), Plamt Tissue Culture &
Molecular  Biology -  Applicarions &
Prospecis, Narosa Publishing House, New
Delhi. 126-170.

Chandra, 5. & P.P. Dhyani (1997). Diurnal
and monthiy variation in leaf temperamre,
water vapour transfer and energy exchange
in leaves of Ficus glomerata during
summer. Physiol. Mol Biol. Plants, 3: 135-
143,

Dhar, U. (1997), Biodiversity swdies- existing
mindset and real issues, In ; U. Dhar (ed.),
Himalayan  Biodiversitv  Action  Plan,
Gyanodaya Prakashan, Nainital. pp. 5-10.

Dhar, U, (Ed.} { 1957). Himalayan Biodiversity
Action Plan, Gyanodaya Prakashan, Nainital.
136 p.

Dbar, U. & .5 Singh (1997). Need for
developing  action  oriented  network
programme ¢on Himalayan biodiversity. In :
U. Dhar {ed), Himalovan Biodiversity
Action Pian, Gyanodaya Prakshan, Nainital,
pp. 125-136.

Dhar, U., B.S. Rawal & 5.5. Samant (1998).
Endemic plant diversity im the Indian
Himalaya IV : poorly represented primitive
families. Riogeographica, T4(1): 23-35,
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Dhar, U., 5.5. Samant, R.5. Rawal & 5.
Sharma (1997}, Swdies on biota and
resource use pattern of natives within Askot
Wildlife  Sancruary of Kumaun Himalaya.
Tiger Paper, 24(4): 12-18.

Dobriyal, R.M.. G.5. Singh, K.S. Rao & K.G.
Saxena (1997). Medicinal plant resources in
Chhakinal watershed in the north-westemn
Himalava : traditional knowledge, econormy
and conservation. Jouwrnal of Herbs, Spices
& Medicinal Plants. 5010 13-27.

Farvoquee, Nehal A, & D.S. Rawat (1997).
Development Dilenuna, Indian Scenario and
Rural Himalaya (A Cenmtral Himalavan
Perspective), Himavikas Publication No.
11.. Gyanodaya Publications, Mainital, 135
P

Faroogquee, Mehal A. (1997). Pastoral issues of
the Central and Eastern Indian Himalaya:
prospects and constraints, In @ Daniel J.
Miller and Sienma R, Craig (eds.).
Rangelands and Pasroral Development in
the Hindukush Himalaya : Proceedings of a
Regional  Expert’s Meering, International
Centre for Integrated Mountain
Development, Kathmandu, Nepal. pp. 141-
146,

Farooquee, Nehal A. ([998). Development
and the eradication of traditional resource
use practice in the central Himalayan
transhumant pastoral society. [rrermationnl
Jowrnad of Sustainable Development and
Weorld Ecology, 5 1 43-50.

Ghosh, 5., K.K. Sen, U, Rana, K.5. Rao &
K.G. Saxena (1997). GI§ Applications o
Natural  Resource  Managemeni  and
Development Plarning in a Ruwral Area:
Pranmari Warershed, Garhwal Himalava,
Indig. Menns Case Study Series No. 3§,

International Centre for Integrated Mountain
Development  (ICIMOD),  Kathmandu,
Nepal. 76 p.

Joshi, 5.C. (1997). Changes in activity of

peroxidase.  polyphenol  oxidase  and
indoleacetic acid oxidase in Cinmamomim
tamala  Fr. MNees during leal  fall
development. Physiology and  Moleculor
Biglopy af Pilanes, 3 157-163.

Joshi, V. (1997). Effects of cloud burst in

Himalaya, India. In : D.K. Agrawal, A P.
Krishna, V. Joshi, K. Kumar and L.M.5,
Paini (eds.), Perspective of Mountain Risk
Engineering in the Himalavan Region,
Gyanodaya Prakashan, Nainital. pp. &7-
110,

Krishna, A. P.. Y.K. Rai & L.K. Rai {19973,

Environmental impact of a minor road
construction as landslide - an imegrated
comrol case swdy in the Sikkim Himalaya,
In : D. K. Agrawal. A. P. Krishna, V.
Joshi, K. Kumar and L. M. 5. Palni (eds.).
Perspecrives of Mountain Risk Engineering
in the Himalavan Region, Gyanodaya
Prakashan, Mainital. pp. 163-178,

Krishna, A.P. (1997, Environmental

assessment of urbanization in mountains @ a
case study of Ganglok city and 1(s environs
in eastern Himalaya using remote sensing.
Asian-Pacific  Remote  Sensing and  GIS
Sournal, 9 (2): 15-18.

Krishna, A.P. (1997). CGeologic remoie

sensing applications for landsfide hazard
assexsment In parts of Sikkim Himalaya,
India. In: Proc. of Twelfth International
Conference and Workshops on  Applied
Geologic  Remote  Sensing,  Denver,
Colorado (USA), vol. 1I: 173 - 178.
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Kunival, JLC. & R.K. Pandey, {1997).
Agricultural development and ecofarming.
In : 5K. Sharma and N.C. Dhoundiyal
{eds.), Studies on Kumaun Himalaya | Indus
Publishing Co., New Delhi. pp. [61-176.

Kuniyal, J.C. (1997, Hydrological
instrumentation problems associated with
rainfed agriculture. In : V., Goval (ed. ),
Proceedings of National Workshop  on
Advances in Hydrological Instrumentations
(25-26 Oct. 1994). National Institute of
Hydrology: Roorkee, Allied publishers
Lid.. New Delhi. pp, 48-36.

Maikhuri, R.K., S. Nantiyal, K.5. Rao &
K.G. Saxena (1998). Medicinal plam
cultivarion and hiosphers TesETVE
mansgement ;@ case study from the Nanda
Devi Biosphere Reserve, Himalaya. Current
Sctence, T4(2): 157-163.

Maikhori, R.K., R.L. Semwal, K.5, Rao, 5.
Mantiyal & K.G. Saxena (1997). Eroding
traditional  crop - diversity  imperils  the
sustainability of agricularal  systems  in
Central Himalayva, Currend Science, T3 (9
TTI-T82.

Maikhuri, R.K., K.5. Rao, R.L. Semwal &
K.G. Saxena (1998). Managing seuled
mountain  farming  system  for  sustainable
development: Perspectives and issues, [n;
Partap, T. and Sthapit. B. (eds.}, Managing
Agrobiodiversity  in the HEH  Region,
ICIMOD, Kathmandu, Nepal.

Maikhuri, R.K., R.L. Semwal, K.5. Rao &
K.G. Saxena (1997). Agroforestry for
rehabilitation of degraded community lands:
& case study in the Garhwial Himalaya, India.
internarional Tree Crop Jowrnal, 9 @ 8999,

Maikhuri, R.K., R.L. Semwal, K.5. Rao &
K.G. Saxena {1997). Rehabilitation of

degraded community lands for sustainable
development in Himalaya : a case smdy in
Garhwal Himalava, India.  fwernational
Journal of Sustainable Development and
Warld Ecolagy, 4 1 192-203,

Nandi, S5.K. & LM.S., Palni (1997
Metaholism of zeatin riboside in a hormone
aulonomous genetic wmaour line of obacco.
Plant Growth Regulation, 23 1 159-166.

Nandi, S.K. & L.MS. Palni (1998).
Metabolism of adenine ari! hypoxanthine in
a hormone autonomous genetic mmour line
of tobacco. Rislogia Plantarum, 40 ; 535-
633,

Negi, G.C.8., H.C. Rikhari & 5.C. Garkot
(1998). The hydrology of three high-altinde
forests of Central Himalaya, India : a
reconnaissance study, Hydrological
Processes, 12 : 343-350.

Pandev, A. & L.M.S, Palni (1997). Baciflus
species : the dominant bacteria of the
rhizosphere  of ecstablished tea  bushes,
Micrabiol, Res, 152 : 359-365.

Pandey, A., E. Sharma & L.M.S. Palni
{1998). Influence of bacterial inoculation on
maize in upland farming systems of the
Sikkim Himalaya. Soil Biol. & Biochem, 30
 379-384,

Pant Rekha, D.S. Rawat & P.K. Samal
(1967). The changing scenario of polyandry
a case study in Central Himalaya. Man
In India, T7(4):345-353,

Purchit, AN, & U. Dhar (1997). Himalayan
tree diversity - an update. Plant Wealth of
India. Proceedings of Indian National
Science Acadenne- Part B, 63(3) @ 187-208.
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Rai, S.C. & R.C. Sundriyal (1997), Tourism
and biodiversity conservation : the Sikkim
Himalaya. AMBIO, 2604} 235-242,

Ramakrishnan, P.5., K.G. Saxena. AK. Das &
K.5. Rao (1997). Fire. In : M.N.V. Prasad
{ed.}), Physioiogical Ecology of Plaws. John
Wiley & Sons. Inc.. USA. pp. 493-517,

Ramakrishnan, P.5., K.G. 5axena, K.5. Rao,
R.K. Maikhuri & A. K. Das (1998), Ethnic
and agricultural biodiversity in north-east
India. In = T. Partap and B. Sthapit. B.
ieds.y, Managing Agrobiodiversity in the
HKH Region. ICIMOD, Kathmandu, Nepal,

Rana, U. & K.5. Rao (1997). Germination
studies on a few multipurpese nitrogen fixing
tree species used in afforéstation programmes
in Central Himalaya. The fndian Foreser,
123 (4) - 338-340.

Rao, K.5., R.K. Maikhuri, A K. Das & K.G.
Saxena (1997), Socil management by
traditional societies  in Himalaya-  an
Overview. In : D.J. Bagyaraj. A. Verma,
K.K. Khanna, and H.K. Kehri {eds.),
Maodern Approaches and Innovations in Soil
Maragemen:. Rastogi Publications, Meerur,
pp. 113-119,

Ran, K.5  (1997). [Natural Resource
Management and Development in Himalava:
A Recourse to Issues and Strategies. ENVIS
Monpgraph 1. G. B, Pamt Institwe of
Himalayan Environment and Development,
Almora. 38 p.

Rao, K.5. & K.G. Saxena (1997). Hydropower
for  sustainable development of remote
villages in Himalaya - a case study on
problems and prospeces. In 0 C.V.1. Verma
& AR.G. Rao {(eds.), Proceedings of First
fnternational  Conference  on Renewable

Tl

Energy - Small Hydro. Qxford & IBH, New
Delhi. pp. 129-136.

Rawat, D.5., M. Joshi, 8. Sharma, H.C.
Rikhari & L.M.S.  Palni  (1997).
Sustainable development and management
of rural ecosystems in the Central Himaliyva
A case smdy from Haigad Watershed.
International  Jowrnal  of  Swstainable
Development and World Ecology, 4 : 214-
iR

Rawat, D.5. & 8. Sharma (1997). The
development of a road network and s
impact on the prowth of Infrastructure @ a
study of Almora district in the Central
Himalava.  Mowntain  Research  and
Development, 17 : 117-126,

Rikhari, H.C. & B.S, Adhikari (1998)
Population structure and protective value of
lemperate forests in a part of Central
Himalaya. Jowrnal af Susiainable Forestry,
Ti3&4} : 521

Rikhari, H.C., B.5. Adhikari & Y.S5. Rawat
(1997}, Woody species composition of
temperate  forest along  an  elevational
gradient in Indian Central Himalaya.
Journal of Tropical Forest Science, 10 (2) -
197-211

Samant, 5.8, & U. Dhar (1997). Diversity,
endemism and economic potential of wild
edible  plants  of Indian  Himalaya.
internavional  Jownal  of  Sustainable
Develapment and World Ecology, 4 @ 17%-
181,

Sen, K.K., K.5. Rao & K.G. Saxena (1997),
Soil erosion due o settled upland farming in
Himalaya: a case study in  Pranmati,
International Journal  of  Susiginable
Develapmenr and World Ecology, 4 1 65-74,



Shannigrahi, A.S. & K.M. Agrawal (1997).
An  overview on  optimal green  belt
development  around  industrial — project,
Jovernal of Environmental Protection, 23(4):
253-261.

Sharma, E. & R. C. Sundrival (1998). Who
maintains traditional seed systems in the
mountain households. In ; Tej Praap and B.
Sthapit {eds.). Managing Agrobiodiversity
it e HKH Region. ICIMOD, Nepal. pp.
100-102

Sharma, E. (1997). Socioeconomic issues
related to conservation of the Kanchanjunga
mouniain ecosvsiem, In ;. Ajay Rasiogi, Pei
Shengji and Devendra Amatya {eds.),
Proceedings of Regiongl Conzaltation on
Conservation  of the  Kanchamjunga
Mountain Ecogvirem, World Wildlife Fund

(WWF) - MNepal Programme  and
Intermational  Cemre  for  Integrated
Mountain Development (ICIMOD),

Kathrmandu. pp. 45 - 52,

Sharma, E., R. C. Sundrival, 5. C. Rai & A.
P. Krishna ( 1998). Watershed: & functional

unit of . management for  sustainable
development. In: R. 5. Ambasht {ed.),
Modern  Tremds in Ecology  and

Environment. Backhuys Publishers. Leiden,
The Netherlands. pp. 171-1835.

Sharma, E., Rita Sharma & M. Pradhan
(1998). Ecology of Himalayan Alder (Alnus
nepalensis D, Don). Proceedings of Indian
Narional Science Academy - Parr B, 64
59-78.

Sharma, H.R. & E. Sharma (1997), Mouniain
Agricultural Transformation Processes and
Sustainability in the Sikkim Himalayas,
India. 1CIMOD, Kathmandu, Nepal.

Discussion Paper. Series No. MFS 9772,
104 p.

Sharma, Rita, E. Sharma & A.N. Purchit
{1997}, Cardamom, mandarin and nitrogen-
fixing trees in agroforestry systems in
India’s Himalayan Region ; literfall and
decomposition.  Agroforestry Sysiems,
35(3): 239-253.

Sharma, Rita, E, Sharma & AN, Purohit
(1997}, Cardamom, mandarin and nitrogen-
fixing trees in agroforestry  systems in
India’s Himalayan Region II | Soil nutrient
dynamics, Agroforestry Svstems, 35(3)
255-268.

Sharma, 5. & H.C. Rikhari (1997). Forest
fire in the Central Himalava : climate and
recovery of trees. frernational Journal of
Biometereology, 40 (2) : 63-70.

Singh, G.5., K.5. Rao & K.G. Saxena (1997).
Energy and economic efficiency of the
mountain farming sysiem: a ¢ase study in the
north-western  Himalaya.,  Jownal  of
Sustainable Agriculture, 9(2(3) | 2549,

Singh, K.K. ({997, UV-B induced
inactivation of  photosynthesis in
Chlamydomonas refnhardii @ role of visible
light, Jouwrmal of Hill Reseqrch, 10(1) : 57-
6.

Siril, EA. & U. Dhar (1997
Micropropagation of mature Chinese Tallow
Tree (Sapium sebiferum Roxb.). Plant Cell
Reports, 16 @ 637-640.

Tawnenga, Uma Shankar & R. 5. Tripathi
{1997), Evaluating second vear cropping on
jhum  fallows in Mizoram, north-eastern
India -Energy and economic efficiencies.
Journal of Biosciences (India), 23 : 605-
613,



Tawwnenga, Uma Shankar & K. 5. Tripathi
(1997}, Evaluating second vedr cropping on
jhum fallows in Mizoram. north-castern
India -Soil fertlity, Jowrnal of Biosciences
(India). 23; 615-625,

Tewari. A.. & L. Dhar (1997}, Swudies on the
vegelative propagation of the Indian Bumer
wee Aisandrg butvraceae (Roxb.) Bachni
S Hortiewfueral Solemee, T2 06): 11-17,

Topal ¥.5.. P.K. Samal, Pushpa Pant & D.5.
Rawat (1998). Secw-economic & cultural
adapations - in the  sustainable use &
management of resources in a high altinde
village in Cemtral Himalaya, Mam In India,
TR & 2y: 925,

Upadhyvaya, R.C & R.C. Sundriyal (1998),
Crop genepoals of eastern Himalaya and
perceived threats, In @ Tej Pratap and B
Sthapit teds.), Manmaging Agrobiodiversity
i the HEH Repfon, 1CIMOD, Nepal. pp.
111=11%

Upreti J., & U, Dhar (1997) Smdy on seed
sermination of a leguminous liana - Bauhinia
valrtii. Seed Science and Technology, 15
184-187

4.4.2. Popular Articles by Faculty

Agrawal, D.K. (19973, Approach  for
modelling micrn watershed resources | an
overview, Flima Paryavaras, Vol 9(1) : 8-
14

Badola, H.K. (1997). Varve jeev avam unke
Javik sahaj wiveson ko  sonrakshar: Jan
chetna. 2 U, Dhar, §.8. Samant and R.S.
Rawal {eds.). Himalava Ki Jav Vividhita
Sanrakshan Mei Janta Ki Bhagidari - IV,
GBPIHED, Kosi-Katarmal, Almora. 27-32.

Badola, H.K. (1997). Iris - Fodder for scarcity
days in Kanawar Widlife Sanctuary. Hima
Parvavaran, 9(2); 8-10.

Dhar, L., 5.5. Samant & R.5. Rawal (Eds.)
(1997, Himaglay K Jav Vividhata
Sonrakshan Mer Janaia Ki Bhagedar- TV
GBRPIHED, Kosi- Katarmal, Almora. pp. 91,

Farooguee, N.A., R.C. Sundrival & E.
Sharma (1997}, Adapration. survival and
entreprencurship in a stressed environment.
Hima Parvavaran, 91) : 10-12.

Joshi, M., D.S. Rawat, H.C. Rikhari, 5.
Sharma & L.ML5. Palni (1998)
Biodiversity for watershed management - &
case study of Haigdd watershed m Almore,
India. ASIAN WATMANET Newsleirer,
10-12.

Kumar, K. & G.5. Satval (1997, Jal, Jeevan
evem faiwhidhata, Tn @ U, Dhar, 5.5,
Samant and R.S. Rawal (eds.) Himalava ki
Jaiv vividhata  sanrakshon mein fama ki
bhagidar, IV, GBPFTHED, Kosi-Katarmal.
Almora. 38-42.

Kunival J.C. . A.P. Jain & A.S. Shannigrahi
(1997). Environmemal assessment of solid
wasle management in and around valley of
flowers, Hima Parvavaran, 902):7-8.

Kuniyal, J.C. & S.C.R.
(1998)., Parvaran  iatha
Sadpravas, 2(2) 1 25-29

Yishvakarma,
Paryaviran.

Kunival, J1.C., (1997). Unarakhand mein
sashva swaroop ka vikas gsiar, Sadprayaas,
2(2) : 12-16,

Krishna, A.P., ¥. Joshi & L.M.S. Palni
(1997). Mountain Risk Engineering (MREY
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study tour o Ching, Hima-Parvavaran. 1)
il L

Maikhori, R.K. & K.5. Rao (1998), A ban on
common. sense. Doww fo Earrd, January -
31

MNadeem, M., LM%, Palni, 5.K. Nandi &
AN, Purohit (1997), Mass propagation of
Podopfvlinm hexandrum Royle,  Hima
Parvavaran, % 17-19,

Naithani, V. & AK. Singh (1997} Sudoor
samvedan & veio Lo adivvean mel apveg, In
v UL Dihar, 55 Samant, and R.5. Rawal
feds. ). Mimalave & Jav Vvl
Sonvakshan Mei Janarg Ki Bhagidar 1V
GEPIHED. Kosi-Katarmal, Almora. 49-51.

Mepi, G.CU5. & Kireet Kumar (1997, Water
harvesting-  some  mountain - specific
perspective, Hima Parvavoran, 9(13: 13-17.

Wegi, G.C.5.. (1997, Jatv vividhia ka bhumi
evemn jal sanrkshan mem vogdan, In @ UL
Dhar, 5.5, Samant and E.5. Rawal {eds.),
Himalava ki jaiv vividhia sanekshan mein
janta ki bhagidars 1Y, GBPIHED, Kasi-
Katarmal, Almora. 33-37,

Negi, GUCLS. & Kireet Kumar (1997). Warer
Harvesting- Some mountam specific
prespective. Aima Parvavaran. 9 (150 15-
17

Pandey, A. & L.M.S, Paini  (1997)
Psendomonay corrugara a2 well adapted
bacteria  of  hgher  aluwde.  Fimg

Parvavaran, 92 1920

Pandey, B.C., 5. Airi, I.D Bhant & J. Upreti
(1997 Vridhi  Hormones:  pacdap wiak
sambardhan el wpyvogita. In ;U Dhar,
5.5, Samant and R.5. Rawal (eds, ), Hmalay
Ki Jav Vividhata Sanrakshan Mei fanaca Ki

Bitagidhari- IV, GBPIHED, Kosi- Katarmal,
Almora. 60-66.

Rawal, R.S. (1997). Jav vdbar sanrakshan
et shakshil sansthiee k0 Slagidhors, Tn o U
Dhar, 5.5, Saman and B.5. Rawal (eds,),
Himatay Ki Jav Vividleta Sanrakshan Mei
fanata K Bfadarn- 1V, GBPIHED,
Admora 52-59.

Samal, P.K., Y.5. Topal & Pushpa Pamt
(1997 Pertility behavieur of Raps (Van
Rawatsh, Hima Parvavaran, 9011 14-15

Samant, 5.8, (1997, Pihoragarh jile 4 jo
wvidfiata ek auiokan. In © U, Dhar, 5.5,
Samant and B.5, Rawal (eds.). Himaley Ki
Sev Vividhate Sonrakshoan Mei Sanaia Ki
Bhagidari- 1V, GBPIHED, Kosi-Katarmal.
Almora. 1-26,

Singh., A.K., V. Naithani, R.S.Rawal &
U.Dhar (1997). Application of remotely
sensed  data an biodiversity  stedies: 4
promising hepe for unexplored Himalava,
Himer Parvavearan . 901) ;0 12-13

Singh, G.5., K.K. 3en. 1LC. Kuniyal &
5.C.R. Vishvakarma (1997). Cloudhrusi
calamities in high  altiede  régions  of
Himachal Pradesh: prevention or cure
Himalavan Parvavaran, 5; 72-74

Uma Shankar (1997, Unusual banana in the
east, Hima Parvavaran, 92 10,

Uma Shankar & Khan, M. L. (1997)
Biodiversity: harves: o CONSErve
Arungehial Fovest News (Inchad, 15 @ 40-46,

Yishvakarma, 5.C.R., (1997 Kuilfa &a vikay,
Sadprayas, 1(3) 0 9-12,
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4.5, Participation in Seminar/ Symposium/
Waorkshop/Training

Comsultaton Mecting on Prioritization  of
conservalion sites i nmberline zone of west
Himaliva (Sponsored by WWEF-India),
GRPIHED, Kosi- Eamrmal, Almora, April
12-13. 1997 (U. Dhar, 5.5, Samant, R.5.
Rawal, J. Upreti. 5. Airi. A, Tewari. E.A.
Siril, 1.D. Bhatt. K.5. Rao, K. Komar &
L.M.5. Palni)

Developmenal Biology & Commercialisstion
of Orelids and Orickad Show, oreamsed by
the Orchid Society of Indiz in Gangiok,
Apral 12-130 19697 (Sentikemba Jamir)

The XX General Assembly of the European
Geophvsical  Society  meeting,  Session
BAHC 03 Mipi-svmposium on Mountain
Fus-hydrelogy, Vienna, Austria, April 21-
25, 1997 (5.C. Rai)

Members of @ delegation of 10 experts from
Indig  for Mountn  Risk  Engmecring
(MRE} exposure visit o Chani, April 26 -
May 8. 1997 (V. Joshi, AP, Krishna &
L.M.S. Palni)

UNESCO Sub-regional  Senwnar on Culoare,
Environment  and Indizenous  Knowledge,
Jomson (Mustang), Nepal, May 14-18, 1997
(B Dhyani)

Mational Workshop on Climate Changes - and
Communities i the  Glacial  Margins
orgamsed by Indian Merwork  Erifice of
Climatic  Changes.  Joshimath  (Garhwal),
May 16-17, 1997 (G.5. Satval)

Participated i Training  Couwrse  on
Environmental  Scemario.  Policies &
Strateeies from World Environment Day ai
Paryayaran Parisar arganised by

T4

Environmental  Planning & Coordination
Oreanisation,  Bhopal;  co-sponsored by
Ministry of Environment & Forests, Gove, of
India. New Delhi, June 5-8. 1997 (J.C.
Funivaly

FREE-GHNP Rescarch Workshoep, oraanized by
Wildlife Institute of India. Debradun and
DFFC,  Himachal Pradesh,  Mohal-Eullu.
June |1, 1997 (H.K. Badola)

Mational Workshep-cum-Training  programine
o Biosphere  reserve oreanmised by the
Garhwal Unit of GBPIHED at Joshimath,
June 11-13, 1997 (R.K. Maikhuri, K.S.
Rao, 5.C. Joshi, ¥. Joshi, G.C.5. Negi,
5.5, samant & L.M.5. Palni)

Fhe 1997 Open Meedng of the Human
Dimensions of Global Enviconment Change
Research Community . Laxenburge. Austria,
June 12-14; 1997 {8.C. Rai}

Qrientation Waorkshop  for  Summer  Suedents
from Canada. held at Almora. sponsored by
SIC1, Mew Delbi, June 16-17, 1997 (PK.
Samal. DS, Rawal, N.A. Faroogquee,
Pushpa Pant, 5. k. Nandi, K. Kumar, L.
Dhar. 5.5, Samam. Y.5. Topal, B.P.
Kothvari & L.M.S. Palni)

Delivered @ 1wlk on Biodiversity, 1o the
participants  of  Indian Yowuth  Hosel
Associgtion  trekking  group, camped  al
village Graban in KWLS-Kuolle, June 16,
1997 (H.K. Badola)

UNESCO Review Meenng on Conservation
and Managemem of Sacred Grove organized
by Jawaharlal Nehru University New Delhi,
June 19-20, 1997 (R.K, Maikhuri)

Regional Workshop on Indigenous Strategies
for Intensification of Shifting Cultivation in




PSS

]

Southeast Asia, . ICRAF, Bogor, Indonesia.
Poster paper presented on Alnws-cardamem
agroforestry  system potential — for
stabilizing upland shifiing cultivation in the
eastern Himalaya, June 23-27. 1997 (Rita
Sharma)

Meeting on lntegrared Warershed Management
organised by, Uttarakhand Developmem
Department, Govi. of Ulttar Pradesh a1
Lucknow on June 26, 1997 (D.K.
Agrawal)

Attended and presented the progress of R&D
activities in a task force meeting of DBET,
Mew Delhi, June 1997 (U. Dhar & L.MLE.
Palni)

Workshop on  Biodiversity and Ecotourism
Management Issues in the
Khangchendzonga MNational Park, Yuksom,
Sikkim, July 7-8,1997 (Sikkim staff)

Environmental Regulations, organized by
Environmental Planning and Coordination
Organization, Bhopal spensored by Minisory
of Environment and Forests, Govt. of India,
Tuly 08-11, 1997 {8.C.R. Vishvakarma)

Participated Workshop on Managing Hazardous
Wastes organised by Indian Environmental
Society & Central Pollution Control Board,
Shima, July 15-18. 1997 (A.S. Shannigrahi}

National Werkshep  on Hydrological
Instrumentation, Data Collection, Storage
and Processing organised by National
Institute of Hydrology, Roorkee, Aug. 6-8,
1597 {G.5. Satyal)

Integrated Development of Himalayan Region at
Himachal Secretariat, Shimla, organised by
Govt, of Himachal Pradesh, August 7, 1997
(S.C.R. Vishvakarma & J.C. Kuniyal)

Participated in seminar on Rural Development
organized by Society for Agriculiere and
Rural Development at Manipur {Chamoli).
August 8. 1997 (R.K. Maikhuri)

Remote Sensing and Geographic Information
System (GISF with Special Emphasis on
Arunachal Pradesh; organised by the Stae
Bemote  Sensing  Application  Centre
(APRSAC), ltanagar. September 4, |997
iUma Shankar)

Meeting on Women & Technology organised
by HESCO, Dehradun, Sepiember 6, 1997
(L.M.5. Palni)

Delivered a  lecture  on  Conservation  of
Biodiversity in Himalavan Context, o the
officers and men of the 558 Group Centre.
Shamshi-Kully, Seprember 12, 1997 {(H.K.
Badola)

Regional Training-com-Workshop on
Application of Bioechnologies o Rainfed
Farming System, including EBioindexing
Emphasizing Participatory  Approach ar
Community Level, Dr M. 5. Swaminathan
Research Foundation, Chennai, September
15-20, 1997 (L.M.5. Palni & D.5. Rawat)

Presented a paper in MNatonal Seminar on
Yaluation of and Accounting for Natueal
Resources at Institute of Economic Growth,
Delhi.  September  18-19, 1997 (Kireet
Kumar, .5, Satyal & L.M.5. Palni)

International Symposium on Emerging Trends
in  Hydrelogy, Roorkee  University,
Seplember 25-27, 1997 (G.C.5. Negi)

Participated in the Anterrastriva Ozone Parat
Sanraksan Diwas, organised by Paryavaran
Nidesalava, Utter Pradesh, Regional Office,
Srinagar, September 16, 1997 (S.C. Joshi
& V. Joshi)




T

Attended and presented @n outleok on Institute
sctivities i @ workshop on DOS-DBET
sponsered  project al Natonal | Remore
Sensing Agency. Hyderabad, Seprember 25,
1997 (L.MLS, Palni)

Feo-developrment Meeting for KWLS, organized
by Wildlite Division, DFC, Kuallu. Kasol-
Roulla. Semember 27, 1997 (HL K. Badola)

Attended w0 sl commities meeting  on
Environment  and  Forest  convened by
Planning  Commission, Govt.  of  India,
Lucknow, September 1997 (U, Dhar)

lmernmional Trammmg Course on Management
and Urilization of Fodder Trees and Shrubs
in sub-tropical and Temperate Himalaya,
Sponsored by FADQ. Reme and organised by
IGFRI, Jhansi, September 22-30. 1997
i5.5, Samant & H.C. Rikhari)

loint Forest Management, oroanised by the
Department of  Environment & Forests,
Animachal Pradesh and Regional Cenire
NAEE. Shillong. Qotober 3-4, 1997 (Uma
Shankar)

Workshop on Perspectives of Moumain Risk
Engineering in the Himalayan Region.
jointly  organised by GBPIHED  and
ICIMOD st Kosi-kaarmal,  Almora,
Ocraber 8-10, 1997 (AP, Krishna, H.C.
Rikhari, D.K. Agarwal, P.K. Samal,
D.5. Rawat, K. Kumar, V. Joshi, G.5.
Satval & L.M.S, Palni)

Seminar on Rejuvenation of Water Resources,
jointdy  orzamized by MLP. Agriculwre
University. Palampur and INTACH. Ocober
13,1997 (S.C.R. Vishvakarma)

Consultative  Committee Meeting on FARM
Programme of FAQ/UNDP in Bagor &
Jakarta, Indonesia. 13-17 October 1997 and
participation in an Exhibition organised w
celebrate World Food Day, October 16,
1997 (L.M.S. Palni)

Research and Extension Advisory meeting o
G.B. Pant University of Agriculture and
Technology, Ranichauri. Tehri-Garhwal,
Ocr. 15, 1997 (GLC.8. Negi)

Warkshop  on Mol Concern for
Management, Conservation and LUse o
Agro-biodiversity, ICAR, Shimla, October
15-16; 1997 (K.S. Rao)

Inter Instimutional Linkages & Collaboration
Meeting, VPEKAS, -Almors, October 21 &
22, 1997 (L.M.5. Palni)

Training  Waorkshop  on Jav Viadhaa
Sanrakshan  Mel Janga Ki Bhagida,
organized by GRPIHED w L.W.S Girls
Inter College, Bhatkot. Pithoragarh, Ocrober
2425, 1997 (1. Dhar, 5.5, Samant, R.5.
Rawal, S. Aird, J. Upreti, V. Naithani,
A.K. Singh, LD Bhatt, B.C. Pandey,
D.S. Mehta, N, Bag & L.M.S. Palnh)

PG Ihploma Course (% months) on Bemowe
Sensing & GIS, Centre for Space Science
Education in Asia & Pacific (affiliated o
United Nauons), Debrs Dun. from October
1997 (5. Sharma)

Internstional  Hands-on-Training Course  on
DNA  Finperprinting held at Centre for
DNA Fingerprinting & Daignostics, and
Centre for Cellular and Molecular Biology,
Hyderabad, November 6-19, 1997 (Anil
Kumar)
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Participated  in o meeting  w finalise  the
recommendations of workshop on Parvatan:

Vikas & ek mearg (Towiser A model of

developrment (in Hmdi)  orgamised by
Sadpravash,  Kuollu. November 9. 1997
(5.C.R. Vishvakarma & J.C. Kunival}

Avended  and  chaired  Steering Commities
Meeting of  Imegrated  Treining  for
Mountam Risk Encmeering (MEE) in the
Himulavas. ICIMOD, Kathmandu.
MNovember 17-13. 1997 (L. M.S, Palni)

Semmar on Environmemal Siouations in Sikkim
- Relections Ower the Last 50 Years and
Planning for the Mext Century organised by
Warld Wide Fund for Mawre India {(WWEF)
at  Gungok, November 20, 1997 (L.
Sharma & A.P. Krishna)

IUFRO Symposium on Innovations in Foress
ree, Seed Science & Technolopy. Raipur,
November 22-23, 1997 (M.5. Bisht & P.
Vvas)

Regional traimng course on Application of GIS
and Remoe Sensing in Planning for Basic
Infrastructure and  Services at [CIMOD.
Kathmandu  (Nepal), November 24
December 19, 1997 (Kireet Kumar)

Imernational  Conferenge  on Frontiers  in
Biotechnology. Trivandrum, November 26 -
G, 1997 (A, Pandey)

Consultation  Meeting  on Priontzation ol
comservation sies in tmberling zong of West
himalaya {Sponsored by WWF-India}, DSB

Campus,  Kumaun  University.  MNainital,
November 220 1997 (U, Dhar, 5.8
Samant, K.5. Rawal, J. Upreti, A.

Teward, L.M.5. Palni)

Acted as Stae Level Judge in National Children
Science Congress, orgsnised by the St

Council  for  Svience &  Technology.
Arunachal Pradesh, lanagar, December 3,
1997 (R. C. Sundrivaly

Final Dissemingnon Workshop - CIDA-SICH
CSP-1 Patnership Programnye. organized by
Shastrn Indo-Canadian Institee w1 Mongreal,
Canada. December 06-10. 1997 (P.K.
Samal)

Participated in Regional Workshop on Ganga
Water Pollution orpanmised by Friends of
Trees (NGO ae  Stinagar  (Garkiwal),
December 15, 1997 (R.K. Maikhuri)

European Conference on Environmental and
Socieral Change in Mountain Regions held
at Oxford University Londion. December
18-20. 1997 (8.C. Rai)

Participated and presented & paper enitled.
Tourism and Emvirooment i Seminee on
Pt Vikay Ko E& Morg (Tourism: A

Model of Development) organised hy
Sindpeayvaas, Kwlty (H P, lanwary 18-13.
1997 (L. Kwnival & @ S5.CR.
Vishvakarma)

Second Meeting of the Task Force on Plan
Biotechnology, DBT. New Delhi. January
13, 1995 (L. Dhar & 5.K. MNandi}

A study toor of government officials, privite
sectors and community to Buxe Tiger
Reserve in West Bengal and Roval Chitwan
Mational Park in Nepal for protecied area
management, organised by Sikkim
Biodiversity  and  Ecodowrism  Progect,
January 24-31, 1998 (E. Sharma, Renzino
Lepcha & Nakul Chettri)

International Conference on Asian Wetlands
organised by Indian Environmental Society,
Delhi. January 29-37, 1998 (Alka Jain)




P

National Symposium on Current Trends in
Plat Physiolegy and Plant Biochemistry.
University by Hwderabad,  Hyderabad,
Tanuary 29-31, 998 (P Vvas & Anil
houmar)

Nimth  Conference  of  Indisn  Instioute  of
Gepmorpholegist (1G1 on Geomorphology
and Environmental Management orgamsed
b Department of Geography, Dehl School
of Feonomies. University of Dethi. January
30 - February 1. 1998 {lyatta Maharana)

CHDP-WWE Sponsored Meeting, Kathmandu,
Mepal and presented an nvited paper on

Agroccosystems,  February  16-19, 998
(LMS. Palni;  coauthored  wath R.UK,

Maikhuri & K.S, Raa)

Dhelivered a0 lecture, Garbage  management in
Peewlsar wwen on the eve af location specific
g on ewe-restortion and afforesiaoon
needs for preventing pellution of Rewalsar
lake and other lakes of fhe area organised by
SERVE INIDIA. Rewalsar. Mandi (H P},
February |20 1008 (1.C. Koniyal)

Imternations] Conterence on Medicinal  Plants,

orsanised by ihe Foundation  for

Reviabizadon of logal Heahh  Tradigons

(FRLHT), Bangalore, February 16-19, [998

L'ma Shankar)

Semingr on Eamth Observation  System  for
Sustainable Development organised by the
Imerpatiomal  Sociery for  Phomgrammetry
and Remote Sensing. Indian Space Research
Organisation, Bangalore. February 25-27,

[9GE (5, Sharma)

Seminar on Fifty Years of Botany Research in
Irudin organised by Department of Botany,
Bamaras  Hindu  University,  Maranasi,

February 2728, 1998 (L.M.S. Palni, U.
Dhar & E. Sharma)

Matiomal Svmposium on Commercial aspects of
Plant Tissue Culture, Molecular Biology
amd Plant Biotechnolozy, Jamia Hamdard
University, New Delhi. February 25-27.
F998 (MLS, Bisht, PP. Vyas & N, Bag)

Attended meeting on Ravi Crop Diversification
organized by District  Administraticon.
Almori, February 1998 (5.5, Samant)

Frioritization of conservation sites in tmberiine
zome of west Himalava in BOPP Partners
Waorkshop hetd @t WWF India. New Delhi
February, 1998 (U.Dhar, J. Upreti)

Acted as Judee for evaloating State Level Essay
Competition  on Role of Sclence &
Technology for Development of Arunachal
Pradesh. organised by the State Council for
Science & Technology, Arvunachal Pradesh
on the Oecasion of Mational Science Dy,
February 28, 1995 (R, C. Sundrival)

National Conference om Role of Plant Growth
Regulators in Agriculture, Horticuliure &
Forgstry, Guarat University, Ahmedabad,
March 5-7. 1998 (8. K. Nandi)

Invited by FAG, Rome for Third Regional
Meeting/Workshop organized by Temperate
Asia Pasture and Fodder Working Growp and
sporsored by FAQ, Rome in Pokbara,
MNepal, March 9-13, 1998 (5. 5, Samant)

Belivered 2 lecwre on Parvavaran  Evem
Swachchara in a regional training of NGOs
on Panchayat Raj, @t Regional Village
Development Instiiute, Hawalbag {Almora),
March 9. 1998 (Kireet Kumar)




B

National Conference on Comservation of Sacred
Groves and Feological Heriage Site. CPR
Enviremmental Education Centre, Chennai.
Murch 18 & 19, 1998 (5. Sharma)

Winter Workshop on Sources of Conflict in
South  Asia Ethpicity.  Refugees,
Envirommient. held at Hikkadua, Srilanka
and  vroanised by Regional Centre  fior
Strategic  Studies.  Colombo.  Srilanka.
March 12-22. 1998 (Nehal A, Farooguee)

Delivered & lecture on environmenial protection
on the eve of Yooth Leadership Training
Camp orgamized by District Yowh Services
and Sports Cificer, Mandi, Disiric-Mandi a
Bajeurd. March 20, 1998 (1.C. Kuniyal)

Delivered a lecore on Solid wasie - one of the
burning environmental problems, on the even
af World Foresiry Day, organised by Dr
Y.85  Parmar  Honiculure and Forestry
University. Regional Horticutiural Research
Centre.  Bajaura, March 21, 1998 (J.C.
Kuniyal)

Fifth West Bengal State Science Congress
organised by North Bengal University, and
sponsored by Science and  Technoloey.
Govi. of West Bengal, March 21 -23. 1998
iNabarun Panda)

Minth Manipur Science Congress organised by
Minipur University & sponsored by Science
and Technology, Gove. of Manipur, March
25-27. 1998 (H. Birkumar Singh)

Presented & paper in MNational  Scientific
Conference  at  Institute  of Himalayan
Bioresource Technology, Palampur. March
26- 27, 1998 (R.S. Rawal)
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1.C. Sanghal, B Com. (Honst. LILB. FC A 1. C. Sanghal & Co.
A.K. Jain, RCom FOA Chartered Accountants

17, Rajpur Road. Defradun - 248 00
Fhane (11 35) 634807, 453402 Fax - (0135 723831

THE DIRECTOR

B PANT INSTITUTE OF HIMALAY AN
ENYTRONMENT & DEVELOPMENT
KATARMAL, KOS|

ALMORA - 263 843

|3ear SiE,

We have examined the Balance Sheet of GB PANT INSTITUTE OF HIMALAYAN EMVIRONMENT &
DEVELOPMENT. Almosz, as on 31.5.98 which are in agreement with the hooks of dccounts. maintained by the zaid
Institution,

We have obtained all the information & explanations which o the bess of our knowledze and belief were
necestary for the purpose of audil. In our opinion, proper books of accounts as required by the law have been kept by the
said Head CHfice and the Linits of the above named Institute o far as appears from our examination of the books. Proper
refuras adequaute for the purpose of audit have been received from Units not visited by us, Subject 1 the comments given
hilow =

In cur opinton, and to the best of our information & according o the explanations given to us and subject to the
notes forming part of aceounts, the said accounts give trug and falr view ;

I} Inthe case of Balance Sheet of the State of Affairs of the gbove named Institution as on 31,598,
2 Imthe case of Incame & Expenditure Account of the INCOME of its accounting vear ending on 31.3.98.

For L.C. Sanghal & Co.

Chartered Accountants
-Seal-
17-Rajpur Road, Dehradun 5
Dated : 1591998 (A_K. Jaim)
Parner
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LC. Sanghal, B.Com. (Hans), LLB_F.CA I C. Sanghal & Co.
A K. Jain, B.Com F.LC.A Chariered Accountants

17, Rajpur Ropd. Deheadiin - 248 00|
Phone (3135) 654607, 653402 Fax | (0139} 723831

NOTES FORMING FART OF THE REPORT ON THE STATEMENT OF ACCOUNTS OF G.B
PANT INSTITUTE OF HIMALAYAN ENVIRONMENT AND DEVELOPMENT, KATARMAL, KOS,
ALMORA, FOR THE YEAR ENDING 31.3.1998 AND ANNEXED TO AND BALANCE SHEET OF
EVEN DATE.

Z

Baoks of Accounts have been maintained in cash basis, subject 1o Para 4 below,
Depreciation has not been provided on Fixed Assets in the accounts and value has been shown at cost,

All purchases of consumables, laboratory expenses, chemicals, glass-wares, stores and stationery ete. have
been charged to the Income & Expenditure Al at the time of purchase,

Interest on Fixed Deposits has been provided on accruals basis.

Stock registers of assets have been maintained by the institution for movement of assets, stares, vehicles,
which have been physically verified at regular intervals.

Provident Fund liabilities and investments of the institute bas been incorporated in the statement of
accounts.

Fixed Assets except vehicles and Electric Sub-station have no insurance cover 1o provide security against
any loss, considering the accumulated value of assets, approprizte insurance cover be obtained,

Outstanding entries pending adjustments inthe bank Reconciliation Statement needs to be adjusted,

Dieposits of Rs, 15,00,23,967/- for Construction, with CCU (MOE &F), New Delhi, needs to be adjusted
for the work which has already been completed.

10, Annexure *1” to *39" are integral part of the Statement of Accounts prepared for the year.

For L.C. Sanghal & Co.
Charered Accountants

Bepl-
17-Rajpur Road, Dehradun =5t
Drated : 15.9.1998 {AK. Jain)

Partner




D

G.B. PANT INSTITUTE OF HIMALAY AN ENVIRONMENT & DEVELOPMENT

KATARMAL, KOSI (ALMORA)

BALANCE SHEET AS ON 31 MARCH, 1998

PARTICULARS ANN AMOLUNT AMOUNT
SOURCE OF FUNDS :
General Fund :

Lasi Balance 2442200.14

Additions for the vear 171967.19

361425733

Less : Tfd. To Endowment fund 1482756 34 2131500.99
Enduwment Fund :

Last Balance : 217370381

Add : Addition during the year |482756,34

Interest Earmned 16315200 FBI9612.03
Fixed Assets Fund :

L.ast Balance : TO427662.31

Additions for the yvear : 142771 14.00 B4704776.31

Less - Sale during the vear : 10739770 B45973TR.61
Construction Fund :

Last Balance : 123915000.00

Addition Tor the year : 2610496400 1 50023%64.00
Provident Fund :

Last Balance ; 2049797, (K}

Additions for the year - 246184200 510163940

Less Payrrent during the year : 0100 311163940
Project Fumnds : 1
Research & Development Fund : 64026779
Construction Fund (GHMNH) 4R583.00
MWEC Shillong Fund : {658 1.00)
IERF Praject Fund 47.39
EMVIS Project Fund : (39450.00%
DST (SKB) Praject Fund : 222.00
DST (RSR) Project Fund : 103200
DST (RKM) Project Fund : 588000
CSIR (HCRAGCSN) Project Fund 478100
BIOTECH (E) Project Fund G68.00
BIOTECH (H) Project Fund : 26954400
BIOTECH (1113 Project Fund : 17706700
IEG Project Fund ! 39019.00
LUNDE (HAKGAD) Project Fund : (28035.04)
Balance Camried Forward : 4112614.18 24568400515




G.B. PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT

KATARMAL. KOSI (ALMORA)

BALANCE SHEET AS ON 31°T MARCH 1998

PARTICULARS ANN AMOUNT AMOUNT
Balance Brought Forward : 4102614.18 245684005, |5

Project Funds

| Brought Forward)

CEIR (RCS) Project fund 14374.00

DST (SKNM ) Project Fund [66087.00F)

ECIMOD Project Fund 43151.05

TERF Project Fumnd - {1RR002.00)

INDO CANADIAN Project Fund : T6906, (W

INDO CANADIAN SUMMER PROGRAMME 39337.00

ICIMOD SALT Project Fiemd ¢ TERlG.2]

TCIMOD [85MA Project Fund - (66333.00)

MACARTHER UNESCO Project Fund : 23000,

ECO TOURISM Project Fund ! 495335 00

AGRICULTURE BIO DIV, Fund 4148.00

LANDF USE Project Fund : G000

WWF (CBDY) Project Fund - {25930.00)

ICIMOD {CBD) Praject Fund | BRG09 0

ICIMOD (PARDYP) Project Fund : GORE0G. O

ICIMOD (FIBRE} Project Fund 200515.00

ICIMOD LAND SLIDE Project Fund 19321 00

1CIMOD GIS EQUIPMENT : 148 BO0G.00

SALT FARMERS TRAINING 19995_0

MRE WORKSHOFP FUND 2R272.00

INHI BADRIVAN Project Fund | | 59885 00

MRE PROJECT FUND 132721.00

ICAR (ES) 36063500

NDBR WORKSHOP (7009, (40 )

NDBR (REM) 2576400

INSA/DST (FOR TOUR) 12422 .00

BIOTECH 1V Project Fund 25947300

FADQ BIO-DIVERSITY 171480.00

HAIGAD I1 (FARM Praject) 64700

BIC-TECH V Project Fund SO3E1.00

MOE & F (355) S0000_00

C5IR (RS} 2067000 T T 44

Balance Carried Qver 252985891.59

LA
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GLB, PANT INSTITUTE OF HIMALAY AN EXNVIRONMENT & DEVELOPMENT
KATARMAL, KOS (ALMORA)
BALANCE SHEET AS O8N 1% MARCH 1945

PARTICLILARS AMNN AMOLINT AMOLINT

Balance Brought Fosward ISIGEIRG| 50
Crther Liabilities -

Group Saving Link Insurance ; 3RO

CPE Pavable | 364, 0

Sakury Payable 961670

5T Papable 67100

Madical Claim Pavable 230000

Security Pavable TOO0.00

EM L. Payable T2500.00

Advance (K5 RAO) 190,00

Advance [R.K. Maikhuri) 43.00

Advance SUBRAT SHARMA 5000

ADVANCE (SALT) 1033059 HFT075, 1%
TOTAL RS 25309296678
APPLICATION OF FUNDS ;

Fixed Assers | 38 B4597378.61

Dreposits with CCU for Construction I S0HH2 394400

5P Ladfor Land BOOCK (0 1 ST 0396480

Securily Deposits : 4534300

Clasing Balances | 39 18346281.17

TOTAL RS, 2RA0N2%66.T8

=il

(Finance Officer)

As per our separale teport of even date

-5
(.0, Officer) «Saale 5
(MK TAIN)
Partner
I.C. Sanghal & Co.
=5 Chartered Accountants
i Lvirector) 17, Rajpur Road, Dehradun

Dated : [3.09.98
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G.B PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT

KATARMAL, KOS (ALMORA)

INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDING 31" MARCH, 1998

PARTICLLARS ANN ANMOUNT AMOUNT

INCOME
Cirant-in-aicl:
Dresirnated Project Gieant For
RESEARCH & DEVELOPMENT
AND OTHER EXPENSES 29R00C0.00
CONSTRUCTION WORK 26104964 00
IERP Projes 4203819 88
EMYIS Projea 32000000
DST (SKH] Progect 0000000
ICAR (ES) Project: 38436000
BIOTECH (1) Project : G3000.00
BICTECH (1) Project Q9G000.00
BICTECH (111 Progect © 29400000
KORE (REM) Project © 500000
KODBR (WORKSHOP) 200000040
1EG Project - 1300000
LM (HANGA D) Project) 4792500
CSIR (RCS) Projece : 137379.00
INSATST (For T.A.) - 12422 00
TSBF Project : T5195.00
ICIMOD (SALT) Project 2E3155.00
MACARTHER UNESCO Project TI55T0.00
ECO TOURISM Project 160573300
ICIMOD (FIBRE) Projec 112203.00
1CIMOD (PARDYP) Project : 1195337.00
LAKD LISE Project : 4900000
WWEF (CBD) Profect F11000.010
CSIR (RS} 48305.00
RIOTECH |V Project : 35000 00
HAIGAD 11 {Farm Project): 191 50000
BIOTECH ¥ Project 1EFFOCH. Ok
MOE & F (555} Project SO00€ O
ICIMOD LAND SLIDE Projes 19521 0
[CIM0D GIS EQUIPMENT : [BEEEERE
ICIMOD SALT FARMER'S TRAINING 10737000
MRE WORKSHOP 195335.00
MRE Project : 19284800
INHI BADRIVAN Project |59885.00
FaAD BIODIVERSITY Prajsct: 171480.00
INDOY CANADIAN Project 1867720
IMNDO CANADEAN SUMMER PROG. 20000000 BESTHATS 58

Balance Carried Over GI592970.88
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G.B. PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT
KATARMAL, KOS (ALMORA)
INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDING 31" MARCH, 1998

PARTICULARS AMN AMOHLINT AMOUNT
Batance Broughl Forward GY3R0074 88
Less : tfd. To Designated Funds For

RESEARCH & DEVELOPMEMNT

AMD OTHER EXPENSES : 2GRGO00G 00
CONSTRUCTION WORK 26 104964 00
IERP Praject - 4203819 .88
EMWVIS Project 320000116}
LST (S5KB) Froject : 30000005
ICAR (ES) Project SRAS00.00
BIOTECH {1) Project : BI00000
BIOTECH (I1) Projeet ; SO0, 00
BIOTECH (11T Project 29400000
NDBR (BEEM} Prajec BA000 00
WOBR (WORKSHOM) 20000000
|EG Project: 100000
LINDP (HAIGAD) Project © 47925 .00
CSIR (RCS) Project ; 13737900
INEAMDIST (For T.A) 1242200
TSBYF Project : T2 198,00
[T (SALT) Project © 213155.00
MACARTHER UNESCO Project TIEA70.00
ECO TOURISM Project - 1603T335.00
ICIMOD (FIBRE) Project ; 112203 00
ICIMOD (PARDYP) Praject - 119533700
LAND USE Project ; 49000.00
WWF (CBD) Project - 11 1ono.og
CSIR (RS) 45203.00
BIOTECHLIY Projeet : 3R6000.00
HAIGAD 1L {Farm project): 1950000
BIOTECH ¥ Praject - 10700000
MOF & F (355) Project WHIO0.00
ICIMOD LAND SLIDE Projest | 1%93521.00
ICIMOD GES EQUIPMENT © TARRO0.00
ICIMOD SALT FARMER'S TRAINING 137000
MRE WORKESHOP - 19533500
MEE Project : 192848.00
[MHI BADRIVAMN Project 159885.00
FAQ BIODIVERSITY Project : 17148000
WD CANADEAN Project : 39677200
INDD CANADIAN SUMMER PROG. 200000.00 HU59997 58

17
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G.B, PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT
KATARMAL, KOSI{ALMORA)

INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDING 31" MARCH, 1998
PARTFICULARS AN ABOLINT AMODLINT
luterest From Banks - 15195419
Other Income :

Sulle alf Xerap Gaanan
sl of velnele | 107397 00
Licente Fee: 6331500
Woaler Testing Fee A330.00
TER T o L0
Ieiational Charges RS20
Cainest Hisuse Hosel Chaspes | 6RS3 4K
Senl Testing Chorges : T2
Itavvalny TS
Sisce! luncows FOHED 30
Sale vl Teader Formis G450 FLHM LT

iesignated Grant Utilised For :
RESEARCT & DEVELGPMENT

ANDYOVTTIER EXPENSES FZEN S5
CONSTRUCTION WORK (GHMNHY T340
COMSTRLICTION FLINDCCOL) T | O O
IERE Project 42037TE00
ENVIE Prapect JAETSRAN
ST (SKE) Projpoo TR AK)
1 AR (EX) Projecl 230254x)
HIEYFECH 1 Prsfea ATATO AR
WHCFTECTT G EL) Project UGS 08k
HUFTECH 411 Prajéct 5467100
WDBE (REM) Projeer SU236.00
NIBR (W ORKSHORY 279,00
1EG Projest; GRTT6.00
LWDP (HAIGAD] Proged ZEL1 o0
USIR (RCS) Projest 103442 00
DSTSKY Project 144545 (11
TEEF Prajéa FTHNG AN
1 IMOL {SALTS Project TEIAR, )
MACARTHER UNESCO Projoo 406 1 56000
B0 TOURISM Project 13 16E04. 0
ICIMOD [FIRRE) Progect a733.00
ICIMOD (PARDY ) Project @ 1HBa1 200
LAaKD USE Prosjest : R1264.00
WWEF {CBD) Project 2002556 00
CHIR (RS 27533.00
AGRICULTURE BEC DY, Project 135R52.00
ICIMOD (1S5MAY Praject 32032800
ICIMGE (CBDT Project © F20857.00
BIDTECH IV Projecs © 126527.00
HAIGALY 11 {Farm praject): 13085300
BIOTECH WV Projec 164 1500
FCIMOD SALT FARMER'S TRAINING RTATE00
MRE WORKSHOP I&T063 .00
MRE Project | 27,00
PN CANAIDAN Project - L0000
PNOO CANATHAN SUMMER PROG. 1606300 G207 55

TOTAL INCOME { A) TII74442.44

e L
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G.B, PANT INSTITUTE OF HIMALAY AN ENVIRONMENT & DEVELOPMENT
KATARMAL, KOSI (ALMORA)

INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDING 31" MARCH, 1998
PARTICULARS ANN AMOLUNT AMOUNT
EXFENDITURE :

Project Expenditure

RESEARCH & DEVELOPMENT

AMD OTHER EXPENSES ; 2 [ 830936%6.55
CONSTRUCTION WORK (GHMH) - 3 TI36.00
IERP- 4 420377800
EN¥IS ¢ 5 245758.00
DST (SKBY Project : 1] 3007T00.00
ICAR [ES) Project : 3 2303500
AGRICULTURE BLD DIV, Project: B 135852 .00
BIOTECH (1) Project 9 4737900
BIOTECH {I1} Project . 1 20262300
BIOTECH {111} Project : N 506 163,00
NDBR (REM) Project - 12 54923600
1EG Project: 13 Q& TTR.00
LINDP (HAIGAD) Project 14 13551.00
C3IR {(RCS) Project : 15 10344200
DET/SKN Project | & 144095 04
CSIR (RS): 17 27T533.00
WWE (CHD) Project | |8 1S4 RS9 4
LLAND LFSE Project - 1% 81264 (M
NDBR WORKSHOP 20 270045, )
BIOTECH 1Y Project : A | 126527040
HAIGAD 11 FARM Project : 22 1541500
BIOTECH V Project ! 23 1641500
SALT FARMER'S TRAIMING 24 R7375.00
T3BF Project : 0 237505.00
INDOCANADIAN Praject 26 19500.00
INDO CANADIAN SUMMER PROG. 27 160663 00
ICIMOD (SALT Project - 28 T8348.00
ICIMOD (ISEMAY Project © 29 320328.00
MACARTHER UNESCO Project : 30 44620608
ECO TOURISM Project : 3l 130900700
ICIMOD (PARDYE) Project iz 130851200
[CIMOD CBD) Project - 33 J20857.00
ICIMOD (FIBRE) Project . 34 &735.00
MRE WORKSHOP - 35 LaT0A3.00
MRE Project | 36 Gl 27,00 20320004 53
Balance Carried Over 289525094 55
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+B. PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT
KATARMAL, KOSI (ALMORA)

INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDING 31" MARCH, 1998
PARTICULARS ANN AMOLUNT AMOUNT
Balance Brought Forward 2195209994.55
Tfd. To CCU for Capital Expenditure
Capital Expenditure : 2610496400

RESEARCH & DEVELOPMENT :
Library : S196747.00
Scientific Equipments : 518163160
Office Equipments : 56655400
Furnimres 2IGRATE.00
Wehicles : GE260E.00 [4dize219.00
Scientific Equipments :
HAIGAD 11 Praject : 11543800
ECO TOURISM Project TRO3.00
BIOTECH ] Project : 13936.00
BIOTECH IT1 Project : 48508.00
UNDP HANGAD Project : TE60.00
MACARTHER UNESCO Project : 4903000
WWF (CBD) Project TT00.00 2508%5.00 1427T114.00
Loss on sale of Assets SO402.70
TOTAL EXPENDITURE RS. .(B) TOMN2475,25
SURPLUS (A-B)
EXCESS OF [INCOME OVER EXPDT.
(TFD. TO GEMERAL FUND AN 11TI967.19
TOTAL RS... TILT4442.44
isd-
(Finanee Officer)
A5 PET QU separale repor
of even date
-z
DD Officer) -Seal- -sd-
(ALK, JATN)
Partner
I.C. Sanghal & Co.
Chartered Accountants
-5d- 17, Rajpur Boad, Dehradun

{Directork

Drated : 15.00.98
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€.B. PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT
KATARMAL, KOSI (ALMORA)
RECEIPT & PAYMENT ACCOUNT FOR THE YEAR ENDING 31°T MARCH, 1998

PARTICULARS AN AMMCLINT AMOUNT
RECEIPT
Opening Balance 37 1337726205

Cyranif aii ald For

Hescarch & Development

and Cabser Exponses - 29RLI00K0, (3

Canstniction Woedk | 265 LS, 010

TERF ABE198E

[Pk b 3200000

DT 15KB) IR

AR (ES): TRA560U0H

BICTECH 1) ¢ GRO00L

BIOTECH SO0k

BIOTECH AN 294410, 00

s HAGADE ATY25.00

SR IRLS) L37379.00

LaND LSE - 49000.00

WW | CED LRRIUER]

ORI (B3 ARZ05.40

WDER (WOERRSHOM e RN RE

WDER (REM} 5000040

IMSADSTIT.AL 124220k

BIOLECH IV 38600000

FAQ BIO-DIVERSITY 17148000

FLAIGAD T 159 L300

BIOTECH Y 100

MOE & F(555) Q000000

1EG - L3600 00 6420225285
Interest From Bank : e —

Instiinte : 518619

Endawnsent Fuisl I63152.400 44R538.19
Spcurity Received T, ek
E.MLD. Recelved T840,
ADVARCE NE, UNIT 10530,5%
ADVANCE SUBRAT SHARMA &0.00
GS L IBTRA5
C.PF, 1271410
PROVIDENT FUND CONTRIBUTION RECEIVED 246154200
Crther Income =

Saie of Serp G0

Sale of Velicle : 16995 G0

Ligence Fée ! 63313.00

Water Tedling Fee - E350.0

Mursery 200,00

Insttional Charges 348352.00

Gucs House Hestel Charges 1665300

Sill Tesupg Charges TR0

Ruoyakly SN

Mitscellaneons - JORKA300

Sale of tender Faroms - ek 5 0o} RO 3.0
TOTAL RECEIPT RS HII9E13%.46

o1
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G.B. PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT
KATARMAL, KOSI (ALMORA)
RECEIPT & PAYMENT ACCOUNT FOR THE YEAR ENDING 31*" MARCH, 1998

PARTICULARS ANN AMOUNT AMOUNT

PAYMENT
Project Payment For :

Research & Development

and Oiher Expenses | z [ 8O93696.55

Construction Work : 3 773600

IERP : 4 4203773.00

ENVIS . 5 24573800

DET (SKB): f 200700.00

ICAR (ES): T 239250

AGRICULTURE DIVERSITY : 4 13585200

BIOTECH ( I} Project : o 4737000

BIOTECH (1) Project: 10 29262300

BIOTECH (1T} Project 11 S06163.00

NDBR (REM] : 12 FH236.400

IEG : 13 26776400

UNDP HAIGAD : |4 1355100

CSIR (RCS) - IS 10344200

DET (8KN) : |6 144995 00

CSIR (RS} : 17 2753300

WWF (CBI 13 19485900

LAND USE Project @ 1% 8128300

NDBR (WORKSHOR) : 2 270045 00

BIOTECH IV : s | 12652700

HAIGADIIL : 22 1541500

BIOTECH ¥ : 23 6l 900 2500767655
Tfd. Te C.C.U. For Capital Expenditure 26104964.00
SECURITY REFUNDED 20HHE, iy
SECURITY DEPOSITED 12622.00
Capital Expenditure :

Rescarch & Development:

Library S19RT747.00

Scientific Equipments : S181631.00

Office Equipments : S66354.00

Furniture : 2GE6TO00

Wehigle GRIGOE.00 1402621900
Scentific Equipments ;

HAIGAD L : F15438.00

BIOTECH {11} Project : | 3936.00

BIOTECH (111) Project : 4850800

UNDPF HAIGAD 756000

WWEF (CBDY) : TI00.00 193142 (0 1421936100

Balance Carried Forward - HE346623.55
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G.B. PANT INSTITUTE OF HIMALAYAN EXVIRONMENT & DEVELOPMENT

RECEIPT & PAYMENT ACCOUNT FOR THE YEAR ENDING 317 MARCH., 1508

RATARMAL, ROSHALMORA)

ANN AMTHINT AMOUNT
FARTICUVLAKS
Rinlimwy; Broisght Faraard - HESA6G1Y.55
Closing Eiptmsce |
{azl & Hank Balance
ashy i Mand 27 A0S
Almien : 612 55
S 97,64
Sikkam 13631
Kully PE LT 25067
Lol & Hank (30 4000
Ol ko AT Me.CR-12 BOOGI3.TS
S Alnbdn AL hip, 23752 219133623
SH Al ASC Mo, 33ERA 1494712 15
SH1 Tadimg Ade Mo CASMIS A9E069. 71
HEil Rudln At Mo SOHT 16260 8L
SBLSrinigar A0 N WhEE XILI9.5Y
SEI Almom T.Fa'c %o 22031 2268640 475%TTH, T4
\ohvaneis
Fomse Haldeng Advance SR a 0
Wlutgr §vplgilar Advance TR0
Festivil salvanoe 1 2440 00
Pyeidend Fund Advance | 225415060
Uinms of Frsinute
RLIIBES FIH A HE
sikkdm 12322 AWy 1145306, 00
Frood Diepasil —_—
Wl 5 BEd mednwmenil Fund PR Ly LI
S0 Provichosd Faml 11750000 0
R Preesdirs] Fond 12000 0
Inm. Ags Oe FOR R AT e iR TRAN S0
Ungre-Sgal ¥k 10 A =
Kherternils Con, Cenerods [P L6, (HIOTECH D AEKEL 0
Diiricton - AR 2B
GUS Neg ORI 2000
A% T Fiwan
B 1* bl EIRRE
I %1% Rowst 382 00
S P Klaikban (TTAL Ta0d i
Rk Manin & Sand ZBFIT.OO
Trereh Companers 21,00
Fmplonment Meons | 43000
sapma Addnch Chamigls LOE9, K
Saliap Chemicals 34d. (Hotech-Dl | 6320k TR
|ivepkiny el Muws [ERST=5KN) DY ¥}
MRS Hyderabad TAROG 00
Shivalik Agro Products (1T
wleneaids Can: Conteols By Lid, $7173.00
MPCR ias82 00
Anpont Hendling Services 1H000 Qi
Fimss egmee A532R 10
AT Stk L Lad, Boenshay IRSTR 00
Saveer CGewichshiwa 6000
Saveer Biolech Ll SOEE 300
Zesearch Soliweee [esign Porilund 4541 00
H.E Pandis EL L
Dihegiri Sab Seamion (CCU | GO ) RS2 30
T4 Inwer Accound 23000
FOLAL FAYMENTS RI3R130,46




G.B. PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT
KATARMAL, KOSI (ALMORA)
SCHEDULE OF FIXED ASSETS A8 ON 31st MARCH 1998

ANNEXURE “38°

PARTICULARS COST A5 ON ADDITIONS COST OF SALESS TOTAL
OLAO4mT DURING THE TFD. DURING
YEAR THE YEAR

LAND : .00 0.0 (TIH) [IIT]
Building : 271384800 .00 (h0G 2T RS
Fueniture : 430122540 230867000 0.00 GR00H4.A0
{Details)

INSTITLITE § [428361%.440) 2I086TO.00) .00 (682297 .40
ICIMO SALT (1 1000,00% 000 0.00 1 10000040
ICIMOLD [SMA (G607 (iKY 000 {6607 1)
Seientific Equipments 4315642711 543252600 {0 4338895311
(Dhtaiiz)

Trstitale (32720621.19%) (STRELG31.000 04 (3T90ZE52.19)
NORALD {1921 58.000) 0.nn 0.0 {1921 158.00)
DET (RER) | {741 3.060) .00 0.00 (7415000
BIGTECH-1:- [ 1E40346.0:0) 0d .00 [ [ B403446.00]
BICTECH-1I : (IEI1224.00% {13956.00) 0.00 (IBAS160.00)
BIOTECH-UI : (TETa27.00) (4850500 00 (83135000
LNDP {Haigad} : {63400.00) (T360.00) (00 {0960 (0}
CRIRA{RCS): {119758.00) n.oo 000 {119758.00)
DET (SKBY (ROES64.0070 0.00 .00 (BOBS64.00)
ICIMOD SALT : (T1866.492) n.no Q.00 (TI866.92)
NDO CANADLAM - {1 RO0TE.00) (.06 (.00 [ 1 BO0T6. ()
ICIMOD [S5MA | (67 161.00% (L 000 (67 161.00)
ENVIS: (2423R0.0070 0K 0G0 (24238000}
NWDPRA : {64R55.00) 0.0 (.00 {B4858.00)
[EG Project - (18865007 .00 .00 {18865.00)
DET {SKM) ! (323172.00) 0.00 [N (323172.000
ECO TOURISM © (67935.00) (7803 .00) 0.00 (75738.00)
MACARTHER IINESCO @ 0.on (49950, 00} 2,00 (49554,00)
VWWF (CRD). .00 {T700.00) FRili] {TT00.00)
HAIGALY I ¢ 0.0 (F15438.00) 0o (115438.000
OMfice Equipments : 191283835 566554, 00 .00 24B0392.35
Fire Fighting Equipiments : 6096204 .00 .00 GODG2.H
Library : 1340301830 SE96T47.00 .00 18599765.50
Wehicles : 336054095 GE2608.00 107397.70 3935760,25
[Dietails }

Institute : [22THRBL.00) [HE2H0E.00) (107397.70) {285209 30)
TSBEF : (2E0475.00) .00 0.00 [2R0O4TE.00)
MACARTHER UNESCO - (200375.00) .00 .00 (220375.00)
TCTVICRDY {233589.93) L 0.00 [233589.95)
[CIMOD SALT - (279224.00) 0.00 0.00 (279224.00)
GlassNet Hoose 151779300 000 0,00 1517793.00
TOTAL RS... TO42THG2.31 1427T114.00 107397, 70 B459737H.61
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G.B. PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT
KATARMAL, KOSI {(ALMORA)

CLOSING BALANCE AMNNEXURE *39°
PARTICULARS AMOLNT AMOUNT
Closing Balance : (FC)
Caszh & Bank Balance :
Cash in Hand ; 24712.00
Cash at Bank (5Bl A/C No. 209100 219139425 221610626
Advances .
N.R.S.A. Hydr. (ICIMOD CBD) - 25%50.00
ADVANCE M.R.5.A. Hyde (PARDYP) 1450000
SILTAP CHEMICAL : 23002.00
P SAMAL : 4.0
ADVAMCE N.E. UNIT {SALT AC) 13746.00
ADVANCE S.K, UNIT {ECO TOURISM) 144700 7865900
Closing Balance : (1C)
Cash & Bank Balance
Cash in Hand ([T A/C)
Admpora : 632.55
Srinagar : 97.64
Sikkim : 136.31
Kol 139307 2259.67
Cash at Bank (1C A/C)
CB1 Kosi A/C No. CD-14 ; HO0E03.T5
SBI Almora A/C Mo, 22752 ¢ 219133635
SR Almora AC Mo, 23884 149571215
SB1 Tadong AYC No. CAM4MGS I95059.71
SBI Kullu A/C Mo, 50201/7 ; 16260.81
SBI Srinagar AN Mo, 3615 3711957
SB1 Almora P.F. AC No. 2202 226E6.40 475877874
Advances :
House Builtding Advance - 31052400
Metor Cyele/Car Advance 47a000.00
Festival Advance : 1244000
Providend Fund Adwvance : 122505 00
Units of Institute :
Srinagar ; 11015.00
Sikkim : 12422.00 1145306.00
Fixed Deposit :
With SBI-Endowment Fund ; 232390:0.00
LB1-Provadent Fund ; J1TE000.00
CBl-Provident Fund : 1200000.00
Imit. Ace. Om FDOR [P_F. AfC) 501119.00 T2H0019, (Hy
Halance Carried Forward : TOTAL 15491 128.67

95



AN

95
G.B, PANT INSTITUTE OF HIMALAY AN ENVIRONMENT & DEVELOPMENT
KATARMAL, KOSI {ALMORA)
CLOSING BALANCE ANMNEXURE 39" Conid..
PARTICULARS AMOUNT AMOUNT
15491 128.67

Balance Brought Forward
DueStafiOhers (1T AC)

K lenzaids Con, Controls (PyLid., (BIOTECHI) S6480.00

Director AR 2650

G5, Negi (CSIR) 2000.00

AS. Parhar 38900

E.P. Kothvan G000.00

LM.5. Rawal 4382.00

5P Maskhuri (TTA) F400k00)

R.K. Nanda & Sons 28517.0¢

Pertech Compulsrs : 200000

Employment News 1415000

Sipma Aldrich Chemicals @ 1059000

Siftap Chemmicals Lud., (BIOTECH-II - 16320.00

Emplovment Mews (DST- SKN) ¢ SO0

MN.R.5.A. Hyderabad : T4800.00

Shivalik Agro Products G700

Klenzaids Con. Controls Pyl Lid., 5717500

MPCE : 16382.00

Airport Handling Services 3500000

Foss Tecator 33528.00

WAT Sazel Pyt Ltd.. Bombay 225172.00

Saveer Gewachshaws 1640630 (K

Saveer Biotech Lid, 50989300

Research Software Design Portland 484100

H.K. Pandey 3004.00

Etectric Sub Station (CCLUY LOD0G0.00 2B52682.50
F.C. Inter Account ; 250000

TOTALRS.. LTS TR




27

ICIMOL
TSBF
[ERP
ENVIS
DST
CSIR
BIOTECH
NEC
NWDPRA
LUINDP
UNESCO
UNICEF
[EG
WWEF
SALT
[S5MA
MRE
IMNHI
ICAR
NDBR
IMSA
FAD
FARM

ABBREVIATIONS USED

International Centre for Integrated Mountain Development
Tropical Soil Biology Fertility

[ntegrated Eco Research Program

Environmental Information system

Department of Science & Technology

Council of Scientific & Industrial Research

Department of Bio-technology

MNorth Eastern Council

Mational Watershed Development Project for Rainfed Areas
United Mations Development Programme

United Mations Educational Scientific and Culwral Organisation
United Nations Children Fund

Institute of Economic Growth

World Wide Fund for Nature

Sloping Agriculture Land Technology

Institutional Strengthening for Sustainable Mountain Agriculure
Mountain Risk Engineering

Institutional Networking and Human Investment

Indian Council of Agriculural Research

Nanda Devi Biosphere Reserve

Indian National Science Academy

Food and Agricultural Organization

Farmer, Centered Agricultural Resource Mansgement



D

S8

SUMMARY OF FUNDS RECEIVED AND EXPENDITURE FOR 1997-98 (Rs. in Lakhs)

(A} RECEIPTS
[33.7%)

1265
[1.45)

o5’ a2 0445
S Eﬁa %)
B Cpening balance EResearch & Development® CMiscellanaous
| Construction” BIERP"

CMational Agencies
|minternational Agencies CIProvident & Endowment Fund *  From MoE&F

(B) EXPENDITURE

25108 (30.4%)

TR0LS [21.0%%)

4204 {4.9%)-

27,02 (A1%)

B oo

18083 (AT

4028 peay® 0%

[@Research & ﬁéualabﬁﬁﬁ*; B Construction*™ CIIERP™ ~ ENational
|ODinternational CIMiscellanecus EResearch & Development® ElNational®
\EClosing balance Minternational* *  Capital ™ From MoE&F
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INSTITUTIONAL PUBLICATIONS

1991

Agriculture Economy of Himalayan
Region, Vol 1 Kumaon

1992
Himalavan Environment &
Development Problems  and
Perspective

Integrated Watershed Management | A
Case Study of Sikkim Himalaya

Action Plan for Himalaya
1993

Agriculture  Economy of Himalavan
Region, Vol [I Garhwal
Himalvan Biodiversity © Conservation
Strafegies

Tropical Soil Biology and Fertility
Research © South Asian Context

1994

Environmental Friendly Hill
Development @ An Approach for District
Chamaoli

Sustamable Rural Development
Opportunity and Constraints

Myrica esculenta Box Myrtle (Kaiphal)
: A Promusing undercxplonted tree crop
of the Himalaya

Hydropower management for
Sustaipable Rural Development  in
Remote  Unelectriied Zones  of

Himalaya

Sustainable Development and

Rehabilitation of Degraded wvillage

Lands in Himalava

Medicinal Plants  of the Sikkim

Himalaya : Status, Uses and Potential
1995

Fodder trees and Shrubs of Central
Himalava

Cultivation of Medicimal Planis and
Orchids of Sikkim Himalaya
1996

Land Utilization m  the Central
Himalava : Problems and Management

Options
Tribal Development . Ophions
Water Management in Himalayan
Ecosystem - A Study of Natural Springs
of Almora

1997
Himalayan Biodiversity — Action Plan
Development Dilemma, Indian Scenano
and Rural Himalava A Central

Himalavan Perspective

Perspectives of  Mountain  Risk
Engineering in the Himalayan Region

Research and Development Initiatives of
the Institute - A Pictorial Glimpse
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