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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.
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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




N

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.
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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
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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.


































































































































































































































