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FOREWORD

Foreword

The Institute, during rwo decades of its existence, has made significant
strides to fulfill its mandate and created a special niche amongst National
and International Research and Development oriented community. The
progression has been multidirectional and Institute’s scope of the [nstinute
has expanded from a largely research based Institution to a Development

| focused Fesearch Institute which caters to the needs of multiple
stakehalder groups ranging from indigenous communities to policy
planners. The programmes and activities, designed for the 11° plan
peniod, are focused on applied action oriented research, and strive for
greater institutional collaborations and stakeholders invelvement to scale
up its outreach. The Institure is commirted o ensure time bound delivery
of envisaged products of its programms and activities.

Druring the reporting period {2008-09), the second year of implementation of the 11% plan, Institute has
made significant progress in achieving R&D targets. Among others, strengthening of datasets on: i)
water resources - following researches on optimization of hydrological responses; i) land resources-
using engineering and bioengineering measures for stabilization of landslides, and in-depth sudies on
glacier retreat phenomena; iii) biological resources - through multi-location response assessment studies,
large scale multiplication of selected taxa following i virre protocols and field transter of seedlings, and
exploration of microbial biodiversicy of the Himalayan soils, were stressed. Alse, the Institute continued
to further sirengthen activities related fo environmental assessment and management in relation to selected
hydropower projects, ficld demonstration trials on wasteland rehabilitation, strategies for economic
development and environmental conservation in the region following alternate livelihood options.
Towards promoting its outreach, Institute has focused on capacity building of a range of stakeholders
on Training of Trainers (ToTs) mode on environment-friendly rural technologies throwgh the Rural
Technology Complex of the Institute at HQs, and its extension centres. On-site training programmes,
arientation courses and exposure visits on biodiversity conservation. Natural Resource Management,
and disaster management were major activities aimed at diverse range of stakeholders.

Augmentation of infrastructure in terms of state-of-the-art instrumentation and other facilities was alsa
taken-up. Among others. establishment of the Nature Interpretation and Learning Centre, a facility for
an-site training on Himalayan bioresource conservation, was initiated at *Surya-kunj’ e sty conservation
site of the Institute,

Realizing the importance of collaborative efforis, the Institute entered into Memorandum of
Understandings with national and international organizations including International Centre for
Integrated Mountain Development (ICIMOD), Nepal: Centre for Mathematical Modeling and Computer
Simulation (C-MMACS), Bangalore; and Kumaun University Nainital. Institute also attempred to address
critical issues such as hunting, shifting agriculture, community welfare and alternative livelihoods in the
state of Arunachal Pradesh through GOI-UNDP project (Biodiversity conservation through CBMNRM
1 Arunachal Pradesh), which is being implemented in collaboratdon with four identified PATNErs.
Extramural support for location specific B& T activities in different states of Indian Himalayan Region,
through Integrated Eco-development Research Programme (IEEF). continued to play key role in
promoting Institure's outreach.
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At the Mational level, Institute was identified for preparation of two base papers: one for the Task Force
of the Planning Commission, GO, to look into problems of hill states and hill areas: and second for the
Ministry of Environment and Forests on “Conservation of Himalayan Ece-systems and Adaptation/
Regulation Measures™ as an input to the document being prepared for implementation of the National
Mission on Sustaining the Himalavan Ecosystem. The later subsequently provided base materal for
development of a combined report of MoEF and GBPIHED ‘Governance for Sustaining Himalayan
Ecosystem (G-SHE). Guidelines and Best Practices'. The report is likely to form apart of India’s broader
climate change adaprarion steategy towards governance and management of the Himalayan Ecosystem.

Acceptance of Institute's outcome by way of the publications of research articles in peer revicwed scientific

| journals of high repute and increasing funding support from different funding agencies to conduet project

based research on priorty issues is a living tesimony of increasing recognition of Instmte’s R&D
capability. The Apex bodies of the Institute continued to provide desired encouragement and guidance
to the Institute to maintain the quality and quantum of the cut-put and to achieve its mandate. This help
is gratefully acknowledged.

As Director of this premier Institute, it is my endeavour to strengthen the existing programmes and
formulate new ones to realize the goals envisaged in Institute’s Vision document. T am sure, with the
help of colleagues in the Institute HOs and units, as well as its and well wishers out side. the Institute
shall succeed in this endeavour. Your inputs and positive critique are always welcome,

l&m@;




MAJIDR AGHINEMENTS

Major Achivements (2008-09)

Development of andslide location map for Sikkim state through integration of 201 wposheets
(19623, BS data (1997} and field surveys (2007-09),

Organization of field expeditions for identilication of glaciers in Dhauliganga basin. Cnscreen
digitization of glacier boundaries in Goriganga (26} and Dhauliganga (106) basins of Uttarakhand.

Establishment of weather laboratories at 22 schools of Himachal Pradesh (Kullu, Mandi, Bilaspur
and Hamirpur districts); quantification of hydrological responses in Kosi watershed (Uttarakhand)
and Takatsum Chu watershed (Sikkim),

Discovery of one cat-fish Ereshisroides senklbfiensds (Senkhi stream, Papumpare district, Arunachal
Pradesh) and one plan species Arrehia nendadeviensts (Pindari asea, Nanda Devi Biosphere Reserve,
Utarakhand},

Asseszment and characterization of solid waste generated from six tourist towns of Himachal
Pradesh. Study revealed 74.1% of segregated waste is useful for compest generation, 8.2% for
direct or indirect reuse, 9.2% for decorative reuse, and 7.8% for recycling and 0.7% medical waste
for safe disposal.

Detailed biodiversity studies along Tholung-Kishong trek of Kanchndzonga Biosphere Beserve
(Sikkim) and development of comprehensive information brochure for this cco trek in Dzongu
landscape of the reserve.

IniHating activities to address critical issues of hunting, shifting agriculture, comrmunity welfare
and alternative livelihood in the proposed Tawang-West Kameng Biosphere Reserve and Apatani
Plateau in Arunachal Pradesh in collaboration with identified partner mstitutions and NGOs in
Arunachal Pradesh.

Detailed documentation of Indigenous Enowledge of 400 medicinal plants and thrir application
in traditional healthcare systems practiced by local herbal healers (Vaidhyas) in Uttarakhand.

Promotion of the outreach activities through strengthening of: (1) mult-location capacity building
activities of Rural Technology Center (Uttarakhand); (it) disaster management faculty (Sikkim);
(1t} comservation education rainings and exposure visits (Himachal Pradesh; Sikkim: Uttarakhand);
{iv) eco-restoration and refabilitation models; and (v} people’s panticipation in sustainable eco-
tourism {Kedar valley, Uttarakhand).

Publications:
Feer Revigwed Jowrnals MNational 32
International 29
Book Chapters 21
Popular Articles 39

Fond Generation (externally funded projects):

291 lakh (Rs)
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EXECUTIVE SUMMARY

The institute with a strong commitment for
sustainable development of the Indian
Himalayan Region (IHR) is the oaly institute of
its kind which addresses physical, biological,
social and economic issues of the region and irs
people in an integrated manner. The BE&D
mandare of the Institute is broad and covers all
the facets of environment and development.
Towards achieving this, multi-disciplinary
approach and integration are the guiding
principles, The emphasis on interlinking of
natural and social sciences is the major thrust of
all the programmes in the Institute, In this effort,
special attention is placed on the intricate halanoe
between fragility of mountains, indigenous
knowledge and sostainable use of natural
resources. Design and implementation of R&D
activitics on priority environmental problems;
development and demonstration of best
practices, technology packages and delivery
systems for improved livelihood of the people
are the core issues covered under maest
programmes in the Institute. A conscious effort
15 made o énsure participation of local
inhabitants for long-term acceplance and success
of varipus programmes. Therefore, training,
education and awareness of a variery of
stakeholders are the essential components of all
the R & I} programmes, A brief summary of
B&D activities of the Institute during the
reporting vear 2008-09 is as follows:

Watershed Processes and Management
(WFM)

During the eleventh Plan Period, “Watershed
Frocesses and Management (WEM)" theme has
focused it activities on systems approach to meet
the recently accepted UN Millennium

Development Goal targeted o reduce by half the
proportion of people without sustainable access
to safe dnnking water and reduce hunger. In-house
researches were optimizing hvdrological responses
in central and Sikkim Himalaya, stabilization of
landslide through engineenng and bio-cngineenng
measures in Sikkim, energy use pattérn in rural
domestic sector; development of sacred landscape
and rehabilitation of degraded land of central
Himalayan region, and nematode diversity in the
traditional agro ecosystem of central Himalaya
and their impact on soil health and crop growth.
External funding supported studies, particularly
om glaciers inclode glacier retreat i Kumauon and
Sikkim Himalaya, and discharge and sediment
vield in Gangotri, Thelu, and Milam glaciers,
Global Positioning System ((GPS) geodesy with
permanent and campaign mode surveys
exploration, diversity, and mapping of vegetation
in the urban forests of Kumaun Himalavan towns
using remote sensing & GIS, soil nitrogen
dynamics in relation to guality and
decomposability of plant litter traditionally used
as manure in the ceéntral Himalaya, etc. The
Institute’s glacier database has been incorporated
in the special report on Himalayan glaciers
prepared  by. Technology Information
Forecasting & Assessment Council (TIFAC)
under climate change program. Glacier mapping
was initiated in Kumaun and Sikkim Himalaya
using R5&GIS,

Biodiversity Conservation and
Management (BCM)

During the reporting vear, thematic group
Biodiversity Conservation and Management
(BCM), largely focused on achieving the targets
slated under two multi-location projects:
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(i) response assessment and processing of
knowledge base to serve long term management
and use of biodiversity in the Himalaya; and (i)
up-scaling applicability of ee-site mechanisms for
conscrvation and utilization of high valee plant
species; and ome state specific project
‘Conservation and sustainable utilization of
medicinal plants in Himachal Pradesh'.
Extensive field survevs, following the standard
and compatible methodologies, were conducted
to generale authentic and reliable data sets.
While repeat surveys (after about two decades
of forest stands yielded information for detecting
changes in siructure and composition of forests
im  MNanda Devi Biosphere Reserve
(Uttarakhand), extensive information on floristic
diversity patterns was generated from 52 sites and
12 habitats of Narge Wildlife Saneruary of
(Himachal Pradesh}. Resource surveys in buffer
zone villages and geo-referenced data generation
onvegetation diversity trends along 6 major sites
remained target of study in Kanchendzonga
Biosphete Reserve (Sikkim), Towards up scaling
mechanisms for conservation and utilization of
high wvalue species, micro-propagation of
Hedvchivm spicarum and chemical investigations
on Berberis asiatica provided wseful leads.
Likewise, interesting data sers were generated on
germination of multipurpose speeies from
Himaeahal Pradesh and Sikkim, Particular focus
of studies on conservation and sustainable
ntilization of medicinal plants of Himachal
Fradesh resulted in detailed guantitative data
generation on status of medicinal plants from 27
surveyed sttes between 1900-2900 m altitude in
the upper Banjar Valley, Population assessment
of selected threatened plants {e.g., Podophvllom
hexandrum, Polyeonarum verticillomm, Valeriana
jatamansi, Taxus baccate subsp. wallichiana,
Angelica glauca, Bergenda stracheyi, Paris polfuplella,
etc. pyielded first hand information on their status
in natural conditions. In addition, emphasis was
given to develop approaches and mechanisms 1o
build capacity of diverse stakeholders for best

management and optimal use of Himalayan
bioresources. Over 1000 persons, belonging 1o
diverse stakeholder groups, were educated
through exposure visits and on-site trainmgs,
Besides in house projects, the group continued
with addressing specific issues pertaining to
biodiversity through externally funded projecs.
Dwuring the reporting period, through such
projects, intensive information was generated on
- plant diversity patterns along altitudinal
gradient of Himachal Pradesh, population
dynamics of selected high value medicinal plants
in different parts of IHR, and biodiversity
patterns and conservation priorties in proposed
cold desert biosphere reserve, As lead center for
Himalayan Biosphere Reserves (BRs), the group
organized stakeholder’s consultation meetings in
different BRs and a field training workshop
‘Biediversity Conservation and Livelihood
Options in Kanchendzonga Biosphere Reserve’,
In order to promaote outreach, on-site tiaining
workshop (2-3 davs) and orientation course (7
days) on Conservation Education were organized
at HQs and different units, As Technical
Resource Center for U-PROBE programme of
Department of Science & Technology, the group
facilitated and strengthened activities of 21 U-
FROBE schools in Uttarakhand and 20 schools
in Himacahal Pradesh.

Environmental Assessment and

Management (EAM)

In the vear 2008-09, the research activities under
the EAM theme largely focused on reviews of
ElAs, DPRs, PFRs and EMPs relating to
hydropower projects in Himachal Pradesh, and
tssues like dense allocation, overlapping of the
influcnce zone boundary, crisis of potable water
from a group of small hydropower projects,
environmental pollution like ambient air quality
degradation, solid waste problem and
deforestation were identified. Socio-economic
survey of four projects from the Sutley basin; two



under construction (Shyang 3MW and Kashang
243 MW), one proposed (Tangling 5 MW) and
cne under operation (Chaba 1.7 MW was
completed: The socic-economic survey
concluded that the hydropower projects under
constructions denoted socio-economic and solid
waste problems, changing land use pattern and
decreasing size of land holdings. Solid waste
characterization survey i six sprawling urban
towns, Bilaspur, Kangra, Mandi, Hamirpur,
Chamba and Keylong were conducted and solid
washe sources, quantity, nature and composition
of solid waste were assessed. The main sources
of waste were households, shops, dhabas-
restaurants, vendors, medical centers and
buildings under constructions. The study reveals
that all the towns are facing the problem of
biodegradable waste (BW) in a majority (=70%)
as compared to non-biodegradable waste
(NBW). Whereas there is wide variations in
wasle generation from one hill town to another
according to the population figures and living
standards of the locality. Open dumping of waste
and washout effect would continuously be
increasing the pollution load in down slope
repions. Bio-composting is-one of the best means
to manage the biodegradable waste. The Muli
Wavelength Radiometer (MWER)} measures
columnar aerosols in 380 am, 400 nm, 430 nm,
500 mm, 600 nm, 650 nm, 750 nm, 850 nm, 935
nmm, and 1025 nm wavelengths. It measures
continuous spectral extinction measerement of
solar irradiance reaching to earth surface. The
high value of AQDs at shorter wavelengths
compared 1o longer wavelengths indicaced large
concentrations of small size aerosol particles due
to continuous increase in biotic interferences. A
significant variation at 380 nm, 500 nm and 1025
nm noticed very high AQDs during the summer
months (pre-monsoon period) and very low
AQDs during the winter months which were
directly related to the degree of human
interferences. During autumn and winter
maomnths, the A0 values were found 1o decrease
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remarkably at longer wavelengths indicating a
general reduction in the number of large size
particles. The variations in turbidity parameter
(et and B} were noticed inversely related,
indicating dominanee of larger concentration of
fine mode particles resulting in climate change.
An Environment Observatory was established at
Himachal Unit, Mohal-Kullu which comprises
of Surface Ozone, 50, NO, analvzers, el

Socio-Economic Development (SED)

During the reporting period, based on the
stakcholders response, the following five new
projects on priority areas were initiated for
detailed investigation during XI plan period: (1)
Smallholders farming svstems: strategies for
cconomic and environmental viability in the
western Himalava (at Hqs), (i1} Scaling up
innovative resource management practices for
improved livelihoods in the mid hills of the
central Himalaya (HQs), (iii) Assessing the sco-
tourism potential { Garhwal & Sikkim Unit), (iv)
Shifting Agriculture: 1ssues and options (NE
Unit), and (v) Indigenous Knowledge: traditional
health care practices im rural areas of
Uttarakhand. Also, multilocational approach on
‘Capacity building for entrepreneurship
development and self employment in the
Himalayan region’ has been adopted as major
demonstration and dissemination strategy of the
theme, In addition, the group confinued to work
on a few externally funded projects, such as -
Participatory management of Bhimtal Lake
Catchment; Institutionalizing technology
backstopping and capacity enhancement for
sustainable agricultural development and
encouraging entrepreneurship development
based on simple rural technologies within the
tribal areas of north east India; Fallow
Management Practices among the Tangkhuls of
Manipur in Shifting Cultivation Systems: and
Enhancement of Livelihood Security through
Sustainable Farming Systems and Related Farm
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Enterprises in north-west Himalaya. The theme
also generated funding for a foew new projects
civering aspects like Enhancement of Livelihood
Security through Sustainable Farming Systems
and Related Farm Enterprises; Participatory
assessment of sustainable scenarios for
Himalayan pastoralism; Prioritization and
categorization of ailment-specific medicinal
plants and thear contribution in traditional health
care systern, and Cultural landscape: the basis
for linking biodiversity conservation with
sustainable development,

Biotechnological Applications (BTA)

During the reporting year efforts were directed
mainly towards the newly initiated in-house
projects. Based on the leads obtained from the
concluded projects (reported last year) and in
keeping wath the stake holders’ demands, R&D
initiatives have been planned. Focus was
concentrated on developing suitable propagation
methods, field performance and subscquent
conservation and sustainable use of
economically important species of central,
western and eastern Himalaya. Large scale
multiplication and field plantation of R.
maddeni, an endangered species, have been
carried out in Stkkim. Investigations on looking
for alternative methods of active ingredients by
developing calls and hairy root cultures of
Himalavan medicinal plants, under laboratory
conditions, have been undertaken: this has
commercial implications and would reduce the
pressure on natural population. Exploration of
microbial diversity with specific reference to
plant growth promoting microorganisms and
mycorrhizal associations comprises another
important aspect and 15 being carried out in
Himalayan soils, including north-east region of
India. Rhizosphere populations associated with
different age groups of Ginkge biloba were
investigated. Besides colonization of free living
microorganisms and arbuscular mycorrhizae,

oecurrence of endophytic organisms, got
attention. Among extremophiles, specics of
Srrepramyes (cold tolerant) and Aspergitiis {cold
and pIl tolerant) have been studied for their
antagonistic and enzyme producing properties.
Field asscssment of microbial inoculants has
vielded positive results and is being continuously
monitored on a long term basis. Studies on
diversity and reproductive habits of fiches in
relation to environmental pardmeters of Senkhi
River in Arunachal Pradesh are underway; an
addition of eight new species for the district, four
for the state and one new species { Ererhisioides
senfthiensis) 10 science has been made. Initiatives
om capacity building for rumal folks and training
of students for (MSc & PhD) continued in the
reporting year. In a recently concluded externally
funded project on Technology Demonstration
and Improvement of farm productivity in
Sikkim, varicus agricultural production potential
in farmers’ fields with better management and
improvised collateral practices were
demonstrated, Under the pond-based integrated
farming system, two new sites were developed
in the Kumaun region; such initiatives have not
only effected improvement of income generation
for rural women but also demonstration of
technolzgies.

Knoﬂ_'ledge Products and Capacity
Building (KCB)

There are hundreds of different cultures in the
Indian Himalayan region, each with its unigque
practices and way of looking at life. Through
their reliance on and interaction with nature
and matural resources, communities have
acquired an immense knowledge of their
natural envircnment. Yel this accumulated
knowledge is rapidly disappearing as the
traditional communities are steadily becoming
more uniform culturally and biologically. With
greater realization of the value of this
knowledge base, for looking at issues linked to




social process and natural resoures management
there is increasing realization that in many
coological /social situations, knowledge should
be anintegral part of a halistic and cost-effective
approach to sustainable development, The
knowledge accumulated, documented,
produced/ developed over a period of time in
any field for human well being and natural
rcsoUrce management, is required to be
transmitted or exchanged through capacity
building efforts in empowering all the
stakeholders The level of understanding, skills,

| EXECUTIVE SUMMARY

enthusizsm and values of the user groups are
considered key factors i stimulating the
learner's interest and appreciation of
implementation of knowledge produce. The
Knowledge Product and Capacity Building
(KCB) theme of the Institute has focused on
sound principles of traditional knowledge to
develop its training programmes conducted
through Rural Technology Centres. Use of
information technology, latest mstrumentation
as central facility, are the other key activities
under the theme during this year.
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1. INTRODUCTION

The year 2008-09 is twentieth financial year of
R&D activitics being executed by the Institute at
different locations of the Himalaya through its
H}s at Kosi-Katarmal (Almora) and four regional
Units, namely, Himachal Unit (Kullup, Garhwal
Unit (Srinagar-Garhwal), Sikkim Unit
(Pangthang) and NE Unit (Ttanagar). Owver the
years, the Institute has taken significant sirides in
identifving problems. developing region specific
approaches, demonstrating their efficacy in the
field and disscminating information to various
stakecholders, The diverse problems thus addressed
were related to ecology, msource conservation,
traditional practices, livelihood opportunitics,
land restoratiom, propagation protocol
development, biotechnological interventions, etc.
The Institute implements its activities through
core funds provided by the Ministry of
Environment and Forests (MoEF), Govt. of India,
and the projects financed by external funding
agencies (National and International). The
Trstitute also supports activities of various pariner
Tnstitutions in different Himalayan states through
Integrated Eco-development Research
Programme (IERF). The Science Advisory
Committees of the Institute reviews the progress
of existing projects and provides goidance to
develop new R&D programmes. Under the

provisions of GBPTHED VISION -2015 and
following the stakeholders’ consultations across
the region, including that of the Scientific
Advisory Committee, the Institute has developed
a perspective plan for X1 plan period (2007-12)
The identified thematic categories include the
following: (1) Watershed Processes and
Management (WFPM); (2] Biodiversity
Conservation and Management (BCM): (3)
Environmental Assessment and Management
(EAM): (4} Socio~economic Development (SED),
{5) Biotechnological Applications (BTA) and (8)
Knowledge Products and Capacity Building
(KCE).

During the reporting period various activities
projects were concluded. Summaries of these are
included at appropriate places in the text. In due
course detailed documents will be published and
made available to the public. The progress made
during the year 2008-2009 on various in house
and externally funded projects under different
thematic groups, a brief account of academicand
other activitics, along with the statement of
accounts, have been presented in this report. The
Institute would be most grateful to receive critical
comments and suggestions for the improvement
of 1ts activities of research & development

2. MILESTONE EVENTS

Base Paper for Planning Commission,
Govt. of India

The Planning Commission, Govt. of India has
given the responsibility to the Institute of
developing a Base Paper for the Task Force o look
into problems of kil states and bill areas and to
suggest ways to ensure that these states and areas

do not suffer in any way because of their
pecularites,

Base Paper for Ministry of Environ-
ment & Forests, Govt. of India

The Institute has developed a base paper on
“Conservation of Himalayan Eco System and




Adaptation/Regulation Measures” for the
Mlinistry of Environment & Forests, Govt. of
India. Issues that are relevant to the sustainable
development of Himalavan ecosystem, such as
waste management, hill town planning and
architectural norms, ecolopically safer roads,
energy options, regulating tourists and pilgrimage
to sensitive areas, promoling ccotourism and
regulation of commercial tourism, conservation
areas and forest zone management for commumity
development, rejuvenation of springs and
degraded siles, monitoring networks, awareness
building and role of local communities in the
development of THE have been outlined in this
Iase paper.

National Training Programme on
Common Property Resources

The Garhwal Unit of the Institate organized a
three day workshop {April 7-9, 2008) on Common
Property Resources ({CPRs) and Livelihood.
About fourtcen participants from different
consortia (SKUST-5, SKUST-J, GBPUA & T,
Ranichauri, ChSKHPKY, Palampur, VPEAS,
Almora, GBPIHED HQs, CSWCETI,
Drehradun ) participated in this workshop. Lectures
on CPRs and livelihood were delivered by
different experts and they also Mustrated certain
success stories and experiences in the field of
CPERs. During a field visit of the Institute, the
participants discussed various issues related to
COMTION Property resource management and
cxchanged ideas and views on CFPRs.

Farewell to Dr. Uppeandra Dhar,
Director of the Institute

A farewell function was organized on April 30,
2008 on the day of superannuation of Dr.
Uppeandra Dhar, Dircctor of the Instimee. Dy,
Dhar served the Instuitute from 1990 in various
capacitics and made remarkable contributions for
the development of the Institute. Presently he is
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based at Delhi. Dr. L. M5, Palni, Former Director
of the Institute, returned to the Institute after a
period of 3 years service on deputation (as Senior
Scientific Advisor and Project Dhrector of State
Biotechnology Programme, Govt. of
Uttarakhand) on Ferbuary 18, 2008, D, Palni was
handed over the charge of the Director by Dr.
Dhat.

Lecture Series by Dr. Bruce Roberts

Dir. Bruce Roberts, U.S. Fullbright visiting
Lecturer, Depit. of Anthropolgy and Earth
Sciences, Minnesota State University, USA
delivered a series of lectures to the Institute faculty
and researchers on (1) Contrasting approaches to
development; (i) The impact of development on
peasants; and (iii) Anthropological perspectives
on human adaptation: cold and high altitude (May
21-22, 2008},

International Day for Biological
Diversity

Internarional Day for Biological Diversity was
celebrated at the Institute HOs and all foer
regional Units under the theme entitied * Mowsrain
Pidiversity and susiainable agriculture — focus on
comservation and management of pollinaies” (May
22, 2008). On this oceasion, Dr. LM.S. Palni,
Director, GEPTHELD focused on the importance
of icdiversity in the Himalayan region. The
chairman of the function, Dr. Bruce Roberts,
Minnesota State University, USA informed that
the sustainable management of biodiversity
appears to be better in India. On this pecasion
lectures on the moentain biodiversity were
delivered by various Scientists. To celebrate this
OCCASION 8 CONCITTENE Programme Was organized
at the Institute's Arboretum “Suryakuonj"
particularly for the school students of Kumaon
region, emphasizing on Himalavan agricultore
and traditional farming systems. A total of 53
students along with [2 teachers participated.,
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Several competitions, like drawing, creativity
AssCESMEent, group discussions quix and cxtempore
speeches were conducted for the school children,
Dr. L.M. 5. Palni, Director Incharge deliberated
the closing remarks and encouraged the school
children for active participation and in their efforts
towards conservation of biodiversity in the
Himalaya.

World Environment Day

The World Envirorment Day was celebrated as
“A day with students”, with a focus on “Waler
supply and samitation in mountain context”™, at
Eural Technology Complex of Tnstitute HQJs,
Kosi-Katarmal, Almora (June 5, 2008). Owver
375 stodents from 12 schools of the region
participated in the programme. On this eceasion
demonstrations on specific subjects such as, testing
of water, water conservation, climate chiange, bio-
diversity, bio-technology, microbiclogy, rural
technologies ete. were held by the Institute
resource persons, Information about sanitation &
water was given by SWATAL programme officials
of Govt, of Uittarakhand. On this occasion poster
competition and essay competition on the thene
of the programme was organized and a
documentary about water conservation and
sanitation was displaved.

Hands-on Training on Statistical
Technigues

A short term training programme on *Saatistical
seclsigees for desfgn & research’ (Tune 23-28, 2008)
was organised at the Institute HQs, Kosi-
Katarmal, Almora. A total of 48 participants (36
from HQs and 12 from Units) parricipated in the
training programme. The aim of the programme
was toprovide some basic knowledpe of statistical
concepls and hands-on training to research
scholars of the [nstitute. The training programme
mncluded lectures on various topics L.e., sampling
procedures, experimental designs, testing of

hypothes and various statistical tests by subject
experts ivited from various Institutions. Besides,
hands on tramning on some statstical softwares
ke MIMNITAR, GENSTAT and STATISTICA
was also imparted to the participants.

Training on Disaster Safe Hill Area
Development

A fve day training programme was organized
(July 7-11, 2008) at the Sikkim Unit of the Instirate
in collaboration with Land Revenue and Disaster
Management Department, Government of
Sikkim. Emphasis was laid on the preparation and
creation of Disaster Safe Development models in
the state for effectively coping with the disaster
related issues. It has also been stressed that the
constitution of village level disaster management
committee can help a 1ot in handling the disasters
at the Iocal level. A rotal of 34 participants from
state and central Government organizations
comprising of architects, engineers, gealogists,
researchers, foresters, and NGOs ot took part in
the training programme.

Annual Day Celebration

The Institute celebrated its Annual day on the
occasion of 121st Birth Anniversary of Bharat
Ratna Pr. G. B. Pant {September 10, 2008) at its
H: and four regional units. Inaugurating the
function, the Chief Guest, Lt General Dr. M.C
Bhandari (Rerd.), paid rich tibutes 1o Pandigji
and remembered his childhood of days spemt
with this great son of the soil. He emphasized
that it would be a troe tribute to him if we could
take inspuration from his life, He also expressed
happincss on the progress of collaborative
programme between GEFIHED and Matiomal
Cadet Corps on various environmental issues, In
his welcome speech, Dr L. M5, Palni, Director
of the Institute highlighted the work of the
Institute. On this occasion special guest D, ML
C. Joshi, founder director of Defence Agriculture



Research Laboratory, Almora recalled his
moments spent with Pt, Pant 11 and urged
everyone to follow the ideology of Pt Pane ji.
Over 100 participants were present during the
function.

Deliberation of 14*® Pt. Govind
Ballabh Pant Memorial lecture

The Instute organized its 14" Pi1. Govind
Ballabh Pant Memornal lecture on September
19, 2008 at its Headguarters Kosi-Katarmal,
Almora. Dr. L.M.S. Palni, Director briefly
introduced all the guest members & the speaker
of (¢.B. Pant Memorial Lecture. Delivering the
14® G B, Pant Memorial Lecture entitled, * How
Green conld Tommorrow’s Aircrafi be? Climare
Change, Environment and Aviation”, Prof.
Roddam Narasimha, FRS5, Member, Space
Commission & Chairman, Engincering
Mechanics Unit, Jawharlal Mehre Centre for
Advanced Seientific Research, Bangalore made
a detailed power point presentation on various
scientific problem of climate change. He
described abourt the ethical issues of climate
change and also described aviation and GHG
emissions related issucs, Besides, the Chief
Guest Dr. B.S. Tolia, [AS, Chiel Information
Commissioner, Govt. of Utrttarakahnd
delivered a inangural address and remarks were
made by Mr. Hem K. Pande, [AS, Joint
Secretary, Ministry of Environment & Forests,
Gove. of India and Member, Governing Body
of GBPIHED. During the function some
Institute Pueblications/Documents were
released namely, “Surya-Kunj: Ex situ
conservation and nature Interpretation Site”
released by Prof. Roddam Narasimha, FES
“Institnte Folder” released by Dr. R.5. Tola,
LAS and “Pragati (Magazine, Campus School)
and Him Prabha” released by Mr, Hem K.
Fande, 1AS. The staff of all the four units
participated in the function organized the HCs
throrgh video conferencing facility,
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Science Motivation Programme

A five day workshop on “generaling scientific
temperament among high school students through
organization of science motivation programme”
was conducted by the Garhwal Unit of the
Tnstitute {(September 24-28, 2008) at
Triyuginarayan (district Rudraprayag). The
programme was inaugurated by Chief
Development Officer, Rudraprayag, Mr Kotival.
The participants and local people were briefed
about the R&D activities of the institute. Experts
from various orgamizations [e.g. H.IN.B. Garhwal
University Srinagar, KVE, Ranichauri of G.B.
Pant Agriculture University, Pantnagar, Block
Development Officer (B0, Village council, etc]
detivered lectures and encouraged students o take
up science subject as a future career. The topics
selected for deliberation covered biological
sciences, physical sciences, chemical sciences-and
earth sciences and its related branches. A ficld visit
was aleo organized for the students during the
programme 10 give exposure abourt forest
ecosystem services, rural technology, medicinal
plants, wild life conservation, etc. Participants
were also exposed to a demonstration site of the
Institute at Triyuginarayan {Distt, Rudraprayag)
where practical know how on the land
rehabilitation and biodiversity conservation was
given. A total of 40 students (from different
schools) actively participated in the workshop.

MoU between ICIMOD and
GBPIHED

Realizing the need of implementing appropriate
cost-effective and environment-friendly R&D
based technologies to address the environment
and development issues of the region, a formal
memorandum of understanding (Moll) was
signed between the Govind Ballabh Pant Institute
of Himalavan Environment and Development
(GBPIHED) and the International Centre for
Integrated Mountain Development {ICIMOLD) on
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Seprember 25, 2008, The MolJ was signed by Dr.
L.M.S. Palni, Dhrector, GBPIHED and the
Dhrector General, ICIMOD, D Andreas Schald
in the presence of Sr Vyar Sharma, Secretary
Ministry of Environment & Forests, GOL Among
other officials from the Ministry, Sh. B.S.
Parsheera, Special Secrctary, Sh. R.H. Khwaja,
Additional Secretary, Sh. J. Mauskar, Additional
Secrctary, Sri M.B. Lal, ADGE, Sh. Hem Pande,
Jomnt Secretary, and Sh, Vivek Saxena, Director,
were present during the signing in cerémony.

Under the provisions of this collaboration,
GRPIHED being an autenomous Institute of the
nodal Mintstry (Le., Mistry of Environment &
Forests), will serve as the Key Player in developing
programmes to find solutions on prionty 2sues
pertaining to environment and development in the
Indian Himalayan Region, The Ministry views
this relationship with enthusiasm and hopes,
especially at the time when the National Action
Plan for Climate Change has recognized the
fragility of the Himalayan ecosystems, and the
Government of India has mitated a Mational
Mission for Sustaining the Himalayan Ecosystem.
Realizing the importance of mountain ecosystems
in general, the Ministry has constituted Narional
Advisory Committee (Mountain Perspective) to
advise on issucs concerned with mountains and
also about ICIMOD programme in India, This
Mol shall be valid for 2 period of five years and
shall be renewed thereafter for a further period
on murually ageeed terms and conditions. Besides,
another Moll was signed with Kumaun
University, MNainital (29,09, 2008).

Wild Life Week Celebration

On the occcasion of Wildlife Weelk 2008, the
Institute organized a two day (October 34, 2008)
Bindiversity cxposure and interpretation
campaign for students and teachers of Almora
Dhstrict. The aim of the campaign was to make
the youth (school children and teachers) aware on

1a

Biodiversity Conservation. Particular emphasis
was given on inculcaling interest ameong the
children for diversity of life in their immediate
surroundings. Exposure visit to the ‘Suryakung’ -
MNature Imterpretation and Learning Centre
(WILC) established within the Institute Campus
was the main event, which was [ollowed by
varous on-spot competitions for the students. The
education material was provided through Zeo
Cutreach Organization; ALERTIS fund for Bear
and Nature Conservation;, Wildlife Conservation
Cociety: Chester Zoo; World Association of Zoos
and Aquoarivms; Conservation Breeding Specialist
Grroup;, Awley, Apenheul, IZE, TUCN/ 55C
Primate Specialist Group, Sonth Asian Primate
Nerwork. A total of 79 students and 19 teachers
from 21 schools participated in the programme.

Awareness Workshop on Weather,
Climate Change and Biodiversity

Himachal Unit of the Institute organized one day
awareness workshop om “Weather, Climate
Change and Biodiversity” on October 25, 2008,
The workshop was sponsored by the Department
of Science and Technology, New Delhi, Prof. S.K.
Dhash, Centre for Atmospheric Sciences, Indian
Tnstitute of Technology, New Delhi was the Chief
Guest, Shri 5.5, Negi, Chief Conservator of
Forests, Mandi Himachal Pradesh was the guest
of honour and Dr. LK. Pathak, Scientist,
represented ST, Wew Delhi. Fesource persons
delivered lectures on! change in weather
parameters in India, issves and strategies for
temperate freit cullivation in changing climate
scenario in mid hill areas; biodiversity in relation
to climate change; species response to climate
change in mountain ccosystem; and climate
change and free air CO, enrichment (FACE). Al
the end, Dr. 5.5 Samant, Scientist In-Charge,
Himachal Unit prezented the progress of the
project entitled “Expanding Qutreach through
Participation of Youth in Real-Time/Ficld
Ohservations 1o Benefit the Education in the



Himalayan Region A total of 98 participants
including officers from the Forests, Agriculture,
Horticulture, Education and other departments
of the State Government, Scientists from the
Universitics, State and Central Government
Organizations, NGOs, Hydro Electric Projects,
Farmers, Media persons and Teachers partcipated
in the Workshop,

Workshop on Traditional Health Care
System

A two day workshop (November 5-6, 2008) on
“Traditional Health Care System: Problems and
Prospects” sponsored by National Medicinal
Flants Board (NMPB), Govt. of India was
organized by the Garbwal Unit of the Institute at
Triyvuginarayan {Rudraprayag). The objective of
the workshop was to provide a platform for
sharing traditional knowledge among the vaidvas
of different regions, resource persons and the
stakeholders. The workshop was inaugurated by
Prof, B. D. Gavr, Emeritus Professor, HNE
Grarhwal University, Srinagar (Garhwal), While
presiding over the inaugural session of the
workshop Dr. M, 5 Rawat, Senior Scientist,
NMEB, New Delhi briefed about different
activitics in medicinalplant sector, resource
persons from different disciplines also delivered
valuable talks. A total of 70 traditional medical
practioners { Faddves) attended the workshop.

Training for Promoting Conservation
Education

A seven dav orientation/refresher course
(November 3-11, 2008) and training workshop
(MNovember 9-11, 2008) was organized at GIC,
Eausani {Bageshwar). The main focus of the ovent
was 10 create awareness about the contemporary
issues on biodiversity asscssment and its
conscrvation. During the orientation coursea,
tofal of 25 teachers from the 25 schools
(representing 4 districts - Almora, Bageshwar,
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Champawat and Pithoragarh) participated. The
major objective of refresher conrse was to focus
on newer issues through adding some adjoining
atributes. Attempts were made to inculcate
deeper understanding on domestic bindiversiry,
wild biodiversity and livelihood options. Besides
classroom delebrations, practical exposures werne
emphasized so ag initiate multidimensional
interactions among the teachers. During training
workshop 17 teachers and 47 students (from 24
gchoals) participated. The workshop included
different modules {i.e, introduction, assessment,
value and value addition, conservation and linking
brodiversity with other environmental issues 1.e
climate change, water and [and).

Exposure Visit

Scientists of Chinese Academy of Sciences visited
the Institule on November 12-13, 2008, During
their visits, Prof. Lee presented the various
Research and Development Programmes of the
Department of Botany, Chinese Academy of
Science, China and discussed the various issues
of Research and Development. The Director of
the Institute presented the Institute’s work and
highlighted the need of collaborative research in
order to maintain quality. The Chinese scientists
also visited Surya-Kunj - Nature Interpretation
and Learning Center of GBPIHED where they
were exposed to various types of medicinal and
aromatic palnts of Himalaya. The visit was
conrdinated by the Scientist of Birbal Sahani
Institute of Paleobotany, Lucknow, under a
bilateral exchange peogramme between India and
China.

Awareness Workshop on High
Altitude Wetlands

The Himachal Unit of the [nstitule organized one
day awareness workshop for the stakeholders on
High Altitude Wetlands Conservation in
Himachal Pradesh on December 2, 2008 in
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collaboration with WWF, Field Office, Shimla.
Mre. Vandana Thaplival, WWE, Shimla gave brnef
presentation about the workshop and activities of
the WWF, Shimla on high altitude wetlands
conservation. Resource persons made
presentation on various aspects of high altirude
wetlands. This workshop was attended by 47
participants including tour operators, treklers,
members of taxi unions, hoteliers, NGOz, etc.

Campus School Annual Day

The Campus School of the Institate celebrated
its annual day on December 27, 2008, Tnaugrating
the functuon, Chief Guest De. L.M.5S. Baln,
Director of the Institute lighted the lamp and
encouraged the school children and teachers for
their progress during the vear. Shri Gokul Singh
Rawat, Basic Siksha Adhikarl encouraged the
schoel children and said that to achieve the goal
students should work hard. Mrs. Bhagirathi Joshi,
Principal of the campus school presented the
annual progress repoet of the school. On this
occasion a culteral programme was presented by
school children. Ower 50 participants incleding
puardians of school children, Institute's faculty
and others were present on the occassion.

Governing Body Meeting (s)

The 33 Goverming Body Meeting of G B Pamt
Institute of Himalayvan Environment and
Development, was held on January 28, 2009 at
the Ministry of Environment & Forests, New

Delhi. Shn Vijan Sharma, Secretary, Minstry of
Environment & Forests, Wew Delhi. Chaired the
meeting. Among members, Shr B. 5. Parsheera,
Special Secretary, MoEF, Shri PR, Mohanty, DG
(Forests) & 55, MoEF, Prof. I 5. Singh, Prof. V.
K. Gaur, Praf. 5. K. Sopory, Shn E.K. Bharat
Bhushan, Joint Secretary & FA, MaEF, Shn Hem
Pande, Joint Secretary, MoEF, and Dr. L.M.5
Palni, Director (Member Sceretary) attended the
meeting. Secretary, Department of Biotechnology,
Mew Delhi, Chief Secretary, Govt. of
Unarakhand and Shri Vivek Saxena, Director
{C5), MoEF also attended the meeting. The
Governing Body approved the draft Annual
Report and statements of the Accounts for the
vear 2007-08.

PEC Meeting

The 15" meeting of the Project Evaluation
Commattes (PEC) was organised and convened
under the Integrated Ecodevelopment Rescarch
Programme (IERP)} of the Institute at its
headquarters (Kosi-Katarmal, Almora,
Uttarakhand) on 27-28 March 2009 tn which 1{%
project proposals were examined critically by the
members of the PEC and 48 projects were
recommended for funding. The meeting was held
under the chairmanship of Dr. R.R. Rao, the
emeritus scientist of the CSIR. Seven members,
including one special invitee, attended the
meeting. Dy, LM 5. Palni, the Dircctor of the
Institute, welcomed all the distinguished members
of the PEC to its 15™ mecting.

3. RESEARCH AND DEVELOPMENT PROGRAMMES

Group: Socio Economic Dlevelopment
(SED) & Environmental Assessment
and Management (EAM)

The unigque epvironmental serting of the Indian
Himalayan Region (IHR) 15 varied owing to

i2

ecological, socio-coonomic and cultural diversity.
Traditiopnally, the svstem is stronglv rooted upon
the concept of recycling of resources within;
however, the system is undergoing rapid
breakdown because of the population pressire
and developmental needs. In view of the abave,



Socio Economic Development (SETD) theme of the
Institute focuses on identified activines such as
livelthood enhancement, sustainable tourism,
entrepreneurship and self employment, indigenous
knowledge, and migration and its socio-coonomis
ancd enltural implications, etc. The development in
the THR 5o far has also involved conflict between
man and nature, The exploitation of the large
resoures base of the hills by urban industres through
mining, large scale timber extraction or hydro-electic
power generation from the hill streams and mvers
have resulted in both positive and negative side
effects. Environmental costs of such developmental
nterventions, therefore, need to be integrated with
traditionally practiced cost-benefit analysis.
Identification of strategies for ameliorating
envirommental threats through scientific assessments
and lecking at alternate pathways for securing the
ecologic and economic securty of the THR are,
therefore, the back bone of the Environmental
Asspssment and Management (EAM) theme of the
Imstatute, which focuses on activities such as hall
specific Strategic Environmental Assessment{SEA)
and Environmental Impact Assessment (ELA),
acrosols and climate chanpge impacts, disaster
mitigation and management, and environmental
management of urban areas, etc.

Group; Watershed Processes and

Management (WPM) & Knowledge
Products and Capacity Building (KCBE)

Land and water form the backbone of the resource
base on which agriculture, forestry and animal
husghandry linkages depend. To meet the Millenmium
Dievelopment Goals for reducing hunger, combating
water scarcity and achicving environmental
sustaimabiliry, it 15 vital to seek methods for using
watershed scrvices more efficiently withouot
compromising with the environment. In the
Himalayan context, the challenges are even bigger
due to complexity and fragility of the mountain
ecosystem. To address some of these challenges in
an integrated time bound mannes, this group focuses
on studics of coosystem processes operational at
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watershed level incloding mvobrement of wser groups
and upstream-downstream linkages with a specific
target of strengthening mountain specific resource
management practices in a systems approach. This
areup also envisages activities on the enhancement
of Insttutional outreach based on its rescarch
products such as state-of-att methodologies/
approaches, models and policy briefs, etc. Besides
the above, capacity building through specifically
designed modules, ramings programmes, library
and IT services, which also help significandy in
human resource development, are the other core
arcas of the R&ED activities of the Institure,

Group: Biodiversity Conservation and
Management (BCM) & Biotech-
nological Applications (BTA)

The importance of biological resources for human
welfare is tremendovs and beyond question simee
carly times, With increasing human population
and demand for bioresources, its sustainable and
judicious use is cssential for the long time survival
of the pecple of the entire world and particularly
those i the Indian Himalayan Region, which
covers a total geographical arca of approsximately
591,000 km® (18% of India) and is inhabited by
about 3. 7% of the total population of the country.
This region harbours a variety of plant, animal
and microbial populations, and is considered a
“hat-spot™ of biodiversity; it also caters and
contributes significantly to supporting livelihood
and contributing to the coonomic well being of
the people. However, the changing world scenario
stresses the need for increasing food production,
pharmaceutical and other products, along with
heavy industrialization, which has compelled
biologests 1o contemplate on serious issues, like
conservation of biodiversity, climate change,
biotechnological interventions for improved
productivity, etc. The group focuses on aspects of
biodiversity conservation and management, and
on apphications of biotechnological methods for
improving the rural economy of the Indian
Himalavan Region,
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Theme

WATERSHED
PROCESSES &
MANAGEMENT
(WPM)

Himalayan watersheds support varietics of
managed and natural land vse types such as
terraced farming, agroforestry and orchards in
north west and central to fhm farming in noeth
gast Himalayan regions, Besides these, natoral
forests, pastures, degraded lands, glacier and
soowbound regions are other important land uses
that regulate watesshed processes. The recently
accepted UN Millennium Development (ol
targeted to reduce by half the proportion of people
without sustainable access to safe drinking water
and reduce hunger. The theme activities include
problem identification, assessment and
quantification of ecosysiem processes through
synthesis of research findings and development
of practices/ packages for implementation with
the involvement of bencficiaries. The theme
focuses to work on watershed services and
management, land and water use policy,
consequences of climatic change, improvement af
Himalavan farming systems, relevant Indigenous
knowledge systems, and domestic energy needs, ele
The main objectives of the theme are: to study the
dynamics of the watershed processes and
evaluation of ceosysiem components on a
watershed scale; 1o develop ways and means of
optimal uses of watershed services for improved
economic and ecological viability; and evolve
strategies for efficient vtilization of resource
through integrated watershed management.

4

Optimizing Hydrological Responses in
a Functional Land Use Model for Mid-
elevation Himalayan Watersheds: An
Attempt towards Water sustainability
(2007-2012, In-house)

The services provided by the watershed hvdrology
have largely been neglected in water management.
The policy makers have now realized the
importance of vsing knowledge of bydrological
processes for recharging the water sources through
sonrce centered catchment area treatment plans
and other different water conservation techniques
to avoid severe water scarcity in hills, But, the
guantification of hydrological services and its
optimization for integrated water management al
watershed level 15 still not attempted in the region.
This project therefore focuses on this interface of
water demand & availability, major land uses
(forest land, agricultore/waste land and
urbanization) and optimizing water allocation for
different competing uses for water sustainability
in the fragile Himalayan watersheds. The study i
conducted in the northern part of the Kosi basin
{upper Kosi watershed berween 28 30° and 29
55" N Latitudes and 79 30" and 79"45" E
Longitudes covering 480.15 km” area) spreading
over the Lesser Himalayan domain and
administratively within district Almaora,




Uttarakhand state and Takesom chu watershed
(lying from 27"13" to 27920° W and 88"37'30" 1o
88'42'30"E embracing an area of 35.42 sq. km),
as a tributary of Rani Khola, in Teesta basin,

Objectives

T analyze policies and practices of land use
(forest and non-forest land), land
transformation (one land use category o
other) and related water use in selected
watersheds.

Te guantify hydrological processes and
establish funcrional relationship of land vse
changes and hydrological responses in social
and chimate change scenario.

Development and demonstration of
functional land vse model vsing optimized
hvdrological response (water allocations) at
sub-watershed level.

Dissemination of an adaptive [and use policy
and integrated decision support system for
water resource management at watershed
lewel.

Table 1; Water balance in Kosi Watershed

| THEME

Achievements

Establishment of two permanent gauging
stations at Kosi and Ranman and Two
automatic weather stations at Banman and
Kost has been completed. Daily monitoring
of stage and flow at five monitoring sites i.e.
Bijoria, Menol Gad, Ranman, Nanakosi and
Main Kosi is presently being done along with
dailv monitoring and archiving of Weather
data from Kosi and Ranman, Generation of
hydro-meteorological data has also been
initiated in Taktsum Chu watershed, Sikkim.

Water balance is calculated for Bijoria sub-
watershed and upper Kosi watershed for vear
2008, The net rainfall was 1708.66 mm in
2008 after deducting intercepticnal losses
from gross ramnfall, Bunoff s about 23.89%
of raunfall from Kos: watershed (Table-1). The
runofl” coefficient for the main watershed is
simtlar 1o the values reported for other mid-
elevation watersheds with moderate
degradation. In forested Bijoria sub-watershed
net rainfall 15 only 1114.83 mm, whereas the
runoff is about 39% of the net rainfall.

Month Rainfall(F} Ruonoff (R 0) Evapo-transpiration Soil Storage
Surface Base (Et) {dS)

January 691 0.37 T.66 .78 -8,%
February 5.61 .42 6.3 1841 -11.72
March 1156 (r28 F.01 2073 -14.37
Al 52490 r.35 ERE 2048 20,0
May 124.13 1.61 302 kL 2377
June 31302 764 497 4303 257.38
July 421 .86 a2 la 15.45 4633 297.93
August 42963 138.62 42,91 43.15 20294
Septembrer 322.86 .14 15:73 3871 20529 |
Deteber 4.53 409 9.21 2543 3419
Monvernber 1480 L.40a 708 658 <1043
December (.65 Q.02 7.36 G958 1632

Lbicgi |
Total 1708 64 27067 12B.66 12893 971.38
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Table 2: Change in Land Use Land Cover for Taksom Chu watershed (1962-63 and 1997)

| Caowver Class Year (1962-63) % Change for the year  Year (1997) % Change for the
Area sq.km 1962-63 Area sq.Jom year 1997
| Forest Cover 23.00 6454 2200 62.11
Arable Land T.22 20.38 9z 2597
Open Serub 320 [4.68 422 11492
Tokal 3542 140000 3542 LO.00
140.00 )
€ 12000 -
S 10000 -
: soo0
]
% 60.00
E tane -. W Sijoris
':': 1000 4 I I I J-
o aon : £ B Menat Gad
E; -,; E ;:‘5' ; E = f ;-::' g é E B Nanakosi
Month : W <o

Fig. 1. Availabilicy demand ratio of different sub-watershieds and upper Kosi watershed (2008).

¢ Availability and demand ratio of different sub-
watersheds is given in Fig. 1. In case of Menol
Gad and Nanakosi sub-watersheds, available
waler is generally more than the demand, bt
in case of Bijoria (located in headwaters) and
Main Kosi demand is greater than availability
in summer months, This suggests need for
oplimizing the water allocation in these
watersheds.

+ For Taktsum Chu watershed in Sikkim,
preparation of base maps for varioos themes
viz,, altitude zonation map, settlement maps
has been completed. Land vse and land cover
maps of the watershed have been prepared for
year 1963 and 1997 on the basis of satellite
data. Maximum paositive change has been
noticed in arable land category (Table-2),

Developing sacred landscape model for
eco-restoration and biodiversity
conservation in the Central Himalayan
Begion (2007-2012, In-house)

Continued degradation of land and biological
diversity in the Indian Himalayan region (THR) %
of seriows concern in-spite of a number of R&D
interventions, One of the basic reasons for
ineffectiveness of the interventions adopted for
degraded land rehabilitation and biodiversity
conservation could be non-integration of sacred
cultural values in their approach and strategy,
Keeping the above in mind, the Institute
({GBPTHED) executed ‘Badrivan Restoration
Programme’ a1 Badrinath between September
1993 and Novernber 2001 and suecessfully revived
a portion of Badrivan (o ancienr sacved forese of



Badrinath shrine), which is recognised as an
inspiring model for rebabilitation of degraded lands
and conservation of biodiversity based on the use
of sacred/cultural values, As a follow.up of this
programme, the Institute also executed 'Sacred
Forest Programme' at Kolidhaik {Lohaghat)
between August 2004 and Mav 2007 and
successtully established a sacred forest of various
multzpurpose trees with peoples’ parncipation, The
model clearly demonsirated the value of adopring
‘cultural approach’ for reforesting degraded lands
and biodiversity conservation, and also illustrated
the importance of blending science and religion
for the protection of environment.

Objectives

* Toereate environmental awareness among the
local people for eco-restoration and
biodiversity conservation.

*  Screen/identify ‘recommend promising
plants for rehabilitation of degraded lands
based on their eco-physiological health and
adaptability potential.

* To develop a sacred landscape model
(consisting of sacred forest - to value peoples’
sentiments, multipurpose tree model and
hortcultural tree model — to meet peoples'
requirements) for éco-restoration and
biodiversity conservation using scientific and
sacred values,

* To make policy recommendations for the
development. management and protection of
sacred forests/landscapes 1n the Indian
Himalayan region

Achievements

*  The survival, collar diameter and height of
Various tree species were recorded at three
different model sites in the Kolidhaik village
(L.ohaghat) of Champawat district. At the
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multipurpese tree model (MTM) site, the
average survival of plants was 80%. Alnns
nepalensis showed maximum survival (95%)
whereas Geewia oppositifolia showed the
minimuem ($3%). At the sacred forest model
[SFM) site, the average survival of plants was
3%, Almus wepalensis exhibited maximum
survival (81%) whercas Cefris australis
exhibited minimum survival (13%). At the
horticultural tree model (HTM) site, the
average strvival of plants was 77%: Cirrus
reticnelara showed maximum survival (95%)
and Carva illinoinensis showed minimum
survival (253%0).

Asper needs of the local commumnities, alenost
6,440 saplings of 17 multipurpose tree species
were planted at different model sites (1,510 at
the MTM site, 4,513 at the SFM site and 415
at the HTM site) in the Kelidhaik village of
Champawat district during August-September
2008,

Amnalysis of soil samples, which were collected
from the project sites during pre and post-
monsoon seasons of the year 2008, revealed
slight enhancement in the soil fertilivy status
(organic carbon from 0.72 to 1.4 % and
available nitrogen from 160t 199 kg/ha). The
soil was also found comparatively better in
terms of the availability of phosphorus and
ron.

The rate of transpiration of 20 promising tree
specics recorded between & a.m. and & pom,
at 3 howrly intervals during Seprember 2008
at the MTM site indicated highest rate of
transpiration by Ficus rechurghii leaves whereas
it was exhibited lowest by desclis indica leaves
(Fig. 2).

Based on the data obtained on the thermal
gradient between leafl and air, the trees planted
at the MTM site were classified in te 2
categories. Six (6) tree species were ohserved




as ‘overtempergeure ones whereas rest of the
14 species were observed as under-fenperature'
ones (Fig. 3).

The results obtained on growth behaviour,
eco-physiclogical health and adaptability
potential of 20 promising tree species when
planted at the project sites in Kolidhaik village
vevealed that “wnderremperarure’ species exhibit
higher rate of transpiration as well as energy
absorption, negative temperature. difference
between leaf and air, and significant gain of
energy by the convection of heat, These
abservations indicate suitability of
‘wndgrremperatire’ species for plantation in
degraded land arcas having exposed slopes,

For the purpese of soil and water conservation
measures, 11 contour lines {6 at the MTM site
and 5 at the SFM site) were made, Almost,
25 quintal root stocks/cuttings of Maprer
hybrid grass were planted at these two sites to
Fulfill the fodder requirement of local villagers.
The villagers of 79 families collected 6.1 tonne

dry todder during the months of October and
November 2008 from the project sites. The
rain water tank constructed at the plantation
site was found to store sufficient water for the
use of people besides irrigating the plants.

A two-day on-site training programme on
"Horticultnral development in degraded
comtmanily land for income gederatfon” was
organized at ‘Datkhura Kattarkandi Sacred
Hill' project site 1in December 2008 for skill
wp-gradation of wvarious stakeholders
consisting of 33 farmers/women of the
Kolidhaik village.

The project site consisting of 3 models (i.e.,
Multipurpose Tree Model at ‘Kail Bakriva
Hill" in 3.6 ha degraded area, and Sacred
Forest - Kalikavan Model in 7.7 ha degraded
area and Horticultural Tree Model in | ha
degraded area at 'Daikhura Kattarkands Hill")
in the Kelidhaik village of Champavatdistrict
was sirengthened and maintained properly
during the year 200809,

Transpiration rate (ug cm-iel)
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Fig. 2. Transpiration rate of 20 promising tree species planted at the Multipurpose Tree Model (MTM] sitea I
Kolidhaik village in Lohaghat (7, Frayinns srormria, 2 Al mepalerss, 3. Calie qustralis, 4 Quertnslencolrich-oplarg, 3
Chsecras gevmeter, 6 Toowa eilinsa, 7 Sapiedes mukorossd, 8 Ficus roxhurghil, 9. Rbododendron arbarmm, 10, Mons sorama. 1, Grevie
g, 12 Dalbergta stizoo, 13, Quercur glanea, 14 Pirosporunt sgp, 15, Ao inding, 16 Cinmamonten tammale, 17 Prosas
cevgsordes, I8, Quernies flovibrnde, 19, Corplns wirstines, 20. Ficus palmaie)
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Plant Species

Fig. 3. Leaf 1o air temperature differences of 20 promising tree species planted at the MTM site at Kolidhaik village in
Lohaghat (Name of the spp. numbered from 1-20 are same as given in Fig. I).

Installation and Operation of the
Permanent GPS Stations for the
Qnuantification of Tectonic Defor-
mation and Assessment of Stability of
Himalayan Urban Centers (2005-2010,
MoES, Govt. of India, New Delhi)

The proposed experiment will quantify the
strain suffered by the region from NW to NE
along the Himalayan arc using continuously
operating GPS receivers imstalled in
permanent mode, The proposed experiment,
envisaged, establishment of a network of GPS
sites in selected urban centers to quantify the
slip rate along reported faults, Repeated
measurements at the above mentioned sites
provide information on the rate of strain
accumulation in the Himalava and of co-
seiemic strain distribution following moderate
and large earthquakes. Permanent GPS
stations will be the reference stations for the
futwre campaigns of the study of Himalayan
deformation rate and will fill the gap in
Natiopal network of permanent stations in
unrepresented areas. Daily processing of the

dara is being done using GAMIT/GLOBK
software for baseline changes along E-W and
N-5 transects.

Objectives

s Quantification of tectonic deformation field
by experimentally determining the
displacements of fixed sites using GPS
Geodesy with high resolution.

» Tomeasure slip rates across reported faulls in
the area towards improving assessmemt of the
stability of different parts of the mountain
irrban centers.

Achievements

= A preliminary field observation shows that the
areas around all the five stations are
tecionically active. Senes of landshdes and
neo-tectonic indicators sugaest that the terrain
1% unstable and accumulating continuous
strain.

s The velocity of II5C is ~ 30 mm. vear, which
is approximately of same mapgnitude as the
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Table 3: Velocity of Permanent and [GS stations for vear 2009-2006

2009-2008 2008-2007 2007-2006 2009-2006
Station Name Yelocity  Error WVelocity Error  Velocity  Error WVelocity  Error
(mm/y) (mm/y}  (mm/y} {(mm/y) (mm/y) (mm/y) (mm/y)  (mm/v)
| KUNM 3813 047 ¥x .58 348 367 LHAB Q.61
LHAS 4596 0.l 4962 .36 4884 324 4808 924
HYDE 3283 0.61 52.68 021 3739 4.39 33.95 .93
152 3297 0.92 53.12 57 40.73 4.32 3296 [.24
SELE 30.38 0.87 29.47 0.e9 34.30 343 2826 Q.30
FOLZ 27.64 0.92 2743 047 32.32 340 2792 I35
KIT3 2890 092 2hi3 .48 2541 328 28,30 [.00
GEPK 47.83 .99 48.33 0.58 3269 427 - -
GESK 50,79 .86 46.43 0.92 52.99 4.30 - -
GENL 46.27 0.99 4458 1.18 3897 8.20 - -
GESN 47.05 1.66 - - - - - a
GEEL 48.09 1.65 - - = = g

velocity of GBPE (Katarmal) and also GBESE
(Pangthang) (Table-3). Velocities for GBEL
{Kullu}as ~47mm. vear and GBSN (Srinagar)
as ~48mm. vear bave also been calculated in
this year.

Besults of baseline changes for vear 2005-
2009 show that there is no significance
baseline change between [15C and GBPK
and GBNL. Results also indicate that, the
LHAS (Lahse) 1s moving toward East with a
bascline extension of ~ 18 mm (2009-2008)
relanve 1o GBPK. The bascline changes
between GBPE and GBSE is ~ 23mm {2009-
2006), as (GBSK is moving towards East in
comparison to GBPE. Some new baselines
have also been caleulated in this vear for the
Srinagar-Garhwal (GBSN) and EKullu
(GEEL] stations.
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Stabilization of Landslide through
engineering and bio-engineering
measures in Sikkim (2007-2012,
In-house)

In the recent year a large number of landslides
cause of extensive damages to the roads, buildings,
forests and agricultural fields in many parts of the
terrain and also the ongoing developmental
activities in Sikkim Himalaya. These hazards
cannot be prevented in all cases but s impacts
can be minimized to a certain extent by taking
effective timely measures to cope up with them
for disaster preparcdness. The Himalavan terram,
i the past witnessed several major natoral
hazards, related 1o earthguakes and landslides.
Apart from s complex geological set up. this
terrain is characterized by high tectonic seismicity
and also receives heavy annual precipitation. As



aresilt, the mountain slopes are characterized by
an wnbuilt fragility, Tn such a kind of fragile
MOUNtain ecosysem mass wasting process is the
commonest natural hazard. Improperly planned
construction practices, without taking into
account the inherent but adverse geological
condinons, may add 1o existing hill slope
instabilities. In a rapidly booming economy like
ours, one cannot escape the positive cutcome of
development projects. Tt is equally important to
ensure that these schemes should not suffer any
kind of hurdle due to geo-environmental
imbalance. Hence, the requirement for
investigation and study of landslide phenomena
following a systematic approach is necessitated,

Objectives
= Landslide inventory in Sikkim Himalava.

*  GPSmonitoring of Bakthang fall subsidence
Slide.

« Stabilization of Landslide through enginee-
Ting and bio-cngincering measures,
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* Performance/monitoring of engineering and
bio-engincering measures in different
landshide and comparison.

* Technical know how abour stabilization
measures to Forest Department ((GoS).

Achievements

s - Landslide location map of Sikkim developed
using Survey of India (SOI)I toposheets
(1962), remote sensing data (1997) and field
survey (2007-09). Total 97 slides from 501
toposheets, 57 slide from RS data and 102
slide from field studv locations were marked
on the Sikkim state map (Fig 4).

s Five GPS campaigns completed in the
Bakthang fall subsidence/slide. Surface area
map of the slide generated.

* Habitatassessment (vegetation) in and around
Bojeck fall landshde also carried out. In all
42 plant {tree, shrubs and herb) species
identified.

s Detailed geotechnical investigation of Bojeck
landslide carried out indicating landshide
boundary, soil depth, lithology and land cover,

Fig. 4. Lanidslide location map of Sikkim and Bakthang fall subsidence. slide surface 2007-200%
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Glacier Study Centre

a. Geohydrological and sediment load
studies of Thelu Glacier (Gangotri Glacier
svstem), Uttarakhand Himalaya (2005-
2009, DST, New Delhi)

The Himalava has direct influence on climate
control, tegional hydrology and environment of
the subcontinent. About 17 per cent of its
mountain arca is covered by the Himalayan
glaciers. The Himalayan glaciers are retreating at
present. Gangolrd glacier (one of the biggest
glaciers of Himalaya) has receded at the rate of ~
12 m/year between 2004-2007. The recession and
averall decrease in the volume of the glacier is
adding to the total area of erosion every year It
generates large amount of suspended sediment
load, which is carried from the glacierized basin.
Meltwater draining from these ice and snowficlds
is important in regulating the hydrology of the
Indian sub-continent. Though it contributes only
about 5 percent to the total runoff, it releases water
in the dry season. The present project envisages
estimation of sediment load and its relation with
meltwater discharge in a tributary glacier of
Gangotri glacier.

Objectives

« Toattempt the quantification of discharge and
sediment load of melt water stream of Thelu
glacier, a tributary glacicr of Gangotr glacier,

« To cvaluate tole of tributary glaciers in
temporal distribution of the suspended
sediment load of the Gangetri glacier and its
relationship with melt water discharge.

s T monitor the recession rate of tributary
glapiers of Gangotri i.e. Raktavarn, Theluand
Charurangl glaciers.

&« To evaluate the sediment source arca,
production mechanism and transport
pathways of the sediment load of the glacier.

Achievements

= Melt water plays a definite role in the shding
process and it acts as an agent of sediment
transport, During the entire monitoting
period of 2008 the average daily discharge
of Gangotri glacier was 15.25m’/s, The
maximum discharge was observed as 60.36
m¥/s in July, and minimum value of 6.74
m'/s was recorded during the month of
September (Fig.5). The total discharge
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Fig. 5. Mean daily Discharge and Suspended Sediment of Gangotri glacier.
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volume observed in the entire monitoring
period of Gangotri glacier was 254,67 x10°
m*, which 15 lower than also to last year.
It indicated lower melting rate in recent

years.

* Glacial melt water streams carry high
sediment load due to large supply of
sediment by glacial processes. The average
suspended sediment (335) concentration
during the monitoring period of 2008 was
1.53 g41, Maximuem and minimum 55
concentration were recorded as 3.75 g/l
in July and 0.14 g/1 in September,
respectively.

« Total rainfall in the Gangotri valley was
recorded as 126,86 mm, which is lower than
previous years. The mean day temperature in
June, Juby, August and September was 9.9,
11.5, 12,4 and 8.2 “C, respectively.

b. Glacier retreat studies in Kumaon
Himalaya (2006-2009, Space Applica-tion
Centre, Ahmedabad)

Grlaciers are important ervospheric indicators for
climate change in the Himalavan context. Glacers
arc retreating globally and Himalava is no
exception. Crlagiers control summer flow in major
rivers of the North India. The retreat of these
glaciers can have direct impact on the flow of these
rivers both in short and long term. In Kumaun
Himalaya, the distribution of simple and
compound glaciers in Goriganga and
Dhaulipanga vallevs is not uniform. The clevation
of the basins varies from a00-6600 meters from
the sea level. The study of glacier retreat is
undertaken in Sikkim and Kumaue Himalaya in
collaboration with Space Application Centre,
Ahemadabad, The digital map for imporgant
glaciers has been prepared as a base map which
will be utilised for Glacier retreat monitoring in
future,

Objectives

« To determine the retreat of Chauliganga
ganga and Gornl ganga basin glaciers in
Kumaon Himalava,

Achievements

# Identified and mapped 26 glaciers in
Goriganga basin and 104 in Dhauliganga
basin from LANDSAT, TM data of 1990 and
Indian Remote Sensing Satellite data of 2005,
For this on-screen digitization of the glacier
boundaries was done to map the glaciers of
Cronganga and Dhauliganga basin,

« The toral arca covered by glaciers in
Goriganga basin s 272.02 sq km and 261.48
sq.km in 1990 and 2005, respectively. The total
area covered by glaciers in Dhauliganga basin
15 362.44 sq.km in 2005,

« A field expedition was organized to
Dhauliganga basin in September 2008 for
monitoring of snouls, crevasse, Snow Cover,
etc. The Baling glacier (N 30" 11" 48 3" and
EBOF 32" 20", altitude 3420 m), Neola glacier
(W 30" 13" 59.1" and E 80" 30" 10.7", altitude
3440 m) and Nagling glacier (N 30%09°27.02"
E and 80"31°13.16", altitude 3410 m) (Fig. )
were marked for future studies.

Fig. &. Smout of Nagling glacier
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€. Snow and glacier Studies in Sikkim
Himalaya (2006-2009, Space Appli-
cation Centre, Ahmedabad)

Snow and glacier cover is an important natural
resource in the Himalayas. Valley glaciers,
particularly over the Himalayan region are much
sensitive to climate change. The morphology of
the glaciers {(e.g. ice volume, thickness, length,
width) is determined by the balance between
accumulation of ice or snow and its rate of
melting, calvation and evaporation, The major
parameters affecting the balance between glaciers
are emperature, precipitation, humidity, wind
speed and albedo i.c, why snow and glaciers have
an important feedback effect on regional climate,
The distribution of simple and compound glaciers
in Teesta Valley is not uniform and they lie in
vanous sub-basins of Teesta. Their number varies
trom ome basin to another, but it depends on the
amount of precipitation and the deposition that
takes place at the time of accumulation, The
glacier has two zones i.¢. an accumulation and an
ablation zome. The line separating the two zones
is called the equilibrium line. It is permanent snow
that lcads to the formation of glaciers. They are
sensitive indicators of climate change within a
lime span, growing and wasting in response to
¢hanges in temperature and amount of snowfall.

Objectives
»  To monitor snow cover using AWIFS data
using NDSI algorithm.

= Todctermine the retreat of glaciers of Teesta
basin using high resolution Satellite data
available in the last 10 yvears.

Achievements

= Identified and mapped 37 glaciers in Toesta
basin, from Indian Remote Sensing Satellite
data of 1997. Total area of the glaciers was
about 403,20 km*in 1997,

i4

Snow cover map of Sikkim has been prepared
from Indian Remote Sensing Satellite data
(IRS-1C-LISS [T} of 2004 and the tatal snow
cover area has been caleulated as 1084 85 ¢q,
km. (Fig. 7).

Glacier index map of Sikkim has been prepared
with their numerical ids using the LANTISAT,
TM, digital data of 1990 (Fig. 8).
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Fig. 7. Bnow Cover map of Sikkim
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Fig. B. Glagier Index map of Sikkim



Disaster Management Faculty-Sikkim
(2003-2012, National Institute of
Disaster Management (NIDM),
Ministry of Home Affairs Govt. of
India, New Delhi)

Disasters like earthquakes, landslides and floods
are regular features causing vast losses of life,
property and livelihoods. They are the
consequence of various geophysical
characteristics and the related social situations that
are subjected to a hazard. Theése events are
location dependent in the sense that a hazard is
agaravated by the geology, topography and land
cover at the location of the hazard. These events
aggravate natural environmental processes o
cause disasters to human society such as sudden
tectonic movements leading to carthquakes. Tt
might be mentioned that environmental disasters
are always viewed in terms of human beings. The
intensity of environmental disaster is weighed in
terms of the quantum of damage done to the
human society. Being ene of the youngest [olded
mouniain ranges in the world, the subterranean
Himalayas are geclogically very actlive,
Subsequently, the Himalayan frontal is one of the
most seismically active regions 1o the world,
Landslides are among the mainly expensive,
harmful natural hazards in mountainous regions,
triggered mainly under the influence heavy rainfall
and earthquakes or their cumulative effect.
Awareness plays an important role to cope up with
disasters. In view of the increase in disaster events,
it in felt that the awareness among all levels of
our society 18 very much needed. The introduction
of D.M. Faculty is an urgent present day need.

Ohbjectives

»  Tramning and Awarcness generation
» Research studies

«  [Documentation

«  Development of data base

| THEME

Achievements
+ Developed Training modules and leaflets.

e Training programs for varions levels of stake
holders in the state (Fig. 9. Total training
organized is 14 covering 2449 participants
from the state.

« Documentation/data cellection various
related departments and wpdate the existing
iformations.

« Survey of the disaster wiggered in the state.

o
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Fig. . Training programme on earthiake prevention in
the school

Energy use pattern in rural domestic
sector of Uttarakhand State — Issues,
Options & Challenges (2007-2012, In-
house)

Use of energy is an éssential key in the
functioning of human seciety. Nature and
availability of energy determine pace of
development and magnitude of many global
processes {changes in forest cover and habitat
alteration, land production and degradation,
climate change, and politics of fossil fuel). More
than half of the world's population lives in rural
areas, nearly 90% of them in the developing
countries, dependent on the traditional fuels
often using primitive and inefficient
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technologies. Rural domestic energy
requirements are mainly for cooking, lightning,
and space heating, Thuos, in addition 1o
affluence as a variable, geography also plays a
erucial role in energy use and associated
procésses, Increasing demand of the growing
rural population has put additional pressure on
the local resources. Wide variety of encrgy
resources and their highly site-specific and
variable nature, coupled with different types and
qualities of energy nceds, pose a challenging
problem in the designing of an integrated
planning and management system. This study
will build synergy between the local options and
governmental efforts, and is expected to
highlight socio-economic and environmental
benefits of various energy options. Providing
mechanism for integration of rural energy
requirement and convergence of incentives with
other development factors for better
implementation of energy management is
expected

Ohjectives

* Toanalyze patterns of domestic energy
requirements with varving variables in rural
sertungs for projection of future patterns and
IMpPact O resourees,

* To understand technical, institutional and
financial mechanisms in rural energy demand,
supply, and alternatives for planning and
management.

Achievements

= Half of the rural households (50.3%) in the
State of Unarakhand use electricity among
various energy options for lighting purpose,
followed by kerosene o1l (46.7% of the total
rural households). Use of solar energy for
domestic lighting in rural areas of
Uttarakhand is highest among all the
Himalayan states.

26

»  Domestic sector of Uttarakhand state utilizes
30% of the gross electricity generared {2005-
0i). Rural electrification programme under
Rajiv Gandhi Mission has gained momentum
and after the year 2000, more than two
thousand villages have been clectrified which
expands the electnification programme to 93%
of the total villages in the Uttarakhand State.
Major part of rural electrification is done by
Uttarakhand Power Corporation Limited
(96.6% of the total inhabited revenue villages
in the State) while 497 villages have been
covered by Uttarakhand Rencwable Energy
Development Authority (3.4% of the total
electrified villages in the Staic).

*  Useof renewable energy for lighting is being
done by the different generation technologies
of micre hydre or selar photovoltaic
technologies. State has recently implemented
(2008} a policy for harnessing renewable
energy sources with the involvement of private
sector// community participation which targets
power generation as well as power
conservation.

s ke

Fig. 10. Transportation of LPG Cylinder is a big constraint
in popularization.



=  Among the cooking energy options, LPG is
i demand but initial investrnent and recurring
costs are high. State has lavnched a scheme
for BPL families by providing assistance in
procunng pnmary infrastructure such as stove
and ¢ylinder for promoeting use of LPG,
however, availability is a constraint in its
popularization (Fig. 10}, Decentralized mode
of distribunon throngh market channels, even
at rural markets/service centres will be an
efficient mechanism in switching over to LPG
from traditional fuels like fircwood,

Exploration, diversity, and mapping of
vegetation in the urban Forests of
Komaun Himalavan towns using
Remote Sensing & GIS (2008-2011,
Ministry of Environment & Forests,
Govt. of India, New Delhi)

It 15 expected that in the 21st century urban
population will share majority of the world's
population, Urban centres (Cities and towns) can
be defined as ecosvstems o explain ecological and
social svstems and the interaction of these twa.
Matural vegetation in an urban ecosystem is
subject to modification, rearrangement, and s
conscious of accidental design by humans, Trees
and vegetanion contribute 1o the beauty,
distinctiveness, and material value of communities
by incorporating the natural environment into the
built environment, Urban trees occupy a wide
variety of habitats, from a single specimen
competing in the urban forest to extensive remnant
orplanted forest stands. Each is shown to produge
distinct micro- to local scale climates contnbuting
to the larger urban climate mosaic. Urban
erosysiems need to be managed as local
environments: for Biodiversity, for human health
and well being, and for economic stability. Well-
planned cities can also be environmentally
friendly. This is the concept of the green cities
where people can live in a clean and healthy
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environment. Information from high-resolution
satellite remote sensing can be integrated with a
city's vegetation information for a complete
inventory and detailed mapping of the urban
environment 1o define boundaries of different
components and their role in functioning, This
has been observed that land uses take on different
functions depending on their location in the urban
matrix. Human activities, such as informal
management, play a kev role in the provision of
critical ecosvstem services, something that is
largely unperceived in official green arca
management sirategies,

Objectives

»  To explore diversity and structure of urban
forest/vegetation for identification of
processes and factors 1o determuine different
vegetation types, and to identify positive and
negative forces in maintaining the diversity in
the towns.

» To map urban forest/ vegetation in the urban
areas; analyvee landscape attributes (e.g., patch
and matrix) using high resolution satellite daa
and record changes in the urban green areas
in the Kumaun Himalavan region along
temporal scale

» To suggest measures for conservation of
biadiversity in urban areas for formulation of
policies for management of urban green areas.

Achievements

+ Warious maps of two towns viz., Almora and
Mainital procured from different agencies
(eg., 1:10,000 from Survey of India, wrban
area boundary maps showing different wards
from Municipality Offices), have been
georeferenced in (G185,

# Tree diversity {natural & planted trees) in
urban vegetation of Almora town included 24
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families, 33 genera and 50 tree species, and
mity be grouped into the following categonies-
Wative of natural vegetation (11 species),
Fodder (5 specics), Fruit (20 specics),
Ornamental {6 species) and others (8 species).

s Nearly one-fourth of the total number of e
specics were trees of surrpunding natural
vegetation. Remaining tree specics were
planted for different purposes. Most of the
cultivated tree specics were fruit trees (nearly
lalf of the 1otal cultivated species).

 Built up area of Almora was further
categorized into different spaces - Residential
(governmental and private), Institutional
Premiszes (educational/ professionals
government offices), and Public Open Spaces
{park/along roads and drainage channels).
Total tree diversity was higher in the premiscs
of individual houses then in Educational
institutes. Among the distribution ef tree
species in the different premises (attributed by
use and cwnership) most of the species
pecurring in the town of Almora were
represented in the premises of privately owned
houses {41 species out of total 50). Almost all
the fruit tree species oceur in these individual
houses (private space owned by individuals)
followed by Government offices (Fig. 1),

B Gorsemmenl ofioes
B Gwemmant colonies
CITFIRTEN

W Houges

_.-.a\.l‘.ll'l:_'] T Foods

| MAang FeEraRms

ab

40§
a0
20
10
[

Family Genus Species
Fig, 11, Tree diversity in differerst ownerships of Almortown ares.
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MNematode diversity in the traditional
agro ecosystem of central Himalaya,
their impact on soil health, crop growth
and development of demonstration
model for agro-ecotourism (2007-2012,
In-house)

The neglect of traditional food crops has weakengd
the household nuirition security system of the hill
people. 1t has also prevented the Flimalayas from
becoming the home of health foods of the future.
Cultivation of traditional food crops opens an
ppportunity for building a dynamic eco-food
industry. Nematodes are important mineralizess in
systemns poor in nitrogen, approximately 40% of
total miineralization in cerlain ecosystem is due 1o
grazing of microbial populations by nematodes and
other soil favna. Information on soil nematode
diversity and their role in the traditional cropping
systemn 15 fragmentary, The gap for promotion of
traditional cropping system needs to be Alled for
sustainable development, Developing an
understanding of Muctuations in nematode
diversity and nitrogen mineralization 15 desirable
for exploiting the supply of nutrients that might
become avatlable for crop use,

Objectives

« To examine the nematode diversity o the
traditional agro ecosystem across the yeas
under different cropping combination,

» Toanalyse the relationship of the nematodes
with soil health (nitrogen dymamuacs) under
different cropping combination.

» [dennfcationscreation/ conversion of the above
experimental site into a demonstration site for
agro ccotourism by growing diffevent crop
combinations under traditonal cropping and
farming practiced m central Himalaya,
nematode diversity, traditional field implements,
food, mutrition and medicmal properties et




Achievements

The soil at the expenimental site at Pipalkoti,
taltiude 1233masl, lar. 30° 25'N and long,
T9'25°E) across the treatments at the
beginning of Mrarifseason was acidic in nature
with plT ranging from 6.2 to 6.7, it is sandy
loam with bulk density of 0.9% aem™,
Moderate water holding capacity of 34 o
35, and low morsture retention capacity 14.9
to [8.53%. The soil is poor in organic carhon
content tanging from 0.28 10 0.60%, Total
nitrogen is only (.06%,

At the beginning of the expeésiment the major
part of mineral N was found in ammonitm
form (7 to 7.96ug g' dry soil). Ninification
was low with an average of (.22 to 1 82ug g
mol! dry soil {Table-4),

-

Nematode popolation count per 100g soil
ranged from 137 to 219 (Table<d) which
declined at the end of Rabi scason, probable
reasons being low temperature and low soil
moisture., Ar the end of Rabi season
nematode population was found in the
range of 94 to 110 per 100g sodl (Table-5)
Soil from mustard plots showed lowest
nematode population probably due to
allelopathic effect from mustard root
exudations.

Tdentification of nematodes into five feeding
groups has been completed. The major players
in the decomposition cycle namely the
bacteriovores constituted 34% followed by
fungivores 30% which indicaged 4 healthy soil
condition.

Table 4: Soil biochemical characteristics at the beginaing of Kfuri season. Treatments are Paddy sole cropping
(Prddy SC), Pasddy: Foxtail mllet cropped in the ratio of 4:2, 3:3, and 2:4 and Fostail millet sole cropping (SC)
Walues are mean + 15E, n=15.

Parameters Paddy §C FPaddy Foxtail Paddy :Foxtail Paddy :Fowtail Foxtail 5C
4:2 33 2:4
Total W (¥e) 0.0620,34 0AE+0.004 LOAED03 00520004 0060005
Csen P {%) 00520008 LOSE0. 009 (r03:0.003 DO=0008 00450 009
K %) 650,37 1.12£0.45 [L.85+0.29 DEa=0011 [ 84500
Crganie Carbon (%) 0.28%+0.02 0.35+0.56 0.3240.002 BA1=0.01 1.33+0.04
Chganie Matter (%) ARXD04 (Ledx0.10 05540004 (L53:0.02 1.374£0.07
Ammonivm N {pg g 1762015 7.564+0.35 7.00140.22 .00 7.20040,24
dry smi)
Nitrate N (pg g’ 0752006 1.060.07 0.75+0.15 0.7540.05 (.06840.06
dry zail}
Mineral N {pgg' 8524011 9.02+0.42 7764020 7.7510.11 TAR0ED3N
dry sail)
Mitrification (pg g 1LHI+0.02 | 400,16 Lasz0.24 022001 1.58£0.08
ma'y
N-mincralization (ug g*  16.41£0.58 13.5240.01 15.6520.71 TT.6040.71 13.880.12
ey
Memmiatode abundance 2194383 1602 18 210+3.61 137=1.36 20943 4%
per 108 soil
o)
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Table 5: Soil biochemical characteristics at the beginning of Kebi scason. Treatments are Wheat sole cropping

{Wheat SC), Wheat: Mustard cropped in the ratio of

Values are mean * 15E, n=15.

A4:2, 3:3, and 2:4 and Mustard sole cropping (5C).

Wheat 5C Wheat:Mustard Wheat:Muostard Wheat :Mustard

Paramefers Mustard SC
4:2 3:3 2:4

Tatal M (%) (0520009 0.0640.02 0060018 00740007 0060013
Olsen P (%) 004001 0030001 00340001 0.04+0.01 (0.0420.003
K %) L.O&+0.27 [.1£0.20 07704 1132019 [.5%034
Crrganic Carbon (%) 0434001 U.4at0.00% 014002 (49+0.15 Q48 +0.04
Crrganic Matter £9%) 0.740.02 0.7940. 14 (LBEE{ (4 DEGEL03 0.82+0.06
Ammonium N {pg g 7.740.44 334025 G:41+0.83 4. 4+0.08 11.36£1.22
dry soil)
Mitrate N (ug g 00940 43 1.81£0a0 0.7140.11 1.54+0.10 2274015
dry =oily
Mineral M (ugg! 8532103 4.91£0.70 T 13440.78 5.9440.73 1364113
dry saily
Nimnfication {pg g 1.02£0.17 1.01£0.38 DFTE0. 26 1L58+0.12 0.770.26
ma ')
M-mineralization (pgg'  5.18+1.33 2.36450.35 3.3510.23 4.09+2.23 3591007
ma')

| MNematode abundance 1103248 10633244 102+3.78 a0+ (14 St2.6

| per 100g seil

Soil Nitrogen Dynamics in relation to
quality and decomposability of plant
litter traditionally used as manure in
the central Himalaya (2007-2010,
Department of Science & Technology,
SERC, Govt. of India, New Delhi)

Farmers attempt to maintain agricultural
productivity by emploving leaf litter collected
from forest floor and standing dead after
decomposing them in cattle shed or spreading
them directly in crop fields. A clear understanding
of plant litter impacts on various aspects of soil
fertility, including mineralization and microbial
biomass turnover i1s essential for developing a
sustainable production and land use systems. An
insight into the dynamics of nitrifier population
and their related processes i.e. W - mineralization

30

and nitrification will provide knowledge for
IMPFOVING CTOp Managemment (o optmum nutrient
use efficiency. What changes in manure quality
and nutrient release can enable better nitrogen
synchrony and consequently higher vields with
lesser mntensity of biomass removal from forests
resulting in sustainable utilization of land
PESOLTCES

Objectives

# To assess concentration of N, C, lignin and
total phenolics and the C/N ratio in sencsced
leaves as indicators of liter quality of five
plant species traditionally used as manure.

* Tocompare N and organic C concentration,
rate of N-mineralization, nitrification and
microbial biomass C, N, flush in the soil



amended with the five litter manure under
paddy (Gryza sariva) and wheat { Triticum
asstivin) CIOPPLRG systems.

Achievements

The soil pH content across the three sites
tanged from 6.4 to 7.08. Soil moisture ranged
from 14.87to 23.25% and water helding
capacity ranged from 30.76 to 36.86%. The
soil was moderately fertile with organic
catbon ranging from0.84 to 1.21% and Total
N 0.09 to D.12%, Mitrogen mineralization
ranged from 7.2620.5210 2.7240 34 g ' 'dry
soil month!. After initial assessment of soil
characteristics five lifler species were collected

| THENE
WER

from nearby forest, allowed to decompose for
six months in pits and then applicd at the rate
of Zkem?®(Fig.12).

Quality of fresh litter before placement of
litter bags were assessed for their C and N
content and their C:N ratie. The C:N ratio
for the litter were as follows: Querass 17,6,
Lyonig 20,6, Rhododendron 233, Pyrus 21.9,
Finus 33.5 (Table-g). Usually plant material
with C:IN ratio of <20 mineralize faster than
those exceoding the limin. So based on only
C:N ratio the litter nutrient release efficiency
may be ranked as Quercus=Lyonio=
Pyrsz=Rivododendron> P, Lignin and total
phenolics estimation is in progress,

Table 6: Concentration of Organic Carbon (%), Total Nitrogen (%) and C: N ratio in senesced leaves as
indicators of litter quality of five plant specics traditionally nsed as manure

5 No. Name of thter species Organic C (%) Total Nitrogen (%) O ratio
I Quircaes fescotvichiophons (Banj) 32.04=1.21 1.82+0.06 17.6
2 Lyowia ovalifelia (Aiyar) 37.55=0.66 1.75+0.01 206
3 Rbododendon arborenm (Burans) 38854059 LaT+0.08& 23.3
A, Pyrus pashia (Wela) 38,4941 91 1614002 2.9
£ Pirus raochuarghid {Chir) 46.57+1.35 0,359-+0,06 3is

Fig. I2. Five litter species were collected from Forest flaor deomposed in pits and applied to the plots at the
rate of 2 kgm-*

3l
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Indigenons Knowledge: traditional
health care practices in rural areas of
Uttarakhand (2007-2012, In-house)

Feswrengthening of Indigenous Knowledee (1K)
and coltore base lead rowards enhancement of
conservation practices, YValidation and value
addition of IK helps strengthen the practices and
create poténtial for enterprises, which, in thrn
beads 1o economic uplifiment and growth of the
society. In India, traditional health care practices,
particularly use of medicinal herbs for healing is
a practice since imes immermorial. Such practices
still exist in rural areas as they arc inexpensive,
culturally familiar and readily available, However,
due to excessive removal of herbs from the wild
for commercial use and rapid forest degradation
Inthe recent past the number and quantity of herb
species has dechned 1n the wild, In Uttarakhand
majority of traditional health care practitioner
(THCF), locally called wadavay, are lfound in remote
rural areas and have great utilities to the
community in absence of modemn health services.
The vaidvas use largely medicinal herbs for
preparation of formulations and treatments,

Objectives
« Documentation of rraditional health care
practices,

« Documentation of plant species used in
traditional health care practices,

= Docomentationof TK of practices, processes,
knowledge and resources use in traditional
health care practice,

s Assessment of status of herbs vsed by the
tradaticnal herbal healers in the wild,

+«  Evaluate present status of taditional health
Care practicencrs,

» [dentifieation of possible IPR value.

32

Achivements

= About 33.672£4.05% houscholds of the 10
villages of Upper Alaknanda valiey were
surveyed for waditional therapies used in the
arca. About 50.62% péople admitted that
traditional weidye svstem was a cheap easily
avarlable, system of therapy. 1t is followed by
aiha/ pufari system (24.14%), allopathy
(%.10%) and both the traditional saidva and
ofha/ pugari systems (8.22%).

«  Nearly 27.51% respondents were sarisfied
with treatment of traditional veddvasysterm,
26.93% were satisfied with trearmieir of afka/
prard system, 25.12% were satisfied with
treatment of both the traditional vaidve and
aifr pigiaed svsiems, 15.34% were satisfied
with allopathy and only 3.03% respondents
were satisfied with treatment of
naturopathy. On an average 42.61%
respondents had faith in traditional vardias
(Fig. 11}
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Fig. 13. Acceptance of traditional vaidva system in rural
areas of the Upper Alaknanda valley

+  Study of varnous herbal formulations used for
treatment of various allments such as cough
and cold, cough, fever, gastroenteritis,
leucorrhoea, jaundice, theumatism, ki
disease (hair fall) keart trouble, boils on skin,
pheumonia and various ailments of cattle



such as Hrwrpaka, palghontw and urinary
bleeding suggests that a large number of
formulations for treatment of the same
ailment were common in the different
villages of the study area but a few were
totally different, from one anteher in certain
villages,

Total 154 herbs species used by iraditional
vaidya, raditicnal efha/mar; naturopath and
village man and woman for day to day
treatments have been documented. Some of

}%\

the herls such as ards (et heteroplyliiem),
balzhor/ Taljade/ nayonior (Arvenia benthard),
choru (drgelica giamea), kuth { Sorssurea coses),
keueekes { Picvorhiza kurroow), balimmusali () tireTLlipn
archioides), pashanbhed ! silphory (Rergenia
cilfaray, Salam pijsed | Satvrinem nepalense), thuner
( Taxws haccara subsp, Wallichiana), dmur
{ Zanthoxylem armateem) and ban kakri
(Podophipllum  hegahdrm)  were  of
commercially high value and ecolagically rage
medicinal plants.

AT TR
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Theme

BIODIVERSITY
CONSERVATION
AND MANAGEMENT

(BCM)

Understanding the magnitede of biodiversity
at gene, species and ccosystem levels is crucial
for ensuring its sustainable use and long term
management. The scale of investigation is
immense and considerable investments arc
required to bridge existing knowledge gaps
and also to transform available information
in to knowledge products, As such,
recognition and characterization of
biodiversity largely depends on genetic,
taxenomic, and ecological studies. Among
others, the long-term research sites and
programmes provide essential information on
trends of biodiversity change across spatial
and temporal scales. Assessment of intensity
of these changes is important while
delineating impacts of anthropogenic and
natural processes. In particular, human
indueed activities have been identified
amongst most critical factors for blodiversity
loss and global climate change. All these have
necessitated the need for inventory preparing
and monitoring of biodiversity at different
levels and climatic regimes. Besides,
biodiversity conservation mecasures such as
establishment and maintenance of live
repositories in different climatic zones will
help in ensuring quality planting material For
the promotion of conservation programmes,
and enhancement of the capabilities of the

M

stakeholders at local, regional, state and
national levels to manage and disseminate
information on the subject. The studies
conducted in the BCM theme are in tune with
the above. Realizing the importance of
biodiversity for sustainable development and
environmental conservation, the Blodiversity
Conservation and Management (BCM) group
envisages the objectives: to assess, valuate,
prioritize, map and monitor biodiversity of
the protected and unprotected areas at gene,
species and ecosystem levels across the THR
for understanding the status, availability,
potential and patterns; to evaluate response
of Himalayan biodiversity vnder changing
climatic conditions across the [HR; to develop
packages of practices for maintenance and
optimal use of sensitive biodiversity
components and improvement of bio-resource
based livelihood options for indigenous
communities; to establish and maintain live
repositories (Arboreta, Herbal Gardens,
Nurseries, cte.) in different agro climatic
zonecs across the IHR for cnsuring the
availability of quality planting material; to
sensirize diverse stakeholders and building
partnerships to develop and demonstrate best
practices of management and optimal use of
biodiversity components




Response Assessment and Processing

of Knowledge Base to Serve Lomng-
term Management and Use of

Biodiversity in the Himalaya - Focus

on representative protected sites (2007-
2012, In-house)

Considering that the world’s mountain ecosystems

il

re undergoing rapid environmental changes

thereby affecting their averall integrity and life
support values, the need for better understanding
the response patterns and implementation of
multidisciplinary approach to address the issues
is globally realized. While considering approach
for effective implementation of such strategy, the
Mountam Protected Arcas (MPAs) have emerged
as global prionty sites and are being used as an
‘early warning” svsterm. In this context, this project
seeks to define appropriate mid to long term
management regimes that maintain the multiple
functions of MPAs as a major challenge to the
management of integrity and diversity of
representative ecosysters. The study has been
conducted in Wanda Devi Biosphere Reserve of
West Himalava; Kanchendzonga Biosphere
Reserve of Central Himalaya and Nargo Wildlife
Sanctuary of Morth West Himalava of the Indian
Himalayan Region o explore the comparative

b

iodiverstly scenarios in selected sites which can

be used for wider generalization in the region.

Objectives

Synthesis and use of information on
biodiversity components of selected areas.

[nvestigations on recruitment trends and
compositional patterns of forest communities
along altitudinal gradient,

Understanding use patterns of resources by
the inhabitants,

Tdentify and prioritize hurman wildlife conflicts,

Study the graring competition among
livesstock and wild ungulates.

ILI-EH'E
BN

Determine the livestock depredation and
retaliatory killing of wild carnivores.

Identify threat categories of the biodiversity.

Suggest policy imterventions with a view
of general applicability; and drawing
comprehensive biodiversity management
plan(s) for aliernative scenarios

Achievements

Nanda Devi Biosphere Reserve (NDBR),
Uttarakhand

In ovder to detect changes in forest biodiversity
cotnponents over two decades, extensive field
survey were conducted in identified Pindari
region of NDBE (2050-3000 m amsl). A total
aof 11 forest commumities across | 8 stands were
identified and assessed following standard
phytosociological methods. Preliminary
comparative Tesults of tree species richness
patterns over time are depicted (Fig. [4),

Cver 294 field specimens of ploral elements
have been eollected and are in the process of
authentic identification. Among others,
discovery of one new species namely Armehia
nandadevicnsis Chandra Sek. & Rawal famly
Boraginaceae (Fig. 15) and a new record for
Uttarakand, Avena fatea L. subsp, mridiomalis
Maiz. family Poaceae, deserve special mention.
Three high altitede watersheds, namely
Sunderdhunga, Pindari and Kafni, were
explored extensively for floristic diversity
patterns in alpine wone (3200-2000 m). Whale
species diversity patterns varied in watersheds,
there was a significant decrease of species
richness with mnereasing alinude in general.

Nargn Wildlife Sanctwary (NWLS),
Himachal Pradesh

A total of 32 sites covering 12 habitats were
sampled. Results revealed that shady moist
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habitat represented maximum (37) sites.
Among the 31 communities (Forest 20;
Shrubs 3 and Herbs &), the maximum sites
(11) were represented by  Quercus
lencorrichophora community. The total Basal
Area {0.2-91.6 m*ha') and total tree density
(80-560 Ind ha'} wvaried among the
communities, The total sapling density across
communities ranged from 20-830 Ind ha'!,
seedlings 50-1080 Ind ha' and shrubs 400-
5330 Ind ha'.

« While analysing species diversity, tree-
diversity ranged from 0.15-1,78 and the
maximum species diversity was recorded in
Picea smithiana-Rhadodendron arborein mixed
community. Similarly, saplings diversity
ranged from 0-1.76, seedlings 0.33-1.98,
shrubs 0.72-3.31 (Fig. 14).

s Acrosscommunities, a total of 13 spocies were
found under different categories of threat
{Table-7).

Khangchendzonga Biosphere Reserve
(KEBR), Sikkim

e Resource surveys in buffer zone/fringe
villages were KBR targeted. Use patterns of
ethnomedicinal plants the western part of
KBE were assessed. Phytosociological studies

{(with geo referencing) along six major sites
(1700-2400m) were conducted, The Entire
zone (24 sites; 240 plows) was analyzed for 75
woody plant species. Ericaceae (18 sps)
emerged as dominant family. Fighest plant
density (36630 Ind ha') and highest seedling
density (27320 Ind ha™) was recorded [or site
19, and highest sapling density from site 4
{9600 Ind ha''). Significant varation in species
richness (1=-0.891; p<0.0001 ) was observed
along different distribution altindes (Fig. 17).
Insite 19, dar compdelfi{2 11200 Ind ha ) and
Preginis tigperlensis (48700 Ind ha ') showed high
ecruitment density,

Based on stakeholders' demand, field training
workshop, ‘Biodivessity Conservation and
Livelihood Options in Khangehendzonga
Biosphere Reserve' was organized at U
Dizongu {north Sikkim), especially targeting
high value medicinal plants, Over 60
stakeholders (villages, larmers, EDCs, NGO,
Panchavat members, forest officials)
participated.

As per stakehelders” consultation and based
on primary studies/survey, a comprehensive
Brochure on "Tholung-Kisong' cco-trek in
Dzongu landscape, in KNP/KER was
developed and published.

Table 7: Species under different threat categories in Nargn WLS, HP

Critically endangered Endangered

Zanthaxyliom armaium

Vulnerable
Agorritiem heterophylivm Angelica glauca Rhododetdron ceripanudation
Malexis moncifena Cinnamontim famala R, lepidatum
Diggesrea delioidon Folvgomarum verticillatum
FPolvgonatum cirriiBlium Rhyevom quistrale
Paris palypiryila Falerfanz jatamanst
Taxus bacoata subsp. wallishians Hedvchium spicatun
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Abbreviations used: QL= ercis fencorrichomhon;
QL-BA=Quercus lewcotrichophora-Riododendron
arfiorenm; QL-CD=0uercus levcotrichopharg-Cedrus
dendara; CD=Cedrus deodara; ME-AN=Myrica
esculenta-Alnus nitida, PR=Pinns rvoxburghii;
FW =Finus wallichiang; PS=Ficea smithiana: PS-
RA=Ficea smithfana-Rhododendron arboreym
mixed; Al=Aescfus indica, AP=Abies pindrow Al-
LU= desculus tndica- Neolitsea pallens,
RA=REododendron arborewm; QS=Quercus
semecarpifoiia; BA-LO=Rhododendron arboretis-
Lvornia ovalifolia; AN=Alms nitida, QL-
MNP=Cuercus feucotrichophora-Neofitsea palfiens;
LO=Lyonia ovalifolia; ME-SI=Myrica csculenta-
Sapinm insigne; AMN-QL=Adinns nirde-Cheercus
dencptyichophora.
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Fig. 17. Woody species distribution along altitudes in
South-West KBE (W, Sikkim)

Conservation and sustainable
utilization of medicinal plants in
Himachal Pradesh, North Western
Himalaya (2007-2012, In-honse)

The Himalavan Fegion has been identified as one
of the richest habitats for medicinal plants. In the
region, most medicinal plants are being extracted
for drogs, pharmaceutical industries and oils.
Majority of the medicinal plants are also used in
Avurvedic, Unani, Tibetan and other raditional
systems of medicine, With the increasing world
demand and renewed global interest in traditional
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cthnopharmaey coupled with the increasing
preference fior natural substances in health care
systems, the natural stock of medicinal plants of
Indian Himalayan Region (IHR) 15 under
tretnendous pressure. Himachal isbeing seen asa
herbal state and medicinal plants asa major source
of income generation for the inhabitants. The
Kullu and Lahaul & Spit: districts of the State are
rich in medicinal plant diversity with plenty of
scope for the promotion of medicinal plant
cultivation and conservation. An integrated study
on conservarion and sustainable utilization of the
medicinal plants has not been camied ot so far
Therefore, the Upper Banjar Valley (1,500-3,6007,
Mohal Khad Watershed (1,200-3,000m); Parbari
Watershed (1,100- 6,500m}and Upper Beas Valley
(2,300- 5,000m) in Kulle districe and Chandra
Valley (3,300-5,000m) in Lahaul & Spiti districts
have been selected to conduct studies on
conservarion and sustainable otilization of
medicinal plants.

Objectives

* To assess, monitor and map the medicinal
plant diversity.

= Tovaluate medicinal plant diversity.

#  To assess the medicinal plant diversity for
threat catcgories.

« Top prioritize potential medicinal plants for
Cconservation and  socio-¢conomic
development of the inhabitants.

* To develop conventional propagation
protocols and agrotechniques for the potential
medicinal plants.

+ Todevelop strategies and promote ex-sif and
i conservation of medicinal plants.

« To impart training 1o different stakeholders
on conservation and sustamable utilization of
miedicinal plants,




Achievements

Populations of threatened medicinal plants
{09 - Critically Endangered; 16 Endangered
and 14 Vulnerable) were assessed in different
watersheds. In the Mohal Khad watershed the
mean relative density of FPodoplyliem
hevandrim was  0.01%, Polvsonaiim
verticilatunr 0.12%, Riododendron arborenm
5.43%, Valeriana jaramansi 2.63%, Taxus
baccara subsp. wallichiana 1.534% and
Zanthoxyium armarum 17.45%: and in the
Upper Banjar Valley, the mean relative density
of Angelica glawea was 0.03%, Bergenia scracheyi
{.89%, Parfs polyphvila 0.76%, Folvgonatum
wenltifToram (L09%, Polvgonatum verticillarum
1.02%, Trws baccara subsp. wallichiona 4.2,
Valeriana jaramansi 1.59%, Rhododendron
artererm 0, 93% and Zamthoxyivm armatunt
6. 1 2%,

Germination trials for sceds of three
populations of Hippophae rhamnoides subsp.
furkastanica was carried out in different
conditions, Pre-sowing treatments of KNO,
and NaHCIO, shewed maximum

germination {Fig. 18).

Seeds of 27 medicinal plants were collected
and sown in the nurseries at Mohal and Kasol

OO Polihscir Helhoms | BOD

and the herbal gardens at Mohal and
Doharanala, & the sced germination was
monitored. Over 5200 seedlings/plantlers of
different medicinal plants were developed,
planted and distributed among stakeholders
at Doharanala, Kasol and Mahal

s Athree day training programme on Medicinal
plant cultivation and conservation was
organized to train participants of Malana
village. Another training programme on
Medicinal plants conservation and cultivation
was organized for participants of Kullu and
Lahaul Wallew,

Up-scaling applicability of ex-situ
mechanisms for conservation and
utilization of high value plant species
-focusing om promotion of
conservation education & capacity
buildings (2007-2012, In-house)

The Indian Himalayan Region occupies a
significant position on the earth due to its rich and
socig-economically important biodiversity, While
focusing on strategies o harness the potential of
these respurces for the well being of peoplen the
region, maintenance and optimal use issues of
high valie species emerged as priority agenda for
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Fig. 18. Seed germination of Hippophae rlusreldes subsp. terkastanica in different conditions



Research and Development. Especially, at the tme
when gaps between demand and supply have
widened and ncidences of indiseriminate
collection and destructive harvesting from the wild
have gone up. Therefore, conservation approaches
based on the concepts of sustainable wtilization
inviolving technology based innovations are highly
requited. In addition, there s a need to integrate
the Conservation Education and promotion of ex-
situ mechanisms of conservation and use to up-
scale the applicabiliey for effective utilization of
high value species.

Objectives

* To apply the ev-sity conservation technigues
tor developing appropriate technologies of
mass multplication and storage of germplasm
for conservation and effective unlization.

*  Todemonstrate and vp-scale the apphicability
of existing protocols in selected sites and mect
the demand of planting material by different
stalecholders.

= To epsure the gquality planting material
through phytochemical and genetic
investigation of largel species,

* Tounderstand the growth responses of target
species in wild as well as cultivated land,

* To develop a contre for on-site training and
extension programmes for various stakeholder
groups and alsc as a place for nature
interpretation,

+ Toinculcate excitement of understanding and
working on different aspects of biodiversity
conservation among students and encourage
them to pursue higher studies in the
brodiversity conservation

Achievements

Uttarakhand —Headguarters

* Experniments on Micropropagation of
Hedychinm spicatum, conducted at Kosi-
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Kararmal, revealed that simgle nodal segment
can produce & shoors/explants in M5 medium
supplemented  with BA  and NAA
combination.

*  Plant material of Falerfana wallfchif, Hubericria
edpeworthil, B intermedia, Hedyohinm spicaner,
Rosevea procera from different localities of
Uttarakhand were collected and planted in the
herbal garden to increase the number of
ACCESSIONS,

* Phytochemical investigation on Serberds
asigrica, collected duning different scasons,
revealed that samples collected in summers
exhibit significantly (P<0.01) higher berberine
content as compared to the rainy and winter
seasons (Fig. 19).

# In order to disseminate the rechnology to
various stakeholders in ToT mode and 1o
promote outreach through Conservation
Educarion, a seven davs Orientation Course
and three day Training Workshop was
conducted at .1.C., Kausan (November 4-
11, 2008). 47 school children and teachers
from 25 schools partieipated (Fig. 207 in these
programmes.

Himachal Pradesh-Himachal Unit

* Seceds of 11 species were sown in the
nurséry and germination of dlmws nitida
(10, 53%); Aescudus indica, (40%); Fraxinus
micrantha, (26, 7%); Grewila oppositifolia
(30.8%); Crevillea robusra (67.5%); Melia
aredarach (69.0%); Quercus foribunda
(27.2%); Quercws lecotrichophora (40.0%);
Sapindus mukorossi (16.2%), Teona ciltata
{33.8%) and Mithania sommnifera (92.0%)
was momtored.

o Over 2500 seedlings/plantlets of [3 species
were developed for plantation in the
arboretum sites and distribution amongst



farmers. Over 2400 seedlings and seeds of &
specics were distribured 1o different
stakeholders namely State Forest Department,
farmers, and NGOs.

870 seedlings of 23 ecologically and
economically important species were planted
in the Arboretum sites Pathways were
developed and Cacrs monacanrha was planted
along the boundary for biofencing to the
protection from livestock,

Fresh seeds of 17 species of tees and shrubs
were collected and stored i the laboratory for
strengthening the nursery,

Sikkim- Sikkim Unit

Mursery scedling emergence/plant survival
was monitored for [0 multipurpose taxa.
Aftér ope growing scason, plant survival
ranged from 3% (Azedivgciita indica) to 100%
(Michelia excelsz). High seedling emergence
was recorded for Evveboreva perfolata (71%)
and fuglans regia (79%). ‘Greenhouse raised
Swertia chirayita, planted in natural habitats/
arborctum and in open beds was monilored,
Six populations of Swerria chivavita were
tested for seed germination after 30 months'
storage; 3 populations exhibited about 25%,
2 showed and 01 responded by 3%
FermInation.

In Michelia excefsa, a highly preferred nmber,
scedlings' growth significantly (between
p=0.05 and p=0.001) differed with age (1 to4
vear; Fig. 21} Stem height very significantly
correlated with collar diameter, root diameter
and root length (p<0.001; r=0.905, 0.911 and
0.6ET, respectively ). Stem basal diameter also
appeared as imponant trait asscssing seedling
quality, which significantly corrclated with
above parameters (p=0.001), Scedlings were
transplanted in the arboretum to monitor
further survival.

| THENE

A two day training workshop, ‘Conservation
of Biodiversity” was crganized for studentss
teachers (45 the students/teachers; 14
schools). Foed back received gave greater
satisfaction. In addition, a few exposure
workshops were arboretum organized for
school students in the arbovetuim.,
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Fig. 0. Various activities during on-site training
programme on conservation education
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Fig. 21. Growth of Mickelia excelsa raised from seeds in
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Evaluation and propagation of two
vitality strengthening Astavarga plants
of west Himalaya (2006-2009, NMPB
New Delhi)

Indiscriminate collection and destructive harvesting
of the medicinal plants from the wild have put
many valuable plant species in the category of
critically endangered, endangered, vulnerable and
even extinct. Conservation of such plants has
emerged as a common agenda. However, along
with the various approaches towards conservation,
which inclede banning of extraction and trade,
some indirect approach needs to be developed,
which deal with the sustamable utilization of
resources. Development of such approaches needs
involvement of technology based innovations with
high quality research and development investments.
I this context, development of suitable propagation
packages for mass production of planting materials,
analysis of phytochemical properties for quality
control and growth response in wild and their
cultivation are some areas where one can achieve
both comservation also sustainable utilizatton goals.

Objectives

* To analyze the phytochemical properties
within and among populations of selected
SpCCics.
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* Todevelop propagation and storage protocols
using conventional as well as biotechnological
tools for conservation and sustainable
utilization.

# T mamtain the accessions of each ndividual
collected from different loealities in genc banks.

= To compare the phytochemical properties of
wild with cultivated planting material; and
maximize the ficld transfer of plantlets
obtained from elite stock.

Achievements

» FPhytochemical analysis of samples (fubers) of
Habenaria edgeworthii, collected from different
localities of Uttarakhand, revealed that the
total phenolic content varies significantly
among populations. Sample collected from
Grangolihat showed highest phenolic content
(5.3lmg/g DW) followed by that of
Pithoragarh and Munsyari. The HPLC profile
revealed presence of two phenolics of which
Gallic acid ranged between 2.93 1o 7.61ma/
100g W, However, hydroxvbenzoic acid was
found maximum in the Munsyan population
(8.66 mg/100g DWW,

» Towards developing mass scale planting
material, callus was induced in Habenaria

Fig. 21, Different stages of OTEanozenesis



edpewortlidi. Callus pieces (10-20 mg),
transferred in MS medmm supplemented with
different plant growth regulator combinations
and concentrations, showed maximum
shooting percentage (83.3%) in T4 twreatment
after & wecks, however, number of shoots was
found maximum (1083 shoot callus') in T2
rreatment (Fig. 22 & Fig. 23).
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Fig. 23. Effect of different plant growth regulators on
shoot multiplicarion

Popnlation staius assessment and
screening of active chemical constituents
in the selected medicinal plants of
Uttaranchal (2007-2010, UCOST)

Medicinal plants ave of particular interest because
they contain a vanety of phytochemicals and bio-
chemicals which could be potential source of new
and novel natvral antioxidants. It is more
important in the context of Himalavan medicinal
plants where no or little information 15 available
on the natural source of antioxidants.

Dbjectives

*  To screen selected plants of Uttaranchal for
natural source of antioxidants.

+ To determine the potential of bioactive
mgredients using bivassay methods,

* To address the ssucs related to congervation
and sustainable utilization of these plants in
the state.

| S

Achicvements

= In order to analyse the antioxidant potential
of the Roscoca procera rhizome, various
bioassay operations were performed, Bioassay
using ABTS, DFPH and FEAF assay showed
that the spectes have antioxidant potential and
100 g dry weight 15 equivalent wo 0,649-1.693
mM ascorbic acid (Fig. 24).

PRIt R RS
B
iy LA
= ..---I"""H
1]
H]
u
1o AR+ RIETE
" E u . b= 1
y [ 1] 'Lﬂ.__.-n—#
| B
(1]
1% n
i1 .
= P L T 1]
1K E-AEM
13 4 ot
[T
(L
L1} J
L] L} 1 ¥ 4
Tl Pheals imgigh

Fig. 4. Relationship between total phenol and
antioxidant activity in Rescose procens exiract

Meteorological Data Collection,
Monitoring, Processing and Analysis
to Evaluate Climate Variability in the
State of Uttarakhand (2003-2009,
DST)

Participation of youth in Real time/field
Observations to Benefit the Education in
Uttarakhand state (U-FPROBE) is the programme
initiated by Department of Science and
Technology, Mew Dethi with an aim o make
seience education interesting. U-PROBE, a model
project, is bemg implemented at moltiple locations
of Uttarakband and aims at bringing together
students, teachers and the scienufic community
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to inculcate multidisciplinary understanding
through the multi-location meteorological
observations. It is envisaged that the process of
participative data collection and observation by
school children as a means of scientific learning
will help students to understand their
environment, The Institute, as Technical Resource
Center (TRC) is responsible for facilitating
establishment and regular monitoring of weather
observateries at 21 schools and linking the weather
datasets with ongoing researches an different
aspects of Himalayvan environment.

Objectives

To provide an opportunity fior participatory
learning for school children on mountain
meteorolopy and biodiversity in an integrated
THATITET,

To inculeate among students excitement of
understanding and working on different
aspects of natural sciences through their
myvoelvement in mteractive use of data/
information.

Tixestablish a network database on Himalavan
meteorology and broresources for effective use
by different stakeholders.

To study local/regional impacts of weather
and climate on biological diversity in different
parts of THR.,

Achievements

All the identified U-PROBE schools were
interactively involved in regular weather data
collection and using these data for
interpretations of vanations in responses of
Various bioresources,

Amalysis of weather data collected by the U-
PROBE students at Government Intermediate
College, Almora revealed variation in

minimum and maximum temperature (Fig,
25). A significant (P=0.01) decrease and
difference on daily maximum and minimum
lemperature was recorded.
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Fig. 25. Temporal variabifity and daily difference between
Maximmm and Minimium Temperature

Sindy on the Assessment and
Conservation Prioritization of Plant
Diversity along an Altitudinal
Gradient in Himachal Pradesh,
Northwest Himalaya (2006-2009, DST
New Delhi)

Conservation of hiological diversity has became
a global concern in view of its rapid depletion.
The Indian Himalayan Begion (IHR) covering
approximately 4,19, 873 km®arca, supports
representative, natural, unigue and socio-
economically important florstic diversity. This
may be due to unique topography, diverse habitats
and large altitudinal range. Due to the dependence
of local communities on plant resources for
medicing, food (wild edible), fodder, fuel, timber,
making agricultural toals, fiber, religions purposes,
cte, the population of many economically
important plants is depleting fast. Himachal
Pradesh which is very well known for its typical
topography, large altitudinal range, diversc
habitats, representative, natural, vnique and socio-
econormically impeortant biodiversity, is also facing
high. pressures. Although, the State has been



explored by many workers mainly for its floral,
ethnobotanical and faunal diversity, very few
studies have been carried out on quantitative
assessment of the vegetation. However, studies
integrating different components of floristic
diversity and prioritization of habitats, species and
communities have not been carred out so far. This
has necessitated the initiation of biodiversity
studics along an altitudinal gradient and the
present study has been carried out for the first ime
on these lines in the State.

Objectives

* To assess plant diversity of the Himachal
Pradesh in relation to climate and altitnde

»  Toassess status and distribution pattern of the
native and endemic species in relation to
climate and altitude.

¢ To study the utilization pattern of plant
diversity including indigenous knowledge and
practices along an altitudinal gradient.

*  To wdentfy ranty of the speaes.

* To prioritize potential sites for conservation
and high value potential species for socio-

THEME

Achievements

Dhstribution of vascular plants among
different carchments revealed the presence of
maximum 660 species in Hirb and Shoja
Catchments (H5Cs), 550 in Chail Chowk-
Rohanda-Kamrunag Area (CRKA), 255 m
Ghanahaiti-Shimla forest and 160 i Mandi-
Pandoh Avea (Fig. 26).

Regeneration studies 1in 9 forest
communities showed the vanation among
forest commumities. Besults revealed that 02
forest communities showed highest
regeneration of co-dominant specics and 07
mixed forést communities with ghest
regeneration of one of the dominantspecies
in the H5Cs. Similarly, in CREK A, 08 forest
communitics showed the highest
regeneration of dominant species, 06
communities with highest regeneration of
co-dominant species and 01 community
with poor regeneration of dominant specics
in Mandi-Pandoh Arca,

In HSCs, 137 species (28 Trees: 33 Shrubs and
76 Herbs including 2 Ferns) belonging to 106
genera and 60 families were identified under
different threat categories,
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Studies on diversity and conservation
status of plants in a proposed Cold
Desert Biosphere Reserve of Trans and
North West Himalava (2006-2009,
MoEF, New Delhi)

In most of the Biosphere Reserves, smdies are
confined o floristic imventory and ethnobotany,
and very few studics on the structural and
functipnal drversity are available. In most cases
the available information 1s fragmentary. [t is very
difficult to determine the biodiversity status, and
develop adequate strategy for the managemoent
with fragmentary information. The Cold Diesert
Biosphere Reserve (CDBR), the potential area for
the conservation of Trans and North Western
Himalayan ccosystem, is one of the Proposed
Biosphere Rescrves of the Indian Himalavan
Region. Lahaul and Spat distnet in Himachal
Fradesh form the part of a proposed CDBR. The
district lies berween 317 44" 57" o 320 5397 537" N
latitudes and 76748’ 28" to 78°41"34"E longitudes.
The inhabitants belong to Indo-Mongoloid and
Indo-Arvdan groups, They are dependent on the
floristic diversity for medicinal, wild edible,
fodder, fuel, howse bulding, religious and various
other purposes. It supports a representative,
umigque, natural and ecologically and economically
important species. The CDBE has been explored
for the flora and ethnobotany by some workers.
Studies integrating different components of
biodiversity and pricmitizing babitats, species and
commumities have not been carried out so far. This
has necessitated to initiate studies on these lines,

Objectives
» Toassessthe plant diversity of the Cold Desert
Biosphere Reserve.

»  Community patterns and regeneration stanis
of the tree species; species diversity and
simularity in the vegetation of the identified
habitats and communities,

= To assess the distnbution pattern and status
of the native and endemic specics,

# Toidentifv the ecologically and economically
important species and assess the populations
of selected species,

s [dentify the rare endangered species.

¢ [dentifv the economically important species
incheding medicinal and wild edible plants,

= Assess the populations of the ecologically and
economicaily important species.

o To priorntize habitats, species and
communifies for conservation  of
economically important species for the socio-
economic development of the Tribal
Communities.

Achievements

= Aol of 742 species of the vascular plants
belonging to 310 gencra and 92 famalics wene
recorded in Cold Desert Biospheare Reserves,
Among these, 2% families were monotypic and
Asteraceae (91 spp.} followed by Poaceae (38),
Fosaceae (47), Fabaceae (39), Apiaceae (33},
Polveonacear and Ranuncolaceae (30 each),
Lamiaceae (28), Brassicaceae (24),
Scrophulariaceae {24) and Carvophyllaceae
(23 spp.) were the dominant families,

s While considered wath alifiede, the maximum
species (30 trees, 09 shrubs and 397 herbs)
were recorded at 3801-3800 m asl. Among the
164 sites surveved, the maximum |8 hahitats
and 8 aspects were identified between 2400-
3200 m asl. Among the 35 plant communities
(17 trees; 13 shrubs and 5 herbs), Jumiperus
pofvearpos, £ covrmnons, Rose webdiang, Pims
wallichiara and Salix frapifis were found to be
distnbuted with wide alttudinal range.



Expanding Outreach through
Participation of Youth in Real-time/
field Observations to Benefit the
Education (PROBE) in the Indian
Himalayan Region (2007-2009, DST
New Delhi)

In view of the anprecedented rare of global
climate change and its impacts on biodiversity, it
15 imperative to make voung generation aware on
these issues. This is possible ondy if the subjectis)
receive due attention right from the schools. To
achiewve this, there is a great need of making the
science, n particilar the nature science, related
education, interesting and society oriented.
However, while considering this we need to
incorporate mierdisciplinary thinking inco iz This
can be achieved through an efficient use of the
existing mfrastructure of formal education.
Responding to the need of making science
education mteresting and useful, Department of
Science & Technology (DST) under its Inter-Sect
oral Science & Technology Advisory Committee
(I5-8TAC) took a lead by initiafing a scheme on
participation of youth in schools for acguisition,
generation, use and disseminations of field data,
Under the scheme a programme entitled
“Participation of youth in Real time/ficld
Ohservations to Beaefit the Education (FROBE)"
15 being implemented in the state of Uttarakhand,
The G. B. Pant Institute of Himalayan
Environment & Development (GBPIHED), Kosi-
Katarmal, as one of the Technical Eesource
Centers [TRC), vnder U-PROBE has been
facilitating execution of the programme in the
state. The programme was extended o Himachal
Fradesh through Himachal Uit in 2008 to
educate the students, & teachers and 10 develop a
Technieal Resource Centre at Mohal- Kullu,

Objectives

= lo provide an opportunity for participatory
and intéractive learning for school children.

THENE
ECU

= To shift emphasis for a student from being a
passive recipient of information and
knowledge (i.c., downloading) to become an
active author of relevant and useful
informanon (1e., uploading).

s To generate/gather information and convert
such information into useful knowledge:

s Touse data/information gathering as means
of generating interest in scicnoe,

+ To bring schools/imstitutions of higher
learning and grassroots community
organization into networking relationship.

»  Tocreate a data base on meteorology, climate,
narural resonrees and refated fields of building
village watershed level data infrastructure,

* To contobute to scientific vnderstanding of
weather and chimate in the mountain region
and study their local impacts.

s Tohelp students in schools reach higher levels
of achievements in scence educanon

Achievements

« Weather laboratories were established and
made fonctional in 22 schools of Koilu,
Mandi, Bilaspur, and Hamurpor districts of
Himachal Pradesh (Fig. 27).

*  Thedata are being collected ' monitored by the
identificd teachers, Analvsis of the data is
under progress.




Fig. 27 (a-d). Various activities of establishing weather labosatories in different Jocations of Himachal Pradesh; a. Map
showing the locations of weather stations; b-d. Weather stations at Randhara and Bran schools

Summary of Completed Praject / Activiey
Lead Coordinating Institution for Nanda Devi, Manas, Dibru-Saikhowa,
Dehang-Debang & Kangchendzonga Biosphere Reserves (2006-2008, MoEF)

The Ministry of Eavirenment and Forests, Government of India, Mew Delhi, under its Man &
Biosphere Programme, has identified Lead/Coordinating Institutions for designated Biosphere
Eeszerves (BRs) in the country. These Instimations mainly serve as a focal point for: (i) rescarch
based information on respective BRs; (1) assessment of research needs and identification of crucial
issues requiring research efforts; (1) facilitating development of suitable research projects
priority/ gap areas; and (iv) bringing out relevant publications for educating the diverse stakeholders,
The G.B. Pant Institute of Himalayan Environment and Development (GBPIHED), Kosi-
Katarmal, Almora, has been successfully functioning as LeadCoordinating Institution for five
BRs fi.e., Nanda Dievi (Uttarakhand), Manas and Dibru-Saikhowa (Assam), Dehang-Debang
(Arunachal Pradesh) and Knagchendzonga (Sikkim)] of Himalayan region since 1999, Being a
coordinating Institute, GEPIHED has made the following major contributions during the tenure
of the project:




Prepared feasibility documents for Cold Desert Biosphere Reserves (Himachal Pradesh & Jammu
& Kashmir) and Tawang —West Kameng {Arunachal Pradesh) Biosphere Reserves.

Developed UNESCO MAB Net Nomination Documents for Kangchendzonga (Silkdkim) and

Manas (Assam) BRs and submitted to the Ministry of Environment and Forests, New Delhi. |

Draft document was developed for the Dehang Debang Biosphere Reserve, & the review of
document is in progress.

An electronic user friendly Bibliographic Database on Himalayan Biosphere Reserves (1990
2008 with 658 references) has been developed.

Developed database for Avifaunal diversity (851 species; 18 orders, 71 families and 341 genera);

Mammalian diversity (218 species, 11 orders, 37 families and 119 genera) and Reptilian diversity
(105 species) of the Himalayan BRs,

Survey document on the Assessment of the Seville Strategy: Madrid Action Plan for Nanda
Dievi Biosphere Reserve has been prepared and submitied to the Ministry of Environment and
Forests, New Delhi.

Ohrzanized, a National Workshop on ‘Defining role under global change scenarios of climate
and human economies' (6-7 July, 2007). Also, organized BR specific stakeholders Consultation
Meetings Workshops to understand the issues and concerns,

Facilitated formulation of viable R&D projects on Himalavan BEs soas to fill in the knowledge
Eaps.
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Theme

Environmental
Assessment and

Management (EAM)

In view of changing scenarios under the pressure
of globalization, economic changes occurring in
the Himalayan states, impacts of climatc changes,
and development interventions, changes in the lifi
stvle of the people and the ccology and
ENVITONMENE are occurring at a faster pace. The
future implications of such occurrences are noat
well known and understood. Tracking of such
changes for the well being of the society and the
search for suitable management solutions for our
agriculture, environment, and society through
conlinuous monitoring of environmental
phenomenon and through analyses of possible
solutions is.a must. EAM theme will have focus
on assessment and monitoring of environmental
attributes related to various kinds of
developmental interventions: policies/plans in the
IHR. Status assessment, impact assessment,
valuation, and database developrnent would be
covered under the theme. Global warming,
climate change related issues, and macro level
studies on impact assessment of developmental
interventions for planning and management
solutions would be the core areas of B&D under
this theme. The objectives of the EAM theme are:
comprehensive assessment and monitoring of
environment with respect o various kinds of
developmental interventions/ palicies/ plans in the
IHR; and development / formulation SUEEESHONS

50

on appropriate management plan/s for ensuring
ecological and economic security in THE,

Forest Ecosystem Services in the
Central Himalaya: Quantification and
Valuation Approach (2007-2012, In-
house)

Ecosystem goods and services (ES) represent the
benefits human populations derive, direcily or
indirectly, from ecosystem functions. In other
words ES are the conditions and processes
through which natural ecosystems and the specics
that make them up, fulfill the supply of goods and
services to sustain human life, Ecosyetem services
are generated due to the interaction and exchange
between biotic and abiotic components of an
ecosystem. They are mainly divisible into (1)
provisioning services such as, food, forage, timber,
biomags fuels, natural fiber and many medicinal
plants and raw materials for industrial produics
etc. and (i} regulating and supporting services;
purification of air and water, mitigation of floods
and droughts, detoxification and decomposition
of wastes, generation and renewal of soil and soil
fertility, pollination of crops and natural
vegetation, acsthetic uses, ete. Traditionally these
services are considered as free gifts of natere and
therefore the economic value of these services are
ignored or underestimated.




In the Central Himalayan mountains forests are
the integral part of sustenance of the inhabitants
and people derive a variety of goods and services
from these forests. This study was initiated to
guanzify and evaluate selected ES of the two major
forest ecosystems of Central Himalaya (viz., Qak
and Pine) involving comparative forest sites in
different localities of this region. Outcome of the
stndy will have comparative advantages of
conservation and management of cither of these
twir forest tvpes,

Objectives

s To Quantify and evaluate various ecosvstem
goods and services accrued from major forest
types of central Himalavan region.

» To investigate soil formation, soil fertility,
soil and water conservation, and the
carbon sequesiration value of these forest
ECOIYSIENMS.

¢ Toinvestigate the impact of these forests on
crop feld fertility, pollinators, crop yicld and
crop diversity.

+  Todevelop methodologies and approaches for
guantification and valuation of forest ES.

= To find suitable mechanisms and incorporate
the findings i the ELA framework for taking
informed decision on compensation to the
stakeholder groups.

Achievements

» (Quannfication of various goods derived from
the surrounding forests by the village
community was esiimated by using a
structured guestionnaire in 13 selected villages
in Bageshwar, Chamaoli and Champawat
distracts. Among the nine villages surveyed
around Oak forests (Table-B) the guantity of
fuelwood extracted was found ranging from
192-1212 ke /capita/vear. Similarly, quantity
of tree fodder also varied considerably (range=

Iol-1746 kg/capitas/yr). Ground fodder
igreen and dry) and bedding leaves were
another form of goods derived substantially
from these forests.

In the four villages surveyed in the vicinity
of the Pine forests the fuelwoeod extraction
was fpund ranging from 493-76] kg/capita’
y1. Furmiture timber wood was an additional
good provided by the Pine forests not
provided by the Oak forests (Table-9),
Among the other tangible goods wild edibles
and other NTFPs were also derived from
these two forests.

In terms of monetary value (as per local rates)
different goods equivalent to Rs. 9448/ capita/’
yr. from Pine forests and 5664/ capita/’vr.
from Oak forests were derived from these
forests,

People attach distinct value to the intangible
services derived from these two forests, Our
survey of 664 houscholds reveals that Pine
forests were inferior as compared o Oak
forests with regard o ES those are not
tangible. The Oak forests scored (8 out of
13}y as compared to the (5 out of 10) of the
Pine forests. The Pine forests were
particularly acknowledged for furniture
wood, packing material and most
importantly resin which do not provide the
Crak forests.

To understand the various ES acerued from
the foresis a consultative meeting was
organized with 70 rural people (particularly
women; Fig. 28) in village Swar (Distt,
Chamoli) and they altogether listed a total
of over 30 different ES of the forests and
valued each of them differently. The rwo
new ecosystem services recognized by them
were (1) use of ash as an msecticide & (11)
the air of Pine forest is beneficial for
Tuberculosis patients.
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Table 8: Quantity and monectary values (Rs. in parentheses) of some major goods derived from Oak
forests

Ecasystem Villages studied aronad Oak forests (n= mumber of households sampled per village)

gonds derived

from forests Devsthali lzarpatha Chivila Lausary Ulagra Banlekh Nakuei  Saoli  Badrinath  Average
(Rg! capita/ (n=43) (0=24) (n=35) (o=61) (o=58) (B=100) (o=30) (n=11) (n=59)
¥r) Chamoli Chameli Chamoli Chamoli Chamoli Champs Bagesh FBagesh Basesh

wat wir war Wwar
Fuzl wood 487 02 Mo 310 9z 1212 248 333 2315 46335
(1359) {1285 {1485 [57%) [F) (3361} [Ba6) (959 (E5) (1272283
| Tree Tadler 651 1724 1746 b=d W a4 14l 248 140 BaheTh
3R3 (15 350 (TlvE ] {Bsh [ R b £ (>R e el
Ground 2350 1714 2439 558 40 e il 152 T 934106 |
fodder- green (4239 {2464} {42963 {757} (T10) (£2a) (813} [356) (36 (R3z1T
Crrmnd 315 333 33 380 238 2 261 a2 bED 4I8L18
fodder- dry (1268 (1916 (1519 {S4E) 559) (981 (1080 (2239 @4 (1T
Bedding [eaves 575 974 677 265 24 o [39 241 27 251237

(235 (1795 [139%) 1474} (484 (1367}  (435) (333 (391} (901 £653

Table 9: Quantity and monetary values {Rs. in parenthesis) of some major goods derived from Pine forests

| Ecosvstem goods Yillages studied around Pine forests Average
derived from forests —
(Kg/capita/Yr.) Hat- Kalyani Maggeena Dharonj Lwani
{n=97) {n= 15} (n= 100} {n=31)
Fuel wood el {1211} 345 (1568] S21(R6B)  493{1086) I9BL5E
{1208+130
Tree fodder - 1951 (3131) 377 (902Z) 344 (2874 9371434
(2335+£622)
Grround fodder- green 12635{170%) 2106 {3580) 476(713) 1490 (2818) 13344337
(2204+628)
Ground fodder- dry I0F(TIH 5382139 IR (390)  Ade(224X) 447+83
(1427 +442)
Bedding leaves 644 [90T) 1053.(2059) QI8 (B4E)  RIB(16TT) BEATES
(13732297)
Furmiture wood 20{31) 23(47) 33433} - 3310
{3725




Strategic Environmental Assessment
(S5EA) and Environmental Impact
Analysis (EIA) of Hydropower
projects in Western Himalayan Region
(2007-2012, In-house)

The Government of India has accorded top
priotity 1o harness the hydro power potential,
keeping in view the needs for the economic
development and for meeting the growing energy
demand of our country. As a follow up, a number
of hydropower projects are being sct up. India
currently generates only about 14% electricity
from bydroelectrie plants mainly located in
Himachal Pradesh, Uttarakhand, and the
northeast region. As the impacts of such projects

Fig. 28. Stakebolders consultative meeting with people in village Swar (Distt. Chamulij

....__-‘

- - T T

arc many-fold in the fragile Himalayan mountains
specific provisions are laid down through the ELA
notification and acts in terms of protected areas;
rare/ threatened /endangered species; noise/air/
water pollution etc. However, the cumulative
impacts of these hydropower projects, inter
linkages and inter relationships among and across
the project cycle are necessary to understand o
devise environmental management plans.
Strategic Environmental Assessment (SEA) 5 a
decision making tool which caprures the
cumulative impacts of the projects and can help
in sustainable development of hydropower
projects. In the absence of SEA framework in
terms of legislation within the country, this work
i% an attempt to provide a representative overview
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of SEA as a research work to provide suitable clues
for necessary policy framework

This study was initiated in Alaknanda river valley
of Garbhwal Himalaya where 10 HEPs are sited

[both in eperation and planning phase).

Objectives

-

To overcome the challenges assoctated with
project level EIA process and try to conduct
cumulative impact assessment (-ve/+ve) of
varions hydropower projects (existing/
proposed) on social, biological, and physical
environment initially for a river basin in
Western Himalaya and subsequently for the
entire Western Himalavan region as a whole,

To develop a GIS based database that can be
used by project proponents/ consultants apar
from assisting policy planners to reach to
strategic decisions regarding individuoal
projects.

To suggest the optimal number and the type
of hydropower projects such that the
development 1s environmentally viable,

To incorporate ecological economic based
prospecting for compensation of eco-system
Services.

To make recommendations for the MoEE/
state government or other similar agencies for
modifications or formulation of separate
policy/plans

Achievements

34

ELlA reports and related project documents
were reviewed and the issues or limitations
of the project level LA were identified, which
will be incorporated in the Strategic
Environment Assessment.

Initially for the primary sampling on the
varipus environmental attributes, 10

hydropower projects located in the Alaknanda
vallzy were selected and influgnce zone map
was prepared (Fig. 29).

Vegetation survey was carried out in the
influence zone of the HEP: in the Alaknanda
valley using proportionate stratified random
sampling method. During the survey, a total
of 336 specics of plants (Gymnosperms,
Monocots and Dicots) belonging to 107
genera and 64 familics have been recorded
(Table-10). OFf these recorded species, 64
epecies were trees, 84 shrubs, and 188 herbs.
Among these familics, the largest number of
species was recorded for family Poaceae (35
speCies),

The vegetation of the influence zone was
further classified into two calegories: lmpact
#ane (zone of primary impacts) and
Contagious rzone (zone of secondary
impacts). In case of trec layer, species diversity
{Shannon Wienerindex) and species richness
(Margalef Index) was maximum tn
contagious zone, whereas shrub and herb layer
shows maximum diversity in the Ilmpact Zone
(Table-11).

Resource dependency survey was carried out
in 15 villages falling in the influence zone of
HEPs. Data were compiled for six villages and
fuchwood consumption per household ranged
from 11.3-19.1 Kg/day during summer &
18.9-28 Kg/day during winter. Fodder
consumption ranged from 25-45 Kg/day.

The case studies were conducted on four
hydropower projects, namely, Kashang (86
MW, Shvang (3 MW}, Tangling (53 MW in
Kinnaur district and Chaba (1.7 MW) in
Shimla district which unfolded some
important information. Shvang and Kashang
are under construction, Tangling is proposed
and Chaba is pnder proposal. Kashang
(31°35.697 W & 78717874 E) had seven




affected villages, namely, Pangi, Dhuliu
Dogrs, Asrang, Janghi, Akpa, Rarang, Lippa
and Purbani. The flora such as Chilgoza
(Pimus geravdiona), Deodar (Cedrus deadira),
Chir (Pinus roxburghii), Kail (Pinus
wallichiana), Banj; (Quercus leucotrichophora),

!mﬁ_

Akhrot (fuglans reeia), Tosh fdbies pindrow),
willow (Salic spp.) and wild animals like
panther, black bear, mask deer, cats, fox, etc.,
were observed to be prone to adverse effects
due to construction of hydropower projects
{Fiz 30),

Table 10: Number and percentage of familics, (Genera and Species of Gymnosperm, Monocots and
Dicots present in the influence zone of HEPs in Alaknanda vallew

Group Families Genera Species
Number Percent Number Percent MNumber  Percent
Gymnosperms 4 6.3 B T3 1] 3.0
Monocars e 14.1 31 290 53 158
Dicots 51 8.7 8 63.6 273 81.3
Total G4 [0 107 LD 336 100.0

Table 11: Values of diversity based on phytosociological analysis in the influence of zone of HEPs in

Alaknanda river vallev.

I»Sh:djr area VYegetation Type Species Index of Species Evenness |
Diversity Dominance Richness Index
Impact Zone Tree 145 0.137 5.64 0683
Sapling 217 (188 396 0.737 i
Seodlings 1.85 2 234 0.810 |
Shrubs 360 0.038 £23 ().EE6
Herbs 432 0.023 16,18 (1,854
Trees 272 0113 .05 0.733 |
Contagious Zone
Saplings 264 0.121 5.4l 0.7o4
Seediings L.5] 0319 204 0.650
Shrubs .52 0,040 7.88 .89
[ Herbs 4.02 0.025 12.84 O.RT76
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Urbanization vis-a-vis solid waste
management and air pollution in
sprawling urban cities of Himachal
and Uttarakhand Himalaya (2007-
2012, In-house)

With the continuously expanding urbanization,
the Himalavan vrban towns are becoming
pressurized and degraded due to migration of
villagers to urban towns as well as ever growing
number of native populations and their activities
in the towns. The situation is going 10 Worsen
when most of the towns sprawl outside the
municipal limits and convert into urban tocalities.,
In the absence of proper and inadequate
infrastructural services, some of the human
induced pollutions such as solid waste and air
pollution have been continuously increasing in the
hilly towns in Himachal Pradesh and others. Open
waste dumping becomes unhygienic and develops
a home o breed cockroaches, inscots, worms and
rats, These later become a canse of many health
diseases and disorders. Solid waste if dumped
openly deteriorates water quality in streams and
rivers. Sometimes, loose disposal practices at local
levels such as burning waste, ermi hazardovs gases
intor our atmosphere; as a result ambient air quality
degrades, Keeping in mind such environmental
problems, the study during this reporting period
was conducted on solid waste composition and
characterization and management i$slUes in six
selected towns- Bilaspur, Kangra, Mandi,
Hamirpur, Chamba and Keylong with different
altitudinal gradients from Siwalik 1o Trans
Himalayvan range 1o represent the whole of
Himachal Pradesh.

Objectives

*  To identify sources, quantity, nature and
composition of solid waste.

* Tomonitor particulate and gaseous pollutants
in ambient air to establish background values.

| THERE

| EAM

«  Tosuggest solid waste management plans and
air pollution models for policy implications,

Achievements

# The solid waste study conducted during
summer (April to June, 2008) and monsoon
(Tuly to September, 2008} seasons in the
selected study towns showed that & total of
635 samples of one feer® garbape were
characterized. These included 371 samples
{1917 kg) in summer and 314 (2015 kg) in the
monscon which represented existing
households, open dumping sites as well as
municipal bins.

* The waste segregation results of the total
wastes in the study towns indicated that
readily biodegradable waste (RBEW) consisted
of 57.3% in summer and 45.7% in monsoon
season. The RBW waste the composition
under the study towns in bath the seasons was
55.8% the highest in Bilaspur and 46.3% the
Iowest in Kevlong, On an average, 51.6% of
the total segregated waste in the six towns
belonged to readily biodegradable waste.

* The biodegradable waste (BW) composition
was 26,3% of the wial segregated waste in
summer and 24 6% in monsoon. The BW
composition of the total generated waste in
six towns varied from 31.7% in Kangra as
highest to 22.4% in Keylong as lowest.
Owerall, 22 4% of the tofal segregated waste
was bindegradable.

* In summer season, non-bicdegradable waste
(MBW) was 34% the highest in Keylong and
12.4% the lowest in Mandi. It was monsoon
season, when NBW remained as high as 33%
in Mandi and as low as 26.9% in Bilaspur.

#  The capita’! day' hoosehold waste generation
in summer season was noted to be as high as
232 gm in Kangra & as low as 173 gm in
Kevlong. However, during monscon season,
the per capita waste values remained highest
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Fig. 32. Solid Waste Management (SWM) aptions for dudy towns in Himachal Pradesh in
summer and monsson seasons, 2008

in Mandi {224 gm) and lowest in Kangra (168
gm) (Fig, 31).

The characterized solid waste was Further
broadly grouped as compostable, reusable,
decorative reuse, recyelable and that which
nceds safe disposal. Looking at the results
from all the towns, about 74.1% of the total
segregated waste was found useful for
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compost process, 8.2% for direct o indirect
reuse, 9.2% for decorative reuse, 7.8% for
recycling and 0.7% medical waste for safe
disposal. If town wise compostable waste was
looked into, it was as high as 79,3% in
Bilaspur, followed by 79.1% in Kangra and
76.4% in Chamba towns. However, the lowest
compostable material was 67.2% the lowest



in Mand: (Fig. 32). If this practice is under
taken at town levels, the majoricy of the waste
disposal problem can be resolved.

Aerosol climatology over north-
western Indian Himalayan region,
Himachal Pradesh (2005-2012, ISRO-
GBP Funded Project)

Atmospheric aerosols play a crucial role in the
earth's radiation budget. The extinction or total
aerosol optical depth is a measure of radiation
extinciton, due to acrosol scattering and
absorption. The acrosols have a cooling as well
as gréen house effect on the earth’s surface
thereby increasing air tempetature that alters
normal hife of humans, plants and wildlife.
Mohal was selected to study aerosols climatology
broadly in two different modes; fne-
accumulation and coarse, The wavelengths based
aerosols measurement have been monitored
through a Multi-wavelength Radiometer ranging
from 380 nm to 1025 nm in relation to
anthropogenic as well as natural factors
responsible in an ecosystem.

T
EAy

Objectives

* Toobtain aerosol optical- depth (AOD) with
respect o spectral variations at ultra violet
(=390 nm), visible (390-770 nm) and near
infra-red (=770 nm) wavelengths using Mulo-
wavelength Radiometer (MWER).

+ To analyse acrosol size distribution and
atmospheric turbidity using Angstrom
parameters; o (alpha) and B (beta).

Achievements

&  The AQDs averaged on monthly basis over
the months are plotted in Fig. 33 which
clearly indicate their high values at shorter
wavelengths  compared 1o longer
wavelengths. This phenomena showed
dominance of small size aerosol particles
over the larger sizesd ones which were-
directly related to ever increasing human
interferences in the present study region. As
the result, the regional climate is also being
affected adversely.

# The monthly mean values of AQDs from
April 2008 to March 2009, remained as

180 —s—Apr08
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Fig. 33. Mean AOD varations during clear sky conditions from April 2008 to March 2009
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(0332001 at 380 nm, (.24+0.01 at 500 nm
and 0L1520.01 at 1025 nm. It was Apgust
when AQD was 0.45£0.06 as highest. This is
because the experimental site mostly remains
under rain shadow effect during rainy season.
As a result, this location has shown entirely
different results compared to other regional
parts of the country. The minimum AQDs
were noted 1o be i the month of November
2008 indicating 0.33£0.02 at 380 nm.
0.20£0.02 ar 500 nm and §.10+0.01 at 10235
nm.

The aerosal size distribution indicated further
dominance of smaller size particles. Fig, 34
shows o (alpha) and § (beta) with inverse
relationships indicating higher values in fine-
accumulation mode compared to coarse
mode. Highest value ofal 375%47 4

A"8%%AT 1 was 1372004 in Movember 2008
and minimuem was 0.6620.05 in April 2008,
while the highestel §'5%i74

a"8%a™ | was 0.3240.04 in Awgust 2008 and
lowest was 0L1620.01 in November 2008,
Increase iné0 478%4" 4" and decrease
inGl 4°§%a &' means low values of

coarse size particles. This is directly related
to the degree of anthropogenic interferences
mn the region.

Gaseouns air pollution in the
backgronnd site of sprawling urban
environment of Himachal Pradesh
(2008-2011, ISRO ENV-OBSR Funded

Project)

The air pollutants remaining in suspended
conditions in the form of gases, liquads and solids
are termed as ‘acrosols’, Trace gases such as
surface czone (O,), sulfur dioxide (S0,) and
nitrogen dioxides (NO ) are of anthropogenic
origin. As a result, these are chemically reactive
and influence ambient air quality at a regional
level. Recent studies indicate that the
concentrations of surface ozone in the troposphere
is increasing by about 1-2% per year and may triple
within the next 30-40 vears, cspecially in
industrialised and high biotie pressurised
locations. When the level of O, in the atmosphere
remains more than 70 parts per billion (ppb) fora
period of 20-90 minutes, covghing, choking and



severe fatigue in human health are noticed. Ozone
iza phototoxie air pollutant that can lead to SCTICS
injury to plant tissues and reduction in their
growth and productivity. The ultrafine aerosols
act as the carriers of chemical and biological
species in the atmosphere which have the potential
to cause many adverse health impacts, inhibit
plant growth and ultimately affect the local
weather and climatic conditions. All these lead in
due time to a climate change in regional
perspectives. The major effects on the surrounding
environment of these aerosols have mainly been
the respiratory health hazards, deposition on plant
surfaces and visibility reduction, But all this
depends on the size of particles varying from 10A
1o 200 A (0.001 um to 0.02 um), These aerosols
specifically here arc termed as “aitken muclei’, or
‘ultrafine acrosols’, or ‘nano particles’ which work
as a nuelei for fog fommation close to the surface
and cloud condensation nucler (CCN) for cloud
formation above the surface affecting local weather
phenomena for shorter pes iod and climatic
conditions for langer period. At Mohal, the Ozone
Analyser (ML9811, Monitor Europe) wis used 1o
ohserve surface ozone concentration. And the
Particle Counter (FEM-PC 2, Polliech make) was
used 1o measure ulirafine aerosols in different three
cnt-offs (2004, 30 A (0.003 um) & 10A ).

Objectives

» To measurc important concentration of
gaseons pollutants (surface ozone) wsing ULV,
Qzone Analyser at Mohal and eliratine
aerosol concentrations (N cm*) mainly vsing
Particle Counter (PC) at hMohal,

+  To document local pollution sources such as
binmass burning and vehicular flux.

s To observe local meteorolegical conditions
and 1o relate with the paseous pollutants such
as surface ozone and ulirafine acrosols.

e 'Tosuggest mitigaling measures to bring under
control all these similar pollutants,
implementable at policy level.

Achievements

s Monthly mean variation in surface ozone
concentration at Mohal (1154 m) was found
as high as 17.743.0 ppb. Diurnal highest mean
value for 24 b was as 27.72 1.5 ppb on May 8,
2008. The highest hourly value was noted 1o
be 69.9 ppb on May 8, 2008 (Fig 35). It was
also ohserved that the peak hourly values were
always between 1500-1600 hrs while the
minimem values were found at 300-400 hrs,

« Monthly mean variation in ultrafine acrosols
at Bohal (1154 m) was as high as 79462996
M emFar 2004, 58854249 N o at 30A and
20524673 N em? at 10A in June. Contrarily,
this menthly mean variation in August was
lowest with 4994£183 N em’, 3854+103 N
e and 12512725 N em® at 2004, 304, 104,
respectively,

s The diurnal mean variation in ultrafine
acroscls was as high as 10392 Nom?at 2004,
7214 N em at 30A and 2120 N cmrtat 10A
during 1300 hrs, 1200 hrs and 1300 hes. While
looking at the range of variations from the
highest to lowest values of ultrafine aerosols,
this differcnoe was again quite comparable.
In spite of the absence of any major industrial
activity, the concentration of pollutants at
Maohal are mainky auributed to vehicolar
emissions in summer and frequent blomass
burning in wintes.

= The particle concentration showed close
eorrelation with increasing rraffic activities. It
has been observed that the highest
comcentration of particles in all three sizes
exist during peak traffic hours (0800 to 1200
hrs and 1600 to 1800 hrs), In winter, the
ultrafine aerosols are morc due o
anthropogenic activities such as burning of
fire wood, forest fire and coal burning.

e In January, wood consumplion was
maximum followed by November and
December. Highest wood consumption

6l
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occurred in the month of Janwary 2.27ke
capita’ day”' and 41.31kg per household per
day. The fuelwood species being used in
accordance with priority of consumption were
Pinus roxburghii, Alnus witida, Owercus
Ievecotrichophora, Berberis lvcerm, Ofea feruginea,
Prunus domestica, Robinia psedoacacia, Malus
puwnilus, Grewia opnositifolia, Primes armeniaca,
Pyrush pashie, Fieus palmara, Pings wallichiana
and Zax smays,

Maximum daily vehicular influx was observed
2535 wehicles in March 2009, followed by
2492 vehicles in June 2008, As far as ultrafine
aerosals concentration is concerned it was
again obscrved highest in June. This means
that ultrafine acrosols are closely related o
vehicular emissions.

Appraisal of Tourism for Sostainable
Management — Case Study of Sikkim
Himalaya (Proposed In-house

Activity)

In Hill States of Himalaya where developrmental
avenues are limited Tourism is emerging as a
sector of great economic potential, which is being
promoted in all Himalayan states, In view of its
importance for regional development, its holistic

2

assessment 15 a must. This study on Sikkim
attempts to investigate this in light of the tourism
process, i1s impacts and economics, and appraisal
of management options and policy issues for its
sustainability. Secondary information on the
stbject was collected, compiled, and anabyzed for
scemario simulation, trend prediction, and
understanding of impacts. Sikkim is mainly a
market of domestic tounsm where annual inflow
of tourtst has grown from approximately 15,000
in 1980 to 4, 80,000 in 2008, Compilation of
Quarterly inflow suggesis a bimodal pattern of
tourist influx with domestic influx peaking duering
the April - June period, and influx of foreign
tourasts reaching a maximum dusing the Ocrober
— December perind. In hill regions of Himalava
where developmental avenues are very limited,
tounsem, for which all ingredients are inherent in their
environment, i emerging as a sector of great
promuse that has potential i revolutionize the hill
economy. Tourism development also results in host
of negative impacts for the ecology, resources, and
culture of the host environments which often
hamper its growth, results in its premature extinetion
hence Ioss of its benefit streams. Today tourism is
being promoted in all the states of the Himalayan
Region; considering its potential for the economic
development its sustainability/sustainable
management becomes an inirigeing concern.



Tourism in Sikkim is mainly nature based; of-late,
with the spurt in tourist influx popular twourism
has also evolved. The state government is
promoting it as a priority sector through
instutionalization, capacity building trainngs,
advertisement campaigns, system of fees /permits,
and through active community and NGO
paiticipation. The tourist inflox to Sikkim has
increased from 15,000 im 1980 to 4, 80,000 in vear
2008. Besides, the economic gains, now the
negative impacts of tourism are becoming
manifest in terms of cluttered settlement,
expansion of urban areas, traffic congestion,
problem of solid-waste, abandoning of agniculture
and changes in agricultoral practices and
traditions, ete. Therefore, considering its
significance for the state’s economy its holistic
asscssment is a must, This study attempts to
achieve this through broader analysis of state’s
tourism and specific case studies,

THEME

Objectives

«  Smudy of tourism's nature and process.

*  Analvsis of its impacts and economics,

= Appraisal of sustainability of tourism through

the analysis of management opuons and
policy mssues,

Achievements

» Lirerature was reviewed and secondary
information was collected and compiled;
models for analysis of inflow patterns and
trends were identified for understanding the
future course of tourism process, SCEnario
development, and impact speculations.
Frelimimary analysis of available tourist
inflow data was carried out, Trends in Fig
36, suggest almost continuous growth n
annuval turn-out of total tourists {Indian
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Fig. 36, Trends of Tourist Influx in Sikkim
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Tourists + Foreign Tourists) from 1980 1o rush for Fureign Tourists is during the October
Z008. & also hint in the degree/scale of — December perind i.e. O4 (Mean inflow —
tmpacts in future. 3326.50, 51> — 1960.08, Percent of annual
*  Quarter wise assessment of data for the towrist rush — 38,76 %) while that of Domestic
period 1987- 2008 vide Table-12, shows a Tourists is during the April -June peried ie
bimedal pattern of tourist inflow for both the Q2 (Mean inflow - 62652 41, SD - 45888 89,
Indian and Foreign Tourists. The maximum Percent of annual domestic rush - 4170 %)

Table 12: Quarterly Pattern of Tourist Inflnx to Sikkim

|_Perto-d Quarter Foreign Tourists Domestic Tourists '
Mean influx Percent of Mean influx Percent of
(sd) atiimal Influx (=d) annoal InlMux

19872008 Jan-Mar 2107 .64 2309 25651.05 20,12
Q1 {1306.18) (21838.78)

Aprl- June 237495 24.33 6265241 4120
Q2 (131919 (238RE.89)

Fuly-Sept 119100 13.82 Z082R.05 [388
Q3 [700.73) [15038.34)

Oer- Dec 3326.50 3876 40493, 14 2492
X {1960.08) (2642.33)




Theme

SOCIO-ECONOMIC
DEVELOPMENT
(SED)

A majority of our population continues to live
within a biomass-based subsistence economy. This
fundamental way ol life has woven itself into
numerous ecological and cultural tapestries, each
in consonance with the ecological niche that it
occupics. No process of development and
eradication of poverty can be conceived without
focusing on environmental management and
sustainable development. To address the issue of
poverty alleviation, it is also vital to optimize the
natural resource exploitation and farming systems
productivity. [n view of above, the theme
addresses issues of sustainable development of the
rural areas through identifving developmental
bottlenecks, formulation of strategies for Incation-
specific problem solving, demonstrating NEM
and livelihood stratepies and by providing inputs
for policy formulation. The theme envisages to i)
develop resource planning and management
strategics based on sound ecological, economic
and cultural database and policy analysis, ii)
strengthen livelihood promotion strategies (on-
and off-farm) through identification of innovative
livelihood options, strengtheming indigenous
livelihood practices and value addition,
technology backstopping, and capacity
enhancement, iil) minimize negative natural
resource use effects by adopting/adapting,’
replicating best-management practices to see the
efficacy of various developmental and Ré&D

interventions for pelicy wmplications, and iv)
develop ‘Rural Enterprise Services' for socio-
econemic uplifiment of Himalayan communities.

Smallholder Farming Systems:
Strategies for Economic and Environ-
mental Viability in the Western
Himalaya (2007-2012, In-house)

The small Farms are integral to Indian Himalayan
Begion with over 60-80% holdings are being <1
hectare and are mostly sainfed and distributed into
tiny terraces over rugged terrain, Settled
agriculture is the predominant economic activiey
between clevations of 1000 and 2300 m asl and
this zone is also referred to as the most “populated’
or ‘problematic' zone, Inhabitants of this region
depends heavily upon the surrounding natural
résources to sustain themselves. Despite marker
linkages and other develepmental activities, viz.
agriculture, forests, livestock and people are highly
integrated in the region which results in resource
degradation and depletion. A major challenge is
to identify policics, institutions, and technologies
te achieve the three goals of growth, poverty
alleviarion, and sustainable natwral resource
management in the tegion. Therefore working on/
with smallholders forms an important priority
area for the THE. Improvement of the statms of
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such farmers desires simultancous handling of
issues of arable land degradation, rural income
diversification and rehabilitation of common
property resources with respect to farmer's
aspirations, characteristics, constraints, and
futuristic viewpoints. The possible development
pathway could be the need-based intensificarion
with a people centered approach by increasing
community access and participation in natural
Tesource management and diversifving livelihood
resources in the village itself. Considering this, the
Institute has taken up a project on “Small holder
farming systems: strategies for economic and
environmental viability in the western Himalaya'.
The project would identify basic ssucs related o
Farming system development with a main focus on
documenting "best stores’ of successful commumnity
initiatives for on- and off-farm livelihoods and
naturl resource management, and tmplementation
of such initiatives as per community perspective in
a representative village of the Kumaun hills,

Objectives
* Toundertake in depth assessments of farming

systems and its economic growth in the
western Himalavan region.

= Toidentify issues and options for rural income
diversification (on farm and off farm).

*  Torestore the village commons and degraded
areas; strengthen village energy and fodder
requirements; and plantation of commercial
SpECies

* Tostrengthen village institutions for natural
Tes0Urce management, and

* To develop pathways and policies for rural
liveliboods,

Achicvemenis

*  To initiate project interventions Patharkot
village was selected. This is a representative
village of mid-hills of the Western Himalaya
which 15 inhabited by smallholder farmers.
Average size of village, traditional agriculture
pattern, higher dependency upon narural
TESOUECES, low income opportunities etc, were
some of the criteria for the sclection of the
village.

* Indepthassessment of farming systems in the
village was carried out and it reveated that 31
out of the 53 families in the village, are
marginal farmers. The average land holding
n the village is 51-0.45 ha. The average
agronomic yield per household is given in
Fig.37. The annual fruit yield {peach, pear,

160,00
14000 4
12000
100.00

Agricultural Production (kg.)

Wheat  Mustard

Crops

Faddy Mandwa Pulses

—l

Fig. 37, Average annual production of different craps (kg houschold)




plum, lemon, walnuot, geava ot Jin the village
is 682 ke,

Estimation of fuelwood/fodder requirement
and consumption in the village indicated that
there is a huge gap between demand and
supply. The fuel and fodder demand was
computed at 418.86 MT and 402.72MT,
rospectively, against an annual availability of
fuelwood (211.03 MT) and fodder
(281.76MT) (Table-13).

To promote the horticultural production in
the village culturable wasteland (5.9 ha)

THENE
SED

2250 fruat trees of different species planted
in 2008 recorded & mean survival of 66%
in Mareh 2009, In January 2009 again 1390
saplings of different fruit species were
plarted in this land. In addition, 2100
saplings of different fuelwood and fodder
species were planted in the degraded
community forest land and 33% survival
was recorded after two vears. Five water
harvesting tanks were dug in this land a1
suitable places to storc spring and
rain water for irvigation of the fruit plants
(Fig. 38).

Table 13: Total fodder demand and contribution of fodder from different sources in the village

Fodder Sources Area (ha) Quantity (dry matter) MT
Gireen Grasses Agricalioral Fields and Forest 15 197 58

Drey Grasses Crrasslands (Mange) a.04 62.70

Tree Fodder Agricultural Fields NA 39
Agriculioral residues Agricultural Crops 15 6.99

Dak leaves Forests 3304 10.78%

i)
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Shifting Agriculture: Issmes and
options with focus on adaptive
interventions to make it ecologically,
economically and socially viable
(2007-2012, In-house)

In the North-East Himalaya, shifting agriculture
commonly known as jhum, which was once
considered to be an efficient svstem of cultivation
being sustainable both ecologically and
economically, 1s gradually becoming untenable
under pressure due toa number of factors and
besieged with conflicting views in regard to the
degradation/ conservation of ecosystem and the
way of life for the upland people. Irrespective of
the conflicting opinions, shifting agriculture
continues to be the predominant land use svstem
and primary livelihood option of the majority
of the upland communities, Further,
documentation of traditional eccological
knowledge (TEK) particularly those associated
with management of shifting agriculture has
assumed high priority. Over the centuries, the
tribal and other forest dwelling communities of
North East India who are basically shifting
cultivators have accumulated a rich and time
tested traditional knowledge on the management
of natural resources for their livelihood
sustenance.

Thus the present study aims to review both
traditional practices and state introduced
policies on shifting agriculture for possible
synchronization, introduce potential low cost
technologies for improving shifting agriculture,
validate indigenous soil and water
conservation practices and analvze the impact
of shifting agriculture on faunal diversity in
Arunachal Pradesh with recommendations to
make the system more conservation oriented,
if possible,

6%

Objectives

* To review the state and central policies and
laws 1n the forest and agriculture sectors
dealing with shifting cultivation and ongoing
sthemes and programmes of state and central
Government for control and regulation of
shifting cultivation.

¢ Tostudy the land tenure and customary laws
of selected ethnic communities relating to
shifting cultivation.

*  Docomentation of TEK onsoil conservation,
water & forest resource management and
validanion of indigenous soil & water
COMSErvAtion praclices.

= Impact of shifting agriculture on faunal
diversity with spectal reference 1o avifauna and
mammals.

# Mepd based assessment and tdentfication
of potential interventions and their
application.

Achievements

= 22 of the 28 states in the country are reported
practising some forms of shifting cultivation,
Of the 22 states, the practice is sparsely
distributed in 13 states where as the practice
of shifting cultivation is predominant in 9
states, mosily i the North Eastern states,
where the practice of shifting culuvation is
prevalent in 36 districts (accounted to about
4ot dstricts of the region). Inorder to achieve
the objectives of the project, so far, 15 villages
across 4 districts of Arunachal Pradesh have
been selected.

*  Analysis of the elements of the intervention
programmes in Watershed Development
Project in Shifting Cultivation Areas
(WDPSCA) and National Watershed
Develepment Project in Rainfed
Arcas (NWDPRA) implemented by the



Table 14: Development component activities and statos of NWDPRA of Arunachal Pradesh implemented

during X™ plan.

Activities

Area/Unit treated

Contour trenches with bunds

501l MoISIEre CONSETVALLON MEAsUIes
AZronomes ConseTVALION MCasures

Compost pit

Water harvesting structures

Land development by terracing

Repairing of existing structures

Half moon terracing for horticuliural plantations
Vegetahle hedges for agronoméc :nns:nr-ati-n‘n

Fingaaple plantation on contour bunds

1851 ha
6320 nos.
2367 ha
21 nos
| 5% ha
628 ha
1310 ha
S nios.
1003 ha

364 ha

Source; Director of Agriculiure, Naharlagun, Arunachal Pradesh

Government departments in the study area
revealed the emphasis towards changing
land wse/ farming system (Table-14) rather
than improving the shifting cultivation
practices.

o The Faratis a umgque landuse division among
the Adis for shifting agriculiure. Specific
numbers of such patats are found in each
village, Generally, a single pasar is cleared for
jhuming in a vear for all the villagers and
shified in a sequential manner. Jhum cycle
therefore corresponds to the number of parars
{Table-15).

s  Three major categories of soil conservation
practices viz, Agronomic measure, 5¢il
management and Mechanical methods have
been documented. Ecological quantification
of weed species revealed 55 species under
53 genera and 28 families in shifting

agricultural system of the study area.
Among the weed flora, family Asteraceae
represents the highest species {21.43%),
followed by Poaceae (17.86%) and
Commelinaceae and Melastomaceae
(14.29% each).

Vegetation composition of different
successional fallow ages was investigated
(Table-16), 37 large mammal as well as 13
small mammal (mainly of rodents) species
were recorded from the landscape of the study
area.

Germplasm conservation is also attempted in
the project. A total of 27 landraces were
deposited with NBPGR, Shillong (Rice - 21,
Maize -3, Millet -1, Sesame— 1, Jobstear— 1)
with Indigenous Colleetion (1C) No. ICM
5464932.564958 and Mission Code —
E200700162204.
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Table 15: Patat system in Mopung village,

| SL.No.  Name of the Pater/ Plon

Year of coltivation

Distasice from the village

settlement (km)
I Dimirirg-Arving 200809 2 l
| 2 Lelar Korking 0708 1
| 3 Pubiing 200607 = {15
4 Keka 2005-06 1.5 |
3 Mamipang 2004405 I-1.5
| 6 g 200304 <05 |
7 Move 200203 2
| 8 Tadsg morri 200702 4-5 |
B Crarle 2000-01 34
10 Reging 199800 7-8
| 1 Arying [998-0G B |
12 otk 199798 I3
13 Nenyak 1905.97 1
| 14 Fepo Karak L9G5.05 0.5
|i_ E‘umnmgﬁr_w‘w_ <3 _ = E-ii ! __2 — J
(Total Mo, of Parass - 15; Jhum Cycle: 16 Years)
Table 16: Successional stages and associated vegeration atiributes
Age of fallow  Absohate density of Mean girth at breast Number of Mean distance
frees (trees/ha) height (mean [+ SE]) jcm) species between trees {cm)

I-year old 1] i 0 NA
Teveir old 2961.622 1584 8.3 20 337
FSevear nfd 346,301 20:88(1L.1) 21 &1
S0-wear ald 220754 2990035 25} 28 4,53

Scaling up innovative resource
management practices for improved
livelihoods in the mid hills of the
central Himalaya (2007-2012, In-
house)

Diepletion of natural resources in the
Himalayan region is mainly due to gver
exploitation and improper management of the

L]

tesources. The mountains of the Himalaya
which make vital contribution to the ecological
sustainability of the region are threatened by
increasing Population, open grazing,
deforestation and loss of biomass cover, and
overall biodiversity. The follow up of the
cfforts made under differens ACTivities aiming
to address these problems, was probably not
well planned and as a resulr such efforts were
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not able to halt the process of degradation of
the resources. Building on the lessons learned
from difftrent studies and innovations tested
for the improved livelihoods of the people,
technical back stopping and material support
is required to be provided to the villagers,
particularly to the marginal farmers in the
adoption/ adaptation process. The present
study aims to follow the adoption/ adaptation
process and scenario of the tested options/
innovations and facilitate improved
management of the natural resources through
up-scaling farm based interventions,
strengthening market linkages, soil and water
conservation, rehabilitation of community
degraded lands, strengthening of weakened
farming systern concept, ete. in Garurganga
watershed of Bageshwar district.

Objectives

s 'To analvze adoption/adaplation scenario of
tested/ innovative resource management
practices.

» Todevelop strategies for adoption” adaptation
of innovations for improved economic and
ecological viability in the region,

» Scaling up of the viable practices through
participatory action research involving
community institutions, local stakeholders
and respurce farmers.

» Sharing of knowledge and information
through improved metworking of the
stakeholders by organizing regular meetings/
workshops and exchange visits.

Achievements

s Stakeholder consultation followed by base
line survey for adoption/ adapiation of
different options of improved livelihoods
and management & conservation of natural
respurces during last 13 years has been

completed in 32 villages (212 house holds).
Hased on the preliminary results, the
farming system, as a whole, is under stress
due to scarcity of water, sectoral approach
of the developmental activities, weak of
backstopping, and unstructured monitoring
system. In fact, overall improvement on
livelihoods of the people during the period
has been realized, but this has also adversely
impacted the availability of natural
resources and overall farming system of this
region.

The traditional agriculture is either in a
process of transformation to cash crop (if
water is available) or ‘no agriculture’ due toa
number of reasons. Adoption scenario clearly
indicates that the farmer is a selective taker
and adopts very few, out of a long list of
options,

Weakening of Van Panchayat Institution, due
to the ownership issues and limited monitory
resoutces, waste land/ community land
rehabilitation is not in the list of people’s
priority. Like wise, introduction of hybnd live
stock merely helped on improving livelihoods
due to non availability of desired climatic
conditions and quality feed.

Up scaling of a few options, knowledge
dissemination, conscrvation and storage
of water linked with fish culture, protected
cultivation, etc. was done. Conservajion
and storage of water linked with fish
culture, protected cultivation, composting ete.
have already been initiated for small land
holders.

A market place was jointly identified at Garur.
Preliminary observations reveal that all
concerned parties are satisfied and news of
these innovations are encouvraging for other
farmers, who are nol in a position (o carry
out self experimentation, afford the risk of
losses.

i |
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Table 17. On-farm livelihood options: Adoption/ Adaptation

" Major Livelihood options Demonstrations _ Adoption/Adaptation _ j
Villages Farmers
B OfF season veg, 2 4 a7
Composting 2 18 42
Vermi-Compaost 4 1 56
HYV seeds 2 38 153
Rehab. comm. land [ 2
Tmproved grasses i i 148
Inte. fish farming 3 s 96
Cash crops Facilitation 26 135

Table 18, Preliminary results: a few examples

[ Options

Adaption

Probable canses

Soil conscrvation {Engineering
SITUCTUNES)

Water harvesting & storage

Fish culture (value addition 10
the water harvesting)

Green fodders winter fodder

Rehakilitation of community
degraded land

Improved. hybrid livestock
fedder Feed

Apiculiure

Cash crop cultivation

Protected cultivation

Limited to the irri. land
Mot significant

Adoption rate is high

Adoption rate is high

Mot significan(

Failure

Failure (after 1992)
Significant

Significant

Low productivity of the upland farming;
aptions are not economically viahle

Proper utilization of stored water is not
possible due to fragrmented land holdings

Ensured short term benefits without
additional work load. Warter could be
limiting factor.

Availability of green fadder is a lirniting
factor to the dainy sector

Ownership issues, high input with low
shart term benefits and weakening of
institutions

Climatic conditions and inferior quality of

Increasing use of insecricides ete, Viral
diseases

Low volume- high value option and short
term benefits ensured

Ensured shart term benefits. Market 1
available. Availability of quality sceds

cold be limiting factor, |

Baged on gquestionnaire survey of 32 villages; 3 meetings with stakeholders and long term field observation.
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Institutionalizing technology backs-
topping and capacity enhancement for
sustainable agricultural development
and encouraging entrepreneurship
development based on simple rural
technologies within the tribal areas of
MNorth East India (2006-2009,
Department of Science and Technology,
Govt. of India, New Delhi)

Agricultural development in the uplands of the
WE India to be sustainable requires a concerted
technology backstopping, as access 1o technology
in the region is grossly madequate, given the
constraints of terrain and the limits of concerned
line departments. Given the growing demand for
both technologies and capacity building and the
urgent need of a decentralized technology
backstopping system, capacity building,
demonstration and dissemination have been
institutionalized in the context of rechnology
backstopping and agricultural development in
five NE states. The mechanism has also been
utilized for feedback to facilitate technology up-
gradations and for prioritizing location-specific
technology needs at the grassroots so that
appropriate technologies addressing the needs
are developed and grassrool issues are
incorporated in research agenda. The project
foenses on the tribal population of North East
India. The tnbes inclede Boros, Hmar and Biete
of Assam; Mac Nagas and Tangkhul Naga wibes
of Manipur; Mizos of Mizeram; Garos, Reangs,
Debbarmas and Darlongs (Kukis) of Tripura and
Jiantias of Meghalaya, respectively. Agriculture
practice in these areas 1s predominantly shifting
agriculture or Jhum barring the Boro dominated
areas in Assam where they practice settled
cultivation, Terrace caltivation 1s also a common
practice in Manipur. The tribes are mostly
agriculturists in accupation. The Boro and
Darlong wribes are more or less settled
agriculturists, while the rest are shifting

| THENE
: SED

cultivators. The Worth East Unit of the Institute
is the Co-ordinating Agency for technology
development, up-gradation, modification,
demonstration and capacity building (including
technologies developed by other agencies).
Upscaling of technolegy dissemination is being
carried out through seven PNGOs, who have
established technology demonstration parks in
their respective areas, preferably on their own
land, so that such parks will become a permanent
technology demonstration and dissemination
centre for the relevant state/distnct. The FNGOs
have been demonstrating, disseminating and
cstablishing On-farm demonstration sites of
relevant technologies, appropriate to the needs
of the farmeérs of their respective aréas.
Identilication of technologics is need based and
is demonstrated in selected villages, purposely
sampled through survey and PRA exercises.

Objectives

« To institutionalize a process mechanism for
technology backstopping & capacity building
of rural upland farmers in simple, low-cost,
appropriate technologies.

= Toser up a network of credible NGOs o
showcase simple, low-cost, appropriate
technologies,

* To hand-hold the selected NGO3$ o set up
Demonstration Centres and On-farm
demonstrations and facilitate a process
mechanism for capacity enhancement of
vpland tribal Farmers, parncularly shifting
cultivators.

* To build up the capacity of Partner NGOs
{PNGOs) in this regard.

+« To facilitate a Process mechanism for
identifying technology nput needs in remaote
marginalized areas and build a communicy-
driven process mechanism for addressing
technology gaps.




SN s e

To establish a process mechanism for Capacity
Building in On-Farm Technologies and
enhance technology dissemination through
COn-Farm demonstration and trainings

To technically validate technology modifi-
cations/adaptations for further technology
upgradations

To develop technology dissemination material
(ICT- printed, audio-visual and other
material) and ensure wider dissemination in
local langeages through Partner NGOs,

To encourage entrepreneurship development
among rural youth, especially women, based
om simple low cost, appropriate technologies,

Achievements

Up scaling of technology dissemination and
backstopping is carricd omt across the North
Eastern region with the help of seven Partner
NGOs (PNGOs) through the establishment
of seventeen Demonstration Centres and
about twenty seven Oun-farm demonstration
sites in twelve Development Blocks spread
over eight districts in five states helping in the
capacity building of more than 1800 lead
farmers/farmers during the year 2007-08
{Table-19).

Concentrating first on the lead farmers and
then on the marginal farmers, who in turn

Table 19: Number of lead farmers and farmers trained during the period 2008-09

5L No. Mame of PNGOs Mo, of Lead farmers trained Ma. of Farmers trained
Male Female Total Male Female  Total

1. [TRM, Assam B4 13 g1 195 3 26
2, CEP, Mizoram 124 & 32 G34 152 784
k S5RD, Manipur f & 12 210 ] 15
4. NIDA, Manipur 7 3 10 B3 157 240
5 5t VWS, Tripura 13 23 k1 12 29 41

6. MAM-RHEM, Meghalaya 14 B 18 124 124 243
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have adopted a number of wechnologies, the
Partner NGOs have disseminated the
appropriate technologies suitable to their
TESPECIVE ATEas.

¢ The farmers in the project sites have accepted
a number of appropriate technologies and also
have modificd a few without compromising
with the basic principle of a particular
technology. Some of the technologies like bio-
composting, biobriquetting, hedgerow, erc.,
lnave a tremendois acceptance and, thetefore,
popularity in the project areas and farmers are
trying to convert these into a small scale
entreprencurships,

#  The field manual distributed during the
training programme has been translated to
iocal languages by the PINGOs for an effective
adoption of technologies by the target group.

s Forawider impact, networking has been done
with other institutions and the project
activities are being linked to programmes likes
IFADMEDS, Meghalava, and Watershed
development project of Govt, of Arunachal
Pradesh in collabomation with State Institute
of Kural Development, Arunachal Pradesh.

Enhancement of Livelihood Secority
through Sustainable Farming Systems
and Related Farm Enterprises in
MNorth-West Himalava (2007-2012,
World Bank through ICAR)

Major strategies for livelihoed i the Himalayan
region involve diversification of agriculture and
conservation/management of the associated
resource base. Intensification of resource use is
often viewed as a necessity for achicving increase
in food outpur, vet it is also potentially
detrimental to velnerable resources such as soil
and water. Exteénsion of cropping land causes
deforestation, and land degradation which leads

| THENE

to major loss of habitat and biodiversity that
affects productivity. Similarly, many income
diversification activities also put natural
resources at risk. Therefore, anothér mmportant
component of the project is to develop
‘Indicators of Sustainable Development® to
provide basis for decision-making at all levels and
to contribute to a self-regulating sustainabality
of mtegrated environment conservation and
development. It is hypothesized that designing
the three dimensional research programme
including the natural resource aggradations,
diversified integrated farming system and allied
livelihood development may help to realize the
goal of environment, food and livelihood
security. Enormous possibilities of diversification
based on niche potentital of varicd growing
conditions and very low consumpiion of agro-
chemicals offer enormous potential for raising
the productivity for enhancing livelihood on
sustainable basis. The goal of the project “Niche
based sustainable development and livelibood
security in agriculture and allied sectors” is
proposcd to be addressed, by enhancing
agricultiiral productivity through management
of natural resources, diversified farming,
processing for value addition, allied livelthood
activities, capacity building, sorial organization
and marketing.

Objectives

# Enhancement in agricultural productivity
through proven technological interventions.

« Upgradation and management of natural
resource base.

o Apgro-processing, value addition and improved
marketing for enhancing profitability and
emplovment opportumities.

«  Empowerment through capacity building and
skill development m core and allied
agricultural sectors along with emplovment
generation
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Achievements

This project is being excouted in Champawat
and Tehn districts with the help of village Van
Fanchavat and people’s representatives at all
the selected 6 village clusters, The resulis
illustrated that the Amomun subularun
exhibited the minimum survival percentage in
all three clusters (3.6 % in Hadiva to 27.60 %
in Manjgaon) on the other hand the maxirmim
of 88 % survival was recorded for Svepgium
crmin in Jamnikhal closter. In-general Morus
alba fas a good survival percentage (72.60 to
77.20%) in all the three clustérs. Bamlinia
purpurea (50) and Sapindus sp. also exhibited
more than 57 % survival in all clusters.

Quercus species in all clusters excluding
Jamnikhal where it survives at the rate of 59
to 68 %, Meliaz azedarach shows 34% (Hadiya)
to 64 % (Jamnikhal) swrvival, Other
muliipurpose species, like (Cimnamomum
tamala, Emblica offfcinglfs, Pennisetum
purpuréum cte. exhibited higher montality rate
in all clusters.

Organized three day National training (7-9
April, 2008) on Common Property Eesource
{CFRs)and Livelihood. Fourteen participants
from different partner organizations$
participated in this training programme
followed bv an exposure visit to Bhiri
Banswara {2 demonstration model for Agro-

However, poor survival was recorded for forestry).
Table 20: Villagers perception on land management
Treatments/ Inputs Clusters (%)

Dharaonj (n=%6) Bunlakh (n=104) Gumod (n=45} Chaurnie (n=51}

Plantation
Fodder yielding 100 20 ] 100
Fuel viclding 100 13 (&) 100
Wild edible plants 20 0s 43 a5
Agroforestry
MPTs + Horticulture S B3 a7 L+
MPTs + Agriculture 55 37 18 56
Horriculture+ Agriculiure 73 a3 el 73
MPTs+ MAPs bt 3 7h 100
Pasture land development
Local grass a7 34 a7 34
Mapier grass 100 100 10 {E4]
Lemon grass ({14 180 JRIT L
MAP & Floricolture
Herbs/ Shrubs 160 100 25 45
Trees A3 67 1] 33
Floriculiure ' ' 100 100 a3 46
Soil and Water Conscrvation
Water harvesting tanks 100 100 100 10e
Roof water harvesting HE] £y 100 ey
Biological measures {Soil 10 140 o8 98
conservalion)
Mechanical measures (Soil 89 79 HY 100
conservation)
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Biodiversity Conservation through
Community based Natural Resource
Management in Arunachal Pradesh
(GOI-UNDP-CCF-II Project (2008-
2010, UNDP through MoEF, GOI)

The state of Arunachal Pradesh with an area of
83,743 km?® is renowned for its biological
richness. This is located in the Eastern
Himalayan Biodiversity Hotspot and is also listed
among the 200 Glebally Important Ecoregions.
The state’s unique [ocation a1 the hiogeographic
realms further enriches the region’s biodiversity.
The state is estimated to have nearly 50 % of the
tertal flowering plant species in India. [t has been
designated as a globally important Endemic Bird
Area, and out of the 1200 bird species in India,
nearly 600 have been recorded from Arunachal.
It 15 also home to. 26 major and 100 odd minor
indigenous communities, who continue to be
dependent on natural resources for food,
medicine, traditional rituals and customs as well
as a source of cash income, As elsewhere in the
globe, centrally administered preservationist
biodiversity conservation programmes that rely
on the use of force to achieve conservation goals,
have limited applicability or merit for these
traditional communities of Arunachal Pradesh,
Hence aoy conservation effort would require
ingenious and innovative solutions with great
sepport from the local people, considering the
cultural and historic values and being sensitive
towards thewr needs, Keeping this in view, these
projects intend to develop a viable, replicable and
effective community based natural resource
management initiative in the Tawang-West
Kameng Biosphere Reserve (Proposed) and
Apatani Platean (Tower Subansiri District) of
Arunachal Pradesh, This project intends to
provide sustained incentives and support ta the
local communifies to effectively protect and
enhance the bindiversity conservation. Specific
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attention would be paid to a few eritical issues
such as hunting, shifting cultivation, community
welfare and alternative livelihood

Objectives
» To promote participation of local

communities in biodiversity conservation
measires and resource management.

+  Topromote alternative livelibood schemes Like
ecotourism, agro forestry, and micro
enterprise in the project areas to provide
incentives and reduce matural resource
dependence.

= To improve upon shifting cultivation and
promote livelihoods through technological
mlerventions.

* To enhance community well being (Primary
health care and education).

= Tocarry out studics and inventories about the
lack of information for improving policies,
knowledge base and monmoring,

Achicvements

+ Identification of project imlervention sites-
Proposed Tawang-West Kameng Biosphere
Eeserve or the Tsangyang Gyatso Biosphere
Beserve and Apatani plateau has been done,

» [dentification of partner institutions to work
on specific issues - NERIST, Niruli and
NCADMS, Ziro for Apatani plateau and
SFRI, ltanagar and WWF, Dirang for
proposed Tawang-West Kameng has been
completed.

* A database on wpography, history of study
area, peaple, culture, way of life and degree
of dependency on natural resources, eic., has
been created.

« Consultations with state government line
departments and agencies for [eld
implementation of the project are

e )
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continuously being carried out, A State level
Steering Committee with the PCCF of
Arunachal Pradesh is being constituted to
continuously moniter the progress of the
project. In consultation with the Depr. of
Horticulture, and Environment and Forests
of Arunachal Pradesh, a technology
Demonstration Centre is being established
at Hapoli ins the premises of Department of
Horticulture and nursery i Siro village
owned by Department of Environment and
Forest in Apatani platcau project site.

ldentification of technologies for enhanced
agriculoural vield, which are to be established
in two project sites (Table-21). = completed.

Village Biodiversity Conservation Councils
(VBCC) has been constituted in 15 targeted
villages in Apatani platcau project site and
same is initiated in Tawang-West Kameng BR
project site.

Propagation of 4 medicinal and aromatic
plant species has been initiated at Apatani
platcan project site ( Table-22).

Table 21: Low cost farming technologies for sustainable development of agro-ecosystem and to reduce

fuelwood demands

Polyfilm

Legume intercropping . 3
Muld-tier cropping

Trellises - . 3

Trap cropping

Technologies
Production Nursery Soil Erosion Water Post Harvest  Encrgy/Fuel
Enhancement Technigues Control Management Saving
| Weed/Bio-composting Bamboo Comtour Boon Zeroenergy  Bio-briquetting
propagalicn hedgerow SYStem conl chamhber
Liguid manuring Cutnting and Modified Haandi (pitcher)
prafting Thum irrigation
Vermi composting Polyhouse and -
agro-shade

Table 22: List of selected species for intervention with numbers of saplings developed at the nursery and

the targeted area (ha) at farmer’s level.

Scientific name Common namne Saplings (nos.) Targeted area (ha)
Swertia efrayaca Chiravita 10,0000, 0k - ERLY
Taxus wallichinna ew 2,500.00 5.00
Amamuerr sulbrilabuns Large cardamam 10, 00000 10.00
Actinidia deliciosa EKiwi 2,500,000 .00

| Total - 25,000,00 23.00
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Cultural landscape: the basis for
linking biodiversity conservation with
sustainable development of Arunachal
Pradesh, India (2008-2011, UNESCO-
McArthur Foundation, New Delhi)

Cultral landscape can be considered as one of
the most striking outward manifestation of
intangible values inherent in cultural heritage.
Thus it 1z important to understand the interaction
of people and nature over time in such cultural
landscape and aesthetic, coological and cultural
values related with the high biological diversity
ar resources, Tn contemporary global miliew, it has
been well acknowledged that biodiversity
conservation approaches do not work in isolation
to traditional communities inhabiting the Torest
margin. The traditional communities ate poor and
vulnerable people who are most dependent on
bioresources as their lvelihood sustenance. The
traditional commumties living near bioresources
must be central to designing and implementing
any biodiversity conservation strategy, but such
relationships between biodiversity and livelihoods
are complex, and need extensive investigation.
Keeping this in view, the siudy aims 1o address
biodiversity conservation with concern for
sustainable devclopment of traditional
communities living i the mega cultural landscape

Fig. 40l Agro-shade for plant propagation at mursery site of NCADMS

along an altitudinal transect of the West Kameng
district comprising of Dirang and Bomdila circle,
The forest centered land use practices are
predominant livelihood sustenance in Bomdila
circle while sedentary agriculture coupled with
transhumance following rotational grazing based
animal husbandry practices is predominant
livelihood in Dirang circle. The communitics
living in the region have always been closcly linked
with the landscape aound them, being dependent
vpon both natural and human-managed
ecosystem. The cultural landscape that the ethric
communities created around themselves has a
distinet imprint of its own, which is the product
of the given socio-ecological system, and the
wraditional ecological knowledge, which in terms
reflects the cultural values and beliefs associated
with those that the ethnic group pOSSEssCs.

Objectives

» Landscape system analysis, fguring out the
linkages berween natural and human-
managed coosystems in the landscape and the
manner it which they are linked to the village
eoosystem function,

= ‘Trying to gvaluate the manner in which
traditiomal societies perceive management of
biamass, soil fertility and water resources
within the landscape and the kind of coo-

T
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cultural drivers that ensure effective
management of natural resources, and its
sharing on an equitable bas:s.

A detailed analysiz of the culmire-based non-
codified institutional arrangements, such as
the organization of cultural calendar linked
to the biophysical dimensions of the
coosystems that they are concerned with,

lssues related to competition vs coexistence
of different cthnic growps within and ourside
the identified boundaries of a given culmiral
landscape and their implications for
sustainable nse of natural resources within
and between societies.

The role of institutional arrangements for
effective management of natural resources
with emphasis upon the traditional
mstitutional arrangements.

Achievements

Study site has been selected and location map
of study site developed. The study site is

sitvated in the West Kameng district of
Aranachal Pradesh. Eight villages have been
selected for detailed investigation, of which &
villages are sitvated in Dirang circle while two
in Bomdila circle,

Documentation of land resources (Fia. 41)
and land ownership, raditional istutions
and resources management along with
agricultural systems, livestock, food and
beverage system, religious and rituals of both
Sherdukpen and Monpa tribes was done,

Orecupational structure reveals that agricultere
is the main livelihood sustenance in Dirang
circle where more than 75 % depend on it
while other economic sectors dominate in
Bomdila circle.

Field investigation of different types of
agricultural systems (Table-23) have been
done for the first year cycle. Crops and
cropping pattern arc being studied for Monpa
and Sherdukpen tribes in Dirang and Bomdila
circles of the district.
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Fig. 41. Comparative land use-cover of West Kameng district and Arunachal Pradesh
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Table 23: Agriculture tvpe and crops grown by Monpa and Sherdukpen tribes

Characteristics Monpa

Sherdukpen

Agriculture

Use of manum

Animal hushandry

and tying cows in fields.

Implements used Make wse of plough, which is made
of wood.
Crops grown Barley, maize, chilly, wheat, oat. beans,

pea, millet, onion, garlic, radish,
pumpkin, ind rice (in irrigated field).

Yaks. fowls, sheep, cows.

Good cultivators: use manisre; they
practice permangnt fype of cultivation
with & few exceptions of shifting
cultivation in Kalaktang area.

Make nse of Oak leaves for manure

Practice both shifting and permanent
types of coltivation but are rather poor
agriculturists. Subzidiary means are
rade, fishing, hunting, handicrafis.

Make use of Oak leaves for manure
and tying cows in fields.

Primitive type of plough drawn by
hullocks.

Maize, miller, wheat, bean, purnpkin,
cabbage and abundant chilly

Have special preference for various
products of milk and rear cows and goats

Table 24: Traditional Forest land use classification of Monpas

fid). fa-sesing

v} Brog

Local name Description Importance

4} Borang Commumnity forest Extraction of timber, bamboa, cane, foelwood
& other NTFPs for household requirement
Collection of materials for ntual ceremony,
hunting.

fi} Ja-dung Bovang Village forest ==

oak ree

i) Habnang Sesfradolsie  Sacved groves {community land)

Individual forest dominant by

Community/ village grazing land

Extraction of fuelwood and leave litter for
mulching in agriculture fields

Restriction of extraction except for ritual
purpose. Good seed bank for varictics of spp.

Grazing land for cattle, yak and mountain sheep.

-

Traditionally the Monpas uses five types of
forest lands viz. Borang (Community forest for
extraction of tmber and other NTEPs), Jao-
ding Borang (Village forest), Jfo-sesing
{Individual forest for extraction of fuelwood
and leaf lirter), Habrangy Seshadoksha
(Community Sacred Groves) and Brog
(Community village grazing lands for
livestock) (Table-24).

The rich biclogical diversity also plays an
important role in the cultural and rieal practices
of both the tbes. Monpas and Sherdukpens
have traditionally developed strategies of
conserving and managing nature and biological
resources, Monpas have been conserving 21
plant specics { Table-25) while Sherdukpens have
been conserving |4 plant and 2 animal species,
which are either of cultal or rtval value,

81




Fiz. 42, Sherdukpen couple in traditional dress

.

Fig. 43. Traditional Sherdukpen house in lowland
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Talble 25: Plant species wsed in mituals and Festivals by Monpa tribe

Local Mame

Scientific Name

Uses

Barfiua

Leepii

Fhupur (Better test variety)

Phupur

Burdammo
Lopaseen

Mann [large variety)

Mann (Small vanety)

Odong-Sing

Juln-Fing
Tama-Sing
La-5ing

Letsong-JFing
Ro-Simg
Wiang-sing
Wangmu-Sing

Maowig
Seidy
Ning
Chaendu

Chenopodii @il

Fagopyrion escalenium

FWP vpriae falfaricwim

Amaranthus spp.
Ailivn sativam

Alljusm sp,

Alliwm sp.

Rhadodemdror arborsiim

Riododendron igpidaten
Rhadodendron grands
Rhododendron sp.

Finus wallichiana
Furnies rochecrgiell
Chpressis torulosa
Thufa occidentaiiz
Justipers reesirng

Twiticinn aestivem

Capsicem SR
Acanizeim hereroplylinm
Avanienm ferox

Leaves and grains are used for making varicry of
ethini¢ foods during Loser and other Buddhase
fostivals.

Used for making Churpr, which is extensively
used in the ritual and festivals e.g. Loser

Powder grain is made inga paste and sun dried,
which is offered in Buddhist temples. [t is also
distribated o the persons present during the
rituals and festivals of Buddhists.

Powdered grain is made into paste and then dried, |
in the sun. This is offered in Buddhist temples. It |
is also distribuied tothe persons present during
riteals and festivals of Buddhists.

A precious and culterally important crop used for
making the ethnic food Khepse useed in Losar,

It has coltural relations with Buddhist temples.
It is used in rituals for conng different allments.

It has cultural relations with Buddhist temples,
It is wsed in riveals for curing different ailments,
It 15 alse offered in Laosar festival,

It has cultural relaticns with Buddhist temples.
Ii is wsed in rmal for curing different ailments.
It is also offered in Losar festival,

Flowers are vsed for offering and leaves and buds

are used as inoense,
Young leaves and stems are used as incense.
Young leaves and stem are used as asincense.

Used for packing Chargd and Giesr. The Ghee is
used in Buddhist temple.

Young leaves and stems are wsed as incense.
Young leaves and stem are wsed as incense.
Young keaves and stem are wsed as incense.
Young beaves and stemn are used as incense.
Young keaves and stem are used as incense.

Flour is use for prepamation of Toem, grains ane
thrown in every direction after the rituals.

Diry fruitis burnt to drive away evil spirits

Tuber 13 worn to ward away evil spines.

Tuber 15 worn te ward away the evil spinits |

B3
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Theme
BIOTECHNOLOGICAL
APPLICATIONS
(BTA)

The plants are the primary producers; therefore,
a thorough understanding of the factors that
govern their productivity and functioning is of
paramount importance especially in the light of
severe climatic conditions prevailing in the
Himalaya, and current concern about the global
climatic change. A thorough understanding of the
mechanism of plant adaptation 1o stress, be it of
physiological, biochemical or molecular, is
extremely relevant for increasing the productivity
of the plants. Besides the above, exploration of
microbial diversity with special reference to plant
growth promoting microorganisms and
mycorrhizal associations is also considered crucial
particularly for the formulation of carrier based
bioinoculants for increasing plant productivity
under extreme climatic conditions of the Indian
Himalayan region (IHR). A study on diversity and
reproductive suocess on fish {Ichthyology) has also
been taken up. This theme focuses on plant
propagation and adaptation, quantification of
active ingredients of medicinal and arcmatic
plants, documentation of microbial diversity with
special reference to plant growth promoting
micToorganisms and mycorrhizal associations, elc,
The theme envisages to i) identify and document
bioresources af applied value of the 1HR, (i)
generate technological know-how of the process
development, and iii) build capacity of the human
resource. The objectives are: Identification and

ad

docomentation of bicresources of applied value
of [HE; Gereration of technological knowhow
of the process development; and Homan resourece
development.

Assessment of Microbial Diversity in
Himalayan soil and determination of
Potential Applications (2007-2012, In-
house)

Systematic work was initiated in this Iaboratory
on the isolation, identification and characten-
zation of microbial communities of the region
about 13 years ago. While the temperate and
alpine locations have been explored for
enumerating the diversity of free-living bacterial,
actinomycetes and fungal communities, the
symbiotic associations between selected trees and
the AM (arbuscular mycorrhizal) fungi have also
been investigated Some work has also been
carried out on microbial diversity of two hot
spring sites, located in the Garhwal Himalaya, for
the expleration of thermophiles. Microbial
inoculants smitable for colder regions of
mountains have been developed. The present
proposal iz formulated on the basis of the leads
obtained from the work done so far in the area of
microbial diversity of THR with a focus on:
(1} rhizosphere microbial communities, and {2)
extremophiles. Tn addition, it is also planned 1o



take up one microbiclogy based activity for NE
region.

Objectives

Ll

Assessment of diversity of microcrganisms
growing in extreme conditions [thermophiles
and psychrophiles) of Indian Himalayan
Region.

Dhetermination of potential applications of
selected microorganisms with an emphasis on
production of secondary metabolites and
ENEYINeS,

Preservation of pure cultures in the Institute’s
laboratory and accessioning of selected
cultures in National and International Culiure
Collections and Gene Banls,

Influence of fire process during shifting
cultivation on soil microflora and nutrients
(HE & WE unit collaborative study).

Achicvements

The rhizosphere populations associated with
Ginkgo bilohg growing under the temperate
climatic conditions have been investigated,
Besides colonization of free lLiving
microorganisms and arbuscular mycorrhizae,
this study also reported the occurrence of
endophytic organisms in the cortical cells of
mycorrhizal infected lateral roots of G, Bileba.
An endophytic bacterium. isolated from
cortical cells of G biloha roots has been
evaluated for its plant growth promoting
abulities.

Species of Aspergifius isolated from the soil
samples collected from different locations
have been studied for their growth
reguirements and phosphate solubilization at
different temperatures, Actinomycetes solates
(78 nos.) were obtained from the soil $a miples
collected from alpine zones of Pindan glacier
region. Following plate based rapid screening,

five efficient antagonistic isolates were
investigared for further characterization with
special reference to their antagonistic
properties. Thirteen thermophilic strains
originally isolated from hot spring sites have
been investigated for their phenotypic and
genotypic characters.

o  Selected cultures of bacteria, actinomycetes
and fungi have been accessioned by MTCC,
IMTECH, Chandigarh; ITCC, LAR], New
Delhi and Agarkar Institute, Pune, The gene
sequences of the important isolates have been
accessioned by NCBL

»  Study sites for investigation of microfloca after
completion of fire operations in agro-forestey
sites were sclected in NE region. Chemical
and microbial analysis of soil samples was
carned oul

Development of propagation
protocols, multiplication and field
evaluation of selected economically
important plants in Indian Himalayan
region (2007-2012, In-house)

The forest cover of the Indian Himalayan region
is gradually getting reduced due to over
exploitation, and thus has also resulied in
decreasing the availability of many economically
important plant specics meluding non-timber
forest produces, With ever increasing human
population along with growing demand for plants
and plant based products, there has been
tremendous anthropogenic pressure on these
primary producers. In order to cope with such
challenges, large seale plantations need to be taken
up. Therefore, large scale multiplication of quality
planting material would be required. Besides
conventional methods of propagation, in vitro
propagation technigques have the recognized
potential for rapid multiplication of elite clones
not only to provide the much needed planting
material for cultivation to derive economic

23
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benefits but also for restoration of degraded land
and conservation. Keeping these goals in mind,
results of different studies taken up during this
year is being reported.

Target species: Zanthoxidim armatum DO [sym £.
alatuns Roxb, (Rutaceae)], Amomum subilatum
Roxb. (Zingiberaceae) - HQs: Quercus spp.
(Fagaceae), Rhododendron spp. (Ericaceae) -
Bikkim unit; Olea ferrugines Royle {syn. @
ceuspidata Wall. ex G. Don, (Oleaceac)] -
Himachal unir, Kuollu, All are economically
important species,

Objectives

*  Germplasm collection and maintenance in
TITSCTY,

*  Development of propagation protocols by
conventional (by cuttings and seeds) and in
vitrp methiods,

* Large scale maultiplication and field
performance.

*  Training of students, farmers and villagers.

Achievements

-

Field surveys were carried out in other
prospective places to collect plant samples
(seeds, cuttings, ete) for all the target species
for germplasm collection and obtaining plant
material for experimentation,

Secds of O frmgines collected from different
populations (Thalaet, Saioond, Kais,
Kolibehar) differed considerably in
morphological characteristics. Thalaut
population showed higher length, width and
weight compared to ether populations:
imbibition curves of seeds of different
populations exhibited significant variation in
water uplake rates, Mechanical scarification
markedly influenced germination and was
used for nursery raising and multiplication.

Todevelop issuc cultures of O Jerroginea, apical
shoots and nodal explants with axillary buds
when cultured on MS medium containing half
the concentration of sals, BAF or kinetin (0.2
2.0 mg/L) and NAA or LAA (0.1-0.2 mg/1.)
was found 1o be suitable in inducing bud break
and shoot proliferation (Fig, 44,




Fig. 45. In vitro propagation of R, dafbossiae. (A) Shoot multiplication on MS medivm with 2-isopentenyl adenine,

& (B Hardened planis ready For Reld transfer,

The effect of seed size (large, medinm & small}
on germination of Quercis spp, sceds was
examined following sowing under shade
{using net}and in open. The Jarger and heavier
ones requited short emergence time, exhibited
better germination (70%) and scedling
performance (survival 98%) compared o
medium  and smaller ones. Highest
germination was observed in soil ratio mixture
of degraded and forest soil (1:1) and it showed
maximum germination of 0% when treated
with solutions contaiming a systemic
fungicide, Bavistun.

Adr wet technigue, a promising alternative
method af vegetative propagation, has proved
successtul in Rbododendron arborenm, K.
daffionsioe and B griffithiamen, This method
along with vsing stem cuttings (lealy) was also
attempted for Q famielfosa and O pachyphyla.
Stem cuttings were treated with various
chemical solutions (IBA, NAA, GA |, ABA,
1AA, Phiomglucinol, Bavistin) and planted in
soil at different microclimates. Inmirial
sprouting started in some cases results are
awaited.

The first successful micropropagation
protocel for anather important Sikkim
Himalayan Riododendron, B. dalbhousiad, was
developed (Fig. 45). Large number of plants
have been successfully produced and
transferred to the feld, This has the potential
for commercial propagation and conservation
of this species.

Mass scale propagation and conservation of
endangered K. maddend using existing
protocols are continuing. Planting of quality
plants & being continued in the Arboretum
and in the Rare and Threatened Conservation
Park (RTCP)

A seasonal effect on root formation in stem
cuttings (15-20 con) of Z armaren was carried
out following treatment with various
chemicals. Callus formation occurred at the
base of some treated cuttings but root
formation was not observed, Amr layering
method was found to be suitable for
propagation of this specics and a seasonal
influence was observed; this technique is being
vsed for muluplication.
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Fig. 46. Shoot multiplication of 2. armstam in MS nedinm
supplemented with BAF & NaA,

= Aseptic cultures were developed using nodal
explants taken from branches of Z woman
trees following culture on basal Murashige &
Skoog's (MS) medium. The sprouted shoots
were  multiplied on MS medium
supplemented with BAP (0.5-5.0 aM) and
NAA (0.5-5.0 pM) Maximum shoot
proliferation was obtained on MS medium
supplemented with 4 uM BAP and 1 pM
NAA. The shoots are being further multiplied
(Fig 46) for sumulating root formation,

* T establish tissue culture rhizome segments
of A subedatum, these were cultured on the
MS medinm containing cytokinins BAP (0.5-
3.0 pM) and kinetin (0.3-5.0 pM). Effective
and maximum shoot proliferation was
obtained on MS medium supplemented with
0.5 pM BAP and 1.0 ub kinetin; the shoots
are being multiplied for obraining plantlets.

Identifying the environmental
correlates leading to reproductive
success of fishes for enterprise
development of lotic stream fishery
(2008-2012, In-house)

Arunachal Pradesh is known for its rich
biadiversity. A large part of the state still remains

HE

unexplored and the diversity of both fioral as well
as faunal elements remains largely undocu-
mented. Even where reports exist, many groups
remain unstudied. The state has many major
rivers and numerous rivulets and streams
dissecting the topography, offering diverze
habital to aquatic life. While some rivers of the
state have been surveved for their ichthyofauna,
many remain unexplored even today, Senkhi is
one of the important streams of the capital rown,
Itanagar, which caters to 70% of the water needs
of the urban population. It also contributes 38%
of the Tcthyofauna of the statc and has also
reported an addition of eight new species for the
district, four for the state and one new species to
science. Senkhi consists of varied microhabitats
ranging from deep waters to fast-flowing riffles.
Being a perennial stream it is important as it
caters to the day-to-day needs of the urban
populace. There has been noticeable reduction
of vegetation cover in the catchment areas, which
has resulted in low discharge of the once fast
stream. The fish are part of the tribal folklore
and an important source of food. Most of the
fishes captured in the state serve to ihe
subststence needs of the people, and increasing
demand for fish s met through imports from
outside the state. There is dearth of awareness
regarding the commercial breeding activities, and




the government schemes and benefits lack the
outreach to the people.

Objectives

Teo identify the ambicnt environmental
parameters of water for different species of
fishes.

Tor carry out regular population estimates of
fishies over sampling period.

To study the behavioral and morphometric
parameters of fishes and correlate the same
with their population parameters.

To identify the fecundity of fish over the
sampling period.

To prioritize the fishes based on their
reproductive seceess and population
parameters for enterprise development.

Achievements

Three study sites based on the clevation
griadients in the Senkhi stream were selected,
1.e., upstream, midstream and downstream,
and cight ambient water quality parameters
were recorded. Monthly water quality analysis
reveals that air and water temperature were
lower in upstream but pH showed a reverse
trend; similarly organic matter, ammonical
nitrogen, nitrate nitrogen, phosphate and
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Fiz. 47. Ambient water quality of three different
sites at Senkhi stream.
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BOD showed increased levels from up o
down which is indicative of poflutants
dumped downstream (Fig. 47).

Fish capture frequency classes prepared out
of weekly samplings reveals that 6% of species
were commeon, 4% abundant, 8% frequent,
20%% vecasional, 10% sporadic, 18% rare and
32% were extremely rave (Fig 48).
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Fig. 45. Capture freguency class of different fishes
canght during sampling pericd.

Dhuning the study, 4 new reports for the state
18, Pseudolagmda shawi, Glyprotharar selchitee,
Balfrora brucei and Oreochromis mossambica
were added, 12 new reports for the district
{Papum pare)and | new species to the world,
L.¢. Erethistoides senkhiensis (Fig. 49)

Fig. 49. Ercthistordes Sewleliteisis

Feeding zones for 50 different species were
identificd and gut content analysis was
endertaken.

Length versus weight regression analysis was
carried out for the 10 predominant fish species
found in Senkhi stream,
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Summary of Completed Project/ Activity

Development of callus and hairy root cultures as strategy for production of
active compounds from two Himalayan alpine medicinal plants (2007-2009,
UCOST)

A large number of herbs of the Indian Himalayan region are sources of active compounds which
are used [or the preparation of high value drugs. Due to increasing demand of these plants by the
pharmaceutical companies, they are being subjecred to reckless, often llegal harvesting, well beyond
their natural regeneration capacity. Although conventional and biotechnological methods have
proved promising for multiplication and subsequent cultivation of many of these species, use of
callus cultures and genetically transformed hairy roots for production of active mgredients of
medicinal value would be an attractive alternative, Use of genetically transformed hairy roots,
produced by gram negative soil bacterum Agrobacterium tumeficiens, has been reported 1o be
promising for secondary metabolite production in many plant species, Therefore, two cconomically
important species, namely, Pierorhiza kurroon and Aconitun heteropfoplhem have been selected for this
investigation,

Ohbjectives of the project are ; (i) Establishment of callus and hairy root cultures; (1) Analysis of
active ingredients; and (i) Scaling up cultures for the production of active ingredients,

Achievernents of the project are 1 (i) Callus coltures of P kurrooa developed from leaf and
nodal segments have been scaled for analysis of growth and active ingredients; (i1} Hairy
roots developed ([ollowing infection with Agrobacterium fumefaciens) and confirmed by PCR
analysis have been scaled up. Among different types of medium used 1o determine maximum
growth of hairy root lines (8 lines) during 1-8 weeks culture, best growth was achicved in %
strength Murashige & Skoog's liquid medium: (iii) In all the lines, slaw growth accurred in
the firse 2 weeks followed by a gradual increase in the next 6 weeks; subsequently the cultures
showed a stationary/declining trend. In most of the lines better growth with higher biomass
was achieved during 3-6 weeks of culture and maximam (13.0 & FW) was recorded in one of
the lines, whereas minimum (about 13 g FW) was recorded in another ling; and {iv) Active
ingredient content (based on picrotin and picrotoxin standards) in these hairy root lines as
well as in other samples, was determincd following extraction, purification and analysis by
HFLC. A wide variation {1.5-45.0 mg/g DW) was detected in ali the samples (ronners, callus
& hairy root lines). In some hairy root lines the levels were higher indicating that secondary
metabolite production via hairy root culture could be a potential souree for the pharmaceutical
COmpanies,




Summary of Completed Project/ Activity

Technology Vision 2020, Mission Projects on Agriculture: Sikkim Project (2003-08,
Technology Information, Forecasting and Assessment Conncil (T IFAC), Department
of Science & Technology, Govt, of India)

The objectives of the project targeted overall improvement of the socio-cconomic condition of hill
farming communities. The sustainable agricultusal development, needs better Crop management
practices through efficient recycling of available resources. Therefore, this project demonstrated
the agricultural production potential in farmers’ fields with better management and improvised
collateral practices. This involved direct interventions in the farmers” fields to increase the
productivity polential of the existing upland on-farm practices and hands-on trainings to the farmers/
village youth for motivation towards increased agricultural potential for envisaged positive impacts
ot their socic-coonomics.

The major outcomes of the completed project are: (1) Fifteen low cost poly-houses were
constructed in the fields of selected farmers in three villages, (ii) Specialized training of the
farmers on improved cultivation technology of vegetables and their seed production carried out
in Fast & South Sikidm, (iif) Low cost poly tanks were provided to the villages for water harvesting,
These tanks were a boon to the Farmers of Cham Gaon and Tarku. Duting winters when the
precipitation is as low as zero, these tanks are used twice daily, (iv) Specialized training (o farmers
on disease free ginger cultivation, its storage and seed production, 7 of the 10 farmers of Central
Pandam, reported good results (2007-08), (v) Training on solar sterilization of fields and ginger
seeds to achieve disease and nematode free crops. (vi) Total 12 beneficiaries from Lingdok and
Tumin villages (1700-2000 m) were identified for improved large cardamem cultivation, [vii)
New Seller seedlings and grafied saplings of Mandarin (Cirrus rericuiara) were distributed to the
farmers of Central Pandam. The planting material was provided by LAR.L, Regional Station,
Kalimpong, (viii) A total of 9,100 propagules of disease free large Cardamom (Cultivar:
Bharlangay) were distributed to the farmers (Lingdok and Tumin) and grafted citrus scedling
(Central Fandam village) in East Sikkim, (ix) Incidents of diseases and pests: “Chirkey" and
“Phurkey” in large cardamom, “Stem borer” and related diseases in mandarin orange and soil
borne disease in ginger reported from all the sites have caused sharp dectine in productivity, {x}
Therefore, training and demonstration on identification of insect, pests and disease of Mandarin,
along with their prevention, was organised at Central Pandam, Fast Sikkim. Mandasin orchards
in these areas were surveyed for identification of plants with Citrus Triesta Virus (CTV) infiestation,
and (1) Training on 'Protected Cultivation of Horticulture Crops' was imparted to six firmers
and two GBEPTHED staff members at LA R.L, New Delhi,

<1
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Theme

KNOWLEDGE
PRODUCTS

AND CAPACITY
BUILDING (KCB)

The mountain communities have acquired an
immense knowledge of their natural environment,
Yet this accumulated knowledge 15 rapidly
disappearing as the traditional communities
steadily become more cutturally and biologically
uniform. With greater realization of the value of
this knowledge base, it was considered that the
knowledge should be an integral part of a holistic
and cost-cffective approach to sustainable
development, The knowledge accumulated,
documented, produced /developed over a period
of time in any Geld related to human well being
and natural resource management, is required to
be transmitted or exchanged throvgh capacity
building efforts in empowering all the
stakcholders. Knowledge base of the different
traditional secieties and knowledge developed
through science and technology interventions, if
suceessfully adopted/implemented would
certainly gencrate ecologically sound,
economically viable, secially acceptable and
institutionally enforesable outputs. The main
objectives of the theme are: pndertake in-depth
studies on documentation and validation of
knowledge {rraditenal/ indigenous/ rural); utilize
natural resources for livelihood enhancement and
income generation using local knowledge and
capacities through 5&T interventions; translate
existing knowledge into products; enhance human
capacities and skill in harnessing the potential of

a2

knowledge systems for development; and provide
epportunity for stakeholders to interact with each
other and with instiutions working on knowledge
products system together to address research,
action, and policy needs and help to develop
appropriate strategies and guidelines for
sustainable mountain development.

Enhancement of the livelihood
security through sustainable farming
systems and related farm enterprises
in North-West Himalaya (2007-2012,
NAIP/ICAR)

The natural resources afe in poor state in central
Himalaya because of high dependence on them
{or diverse subsistence, which leads them to over
exploitation. As a result, most of the forests are
in dwindling state. Thus the task of sustainable
development of matural resources is crucial as
local economy is highly dependent on them.
[hespite increasing levels of cconomic investment
and muldplication of developmental projects in
this region, the worsening economic and
environmental conditions emphasized the need
for a critical re-examination of prevailing
developmental planning approaches in this
mountainous region of the country. The region is
rich in bio-resources, yet appropriate science and




technological interventions are required toharness
these resources in order [0 OVETCOME CONSErvation
and development dilemma posed by the fragile
Himalayan environment. Therefore, up gradation
ofnatural resource base coupled with sustainable
agricultire and requisite training of target groups/
psers are important aspects required in the hill
region to enhance the livelihood of the local
COmMMunities.

Objectives

e To develop selected prototvpes (models) for
increasing community livelihood on village
commons (i.c. Van- panchayat and other
community lands) and improve natural
resouree status in the identified village micre-
watersheds,

s Todocoment indigenous knowledge, develop
local capacity and strengthen village
institution for sustained people’s participation
and development of natural resource
management,

s To develop village information system for
decision support.

s Toidentfy indicators of sustainability for the
pereeived success and [ailure of farming
systeimns in target districts in terms of equity
{including gender), production and
environmental stability, and standardize a
methodology of such indicators,

Achievements

s Different plant species of fodder, fuel,
horticulture and medicinal values were

prioritized and selected on the basis of

mectings and group discussions held with
local communities of three village clusters
(Jaminikhal, Hadiya and Manjgaon) in Tehr
[Mhstriet.

» Planted 6000 seedlings of MPTs and
Medicinal plants under different prototypes

THENE
| ken

covering 14 ha barrens degraded land
belonging to village community of all three
village clusters.

o Tnthe vears{2007-09) about 2000 horticulural

plants (i.e. Apricot, Chestnet, Babugosa,
Peach and Apple) were planted in the (village
clsuter Jaminikhal- Bainspani, Hadiya-
Myvani, Manjgaon- Hatwal Gaon} covering 05
ha barren/degraded land belonging to village
COMMUMILY.

s The results illustrated that the dmomum
subdature exhibited the minimom survival
percentage in all three clusters (5.6 % in
Hadiva to 27.60 % in Manjgaon) while, on
the other hand the maximum { 86 % Jsurvival
was recorded for Syeygium cumind 10
Jammnikhal cluster. In general Moris alba
showed a good survival percentage (72.60 o
77.20%) in all the three clusters (Fig. 500,
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percentage of survival in all the three village
clusters (Fig, 51).
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Fig. 51. Survival % of Horticulture plants in
ditferent village clusters

Capacity building for entrepreneurship
development and self employment in
the Himalayan region (2007-2012, In-
honse)

Poor access to appropriate technologies due to
difficult topographics and tough mountain
conditions is one of the major causes of poverly,
drudgery and natural resource degradation in the
Indian central Himalaya. Of late, development
planners have realized the importance of seitable
or appropriate technologies and pracrices, and
therefore, have stressed upon the need for a large
scale demonstration, on-site (Taining, capacity
building and skill development of user groups in
rural and marginal arcas of the region.
Technology change 1s an important mstrement in
the continuous process of socip-economic
development. However, despite of increasing
levels of economic investment and multiplication
of developmental projects, the worsening
economic and environmental conditions
emphasized the need for a crtical re-examination
of prevailing developmental planning approaches
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in this mountainous region of the country, As
already mentioned above that the region is rich in
bio-resources, yet appropriate sciemce and
technological interventions are required to harness
these resources in order 10 oYercome Cconservaion
and development dilemma posed by the fragile
Himalayan ENVITOnment. Therefore,
introdection/development of new technologics
and the requisite traming of target groups. users
are two important aspects required in the transfer
of techmology In areas where it is needed. |

Objectives
* Toenhance the skill and capacity building of
the people as well as self employment through

introduction and promotion of hill specific
cost-effective potential technologies.

s Toselect/introduce/ develop on farm and off-
farm technology packages and their
interventions for lvelihood options,

To improve the income of the rural people
through implementation and replication of
these simple and cost-cffective technologics,

Achievements

& Rural Techonology Centers established at
various locations Le. Maletha, Tryuginaravan
and Tapovan got wide popularity and plaved
a catalytic rele in the capaciry building of the
user groups on varicus roral technologies
mtrodueced and developed

= The farmers were encouraged / motivated and
were provided with the required technical
skills on protected cultivation, off-seasonal
vegetable cultivation through hands-on
training dnd feld demonstrations, The
capacity building programme has made a
significant contribution, which is reflecred
from the adoption of some of these
technologies into their farm, for example more
than 47 progressive farmers tn Tosl. Sirsi and
Trivuginaravan villages have adopted low cost



polvhouse technologies for nursery raising &
vegetable cultivation.

* Organized two training programmes (two
days) on “Demonstration/dissemination of
rural technologies and conservation/
management of natural resources”™. About
225 women/farmers of the Kedar valley
actively participated in this training.

* The large numbers of stakcholders (350}
Le. students, representatives and govt.
officers from livelihood programme, NGOs,
officials of NABARD (GM/DGM/DM)
of Uttarakhand, Trainees (Assistance
Conservator of Forest) of Indira Gandhi
National Forest Academy (IGNEA), and local
people particularly women from self help
group (SHG), visited the RTC at Maletha and
they were imparted rraining on rural
technologies and other viable options of
hvenhood improvement.

Sustainable Tourism: Assessing the
Eco-Tourism Potential of Garhwal
Himalaya (2007-2012, In-house)

Umarakhand is a mountainous state having a
strategic location. It 1% also one of the unique
landscapes, with high ecological, cultural,
religions, spiritual values, It is rich in biodiversity
and has a long history of attracting nature lovers
or eco-tourists. The region has great tourism
potential however, the tourism/pilgrimage
prevailing in the region at present has impactad
negatively on the ¢nvironment and the socio-
economic and cultural set up of the local people.
The pressure of tourism has been increasing and
the state 15 in the process of exploring new sites
or destinations for eco-frendly tourism or eco-
tourism. The current realities of tourism
sometimes marketed as eco-tourism (in some
particular areas of the state) raises several
fundamental questions mostly related to local
employment. local econony and over all socio-

economic development of the area. National
tourism policies have so far had marginal impact
on the mountain tourism and have generally
ignored mountain perspective, mountain specific
produocts, and development of ourism
infrastructure, Hence, the present study has been
initiated in Kedarnath valley of Garhwal
Himalava for assessing the eco-tourism potential
in terms of diversified economies, provide
alternative livelihood opportunities for locals,
promote biodiversity conservation and above all
address the issues related 1o sustainable tourism/
eco-lourism in Hew areas/sites making
environment an integral part of it

Objectives

* To assess cco-touristn potential of selected
sites such as Panchkedar (Kedarnath,
Mudmaheskwar, Tungnath, Rudranath and
Kalpeshwar) and Triviginarayan.

# To undertake analysis of environmental,
social and coltural impacts of eco-tourism,

= To select a model of eco-trekking/eco-
expedition routes of some potental sites.

* To create awareness, develop capacitics and
empower all the stakeholders at different levels
in eco-tourism chain so that it results in a
clean, green environment.

= To empower local communities to manage
eco-tourism while linking it with local
production system, development of coo-
tourism products and other income gencrating
activities.

= To develop a varicty of advocacy and
awareness, education and training matettals,
gumidelines, policy recommendations and
strategies and an action plan for sustainable
TOETISIT eco-toursm,

Achievements

* Secondary data base and mformation on total
number of tounsts, carrings/income
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Fig. 52. Number of tourists who visited
Kedar valley in different vears.
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Fig. 54. Quantification of degradable and non- degradable waste

infrastructural facilities available at different
locations between the period of 2000 to 2008
have been quantified and evaluated (Fig. 52
& 53). The tounsts out numbered the available
accomodaton facilities for them.

An association named KEDAR (Kedarghati
Eco-tourism Development Action and
Research) was formed and registered by the
local stakeholders and this whele process was
facilitated by the Garhwal unit of the
GBPTHED. Rampur declaration on Peoples'

Participation on Sustainable Eco-Tourism in
Kedar Valley (An initiative) was also bronght
out.

The solid waste production during the tourist/
pilgrimage period was quantified in scven
major places between Guptakachi to
Kedarnath & was segregated into degradable
& non-degradable waste, The total quantity
of waste generated was found higher in
Kedarnath 16.4 tons and minimum at Phata
3.2 tons (Fig. 34).



s Assessment of environmental, economic and
socio-cultural impacts in upper Kedar valley
was carticd out & it revealed that tourists’
impact on natural resources has increased
many fold. Besides, it has been observed that
tourists have both positive and negative socio-
cultural impacts on local peoples,

Conservation and Sustainable
Management of Belowground
Biodiversity (BGBD) in Nanda Devi
Biosphere Reserve (2005-2009, TSBF/
GEF/UNEF)

Owing 1o diverse topography and climatic
conditions, the Central Himalayan region
represents different agro-ecolegical zones and
cach of these zones in term comprised of myriad
microbabitats. It is within this diversity of habitats
that ar amazing variety of legumes and other
crops have been developed over the millennia by
the hill farmers and thus this region is considered
as an abode of rich agricultural crop diversity
specifically the grain legumes. Legumes grown in
agriculture provide a major nitrogen input to the
associated crops through their ability 1o Aix
atmospheric nitrogen due to presence of nitrogen
fixing bacieria on their root nodules. Through this
process the legume-Rhizobium association
represents the mest effective, ecologically viable
and renewable system of providing reduced
nitrogen toa particular ecosyster. Owing to their
ability wo fix atmosphere nitrogen, legumes have
the potential to fulfill their nitrogen requirement
and can influence the availability of N to
ACCOMPANYINg o7 subsegquent crops.

Keeping the importance of grain legumes i the
Central Himalayan agriculture, the attempt was
made to analyze the effect of mixed cropping of
non-legume viz. Finger-millet (Elevsine coracand)
on the production and other parameters along
with nitrogen fixing potential of three grain
legume crops viz, Horsegram (Macrofwlomia

| THEME
| wea

anifforum), Adzuky bean ( Figng angularis) and
Black Sovabean { Glycine sofa) and vice versa.

Objectives

«  Inventory and identfication of belowground
bindiversity i relation o physico-chemical
properties of soil and aboveground
biodiversity 1o cultural and protected

landscape comprising a range of land wse/
land cover types.

+  Applicability of available methods of
sampling of belowground biodiversity
(BGBLY) in the Himalayan landscapes.

s Effect of land use, soil fertility level and
estimation and assessment of nodulation,
Rhizobia diversity/legume growth and their
impact on soil fertility.

» Indigenous land vse (traditional agrculture)
related to BGBD and its linkages 1o
aboveground biodiversity and ecosystem
functions.

= To enhance awareness, knowledge and
understanding of BGBD impertance to the
sustainable agriculture production in tropical
landscapes by the demonstration of the
methods for conservation and sustainable
MARAZEMEnt.

Achievements

=  Among the three mixed cropping systems
{horsegram + Finger miller, Adzuki bean +
Finger millet and Black sovabean + Finger
millet), maximuem N yield (kg ha) was
recorded in Adruki bean + Finger millet
followed by Black Sovabean + Finger millet.
However, maximum F and K vield (kg/ha)
was recorded in Black Soyabean + Finger
millet followed by Adzuki bean + Finger
millet mixed cropping. In Horsegram + Finger
millet mixed cropping, M, F, K yield (kg/ha)
was recorded least.
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s Finger millet benefited by the associated
legume in all the mixed cropping systems in
terms of ™ supply/transfer. In Horsegram +
Finger millet mixed cropping, about 0.40 to
105.08 mg N plant " was transferred to Finger
pmillet at various growth stages. Similardy, m
Adzuki bean + Finger millet and Black
Sovabean + Finger millet mixed cropping
from 0.4% to 10929 mg N plant' and from
0,75 1o 1 36.48 mg N plant’, respectively, was
transferred to Finger miller. Maximum N was
transferred to Finger millet by Black
Soyabean.

s The resulis revealed that legume cultivation
raused significant increase in N% in soil.
Before sowing the N% mn soil was 0.34 and
0.30% at 0-15 and 15-30 cm depth,
respectively whereas, at final harvest the % N
ranged berween 0.41 1o 0.78% at (15 cm
depth and from 0.34 to 0.41% at 15-30 cm
depth under different treatments (except
Finger millet mono crop). Maximum increase
in N% in soil was found under Black sovabean
cultivation.

A study on prioritization and
categorization of ailments specific
medicinal plants and their
contribution in traditional health care
system of tribal and non-tribal
communities of high altitude region of
Alaknanda Catchment of Uttarakhand
(2007-2010, National Medicinal Plants
Board)

Traditional herbal remedies have always played a
key role in the health care systems in the rural
and tribal areas of the couniry. In the Himalaya,
the native people still exploit a variety of herbal
plants for curing various ailments. The preparation
and administration of plant based drugs vary from
place 1o place and from onc community to
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another. The knowledge of herbal medicines is
gradually perishing, although some of the
traditional kerbal practitioners (men and women)
are still practising the knowledge of herbal healing
systematically and effectively. Various plant
species are frequently used by the local herbal
healers of the Himalavan region for curing variows
digeases. Living close to nature, traditional
societies have acquired unigue knowledge about
the use of wild flora and fauna, most of which
are urknown to the people who live away from
such namral ecosystem as forests.

Recently ethno-medicinal studies have offered
immense scope and opportunities for the
development of new drugs. Some modern drugs
have been deduced from folklore and traditional
medicines. The revitalization of Vaidya system of
treatment can provide self-reliance in primary
health care and can even contribute to the frontiers
of medical knowledge, Therefore, protection of
their indigenous knowledge, public awareness,
empowerment of local medical practices and
education are also important for successful
implementation of such activities and in raising
the comsciousness of local communities reganding
the importance of indigenous knowledge system
related 1o the use of medicinal plants.

Objectives

s To identify and list the prominent discases
prevalent in the high altitude region and also
prepare the list of plants used by local healers
for curing them through traditional health care
system.

= To document indigenous knowledge related
to the composition of medicinal plants in
various drugs and the methods of prescribing
these drugs by local healers/ Vaidyas.

» To study the dependence of tribal and non-
tribal communities on herbal and allopathic
treatment for curing some important ailments,




To study the contabution of medicinal plants
in herbal treatment.

To create awareness among the local commu-
nities through workshops/seminars about the
role of medicinal plants and local healers.

Achievements

The study has shown that the tribal and non-
tribal communities of eight valleys (Wiri,
Urgam, Berahi, Mandakini, Pinder,
Mandakini, Bhilangana, Binsar) of Alaknanda
catchment possess immense traditional
knowledge that uses as many as 400 medicinal
plants for curing 135 aillments, Among the
medicinal plants used in THCS, the root of the
majority of the plants (27.9%) followed by
leaves (25.2%), are used in cunng a variety of
diseases. In addition to this, cut of the total
MAPs used, majority of them belonged to
herbaceous community (56.9%) followed by
trecs (21,99%0), shrubs(13.2%), Climber {6.8%0),
Creeper (0.6%) and Fungus (0.6%:).

Out of the total human populaticn in all
valleys, about 66.1% were found depending
on herbal treatment practiced by local healers
faidyas and they also preferred it while the
rest preferred allopathic treatment for some
particular ailments. It was also found that
households with low income groups and
villages located far away from the road
network depend more on traditional system
of health care (Fig. 55 & 56].

A workshop on “Traditional Health Care
Syatem and about 10 village level meetings
were organized between April 2008 to March
2009 in which a total of 130 participants of
which 73 were Vaidyas actively participated
and shared their views and perceptions for
improvement of traditional health care system
(THCS).

Facilitated local Vaidyas of the region to form
an association called " Paramparik Gramin
Chikirsak Sabha (PGCS)" whose mission is o
revitalize the traditional health care system
(THCS).
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Participatory Assessment of
Sustainable Scenarios for Himalayan
Pastoralism (2007-2009, SIDA
(Sweden)

Pastoral grazing in the Himalayan alpine pastures
iz as “old as the hills” and it is well understood
that without the support of the pastoral people
and their traditional resource managemeént
systems, the biodiversity of alpine Himalava will
nol be able to survive long, The alpine pasteres
used by pastoralists are often in the land that
cannat be used for conventional agriculture. As
technical advances are spreading agriculture into
new regions, pastoralists are being forced into
increasingly inhospitable terrain, Pastoralists
make substantial contributions wo the economy of
traditional communities, both in terms of
supporting their houscholds and in supplying
protein 1o villages and towns. Their economic
systemn is constantly threatened by the market
forces and the process of globalization of trade in
livestock products, On the contrary. the issue of
livestock grazing in the Himalaya is seldom
diseussed with a holistic perspective considering
it asa livelihood fact of various local communitics,
The ecological problems associated with

L0

incursions into alpine areas can be placed under
the broad category of environmental degradation.
Increasingly, rescarchers investigating the causes
of environmental degradation such as soil erosion
and deforestation have stressed the necessity for
integrating social theory into the analysis,
Therefore it can be hypothesized that the amount
af resources in alpine meadows utilized by the
pastoral and other rural communities varies
according to the availability of resources,

Objectives
s  To improve scientific understanding of
participatory & transdisciplinary approaches.

s To identify the issues related to carrying
capacity of pastorahism.

+ To integrate results within a broader
theoretical understanding of the interrelations
between society and nature, and to bridge
social and natural science components,

= To provide reliable socio-ceonomic and
environmental information on the pastoral
systems in the region that has so far remamed
under-researched, but highly relevant for
the sustainabality of the higher mountain
TANgEes.




Achievements

The pastoralism practiced in Garhwal
Himalaya is migratory. The annpal migration
routes from alpine to foothills and vicesversa
of the hivestock herds were mapped and
documented with the help of Global
Positioning System (GPS) and available
toposheet.

Area of the available alpine grazing land for
the pastoral livestock 1n Nit: valley was
measured using GPS and the total area of [2
major alpine grazing lands used by the

. THERE

livestock in this vallev is estimared to be about
&4, 1 km?.

The total number of pastoral livestock on
these alpine pastures was recorded tobe about
12000 nos. dering 2008 and the population
reached upto 15508 during 2009, The increase
in the number of livestock in 2009 is due to
the shifting of some herders from Sumna
valley to Niti valley due 1o scarcity of forage
resources in the Sumna valley.

Stocking rate was quantified in 2008 and was
observed maximum at 4.05 livestock ha for
Damjan pasture and minimum 0,67 Livestocks
ha for Kalajawar alptne pasture.
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Theme

R&D HIGHLIGHT OF
THE REGIONAL
UNITS

HIMACHAT UNIT

Floristic diversity of the Nargu Wildlife
Sancruary (354 vascular plants, 16 threatened
specics & 31 plant communities), Hirb &
Shoja Catchments (660 vascular plants & 137
threatened species), Chail Chowk-Rohanda-
Kamrunag Area (530 vascular plants),
Ghanahatti-Shimla forests (2335 vascular
planis) and Mandi-Fandoh Area ( 160 vasoalar
plants and 2 plant communitics) and Lahaul
valley, a pant of proposed Cold Desert
Biosphere Reserve {742 vascular plants & 35
plant communities) was assessed. The species
were analvzed for nativity, endemism and
threat catesaries, Different patterns of
regeneration were identified in the forest
communities. Soil samples from each plant
community were collected and analyzed for
pH, moisture content, crgamce matter, carbon,
mtrogen and C/N ratio, Fuel extraction trend
in MNargn Wildlife Sancruary was analvzed
and species prioritized based on the average
collection per houschold per vear and
Resource Use Index. In Hirk and Shaja
Catchments, habitats and communities were
pricritized for conservation based on
Conservation Prionty Index (CPI).

Medicinal plant diversity of Chandra, Upper
Beas and Banjar Valleys, and Mohal Khad and
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Parbati Watersheds was assessed and updated.
Overall 44 threatened species (Critically
Endangered: 09, Endangered: 16 and
Vuinerable: 14) were recorded. Forty five
medicinal plants were extracted at commercial
scale, Populations of =15 species of
threatened medicinal plants in Mohal Khad
Watershed and Upper Banjar Valley assessed.

Seed germination protocol for Hippophae
rfurmpoides subsp, turkastanica was developed
All the treatments of KNO, and NaHCIO,
showed maximum germination. Sced
germination and vegetative propagation
protocols far the Mea ferruginea were
developed, Aseptic cultures of this species
were developed using nodal ex-plants and
shoot-tips; these proliferated on Murashige &
Skoog’s medinm fortified with half strength
of salts, evtokmins and ausmns.

Review of the various reports like ETAs,
DFRs, PFRs and EMPs of the hvdropower
projects was carned out and gaps identified.
Socio-economic survey of the projects under
construction {Shyang 3MW and Eashang 243
MW, proposed (Tangling 5 MW) and
operational (Chaba 1.7 MW} from the Sutle
basin was completed.

Sclid waste characterization surveys in six
sprawling urban towns namely Bilaspur,



Kangra, Mandi, Hamirpur, Chamba and
Kevlong were conducted and solid waste
sOUrces, quantity, nature and composition
were assessed. The study reveals that all the
towns are facing the problem of biodegradable
waste (=70%) as compared o non-
hiodegradable waste,

The columpar acrosels were monitored
between 380-1025 nm wavelengths with the
help of Multi Wavelength Radiometer. The
averaged spectral AOD indicated high value
of AOD: at shorter wavelengths rather than
at longer wavelengths. A significant variation
at 380 nm, 300 nm and 1025 am noticed very
hagh AQDs during the summer months and
very low ACQDs duning the winter months.
The vartations in turbidity parameter (4 and
4) noticed were inverscly related.

870 seedlings of 23 ecologically and
cccnomically important species in the
Arboretum and 3200 seedlings/ plantlets of 28
medicinal plants at Doharanala, Kasol and
Muohal were planted. About 3000 seedlings of
ecologically and economically important
species and medicinal plants along with the
seeds of 12 species were distributed to the
Forest Department, farmers, NGOz, etc.

Manwval Weather Stations (19 nos)
representing 19 Schools of Kullu, Mandi,
Bilaspur and Hamirpur districts in Himachal
at  different altitudes, aspects and
microclimatic conditions were established for
monitoring weather data {i.e., temperature,
wind speed, wind direction and rain fally with
the participation of teachers and students.

Environment Observatory comprising of
surface Ozone, 30, and NO, analyzers,
Geopraphic Information System (GI5) and
Tissue Culture Facilities were established.

A three day maining programme cn Medicinal
plant cultivation and conservation (23 farmers
of Malana village): One day training
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programme on Medicinal plants conservation
and cultivation (62 participants of Kulle and
Lahaul Valleys) and one day Awareness
Workshop on People's Participation in
Weather Monnonng, Climate Change and
Biodiversity Conservation (77 Principals,
Teachers and Students) were organized. Over
1200 stakeholders (Line Departments, Forest
Guards, Students, Teachers, Panchayat
Members, Farmers, NGOs, Mahila Mandals,
efc.) were educated through exposure visits
oTgamzed on various OCcasions.

GARHWAL UNIT

[Dhuring the vear the activities of the Garlowal
Unit focused on research, demonstration and
dissemination related to study of
documentation, prioritization and
categorization of ailment specific medicinal
plants and their indigenous knowledge and
contribution in traditional health care system
practiced by local Vaidyas in 7 valleys of high
altitude region. Conservation status of some
high value¢ medicinal plants has been
compared following the red data book/s
TUCH criteria and CITES list and field
experience and perception of local healers.
It also facilitated local Vaidyas of the region
to form an assoclation called Paramparik
Chikitsak Sabha (PGCS) whose mission is
1o revitalize the traditional health care system
(THCS)., The indigenous knowledge of
pastoralism and transhumance and
indigenous post harvesting, seed storage
technigues, focusing on traditional crops,
were studied. The assessment of
nutracentical potential of traditional crops,
pulses, medicinal plants (used as spices and
condiments) and wild edibles (fruits and
vezctables) has been initiated. Bio-
prospecting and value addition of some
potential bio-resources of the region was
done for eco-tourism product development
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and livelihood improvement of the marginal
societies of the region.

Studies on environmental, economic and
spcig-cultural impacts of ecotourism/
pilgrimage were continued and studies on
checklist of resource inventory and carmying
capacity assessment in upper Kedar valley
have been initiated during this year
Classification and quantification into waste
categories for solid waste management
options, field experiments and management
practices has been carried out for effective
recycling and management. Established
demonstration models of different prototypes
i.e. silvipasture, silvi-medicinal and silvi-
horticulioral ina three village cluster (Hadiya,
Manjgaon and Jaminikhal) in the village
common land while covering 17.5 ha land
under NAIP project through participatory
approaches,

& In view of the importance of below ground
Brodiversity (BGBLY), data base on inventory,
species richness and abundance of macrg-
micro fauna were prepared and analyzed
under different land uses of Nanda Dewi
Biosphere Reserve, Studies on soil mitrogen
dynamics in relation to guality and
degomposability of plant litter used
rraditicnally as organic manure Wwas
undertaken.

Unit has established participatory training and
action research centre at Trivuginarayan at
high alttude region which provides training
and bulds improved skall and builds capacity
of the users and local farmers in hill specafic,
eco-friendly technologies. During this year a
total of 207 farmers and other stakeholders
were trained. The participatory action
research framework and approaches for
scaling up of stakcholders in the ficld of bio-
resource utilization, livelihood options and
natural resource comservation and
management was the main thrust of the
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programme. With regard to adoption and
follow up of technologivs by stakeholders, on
site monitoring and evaluation has been
initiated to koow the impact of the
intervention, Medicinal plant cultivation,
value addition of local bio-resources, land
rehabilitation, water harvesting, eco-loUrism
product development etc., are out-reach
activities of the Garhwal Unit on which local
farmers/ cxtenston agencies)’ line departments
were provided information of kits and hands
on field training during the ycar. Science
mativation, integrated natural resource
management and environmental education
programmes are being regularly organized
particularly for high school level students and
is highly recogmized and appreciated by DsT
(NCSTC).

A policy brief on hill agriculture and role of
the state of forest in the context of
Uttarakhand besides, some other important
publications was brought out,

SIKKIM UNIT

Using standard phyto-sociological approach,
Yuksom-Dzongr landscape in Khang-
chendzonga Biosphere Eeserve (south-west)
in Sikkim, covering a total of 24 sites along
700 to 4200m altmude, was developed For
recruitment trends and forest community
patterns,

In Khangchendzonga Biosphere Reserve
{north Sikkim), along Tholung-Kisong trek,
7 major sites were studied along 1300m o
3000m for 55 woody taxa; bascd on
stakeholders' consultation and primary
studies, a comprehensive Brochure on
‘Tholung-Kisong' eco-trek in Dzongu
landscape, in KNP/KBR was developed,
published and distributed.

Based om stakeholders' demand, field
training workshop cum demonstration on




Biodiversity Conservation and Livelithood
Opuons in Khangchendzonga Biosphere
Reserve’ was organized at Upper Dzongn
[north Sikkim).

Different populations of Sweria chirapire were
tested for seed germination following 30
months' storage; 3 populations exhibited
about >25% germination; offered fair chances
of storing sceds for longer periods,

Dhfferent training workshops were orgamzed
for Students and Teachers, viz, *Conservation
of Biodiversity’, GBPIHED, Pangthang,
Sikkim.

Imteractive Meeting on ‘Biodiversity and
Agriculture’ on ‘International Day for
Biodiversity” was organized.

Scientific technical knowhow on Spring
Development Flan was imparted by the unit
to Department of Roral Management and
Development, Govt of Sikkim.

Large number of conventional and tissue
cultare raised plants of Rbododerdron maddens
and R. daelfiousige were planted im the
Rirododendron section of the Institule's
Arboretum and unique Rare & Threatened
Plant Conservation Park (RTCE) of
Foological Park, Gangtok, most attractive sife
for thododendron loving communiry, where
they are growing well.

Organized a Training Program on
Community Based Disaster Management
Preparedness Plan-Ranka Block
Admimstrative Centre, Eanka for Panchyat
Members along with Aganwan Workers,
Teachers, Field Facilitators, RDAs and NGOs
of Ranka Block jomtly with Land Revenue
and Thsaster Management Department, Govi
of Sikkim.

Organized a Tramming Program on Dhsaster

Safe Hill Aréa Development for Senior to
middle level officers of line departments of
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Govt. of Sikkim jointly with National
Ingnitute of Disaster Management, New Delhi
& Land Revenue and Disaster Management
Department, Govt. of Sikkim.

Organized Training on Concept of Natwral
Disaster and Disaster Management to Student
and Teacher of Panthang Jumor High Schoal,
Pangthang, East Sikkaim,

NORTH EAST UNIT

Policies and programmes on shifting
agriculnire were analvzed; review of policies
revealed apparent change in perception
towards shifting agriculture, 1.e., change from
regulatory/authoritarian to accommodative
attitude acknowledzing it as way of life. Land
tenure, customary rights and role of socio-
cultural mstitutions of two major tribal
communities (Adi and Nishvi) of Arunachal
Pradesh on shifting agriculture are being
studied.

Two indigenous soil and water conservation
practices { Phai of Nishyl community and
Fanpeng of Adi community) are scientifically
validated, Vegetation compasition of different
successional fallow ages was investigated. 37
large mammal as well as 13 small mammal
(mainly of rodents) species were recorded
from the landscape of Upper Siang Diserict.
In an effort for germplasm conservation, 27
landraces were deposited with NBPGE,
Shillong (Rice - 21, Maize — 3, Millet -1,
Sesame — 1, Jobstear — 1) with Indigenous
Collection (IC) Ne. ICM 564932-564958 and
Mission Code — E200700162204.

Identification and priontization of human-
animal conflicts in the proposed Tawang-West
Kameng BR (also known as Tsangyang
Grvatso BE and Peace Park) to foster better
co-existence between people and park is being
carried our. The major conflicts identified are
livestock depredation induced retahatory
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killing, crop raiding induced killing, and
grazing competition among livestock and wild
ungulates. So far, 40 mammalian species
belonging to 34 genera and 107 bird spectes
have been documented in the proposed BR.

Critical issues such as hunting, shifting
agriculture, community welfarc and
alternative livelihood in the proposed Tawang-
West Kameng BR. and Apatani Plateau in
Arunachal Pradesh are addressed through
GOLUNDP-CCF-II project on Biodiversity
conservation through CBNRM in Arunachal
Pradesh. This project is being implemented
by the Institute in collaboration with four
identified partners - NERIST, Mirjuli, SFRI,
ltanagar, WWEF, West Kameng and
NCATDIMSE, Ziro (a NGO in Lowet Subansiri
disteict). 5o, far 14 Village Biodiversity
Conservation Councils (VBCC) have been
constitited in Apatani Plateau, Propagation
of 4 medicinal and aromatic plant species
{Swerria chivayara, Taxus baccata subsp,
wallichiana, Amomum subulatum, Actiaidia
deficfosa has been initiated at Apatan platean
Project sice.

A new species of cat fish Ererhisroides
senkhiensis has been discovered (new to
science) from Senkhi stream in Papumpare
district in Arunachal Pradesh. Also three new
reports for the state (Balitora brucei,
Crlypirathores telchita and Peeudolaguvia shaw),
10 new reports from the district (Balitorg braced,
Clyprodhorax relchitra, Prendolaguvia shawi,
Crlyprotiorax cavia, Glyprothoras peciinapterus,
Glyprorhorax horai, Glyprathorax brevipimmis,
Tilapic mosawmbica, (vsicthys cosaris and Labeo
Fonins) were published.

Study on linkages of culture in biodiversity
conservation and sustainable development is
being carried out in West Kameng and
Tawang districts of Arenachal Pradesh
covering two major tribal communitics, i.c.,
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Monpas and Sherdukpens through UNESCO-
MecArthur supported project on cultural
landscape. Monpas and Sherdukpens have
developed strategies of conserving and
managing nature and biclogical resources.
Monpas have been conserving 21 plant species
while Sherdukpens have been conscrving 14
plant and 2 animal species, which have cither
cultural or ritual value,

Up scaling of technology dissemination and
backstopping is carried out across the North
Eastern region with the help of seven Partner
NGOs (PNGOs) through establishment of
17 Demonstration Centres and about 27 On-
farm demonstration sites in 12 Development
Blocks spread over 8 districts in 5 states
helping in the capacity building of more than
1800 lead farmers/farmers during the year
200809, Under a Sensitization programme
on integrated farming practices under
watershed develapment, the NE Unii in
collaboration with State Institute of Rural
Development, Arunachal Pradesh has given
taining to about 60 farmers/ Zila Parishad
members on low cost simple technologies.
Also training on low oot simple technologies
have been given to members of Agency for
Integrated Development Agency (AIDA),
Magaland and NGOS and farmers from
Assam, Meghalaya, Manipur, Tripura and
Mizoram, The Unit, in brief, has helped in
the capacity building of about 2000 farmers
in lew cost simple technologics during the
vear 2008-09,

The Unit faculty and research staff has
published 8 papers in indexed journals and
14 popular articles and preseated the
findings of various projects in about 31
workshops/‘meetings. One filed manual on
“Appropriate low cost technologies for
sustainable livelihood and entreprencurship
development™ has been developed. This
field manual has been distributed during the



training programmes; for an effective
adoption of technologies by the target
group, the manual has been translated to
local langeages by the PNGOs, Networking
has been done with other institutions and
technology dissemination activities are

being linked to programmes like IFAD-
MEREDS, Meghalaya, and Watershed
Development Project of Govt. of
Arunachal Pradesh i collaboration with
State Institute of Rural Development,
Arunachal Pradesh.
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Theme

APPLICATION OF

R & D OUTPUTS IN
DEMONSTRATION
AND DISSEMINATION

Field evaluation of microbial
inoculants developed for use in
mountains (2007-2010, UCOST)

With a

with lacal people,

Objectives

s  Field testing of the carner based microbial
inoculants using important agricultural and

forest species of mountains.

[0

view of developing microbial
inoculants for use in the colder regions of
mountains, a long term study was conducted,
Al the wery outset, field inoculation trials
were carried out at higher elevations using
available microbial inoculants. The study
confirmed effectiveness of microbial inoculants
only at the lower elevations, and indicated
that there was a need of solation, screemng
and selection of native microofganisms
ariginally from higher elevations, that could be
developed in the form of microbial inoculants
specifically for colder regions of mountains
Systematic screening experments based on Petri-
dish assays, bioassavs, greenhouse and field based
assays efficient microbes were scelected and
developed in suitable formulations. The present
project was developed for testing selected
microbial inoculants at field level in collaboration

Bringing awareness to the local farmers about
this eco-fricndly microbe-based technology
through on farm demonstrations.

Achievements

Microbial inoculation trials have been
conducted for two consecutive vears on
selected agricultural and forest speciés in
nursery and farmers® plots and in net house,
respectively.

The selected plant species belong to: (1)
agricultural crops (cereals, millets and
legumes), and (2) forest species {Cedrus
deodara, Taxus baccarg and Ginkgo biloda).
While an increase in biomass and yield of the
agricultural and forest specics was observed,
increase in  chlorophyll in  leaves,
leghaemoglobin in nodules and protein
content in various plant parts was also
recorded.

Microbial analysis revealed the stimulation of
native beneficial microflora and suppression
of pathogenic fungi,

The villagers showed & positive attitude to
adopt this inexpensive and ecofricndly
microbe based technology i integra bon with
the traditional use of organic inputs and water
INANATENIEn.




Capacity Development and Economic
Upliftment of Rural Women through

Pond based Integrated Farming
System Approach (2007-2010, Science
and Society Division, DST Govt. of
India, New Delhi)

Agnicelture is considered & quick route 1o rural
poverty reduction. Diversification of cereal crops
to high value crops such as fruits, vegetables,
mushroom, poultry, fish and milk products has
been identified as the best option to increase
productivity of the farming svstem as also quickest
way to reduce poverty among smail hold farmers
There are a number of technology packages,
which can be useful for the hilly arcas. Among
these, pond-based Integrated Farming Svstem
({IFS) concentrating on location and area specific
integration(s) has great potential for socio-
economic development of rural women of
Uttarakhand hills. Besides, providing nutrinonal
support to the families, the enterprise has the
potential to generate income and improve the
social position of hill farmers also.

Encouraged by the results of the concluded project
mntegrated fish farming in hills, a stedy was
proposed to mcorporate several other components
such as, composite carp culture, poultry /duckery,
lrvestock, off-season vegetable and mushroom
cultivation, green fodder production and vermi-
compostingbic-composting to develop model(s)
for high economic return in resource poor farmer's
fields. The proposed study has been sanctioned
aza Young Scientst project by Science and Socicty
Division of Department of Science and
Technology. The proposed model(s) facilitate
optimum utilization of resources and effective
recveling of nutrients within the system, and wall
increase farm productivity and mcome of the
farmers with minimum investment. Further,
maotrvation and capacity building of rural women
will be the key component of the project.

THENE
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Objectives

+ To optimize utilization of water, under uwsed
land resources and farm waste (biomass)
through integradon of fishery with poultry/
duckery livestock, vegetable and mushroom
cultivation, green fodder production and bio-
COMpOsting/ verm-composting.

« To provide employment, income generation

apportunities and nutritional security to rural
folk.

«  Motivation and capacity building
*  To determine seasonal changes in phvsico-
chemical and microbiclogical parameters of

water, fish diseases, vegetable diseases and
their management

*  Docomentation of success storiés,

Achievements

# Two villages in Almora district, namely,
Sunaulla, and Fatherkote, Hawalbagh block
were selected in mid-elevation zone (1000-
[5300m) for the dévelgpment and
mvestigations of pond-based 1FS (Fig. 538).

* Two models, each consisting of a fish pond
{polviined), a low cost poultry house at dvke
of the pond, a vermin-composting unit
(8.0'x2.5"x1.0") and a small unit for

Fig. 58, A view of IF§ model at Sunola village
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Fig. 59. A View of IFS model under construction
at Patherkot

mushroom production, have been construsted
at Sunaulla (1200 m; Fig, 38) and at Patherkot
(Fig. 59} Agricultural fields approximately
500 m? for vegetable cultivation have also been
integrated with composite carp culture,
Undernsed land more than 200 m? has been
utilized for fodder grass production.

Steps were taken to maintain the existing [FS
models {namely, Manan and Basoli)
developed under Woman Scientist scheme
during 2004-2007.

Fingerlings of Chinese carp species viz.,
silver carp (Hypophrhalmicehys molitrix
Valenciennes), grass carp (Crenopharyngadon
fdella Valencicnnes) and common carp
{ Cyvwvnus carpie Linnalus) at a density of 3/
m,* were stocked in both the ponds at
Sunaulla, Patherkot, Manan and Basoli
village during month of March-April,
Fingerlings cxhibited a high survival rate (38-
9404,

Hybrid chick bird (Kurioler), weighing
approximately 125 gm, were integrated with
fingerlings exhibited a high survival rate (88.0-
94 (%) at Sunola during 2008, High survival
(93.4%) and substantially high growth rate
was recorded (0.950-1.25 ka) within 4 months
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= Microbiclogical estimation of pond water
revealed the presence of 24 species of extra-
aquatic fungi and 16 species of watermolds,
which included virulent fish pathogens.

= Capacity buildmg of 20 women of Sunola on
IFSwas carried out through demonstrations
and on site skill oriented vocational training,
Inall, 663 persons including 265 women were
exposed to the IFS through lectures, audio-
wisual presentations and field visits.

= Besides earning Rs 4250 from vegetable
cultivation (yearly) the Farmier’s familv got
fresh vegetables for their own use.

Integrated Eco-development Research
Programme (IERP) in the Indian
Himalayan region (1992 — Long Term
scheme, MoEF, Govt. of India funded)

The Ministry of Environment and Forests
(MoEF), Government of India, eatrusted the
responsibility of Integrated Action Oriented
Research, Development and Extension
Programme (termed as Integrated Eco-
development Rescarch Programme - IERP) in the
Indian Himalayan region (IHR) to the Tnstitute
in 1992, Subsequently, two broad thrust areas,
nmamely Technology Development and Research
(TDR) for Integrated Eco-development, and
Technology Demonstration and Extenston
{TDE), were identified by the Institute under its
IERP scheme. During the previous financial vear,
& R&D themes and 16 policy problems/R&D
needs were identified by the Scientific Advisory
Committee (SAC) of the Institute for execution
of its R&D activities in the Indian Himalayan
region. The project objectives are: 1) To provide
extra mural funds 1o different Universities/
Institutions/ NGOs/ Voluntary agencies for the
support of location-specific R&D activitics in the
[ndian Himalayan region (IHE), 2 To develop
scicntific capabilities in the THR and strengthen
infrastructure for environmental rescarch; 3) To



develop and execute coordinated programmes on
the recommendations of the completed projects!
special theme(s)/R&D need(s) in the [THR with
the help of dentified network pariners.

Fifteenth meeting of the Project Evaluation
Commuttee (PEC) was organised and convened at
the headquarters of the Instinute (Kos-Katarmal,
Almora, Uttarakhand) on 27-28 March 2009
which 109 project proposals were examined
critically by the PEC and 48 projects were
recommended for funding. Seven members,
including one special invitee, attended the mesting
af the PEC. Based on the recommendations of the
FPEC, 15 projects (7 to the Universities, 3 to the
MNGOs, 2 to the Govt, Institutions and 3 to Indian
Army), under 5 identified R&D themes of the
Institute, were sanctioned during the financial year
2008-2008, During the year, funds for footy eight
{48} ongoing‘completed projects were released to
differen: organizations by the Insttute after careful
examination of the Utlization Cemnificates and
Starement of Expenditures. Annual Progress
Reports (APRs) of nincteen (19) on-going projects
were processed and referred to the subject cxperts
for evaluation. Subsequently, the comments of the
sibject experts on the APRs were communicated
1o the concerned Fls for follow-up action. Final
Techmnical Reports (FTRs) of eighteen (18)
complered IERP projects, received from different
orgamizations, were sent to the varous Govt.
Agencies, cte,, for follow-up action on the
recommendations of the completed projects and
also to the subject experts for their comments)
suggestions. Coordinated programime entitled
“Bacred values, eco-restoraiion and  conservation
initiatives in the Indian Himalayan region”™ was
continned and strengthened in 3 States (namely,
Uttarakhand, Himachal Pradesh and Meghalaya)
of the THE under the TERF of the Tnstitute, Follow-
upaction on 350 project files (old/ fresh./on-geing/
miscellancous, etc.), excluding routine
correspondences of about 695, was also mitiated.
completed during the year 200809

THEME
AODED

Library Facility of the Institute

The Central Library of the Institute at its
headguarters, at the end of financial year 2008-
2002, had 14,360 books. The library is subscribing
a total of 107 pericdicals (68 Foreign and 39
Indian). For management of Library and
Information Centre, a network version of the
software PALMS developed by the Scientist of
this Institute is being used. Asa resul, the Library
15 providing a number of services such as Article
Alert, Current Awarcness, Sclective
[Dhssemination of Information, Reprography,
Reference, Indexing, Bibliography, Web Services
(Omlime Journals) ete., for the development of the
human resources. The Library of the Instinate is
accessible through the Institute's web site
(http:/ “gbpihed. govin). During the reporting
year, 396 now book titles were added to the
Library. R & D achicvements of the Institute were
disseminated through its regular in-house
publications, namely Hima-Paryavaran — a
biannual newsletter, Institute Annual Report,
Progress Brief and Folders/Leaflets to vanous
academic and scientific institutions, Government
departments, NGOs, policymakers, planners and
individuals working on various aspects of
mountain environment and development.

Strengthening and Management of
ENVIS Centre in the Institute (1992 —
Long Term activity, MoEF, Govt. of
India fonded)
The Environmental Information System {(ENVIS)
Centre on Himalavan Ecology was set up in the
Institute in 1992 a5 a part of ENVIS network in
India bw the Ministry of Environment and Forests
(MoEF), Gowt. of India; the nodal ageney in the
country tocollate all the informanon from all the
ENVIS Centres to provide national scenarios to
the intermational set up INFOTERREA
Programme of the UNEF. The project objectives
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are: 1) to collect, collate, compile and build
gualitative and quantitative databases of
information related to various aspects of
Himalavan ecology, 2) to disseminate all available
information, free of cost, 10 various stakeholders/
users through print and electronic media, 3) to
develop, up-grade and maintain ENVIS website
at the headquarters of the Institute.

Information on different aspects of Himalayvan
Ecology from various Dhstrict Information
Centres, Universities/ University Campuses,
Research Centers, MGOs, Experts, and
Institurions waorking in the Indian Himalayan
region (THR) were collected and compiled during
the year, Abstracts/articles/ technical reports and
news Clippings on Himalavan environment related
issues were also collected and compiled for
publication in the *Selected Abstracts” and "News
and Views' section of the ENVIS Bulletins.
ENVIS Bulletin Volume 16 (No. 1 & 2) and
ENVIS Newsletter Volume 5 on Himalayan
Ecology were prepared and published during the
year 2008-09 and distributed widely through print
and electronic media,

Home page as well as the other web pages of the
ENVIS website <hip:/ /gbpified gov.in/ envis/
emvis.freml> were modified by the amendment of
pop-up menu for accessing classified informartion
and re-modelling of some web-links to the home
page of the website. The web page district profile
of the Indian Himalavan region (THR) was re-
designed by providing web links to the districts of
the IHE States; hit counter on the home page of
the ENVIS website was also provided during the
vear. Latest information on the Himalaya, current
topics and seminars/ conferences/ workshops, ete.,
held in the Instutute (GBPIHEDY), were also
uploaded in the ENVIS website of the Instirute.
About 210 abstracts/research papers/technical
reports, related to the various aspects of
Himalavan Ecolagy, were added on the ENVIS
Biblingraphic Database, which is maintained by
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the EN'VIS Centre of the [nstitute. This database.
at present, containg above |,915 abstracts/
research papers/technical reports. About 223
queries, related to the various aspects of
Himalavan environment and development, were
recelved by the Centre durning the year and
responded through e-mails and print media.
Website of the ENVIS Centre on Himalayan
Ecology - <fierp: 4 ghpthed pov. in fenvis envis. it =
was upgraded, re-designed and maintained during
the vear at the headquarters of the Institute.
ENVIA Bulletins [Vol. 1 (1-2) to Vol. 14 (1-2}],
Monographs (No. 1 1o 3) and ENVIS Newsletters
(Vol. 1 to 5} were made online during the year
2008-0%9 for effecuve dissemination of informanion
on various aspects of Himalayan Ecology, EWVIS
seminar on ‘Changing Himalayian environment
and its impact on development” and "ENVIS
Centre's evaluanon workshop' were orgamsed at
the headquarters of the Instimre (Kosi-Kararmal,
Almora, Uttarakhand) on 23-24 March, 2009,
Various officials of the MoEF and resource
persons from different parts of the country
attended the seminar. The members of the
technical committee also evaluated progress of 18
ENVIS Centres during the occasion of the
wiorkshop.

Stﬁ:ngthening & Management of IT
Infrastructure in the Institute

Instirote has two backbone networks, one is from
MIC, New Delhi (NICHNET network) which
provides 128 kbps shared (HQs and Units)
bandwidth for internet access and other is from
BSNIL-HUB, Bangalore which provides 512 kbps
shared (HQs, Units and MoEF) bandwidth
through VSATs for video conferencing & internet
access, The bandwidth is distributed within the
Institute HQs & Units through Local Area
Metwork (LAN). The Institute website has been
developed and hosted at the Internet Dara Centre
(IDCY of NIC, New Delhi. The URL of the
Institute wehsite is g/ febpihed govin, A VPN




{Virtual Private Network) has been created om
NICNET for remote web site updation at our
end. The websile of the institute is updated at
frequent intervals. Strengthening of Wide Area
Network (WAN) for Video Conferencing &
Internet facility in the Imstitute was also
completed, The Institute is now having video
conferencing with units & arranging live telecast
of Annual day function and various other
programmes through video conferencing service
to Units. A database of Scienufic/ Technical and
Research Scholars has been developed and
uploaded om the Institute website. The official e-
mail accounts on NIC mail server {mail.nic.an})
have been created and provided to all new
Sctentists and Technicians.

Central Laboratory Facility

The Institute has strengthened the facilicies of
physico-chemical, biclogical, heavy metal analysis
of drinking, raw, waste water and quantification
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of volatile compounds of =oil and plant samples.
The heavy metals in the water and soil samples
are detected through Atomic Absorption
Spectrophotometer (Make- Varian AAZS0Z,
equipped with graphite tube atomizer), For the
quantification of aromatic and volatile
compounds  the I[nstitute has a Gas
Chromatograph (make- Chemito, Ceres 800°).
Institute 15 also having the facility of detection of
C, H, N & 5§ through CHNS5-O analyzer (make-
Elementar, WVario EL-1I1} and UWV-Vis
spectrophotometer (make- UV 5704, Electronics
Corporation of India Ltd.) for soil, water & plant
analvais. The Institute has extended these services
for other orgamzations (NGOs and other
Government Organization) on pavment basis. In
the fimancial vear 2008-09, Institute has collected
10162 lakh rupees as a central laboratory service
charge from 65 organizations (18 - Gowt,
organizations & 47 - NGOs), Fig, 60 shows month
wise collection of tesing charges and services
offered to other different organizations.
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Fig. a0. Graphic representation showing total fee charged from Central Laboratory Services in 2008-09.
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DISSEMINATION THROUGH INTERACTIVE FORUMS

| FORUM/EVENTS VENUE/DATE TARGET GROUPS |
Organized three days Training Programme  Himachal Unit, Mohal-Kullu, Villagers of Malana
on “Thiversdty, nursery develapment and dgro- April 5-7, 2008

with Paryavaran Evam Kalvan Sansthan,
Manali

Organized Exposure visit of the Himachal
Unit of the Institute

Organized Exposure Visit of Medicigal
Plants and Multipirpose Trees Murseries,
Herbal Garden, Arboreim, Germplasm
collecticn and Conservation in Green and
Shade Houses,

Organized two days Training Programme
regarding Gesgraphic Faformarion System
(GIS) and Remore Semsing (R5)
Celebration of World Environment Doay

Qrgamzed Meeting of the “Indian Man
and Biosphere Programme” sponsored by
the Ministry of Environment and Forests,
New Delhi

Organized One Day Awarchess Workshop
on “Weather, Climare Change and
Biodiversity sponsared by Department of
Science and Technology, New Delhj
Organized One Day Warkshop on “High
Alttode Wetlands Conservation in
Himachal Pradesh” in collaboration with
WWF India, Shimla

Organized Exposure Visit of the Institite
for the students and (eachers

Climate Change and Blodiversity
Congervation

One Day Training Workshop on
“Conservation and Cultivation of

| Medicinal Plants in Himachal Pradesh™

techmtigues of medicin planrs in collzboration

People's participation in Weathes Monitoring,

Himachal Unit, Mohal-Eullu,
April 27, 2008

Himachal Unit, Muohal-Kully,
May 17, 2008

Himachal Unit, Maobhal-Kully,
May 26-27, 2008

Himachal Unir, Mohal-Kull,
June §, 2008

Manali, June 13-14, 2008

Himachal Unit, Mohal-Fullu,
October 25, 2008 -

Himachal Unit, Mohal-Euliy,
December (02, 2008

Himachal Unit, Muohal-Eills,
Oetober (4, 2008

Himachal (Unit, Muohal-Eullu,
February 28, 2000

Himachal Unir, Mohal-Kullg,
March 13, 2009

Treainees (Farmers and
Forest Officers) of the Mid
Himalavan Watershed
Projert

Students and Teachers {ah
of Emmanuel BT.C, Cenre,
Gandhinagar. Kully

Project staff of the Tnstitute

Teachers and Students of
Government and Public
Schools

Members of the IMABC,
Bicsphere Reserves Managers,
Scientists from Lead
Institutions of the Brosphere
Reserves, Officers from
State Forest Departments
and Scicntists

Teachers, Students, NGOs
and Farmers

Tour operators, NGOs and
Tour guides

Students and Teachers {37
of Gowernment Pest Craduate
College Ludhiana, Punjab
Principals, Teachers and
Students (77)

Farmers, NGOs and Froit
Growers Association

14
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Celebration of Internaticnal Biodiversity Day

Celebration of World Environment Day

Celebration of G.B. Pant Anniversary

Organized a two day Workshop on
Traditional Health Care System: Problems
and Prospects, Sponsored by NMPB, New
Drelhi.

Organized a two day Workshop on Role

af Faddyas In Traditional Health Care System,
Spanzored by NMPB, New Delhi
Orrganized three day Workshop on Comman
Praperty Resource (CPRs) and Livelihood,
Sponsored by NAIR, New Delhi

| Organized five days Awareness Programme

LoR penerating scientific lemperament among
| high school students, Sponsored by NOSTC,
| New Diethi.

| Organized one day Workshop on Tourism/

| ecotourism, Problems! Issees and Potentials

| in Kedar Valley

| Organized, Training workshop for Students

| and Teachers, "Conservation of Biodiversity'

Organized, Stbekalders Training Worksiop
on Brodiversity Conservation and Livelihood
Crptions in Khangehendzonga Biosphere
Reserve'.

Training on Disaster Management: Rale
of Palice

Crganized, Interactive Meeting on,
‘Bicdiversity and Agriculture' on
‘Internaticmal Day for Biodiversity',
Organized, Field training expasire o
students and teachers, Class X1 {Science],
‘Conservation of Biodiversity'.
Workshop-Cum-Training on Appropriate
Lo Cost Technologies

HQs and Units, May 22, 2009

HQ=and Units, June 3, 2009

HQs and Units,
September 10, 2003

Trivuginarayan, Rudraprayag,
Unarakhand,
MNovember 5-6, 2008

Garhwal Unit, Srinagar,

Untarakhand, March 23-26, 2008

Garhwal Unit, Srinagar,
Uttarakhand. April 7-9, 20615

Toyuginarayan, District
Rudraprayag. Uttarakhand,
September 24-28, 2008

Triyuginarayan, Diserict
Rudraprayag, Uttarakhand,
March 18, 2009
GBPIHED, Sikkim Linit
Pangthang, Sikkim.

19-20 March 2009,

Upper Dzongu, North Sikkim,

12 Feh,, 2008,

Sikkim Armed Police,
Pangthang. 26" June 2008.
CGGBEPIHED, Sikkim Uinit,
Pangeghang, Sikkim,

22 May X008
GBPIHED, Sikkim Unit,
Pangthang, Sikkim,

22 May 2008

Midpu, Doimukh,
Arunachal Pradesh
21-23 May 2008

Stiedents and Teachers of
Government and Public
Schools/ [nstitutes
Students and Teachers of
Government and Public
Schools/Institutes
Students and Teachers of
Government and Public
SchoolsInsttutes Univer
sities, Senior Citizens,
Farmers ote.

Vaidyas, Stakeholders,
Represenmatives of commu
nities ete.

Yaidvas, Stakchalders,
Bepresentatives of commu
Scientists from different
inszitutions, Professor,
Students, Scholar, Associ-
ates efc.

Students and Teachers from
Schools, Scientists, Profes-
sors, Experts, Officials from
Line departments, eic.
District BMagistrate, SDR,
DFQ), Farmers, Stakehalders,
Scientists, e,

Students and teachers of 15
schools of Sikkim

Stakeholders of KBR.
{farmers, EDs, NGO, forest
department personnel

Middle level officers af
Sikkim Armed Police
Stakeholders of KBR
(farmers, EDs, NGO, forest
department pegsonmel, ere)
Studenis and eachers

Participants from an NGO
(Agency for Integrated
Drevelopment Agency -
AIDA, Nagaland)
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Praject Review Workshop on Cultural
Landscape: The hasis for Linking
Bindiversity Conservation with Sustainable
Development in Arunachal Pradesh in
collaboration with MERIST, Mirjuli

Second Empowered Project Steering
Committes (EPSC) Meeting, GOL-UNDP
CCF-11 Project on Biodiversity conservation
through community based natural resource
management in Arunachal Pradesh

Sensitization Program on Integrated
Farming Practices under Watershed
Development in collaboration with STRD,
Arunachal Pradesh

Sensitizaton Program on Integrated
Farming Practices under Watershed
Dievelopment, incollaboration with SIRD,
Arunachal Pradesh

Assessment-Cum-Momitonng Workshop
for Partner NGOs from NE States

Training workshop on low-cost simple
technolopies

Stakeholders' Interactive Workshop on
Shifting Agriculture

Mirjuli (Ttanagae)
May 25-249, 2008

Itanagar
May 30, 2008

[ranagar
Septemiber 23-24, 2008

Tanagar
September 2950, 2008

ltanagar
January I8, 2009

ltanagar
Janwary 17, 2009

Itanagar
March 28, 2009

Reviewess from UNESCO
& INU, Principal Investi-
gators of UNESCO projects
(DU, GBPIHED-NE Unit,
NERIST, CCRIY

Mational Project Director,
Members of the EPSC, Gowt,
officials, Principal Investi-
gators of GOI-UNDF CCF-
11 Propect

Farmers, Filla Parishad
Members

Farmers, Zilla Parishad
Members

MNEGEOs from 3 INE States

Propressive farmers,
Farmers (males & females)

Officials/planners from line
depariments, officials from
Central and State governmment
islitutes, academicians,
researchers, NGOs, public
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MISCELLANEOUS
ITEMS

1. Scientific Poblications

(I} Scientific Journals

A Ghildiyal & A, Pandey. 2008, [solation of cold
tolerant antifungal strains of Trichoders spp.
from glacial sites of Indian Himalayan
Begion, Kesearch Journal of Micrabiolagy, 3 (8):
559-5504.

Agnihotri, R.K. & 5.K. Nandi. 2009. [n vitro
shoot cut-a high frequency multiplication and
rooting method in the bamboo Dendrocalarmes
framiltondi. Blotechnofogy, 8(2): 259263,

Air 5., L. Bhatt, A Bhatt, R.5. Rawal and L.
Dhar. 2009, Variations in seed germination
of Hippophae salfcifolia with different
prescaking treatments. Jowrnal of Foresory
Fesearch, 2001):27-30.

Andola, H. C., R. 5. Rawal and 1.D. Bhatt.
2008, Antioxidants in froits and roots of
Berberis astarion Roxh, ex.DC.; a laghly valued
Himalayan plant. Sefence Lerree, 31 (118&12):
337-340.

Begum, 5. Naseema, K K. Moorthy, V.5, Nair,
5.5, Babu, 5.K. Satheesh, V. Vingj, R.K.
Reddy, K.R. Gopal, K.V.5. Badrinath, K.
Niranjan, 5. K. Pandey, M. Behera, A,
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Jeyaram, PK. Bhovan, M.M. Gogoi, 3 Singh,
B Pant, 1L.C. Dumka, Y. Kant, J.C. Kaniyal
& I Singh, 2008, Characteristics of spectral
acrosol optical depths over India during
ICARB. Journal of Earth System Science
L17(81): 303313

Bhatt A, LD, Bhatt, K. Gaira, K. Tripathi, R.5.
Rawal and U. Dhar. 2009 Effect of Pre-
sowing Treatments on the Germination of
Plenrospermum angelicoides (IDC)) CL Seed
Techmology 31:89-94,

Bhatt, .., A Bhatt, K. Parsad, S. Gairola, B_S.
Rawal and U. Dhar, 2008, Preliminarily
Investigation on MNutritional Properties of
Aviemesia maritioe Linn. Erdmobotanical Leaflers
f2:614-18

Bhatt, .., K. Prasad, 5. Rawat and R.5. Rawal
2008. Ewvalpation of antioxidant
phytochemical diversity in Hedvehinem
spicatan: a high value medicinal plant of
Himalaya. Pharmacognosy magazine, 4, 5202-
5205,

Bisht, A. K., A, Bhatt, R.5. Rawal, and U, Dhar
2008, Assessment of reproductive potential of
different populations of Angelica glovea
Edgew., A critically endangered Himalayan
medicinal herb. £ My Sei, 5; 84-90.
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Butola, I.5. and H.K. Badola, 2007. Use of
sodium hypochlorite to enhance seedling
emergence, vigor, and survival of Angefica
glawea and Aconitum heterophiyllum. Journal
af  Herbs, Spices & Medicinal Plants,
13(4); I-10.

Butola, J.8. and H.K. Badola, 2008, Propagation
conditions for mass multiplication of three
threatened Himalaya high value medicinal
hetbs. Plant Genetic Resources Newslerer 153
43.47,

Butola, I.5. and Badola, H.K. 2008. Threatened
Himalavan medicinal plants and
their conservation in Himachal Pradesh.
Jorrnal of Tropieal Medicing! Plants Vol 9 (1);
125-142

Chandra Sekar, K., 8. Gairola, Balwant Rawat
and R.5. Rawal. 2008. Avena farua subsp,
meriaionalis Malz. (Poaceae) - A new record
from Uttarakhnad. dnnals of Foresery, 16 (2);
ial-362,

Chaundhry, 5. & L, Tamang. 2007, Need o adopt
traditional fishing gears in Senkhi stream.
Curvent Science 93(12): 16471648

Farooguee, Nehal, A., Tarun K. Budal and R.K.
Maikhuri, 2008, Culrural and social impact
analysis of adventure tourism in Himalayan
tfiver Ganga in India. fedian Jowrnal of Youth
Affairs, 12(33: 104111,

Farooquee, Nehal, A., Tarun K, Bodal and . K.
Maikhuri. 2008. Environmental and socio-
cultural impacts of river rafting and camping
on Ganga in Uttarakhand Himalaya. Current
Screrize, M(5): 587-304.

Faroogquee, Nehal, A., Tarun K. Budal, R.K.
Maikhuri and 5.P. Singh. 2008. Contribution
of pack animals in reducing CO2 emission in
Central Himalaya, India. Carrenr Science,
95(1): 59-63.
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Gairola, 8., R.5. Rawal and . P. Todaria. 2008.
Forest vegetation patterns along an altitudinal
gradient in sub-alpine forest of west
Himalayva, India. African Journal of Plawmt
Seience, 2 (6): 4248,

Ghosh, P. 2009, Outlook on Baraanaja: The
traditional mixed cropping system of the
Central Himalaya. Outfook on dgriculture, Vol
38(1). pp 101-104,

Ghosh P and Kimothi M, M. 2008, Forest Fires.
Cherrenr Science Vol.04 (12) pp. 1558-1558,

Joshi, 5. K., V. Bisht, U, Dhar, M. Josln and
ALK Bisht 2008, fr vitro regeneration of
‘Green Sweet' apple via nucellus-raised eallus,
Jowrwal of Horvicpltural  Scierces  and
Bigrechnology, 83(4):447-452.

K. Singh, R.K. Maikhuri, K.5. Rao and K.G.
Saxena, 2008, Characterising land unse
diversity m village landscapes for sustainable
mountain development: a case study from
Indian Himalaya. Ewvironmentalise, 28(4); 429-
445,

Kumar, K., Joshi, Snch and Joshi, V. 2008
Climate varmabibty, vulnerability and coping
mechanism in Alaknanda catchment,
Central Himalaya, India. Ambsa, Vol 37(4). pp
286-291.

Kumar, K., Pant M., Satval G.S. and Dumka
E.E. 2008 “Comparison of digital surface
mexdeling techniques for sloping hill terrain
using ¢PS data. fmtermacional Journal of
Simuelarion and Modeling, dcta Press 28(4);
439447,

Kuniyal, I.C. Alpana Thakur, HEK. Thakur, S.
Sharma, F. Pant, B3 Rawat, & K.K. Moorthy,
2008. Aerosol optical depths at Mohal-Kullu
in the northwestern [ndian Himalavan high
altitude station during ICARB. Jowrmal of
Eartiy System Science, 118(1); 41-48.



L.5. Kandarn, K.5. Rao, R.K. Maikhuri and
Kusum Chauthan. 2008, Effect of pre-sowing,
termperature and light on the seed germination
of Arnefia bethamd (Wall. Ex G. Don): An
endangered medicinal plant of Central
Himalava, India. African Jourral of Plen
Science, 2(1): 3-11.

Mahar, G., U. Dhar, R.5. Rawal and I.DD. Bhatt.
2009, Implications of location specific data
and their usefulness in conservation planning:
an example from Indian Himalayan Region
(IHR). Biadsversity Comservation (DOI 101007/
510531-008-9450-0)

Maikhuri, R.K., Vikram 5. Negi, L.5. Rawat,
V.K. Purohit, Prakash Phondani, K.F.
Chamoeli and N.A. Faroogquee. 2009,
Participatory action research frmmework and
approaches for promoting non-timber forest
products (MTFFs) in central Himalaya,
Uttarakhand, Natl. deadl Sof Ler, 32(38&4):
69-75,

Mihin Dollo, Prasanna K. Samal, and R.C.
Sundriyal. 2008, Distribution and conser-
vation initiative of highly threatened species,
Tz watlfrchana ZUCC, i Arinachal Pradesh,
India. Emvirormenral dwareness, 31(1-23:21-26.

Mihin, Dollo, Prasanna K. Samal and R.C.
Sundrival. 2008 Distribution and
conservation mitiatives of highly threatened
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Arunachal Pradesh, India, Environmental
Awareness, 31 (1-2): 21-26.

Maravan Singh, L.5. Lodhival, R. C. Sundrival
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central Himalavan Forest in relation to
catchments area, Nature and Science, T(3),
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Vishvakarma and I).C. Pandey. 2007.
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A case of the Lahaul valley m sorth-western
Indian Himalaya, Jowral of Water and Lamd
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218,
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| MESCELLAREOUS
| Sahashifliz Publication
|

Tamang, L., §. Chaudhry & . Choudhury.
2008, Ererhistoldes senkitfensts, a new catfish
(Teleostei: Ercthistidac) from India, feofipol
Explor, Fresfwar, 19(2):185-191.

Tamta, S., L.M.S. Palni, V.K. Purohit & S.K.
Nandi. 2008, In vitro propagation of brown
oak (Grusous semecarpifofia Sm.) from seedling
explants. fn Vitro Cellular & Developmental
Biglogy - Plaw, 44 136-141

Trivedi, I & A. Pandey. 2008, Plant Growth
Fromotion Abilities and Formulation of
Bacilfus meparerium strain B 388 (MTCCe321)
Isolated from a Temperate Himalavan
Location. fedion Sosrnal of Microbislogy, 48 (3):
342-347,

(IT) Chapter in Books/Proceedings

A. Pandey & Palni, L.M.S8. 2008, Tea
Rhizosphere; Characteristic fearures of
microbial diversity. In; MK Jain, F Rahaman
& P. Baker {eds.) Econonric Crisis i Tea Dndioary
Studinem Press LLC, USA, pp. 187-194.

Agnihotri, K., 5.K. Nandi, N. Bag & L.M.S.
Palni. 2008. Mas:z propaganon and field
evaluarion of “Maggar® bamboo
(Dendrocaiarmus fanlions Nees ¢t Arn. Ex
Munre} in Uttaranchal. In: Arya, LD & 8
Arva (eds. ) Urilizarion of Bioveohnology in Plane
Seiences, Forest Research Institute, Debhradun,
rp. 145-154.

Agarwal, D.K. and Dhyani, P.F. 2008,
Bicenpgineering: A tool for mitigating hall slope
instabilities. In, Proceedings of CBRI Thamond
Jubilee Conference on “Landslide Management:
Present Scenano and Future [Directions’ (eds.
Ghosh, A, Sarkar, 5. and Kanungo, D.E),
MNIDM Publ. — 2008, pp. 267-283.

Badola, H.K. and B.K, Pradhan. 2008, Dzongu
Landscape in Khangehendzonga Biosphere
Rezerve: "Biodiversity and unique cultural
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spots along Tholung-Kisong eco-trek in north
Sikkim'. Tech. Brochure for Training/
dissemination, (8 column), Beracah Printers,
Deorali, Decemnber 2008,

Bag, N., J. Mishra, A. Pandey, 5.K. Nandi &
L.M.S. Palni. 2008. fn witro multiplication,
hardening, establishment and subsequent
evaluation of tea plants using selected
physiclogical. anatomical and molecular
characters, In: Arva, LI & 5. Arya (eds.)
Ulniltzation of Biotechnology in Plarr Sciences. Forest
Research Insttue, Dehradun, pp. 207-213,

Dollo, Mihin and Samal, Prasanna K. 2008,
Traditional and Panchayati Raj Institutions:
an approach for participatory natural resource
management in Arunachal Pradesh, India. In:
Seminar on ruval development in Arumachal
Fradesh, (eds. V.K. Sharma and R. Snivastava).
State Institute of Rural Development,
Itanagar, Arunachal Pradesh. p.10.
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Management of Weeds for Organic
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Bhattacharya, A K. Kandyva & K.N, Krichna
Kumar (eds.), Joint Forest Management in
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Ghosh P. 2008. Soil denitrifying bacteria and
environmental factors regulating denitrifi-
cation in soil. In; Soil Microflora (eds.) B, K.
Gupta, M. Kumar and D. Vyas, Daya
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Publishing House, Daryaganj, New Delhi, pp.
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A.Ghose, 5, Sarkar & DP. Kanango, Published
by National Institute of Disaster Management,
Mew Delhi, pp 65-74,
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P.C. Joshi. 2008, On the use of invasive weed
Lanrana camara for soil management in
mountainous agriculture. In: B.D. Joshi, B.C,
Joshi & Namita Joshi (eds.), Environmental
Pollution and Toxicology. ABH Publishing
Co. New Delhi, Pp. 185197

B.K.Maikhuri, L.S.Rawat, Vikram 5. Negi,
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Sharma) biodiversity conservation and
management for enhanced ecosystem services
in responding to the challenges of global
change, [CIMOD, Nepal, pp 138-148.

Rajiv Mili, Mihin Dollo and P.K. Samal. 2009,
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issues. 27-28" February, 2009, AITS, Rajiv
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Rawal R.5. and K. Kothari. 2008, Javik
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{FPithoragarh, Champawat Ank), 16-17:25-43,

Samant, 5.5., S.K. Nandi & J.5. Butola. 209,
Conservation status and cultivation of
gelected medicinal plants in the Indian
Himalayan Region. In: Singh, 3.B., O.P.
Chaurasia, A. Yadav, A M. Rimando & TH
Terrill (eds.) Advances in Agriculture,
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and Biomedical Sefences. 5.5, Publishing House,
Delha, India, pp. 185.214.

Sharma, A K., Joshi, V., Parkash, S and Kumar,
K. 2008, Earthguake disaster and risk
management in Sikkim. Proceeding of
MNatiemal symposium on Gecenvironment,
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M. Gupta, E. Chitra & K.G. Sharma,
organized by Indian Geotechnical Society
Delln Chapter. pp. 291-206.

Sharma, 5., L.C. Kuniyal, D.K. Agrawal & .C.
Sharma. 2009. Man-made, nateral hazards
and preventive measures during construction
of hydropower projects For sustainable
development in the mountains: A case of the
Upper Beas Valley, India. In: Proc.
Envivonmental Geo-hazards (Earthguakes,
fandslides, floods, #ic.): Management and
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| Seientific Puclication

Mirigarion Strategy for Himachal Pradesh,
Organized by Deptt, of Geography, Karori
Mal Degree College, University of Delhi and
District Administration, Mandi, H.P,,
Research India Press, New Delhi, June 4-5,
2007, pp.221-236.

Sharma, 5., S. Joshi, and K. Kumar. 2008,
Spatial patterns of human population
dynamics in watershed management. Jn: Secio-
economic Profile of Unarakhand: Tssues &
Challenges (Eds: Ravindra K Pande &
Rajneesh Pande), Gyanodava Prakashan,
Mainital. 199-200

Trivedi, P, B. Kumar & A. Pandey. 2008, Nature
and applications of Baciflus species for
improving plant growth. In: DE. Maheshwari
& R.C. Dubey (eds.) Patential Microorpanisms
for sustainable agricwlture: A Techno-cosmmercial
perspeciive, T International Publishing House
Pvt. Lid., New Delhi, pp. 49-66.

William Critchley, Girish Negi & Marit
Brommer, 2008. Local innovation in green
water management. In: 3. Bossio & K. Geheb
{eds.), Conserving Land, Protecting Water.
Comprehensive Assessment of Water
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International, UK. Fp. 107-119

(ITT) AuvthoredsEdited Books/Booklets/
Bulletins /Monographs

Samant, 5.5., 1.5, Botola, and M. Lal. 2008
Agrotechriques of the commercially viable
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Begion. GRPIHED, Himachal Unit, Mohal-
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Adhikari, D., Chhetri, A., 5. Chaodhry & T.
Das. 2008. GARP predictions of potential risk
zomes of avian flu in NE India. The Arunachal
Times, 1229 1.
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Valleriarna Wallicht -A potent souree of natural
somrce of antioxidants. Hima-Parvavaran
19&20, 13-14.

(7. V. Gopi. and Mihin Dollo. 2009, Land of the
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Gopi G.V,, L. Tamang, 5. Chaudhry, T. Karthik
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P.C. Phondani. 2008. Bahupayogi Adrak Ehatrai
ki aad mai: Kishan mavoosh. dparajesra
Hindi Magazine, Vol. 6 (1) pp. 63 Febrvary &
March.

RC, Phondani. 2008, Development of traditional
medicine for primary health care system in
Garhwal, MoRe Expression, Vol. 5 pp. 23-24
April.

P.C. Phondani; L.5. Rawat; R.K. Maikhuri;
N.A. Farooquee. 2008, Kedar Ghati mai
Gothi aik parampenk dharchar. Apangeera
Hirndi Magazine, Vol. 6 (1) pp. 62 February &
March.

P.K. Samal, R. Mili, L_I. Singh, 5.C. Arva, and
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| ACCOUNTS

ANSUL AGRAWAL & CO.

Chartered Accountants

Sela Khola, Chaughan Pata, Near PW.ID. Office, Almora - 263 801 (Uttarakhand)
Tel.: 05962-230158, 232158, Fax: 05962-231030, Mobile: S4101-83805, 098101-53504
c-mail; ansulagrawal@rediffmail.com

To

Members,

.B. PANT INSTITUTE OF HIMALAYAN
ENVIRONMENT & DEVELOPMENT,
NEW DELHIL

We have audited the attached Balance Sheet of G.B. PANT INSTITUTE OF HIMALAYAN
ENVIRONMENT & DEVELOPMENT (A Institute of Govind Ballabh Pant Himalaya Parvavaran
Evam Vikas Sansthan) which are in agreement with the books of accounts, maintained by the Institute
as on 31st MARCH, 2009, We have obtained all the information & explanations, which to the best of
out knowledge and belief were necessary for the purpose of audit. In cur opinion, proper books of
accounts, as required by the law have been kept by the Head Office and the Units of the above named
Institute, so far as it appears from our examination of the books. Proper returns adequate for the
purpose of andit have been received from Units not visited by us, subject to the Motes on Accounts and
comments given below:

Ag per noles on accounis \ obser vations

In our opinion, and to the best of our information and according to the explanations given 1o us and
subject 1o the notes forming part of accounts the said accounts give the true and fair view:

i} Inthe case of Balance Sheet of the State of Affairs of the above named Institute as on 31st MARCH,
2009 and

i) Inthe case of Income & Expenditure acoounts of the INCOME of its accounting year ending 315t
MARCH, 20009,

FOR ANSUL AGRAWAL & Company
CHARTERED ACCOUNTANTS

Sd/-

C.A. ANSUL AGRAWAL SEAL
(PARTNER]}

DATED: 22-3-2008
PFLACE: ALMORA

Branch Office: 3/37, First Floor, Main Shivalik Road, Malviya Nagar, New Delli- 110017
Tel: 011-26683630, 26683640, Fax: 011-26683640, Mobile; 98101-53504
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m Annual Report 2008-09

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

BALANCE SHEET AS ON 315T MARCH 2009

 PARTICULARS SCHEDULE  CURRENT PREVIOUS |
CORPUS/ACAPITAL FUND 1 4752830192 3230456855 |
RESERVE AND SURPLUS z I TIISA408 37847998063 |
EARMARKED/ENDOWMENT FUNDS 3 | ATHAGRS 48
SECURED LOANS & BORROWINGS 4 | 0.00
UNSECURED LOANS & BORROWINGS 5 | 0.0 |
DEFERRED CREDIT LIABILITIES [ 0 (.00
| CURRENT LIABILITIES AND PROVISIONS 7 AeS10R02.39 4317351058
[T 505762638.39  462727045.54
| ASSETS
| FIXED ASSETS ) 30]1723534.08 379329006 82
| INVEST FROM EARMARKED/ENDOWMENT FUND 9 26920216.48 E76R9E5.48
[NVEST OTHERS 10 0 000 |
[
CURRENT ASSETS, LOANS, ADVANCES ETC. 11 BT118837.83 T44879053.24
I MISCELLANEQUS EXPENTHTURE
| TOTAL - 505762638.39  462727045.54
0080
SIGNIFICANT ACCOUNTING POLICIES 24
CONTINGENT LIABILITIES & NOTES ON ACCOUNTS 25
AUDITOR'S REPORT
As per our separaie report of even date annexed. Sds-
FOR: ANSUL AGRAWAL & CO. (DR, L.M 5 PALND
CHARTERED ACCOUNTANTS DIRECTOR
Sd/- S /-
{CA. ANSUL AGRAWAL ) (Dr. S.C.R. Vishvakarma)
PARTNER D.D.O
M Mo, 092048
Sl
DATED: 22-06-2000 {K_K. Fande)
PLACE: ALMORA SEAL Finance Officer
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ACCOUNTS

G.E. PANT INSTITUTE OF HIMALIYAN ENVIRONMENT & DEVELOPMENT
KATARMAL, KOSI [ ALMORA ) Uttarakhand

INCOME & EXPENDITURE A/C FORTHE YEAR ENDED 315T MARCH 2009

PARTICULARS SCHEDULE CURRENT PREVIOUS
YEAR YEAR
INCOME
Income from Sales/Services 12 20785100 273571.00
Grants/ Subsidies{net off exp] 13 1128473%0.50 R3O 1H9E. 12
Fees/ Subscriptions 14 0.00 (.00
Incame tft from Fixed Assets fund - 17110095 .83 15935537.88
{tn the extent of depreciation & WDV of asser sold) 0.0
Income from Royalty, Income from Tov. Publication erc. L& 295.00 320.00
Interest Earned i) | 994486 .59 218441119
Other Income 18 IaR148.00 200238800
Increase {decrease) in stock of Finshed goods and 19 (.00 0.00
work in progress)
TOTAL (A) 134225266.92 1034081 26.19

EXPENDITURE
Establishment Expenses: a} Institute 1] F05489049.00 2453023400

b Projects 7251892 40 624355400

¢] ExC (Projects) 68511100 35223300
Administrative Expenses © a} Insttute 21 3350333550 31130191.12

b} Projects (As per Annexung) L1676147.00 B7BaT5R.00

¢) F.C (Projects){ As per Annexure) 052320.00 B46078.00
Expenditure on Grants, Subsidies etc. 22 B219675.00 1112194800
Interest 0.00
Depreciation (Net Total at the vear-end-as per Sch. 8) 17110095 83 13935537.88

TOTAL (B) 129957486.33 9894 7436.00
Balance being excess of Income over Expenditure (A - B) 4270780.59 4460690, 19
Transfer to special Reserve (.00 .00
Transfer to/ from General Reserve 0.00 0,00
BAL.BEING SURPLUS TRETO CORPLUS/CAPITAL FLIND 4270780.59 446069019
SIGNIFICANT ACCOUNTING POLICIES 24
CONTINGENT LIABILITIES AND NOTES OM Afc 5
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AUDITOR'S REPORT

Asg per our separate report of even date annexed,

FOR: ANSUL AGRAWAL & CO,
CHARTERED ACCOUNTANTS

Sd/-
{CA. ANSUL AGRAWAL)
PARTNER
M No. 092048

DATEID: 22-09-2009
PLACE: ALMORA
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Sd/-
(DR. L.M_S PALND)
DIRECTOR

5ds-
(Dr. 5.C.R. Vishvakarma)
Do

Sds-
(K. Pande)
Finance Crficer
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G.B. PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT

KATARMAL, KOSI {(ALMORA) Uttarakhand

ANNEXURE FORMING PART OF RECEIPT/PAYMENTS A/C AS ON 31 MARCH 2009

STATEMENT OF OPENING & CLOSING BALANCES

PARTICULARS OPENING CLOSING
AMOUNT AMOUNT
Cash & Bank Balances
Cash In Hand :
Srinagar 4 85 1.85
Sikkim 17014.00 305300
Kullu L1%1.36 300,36
Ttanagar ETH.97 19577.16
Grant in aid in transit Biotech-xig 1E4000.00 13400000
Cash & Bank Balances
SBI Almora A/¢ Mo 01170003256 (Endo) 32541 .48 4459 48
SBI Tadong Afe Mo 01000030044 1 2008790, 50 126512800
SBI Eulle Ade NO.OLLOONT&038 5835712.82 2178799 82
SBI Itanagar Ae Nao 01100050337 Hd3aba g2 572274.63
SBI Srinagar Asc Mo 01100030433 153160053 86217953
Advances
House Building Advance 2oa2463.00 J182691.00
Motor eycle/ Car Advance 41900200 374185800
Festival Advance 17250.00 [5000.00
[ o 36,00 36.00
Income tax dedocted at source 19149800 191498 .00
 Units of Institute:
Sikkim Uit 5612582 0.0
HF Unit -219085.00 =52662. 18
Garhwal Unit -55686.00 -401924.00
ME Unic -24179.00 -B3873.00
ET & NT Delhi{[ND0 SUMMER) 2880.00 220,001
MWREA Hyderabad (PARADYE) 2ER720.00 258720.00
Pant Nagar UNIV. (FDF GEF) 40000.00 0.0
| Fixed Deposits
With SBI Endowment Fund TRE4942 00 0.0
Interest Accrued on FDRIEndowment Fund) R31402.00 0.00
Interest Accrued on FDR(General Fund)) 1663929,00 0.00
Corpus Fund FDR'S .00 24199219.00
Interest Accrued on Corpus fund FDR 0,00 260649800
Asser under installation 0.00 0.00
FDR (Margin Monev/LC A/C)
Institute 2511364.00 2805057.00
BIOTECH -XI1 577.00 S77.00
DST -KE-1V (.00 160000000
TOTAL: 25933523.60 F0O2THIA65
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| AccouaTs

G.B. PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT
KATARMAL, KOSI (ALMORA) Uttarakhand

Brought forward 2593352360 39927836.65
Due Seaff/Other IC Ave

Post Master G.E.O Tadong (Sikkim) 2134.00 2154.00
Post Master G.F.O Almora 20625.00 2143400
Employvment News 4828700 AR237.00
Sigma Aldrich Chemicals 10590.00 1050000
Siltap Chemicals Ld {Buotech 110 408.00 40500
NRSA Hyderabad 3530000 3530000
R.K. MNanda & Sons 28517.00 28517.00
KWICSL New Dethi 351046.00 3510600
B 5 L Banglore 2912596.00 2912506.00
Security Deposit CET Sikkim Unit 11000.00 1100600
M5 OTT Messachute E500.00 0.00
Uttranchial Renewal Energy Development Agency 165000.00 165000.00
(UREDA)

D 5.C. Joshi (TA) 0.00 1000000
MNRSA Hyderabad (ISRO GBP 555) 350000.00 350000.00
NERSA Hydrabad (DST-KK-T} TA00.00 T400.00
s 5.1 fine New Delhi T220.00 .00
F.C. Inter AZC 2300.00 250000
Mss CCU Mew Dethi TORSR.00 TOROE.00
MrsAnton Par GMBH Auwstralia 293000,00 285909.00
Security Deposit NE Unit 175000 1750.00
Sh. Khailendra Singh Kanwal (UJVNL) G518.00 0.00
M5 Delta T-Devices, England 0.00 101150.00
M5 Bajrang Motors, Haldwan: Q.00 100000000
EE, CCU {Servicing of Sub station) 0,00 B54000.00
WCADMS, Itanagar (MOE&F CC-TT) 0,00 611411.00
MN.E. Regional Institute, Itanagar (MOE&F CC-IT .00 611411.00
Ms Solar Lite Co. USA {ISRO-GBP EQ PRL-JCK) 0.00 1069133.00
EE R.E.5. Almora {(MOE&LF (BG) RSR 0.00 LARO000.00
MOEEF (5. Sharma) NR3A Hyderabad .00 L4 7000.00
M5 Kipprozones BY. Netherland 0.00 159895.00
TOTAL 2,99.50,902.60 5,00,80,885.65
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P = & Annual Report 200509

HEAD QUARTERS
LM.S Negi
K.K. Pande
Surye Kant Langavan
L.M.S Negi
Sanjeey Higgins
Mritunjay Anand
Sarita Bagdwal
Jagdish Kumar
Mamta Higgins
Heera Singh
K.K. Pant
Hema Pandey
5.K. Gurani
Suraj Lal
Jagdish Singh Bisht
R.C. Bhatt
| Chandra Lal
K.N. Pathak
Pan Singh
G.D. Kandpal
Marthu Ram
CGranga Joshi
Kanshi Kam

GARHWAL UNIT
[P, Kumeri

MLE. Nautiyal
JM.5 Rawat

R.C. Nainwal

R.P Sati

HIMACHAL UNIT

5P Maikhuri
Daulat Ram

SIKKIM UNIT
R.K. Das

Sabira Krishna
Jagnnath Dhakal
Musafir Rai
Shyambir

PK. Tamang
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INSTITUTE SUPPORTING STAFF

Adminiserative Officer (1/¢)
Finance Officer
Accounts Officer
Office Supenntendent (Admn.)
Technical Gr. - 11IK2)
Technical Gr - IV(1}
Stenographer
Stenographer

00 5§

LD.C

UD.C

D,

LI

LD.C

Technical Gr — [I(1}
Driver

Driver

Technical Gr. = [(3}
Peon

Peon/Mali
Peon/Mali

Pean

Peon s Tali

L

Drriver

Drriver

Field Assistant
Peon

Office Superintendent
Peon

LI

LDC

Technical Gr - I{3)
Pecn

Peon

Peon




INSTITUTE FACULTY

HEAD QUARTERS

L.M.5 Palni DHrector

P.F. Dhyani Scientist-G
Kireet Kumar Scientist-F
5.K. Nandi Scientist-F
R.C. Sundriyal Sclentist-F
LK., Agrawal Scientist-E
Anita Pandey Scientist-E
5.C.R. Vishvakarma Scientist-E
B.P. Kothyari Scientist-E
L5, Rawat Scientist-E
R.5. Rawal Scientist-E
G.C.5. Negi Scientist-D
R.C. Prasad Scientist-1
Subrat Sharma Scientist-
L.D. Bhatt Scicntist-C
R.K. Singh Scientist-C
AK. Sshani Scientist-C
Rajesh Jozhi Sclentist-C
E.C. Sekar Scientist-C
Shilpi Paul Scientist-C
Vasudha Agnihotei Scientist-B
B.G, Singh Technician-B
E.5. Majila Technician-B
Subodh Airi Technician-B
HIMACHAL UNIT

5.5, Samant Scientist-E & In-charge
5.C. Joshi Scientist-D
I.C, Kuniyal Scientist-D}
R.K. Sharma Scemtist-C
SIEKIM UNIT

H.K. Badola Scientist-E
K.K. Singh Scientist-D & In-charge
Varun Joshi Scientist-C
Ranjan Joshi Scientist-C
L.K. Rai Technician-B
Y. K. Rai Technician-B
GARHWAL UNIT

R.K. Maikhuri Scientist-E & In-charge
N.A. Faroogquee Scientist-I»
Paromita Ghosh Scientist-C
5. Tarafdar Seientizt-C
NORTH-EAST UNIT

EK. Samal . Scientist-E & In-charge
M.:S. Lodhi-— Seientist-C

Plant Physiology; Biochemistry: Biotechnology
Plant Physiology; Restoration Ecology
Environmental Engineering; Hydrology

Plant Physiology: Biochemistry

Plant Ecology; Rural Ecosystems

Soil & Water Conservation Engg; Impact Assessment
Microbiology

Plant Ecology; Rural Ecosystems

Flant Pathology; Restoration Ecology
Settlement Geography; Rural Ecosystems
High Altitude Fcology; Conservation Biology
Forest Ecology: Watershed Management; E1A
Library & Docomentation

Agroccology; Remote Sensing / GIS

Plant Physiology; Phytochemistry
Information Technology

Social Science; Anthropalogy

Mathematical Modeling

Flant Taxonomy; Animal Taxenomy
Molecular Biology; Plant Biotechnology

Seil Sclence; Plant Analysis; Instrumentation
Applied Arts; Photography, Social Science
Farest Ecology; Restoration Ecology

Forest Ecology; Biotechnology

Plant Taxonomy; Conservation Biology

Plant Physiology; Stress Physiology
Development Geography; Waste Management
Palicy Analysis; Environmental Management

Morphoanatomy; Conservation Biology
Plant Physiology; Stress Physiology
Environmental Geology

Ecology Economics; Resouree Valuation
Plant Taxonomy

Rural Ecosystems

Flant Ecology; Rural Ecosystems

Sacial Science; Indigenous Knowledge Systems
Plant Science; Soil Science

Weather & Climate Change; Glaciology: Hydrology

Social Science; Anthropology
Environmental Assessment
HighAltitude Ecology
Conservation; Binlogical Diversity




HIMACHAL UNIT
Mohal, Kullu

Ph: 01902-225320
Fax: 01902-226347

GARHWAL UNIT
Upper Bhaktiyana,
Srinagar, Garhwal
Ph: 01346-252603
Fax; 01376-252424

HEAD QUARTERS
Kosi-Katarmal, Almora
Ph: 05962-241041./241015/241154

Fax: 05962-241150/241014
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SIEKIM UNIT
Pangthang, Sikkim
Ph: 03592-237328
Fax: 03592-237415

NORTH EAST UNIT
Vivek Vihar, Itanagar
Ph: 0360-2211773
Fax: 0360-2211773

Designed and Printed at Venus Printers and Publishers, Naw Dalhl 25091449, 3810009007, 20451501




