| .':II'T .i.-ir
Lo,
+Mmdjl& .'_‘

SR

e

(3



http://www.cutepdf.com

| G.B. Pant Institute of Himalayan Environment & Development
(An Autonomous Institute of Minlstry of Environment and Forests, Govt, of India)
Kosi-Katarmal, Almora - 263 643, Uttarakhand, India




SOCIETY

Prasident

Ministar-in-Charge

Minisiry of Crivironment & Forests
Govermment of India, New Delhi

Vice President

Ministor of State

Ministry of Ervvironmcnt & Moresls
Government of India, Mew Delhi

Membars

Twa irenhers of Porliarent sominatod by the Government of Tralise, New
Dethi

Shri K.C. Singh Baba

P Lok Sabha)

Lhhawan Katoratal, Kashipor
Dhistt. Udham Singh Magar

Ehn Salyavrat Chaturved
MF (Rajya Sabha)
AB-92_ Shabjahan Road
Mew Delhi-110001

Minister-in-cliarges (Envivannent)
Government of Jammu & Kashmic  Sikkim, Himachal Pradesh,

Uttarakhand, Arunachal Pradosh, West Bengal, Assarm, Mizoram,
Manipur, Meghalaya. Nagaland and Tripura

Tiver MULAx from the Stare af CUntavaklvnd nomineted by the Government af

Feralt

Shri Manaj Tewari, MLA,
Mzlla Kasun, Almaora

Bhr Shaitencra Rawat, MLA,
MLAs Residence

Room No, 26, Race Cource
Dehradun

Five non-ufficial menbers peninared by the Govern wrent af frdic

Dr.R.R. Rao

CSIR Emenlus Sciantist

Central Institile of Medicinal and Asomalic Plants Allalazandra, GEVE
Post, Bangalgre-560 065

Dr. L Acharya

28, Nagarkot Colony

Thakurdwara P.O. Maranda
Falampur-176 102, Hirmachal Pradesh

Shri 5K, Pande (IFS Retd. )
ME 02, Flat 902, Kendriva Vikar
Sector 56, Gurgaon, Haryana

Prof Waiun Salini
Wice Chancellor
Jarnrmu University, Jammu, J&E

Prof. Krishnamoaorthy Kannan

Wice Chancelics

Magalznd Universily, Nagaland

Arepreseadutive af the Dndiae fnetitnte of Forest Witragement
Drerrctor

Indian inslitute of Forest Management

MNehri Nagar, Bhopal - 462 D03 (M1

Seeretiries of Gavernurent of India

Ministry of Crviranment and Forests, tliniztry of Finance {Expenditire),
Depariment of Science and Technology, Councit of Scientific and

Industrial Research, Ministry  of Human Resource Devealopment
{Dopartment of Cducation), Ministry of Rural Development, Department
of Urban Development. Depariment of MNon Comventional Energy
Sources, Depariment of Steel and Mines, Ministry of Walcr Resources,
Department of Agricultural Research and  Education. Planning
Commissinn, Special Secretary {Conservation), MoEF, Joint Srecratary
{CE-1), MoEF

Chiel Secratary, Govemment of Litarakhand

Dircclor General, Indian Council of Foresiry Rescarch and Education.
Dehradun

Director General of Forests
MoEF, New Delhi-110 003

Direcior, Botanical Survey of India
Kotkala — 700 064

Chamman, Indian Council of Social Science Resoarch, Mew Dolhi
Drirerctor, Wildlsfe lstitute of India, Dehradyun
Memboer Secretany

Diractor
G.B. Pantinstitute of | limalayan Ervirenment and Development, Almora-
263643, Ullarakhand

GOVERENING BODY
Chairman

Secretary

Minisiry of Envirgnment and Forests
Paryavaran Bhawan,

CG0 Complex, Lodhi Road,

Mew Dedhi-110003

Members

Chief Secratary
Govemmen! of Uttarakhand
Deshradun

Direcior Generg! (Forests)

Minisiry of Emwronment and Forasts
Paryavaran Bhawan

CGEO Camplex, Lodhi Roag

MNew Qe 1710003

Additional Secratary & Financal Adviser
Ministry of Emvironmant and Farosts
Paryavaran Bhawan,

CGOD Complex. Lodhi Road,

Mew Delhi-110003

Additonal Secretary (CS)

Minislry of Environment and Foresls
Paryavaran Bhawan

CGO Complex, Laodhi Road.

Mew Delhi- 110003

Seoratany
Depantment of Brotechnology
Block-l, 7-8" Fioor CGO Complex, Lodhi Road, New Delki-110 003

oerx, Lodhi Road
MNew Delhi- 110003

Foxrenres

Prof. J.2. Singh

Emerntus Professar
Banaras Hingu University
Varanasi, U P

HHOS-D L0 LH0dIH 19 NNNY




ANNUAL REPORT 2010-2011

Prof. Sudhir K. Sopary

Professor and Haad

Plant Maol, Biclogy

International Centra for Genelic Engincering and Biotachnology,
Aruna Asal Ali Marg, New Delhi-110067

Prol WE Gaur

Distinguished Professor
Indian Instifute of Astrophysics
Banygalore-5360 034

Professor Kanchan Chopra
Director

Institute of Econormic Grawth
Lnaversily ol Delh Enclave Campus
Mew Delhi-110007

Member Secretary

Director

.B. Pant Institute ol Himalayvan
Environment and Development
Alrmora-263 843, Utlarakhand

SCIENTIFIC ADVISORY COMMITTEE
Chairman

Prof. Jayanta Bandyopadhyay

Head, Centra for Developmant and Environmental Policy
Irfian Inshilule ol Management

O.H. Road, Joka, Kaolkata-700 104

Thematic Experts

Prof. 5.5. Handa

Ex. Director, ERL Jammu
Executive Villa, C-522 A
Sushant Lok-1, Gurgaon-122 002

Dr. LA Hamal

Professor of Botany

Reactor

Bhaderwah Campus

University of Jammu, Pasn Bhadenvah, Distt. DodaJ & K State

Cir. Asha Chandola Saklani
Head

Cepartment of Zookogy

HME Garhwal Univiergty
Srinagar, Garhwal, Lifarakhand

Peer Institutions

Wadia Institute of Himalayan Geology
33, General Mahadeo Singh Road
Dehradun-248 007

Wildite Insitute of India
Post Box Mo, 18, Chandrabani, Dehradun-248 001

Stake Holders

Principal Chief Conservator of Forests-cum-Secrelary

Forest, Environment and Wildlife Management Department,
Governmant of Sikkim, Forest Secretariat, Deorali, Gangiok, Sikkim-
T3r10z

Lommissonear (Forests). Uttarakhand
Dehradun

Deputy General Manager

Mationzl Bank for Agrculture and Rural Developmen! {MABARD)
Uttarakhand Regional Office

Hatel Sunrse Building

Il Floar, 11302 Rajpur Road

Dehradun-245 004

Institute Faculty

Dr. LK. Maikhuri

Scwenst-C and In-charge

5.B. Pant Institute of Himalayan Environment and Development, Post
Box Mo, 92, Upper Bhakliana, Snnagar, Garlwal, Uttarakhand

Dr. K.k Singh

Scienlist-0

G.B. Pant Institule of Himalayan Emvirenment and Development,
Pangthiang, Post Box Mo. 24, East Sikkim, Sikkim-237 415

Dr. Satish C, Arya

Scientist-B

G.B. Pant Instilule of Himalayan Envircnment and Development, Vivek
Vihar, ltanagar-r41 113, Arunachal Fradesh

Convener

Drirector

3.B. Pant Institule of Himalayan
Emaronment and Development,
Kosi-Katarmal, Almora-263 643, Ullarakhand

PROJECT EVALUATION COMMITTEE
Chairman

Dir. A. Raghavendra Rao

Scienlist "G

Central Institule af Medwinal & Aromata Plants
Field Station, Allalasandra

G.K VK. Post Bangalore-560 065

Members

Shri PP Bhogved

DirectorForest Research Inshiute
PO Mew Forest
Dehradun-2428 006

Cir. LK. Kaul

Head

Bindiversity & Applied Botany Division

Regional Research Laboratony {CSIR), Jammu-180 001 (JEK)

Dir, DK Singh

Joint Dareclor

Botanical Survey of India
-8, Brabourne Road
Falkata- 70001

Dr. Sonam Dawa

Exccutive Diraclor

Ladakh Fcodevelopment
Group

Leh, Ladakh, (J&K}-194 101

Dr. Ak, Gupla

Asgistant Prolessor
Degartment of Civil Engincenng
ME Fegional Institute of Science
& Techrrdogy, Merjuli,

Itanagar - 7971 109,

Arnmachal Pradesh

Prof .M, Gohit

Hexak

Departrenent of Botany
Urniversity of Jammu
Jammi- 130 006 (J&K)

Representative of MoEF

Member Secretary

{Momines of the

Director, GEPIHELD)

Dr. PP, Dy

Soenlist G Scenti-in-Chargs
IERFP GEPIHED




CONTENTS

Foreword 01
Major Achievements 02
Executive Summary 03
Introduction 11
Milestone Events 12
Research and Development Programmes 21
= Watershed Processes & Management (WPM) 22
= Biodiversity Conservation & Management (BCM) 36
= Environmental Assessment & Management (EAM) 23
= Socio-Economic Development (SED) 69
= Biotechnological Applications (BTA) 82
= Knowledge Products & Capacity Building (KCB) 91

‘ R&D Highlights of the Regional Units 08
Application of R&D Outputs in Demonstration & Dissemination 103
Miscellaneous ltems 106
Statements of Accounts 114
Faculty Information 121

::-"==.f-"-'-'gi.frrwirrurr%




FOREWORD

This Institute’s mandate includes. amongst other issues, providing suggestions for sustainable
development of the Indian Himalayan Region (IHR): suggesting a developmental roadmap that is able to
address and reconcile important environmental concerns of the THR indeed a challenging task, Given the
physiegraphic and cultural diversity of the Himalaya, that is ecologically fragile and highly sensitive to
climate change, such an endeavour needs good understanding of the Himalayan environment. natural
resource dynamics, developmental concems. nstitutional set-ups and zovernance 1ssues, The Institute
through its R&D activities under six Thematic Programmes attempts to analyze some of these aspects so
as to provide meaninzful support for informed policy planning. and decision making in the IHR.

The progress of work for presenting the reporting vear 2010-11 mcludes the salient achievements of
various in-house projects which include studies on developmental issues pertaining to watershed
management; SEA and ETA of hydropower projects: sustainability aspects of tourism; conservation
prioritization and policy implication of studies on biodiversity conservation under natural and managed
svstems; pan-Himalayva and long-term environmental monitoring studies on tectonic deformations;
climate change impact studies related to future water resource availability and structural and
compositional changes in vegetation patterns; studies on important social tssues like migration; and the
economic upliftment of the rural Himalayan population through livelihood enhancement via capacity
building and use of simple technologies. as also by creating opportunities in sustainable, eco-friendly and
responsible tourism.

The prominent among R&D highliehts of the year include assessment of tectonic deformation rate and
strain building across IHR., development of germination protocoels ofa few important medicmal plants like
Aconitum heterophvilum, Conlus jacgremontii, Buxus wallichiana. Rubia cordifolia, etc., participatory
initiatives on biodiversity conservation of heritage sites and creation of community conserved areas
Arunachal Pradesh. and the establishment of tourism/ eco-tournism interpretation centres in Garhwal
Himalaya, The Northeast Unit of the Institute was honoured with two SCHOLL Research Challenge
awards based on achievements in two projects under “Sustainable Development and Preservation of
Ecosystem” and “Technology for Development” categories. The R&D outcomes of the year were brought
intey public domain through publication of around corroborated with 75 research papers, 60 articles and
book-chapters. The R&D endeavours strongly supported by capacity building trainings and
demonstrations on farmers' field and at the Institute's Rural Technology Centre. In addition to a new
regional collaberative programme on Biediversity Conservation along a Trans-boundary Kailash Sacred
Landscape with facilitation by ICIMOD, the Institute has also tried to address biodiversity issues of
protected areas in the Himalaya, and the subject of ecosystem services in the context of climate change
scenario in the Sikkim Himalaya:

[ feel pleasure in bringing out the Annual Report (2010-11) of the Institute for perusal by stakeholders.
administrators and expert readers, and shall look [orward to their constructive comments/ suggestions for
hetterment.

(L.M.S, Palni)
Director



The five year study was compleled to throw light on
the present rate of tectonic deformations and strain
rafe using continuously operating GPS receivers
installed in the urban lowns i.c. GBNL-Nainital
(Kumaun  Himalaya), GBSK-Srinagar (Garhwal
Himalaya) in Uttarakhand, GBKL-Kullu (HP),
GBZR-Zero (AP) along with existing permanent
stations  in GBPK-Almora (Kumaun Himalaya,
Uttarakhand) and GBSK-Gangiok (Sikkim
Himalaya).

Electronic  bibliographic  database prepared for
rescarch publications on HBRs. Detailed analysis
revealed the total 639 studies on Himalayan BRs,
44.2% perlain to NDBR. 385 specics pages. 350
species information as per the format of Indian
Botanical Information Facility and samples of 99
data sels were prepared. A model of excculion of
information was gencrated.

Seed germination protocols for two populations of
Aconitum  heterophyllum,  Corvius jacquemonti,
Buxus wallichiona, Rubia cordifolia and Spondias
axiflaris and Vegelalive propagation protocols of
Taxuy baceata subsp. wallichiana and Cinnamomum
tamala were developed.

Arboreta, Herbal Gardens and Nurserics at Mohal,
Doharanala and Kasol in Himachal Pradesh, Kosi-
Katarmal in Uttarakhand and Pangthang in Sikkim
were strengthencd and maintained. In Himachal
Pradesh, campuses of GHS. Manglore. (Distt. Kully)
and GSSS Panarsa, {Distt.-Mandi) were developed
through plantations of multipurpose and ornamental
specics,

A study on Aerosols chimatology- when conducted
with the help of Multi-wavelength Radiometer
(MWR) brought into light that with an increase in per
unit acrosols optical depth (AOD), there is an
ncrease of ~0,04 K/day in atmospheric temperature.

Conservation ol rich biodiversity of sclected
proposed heritage sites in Arunachal Pradesh through

Publications;

Peer Reviewed Journals

=
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MAJOR |ACHEvEwENTS

community participation addressing eritical issues
such as hunting, shifting agriculture, community
welfare and alternative livelihood through formation
of 22 Biodiversity Management Commitices
(BMC's) that are now proposed to be adopted by
Arunachal Pradesh Biodiversity Board.
Creation/declaration of five Community Conserved
Areas (CCAs) - 'Mihin-Radhe’ Community
Conserved Arca (5000 hay and 'Siikhe-Bo'
Community Conserved Area (20 ha) in Ziro plateau;
'Ritosa Ree-Mainarang Ree' CCA (100 ha), "Hugore
Sewaphu' CCA (50 ha) and "Thembang Bapu' CCA
(3000 ha) in Tawang and West Kameng (proposed)
BR in Arunachal Pradesgh.

The NE Unit bagged two SCHOLL Rescarch
Challenge Awards m 2010, The awards were given to
two of'its projects for high calibre action research in
development and governance that has had or have
potential for demonstrated impact on policy or
society at large. The case studies are “Biodiversity
conservation  through community based natural
resource management in Arunachal Pradesh™ in the
category "Sustainable Development and Preservation
ol the Ecosystem' and “Technology backstopping: a
key to agricultural and entreprencurship
development in North-East India™ in the category
Technology for Development',

Tourism/ ecotourism/ rural lourism interpretation
centre has been cstablished through participatory
approaches at Triyuginarayan for imparling training
and capacity building programme to the
stakeholders.

In Khangchendzonga National Park. in north
Sikkim, study discovered, first time, two new
populations of a rare and endemic SpeCics,
Rhododendron niveum (the state tree) ai 3.000 m
(1530 individuals) and 3,300 m (15 individuals) in
KNP,

National - 31
International - 44
Book Chapters - 32
Popular Articles - 28
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EXECUTIVE SUMMARY

The ingtitute with a strong commilment for
sustainable development of the Indian Himalayan
Region (IHR) is the only institute of its kind which
addresses physical, bwlogical, social and cconomic
issues of the region and its people in an integrated
manner. The R&D mundate ol 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 ol all the programmes in the Institute,
In this effort. special attention is placed on the tricate
balance between fragility of mountains, indigenous
knowledge and sustainable use of natural resources.
Design and implementation of R&D activitics on
priovity environmental problems; development and
demonstration of best practices, technology packages
and delivery systems lor improved livelihood ol the
people are the core issues covered under most
programmes in the Institute, A conscious effort is made
lo ensure parlicipation of local inhabitants for long-
term acceptance and success of various programmes,
Therefore, training, education and awareness of a
varicty ot stakcholders are the essential components of
all the B & D programmes. A brief summary of R&D
activitics ol the Institute during the reporting year
20T0-11 is as follows:

Watershed Processes and Management

(WPM)

The theme Walershed Processes and Management
{(WPNM) locuses to work on watershed services and
management, land and water usc policy, consequences
of climatic change, improvement o Himalayan
farming  systems, relevant Indigenous knowledge
systems, and domestic energy needs, ete. To meet the
apal of the WPM theme following R&D activities were
mvestigated;

Rescarch

= The projeet on Optimizing hydrological response in
a functional land use model indicates that Kosi river
i5 able to mect the present water demand of the
supply area for 290 days a year which may further
reduce o 145 days a year by 2030, This highlights
the need [or immediate river conservation plan,

Project Energy use pattern 1o rural domestic scctor
of Uttarakhand State — Issues, Options &
Challenges reveals the people's perceplion on
impact of firewood collection from torests as most
of the villagers (52.2% of the total respondents)
were aware of reason(s) responsible for the poor
recruitment of scedlings in the forest. Only 17.8%
respondents were not able to connect any
reason/factor for this (share of women was higher
than the men). Kutir Jyoti connections (electricity
for poor and BPL families) are growing in the state.
In project, "Nematode diversity in the traditional
agro ecosystem of Central Himalava, their impact
on soil health, crop growth and development of
demonstration model for agro-ecotourism,”
nemalodes were isolaied and identified as per
standard protocol from paddy (Onvza sariva) and
foxtail millet (Setaria italica) sole and intercropped
plots of paddy and foxtail millet sown n the ratio
4:2.3:3 and 2:4. The wdentified nematodes belonged
to five orders. The study indicates that paddy and
toxtail millet sown in equal proportions supported
maximum nematode diversity and faster
decomposition channel that probably created a
better synchronization of soil faunal structure and
function

Projeet Development ol analytical models through
establishment of "Modelling & Statistical
Computing  laboratory: An altempt towards
Capacity Building Programme" reveals that
mercasing trends in lemperature at different rates
have been observed in the last century. Significant
increase inwinler lemperature (both max & min) in
J&K and UK, declining in HP and significantly
increasing trends of maximum temperature dunng
monsoen in all three states were ohserved. Overall
significant decrease in precipitation in J&K and
UK; significantly declining trends of monsoon
precipitation in all three states and incrcasc in
winter precipitation in UK & HP have been
ohserved.

Project Recharge arca identification and estimation
of mean residence Ume for springs in one urban and
une rural microwatershed in Pauri Garhwal using
isotope technique, remote sensing, and GIS for
implementation of artificial recharge  structures
highlights the need for additional storage structures
to tap the surplus water available during the
monsoon period to cope with the scasonal water




I

searcity in the high mountain basins of Himalaya.
Samples collected from different sources indicate
that shallow unconfined ground water s the
common source forsprings as well as tube wells.

In Project Indigenous Knowledge: traditional health
care practices in rural areas of Uttarakhand
phytochemisiry of 67 medicinal plants (MP) used
by the traditional vaidyas has been documented
from published sources. 102 therapeutic properties
and associated active principals have been
documented. Antimicrobial therapeutic property
was found in maximum number of 14 MP. Three
Medicinal planl specics such as Punica granitum
(Anar), Tinospora cordifolia (Giloe), and € vrodon
dactvlon (Doob ghas) had antidiabetic therapeulic
property. Highest numbers of 9 therapeutic
properties  were  documented in Nardostachvs

Jatamansi  (Jatamansi) & Azadirachta  indica

(Neem). 40 additional herbal formulations and 27
medicinal plants used in Upper Alaknanda valley
have been documented.

Project on Exploration, diversity, and mapping of
vegetation in the urban forests of Kumaun
Himalayan towns using Remote Sensing & GIS
(funded by MOE&F, Govt of India, New Delhi)
reveals that landscape of the Nainital town 15 very
diverse in topography and vegetation due o a wide
elevational difference (1800 - ~2600 m) within the
municipal limits of the town. Total municipal arca 15
13.79 km'. Of the total Landusc/landcover tree
cover oceupics 58.8% (811.59 ha) of the total arca,
and remaining arca 568.29 ha is under various uses
(built up arca, scrub, playground. etc.) or nulural
features {open rocks, lakes, ete.).Most of the
settlement is confined to the lake catchment arca of
the Naini lake, other side of watershed has thin
population but has rough and rock lerrain in
differcnt parts.

Results of completed study on Swil nifrogen
dynamics in relation to queality and decomposahility
of plant litter traditionally used as manure in the
central Himalava (funded by DST) Govt. af India,
New Delhi) reveals that litter quality may define the
potential rates of microbial decomposition but these
are significantly influcnced by the biotic and abiotic
environment in which decompesition takes place.
The litters placed on north facing site decomposed
[aster than those on the south facing site. The litters
placed at the top slope position decomposed slower
than at thosc at either the botiom or middle
posilions.

=
T

Demonstration and Dissemination

Training programme on “Soil Analysis & Data
Interpretation” from 15-17 November, 2010, 13
research students participated in the training.
Findings of asscssment of water flow n district
Pauri suggests availability of water during mansoon
for development of storage for hay days. This has
been conveyed to district administration and Jal
Nigam.

Biodiversity Conservation and Manage-
ment (BCM)

Research

Electronic bibliographic database prepared for
rescarch publications on HBRs. Detailed analysis
revealed the total 639 studies on Himalavan BRs,
283 (44.2%) pertain to NDBR.

The revisit studies in Pindari region ( Buffer Zone of
NDBR), forest community wise changes at two
point sampling (i.e., 1988-89 and 2008-2009) arc
described. In Mixed Oak deciduous forests the
relative contribution of species richness showed no
changes in all three layers. Remarkable changes in
total tree density; maximum change in density of
scedlings; and increase in seedlings from 81.7% to
94.6% were observed. In Quercus floribunda
forests (2300-2500 m) assessment of specics
richness reveals changes in seedling and sapling
layers. Significant increase in total tree density and
maximum increase in density in seedling layers
were observed. The relative contribution of
secdlings has increased from 86.7% to 93.6%. In
Quercus semicarpifolia forests, ehanges in total
density particularly in scedling  layer were
ohserved. A slight decrease in the density
coniribution by sapling and tree layers was
observed. In Mixed Deciduous forests 10 new
specics were recorded in seedling layers.
Considerably large inercase in tofal density was
observed, maximum change in density was
observed in scedling layer. Little increase in relative
density was noticed in sapling layer. Jn Betula utihis
forests ncarly two fold increase in total density was
observed. Maximum change in density was
observed in secdling layer. The relative demsity
contribution has changed rapidly in seeding and tree
layers.

258 species of vascular plants from Nargu Wwildlife
Sanciuary were recorded, of which, 39.53% species
were native and 22,48% endemic to the Himalayan
Region. 178 species of economically important
plants were used as medicine (123 spp.). wild
edible/food (39 spp.), fodder (59 spp.), fuel (32

LL0Z2-0102 140434 THNNNY
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spp. ). timber (05 spp.), religious purposes (09 spp.),
fiber (07 spp.), making agricultural tools (08 spp.)
and various other purposes (16 spp.). Dioscorea
deltoidea, Tavus baccata subsp. wallichiana and
Zanthoxylum armatum have been categorized as
Endangered and 05 species; dcer caesium,
Riododendron campamilatum, Rhododendron
lepidorm, Valeriana jatamansi and Hedvehium
spicatum as Vulnerable. 10 forest tree communities
were identified from 23 sites. Total tree density
ranged from 210.0-600.0 Ind ha” and total basal
area. 1.9-60.7 m'ha . Shrubs density from 450.0-
3390.0 Ind ha', herbs density, 44.8-1536.8 Ind m'?_
saplings density, 50-450 Ind ha' and sccdlings
density, [ 10-1060 Ind ha'. Species richness ranged
from 43-111and Species diversity index (') for
trees ranged from 0.26-1.72, saplings, (.26-1.70,
seedlings, 0.17-1.84. shrubs, 1.07-2.8 and herbs,
2.70-3.60.

Extraction trends of tuel and [odder species were
asscssed. Among Lhe Tuel species, mean collection
wis highest tor Quercus leveotrichophora (1879.30
kg houschold ' year'), followed by Rhododendron
arboreum (433.57 kg household ' year'), Cedrus
deodara (42522 kg household ' year'), Myrica
esculenta (385.05 kg houschold” year') and Persea
duthiei (370.96 kg houschold” year'). The
remaining species showed rclatively low values, 23
species were used as fodder by the inhabitants of 10
surveyed villages. Quercus  leucotrichophora,
Neolitsea pallens and Desmodium elegans were
mostly used as fodder. Maximum total collection
was done in Hurang village (8568 kg houschold”
year' ), followed by Shilh Badhani (8352 kg
household ' vear '), Malwara (8028 kg houschold”
year' ) and Kutahar (7980 kg houschold’ year')
villages,

In KBR. Sikkim total 15 sites were investigated for
woody  structure and  reerutment in Tholung-
Kisong (TK) landscape and 51 trees and 30 shrubs
recorded. Total species signilicantly dechined along
inereasing altitude. For trees. dominance, diversity
and species evenness index showed non-significant
negative correlation. while the species richness
index negatively  correlated with  altitude. For
shribs, diversily speeies evenness index positively
correlated with altilude; relationship was non-
significantly  positive between  specics richness
index and the altitude, and non-significantly
negative between speciecs dominance index and
altitude. Adults in C-class (10-20 cm dbh) showed
the highest density and in I-class (70-80 cm dbh) the
lowest density. Two new populations at 3000m ([ 50

individuals) and 3300m (15 individuals) of rare and
endemic species of Rhododendron nivenm along
TK landscape in core zone, Kangchendzonga
Biosphere Reserve were discovered. Amongst 06
indicators of biodiversity conservation and
sustainability, forested arca and specics diversity
had wp priority index for Tingvong and Ship-Gycer
villages innorth Sikkim,

In Tawang-West Kameng Biosphere Reserve
(proposed) of Arunachal Pradesh a total of 311
species of tlowering plants including endemic,
primitive and ethnomedicinal were recorded. 52
medicinal plants were documented, which were
being used by Monpas for the treatment of various
ailments. Most ol these specics were harvested from
wild stands. 11 species were overexploited.

In Thimachal Unit, nativity and endemism ol the 476
medicinal plants was updated, Parbati Watershed,
Upper Banjar Valley and Upper Beas Valley had
36.97%, 35.08% & 34.45% natives and 21.63%,
20.58% & 17.43% cndemics and near endemics,
respectively. Mohal Khad watershed  (natives
25.42% & endemics & near endemics, 11.76%) and
Chandra Valley (natives 28.57% & endemics & near
endemics, 19.53%) had relatively less native and
endemic species. 44 medicinal plants are reported as
Critically Endangered (09spp.), Endangered (16
spp. ). and Vulnerable (14 spp.).

Seed germination protocols for two populations of
Aconitum  heterophvilum, Convius jacguemontii,
Buxus wallichiana, Rubia cordifolia and Spondias
axillaris and Vegetalive propagation protocols of
Taxuy baccata subsp. wallichiana and
Cinnamaomum tameala were developed,
Phytochemical analysis of Acorus calamus
collected from ditferent localitics and altitudinal
gradients showed the variation in total phenols and
antioxidant activity. Total phenolic contenl was
fopund maximum in Jyoli population and minimum
i Matcla population, Similarly, in vitro antioxidant
assay showed maximum activity in the samples
collected from Jyoli population and minimum in
Bari Population in ARTS assuy. Similar resulls on
olher (wo antioxidants assay were observed in
DPPH and FRAP, where samples collected from
Jyoli population showed highest antioxidant
activity, Relationship among Allitade, Antioxidant
Assays, Tolal Phenolics, Flavonoids and Phenolic
compounds in Myrica esculenta  fruits were
investigated. Resulis revealed a significant negative
correlation of catechin with altitude. Correlation
matrix revealed that total phenolic and flavonoid
contents have significant positive impact on
antioxidant activity. Linear regression analysis




showed that phenolic contents contribute 46.3 to
47.6% of radical scavenging property (= 0.463 for
DPPH and ¥ = 0476 for ABTS) and 56.6% of
reducing property (+'=0.566). Similarly, lavonoids
contribute 55.4% to 70.9% radical scavenging
property (r' = 0.554 for ABTS and r = 0.709 for
DPPH) and 47.8% of reducing property (= 0.478).

At Headquarters 385 species pages, 350 species
information as per the format of Indian Botanical
Information Facility and samples of 99 data sets
were prepared. A model of execution of information
was gencrated and quality photographs of 35 plant
species added to the species pages.

Environment Management Plans of PHEP Stage 111
were reviewed. Information on the socio-economie
status of 24 affected villages was generated through
structured gquestionnaires, intcrviews and
Participatory Rural Appraisal. The inhabitants of the
villages are larpely dependent on agnculture,
horticulture, vegetables. livestock and traditional
handicrafis. Developmental activitics carmied out by
PIIEP Stage T were documented. Among them,
educational facilities, medical and human health,
transportation and communication, water supply
schemes, construction of houses, temples and other
buildings, village road/bridge work, Waler Supply
achemes, work related to social & cultural aspects,
improvement of markets, hospitals, religious
places, clectricity, pathways, ete.are notable,

Under GPP in Himachal STEP Site 20 orchards (10
far from the natural habitats and 10 near natural
habitats) in different altitudes and diverse
landscapes were selected W implement Pollination
Deficit Protocol (ie., Flowering Phenology, Scan
and Sweep Net Sampling. ete.). Scan sampling of
apple pollinators was done. Bowl Trap Experiment
was conducted in 20 orchards. A group of 42
orchardists’ [armers from 20 Target Areas was
sclected for the crop specific best practices in
pollination management plan and socio-cconomic
assessment. 175 farmers of seven locations were
interviewed for the status of therr basic knowledge
on pollination and its services.

In Uttarakhand STEP Site 19 [armers rom 11
villages were identificd for the implementation of
pollination protocol. Socio-ceonomic valuation of
pollinator-friendly practices was done in Patharkot
village. Knowledge about pollination and ils
services among different target groups were tested
with predesigned formats. 40 references were
compiled.

In Sikkim STEP Site, the village survey revealed
that out of 117 households, 60 managed traditional
honeybee hives in Upper Jaubari and Lower Jaubari
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villages. The research experiment was camed out
during the peak flowering time of target crop (ie.,
large cardamom) in 3 distinct areas. Opened
Nowering [requency was observed maximum in
sites close to protected areas (i.¢..13 flowers/plant)
and during 2-13 June (ie, 11 flowers/plant)
significantly.

In the Pinjoli watershed of West Kameng,
Arunachal Pradesh sampling was done in 7 grids
and 207 species were recorded. Of these 13 were
medicinal plants, 32 wild edibles and 2 species were
used in lish poisoning and | species as fish bait, The
survey Disted 13 local bamboo made craft items
which were used for various purposes.

Demonstration

Arborcta, Herbal gardens and nurseries at Mohal
and Doharanala in Himachal Pradesh, Kosi-
Katarmal, Utarakhand and Pangthang in Sikkim
were strengthened and maintained, In Himachal
Pradesh, campuses of GHS Manglore (Distt-Kullu)
and (G888 Panarsa (Distt-Mandi) were developed
through plantations of multipurpose and
ormamental specics.

Consultation Meetings were organized at Jibhi,
Banjar and Jana Villages in Kullu district, Ropa,
Sundamagar and Smaila in Mandi District and
Khangsar in Chandra Valley of the Lahaul & Spiti
district. Group of 20 farmers in Chandra Valley was
developed to initiate the cultivation of Aconitum
heterophyvllum and Picrorhiza kwrrooa, and that of
54 farmers from Jana, Burua, Kothi, Ropa, Jhiri,
Smaila and Sundernagar for the cultivation of
Aconitum heterophvllum and Withania somnifera.
Aboutl 15,000 scedbings of Aconitum heterophylium
were raised by the 16 tarmers in the felds at Jana
village, 20,000 scedlings at Burua village, 1,000
seedlings at Kothi and 1,000 scedlings at IRMT,
Maggar, One farmer from Jana village developed =
2, 50,000 scedlings ol deenitium hereropiyilin and
gencrated = Rs. [, 25000/~ from the seeds and
scedlings, Over 5,000 seedlings of Withania
somnifera were developed and over 2,000 seedlings
ol Withania somnifera were planted in Prodhar,
Ropa, Jhiri, Smaila and Sundernagar of Kullu and
Mandi districts.

Disscmination

Scedlings of over 35 multipurposc species and
medicinal plants were distributed among different
stakeholders in Ilimachal Unit, Mohal-Kullu,
Himachal Pradesh, Headquarters (Kosi-Katarmal),
Uttarakhand and Sikkim Unit, Pangthang, Sikkim.
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300 scedlings of Withania sommifera were
distributed to different stakcholders during the State
Level Children Science Congress at Hamirpur in
Himachal Pradesh. Also, seeds of different
medicinal plants were distributed to the
Stakcholders. Agrotechniques developed for the 26
commercially viable medicinal plants were disin
buted among the stakeholders for the promotion of
cultivation of medicinal plants. Publications/
brochurcs produced on KBR were widely
disseminated at Sikkim Unit.

* Training Programme on ““Weather Monitoring,

Climate Change and Biodiversity Conservation and
Management” at Himachal Unit (Himachal
Pradcsh) for the teachers, students, larmers and
Mahila Mandals, and Training Workshop on
Conservation of Biodiversity Tor Students and
Teachers at Sikkim Unit (Sikkim) were orgamzed.
The pre and post lraining feedbacks of the
participants showed significant improvement in
their knowledse. World Environment day,
International Biodiversity Day, Wild Life Weck and
Herbal Day were celebrated al Headguarters,
Himachal Unit, and Sikkim Unit with the Students
and Teachers of the Government and Public
Schools. Exposure visits for over 1000 diverse
stakeholders of Himachal Pradesh, Uttarakhand and
Sikkim were organized. Stakcholders Consultation
Workshop on ‘Biodiversity Conservation  and
Management in KBR' was organized in
collaboration with FEWMD, Govi. of Sikkim at W,
Sikkim; related issues were highlighted.

= Under GPP Inception and National Project

Coordimation Meeting-India was organized on July
19, 2010 at GBPIHED. Himachal Unit, Mohal-
Kullu for the Conservation and munagement of
pollinators for sustainable agriculture through an
ecosystem approach. National Partners of the
project i.e., Himachal STEP Site, Uttaralkhand
STEP Site and Sikkim STEP Site and farmers
participated. Meeting of the Partners of the
Himachal STEP Site was organized at Mohal-Kullu
on February 04, 2001 to discuss the
approach/methodology and mechanism for running
the project activities smoothly. Also an Interactive
Meeting of the Partners of HP STEP Site with Fruit
Grower's Association. Upper Kullu Valley was
wrganized at Pathkuhl on February 05, 2011 to
discuss the aims and objectives ol the project.

Environmental Assessment and Manage-
ment (EAM)

The reporting period (2010-11) for Environmental
Asscssment and Management (EAM) has been very

signiticant and frutful in achieving its targets. Work
during this ycar under EAM theme was executed
mainly in 11 projects out of which 5 were in-housc, 4
externally funded from ISRO Bangalore, DST New
Delhi and Lake Development Authority (LDA), Govt,
of Uttarakhand. The remaining two were consultancy
projects for a year funded from MoEF, New Delhi and
Uttarakhand Jal Vidyut Nigam Lid. (UJIVNL),
Dehradun. (1) Small holder farming systems- strategics
for economic and environmental viability in the
Western Himalaya, aims at developing a horticultural
model at a representative village- Patharkot in district
Almora so that on-farm rural income could be
diversified. (1) Forest Eco-system Serviges in the
Central Himalaya Mountains- quantification and
valuation approach focusing to evaluate various
ccosystemn goods and services accrued from major two
forest types; oak and pine. (ITI) Strategic
Environmental Assessment (SEA) and Environmental
Impact Analysis (EIA) ol hydropower projects in
Western Himalayan region, targets to obtain
overlapping arca from one hydropower project to
another in the upper River Sutle] basin in Himachal
Pradesh and SEA is considered to be an effective tool
for strengthening these projects. (IV) Urbamization
vis-a-vis solid waste management and air pollution in
sprawling urban towns of Himachal Himalaya, stedies
backeground values of ambieni air quality in three hill
towns  Hamirpur, Kangra and Chamba. (V) Appraisal
of tourism for Sustainable Management - case studics
from Sikkim Himalava, comprises assessment of
cconomic significance of tourism and to make an
appraisal for sustainability of tourism. The externally
funded projects have mainly been concerned with
acrosols and its impact on climate change in addition to
their adverse impacts on living organisms. These
projects are: (vi) aerosol climatology over the
northwestern  Indian Himalayan region, Himachal
Pradesh, (vii) gascous air pollution in the background
site of sprawling urban Environment of Himachal
Pradesh, and {viii) ambicnt air pollution and its sources
in the background sites of different hill spots in the
northwestern Timalaya, Himachal Pradesh. However,
one project funded by LDA on (ix) Participatory
managemen! of Bhimtal Lake Catchment' was
completed, suggesting mainly a horticulture model to
upgrade degraded land for the livelihood options for s
mintenance and management. The two consultancy
projects were: (x) environmental and social impacts of
hydropower projects in Ganga River Basin (betwoeen
Dharasu and Gangotni) in Uttarakhand, and ({ xi)
comprehensive Environmental Impact Assessment and
preparation of management plans for Tamak-Lata and
Nandpravag-Langasu hydroclectric  projects.  Both
these projects focused mainly on assessing positive and




negative impacts due to upcoming hydropower
projects, o suggest possible mitigation measures and o
maximize positive impacts 0 the two different regions
through a sustainable management plan,

Research

= The Strategic Environmental Assessment (SEA)
study of the River Satluy) comprises a buffer zone ol
| 0 km on either side of'a river. This arca lies 163 km
from northeast to southwest from Nathapa village
(Kinnaur district) to Bilaspur town (Bilaspur
district). Of the to1al huffer zone (2945 km'), the
highcst share of land use/land cover (LULC) of the
Sutleg] catchment stood to be barren (40.9%)
followed by forest land (36.48%), agnculiural land
(21.91%). and settlement ((1.71%). There is a high
anthropogenic pressure on the catchment area
which 8730 houscholds inhabit. The three major
zones; the bufter, influcnce zone and overlapping
zones were demarcated with the help ol RS & GIS.
Influenee zone of HEP: was estimated to be 31.30%
of the total buller zone and 6.07% overlapped arca
of the total influence zone indicating over crowding
of HEPs in this catchment which may ereate other
environmental disorders in due course.

* The sprawling urban environmenl and its umpact
mainly on ambient air quality study in three towns
(i.c. Hamirpur. Kangra and Chamba) in Himachal
Pradesh shows PM, 40.3£4.4 pg m" as highest at
Hamirpur followed by 35.2+2.7 pg m” at Chamba
and 24.6+2.3 ug m” at Kangra. On diumal basis,
highest concentration of PM, was found between
16-0h IST {¢vening to midnight) followed by 8-16h
{day) and lowest between 0-8 h (midnight to
morning) at all the sites except at Chamba. At all
sites, there were high concentrations of particulate
pollution compared to gaseous pollution. The
guseous pollutants like SO, NO, and NH, were
found below the permissible limits. The vehicular
influx, buming of biomass, coal and solid waste and
aperation of gen sets are considercd to be the
local/point sources for ambient air quality
deterioration in these hill lowns.

= Acrosol Optical Depth (AOD), Black Carbon (BC)
and Surface Ozone (().) studics were carried out at
Mohal-Kullu in Himachal Pradesh. On an average,
lorenvon amd allernoun AODs for a day al ton
wavelengths under clear sky conditions from the
last four years (2006 -10) showed maximum AOD
(.27 in 2010 while minimum 0.22 in 2007. An
increase of 22% AQD at 500 nm during the pasit
three vears (2007-10) was noted. BC concentration,
a heat absorbing aerosol considered to melt glaciers
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faster in the Himalayan region, was measured as
much as 6596 ngm " January 2010 and as low as
3253 ng m” in June 2010, It increases with the
activities like biomass burning, vehicular crmission
and forest fires. Surface Ozone, one of the growing
green house gases i the modern worlid, on lugh
insolation days was estimated to be 41.7+13.8 ppbv.
Owverall, acrosols (colloidal system of solid, gaseous
and liguid pollutants) especially heat absorbing like
BC is considered to increase vur global temperature.
Upon one unit inerease in AOD at Mohal, there is an
increase of'0).64 K/day in atmospheric lemperature,

Demonstration

= A representative village- Patharkot located
district Almora, was selected mainly for
development of horticulture model. Here, about 5.9
ha community wasteland was developed with the
plantation of 890 diffcrent fruit saplings. The
survival ol saplings after 2 years was 40% in March
2011 which was higher (63%) in home pardens
indicating higher success among individual
[armers, Besides, 1500 saplings of different
fuclwood and fodder specics at Patharkot and their
survival alter 4 months was noted to be 89%. So the
study indicates that participation ol stakcholders
has an important role in it.

Dissemination

= Microbial bio-composting technology was
developed mainly for municipal waste, traditional
farmyard manure or biodegradable agncultural
waste through which pure organic compost eould be
developed within 35£5 days in summer and 3345
days in winter under control conditions (2515° C).
This technology has been very popular not only to
the municipal committees, village panchayals. and
schools, but also for the hotelicrs, hydropower
project proponents, National Parks and Sanctuanes,
cte. ‘This is open. at a time, to ail such stakeholders
for dissemination in the Himachal Unit, Mohal-
Eoullu.

Socio-Economic Development (SED)

During the reporting year, the projects on priority
arcas that were initiated during XI plan perod
continued, e, (i) Scaling up innovative tesource
management practices for improved livelihood in the
miic hills of the central Himalaya (HQs), (ii} Assessing
the eco-tourism potential (Garhwal & Sikkim Unit),
(iily Stufting agriculture: issues and options with focus
el ;rcfup.rf'p.‘(' inferventions ko omeke 0 ecolosically,
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economically and socially viable, (NE Unit), (iv)
Indigenous Knowledge: traditional health carc
praciices in rural arcas of Uttarakhand (HOs), (v
Pesticide residue contamination of food chain:
appropriate. monitoring and control measures from
field studies in Himachal Pradesh ( Himachal Unit), and
{vi). Migration: sociocconomic and cultural
implication in Central [Himalava (I1Qs). Also,
multilocational approach on 'Capacity building for
cotreprencurship development and sell cmployment in
the Himalavan region’ has continued.  In addition, the
group continued 1o strengthen the R&D of the Theme
through funding generated under 2 number of
externally funded projects, which continued from the
previous vears, such as (i). Biodiversity conservation
though community based natural resource management
in Arunachal Pradesh (NE Unit), (1), Culiural
lundscape: the basis for linking biodiversity
conservation with sustainable development of
Arunachal Pradesh (NE Unit), (iii). Institutionalizing
technolegy backstopping and capacity enhancement
for sustainable agricultural development and
encouraging entrepreneurship development based on
simple rural technologies within the (ribal arcas of
north east India (NE Unit), {(iv). Parlicipatory
manavement of Bhimtal lake catchment (TT0s), (v).
Enhancement of livelihood security through
sustainable farming systems and related tarm
enterprises in north-west Himalava (110s). During this
reporting year one more externally funded project was
also added, namely, Development ol baseling
information and identification of potential corridors for
Mamdapha National Park ( Tiser Reserve) and Mouling
National Park (NE Unit).

The R&ED projects of the Theme conlinued to
strengthen/generate  data base on various aspects of
IHR, emphasize on appropriate interventions and skill
enhancement of the people to cnable them (o develop
viable, replicable and clTective comununity basced
natural resource management options to effectively
protect and enhance the biodiversity simultancously
improving their economy and quality of life. In
principle, through R&D projects and initiatives, the
group has tried to  promote participation ol local
communitics in sustainable resource management and
in alternative and innovative livelihood schemes like
ceodourism, agro forestry, and micro enterprises, and
[ the gap ininformation [or improving policies and
knowledge base. Imparting  hands-on-loinmg on
various rural and simple technologies and developing
of manuals on them for effective adoption al grass root
level continued as a well devised activity of the Theme.
Technoloey  dissemination and backstopping s

continuously upscaled in the states of the NE region
waorking jointly with wvarious organizations like
CAPART. During the reporting year, the group has
significantly contributed in the conservation of  rich
hiodiversity ol sclected proposed  heritage sites in
Arunachal Pradesh through community participation
aeldressing eritical issues such as hunting, shilling
agriculture, community welfare and alternative
livelihood through formation of 22 Biodiversity
Management Commillees (BMCs) that are now
proposed to be adopted by Arunachal Pradesh
Hindiversity  Board, creation/declaration ol five
Community Conserved Arcas (CCAs) to promotc
conscrvation of ecologically and socially valued wild
flora and fauna, etc. The other significant contributions
ofthe group in biodiversity conservation and livelihood
promotion in the IHR include large scale plantation of’
Taxus wallichiana and large cardamom (Ameomim
subndgtum) in more than 60 ha of land cach. The work
of the Theme is widely acknowledged through two
SCIIOLL Rescarch Challenge Awards in the arcas of
Sustainable Development and Preservation of the
Ecosystem and Technology for Development during
the reporting period.

Biotechnological Applications (BTA)

[uring the reporting vear emphasis was given on
large scale multiplication ol sclected plant species for
which protocols were already developed, and such
planls were subsequently ficld planied and monitored.
Two important Rhododendron species of Sikkim,
namely, B, maddeni and B, dalliousioe were selected
for this purposc. Efforts continued to standardize
propagation protocols in other economically important
species using both conventional and in vitro methods,
Studies on molecular charactenization of two species of
high medicinal value, nawmely, Podophvllion sp. and
Ginkgo biloba are underway, Exploration of microbial
diversity with specilic reference (o plant crowth
promoting micro-erganisms and mycorrhizal
associalions are being successfully carried oul in
Himelayan soils, including the north-east region of
India. The rhizosphere populations associated wilh
various age groups ol Grindgo biloba were mvestigated,
Besides colonization of free living micro-organisms
and arbuscular mycorrhizae, the occurrence  of
cndophytic organisms deserves attention. A large
mnmber of (7. Mloha plants were raised vsing bacterial
(isolaled Trom cortical cells of the plant) based broth
formulation, under net house conditions. Investigation
on microbial communitics 1n river Jataganga
{Jageshwar, District Almora) during  festival and
different scisons is conlinuing, Among cxtremophiles,




various species of Siepramyees (cold tolerant) and
Aspergillus (cold and pH tolerant) have been
investigated for their antagonistic and enzyme
mroducing propertics. Field asscssment of microbial
inoculants yielded positive results and are being
continuously monttored on a long ferm  basis,
Characterization of pyschrotolerant [ungi with
particular reference to lignin degradation under
mountain ceosystems has been initiated under an ICMR
funded projecl. Two DST funded projects are
underway; the [rst Tocuses on determination  of
phosphate  solubilization and litter decomposition
potential of dominant  lungi, isolated from  the
Himalayan soil. While the other concentrates on the
role of mycorrhizae on gas exchange characteristics,
particularly photosynthesis and water relations in three
central Himalayan Ouercns species (oak). Initiatives on
capacily building [or rural folks and (raining of students
for (M.Sc. & Ph.D.} continued. Under the pond-based
integrated  farming  system, two new  sifes  were
developed in this region; these sites demonsirate the
involvement of rural women in the application of
appropriate technologies for iIncome gencration as well
us development of the region.

Knowledge Product and Capacity Building
(KCB)

During the reporting vear major emphasis was given
un cco-tourism product development using locally
available resources and strengthened capacity and skill
of local communitics and wyouth on cultivation,
production, and marketing of products to enhance the
local livelihood opportumibics along with creating
ceonomic incentives for conservation. Ellorls were also
made to develop micro and small cnterpriscs
{houschold Tevel enterprise activities including ol
scasonal vegetable cultivation) that are part of a larger
local market chain, Tn ovder to genceale awarcness on
varous livelthood enhancement and income generating
activities through appropriate technological
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interventions and ceotourism promotion, a total of %
traming programmes on different aspects  were
organized through which the skill and capacity of more
than 378 men and women was developed. The
cootourtsm models such as Dhanaultt (Tehri) and
Dhaulachhina (Almora) were studied with reference to
ecological impact analysis and cost-benefil analysis.
Assessmenl of carrying capacitics of lodges’hotels
from Guptakashi to Kedarnath was carried out.
Awarcness and capacity building of local lour guides
and students on avi-fauna diversity and its linkages
with ecotourism promotion was erealed. Monitoring
and regeneration status of wild edible plant species
such as Fibarnum muligha and Pavonia emodi has been
worked out and nurseries ol these species along with
some high value medicinal plants i.e. Picrorhiza
krrve, Saussurea costny have been developed lor their
conservation and large scale cultivation,

Successtul demonstration of different prototypes
with major focus on horticultural model development
and degraded land rehabilitation on 23 ha of
communily land with active support of three village
clusters has been developed under NAIP /ICAR
project. Nutritional and bio-chemical analysis of a few
potential wild edible fruit and wild herbal species i.e.
Allinm strechvel, Angelica glavea and Plevrospermum
angelicoides were estimated. In-depth study  was
undertaken to ascertain the radical changes in
transhumance and pastoral nomadism, livelihoods, the
extent of cultivation of MAPs and exploitation of wild
bio-resources and crops in the Niti and Mana villages
after 1962, Studics on climate change impact on central
Himalayan agro-ccosystem with particular reference to
ceo-physiological. drought and  insect-pest related
impacts and adaptation strategics were carricd out,
Assessmenl report [or Nanda Devi Biosphere Reserve
his been prepared as a baseline for turther studics
related Lo the implementation of global change in
mountain regions(GLOCHAMORE)} research
strategrics (UNESCO-Paris inttiative).
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(1. INTRODUCTION |

The year 2000-11 is the twentytirst [inancial yvear
of R&D activities being executed by the Insttute at
different locations of the Himalaya through its HOs ai
Kosi-Katarmal (Almora) and four regional Units,
namely, Himachal Unit (Kullu), Garhwal Unit
(Srinagar-Garhwal), Sikkim Unit (Pangthang) and NE
Unit (Itanagar). Over the years, the Institute has taken
significant strides in identifying problems, developing
region specific approaches, demonstrating their
cfficacy in the field and disseminating information to
various stakcholders. The diverse problems  thus
addressed were related to ccology, resource
conscrvation, lraditional practices. livelihood
opportunities, land restoration, propagation protocol
development, biotechnological interventions, etc. The
Institute implements its aclivitics through core funds
provided by the Ministry of Environment and Forests
(MoEF), Govt. of India, and the projects financed by
external funding ageneies (National and International ).
The lnstilule also supports activities of various partner
Institutions in difterent Himalayan states through
Integrated Eco-development Research Programme
{(IERP). The Science Advisory Commillees of the
Institute reviews the progress of existing projects and
provides guidance to develop new R&1) programmes,
Under the provisions of GBPIHED VISION -2015 and

following the stakeholders’ consullations across the
region, including that of the Scientific Advisory
Committee, the Institute has developed a perspective
plan for XIth plan period (2007-12). The identificd
thematic categories include the followmg: (1)
Watershed Processes and Management (WPM); (2}
Biodiversity Conservation and Management (BCMY)
(3) Environmental Asscssment and Management
{EAM); {4) Socio-cconomic Development (SED): (3)
Biotechnological Applications (BTA) and (0)
Knowledge Productand Capacity Building (KCB).

During the reporting period various activities/projeets
were concluded. Summaries of these are included at
appropriate places in the text. In due course detailed
documents will be published and made svailable to the
public. The progress made during the year 2010-11 on
various in-house and cxternally funded projects under
dilferent thematic groups, a bricf account of academic
and other activities, 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 its
activitics of research & development
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[2. MILESTONE EVENTS|

Training on Earthquake Resistant Buildings

A two-day training programme was organized by
Land Revenue and Disaster Management Department,
Government of Sikkim in collaboration with Disaster
Management Faculty, GBPITIED, Sikkim Unit of the
Institute (March 1-2, 2010). The demenits of present
building structures in Sikkim state were, discussed and
retrofitting and carthquake resistant building designs
were suggested 1o the participants. The training
programme was atlended by a total of 70 participants
including. town planners, architects, and engincers
from various departments of the Sikkim state.

Exposure Visits

Exposure visit for University students of Dr Y5,
Parmar University of Horticulture and Forestry, Nauni,
Solan (H.I%) was organized (March 8, 2010). On this
occasion, the Scientist In-charge, GBPIHED, Himachal
Unit briefy presented the Institute B & D activities, The
participants  visited Herbal Guarden, Arboretum,
Medicimal Plants and Multipurpose Species Nurseries,
demonstrations on Solid Waste Management
technique, Vermicomposting, Weed Composting,
Weather and Pollution Monitoring Stations and
Institute Laboratories. A total of 34 students including
two professors participated. Similarly, exposure visit
for Farmers, Forest Guards and Range Officer of Nanda
Devi Biosphere Rescrve was also orgamized (27 May,
2010y,

Workshop on Promoting Ecotourism

Crarhwal Umit of the GBPINED organized a two-
day workshop on “Promoting Fcolourism and
Biodiversity Conscrvation in Upper Kedar Valley,
Grarhwal Himalaya™ (March 19-20, 2010). Padamshree
Chandi Prasad Bhatt was the Chiel Guest, and Prof,
.R. Purohit, Director Folk and Culture Department,
IINB Garhwal University, Srinagar-Garhwal was the
special Guest of the programme. Scientist In-charge,
GBPHIED, Garhwal Unit welcomed the participants,
followed by detailed presentation on the petential and
management issucs in eco-tourism in Kedar Valley.
Stakeholders expressed their views and problems, Over

80 participants from KEDAR (Kedar Ghati Ecotourism
Development Action and Research) Association, Govt.
Departments, NGOs, women farmers, etc. participated
in the programme.

National Conference on QOrchids

To celebrate the International Year of Biodiversity
2010, the Institute organized a “National Conlerence
on Systematic and Diversity Analysis for Conservation
and Sustainable Utihzation of Orchids™, jointly with
The Orchid Society of India (March 19-21, 2010). In
this Conference appropriate measures for effective
conservation and sustainable use of orchids were
recommmended. Desides, 1 was suggested Lhat orchid
based vocations nced to be initiated especially for
women and unemployed youth considering the
potential of orchid diversity in the Indian Himalayan
Region,

The conference was attended by over 60
participants from various Rescarch Institutions,
Universities, Forest Department, and non Governmentl
organizations. Among many others, Dr. Manju Sharma,
Former Seeretary, Department of Biotechnology and
President of The Orchid Society of India, Prof. LY.
Mohan Ram. New Delhi, Prof. AK. Bhatnagar,
University of Declin, Prof. Pradecp Chandra Deka,
Vice-Chancellor, Sir Padampat Singhania University
Udaipur, Prof. S R. Rao, North Eastern Hill University,
Shillong, Dr. 18, Rawal, ITUCN India Office, New
Delhi, Mr. Manoj Chandran, IFS, Pithoraharh, Dr. Anil
Sood. Scientist, IHBT Palampur, participated in the
Conference.

Training on Strengthening Fodder Resources

Two traimings [or capacity building were organized
in village Maikhand, Kedamath Valley, Uttarakhand
(January 29, and March 30, 20010) under DST (SYSP)
sponsored  projeet entitled  “Strengthenmg  Fodder
Resources and Developing a Pilot Model for Reducing
Drudeery of Rural Women”. Local activist Shri Raja
Ram Semwal chaired the workshop sessions. Vinod
Ghildiyal. Malupani (Tehri Garhwal) and resource
persons ol the Institute delivered Tectures on the Todder
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problem and appropriate measurse 1o combat fodder
scarcity in the region. Introduction of fast growing, high
Biomass vielding fodder trees were suggested and
seedlings of Morus alba (50) and Pennisetum
purpurenm (1 500) were distributed among the village
peaple of the area.

GBPIHED Society Mceeting

The 33" Society Meeting of GBPTHED was held on
April 9, 2010 at the Ministry of Environment & Forests,
New Delhi under the Chairmanship of Hon'ble Minisier
of State (Independent Charge), Fnvironment and
Forests, Govt. of India, Shri Jairam Ramesh (President
ol the GBPIHED Sociely). Al the outsel President Shri
Jairam Ramesh extended a warm welcome to all the
members of the Socicly, which was followed by
conflirmation of the minutes of the 32" Socicty
Mecting, Following thas, Dr. L.M.S. Palni, Director,
GBPHIED, made a detailed presentation on the
progress of the Institute. Among others, this meeting
was attended by Shri Satyaveat Chaturvedi, Hon'ble
Member of Parliament (Rajya Sabha); Shri Manoj
Tiwari, Hon'hle MLA. Uttarakhand: Shri M.E
Faroogui, Additional Secrelary, MoEF; Shri - Saurabh
Chandra. Additional Secretary and Financial Adviser
(Bepresenlative of Scerclary - Expenditure), MoEF;
shri Hem Pande, Joint Secretary, MoEF; Dr. BLR. Rao,
Emeritus Scientist, CIMAP, Bungalore; Shri S K.
Pande, Ex Dircctor General (Forests) and Special
secrctary, MoEF: Proll K. Kannan, Vice-Changellor,
Nagaland University, Nagaland; Prof. Varun Sahani,
Vice-Chancellor, University ol Jammu, Jammu: Shr
5.5, Negit, E AL, Ministry of Rural Development, New
Delhi; Dr. R.B. Lal, Dircetor, HFM. Bhopal; Dr. (G5,
Rawat, ICFRE, Dehradun;  Prof. C.1.. Acharya,
Palampur (I1L.P): Dr. P.B. Gangopadhyay, Additional
(G (Forests, MoE&F) Shri Vivek Saxena, IFS,
Director (C8), MoLl; Dr, B.P. Singh, DST, New Delhi;
cle, The Sociely approved the drall Annual Reporl and
Statements of Accounts of GBPIHED for the vear
2009-10 and discussed the various RE&D issues of the
[nstitute,

Recional Workshop on Kailash Sacred

Landscape Initiatives

A three-day workshop on “Kailash Sacred
Landscape Conservation Initiative (KSLCLY was held
at Kasardevi, Almora (April 11-13, 20010). A Regional

Co-operation Framework (RCF) by coordinating
efforts between the participatory countrigs, namely
China, India and Nepal was discussed and developed in
this workshop. This trans-boundary initiative, first of
its kind, was lacilitated by the International Centre for
Integrated Mountain Development {1CIMOD),
Kathmandu, with support from United Nations
environment Programme (UNEP), and the workshop
was hosted by GBPIHIED. The workshops aimed at
developing collaberation and cooperation on a number
ol imporant issues, such as (1} Trans-boundary
biodiversity and environmental and cultural
conservation, (11) Scientific and technical cooperation,
(1) Information e¢xchange and sharing, and (iv)
Regional guidelines, policy and soft legal instruments.
The workshop was inaugurated by Shri Hem Pandey,
Joint Secretary, MoL'F, Govi. of India. In his address he
stressed  the need of incorporating the concemns,
developmental aspirations and livelihood needs of the
local inhabitants. Dr. L.M.S. Palni, Direcior.
GBPIHED, welcomed all the participants. Dr. Krishna
Prasad Oli, regional Coordinator KSLCIL, briefly
outlined the progress made so far and stressed the need
to clearly delineate the actual wrea of KSLCI within
cach country by the participating countries, and for
using common mcethodology during the
implementation.  Dr. Eklavya Sharma, Programme
Manager, ICIMOD emphasized the need for more such
flagship projects to generaie authentic sciennfic data
for gap flling. Mr. Tim Karsten, Deputy Director of
UNEP Headquarters at Nairobi expressed his
happiness on being here along with his colleague, Dr.
Subrater Sinha, UNED Regional Office, Bangkok. He
hoped that KSLCI would help expand the strong
cultural, spiritual and social trans-boundary linkages
across the region. The workshop was attended by over
thirty participants from China. Nepal and India.

Scientific Advisory Committee (SAC) Meeting

XV Meeting of the SAC of the GBPIHED was
held (April 20-22, 2010 under the Chairmanship of
Prof. Jayania Bandyopadhyay, Indian Institute of
Management. Kolkata. Dr, A K. Dubey, Prof. LA.
Hamal (Special Invitee), D RK. Maikhuri and Dr,
K.K. Singh (GBPHIED nominec) were present in the
mecting. The mecting started with welcome address by
Dircctor of the Institute, Dro LMS. Palm and
confirmation of minutes of XV1" SAC Meeting, At the




outsel, the Dircctor of the Institule welcomed the
Chairman and the Members of SAC. The Director
highlighted the significance of this SAC meeting worl.
erilical mid-term evaluation ol the progress of ongoing
in-house projects of the Institute. The SAC Chairman,
in his opening remarks, placed on record the

contribution made by Dr. B. R. Arora, ex-Director,
Wadia Tnstitute ol Himalavan Geology, Dehradun, [or
his valuable contribution in previous meetings of SAC
and welcomed, Dr. A. K. Dubey, the present Director of
WIHG in the SAC of GBPIHED. He emphasized that
the Thmalayan region is both fascinating as well as a
complex system to understand, and that the inbuilt
mterdisciplinary nature of the mandate ot the Institute
allows it to contribute in this dircction, Following the
opening remarks of the Chairman, SAC, Director,
GBPHIED made a briel presemation on 1he progress ol
the Institute during the reporting year. This was
followed by individual presentation by the Instilule
scientists on the in-house projects. The members of the
SAC keenly observed and discussed the S-years rolling
plans of each in-house project. The Chairman and SAC
members expressed satislaction on the progress ol
various R&D projects and mentioned that the quality of
presentations has improved considerably. Besides, a
brain storming session on thematic arcas, micgration ol
R&D activities/future directions was held by the SAC
member under the chairmanship of Prof.
Bandhyopadhyay. Also, two proposals of the Institute
(1) Holding an International Workshop on “Mountaim
biodiversity and climate change with special reference
to Himalayan biodiversity hotspot™, and (i)
Programme on "ldcal Himalayan Habitals”, were
approved by the SAC during the meeting, At the end, the
Director thunked the SAC Chairman, and members for
theireritical inputs und constant help.

Consultation Meeting

A Consultation Mecting  with the  fanners of
Chandra Valley in Lahaul & Spiti district (ILT) on
“Cultivation of Medicinal Plants m Lahaul Valley™ was
organized at village Khansar (May 3, 20000 Scientist
ln-charge, GBPIHED, 1imachal Unil briefly explained
the farmers abowt the medicinal plants diversily in
Lahaul wvalley and agro-technigues of cultivation of
Avemitnn heterophvilum and Picrorhiza kuwrroog, the
commercially valuable medicinal plants, The tarmers
showed keen interest tor the cultivation of these species
at a commercial scale. A total of 40 people participated
i the mecting,
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International Biological Diversity Day

International Bio-diversity Day was celebrated at
the GBPITICD, 110s at Kosi-Katanmal, Almora and its
four regional unils on the theme “Biodiversity,
Development and Poverty Alleviation™ (May 22, 2014
with the school children and teachers of the nearby
schools. In the GBPTHED, HQs, the day was celebrated
at Suryakunj - Nature Interpretation and Learning
Center {an ex-sifn conservation site). Addressing a
gathering ol over 96 students from 17 dilferent schools,
Dr. B. S, Rawal, Scientist of the institute descrnibed the
intricate  relationship among  different biodiversity
components and ils importance in poverty alleviation,
In his telephonic message, Dr. L. M.S. Palni, Dircetor

of the Institute briefed on the importance of

lecchnological intervention and new  scientific
innovations on poverty alleviation but al the same time
he emphasized on sustainable use of natural resources.
Besides, various activities reflecting the theme was
organized which included drawing, debate, essay
writing, etc. In GBPIHED, Himachal Unit, various
lecturey were organized w celebrate the day, Over 300
participants  including  Institute  staft’ attended the
occasion.

World Environment Day

The World Environment Day was celebrated at
GBEPIHED HQs at Kosi-Katarmal, Almora and all the
four regional units as “A Day with Students™ with a
focus on “Biodiversity and chimate change in
Himalaya™ Kosi-Katarmal, Almora (5 June, 2010). On
thiz occasion students from various schools of the
region were exposed 1o varous laboratories of the
[nstituic to see live demonstrations on difTerent topics
like water testing, tissue culture, bio-technology,
microbiology and remole sensing and GIS, cte,
Besides, various documentarics on nalure, space,
biodiversity, elc. were shown to the students.
Welcoming the participants. the Dircctor of the
Institute. deseribed  the  importance of the "World
Environment Day" and its objectives. . G &
Bhardway rom Wildlife Instiivle of India, Debradun
delivered a lecture supported with slideshow on wild
life diversity and s imporance. A CT) on "Weather
Observatory and Weather of Dwarahat' prepared by Sri.
M. P Pandey, G.L.C. Dwarahat in collaboration with

CGIIPIT Y was also released,
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The Himachal Unit of the Institute celebrated the
Environment Day with Satya Mohan Senior Sccondary
School, Tegubehar (Kullu), Various activities such as
Declamation contest; Poster and Slogan Competitions
and Cultural programmes related to the environmental
conservation were organized. The Scientist In-charge,
GRPINED, Himachal Unit addressed the participants
and siressed that plantation of broad leaved native trees
should be promoted as they play an important role in
environmental conservation.

In the Sikkim Unit, the day was celebrated with the
personnel of Sikkim Armed Police. Tree saplings of
ditterent specics like Syminglonia populnea (fodder
and timber), Michelia excelsa (fodder and timber) and
Spondias axillaris (lruit, fodder and timber) were
planted. Similar celebrations were also held at Garhwal
and NE Unit of the Institutc o mark the World
Environment Day.

Interactive Meeting

An Interaction Meeting with Mrs. Sarojani Ganju
Thakur, Additional Chief Sceretary, Himachal Pradesh
and Er. Chetan Joshi, 3.E., State Pollution Control
Board, Kullu was held on July 05, 2010, On this
occasion, the Scientist In-charge, Himachal Unita gave
brief presentation about the mandate of the Institute and
the on-going R & D) activities ol the Himachal Unit.
Discussion on wvarious aspects to explore the
possibilities for collaborations with the State
Government Departments was held. Visit was arranged
lo different demonstration, of the Institute and
laboratories. Efforts made by the GRPIIED, Himachal
Unit of the Institute was appreciated by the visitors.

Fxposurc Visits

Exposure visits for the Officers and Trainees of
Forest Training Institute, Sunder Nagar (July 09-10 &
October 21. 2010), students of Manali Public School
(October 08, 2010), Principal and Students of Bachpan
School, Bhunter, Kullu (December 03, 2010), Dircetor,
SARA and farmers (December 2, 2010), Professors and
students of Solapur University, Solapur, Maharastra
{December 20, 2010), D.D.M., NABARD. Kullu and
Staff and farmers of Himachal Pradesh (Dccember 24,
2010), and Teachers and Students of the Govt, Senior
Sccondary School, Panarsa, District Mandi, Hunachal
Pradesh (December 22, 2010) were organized.  On

these occasions, Scientist In-charge Himachal Unit
save brief presentations to the participants about the
Institute and its R & D activities, Exposure on the
Herbal Garden, Arboretum, Medicinal Plants and
Multipurpose Species Nurserics, living germplasm of
medicinal plants, Solid Wasic Management lechnique,
vermi-composting, weed composting, shade houses,
green house, Weather and Pollution Monitoring
Stations. Environmental Observatory, Laboratorics,
Library, Tissue Culture Laboratory, etc was given Lo the
participants.

The participants highly appreciated the efforts
made by the GBPIHED, Himachal Unit and desired tor
the frequent visits to the Institute.

Inception Meeting and National Co-Ordination
Meeting

One day Inception and National Co-Ordination
Mecting under Global Pollination Project — Indian Part
for “Conservation and Management of Pollinators for
Sustainable Agriculiure through an Ecosysiem
Approach™ was organized by GBPIHED, Himachal
Unit at Mohal-Kullu on July 19, 2010. Prof. T.N.
Lakhanpal, Emeritus Scientist, Department of Bio-
sciences, Himachal Pradesh University, Shimla was the
Chief Guest. Dr. R.S. Rawal, Nodal Person,
leadquarters briefly presented the progress of the
project.  Discussion was held on targers and
deliverables, work assignments Lo the partners, STEP
site management plans and co-ordination, formulations
of National Steering Committee and Project Advisory
Committee. exhibition on pollinator diversity,
pollination services and finalizing network project for
DST. All the partners bricfly presented the progress of
the project. Prof. TN, Lukhanpal. Chief Guest highly
appreciated the active participation ol the partner
institutions and said that the project will help in the
conservation and management of pollinators for
sustainable agriculiure in the Indian lHimalayan
Reion.

Dr. L.M.S. Palni, Director of the Institute, in his
closing remarks said that this partnership in the above
project will go a long way and establish new
dimensions for the sustainable agriculture in the THR.
Prof. I.A. Huamal and Dr. Sanjay Bhatia from J&K, Dr.
LK. Gupta, Prof. VK. Mattu, Dr. HK, Sharma, Mr.
Vinay Kumar Seth and Mr. A, P. Kapoor from Himachal




Pradesh. Prof. Uma Melkania, Dr. M.S. Khan and Dr.
sobhanna from Uttarakhand and Dr. K.K. Singh and

Dr. Dattatraya from North East India  anended the
meeting. Dr. S5.5. Samanl, Scientist In-charec,
GBPIHED, Himachal Unit proposed vote of thanks to
the Chief Guest, the Dircetor and all the partners for
their sctive participation.

Consultation Meeting with Farmers

Aone day Consullation Meeting on “Conservation
and Cultivation of Medicinal Plants” was organized for
the farmers of Ropa Village in Mandi distniet (July 25,
2010}, Dr. 5.5, Samant, Scientist In-charge, Himachal
Unit briefly apprised the farmers about the medicinal
plants and agrotcchniques of Withania somnifira, a
commercially viable medicinal plant. The lfarmers
showed Keen interest for the cultivation of this species
al a commercial scale. A total of 35 participants
including Institute Scientists and Research Scholary
parlicipaled in the meeting

Herbal Day

Herbal day was celebrated at the Survakunj of the
Institute in order to generate awargness lowards
conservation ol Himalayan medicinal plants (August 4,
2010}, On this occasion, Dr. LM.S. Palni, Dircctor of
the Institute emphasized on the importance and
potential of herbal produets especially in the
Himalayan region where most of the people depend on
natural resources. 1le also expressed his concern over
the depletion of Indian traditional health-care system of
Ayurveda, which is entirely based on the herbal
produce. The day was celebrated with the plantation of
medicinal plants al Suryakunj, Over 100 plants of
Luonvms hamiltonii (Aenvo), Cinnamomum tamala
(Tejpat) and Embelica officinalis (Amla) were planted.
Owver 30 participants including Institute faculty and
rescarchers participated on this occasion.

State Level Steering Committee Meeting

The NE Unit organized the second meeting of State
Level Steering Commitles (SLSC) [or the GOI-UNDP
CCF-1I project entitled “Biodiversity conservation
through community based natural resource
management in Arunachal Pradesh™, on 27" August
2010. The mecting was chaired by Shri B.S. Sajwan,
Principle Chief Conservator of Forests (PCCF) and
Principal Secretary, Deparlment of Environment and
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Forests, Govit, of Arunachal Pradesh. The other
members who aticnded the meeting were Mr. 1L
Singh, PCCF and Chicf Wildlife Warden, Mr. LK. Pait.
Addl. PCCF, Mr, G.N. Sinha, CCF & Thircctor SFRIL
Mr. B. Pradhan, Divisional Forest Officer, Tawang,
Mr. K. Bida, ACF, llapoli Forest Division. Ziro and
representatives  from NERIST, Nijuli and SFRIL
Itanagar, WWF-India and NCADMS, Ziro, Arunachal
Pradesh. The commitice reviewed the progress of the
partner  Institutions involved in the project and
suggested that programs on natural resources
management/conservation must be broadcast and
telecast over radio and television for the project villages
to creale awareness. It was also suggested that a 'Rest
BMC Award’ may be instituted in order 10 encourage
and motivale the Biodiversity Management
Commitlees constituted at project villages o function
mare competitively and ¢ffectively.

Training Workshop on Low Cost Appropriate
Technologies

The North East Unit organized a two day training
workshop on low cost appropriate technologics fur
capacity building of farmers at its Mult Technology
Demonstration Centre, Midpu, Doimukh, Arunachal
Pradesh (September 2-3, 2010). Training was imparted
to the participants on seventeen low cost technologies
such as production enhancement, soil crosion control,
water management, post harvesting,  encrey/Tuel
saving, Nursery  technigues, etc. which would benelit
the farmers by improving crop productivity or
providing scope for earning through entrepreneurship
development.  Some of the technologies like bio-
briquetting have the poetential to serve as alternative
source of energy and could replace fucl-wood, thereby,
reducing pressure on lorests, The training programme
was organized under the GOL-UNDP CCF-1T Projet
entitled “Biodiversity  through Community Bascd
Matural Resource Management in Arunachal Pradesh™
implemented by the Institite in an effort to promote
participation of local communities in biodiversity
conservation measures and resource  management,
COwver 40 participants from 10 villages of Lower
Subansiri  District and West Kameng  District,
Arunachal Pradesh participated.

Workshop on Black Carbon and Climate Change

One Day Nalional Workshop on “Black carbon
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(BC) and other non U, gases and establishment of
round table on climate change in Himalaya (RCCIT™
was organized by International Union for Conservation
of Nature (IUCN), New Delln olhce at G, B, PPant
[nstitute of Himalayan Environment and Development
GBPIHED, Kosi- Katarmal, Almora (Sctember 17,
20107, In his welcome address D, LMS Palni, Director
of the Institute mentioned that government has set up
Malional Action Plan on Climate Change and
sustaining the Himalayan Ecosystem is the only one
location specific among the 8 missions. He also
highlighted the need to generate data on climate change
issuc and particularly black carbon, as TPCC has also
wlentified the Himalaya as data deficient region. Dr. 1.
5. Rawat (1UCN), briefed about the objectives of this
one day workshop and outhned the need to establish
that weather the BO has local or regional elfect on
glacier melting and warming. Dr. R, B. 5. Rawat
{PCCF, Uttarakhand) thanked IUCN for organizing the
workshop at GBPIHED and providing the platform lor
many hardworking people in the region. He also
mentioned  that keeping in view the cconomic
development of [HR we must come up with practical
solutions. e told that the forest department would
extend all its support to GBPIHED on studies on
climate change and mitigation measures. He presented
atalk on forest fire mitigation plan in Uttarkhand and
informed that the pine needle production per vear is
about 1.5-2 million ton.

Mr - C. Maithani, [irector, MNES, mentioned that
apart from emission of CO., other green house gascs
including black carbon s occupying the deable of
climate chanee. Only 17% energy use in the form of
[.PG. karosinc and electricity and rest comes from
biomes in rural arca of [HR. Hc opincd that
sustainability and atfordability would be the main issue
m the alternatives for biomas energy, Col. €, R
Muthanna, Environment and TTealth Foundation, [ndia
in his presentation outlined the climate change impacts
in the Himalayan Mountains and informed about the
Army's mibatives about the afforestation of wastelands
in Paun District, This one -day workshop was attended
by over 30 people from Forest department,
Uttarakhand, local NGOs, IUCN  representatives,
GBPINED scientists/ and research scholars.

Annual Day Celebrations

The Institute celebrated 123™ Birth Anniversary of
Pl Govind Ballabh Pant and Annual Day function of
the Instituie at its [10s Kosi - Katarmal and all the four
Units (NE Unit - lhanagar; Sikkim Unit - Pangthang; HP
Unit - Kullu; Garhwal Unit - Srinagar) on September
10, 2011, The tunction was inaugurated with lightening
ol the lamp by the Chief guest Dr. Andreas Schield,
Director General, Intemational Center for Integrated
Mountain and Development, Kathmandu., In this
inaugural lecture, Dr. Schield highlighted the need of
collaborative research beiween ICIMOD and
GBPIHED in different aspects of Himalayan
cnvironment conservation and sustainable
development. He also showed his pleasure towards
initiatives of GBPIHED in differemt projects with
ICIMOD. Padam Vibhushan Shri Chandi Prasad Bhatt
Ji sand that the Institute con play an important role in
making policics Tor Himalayan Environment and
development. The participation of diverse group of
stakcholders on this occasion was appreciated by Shri
Bhart Ji. Dr, [.. M. 5. Palni, Director of the Institute
briefly highlighted the Institute R & D activities
conducted through its HQs, Kosi - Katarmal, Almora
and throughits four regional Units. The new initiatives
in the rescarch meluding Glaciers study, Kailash Sacred
Landscape, Climale Change. cte. were briefly
highlighted and emphasized Institute’s commitment for
promotion and up scaling of environmentally friendly
and cost elfective technigues in the regon, Member of
Parliament Almora - Pithoragarh region, Shri Pradeep
Tamia stressed on the conservalion of waler resources
and emphasized the need on asscssment of Hydropower
projects  in the Indian  Himalayan Region.
Member of Legislative Assembly  (MLA)  Shr
Manoj Tewari emphasized on the need conservation of
Kosi nver and appreciated the Institute indtiatives in
this contexdt,

On this occasion 16" Pt Govind Ballabh Puant
Memorial lecture entitled “Interrogating an Insect
Sociely™ was delivered by Proll R, Gadakar, FWA,
Center for Ecological Sciences, Bangalore. Through
his lecture, Prof. Gadakar enlightened the audience on
the importance of inscel in the society. Over the year
research on Indian paper wasp, he concluded that insect
are the best to show their ability to work ina society and
human beings need (o leam from them,




Besides. Pholo exhibition on different aspect of
Himalavan Biodiversity organized by Institute was
inaugurated by Padam Vibhushan Shri Chandi Prasad
Bhatt Ji. Dr. Andreas Schield, DG, ICIMOT released a
book “Compendium of Statistics of Himalaya Region”.
Vote of thank was proposed by Dr. P. P. Dhyani, Senior
Scientist of the Institute. Owver 300 participants
participated in this cvenl.

Wild Life Week Celebrations

wildlifc Week was celebrated at the HOs and its four
regional units namely NE Unit, Ilimachal Unit,
Garhwal Unit and Sikkim unit of the Institute (6-7
October 2010), The aim ol the celebration was to aware
the youth (school children and teachers) on
Biodiversity Conscrvation. On  this occasion. a
Biodiversity cxposure and mterpretation campaign for
students and teachers of Almora District were
organized and particular emphasis was given on

inculeating interest among the children for diversity ol

life n their immediate surrounding. Exposurc visit to
the 'Suryakunj' - Nature Interpretation and Learning
Centre established within the Institute Campus at Kosi-
Katarmal. Almora, was the main cvent followed by
various on-spot competitions for the students. Over 1160
students and 13 teachers from 12 schools participated in
the programme.

Also, an Interactive session on “Surya-Kunj Nature
Interpretation& Learning Centre- Next five year and
beyond™ was organized at Surya- Kunj. Al the outset
convener of the session, Dr R, S. Rawal, welcomed the
participants and briefed about the objectives and
progress of Suryakunj. The Chairman, Dr §, K. Nandi.
emphasized on the need for mputs from all the
participants. He indicated that the main goal of this
session is to provide guidclines 1o Biodiversily
Conservation and Management (BUM) theme  Tor
turther strengthening its activities in Surya- Kunj. The
interaction was locused on Swrva-Kunf  fi-as Nelore
Interpretation and Interactive Learning Center(NILC)
fit) an inteerated demonstration site (i) an owlreach
facilitv and (iv) a self sustaining programnie. Finally
the need for such interactive session on regular basis
was highlighted by the participants. The session was
attended by the Institute faculty and rescarchers. The
session ended with a vote ofthanks to the Chair.

At North Fast Unit of the Institute, the day was

—
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celebrated by distributing LPG kits and piglets among
villagers of West Kameng district of Arunachal Pradesh
under its GOI-UNDP CCF-IT project entitled
“Biodiversity conscrvation through community based
natural resource management in Arunachal Pradesh™
Piglets were distributed among identified benehciaries
in Namshu, Sangti and Jamnn villages and LPG kits
were distributed in Chander village, the remotest
villages of the district. Also an awarcness workshop
was conducted in these villages which were
represented by villagers, members of Biodiversity
Management Committee (BMCs), SHGs and others.
Also an awarencss rally on biodiversity conservation
was organized during Wildlife Week at Ziro valley in
Arunachal Pradesh with the collaboration of Forest
Department, Govt. of Arunachal Pradesh and Nature
Care and Disaster Management Society. Over S00)
people including school children, teachers, officials
from line departments, general public, NGOs, etc.
participated.

Brainstorming on Biodiversity Conservation &
Transboudary Landscapes

A brainstorming workshop on the project entitled
“deseszment of bindiversity values and  coosystem
services in the protected areas of Sikkim Himalava”
was organized by the Sikkim Unit ol GBPIHED
{November 10, 2010).  The project executed in the
protected areas (PAs) of Fambonglho wildlife
sancluary (WLS), Kyangnosla WLS and WLS.De.Dr.
K. K.Smgh, Scientist-in-Charge of the GBPIHED-
Sikkim Uit and Coordinator  BCTL  Project,
welcomes the the participants and  briefed on the
progress of the Institute. Discussion and presentation
was deliberaled on various issues related o fuelwood
use during the winters in the wildlile sanctuaries, NTFP
scenario, decreasing population of Pamsee  trees
{Ilimalayan avocado Muachilus  edulis), Kalus
(Castanopsis tribuloides), Book (Quercus lamellosa),
the rise of bear menace in villages, and many other
aspecls on conservation, Concerns were also placed for
the prospect of nature tourism at WLS, training of the
nature guides and related personnel as well as the
evident chmate change in the locality, etc. The
participants were from forest department, Panchayat
Presidents and  members, Joint Forest  Management
(IFM) representatives,  meleorological department
and the village ceo-tourism work groups, etc.
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State Level Exhibition

The Himachal Unit of the Institute participated in
the exhibition organized by State Council for Science,
Technology & Environment, Himachal Pradesh and
Department of Education, Himachal Pradesh at
Government Senior Secondary  School, Hamirpur,
Himachal Pradesh from 14" -17" November, 2010,
Various posters of R & D activitics on Biodiversity
Conscrvation and Management. Environmental
Asgsessment and Management, Biotechnological
Applications and Socio-Economic Development and
equipments ((iPS, Respirable Dust Sampler, Noisc
Meter, Personal Sampler, etc.) were displayed. The
Exhibition was inaugurated by Smt. Rajwant Sandhu,
Chief Secretary, Govil. ol Himachal Pradesh. Smt.
Sarojani Ganju Thakur. Additional Chief Secretary,
CGovt, of Himachal Pradesh, Dr. Nagin Nanda. Director,
State Council for Science, Technology and
Enviromment, Dr. R.K. Sood, Joint Mecmber Secretary
{Ritd.), and other Oflicers of the State Government were
present during the inaugural scssion, On November 17,
Hon'ble Chief Minister Prof. Prem Kumar Dhumal and
other dignitaries of the state visited the exhibition. Over
5,000 students, teachers, Principals, Officers and Staff
of State Council for Science, Technology and
Environment and other stakcholders wvisited the
exhibition. All the dignitaries and other visitors actively
interacted with the Scientists and Research Scholars
and highly appreciated the cftforts made by Himachal
Unit ofthe Institute.

Short Term Training Program on Soil Analysis
and Data Interpretation

A short term training program on “Seil Analvsis and
Data Interpretation” was organized at Institute HQs,
Kosi-Katarmal. Almora (November 3-17, 20100, The
spal of the lraining program was to provide basic
information on soil sampling metheds, laboratory
procedures for analysis and interpretation of the data.
The program included lectures on basics of soil
analysis, statistical procedures used in the field for soil
sampling, hands-on training on chemical analysis o the
suil samples in the laboratory, analysis of the data for
interpretation of the result using various statistical
techniques. The training was provided by the resource
persons from Institute and invited guests from outside
institution. Besides, practical exposure of so1l sampling
technigques was given to the parlicipants. A total of 15
research scholars participated in the training program.

International Mountain Day

The NE Unit celebrated International Mountain
Day (December 11, 2010} by conducting biodiversity
conservation awareness campaigns and patrolling on
forest areas for 21 days fom December 11-31, 2000 in
the project villages of GOI-UNDP CCF-IT project of
the Institute. The compaign was jointly conducted with
Biodiversity Management Committee (BMCs) of
Hong-Niichii and Hong-Niitii villages., Divisional
Forest Office, Nature Care & Disaster Management
Socicty, Ziro for tracking in surrounding [orests across
Apatani plateau. The patrolling throughout the period
was carricd out by teams consisting members from
BMCs, Goan Burahs (Village Heads), NCADMS,
forest officials, etc. The awareness campaigns focuscd
on biodiversity management including prohibition of
hunting. The event was broadeast in local TV channels
to promote biodiversity conscrvation.

International workshop on Biodiversity and
Climate Change

Three days Intcrmational Workshop on “Mountain
Biodiversity & Impacts of Climate Change with special
reference 1o Himalayan Biodiversity Hotspot™ was
organized by the G.B. Pant Institute of Himalayan
Environment and Development (GBPIHED), Kosi
Katarmal, Almora at its HQs during December 6-8,
2010, The International Center for Integrated Mountain
Development (ICTMOD), Kathmandu was thee co-
organizer of the workshop. Other collaborators/special
session organizers include UNESCO, New Delhi
Office: IWUCN India Office; Herbal Research and
Development  Institute {(Govl. of Uttarakhand),
Gopeshwar, Chamoli; State Biotech Programme (Govt.
of Uttarakhand), Haldi; Uttarakhand Council of
Science und Technology (Govt. of Uttarakhand),
Dehradun: GEF/UNDP Small Grants Project CEE;
Gilobal Pollination Project — India Componentl and
Kailush Sacred Landscape Conservation Initiative
{KSLCI)- India Part.

The workshop was inaugurated by Prof. 5.P. Singh,
FNA, Former Vice Chancellor HN.B. Garhwal
University and Advisor Planning Commission, Govt
of Uttarakhand and Prof, A N. Purchit, Padam Shree,
presided over the maugural function. In his inaugural
lecture. Prof. S.P. Singh explained ongoing changes in
mountain hiodiversity which could be attributed 1o




changing climate. He emphasized on the need for
undertaking in-depth studies to undertake process and
futyre 1mplication of such changes. especially
considering that the mountains are the unique source of
biological diversity. Prof. AN. Purohit, in his
presidential address  appreciated the efforts of
GBPIHED for timely initiative to organize this
workshop on globally important subject which include
mountain biodiversity and ¢limate change impacts.
Realizing the paucily of reliable datascts on various
aspects of mountain biodiversily and climate change
impacts, he highlighted the need for
collecting/generating  authentic  datasets, following
standard protocols, so as to provide research based
information backup for development of strategies for
conscrvation and sustainable use of mountains
biodiversity. Dr. L.M.S. Palni, Director, GBPIHED,
while welcoming the participants from different parts
of "Himalayan Biodiversity Hotspot, focused on the
importance of Himalayan Ecosyslem as resource and
service provider for sustenance of millions of people
within and well beyond its boundarics. The concept of
the workshop, overall objectives and outcomes of
envisaces were explained by Dr. .S, Rawal. Convener
of the workshop. Dr. PP Dhyani, Scientist 'G',
GBPIHED proposed Vote of Thanks.

During three days of the workshop,
presentations/discussions were made under Technical
Session (] - Himalayan Biodiversity - Stock Taking; 11 -
Climate Change: Genes & Species Level Responses: 111
- Climate Change: Habitat & Community Level
Responses; 1V - Contemporary Thinking: Approaches,
Inmitiatives, and Incentives; V - Climate Change &
Biodiversity: Socio-cconomic Concerns: and VI -
Climnate  Change, Farming Systems & Livelihood
Options), and special session (GEF/UNDP SGP
Projects: - Climate Change and Transhoundary
Landscapes  Focus on KSL: Il - Development of
Medicinal Plant Sector in Uttarakhand: Issues &
Praspects (HRIDI); 1V - Diversity of Pollinators under
Uhanging Chmate; V - Conservation & Management of
Biodiversity vis a vis Climate Change (IUCN, New
Uethi Office); VI - Role of Biosphere Rescrves in
Changing Climate (UNESCO. New Dethi Office).
Besides, Young Researcher Forum and Himalayan
Knowledge Network were also the major focus of the
Workshop.,
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During the three day workshop 50 papers on
different aspects were presented by scientists/
researchers and 44 posters by research scholars, Over
150 participants from Myanmar, Bhutan, Nepal and
different Institutions/universities of India participated
in the workshop.

The workshop was attended by Prof. TN
Lakhanpal, Himachal Pradesh University,
Shimla; Prof. S.P. Singh, FNA, Former Viee
Chancellor, HNB  Garhwal University Srinagar
Garhwal |, Advisor, State Planning Commission, Govl,
of Uttarakhand: Dr. .S, Rawat, Wildlite Institute of
India, Dehradun; Dr. B.5. Bisht, Vice Chancellor, G.B.
Pant University of Agriculture & Technology,
Panimagar; Dr. RS, Tolia, 1AS, Chief Information
Commissioner Uttarkhand; Dr. E, Sharma, ICIMOD
Kathmandu: Prof. A.N. Purchit. former Director of
GBPIHED Kosi, Almora and Viee Chancellor, HNB
Garhwal University, Soinagar Garhwal; Dr, J.C. Bhatt,
Director VPKAS, Almora; Dr. Sangya Dema, Bhutan;
Dr. Thet Tun, Myanmar; Dr. 5.P. Gurang, Nepal; Dr.
Lalit Pandey, Almora, Dr. R.C. Sundrival, Directar,
HRDI, Gopeshwar; Dr. Rajendra Dobhal, Director,
UCOST Dehradun; Manaj Chandran, IFS, Pithoragarh;
Dr. DK Upreti. NBR1, Lucknow; Prof. Uma
Melkania, Pantnagar; and many others.

Workshop on Climate Change

Citizens' Global Platform - India (CGP-India) in
collaboration with (. B. Pant Institute of Himalayan
Environment and Development, Almora organized a
national level workshop on “Secarch of Allermative
Paradigms n the context of Climate Distortion™ to
understand and join hands in combating Climate
change at Kosi-Katarmal, Almora {December 29-30,
20107,

The discussions were [ocused on the problems
related to global warming and is impact on the
livelihood of mountain populations, Around 100 social
activists, environmental activists, rcsearch scholars,
Journalists, representatives of NGOs, civil society
movement groups, grass root workers from different
parts of India participated in the workshop.
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3. RESEARCH AND DEVELOPMENT PROGRAMMES

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

The unique environmental setting of the Indian
Himalayan Region (IHR } is varied owing to ceological,
socio-cconomic and cullural diversity. Traditionally,
the system is strongly rooled upon the concept of
recycling of resources however, the system s
undergoing rapid breakdown because of the population
pressure and developmental needs. In view ol the
above, Socio Economic Development (SED) theme of
the Institute focuscs on identified activities such as
livelihood ¢nhancement, suslainable lourism,
entrepreneurship and sell employment, indigenous
knowledae, und migration and its socio ceconomic and
cultural implications, ete. The development in the THR
so Tar has also involved condlict between man and
nature. The exploitation of the large resource base of
the hills by urban indusiries through mining. large scale
timber extraction or hydro-clectric power generation
from the hill streams and rivers have resulted in boih
positive and negative side eflvets. Environmental costs
ol such developmental interventions, therefore, need to
be integrated with traditionally practiced cost-heneli
analysis. ldentification of strategies for ameliorating
envirommental threats through scientitic asscssments
and looking at alternate pathways for sccuring the
ecologic and cconomic sceurity of the ITHR are,
therefore, the back bone of the Environmental
Assessment and Management {EAM) theme of the
Institute, which focuses on activities such as hill
specilic Strategic Environmental Assessment (SEA)
and Environmental Impact Assessment (ELA), acrosols
and climale change impacts, disaster mitigation and
management, and environmental management of urban
arcas, ele.

Group: Watcershed Processes and Manasement
(WPM) & Knowledge Products and Capacity
Building (KCB)

Land and water [orm the backbone of the resouree
buse on which agriculture, forestry and animal
husbandry linkages depend. To meet the Millennium
Development Croals Tor reducing hungzer, combating
waler scarcity and achieving environmental
sustwinability, it is vital to scek methods for using
watershed services more efficiently without
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 intcgrated time
bound manner, this group focuses on studies of
gcosystem processes operalional at watershed level
including involvement of user groups and upstream-
downstream linkages with a specific target of
strengthening mountain specific resource management
practices in i systems approach, This group also
envisages activitics on the enhancement of Institutional
outreach based on its research products such ag state-of-
art methodologies/approaches. models and policy
briets, etc. Besides the abowve, capacity building
through specifically designed modules, trainings
programmes, library and 1T services, which also help
significantly m human resource development, are the
other core areas of the Rd&: Dactivities of the Institute,

Group: Biediversity Conservation and Management
(BCM) &Biotechnological Applications (BTA)

The importance of biological resources for human
wellare is tremendous and beyond question since early
times. With inereasing human population and demand
for bioresources, its sustainable and judicious use is
gssential for the long time survival of the people of the
entire world and particularly those in the Indian
Himalayan Region, which covers a total geographical
arca of approximately 391, 000 km’ (18% of India) and
is inhabited by about 3.7% of the total population of the
country, This region harbours a varicty of plant, animal
and microbial populations, and is considered a “hot-
spot™ ot biodiversity; it alse caters and contributes
sigmificantly lo supporting livelihood and contributing
to the economic well being of the people. However, the
changing world scenario stresses the need for
increasing food production, pharmaceutical and other
products, alongz with heavy indusirialization, which has
compelled biologists to contemplate on serious issucs,
ike conservation of biodiversity, climate change.
biotcchnological interventions for improved
productivity, cte. The group focuses on aspects of
biodiversity conservation and management, and on
applications of biotechnological methods Tor
unproving the rural ceonomy of the Indian Himalavan
Rewzion.

i



Himalayan watersheds support varieties of
managed and natural land use tvpes such as terraced
farming, agroforesiry and orchards in north west and
central to jhigm farming m north east Himalayan
regions.  Besides these, natural forests, pastures,
degraded lands, glacier and snowhbound regons arc
other important land wses that regulate watershed
processes. The recently accepted UN Millennium
Development Goal targeted to reduce by hall the
preportion of people without sustainable access to safe
drinking water and reduce hunger. The theme activitics
in¢lude problem  identification, assessment and
guantification of ccosystem processes through
synthesis of rescarch findings and development of
practices/packages for implementation with the
involvement of bencliciaries. The theme [ocuscs (o
work on watershed services and management, land and
water use policy, consequences of climatic change,
improvement of Himalayan farming systems, relevant
Indigenous knowledge systems, and domestic energy
nceds, ete. The main objectives of the theme are: i)
study the dynamics of the watershed processes and
evaluation ol ceosysiem components on a walershed
scale; 1) Develop ways and means of optimal uses of
watershed  services  for improved ceonomic and
ceological viability: and i1) Evolve strategies for
efficient utilization of resource through integrated
watershed management,

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

WATERSHED PROCESSES
& MANAGEMENT (WPM)

This project focuses on interface ol water demand
& availability, major land uses (forest land,
agriculture / waste land and urbanization) Tor water
sustainability in the fragile Himalayan watersheds, The
study 1s conducted in the northern part of the Kosi basin
(upper Kosi watershed between 29° 30 and 29" 55' N
Latitudes and 79" 30" and 79'45" E Longitudes covering
480.15 km’ arca) spreading over the Lesser Himalayan
domain and administratively within district Almora,
Uttarakhand state. The absolute relicf of the catchment
ranges between [080m and 2720 m from the mean sea
level. To summarize catchment hydrologic response
and 1o link land usc and hydrological response, flow
duration curves (FDC) for different years have been
constructed. By using Oplimization technigue water
allocation for different competing uses within a
watershed is attempted. For forecasting the future water
demand, water demand growth rates are calculated.
Based on these rates three scenarivs arc developed and
water demand of our study area is forccasted il the
year 2030, Other study area Taktsom Chu watershed in
Sikkim i seclected for replicating the output with
required modification. The Taktsom chu is a tributary
of Rani Khola, bying in Teesta basin. The Taktsom chu
watcrshed 13 situated at the south-eastern part of the
state in the Cast district. It extends from 2715 to 2720
N and 88'37'30™ to 88'42'30™ L, embracing an arca of
35.425q. km.

Objectives

=  Toanalyze policies and practices of land use (forest
and non=Tforest land), land transfommation (one land
use category W other) and related water use in
sclected walersheds
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= To quantify hydrological processes and establish
functional relationship of land use changes and
hvdrological responses in social and climate
change scenario

= Development and demonstration of functional land
use model using optimized hydrological response
{water allocations) at sub-watershed level

*  Disseminations of an adaptive land use policy and
integrated decision support system for water
resource management at watershed level.

Achiecvements

= Water has been allocated among the [our seelors
namely Rural Household, Urban lousehold,
Livestock and Agriculture. Agriculture is the
highest water demanding scctor followed by the
livestock demand, which generates maximum net
ceonomic return. The Available water 15 less than
total demand of the sectors [or the months of April,
May, June, July and December.

= Resulls of water demand forecast show that at low
consumption rales (40LPCD) demand  will
increase by 4,96 to 6.3 MLD in 2030. Ar medium
consumption {51 LPCDY demand will increase by
.32 to 7.95 MLIY in 2030¢Fig. ], 2 and 3). Low
demand satisfaction indicates conservative usc of
walcer whercas figh demand satisfaction indicates
high use of water with improved socio-economic
condition.

= The Now duration curve of Kosi for water year
2009-10 describes the changing flow  pattern
during the vear. A large part of the year lalls under
dry weather and low flow conditions. Only about
10 % time in the year the high flow conditions are
uhserved. For almost 60 % of the tme the river
flow is sustained by the base flow (Fig.4). The river
flow at the present demand level can supply for
ncarly 290 days per year. The risc in demand for
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2030 will further increase the water shortage for
nearly 145 days for a normal minfall year

Developing Sacred Landscape Model for
Eco-restoration and Biodiversity
Conservation in the Central Himalayan
Region (2007-2012, In-house)

Continued  degradation of land and bivlogical
diversity in the Indian Himalayan region (IHR) is of




serious concern in-spitc of a number of R&D
interventions. One of the basic reasons for
ineffectiveness of the interventions adopted [or
degraded lund rehabilitalion and biodiversity
conservation could be non-integration of
sacred/cultural values in their approach and strategy.
Keeping the above in mind. the Institute (GBPTIIED)
exceuted 'Badrivan  Restoration Programme' at
Badrinath between September 1993 and Nowvember
2001 and successfully revived a portion of Badrivan
(the ancient sacred forest of Badrinath shrine), which 1s
recognised us an inspiring model for rehabilitation of
degraded lands and conscrvation of biodiversity based
on the utilization of sacred and cultural values. As a
follow-up of this programme, the Institute cxecuted
'Sacred Forest Programme’ at Kolidhaik (Lohaghat)
between August 2004 and May 2007 and successfully
established a sacred forest of various multipurposc trees
with peoples' participation. Both the above-mentioned
models clearly demonstrated the value of adopting
‘cultural approach’ for reforesting degraded lands and
biodiversity conservation, and also illustrated the
importance of blending science and religion for the
protection of environment. Based on the successes of
the above-mentioned R&D activities of the Institute,
the prescnt project has been exccuted for the
development of a sacred landscape model for cco-
restoration and biodiversity conservation in the central
Himalayanregion

Objectives

» o create environmental awareness among the
local people for eco-restoration and biodiversity
conservation.

= Todevelop asacred landscape model (consisting of
a sacred forest - 1o value peoples' sentiments, and
multipurpose tree model & horticultural tree model

to meet peoples’ requirements) for cco-
restoration and biodiversity conservation
integrating scicntific and sacred values.

= To screenfidentify/reccommend promising plants
for rehabilitation of degraded lands based on their
cco-physiological health and adaptability
potential.

= To develop guidelines for the development
management and protection ol sacred
forests/landscapes in the Indian Himalayan region.

Achievements

Following R&D interventions for strengihening of
the Sacred Landscape Model (SLM) [consisting of a
Sacred Forest Model {(SFM . Multipurpose 'T'ree Model
(MM} and Horticultural Tree Maodel (HTM)] in 143

M
=

Fig. 5. Multipurpose Tree Model (MTM) at
Kolidhaik village (Lohaghat, Uttarakhand).

Fie, 6. Fodder collection from Multipurpose Tree Model
(MTM) site (Kolidhaik, Lohaghal, Uttarakband).
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Fip. 7. Total leal encrgy absorption (Qa) by the leaves

of 20 promising tree specics when planted at the
Multipurpose Tree Model (MTM) site {Kolidhailk,
i ohashal, Uttarakband).
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ha degraded community land at Kolidhaik village
{Lohaghat, Uttarakhand) were carried out during the
year2010-11.

*  About 900 well-established saplings of 5 tree
species namely, Banj (Quercus fencotrichophora),
Phalyant (Quercas gluea), Tilon) (Quercus
Maribunda), Ulis (Alnus nepalensis) and Bitain
(Melia azedarachia) were planted at the MTM
project site; 3 ceo-paths (total length - 481m)were
also made at the sile,

* Almost 1600 well-established saplings of 6 (ree
species namely, Deodar (Cedrus deodara), Padam
{ Prunus cerasoides ), Utis { Alnus nepalensis), Banj
(Criercus levncateichophora), Phalyant (Quercns
aiuca) and Bedu (Ficus palmata) were planted at
the SFM projeet site by the involvement ol local
stakeholders; 4 eco-paths {total length — 414m)
were alsomade at the site,

= Almaost 700 plant saplings of 2 promising fodder
tree specics namely, Banj (Quercns
lewcotrichophora) and Phalyant {Quercus gluea)
woere distributed, free of cost, among the local
villagers  for plantation in and  around  their
habitation.

= At the MTM site (Fig.5), the average survival of
plants was recorded 85% whercas at the SFM site,
it was 86%. Al the HTM site, the average survival
of plants was 75%; the farmers/women of 88
lamnilies (ol 6 villages) collected 15 tonne green
[odder (Fig.6) from the project sites during the year
2010.

= The data obtained on Teal” energy budget of 20
promising irec specics, when planied at the MTM
site in Kolidhaik village, revealed that most of the
energy absorbed by the ‘waderemperatiore’ plants
wis lost from the leaves by re-radialion and
transpiration whercas in ‘overfemperature’ plants
the absorbed energy was lost from the leaves by re-
radiation, transpiration and convection of heat; the
results obtained on total leaf energy absorplion
revealed lowest amount of energy absorption by
the leaves of descnfus indica whereas the leaves of
Fiews rovbueehii absorbed highest amount of
cneray (Fig 7).

= A two-day on-site training  programme  on
“dafeevika sambardhan fetu varsa jal sanvalshan
evem proahondiien ™ was organized  at Kolidhak
village in the Champawat district of Uttarak hand
on [7-18 December 2010, Almost 50 stakeholders
Irom local arcas attended (the progrimme and thear
skills were upgraded.

Energy Use Pattern in Rural Domestic
Sector of Uttarakhand State —Issues, Options &
Challenges (2007-2012, In-house)

Use of energy is an essential key in the functioning
ol human society. Nalure and avinlability 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 Tossil [uel). More than halfofthe
world's population lives i rural arcas, nearly 90% of
them in the developing countries, depend on traditional
fuels oflen using primitive and inefficient technologics.
Rural domestic energy requirements are mainly for
cooking, lighnting, and space heating. Thus, in addition
to affluence as a variable, geography also plays a
crucial role in ecnergy use and associated processcs.
Increasing demands of the growing rural population
has put additional pressure on the local resources. The
wide varicty of energy resources and their highly sile-
speetfic and vartable nature, coupled with different
types and qualitics of energy needs, pose a challenging
problem in the designing of an integrated planning and
management system. This study will build synergy
hetween the local options and sovernmental efforts,
and 15 expected to highlight socio-economic and
environmental benefits of various energy oplions,
Providing mcchanism for integration of rural energy
requircment and convergence of incentives with other
development factors for betier implementation of
cnergy management is expecled.

Ohjectives

* To analyze patterns of domestic energy
requircments with varying variables in rural
scttings tor projection ol future patterns and impact
QN TESOUTECS.

= founderstand techmeal, institutional and financial
mechanisms in rural energy demand, supply, and
alternatives for planming and management.

Achievements

=  Major policy interventions are required to
papularize and adopt encrgy alternatives inorural
arcas (Fig. 8). Kutir Jvorf connections (electricity
for poorand BPL families) are growing in the state.

= Fnvironmental perception on impact ol [trewood
collectiony Trom foresis - Most of the villozers
(82.2% of the wital respondents) were aware that
some reasan(s) exists which are responsible for the
phenomenon of no cecruitmenm of scedlings i the
forest. Only 17.8% respondents were not able to
connect any reason/factor tor this {share of women
was higher than men, Table-17,
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= The nodal agency for renewable, UREDA, in
Uttarakhand has initiated a Bundled Microhydel
Projects (3,115 MW) approach. The proposed
projecl activity involves construction and
operation ol 29 Microhvde! prijects in the state of
Uitarakhand.

Table I: Perception on impact of fire wood collection from forests

1:;:‘ Category! Perceived Faciors (% Hespondenis) |
O i Fire | Manugement | Anthro. | No
Activity  Tdea
1 Teal 17.8 | 17.58 4T R 178
Fespundenis
| few
[2 |Male | UM (77T RO 106|400 |
[3 | Tomale 00 |23 00 533|600
4 | Filmsazien Loyl =
a4 | Colicae 400|334 400
b | Below alb | 555 4ik 0
| College
c Mo formal - 1.1 2000
| Education
El Eroploy ment
la | Serice | o0 |1zs| oo |
b Sell k.o ] Aipi
Employed |
c M b 555 b Liwad) | Gibi
LComumereiol [
! Aetivily o
f1 Fconomic
BPL ag 222 20w | 250 |4ua |
Cas Agency

Exploration, Diversity and Mapping of
Vegetation in the Urban Forests of Kumaun
Himalayvan Towns Using Remote Sensing & GIS
(2008-2011, Ministry of Environment & Forests,
Govt. of India, New Delhi)

Trees and vegetation contribute to the beauty,
distinctiveness, and material value of communities by
mcorporating the natural environment into the built
environment. Urban trees occupy a wide vanoety of
habitats, from asingle specimen competing in the urban
torest to extensive remnanl or planted lorest stands,
Fach is shown to produce distinet miero to local scale
climatcs contributing to the larger urban  climate
mesaie, Well-planned cities can alse he
covirommentally fricndly is the concept of green cities
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where people can live in a clean and healthy
environment, Information from  high-resolution
satellite remote sensmg can be integrated with a city's
vegetation information for a complete inventory and
detailed mapping of the urban environment to define
boundaries of dilferent components and their role in
functioning, It has been observed that land uses take on
different functions depending on their location in the
urban matrix. Human activitics, such as informal
management, play a key role in the provision of critical
ceosystem  services, somcthing  that largely s
unperceived in official green area management
slralegics.

Objectives

*  To caplore diversilty and struclure ol urban
[orest/vegelation for identification of processes
and factors to determine different vegetation types,
and Lo idenify positive and negative forces in
maintaining the diversity in the lowns,

= To map urban forest/vegetation in the urban arcas;
analyze landscape attributes (c.g., patch and
malrix) using high resolution satellile data, and
record changes in the urban green areas in the
Kumaun Himalayan region along temporal scale.

= To suggest measures lor conservation of
biodiversity in urban areas for formulation of
policies for management ol urban preen areas.

Achievements

= |andscape of the Nainital town is very diverse in
topography and wvegelation due to a wide
elevational difference (- 1800 - ~2600 m) within
the municipal limits of the town. Landuse/
Landcover map using LISS-1V satellite image was
preparcd which consists of cightecen  different
classes, Mapable urban vegetation in the town arca
arc = Ouk, Cypress, Cedar, Pine, Mixed Oak, Mixed
broadlcal” & Conifer, Mixed Conifer. Mixed
broadleat, Broadleaf deciduous, Broadleat
Evergreen, and Planlations (Fig.9). Total
municipal arca is 13,79 km'. Of the total
Landuse/landcover tree cover occupics 58.8%
{R11.59 ha) of the total arca, and remaining arca
568.29 ha is under various uscs (bwmltup arca,
scruby, playeround, ete.) or natural features (open
rocks, lakes, cte.)

= Among the various tree covers maximum forested
area is occupicd by mixed vak communities {56%;
of the total forest area; co-dominated by Quercus
Hlovibunda and O fencatrichophora) than followed
by oak (14.2%, O, levcotrichophora), and Mixed
Braodleal & Coniler (10.3%). A sizcable portion of
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the municipal landscape is under cover of cypress
{9.6%, Cupressus torulosa).

= However most of the settlement is conlined to the
lake catchment arca of the Naini Lake. Open rocks
and Open areas without trees in the Nainital town
constitute a considerable portion of the landscape
{23.3% of the entire Naintal Municipal Arca).

LANDIISE A_ND "-"F.{:FiI'ATIUN_:I_Yl"ES OF NAINITAL TOWN
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Fig. 9. Land use  Land cover map of Nainital Town

Nematode Diversity in the Traditional Agro-
ccosystem of Central Himalaya, Their Impact
on 5o0il Health, Crop Growth and Development
of Demonstration Model for Agro-ccotourism
(2007-2012, In-house)

Nematodes arc important mineralizers, in systems
poor in nitrogen. Information on soil nematode
diversity and their role in the traditional cropping
system is fragmentary. Developing an understanding ol
fluctuations in nemalode diversity and nitrogen
mineralization is desirable for exploiting the supply of
nutrients that might become available for crop use.
Approximately 34 44 % of the energy in organic
matter from crop residues is passed through bacteria
and fungi and consumed by nematodes within a year.
Changes in relative proportions of the nematodes
bacterivores and fungivores over time reflect changes
in the pathway of dccomposition. Nematodes are
particularly tmportant in recycling nitrogen which can
become immobilized in bacterial populations during
decomposition, Since nematodes have a higher C:N
ratio (%:1 to 12:1) than their bacterial food sources (321
to 4:1) their feeding results in exeretion of N mostly as
NII.. Presence ol nematodes in soil confirm increase of
NH, and other inorganic N sources in soil and also
increased n- level in plant tissues, Nematodes are also
important in the enhanced mineralization of P and even
S n some systems.

Objectives

= To examine the nematode diversity in the
traditional agro ccosystem across the year under
different cropping combination.

= To analysc the relationship of the nematodes with
soil health (nitrogen dynamics) under different
croppimg combination.

Achievements

= The NCE (nematode chamnmel ratio} a ratio
representing the proportion of bacterivores and
fungivores indicated that paddy and foxtail millet
sown in equal proportions were best for supporting
a faster bacterial driven decomposition channel as
it showed the highest NCR ratio of 0.76. This 15
followed by paddy foxtail millet 4:2, paddy sole
cropping, paddy foxtail millet 2:4 and foxtal millet
sole cropping (Table-2).

= The identified ncmatodes belonged to five orders,
order Rhabditida, Tvienchida and Aphelenchida
belonged to class Secernentea and orders
Dorviaimida and Mononchida belonged to class
Adenophorae.

= The resolution of the faunal analysis was enhanced
by calculating the faunal diversity and maturity
indices which reflected their importance in the
food web structure and decomposition channel
(Table-3). Diversity indices showed high
nematode diversity (H' = 2.52) and high values of
maturity indices (2.50— 3.32) depicted fewer
disturbance.

Table-2. Nematode Channel Ratio (NCR) for Kharif
cropping season.

S.Ne.|  ‘Treatment NCR | C:N ratio
1. | Paddy sule cropping 068 | 126 |
2. | Paddy: Foxtail millet 4:2 (.75 11.29

| 3. | Paddy: Foxtail millet 3:3 076 19:5
4. | Paddy: Foxtail millet 2:4 067 | 126 |
[ 5. | Foxtail millet sole cropping| 0.62 | 150 |

Tahle-3. Indices of nematode fauna under five
treatment plots.

Tnatices of nematede fauna | Puddy | Intereropped. | I."n‘.n.t:li:l
| :id.!lL: L wnillet .fuh_'
| croppingl cripping
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Indigenous Knowledge: Traditional Health
Care Practices in Rural Areas of Uttarakhand —
Central Himalaya (2#_!_??-';&1'2, In-house)

Restrengthening of Indigenous Knowledge (IK)
and culture base l¢ad towards enhancement of
conservation practices. Validation and value addition of
IK helps strengthen the practices and create potential
for enterprises, which, in turn leads to economic
upliftment and growth of the society. In India,
traditional health care practices, particularly use of
medicinal herbs for healing is a practice since time
immemorial. Such practices are still continuing in rural
areas as they are inexpensive, culturally familiar and
readily available. In Uttarakhand majority of traditional
health carc practitioners (THCP), locally called
vaidyas, are found in remote rural areas and have great
utilities to the community in absence of modern health
services, particularly in remote areas. The vaidyas
largely use largely medicinal herbs for preparation of
formulations and trcatments. Documentation of
phytochemiclas and associated therapeutic properties
of medicinal plants used by the traditional vaidvas has
been done

Objectives

* Documentation of traditional health care practices.

®* Documentation of plant species used in traditional
health care practices.

* Documentation of IK of practices, processes.
knowledge and resources used in traditional health
care practice

* Identification of possible IPR value.

Achievements

" Phytochemistry of 67 medicinal plants (MP) used by
the traditional vaidyas has been documented from
published sources. 102 therapeutic properties and
associated active principals have been documented.
Antimicrobial therapeutic property was possessed by
maximum number of 14 MP (Cuscuta reflexa,
Psidium guajava, Origanum vulgare, Ajuga
parviflora, Solanum nigrum, Ficus religiosa, Ricinus
communis, Emblica officinalis, Terminalia bellirica,
Matricaria camomillia. Foeniculum vulgare, Butea
monosperma, Mimosa pudica, & Triticum aestivum),
followed by anti-inflammatory property which was
found in 13 MP, antioxidant property in 12 MP,
anticancer property in 11 MP, antibacterial property
in 10 MP and antifungal therapeutic property in 7
MP (Fig. 10 & 11).

= Three Medicinal plant species such as Punica
granitum  (Anar), Tinospora cordifolia (Giloe), and

ra
oo

Cynodon dactvlon (Doob ghas) had antidiabetic
therapeutic property. Anti HIV and radioprotective
properties were found respectively in Bergenia
ciliata (Pashan bhed) and Podophyllum hexandrim
(Fan kakri). '

* Highest number of 9 therapeutic properties were
documented in Nardostachys jatamansi (Jatamansi)
& Azadirachta indica (Neem), followed by Centella
asiatica which had 8 therapeutic properties and 4 MP
species (Cuscuta reflexa, Cassia fistula, Matricaria
camomillia Podophyllum hexandrum) had 6
therapeutic properties (Table-4). 19 MP has only one
therapeutic property.

oo

LR R R EFEIE

Fig. 10. Therapeutic properties of medicinal plants
used in Upper Alaknanda valley.

Table-4. Medicinal plants and numbers of their
therapeutic properties.

S.N. Name of MP species Number of
therapentic
propertics
of each MP

1. Nardostachys jatamansi and 9
Azadirachia indica

| 2, Centella asiati ca b

3 Cuscuta reflexa, Cassia fistula, [

Marricaria camomillia and
Podophvilum hexandrum
4. Fsidium guajava, Ajuga parviflora, 5
Withania somnifera, Ackyrantus
hidentata and Zanthoxylum armatum
A Aconitum heterophyln, Qcinum 4
sanctam. Solanum wigrum, Adhat oda
vasicd. Berula wiilis, Citrus medica,
Foeniculum vulgare, Piper fongm,
Butea monosperma, Tinospora
cordifolia and Asparaeus racemaosiis
6. Juglans regia, Punica granitum, 3
Emblica officinalis. Saussurea
costus, Allium humile, Astragalus sp,
Rhewom austral, Galium aparine,
iplocyelos palmatuy and Curenligo
orehinides
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Cerlefrorehea oppositifolia,  Ocimum 2
americanam, vganum vilgare,
Mentha arvensis, Fious racemosa,
Barleria prionitis, Abrus
prrecaborionys, Hedvehivm spicarim,
Serdprium nepalense, Ci s
eolocynihis, Nerfum indiuwm,
Rauwolfia serpeniineg, Mimosa
piidica, Carica papaya and
Cymoddon ductylon

Ficus religiosa, Ricinus communis, 1
Mallotes philippensis, Terminalia
Bellivicw, Terminafia cfiebula,
Swertia ohivavite, Baswellia serrata,
Dactyloerhiza hatagivea, Clssus
adwata, Pievasma guassiofdes,
Fistaeia integerrima, Pierorrhiza
crirraog, Calafrapis procera,
Bergenia ciliare, Fumaria paeviflora,
Sapinds mukoresii, Argemone
Mexicana, Taxus beccata and
Triticum aesitviem

Fiews religiosa, Ricinus communis, 1
Mallorms philippensis, Terminalia
betliriva, Terminalio chebula,

Swertta chiravita, Boswellia serrata,
Dactviorrhiza hatagivea,

Cineur adnata, Picrasma gucssiondes,
Pistucia integervima, Ficrorrhiza
currona, Calntropis procera,
Berpenia cilfute, Fumaria parviflora,
Sagrindus mukorosh, Argemanc
Mexicang, Tovwy baceata and
Triticum aesiivim

Fig, 11, Phytochemicals fownd in Centella

asinticn | Brahmi buti) has therapeatic propertics

of anti-leprosy. anti-tubereplosis, andi-prolosos],
sjprasimoly fic. anti-cancer offect, aratfing of

wonnds, psvehotropic, sedstive, ati-¢conyulsani.
dementis and treatment of miental disorder.

Development of Analytical Models through
Establishment of Modeling & Statistical
Cpmputing Laboratory: An Attempt towards
Capacity Building (2009-2014, In-house)

The proliferation of digital tlechnologies and
pervasive networks through which data are collected,
generated and shared, requires comprehensive
infrastructure that can be uwsed (o capitabize on
remarkable advances in IT and thus intcgrates
hardwarc for dala organization, computation, analysis
and modeling. GBPIHED, through its R&D activities,
has produced considerable amount of data on different
aspects which 1s scattered and thus needs to be
organized and intcgrated with other research activitics.
These issues were raised in the previously held
meetings of GBPIHED and in the National
brainstorming mecting orgamzed by the Instituie on
September 8, 2007 and then it was recommended to
develop a comprehensive and validated data base on
different aspects and their qualitative assessment and
analysis using statistical and modeling techmiques.
First such attempt is made with the analvsis of climate
data available in the Institute. An analysis of long term
climatic variability and changes in twenticth century
over Morth-Western Himalaya (NWH) of THR for past
101 years (1901-2001) has been carried out. For this
study the CRU TS2.1 dataset of Climate Research Unit
(CRU). UK (available at 0.5" Iat. long. grid) was used.
The analvsis includes three parameters namely:
precipitation. temperature (maxi, min) and diurnal
temperature range (DTR) on seasonal (1.c. Pre-
monsoon: March-May, Monsoon: June-September,
Winter: November-February) & annual basis,

Objectives

=  Todevelop long term database for available data on
different aspects, gap analysis and application of
varipus statistical and mathematical tools for
analysis and development of analvtical models.

= To strenglthen the modeling and  statistical
computing facility with particular emphasis on
computer aided mathemarical modeling and its
application into various interdisciplinary research
achivities.

= To wram ellow rescarchers on different available
softwares/packages by providing regular hands-
on-lraining.

Achievements

*  Incressing trends o fempenare at different rates
have been observed inothe st century (Fig 120,
Sienificant increase 1nowinter temperature (both




max & min) in J&K and UK, declining in HF and
significantly increasing trends of maximum
temperature during monsoon in all three states are
observed.

*  Overall significant deerease in precipitation in J&K
and UK; declining but not significant in HP:;
significantly declining trends of monsoon
precipitation in all three states; increase in winter
precipitation in UK & HP: decrease in J&K has
been observed (Table-5).

=  Rate of incrcasc in temperature in North-West
Himalaya is higher than Indian annual mean (0.51
"C/100 yr) and global mean (0.74°C/100 yr, INCCA
Report #2, 201000}

15

BIEL WP WK

Tatre 3l Tt mWWIﬂHI

Fig. (2, Rate of chanze i lemiperature i St -
Wost Himalkayva daring past century {900-2081).

Table-5. Trends in temporal wvariation in
precipitation North-West Himalaya during past
century (1901-2001).

State Smn Trend Analysis
Yl Eemn Regression
J&K | Winter }** { )**
| Pre-Monsoon | {.)1".‘.' IEAIT A
| Monsoon 5 i (-)** |
il | Annual ol i3 0
HP | Winte {+) i S
| [PeMemon | (0F | [OF
Monsoon {-)* B
L T e 0
UK | Winter i [+)**
| Pre-Monsoon | ()* | ¢
Monsoon (=% i ]*

Lad
o

{+): Increasing, (-): Decreasing, *Significant at 95 % level of
confidence, ** Significant at 90 % level of confidenee

Recharge Area Identilication and Estimation
Mean Residence Time for Springs in One
Lirban and One Rural Microwatershed in Pauri
(Garhwal Using Isotope Technigque, Remote
Sensing, and GIS for Implementation of
Artificial Recharge Structures (2009-2014,
GBPIHED and NIH, Roorkee)

Water Resource is becoming the biggest concern in
Indian Himalayan Region especially during the
summer. This project is an attempt to guantify the
available waler resource in two microwatersheds, one
urban micro-watershed (Paurt Urban Arca) and the
other rural micro-watershed (Dugar-gad
walershed). Through this project we will also attempt
tinding the probable rechuarge area of springs [alling 1n
the study area by using the state- of- the- art technology
and implement the ground water recharge structures to
augment the spring discharge

Ohjectives

= To decipher the recharge zone and mean residence
time for springs falling in the aiud} arey using
isotope technigue

= Toanalyse the relationship ramfall, hydrogeology,
landuse/landcover with the spring discharge

= To implement rainwater recharge structure in the
catchment area and exccule waler harvesling
structures to enhance the productivity of the
fracture hard rock aguilir.

Achievements

= Stable isotope results of samples collected from .

rainfall, spring and tube wells indicate that shallow
unconfined ground water is the common source for
springs as well as tube wells. Local meteoric line of
study area matches with regional meteoric line of
MN.W. Himalaya (Fig 13),

*  Assessment of water availability during the lean
period and surplus period was done for a few
springs with the help of flow duration curve
analysis (Fig. 14). Assessment of water availability
indicates that additional storage structures should
be constructed to tap the surplus water available
during the monsoon pericd to cope with the
scasonal water ﬁcamn in the high mountain basins
of Himalaya.
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Fig. 13 The 81 and & 1B plot of rainfall, springs
and handpumps in the study area.

Spriry dschangs in lpm
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Fig. 14, Seasonal Aow duration curve for Lower murket

spring highlighting the surplus waler avallabllity during
the monsoon period,

Development of Early Warning Model for
Landslide Using Remote Sensing and GIS: Case

Study From Sikkim (2008-2011, Space Application
Centre, Ahmadabad)

In the Sikkim Himalaya most of the landslides
occur during monsoon season. Prominent factors
controlling landslides are lithology, slope, drainage,
landforms, different land use and unusual behavior of
rainfall pattern in the hilly terrain. Satellite remote
sensing with improved spatial resolution in recent years
has made it possible to map and monitor geo-
environmental factors affecting landslides and to
understand the underlying mechanism behind them,
Many a time landsides cause colossal loss to life and
property. The early warning of triggering of landslide in
a known area could be of immense importance. Early
Warmning model would be helpful in disaster mitigation
and management, saving life and property of the
dwellers. An attempt is being made (jointly by Space
Application Centre, Ahmedabad and G.B. Pant

Institute of Himalayan Environment and Development,
Sikkim Unit) for the development of Early Warning
Svstem for landslides using Remote Sensing and GIS
tools. The present study will enable us to warn about the
landslide occurrences, well before their triggerence and
the Early Information can be developed for the safety of
the dwellers

Objectives

= Attempt to establish threshold value of rainfall for
landslide occurrence.

= Attempt to generate probable landslides initiation
points using slope stability models using GIS.

Achievements

= The general land use and land cover map of Sikkim
was prepared. The major landuse features mapped
were reserved forests, agricultural and other land,
rural and urban settlements, water bodies and
moraines (Fig.15).

=  Statistical analysis of the rainfall data was carried
out to find out the consistency of the rainfall in the
various years. Precipitation threshold for the faw
landslides triggered by rainfall was also estimated
on the basis of antecedent rainfall records.

= The precipitation thresholds furnished for the few
landslides are 210 mm for the Chanmarai,

Fig.15. Land use and land cover map of Sikkim.



Tatchenchen, Zero Point and the Development area
landslides. However, it was 250 and 158 cm for the
Lanta Khola and Mangan rock cum debris slides in
the North district of Sikkim. An average rainfall of
208 mm actually triggered the above mentioned
landslides in the Ilimalayan state of Sikkim with an
cvent co-elficient of 6.2 for the city of Gangtok and
its surroundings in the year 1997,

Participatory Water Management Plan for Mid
Altitude Himalayan Villages Using Optimized
Water Harvesting Systems (2009-2012, DST,
New Delhi)

Understanding the year to vear and scason o
scason trend of rainfall, flow of river in past decades
provides a major slep towards understanding and
coping with changes in scasonality of sources. There
may be sufficient annual waler available in a region to
salisfy basic needs, if adequate conservation and
storage measures are taken. Thus, water management
strategics should focus on building adaptive oplimized
models on the basis of allocation of hydrological
responscs o cope with water scarcity and scasonality.
This study was conducted in Railakol, Manaun,
Supakot and Pachchisi villages of Almora Disrtrict.
Water availability analysis was done by measurement
ol available water sources in villages in two diflerent
seasons i.c. monsoon and summer. Water availability
and consumption estimates are based on standard
coctlicients (e.z.. waler use /eapita, imgation need of
crops, livestock need/cattle unit) relaling water use to
another characteristic such as number of users, and hy
measuring a statstical sample of the user population.
PRA (Participatory Rural Appraisal) was carried out in
representative villages to understand villagers' views
on waler availability and use patlem. The secondary
data of water availability (rainfall) was used [lor
developing three scenarios. ie., drought year, high
rainfall year and normal rainfall year. A mathematical
formulation of the scenario was developed and
analyzed using oplimizalion

Objectives

= Ouanufication of water resources and demand at
village level.

= Scenario building on variable water availability
and optimization model of water allocation.

= To develop and test the participatory water
management plan for optimizing water distribution
within 4 single village system.

o]
(%]

= Development of guidelines [or intcgrated water
management plan for implementation at village
level.

Achicvements

= In every village available water was lcss than
demand in summer scason bul in monsoon season
more than sufficient water was available (Fig 1 6).

*  According to villagers, decrease in rainfall (25%
respondents), drying up of springs (22%
respondents), change in rainfall timing (12%
respondents), population growth (10%
respondents), deforestation ( 10% respondents) and
others (21% respondents) are the main causes of
water shortage mn their region. According to their
views, plantation of broad leaf trees (38%),
construction of percolation tank (28%),
construction of water storage structure (15 %
respondents), maintenance of water resources (9%
respondents) and other (15% respondenis) are the
main solutions to overcome the water shortage,

*  Bascd on optimization tesult, hamlet wise waler
management plan was developed for a village
situated in north sub-watershed of Upper Kosi-
Watershed. Based on the PRA cxercise, household
sector was the priority demand scetor and we have
to satisty [00% demand of this sector and
remaining available water will be allocated to
livestock sectors in each hamlet of the village, o
get maximum net cconomic return (TFig. | 7). A good
portion of water 1s released to downstream uses.
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Fig.16. Demand and availahle water in summer
maonths.
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Summary of Completed Project / Activity

Installation and Operation of Permanent GPS Stations for Quantification of Tectonic
Deformation and Assessment of Stability of Himalayan Urban Centres (2005-2010,
Ministry of Earth Sciences, New Delhi)

The results of the study throw light on the present rate of tectonic deformations and strain rates
using continuously operating GPS reccivers installed in the urban towns i.c. GBNL-Nainital
(Kumaun Himalaya), GBSK-Srinagar (Garhwal Himalaya) in Uttarakhand, GBKL-Kullu (HP),
GBZR-Zero (AP) along with existing permanent stations in GBPK-Almora (Kumaun Himalaya,

Uttarakhand) and GBSK-Gangtok (Sikkim Himalaya). Baselines of all the six permanent GPS
stations are obtained from different IGS stations. The average baseline change between Almora (GBPK)
and Bangluru (11SC) is of the order of 3.26+2.17mm to 3.59+ 2.57mm in years 2010-09 and 2009-08,
respectively. This change is very sinall considering the error of measurement. The values arc comparable
with baseline change between GBPK and Hyderabad (HYDE) which is located on the Indian plate. The
' other two stations located within central part of IHR (GBSN and GBNL) indicate similar rate of baseline
changes. The baseline between GPS stations at Sikkim (GBSK) and IISC is changing at 1.67 to 1.92
mmy/yr in 2008-2010 with etror of ~2 mm rendering these changes negligible. The values are in similar
range for GBPK-HYDE stations. In the western Himalaya, Kulu (GBKL) station is showing maximum
changes in baselines between Kulu (GBKL) and both [ISC/HY DE stations. In E-W direction. Increase in
bhaseline between GBPK and GBSK is of the order of ~7 mm /yr with ervor of £2.5 mm indicating the
expansion along the Himalayan arc. These values are similar to the values obtained for other two stations
located in Central Himalava. The baseline between stations located within the Central Himalaya (GBPK-
GBNL and GBPK-GBSN) indicates some changes between Almora and Nainital stations. This may-be
possible due to movements along active local faults and proximity to MBT. Velocity observations show
that, the velocity of IISC and HYDE is ~ 53 mm/year, and velocity of our permanent station GBPK
GBSK .GBKL .GBNL and GBSN 1s —46 mm/ycar , 49 mum/year .43 mm/year 46 mm/ycar and 47
mm/year respectively for year 2010 . Results of baseline changes for the year 2010-2008 show that
baseline changes of GBPK_ GBSK, GBSN and GBNL with respect to IISC and HYDE is approximated
similar. GBPK is moving towards East in comparison to GBSN.
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Summary of Completed Project / Activity

Soil Nitrogen Dynamics in Relation to Quality and Decomposability of Plant Litter
Traditionally Used as Manuvre in the Central Himalaya (2007-2010, DST, New Delhi)

Farmers atlempl to maintain agriculiural productivity by employing leaf litter collected from forest floor
and standing dead after decomposing them in cattle shed or spreading them dircetly in crop fields. A clear
understanding of plant litler impacts on various aspects of soil fertility, including mineralization and
microbial biomass turnover is essential for developing a sustainable production and land use systems. An
insight into the dynamics of nilrifier population and their related processes i.c. N — mineralization and
nitrification will provide knowledge for improving crop management to optimum nutrient use efficiency.
What changes in manure quality and nutrient release coan enable better nitrogen synchrony and
consequently higher yields with lesser intensity of biomass removal from forests resulting in sustainable
ulilization of land resources.

LL02-010¢ 1HOd3Y TYNNNY

Ohjectives

* To assess concentration of N, C, hgnin and total phenolics and the C/N ratio in senesced leaves as
indicators of litter quality of five plant species traditionaliy used as manure,

= Tocompare N and organic C concentration, rate of N-nuneralization, nitritication and microbial hiomass
C, N, flush in the soil amended with the five litter manure under paddy (Oriza sativa) and wheat
{ Triticum aestivim } cropping systems,

Achievements

* The main effects of aspect. species and slope position on decomposition rates were all satistically
significant.

* Oak leaves showed highest decomposition rates tollowed by Lyvonia, Pyrus. Rhodedendron and Pine
(Fig 18).

* Thelitters placed on north facing site decomposed faster than those on the south facing sie.

* The litters placed at the top slope position decomposed slower than at those at either the bottom or middle
positions.

= Initial lignin concentrations explained most of the variation in decomposition rates between species and
within species for the aspects and the slope positions.

* The results illustrate the important point that fitter quality may define the potential rates of microbial

decomposition but these are significantly influenced by the biotic and abiotic environment i which

decomposition takes place.

Fig. 18. Litter bags containing |
itter from five different species
kept in wheat cropping system
{2008 winter).




Summary of Completed Profect / Activity

Development of Ecosystem Integrity Profile Using Ecometric Methods for Ecological Risk
Assessment in Mountains (2007-2010, DST, New Delhi)

The Himalayan Mountain has great diversity of climate. topography, hydrology and ecology as well
as diversity of culture and communities. Therefore sustainable dev elopment of mountain
ccosystems demands integration of research and development programs having strong emphasis on
ecosystem components with social, cultural and ecological consideration. The objective of the
project was to develop approaches which prov ride authentic and precise details of the state of health
of mountain ecosyste hr-» prun: ct was melr—mu‘-trd i th\. thiLL n..atl.hnwnt-, namely, Gaula

of Upper-Kosi
aichment for the period IHH am:l l'r.l‘:}‘f} were l_.r,L-l and H 15 Jv.::-,ph.um ly. Similarly, the runoff
coefficients of Gaula catchment for 1985 and 2005 were 0.22 and 0.01 respectively. The analysis of
doublc mass curve und iopu nf’ tn.mi curve shows that the runoff of Gaula catchment in the period
1968-1977 ismo epe 051 L1978 I*-} band i‘:ﬁﬁhﬂl}ll"}‘n ith similar rainfall. The
rate of change in ruqua’a'umcnt f'a"t:_rrs (e.g. fueckw of the Upper-Kosi and Gaula
catchment have increased whereas the availability of rhv: Lum.apunding factors have decreased
during the period 1981-2005. In Upper-Kosi catchment the fuel wood availability is maximum
value in the elevation range IUIH -1250m, whereas in the Gaula catchment the availability factors
maximum in the altitudinal range 750-1000m and 2000-2250m w hu.h is due to the maximum v ﬂh]:r.
of land use index of forest. The calculated value of available perc 7ing :0.169-0.167
ha for Upper-Kosi catchment and 0.138-0.068 ha for Gaula ca Lmeh during the study period
{1981-20035). Thes '.-'al'Lll.':-H of grazing land of the study catchments are guite low against the
ecologically permissible carrying capacity of per cattle erazing in the Himalayan region. The
Cropping land per mrplra ut the Upper-Kosi catchment mnmd between 0. 7 ha/capita and in
case of Gaula catchment this value ranged between 0.18- 0.21 ha/capita. The ccologically
recommended cropping land per eapita in the Kumaon hills is 0.2ha. Therefore the cropping land per
capita of the Upper-Kosi catchment has a bit higher value than the pe rmissible limit; however, in
case of Gaula catchment its value is Iying in the minimum requirement value in the study period.
During the study period (1981-2005), the intensity of land use change in Gaula catchment was
higher than the Upper Kosi catchment.




————

The recognition and characterization of
biodiversity critically depends on intensity of
laxonomic, genetic and ccological investigations. In
this context, the long-term research programmes
provide essential background information, which also
helps in understanding trends of biodiversity changes
and segregating impacts of and responscs to
anthropogenic and natural perturbances. Among others,
human dependence issues and cconomic valuation of
biodiversity have cmerged as an important arca of
concern under changing global scenarios. This has
necessiated investigation and monitoring of
biodiversity clements at different levels and climatic
regimes 5o as to define appropriate conservation
measures. While considering such measures,
programmes for improving capabilities and skills of
diverse group of stakeholders to ensurc their
participation in programme pertaining to conservation
and sustamable use of biodiversity assume high
priority. Besides, integration of biodiversity knowledge
base with other components of ecosystem like water,
air, and socio-cultural aspects become cssential for
suslainable management of hiodiversity, The studies
conducted under the BCM theme during previous years
have focused on assessment, valuation, monitoring and
prioritization ol biodiversity including medicinal plants
diversily in protected and unprotected areas, response
assessment of Himalayan biodiversity under changing
climatic conditions, development and upscaling of
propagation prolocols, improvement of bio-resource
based livelihood options, strengthening and
maintenance of Arboreta, Herbal Gardens and
Nurseries and promotion of conservation education
among diverse stakcholders. Biodiversity
Conservation and Management (BCM) theme

BIODIVERSITY CONSERVATION
AND MANAGEMENT (BCM)

envisages to i) assess, cvaluate, prioritize, map and
monitor biodiversity of the protecied and unprotected
areas at gene, specics and ceosystem levels across the
IHR for understanding the status, availability, potential
and patterns; ii) evaluate response of Himalayvan
biodiversity under changing climatic conditions across
the THR: iii} develop packages of practices for
mamtenance and optimal use of sensitive biodiversity
components and improvement of bio-resource based
livelihood options for indigenous communitics; iv)
establish and maintain live repositories (Arboreta.
Herbal Gardens, Nurscrics, etc.) in different agro
chmatic zones across the IHR for cosuring the
availability of quality planting material; and v)
sensitize 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 Scrve Long-term
Management and Use of Biodiversity in the
Himalaya - Focus on Representative Protected
Sites (2007-2012, In-house)

Considering that the world's mountain ccosystems
are undergoing rapid environmental changes thereby
affecting their overall integrity and life support values,
the need for better understanding the response patierns
and implementation of multidisciplinary approach to
address the 1ssues is globally realized. While
considering approach for effective implementation of
such strategy, the Mountain Protected Areas (MPAs)
have emerged as global priority sites and are being used
as an "carly warning' system, In this context, this project
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secks to define appropriate mid to long term
management regimes that maintain  the multiple
functions of selected MPAs as 2 major challenge to the
management ol integrity and diversity of representative
ecosystems. The studics continue in Nanda Devi
Biospheare Reserves of West Himalaya, Nargu
Wildlife Sanctuary of Northwest Himalavya.
Kanchendzonga Biosphere Reserve of Ceniral
Mimalaya and Tawang West Kameng proposed
Biosphere Reserve of East ITimalaya.

Objectives

* Synthesise and use information on biodiversity
components of sclected areas.

= Investigate on recruitment trends and compositional
patterns of forest communities along altitudinal
gradicnt.

*  Understand usc patterns by the inhabitants.

*  ldentify and prioritize human wildlifc conflicts.

*  Stdy the grazing competition among livestock
and wild ungulates.

* Determine the live stock depredation and
retaliatory killing of Wild carnivores.

®  Idenufy threat categories of the biodiversity,

= Suggest policy interventions with a view of general
applicability.

* Draw comprchensive biodiversity management
plans for alternative scenarios.

Achievements

Nanda Devi Biosphere Reserve, Uttarakhand

* Continuing with the revisit studics in Dindari
region. Kumaon west Himalaya (Buffer Zone of
NDBR) forest community wise changes at two
point sampling (i.c., 198%-59 and 2008-2009) have
been deseribed wort. possible cause of changes ag
well as possible direction/intensity of change in
forest composition in near future.

= In Mixed Oak deciduous forests {(2100-2300 m),
the relative contribution of species richness
showed no changes in all three layers. A
remarkable change in density of seedlings with an
ncrease in scedlings from 81.7% (1988-89) to
94.6% (2008-09) was observed. The maximum
contribution in this increase was due to Quercuy
Soribunda species for which the values have 2one
up from4.5% ( 1988-89) to 53% (2008-2009),

* In Quercus flovibunda forests (2300-2500 m)
assessment of species richness reveals changes in
seedling (7 new species) and sapling (4 new
species) layers. Significant increase in lotal tree
density (3768 ind ha': 1988-89 o 8015 ind ha':
2008-09) was recorded. Maximum increasc in

densily was observed in seedling layers wherein (2.

Horibunda showed an increase from 6% to 36.6%.
The relative contribution of scedlin 2s has increased
from 86.7% (1 988-89) 10 93.6% (2008-09).

= dn Quercus semicarpifolia forests (2500-2900 m)
no major changes were observed in specics
richness. Changes in total density were observed
(4421 ind ha ': 1988-89 to 6778 ind ha': 2008-09),
Maximum change in density was observed in
scedling layer. The relative contribution of
scedlings has increased 84.3% (1988-89) to 90.7%
(2008-09).

* In Mixed Deciduous forests (2600-2850 m) no
major changes were observed in species diversity
of saplings and trec layers, however. 10 new
specics were recorded in seedling layers,
Considerable increase in total density  was
obscrved (2931 ind ha': 1988-89 10 4984 ind ha-
2008-09).

*  In Betula wiilis forests (3300 m). no major chunges
in species diversity were observed in all the three
layers. However, nearly two fold increase in total
density was observed (1765 ind ha': 1988-89 to
3340 ind ha': 2008-09).Maximum change in
density was observed in the seedling lavers.

Nargu Wildlife Sanctuary, Himachal Pradesh

= 258 species of vascular plants i.c. Anglosperms
(229 species), Gymnosperms (6 species) and
Pteridophyies (23 specics) have been recorded.,
Families, Asteraccae (25 spp.): Rosaceac {18 spp.)
and Lamiaccae ( 13 spp.) were dominant.

* 10 lorest tree communities were identified from 23
sites. Tree density ranged from 210-600 Ind ha’
and total basal area, 1.9-60.7 m*ha”. Shrub density
from 450-3390 Ind ha", herb density, 44.8-156.8
Indm” sapling density, 50-450 Ind ha " and scedling
density, [10-1060 Ind ha'. Species richness ranged
from 43-111. It was highcst in Quercus
leucotrichophora community, followed by
Quercuy semicarpifolic and Cedrus deodara
communitics. Species diversity index (H') for trees
ranged from 0.26-1.72, saplings, 0.26-1.70,
scedlings, 0.17-1.84, shrubs, 1.07-2.8 and herbs,
2.70-3.60(Fig.19).

= Inthe studicd area, 86 native to Ihmalayan region,
3 endemic, 55 near endemic, 5 endangered and 178
economically important (medicine-123: wild
edibles/food — 39; fodder - 59: fuel — 32; imber -
5: religious — 9; fiber — 7; agricultural tools — 8:
misclleancous — 16) species were identified
(Fig.20).

* Among the fuel species, mean collection was




highest for Quwrm leucotrichophora (1879.30 kg
houschold' year"), followed ltr_v Rhododendron
arboreum (433.57 kg household" year"), Cedrus

deodara (42522 kg houschold” vear'), Myrica
esculenia (385.05 kg household ' vear™) and Pervea
duthiei (370.96 kg houschold” year"). 23 species
were used as fodder in 10 surveyed villages.
Ouercus leucotrichophora, Neolitsea pallens and
Desmodium elegans were mostly used as fodder,
Maximum fodder collection was done in Hurang
village (8568 kg houschold” year™), fullowed by
Shilh Badhani (%352 kg houschold' year™),
Malwara (8028 kg household ' year') and Kutahar
(7980 kg houschold” year) villages (Fig 20).

=ge=Troes —@=Saplings ~—Seodlings =s=Shrulsy —=—Horbs

Lad
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Khangchendzonga Biosphere Reserve, Sikkim

= Investigation made in eight high altitude sites in
Tholung-Kisong (TK) landscape, in south-casi
KBE, north Sikkim. With 51 tree and 30 shrub
specics, the total species significantly declined (r—
-0.874; p<0.01) along increasing  altitudes
(Fig:21).
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Fig. 21. Number of species for different study sites along
altitudes in Tholung-Kisong framsect in south-east
Kangchendzonga Biosphere Reserve (north Sikkim).
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Fig 19. Community wise species diversity of trees, saplings,
seedlings, shrubs and herbs in Nargu Wildlife Sanciuary.
fAbbrevigrions ased: 1= Cedrs .rfr*mfam, 2= Myrica esculenta-
Afwns nitide mixed; I= Pinus roxbesghii; 4- Chuerouy
fencetrichaphora; 5 - Ouercus levcotrichophora- Myvrica eseulenia
mixed; 6= Oucrcws leucorrichophora - Rhododendrmn arboreum
mixed, 7= (uercns semecarpifolu; 8= Ouercus semecarpifolia-
Abies pindrow mixed; ¥ Rhodudendron arborewm and 0=
Rhodadendron arboreum-Svmpluces chinensis mixed)
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Fig. 20. Utilization pattern of the cconomically important
species in some villages. [Abbreviations used: Fl=luel:
Fd=Fodder; Cd=Edible; Re Religious: Ti Timber:
Agl=Agricultural tools; and Md=Medicinal|

Number of Species
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For trees, dominance, diversity and specics
evenness index showed non-significant negative
correlation, while the specics richness index
negatively corrclated with altitude (r = -0.944:
p<0.01). For shrubs, diversity (r = 0.726) and
species evenness (r = 0.740) index positively
correlated with altitude (p<<0.01); relationship was
non-significantly posilive between species
richness index and the altitude, and non-
significantly negative betwien species dominance
index and the altitude. Trec individuals in C-class
{10-20 cm dbh) showed highest and in I-class (70-
80 em dbh) lowest density.

Two new populations at 3000m (150 individuals)
and 3300m (15 individuals) of rare and endemic
specics of Rhododendron niveum were discovered.
Amongst 06 indicators of biodiversity
conscrvation and sustainability, forested area (80.5
& 87.6, respectively) and species diversity (73.6 &
739, respectively) had top priority index for
Tingvong and Ship-Gyer villages in north Sikkim.
Fuel, fodder and timber appeared as top indictors in
cither village.

Stakeholders Consultation Workshop on
‘Biodiversity Conservation and Management in
KBR' organized in collaboration with FEWMD.,
Govt, of Sikkim at W, Sikkim: related issues were
highlighted (Fig.22).
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Fig. 22, Stakcholders” Consultation Workshop for
KBR (Sikkim) al Labdang, West Sikkin.

Tawang-West Kameng Bivsphere Reserve (proposed),

Arunachal Pradesh

=  Total 311 species of flowering plants including
cndemic, primitive and  ethnomedicinal were
recorded, OFf these, Aconitm leihale, Petasites
kamengicns, Begnonio arboensis, Coptis teeta,
Cotoncaster assamensis, Rhododendron
!H'I’i'ﬂngf‘.'".k'fﬁ ﬂ[lt{ Ag{l’!l‘l’:’fi’.&' J'I.i'hr'.?'.i'{"ﬂ'.‘u:.\' W
ehdemic, While Magnolia  griffithiii.  Nicium
griffithii, Houttuvania cordata,  Exhicklandia
popunea. Betula alnoides, Alnus nepalensis and
Muyvrica esculenta were listed as primitive plants.

= A total of 52 medicinal plants (51 genera and 39
families) were being used by Monpas for the
treatment of various atlments, Familics Fabaceae
and Myrsinaceae had 3 specics cach and
Asteraceae, Ericaceae, Euphorbiaceae. Polygona-
ceae, Ranunculaceae, Rutaceae, Saxifragaceac,
Theaceae and Urticaceae had 2 species each.

=  Exicnsive and unsustainable harvesting of 11
ethnomedicinally imporant plants has threatened
their survival In natural habitat, therefore, such
species may  be prioritized for conservation
{ Table-6).

Table-6. Conservation prioritization of cthno-
medicinal plants

Bstanical name ]'u;:-ilg.' .'nlJilmlml_ l.:l.mu'l uliu Fartuseil | Cm iC:iRs.l
FEESE ) stamis
et feniy T Remwudsew | UL | drieally | Rhoewe | DSO0HCNROT |
Lidmgoed |
Araccm Liplo 2216 Yulrazabi: Rhoooim | R A
et T T I é.'u-m-ul'r.ir_'
Tlhaear Lo 13 | Vuleenabie | Pl [T
i _M_w_-.r'l.mu.' 0l - 1500 Fruit & beek | & H-150U0
Serephubimizoce | =100 _]Er-dln;.'l:mc' Bhemame | FSAa- 300 30
Fhewn aesirzle Pubponscese | 2000 600 | Trdangrred | Boal | sno0 5
" Wals e ovdifudia Raanze Vs 2| - Slonk o | KRR |
[Torminedio chvida | Combechieome | Lpks 1509 | - Fruil IEs)
ThativTraw fulvew Bamnculzame | 10001900 | Yulnerabiy Bheoome | JUKGI2000
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Conservation and Sustainable Utilization of
Medicinal Plants in Himachal Pradesh, North
Western Himalaya (2007-2012, In-house)

The Himalayan Region has been identificd as onc
of the richest habitats for medicinal plants. In the
region, most medicinal plants are being extracted for
drug, pharmaccutical industries and oils. Majority of
the medicinal plants arc also used in Ayurvedic, Unani,
Tibetan and other traditional systems of medicine. With
the increasing world demand and rencewed global
interest in traditional cthnopharmacy coupled with the
increasing preference for natural substances in the
health care systems, the natural stock of medicinal
plants of Indian Himalayan Region (IHR) is under
tremendous pressure. The State, Himachal 1s being
seen as an herbal state and medicinal plants as a major
source of income generation for the mhabitants, The
Kullu and Lahaul & Spiti districts of the State arc rich in
medicinal plant diversity. There is plenty of scope for
the promotion of medicmal plant cultivation and
comservation.,  As such an integrated study on
conscrvation and  sustamable wibization of the
medicinal plants has not been camed out so far
Therefore, the Upper Banjar Valley (1300-3600),
Mohal Khad Watershed (1.200-3,000m); Parbati
Watershed (1,100~ 6,500m) and Upper Beas Valley
(2.300- 5.000m} in Kullu district and Chandra Valley
(3.300-5,000m) in Lahaul & Spiti districts have been
sclected to conduct studics on conservation  and
sustainable utilization ot medicinal plants,

Objectives

= Assess, monmilor and map the medicinal plant
diversity.

= Evaluate medicinal plamt diversily.

= Asscssthreat categorics,

=  Prioritize potential medicinal plants for
conservation and socio-cconomic development of
the inhabitants.

= Develop strategies and promotc ex-siiu and n-situ
conservation of medicinal plants.

= [mpart (raining lo different stakeholders on
conservation and sustainable utilization of
medicinal plants.

Achievements

» Consultation Meetings were organized at Jibhi,
Banjar and Jana Villages in Kullu district, Ropa,
Sundamagar and Smaila in Mandi district, and
Khangsar in Chandra Valley of the Lahaul & Spiti
district (Fig.23a-b). A group of 20 farmers in
Chandra Valley was developed o iniliate the



cultivation of Adconitum heterophylium and
Picrorhiza kurrooa. Another group (54 farmers)
from Jana, Burua, Kothi, Ropa, Jhiri, Smaila and
Sundemagar was also developed for the cultivation
of Aconitum heterophyllum and Withania
somnifera.

About 15,000 seedlings of Aconitum
heterophyllum were raised by the 16 farmers in the
field at Jana village, 20,000 seedlings at Burua
village, 1,000 seedlings at Kothi and 1,000
seedlings at IRMT, Naggar. One farmer from Jana
village developed > 2, 50,000 seedlings of
Aconitum heterophyllum and generated > Rs. |,
25,000/~ from the seeds and seedlings (Fig.24a-h).
Over 5,000 seedlings of Withania somnifera were
developed in the Medicinal Plants Nursery and
Herbal Gardens. Cultivation of Withania somnifera
in Prodhar, Ropa, Jhiri, Smaila and Sundernagar
was initiated and over 2,000 seedlings have been
planted in Kullu and Mandi districts.

Seed germination studies of Aconitum
heterophyllum, collected from Jana and Lahaul
valley were conducted and germination percentage
was improved upto 96% (Jana) and 93% (Lahaul).
Vegetative propagation (stem cuttings) of Munjak
population of Taxus baccata subsp. wallichiana
was tested by giving different treatments at
Doharanala. IBA 100 pum showed maximum
rooting (70%).

300 seedlings of Withania somnifera were
distributed to different stakcholders during the
State Level Children Science Congress at
Hamirpur. Also, seeds of Withania somnifera were
distributed to the Forests Department, farmers,
local inhabitants and NGO's. Exposures visits (10
Nos.) of the Herbal Gardens and Medicinal Plants
Nurseries for over 1,000 stakeholders representing
Himachal Pradesh and others were organized.
Agrotechniques developed for the 26
commercially viable medicinal plants were

-
=)

Fig. 23 (a-b). Consultatuion Meetings at thugﬁu in
Chandra Valley and Ropa in Mandi district,

disseminated to the stakeholders for the promotion
of cultivation of medicinal plants.
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Up-scaling Applicability of Ex-situ Mechanisms
for Conservation and Utilization of Hizh Value
Plant Species — Focusing on Promotion of
Conservation Education & Capacity Buildings
(2007-2012, In-house)

The Tndian Himalayan Region occupies a
significant position on the earth due to its rich and
unigue bioresources. While [ocusing on strategies o
harness the potential of these resources for the well
being of people in the region, maintenance and optimal
use issucs of high value specics emerged as priority
agenda for Research and Development. Especially, at
the time when zaps between demand and supply have
widened and incidences of indiscriminate collection
and destructive harvesting from the wild have gone up.
Theretfore, conservation approaches based on the
concepts of sustainable utilization involving
technology based innovations are greatly required.
Conservation and optimal use of high value species has
cmerged as one of the priority agenda of research and
development realizing the fact that it can serve the basic
necds of human beings together with maintaining the
biodiversity. Indian Himalayan Region occuples a
significant position in the world as far as biodiversity is
concerned. The propagation protocols need to be
further put to test their efficacy and up scale the
applicability 1n the field conditions through promotion
of conservation education and capacity building in the
[TTR. In the Himalayan context, this activity assumes
greater significance in view of the rapid loss of
hiodiversity, Capacity building of the stakeholders on
conservation education must be undertaken through
field demonstrations. The work therelore integrates the
Conservation Education and promotion of ex-situ
mechanisms of conservation and use 1o up-scale the
applicability for effective utilization of high value
species,

Objectives

=  Apply ex-situ conservation technigques for
developing appropriate  technologies of  mass
multiplication and storage of germplasm.

= Upscale the applicability of existing protocols in
selected sites.

= Ensure guality planting material through
phytochemical and genclic investigation.

= Understand the growth responses of the target
species in wild and cultivated land.

= Develop s centre for on-site training and extension
PrOSTamimes.

*  Inculeate excitement among  siudents  about
biodiversity conscrvation,

Achicvements

Himachal Pradesh-fHimachal Unit

= (ver 183 seedlings/plantlets of 15 species of
ceological, ceonomical and ornamental
importance were planted in the arboretum,
Maximum survival was shown by Adhatoda
vasica, Pistacia integerrima and  Pittosporim
ertocarpum (100%), Cornus capitaia (95%), Pinus
gerardiana (94%) and Pyrus pashia (89%). Buxus
wallichiana (T0%) and Ginkeo  biloba  (60%4)
showed relatively low survival,

*  Seed germination protocol for the Corvius
Jacguemontii, a multipurpose tree was developed
in polyvhouse. The treatments of GA, showed
maximum germination (GA, 100uM, 100%; GA,
150uM, 95.24% and GA, 50pM, 90.48%),
followed by KNO, 100mM, Thiourca 150pM
(80.95%, ecach) (Fig.25). Seced germination
protocol for the Buxus wallichiana, a multipurpose
tree showed highest germination in GA, 100uM
and TAA T00pM (82.22%, cach),

= Vegetative (stem cuttings) propagation of
Cinnamomum famala showed maximum rooting
(27%)in NAA 50uM (Fig.26).

* One Day Training Programme on “Weather
Monitoring, Climate Change and Biodiversity
Conservation and Management”™ was organized at
Mohal on March 25, 2011 for the teachers,
students, farmers and Mahila Mandals (Fig.27a-b).
The pre and post leedback of the participants arc
presented in Fig 28, Exposure visits for over 700
participants representing students, teachers of the
Schools and Universities, farmers, Forest officials,
NGOs, Professors and  Students of Sholapur
University, Maharashira and farmers of the Nanda
Devi Biosphere Reserve were organized,
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Fig.25. Seed germination performance of Corplus
Jacquemontii in different treatments.




[Abbreviations used: 1=Control Direct; 2-GA, S0uM;
3=0GaA, 100pM: 4=CA, 150 pM: 5=KNO, 5 mbMl;
“KNO,100mM: T=K NGO, 1 30mM; 8=Thicurea50uM;%- Thio
ureal00ph: 1 0-Thioureal S0ph; L= IAASOPMIIZ=TAATD
O 3=TAA T S0UM; 1 4=NaHClO 3minute; 1 3=NaHCHO, 6
minute and 16=NaHCIO Yminute]
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Fiz. 28. Pre & post Training Programme feedbacks of
participants,

Uttarakhand -Headguarters

= Phytochemical analysis of Acorus calamus collected
from different localities showed variations in total
phenol and antioxidant activity, Total phenolic
content was Tound maximum in Jyoli population
(%.86 mg/g DW) and minimum m Matela population
(4.12 mg/g DW). In vitro antioxidant assay showed
maximum activily in the samples collected rom
Jyoli population (13.67 mM AAE100 g) and
minimum in Bar Population (6.42 mM AAL/100 g)
mABTS assay.

= Relationship among Altilude, Antioxidant Assays,
Total Phenolics, Flavonoids and Phenolic
compounds in Myrica esculenta Truits has been
mvestigated, Results revealed a significant negative
correlation of catcchin (r=-0.778; P<0.05) with
altitude. Correlation matrix revealed that total
phenolic and flavonowd contents has significant
{p=0.05) positive impact on antioxidant activity
{Table-7). Phenolic vontents conlribute 46,3 1o
47.6% ol radical scavenging property (' — 0.463 lor
DPPH and r — 476 for ABTS) and 56.6% of
reducing property (r—0.566). Similarly, flavonoids
contribute  554% w 70.9% radical scavenging
property (r = (0554 for ABTS and ¢ = 0.709 for
DPPHjand 47.5% ol reducing property (r — 0.4 78).
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Teachers was organized at Pangthang involving 10

Table-7. Correlation matrix between altitude, total Rl
schools of Sikkim (Fig.30). The programme

phenols, total flavonoids and antioxidant b activity

measured by different assays in selected populations ;zrin::: OfJZ:F Ef::lﬁpresff:tﬂt?m”f cDmer:i mt_
of Myrica esculenta (n=9), ; gue: ty from Forest Department,

| : . Lab & Nursery demonstrations, exposure, Painting

Total i : : . :
fm_.;_” value Alitude | phenols | Flavonoid] ABTS | DPPI | FRAP competition, and Field exercises in functional
frhade | . X
Total phenols | 0,360 1 T arboretum on vegetation survey and analysis, ete,
Flovonoids 0004 | 0971+ 1 | u i i i i [
e e T T : S-:F:dlm_gs of 9 species including Frr:u.v‘ sp- and
CEFH U176 | 0eE® | 08430 | OBTETT | | Michelia excelsa as top preference were distributed
FRAP 0132 | o7sat 0.651% | 0.945°% | 0856°% | | to various stakehol i
Giallic acid 0165 | 0057 1078 0017 | 0264 | 0078 ; stakeholders. Gfﬂwm and survival of 6
Catechin D778 | 0256 | 0036 [ 0215 | 0130 | du3s multipurpose trees was monitored.
Chlampenic I
acad -01.279 01,404 01353 371 | -008% | -0.393
| |
0,101 0.01% 0078 | 0017 | 0264 |00 & | "

a - Correlation coefficient, Level of significance: *P<0.05; Ewm
& P01 g b
Tum
* In order to sensitize the School children towards N
biodiversity conservation, International Biodiversity §
Day (22 May 2010), Wild Life Week, Herbal Day, -
etc. were celebrated in the Nature Interpretation and !
Learning Site (Suryakunj) of the Institute in which
227 participants (31 teachers & 215 students) from
17 schools participated.

Sikkim- Sikkim Unit

= Arboretum, nursery and herbal garden were
strengthened and maintained; low cost net-
houses/nurseries were improved. Over 43 accessions
(propagule/plants) of high value and multipurpese
species, viz., Pandanus nepalensis. Machilus edulis,
Spondias axillaris, Juglans regia, Swertia chiravita,
Rubig cordifolia, Heracleum wallichii, Michelia spp.,
ete. were introduced. Phenology of the tree species
was monitored. Seed germination protocol for
Spondias axillaris was developed using 10 chemical
treatments. Seedling emergence greatly improved on
treating seeds with H,0-6% (32% P<0.05),
followed by GA, (250 pM; 25%; P<0.05) and
NaHCIO, (60 min; 25%; P<0.05), over control
(17%) (Fig.29). .

= Out of previously tested 10 laboratory chemicals on Fig. 30. Field exercisc during a Training Workshop,
11 populations, 3 best treatments on 3 potential Conservation of Biodiversity at Pangthang. Gangtok.
pupulations were tested under green house aiming
mass multiplication of Rubia cordifolia. NaHCIO,

{30 min) proved best to stimulate maximum seedling ~ Financial Assistance for Improvement of
emergence (47 to 58%). On transferring seedlingsto  1nfrastructural Facilities and Establishment and

open beds, 70 to 100% survival was achieved after § ~ Maintenance of Rare, Endangered, Threatened and
months. Endemic Plants in the Arboretum at Mohal and
* A two day Training Workshop on Conservation of ~ Herbal Garden at Doharanala, Himachal Pradesh

Biodiversity for Students (class 10" and 12%) and  (2009-2011, MoET, New Delhi)

Fig. 29. Seedling emergence influence by various
pre-soaking chemical treatments in Spondias
axillaries.
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The Himalayan region is one of the Mega
Biodiversity Hot Spots. The Indian H imalayan Region
supports 18,444 species of plants, 1748 medicinal
plants, 675 wild edibles, 960 orchids and 155 sacred
plants. But due lo over exploitation, habitat degradation
and changing cnvironmental conditions the populations
ol many species have decreased to a great extent. As o
result, many species are recorded under various threat
categories. This calls for planning of conservation and
management of such specics. Various steps have been
taken lor in situ and ex sity conservation at Government
level. The Ministry of Environment and Forests under
Botanical Garden Schemc has been promoting the
comservation of rare, endemic and threatened specics
through various State and Central Government
Organizations by establishing new Botanical Gardens,
and strengthening the infrastryctural facilitics and
promoting econscrvation of rare, endemic and
threatened  species in the established Botanical
Gardens. The present attempt has been made in the
Mohal Arboretum and Doharanala Herbal Garden of
the mstitute.

Objectives

*  Ensure establishment and maintenance of the rarc.
endangered, threatened and endemic plant species.

*  Provide adequate facilities (rescarch back-up and
infrastructure) for plantation and acclimatization,

" Develop conventional propagation protocols.

*  Ensurcavailability of base material.

*  Meet the demand of planting material by different
stakeholders,

= Devclop as a center for on-site training  and
extension programmes,

* Establish and maintain exchange relations with
other Arboreta, Botanical and IMerbal Gardens.

Achicvements

" Creating walls (Crate size: 2.5x1.5m; length 240m)
along the left and right banks of the Mohal Khad at
Mohal Arboretum were erected to protect the
arboretum land from flood. Barbed Wire fencing
(length 210m) was done and cemented pathways
{length 200m) were developed at Doraranala. Two
water harvesting tanks (Size; 15x1 SxEY one cach al
Mohal arboretum and Dowharanala Herbal Garden
were developed.

" Seeds of Corvius jacquemontii, Ceercuy
leucotrichophora, Ulmus wallichiana and
Withania somnifera were collected, dried and
stored al room temperature. Seedlings of Cornus
capitata (12). CGinkgo biloba (20) and Pinus
gerardiana (15) were planted in the botanical

s
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garden al Mohal and Doharanala and Roviea
cinerea (20) seedlings were planted in the
hotanical garden at Mohal. Over 500 seedlings of
=20 RET/E species were planted at Mohal and
Doharanala sites of the Botanical Garden. Almost
all the species showed = 80% survival.

= Seed germination protocols for the Cormuy
capitata, Pinus gerardiana and Corvius
Jacquemontii were developed. In Cornus capitata
all the treatments ol KNO,, H 80, and soaking in
distilled water showed maximum germination, in
Finus gerardiana all the treatments of KNO,
showed maximum germination and in Corviug
Jacquemontii GA, showed maximum germination
{GA, 100pm, 100%; GA, [ 50pm, 95.24% and G A,
Slum, 90.48%), followed by KNO, 100mM,
Thiourea | 50pm (80.95%. each).

®  Over 700 participants representing  students,
teachers of the Schools and Universities, farmers,
Line Departments and NGOs of Himachal Pradesh
and other parts of the country visited the Botanical
Garden.

Assessment Study on Socio-economic
Development of Local Area Followin g the Onset
of Construction Activitics of Parbati Hydro-
Electric Project Stage-111 in Sainj Valley of
Kullu District, Himachal Pradesh (2010-2011,
NHPC)

Himalaya is the source of origin of many [amous
rivers on which the livelihood of the people depends.
The perennial rivers originating from the Himalaya are
notonly the source of drinking water and irrigation, but
also a major source of electricity generation. The
undulating topography of the Himalaya provides a
great scope lor the construction of Hydro-Llectric
Projects. A lurge number of Hydro-Electric Projects
have heen constructed, are under construction and are
proposed for construction on the rivers originating
from the Himalaya. They are considered as an integral
part of the ceonomic development of the country. The
estimated 1otal hydropower potential is about 25000
MW in Mimachal Pradesh. In Himachal Pradesh.
Hydro-Hlectric projects are onc of the major suuices of
mcome generation, The Parbati Hydro-Lleeiric Project
Stage-111 located in Sainj Valley is under construction.
The valley is inhabited by a large number of villages,
Sinee the inception of PIEP Stage I, a lot of
developmental activities have been carried oyt by the
NHPC. The proper documentation of these activities
has not yet been carried out. In view of the abuve,
assessment studies on socio-economic development of
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the local area in Sainj Valley following the onset of
construction activities of the PHEP has been proposed
to update the socio-economic development of the
valley duc to construction of Parbati Hydro Electric
Project Stage IT1, so that the native communitics of the
valley become aware of the benelits which are helping
in the sustainable development ol the Sainj valley

Objeclives

= Review the EMP, DPR and CAT Plans available for
the Parbati Hydro-Electric Project Stage- [I1.

= Assess the socio-cconomic development of local
area following the onset of construction activities
of Parbati Tydro-Electric Project Stage- 111 in the
Sainj Valley.

=  (Compare the primary information with the
sccondary information and update the
developmental activities helping in the sustainable
development of the inhabitants of Sainj Valley.

Achievements

= ASurvey was conducted in 24 affected villages and
information generated through structured
questionnaires, interviews and Participatory Rural
Appraisal. The socio-cconomic status of the
villages indicated males (50.63%), [cmales
(49.30%) and literacy rate (78.62%). Their
engagement was as follows: Government Sector,
16.72%, agriculture, 63.82%, busincss 9.2% and as
daily wagers 10.2% (Fig.31a-h). Total livestock
population inthe surveyed villages was 1033,

= The inhabitants of the villages are largely
dependent on agriculture, horticulture and
vegetable cultivation. 16 Species of crops, 14
species of fruits and 24 species of vegetables are
rrown, The inhabitants are also dependent on
agroforestry  species, medicinal plants, wild
cdibles, fucl and fodder species, cte. for ther
sustenance.

=  The major sources of domestic energy include
cleeiricity (20%), Tuelwood (18%), LPG (8%
kerosene (8%), coal (1.7%), dung cakes (8.1%),
crop waste (16%), and fodder waste (16%). The
sources of potable water are kuhl, hand pumps, tap
watcr, talal and Bawari. 7 % talai, 3% river, and
88% tap water 1s used. Majority arca is rainied,
however, in some villages irrigation 1s done by the
water obtained through kuhls, pipe lines, water
harvesting tanks, etc,

*  Among the various developmental activitics
documented, Educational facilities, Medical and
HHuman Health, Transportation and
Communication, Water supply schemes,
Construction ol houses, temples and other

buildings, Village Roadbndge work, Waler
Supply Schemes, Work related to Social & Cultural
Aspects, mmprovement ol markets,  Hospitals,
Religious places, clectricity, pathways, ete. are
notable.

Fie. 31a-h Information genceration from yillagers
throngh mterviews and PRA.

Conservation and Management of Pollinators
for Sustainable Agriculture through an
Ecosystem Approach (2009-2014, FAQ, Rome)

The crop pollination issues have become a global
concern due to several highly localized crop pollination
failures. This may be due to rapid decline in populations
of pollinators including honeybees. There is a need to
identify multiple agro-ccosystems and ccological
practices that will prevent the loss of pollination
services. Unfortunately, the level of capacity to manage
pollination services, and the public awareness of their
importance 15 very low, both in traditional and modemn
societies. In view of the importance of pollinators and
pollination [or the high productivity of crops, FAQ in
collaboration with seven countries namely Brazil,
Ghana, India, Kenyva, Pakistan, Nepal and South Africa




initiated a GEF/UNEP/FAQ project that addresses the
need to identify practices and build capacity in the
management of pollination services. The development
objective of the project is improved food security,
nutrition and livelihoods through enhanced
conservation and sustainable use of pollinators. The
immediate objective is to harncss the benefits of
pollination services provided by wild biodiversity for
human livelihoods and sustainable agriculture, through
an ecosyslem approach in selected countries. In India,
the STEP Sites arc: Himachal (Upper Beas Valley);
Uttarakhand (Upper Kosi Valley) and Sikkim (Namchi
Watershed). The primary focus of this effort 15 on the
development of pollination management plans for
priority cropping systems with a high dependence on
pollinators, which also have important links to human
livelihood and sustainable development.

Objectives

» Build local, national, regional and global capacities
among  farmers, the agricultural rescarch and
extension community, and policy-makers to design
and implement of management practices that sccure
the pollination scrvices of wild pollinators for
horticultural crop production.

Achievements

= Project Management Unit (PMU) of the project was
established and project coordination mecting-India
and partners meeting STEP site was organized.

= M orchards (1.e. 10 far from the nataral habitat and
10 near the natural habitat) at different altitudes and
with diverse landscapes were selected in the Upper
Kullu Valley to implement Pollination Deficit
Protocol (i.e., Flowering Phenology, Scan and Sweep
MNet Sampling, ete.) (Fig.32). Scan sampling ol apple
pollinators revealad a high population of indigenous
honey bee (dApis cerana) around orchards which
varicd between 3.9 to 7.75 bees per 250 apple
flowers. The population of Apis mellifera was
relatively Tow as compared 1o A. cerana in control
and treatment conditions. Diversily ol non-Apis
pollinators i.¢.. 0.7 bumble bees per 5 min sweeps on
an average in orchards near the natural habitar as
compared to (.0 orchards far from natural habital was
observed.

- For the crop specific best practices in pollination
management plan and socio-cconomic assessment. a
group of 42 orchardist! farmers from 20 Target Areas
was sclected. Detatled profile of two progressive
farmers employing good agricultural practices for
the conservation of pollinators and sustainable
agriculture was prepared.

e
=}

Fig.32. Location map of the Himachal STEP Sile
and Selected Orchards.

= Socto-ceomomic valuation of pollinator-friendly
practices in Patharkot village (Uttarakhand STEP
site) was conducted. Knowledge about the
pollination and its services among different target
groups viz., Farmers, Rescarch Scientist and
Agricultural institutions of the Kosi-watershed
region were tested with pre-designed formats,

= Towards strengthening pollinator bibliography, 40
references (Brassica campestris: 6. Cucurbita
maoschata: 7, Fagopyrum esculentum: 14, & Toney
bees: 13) were compiled. Five new references on
Crcurhita moschata were added.

* Village survey was conducted in Mamlay watershed
(STEP Site Sikkim) to understand the bee-keeping
status of the arca. Qut of 117 houscholds, 60
managed traditional honey-bee hives,

= The rescarch experiments carried out during the peak
flowering time of turget crop (i.c., large cardamom),
in the 3 distinet arcas of the STEP site revealed
maximum opened Mowering frequency in site closc
o protected arca (i.c., 13 Mowers/plant) (Fig.33a-b).

» Honey bees (Apis cerana F.) were found maximum
in site C (close to protected arca) while bumble bees
(Bombus haemorrhoidalis Smith) in site A (within
village boundary). Apis cerana were found in 3"
recording time (June 13) while Bumble bee during 4
recording time (23 June). The combined analysis
indicated that the proportion of pollinators showed
significant difference (p=<0.01). The interaction
eftect was observed with site and time (p=0.01).
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18 LSD = 2.496 (p<0.01)
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Fig. 33 (a-b). Density of flowers between; a) sites (LSD
= 2.496; p<0.01) and b) times (L85D = 2.882; p<0.01).

Assessment of Plant Diversity and Dependency
in West Kameng District of Arunachal Pradesh
(2009-2012, DST, New Delhi)

Arunachal Pradesh is well known for its rich plant
diversily and the unique cultural diversity. The whole
arca 1s well recognized as one of the Mega Biodiversity
Hotspots of the world and supports 4117 species of
Nowering plants. More than 100 specics of mammals
belonging 1o Schedule-I of Wildlife Protection Act,
1972 and 650 speeies of birds have been so far recorded
1n the state. The state is inhabited by 26 major tribes &
110 sub-tribes belonging to different social and
distinctive cultures, The cconomy of these Tribes is
largely based on the forests. Duc to over exploitation
and  habitat degradation the forest resources are
depleting fast. In view of this the Pinjoli watcrshed of
district West Kameng, Arunachal Pradesh has been
selected for assessing the plant diversity and
dependency of the human communitics on this
resource, and privritizing some rare and endangered
species. sensitive habitats and communities for
CONSCEVELTon

Objectives
= Assessthe plantdiversity in the selected watershed.
= ldentify human dependency on plant resources.

Achicvemenits

= The Pinjoli watcrshed (27'05'30™ N and 92°35'207
E), inhabited by Aka tribe, 1s also known as Hrusso
(Fig.34), Survey and data collection, following the
standardized biological survey method was done in
seven grids and 207 specics reported.

= Total 13 species of medicinal plants have been
recorded. The uscd parts of these plants include
leaves (6 spp.), whole plant (1 sp.), flowers (2 spp.)
and roots (3 spp.). Two species arc used in fish
poisoning and one i.¢., Ficus hirta is used as fish bait
(Table-8). 32 species of wild vegetables used by Aka
tribe have been recorded. Whole plant, leaves,
tubers, fruits, stems, flowers and roots are used for
vegetable,

= Bamboo and canc made handicrafls are designed by
the artists among Aka people, These cratts are used
o carry out day to day activitics like carrying
agricultural products, lools, wood, vegelables, etc.
The survey listed 13 local made cralt items which are
used for various purposes, Among all these Bio (a
local term) 1s the most used craft item while Maeri
that of Tesser user value.

PANJOLI WATERSHED

TSGR
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e e frea 1373 Hanctares
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Fig. 34. Location map of Pinjoli Watershed.
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Development of Database of Vascular Plants of
Western Himalaya (2009-2014, In-house)

Application of hioinformatics in biodiversity  data
management and its impact on biological rescarch are
now  well demonstrated. Biodiversity  informatics
developed using computational tools represents the
collective research efforts and products of the life
sciences community throughout the world. At present,
some information is accessible through the web. and
more 15 being added regularly. However, currently
scientists do not find it casy to exploit the mtormation
because of a varicly of semantics, interfaces, and data
formats used by the underlying data sources. To harness
the information resources, their authentication and
inlegration arc the main tasks currently faced by the
hiologists. Keeping in view the wvast gap of this
Biodiversity Information knowledge, digital database
of the Western Himalavan vascular plants is essentially
required so that proper utihization of the databasc is

=y
[ s]

done for developing a management plan for the
conservation of vascular plants

Objectives

= Develop digital plant databasc of Western Himalaya
through secondary information available in the
herbarium and literature.

= Establish web-based inter-linkages with Global
Biodiversity Information.

Achievements

= A dotal number of 385 species pages have been
prepared. These pages belong to 66 familics and 187
genera (Fig.35).

= As per the fonmat of Indian Botanical Information
Facility (a toolkit of GBIF) of GBP herbarium,
mformation on 350 species and a sample of 99 data
scts of family Ranunculaccac  Fabaceae has been
tested and hosted in Indian Botanical Information
Facility (Fig.36).

= A model of exccution of information has been
generated in the species. Good quality photographs
of 35 plant species have been added to the specics

pages. The species information on 22 RET species of

Uttarakhand has been prepared.
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Fig. 35. Species pages for development of database.

200 1
as0
300 4

350

Murrhar
rJ
o
[=]

72

| Categories

i 4
o |
Farmiby

Ganara Spegimons

Fig. 36. Data sels of species information as per TBIF format.
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Summary of Completed Project 7 Activity

Evaluation and Propagation of Two Vitality Strengthening Astavarga Plants in West
Himalaya (2006-2011, NMPB, New Delhi}

The project was focused on phytochemical evaluation and propagation of two vitality strengthening
Astvarga plants: Ridhi (Habeneria intermedia) and Vridhi (H. edgeworthii). Major eutcome of the study
includes:

ANNUAL REPORT 2010-2011

= Phytochemical analysis of the sample of H. edeeworthii and H. intermedia, collected from different
populations of Uttarkhand revealed that total phenolic content, total flavonoid and antioxidant activity
varied significantly among populations. In H. edgeworthii. Samples collected from Pithoragarh
populations possess higher total phenolic (8.57 mg GAE/g dw), total flavonoid (5.72 mg QE/gdw) and
antioxidant activity (ABTS - 6.26; DPPH - 1.534 and FRAP-2.74 mM AAEN00 g dw), However, in £1
mtermedia. Nainital populations showed maximum total phenolic (8.45 mg GAE/g dw). total
flavonoid (5.37 mg QF/g dw) and antioxidant activity (ABTS - 5.14; DPPH -1.60 and FRAP - 2 .81
mMAAE/100 g dw)(Fig 37).

= Asymbiotic in vitro seed germination of H. edeeworthii and H. intermedia were developed. in H.
edgeworthii 90-94% in vitro seed germination was observed in MS medium supplemented with NAA.
However, in H imtermedia 50-65% in vitro seed germination was recorded in M8 medium
supplemented with Kinetin.

= Towards developing mass scale planting material, callus was induced in H. edeeworthii. Callus piece
transfarred to MS medium supplemented with different BA and NAA combination and concentration,
showed maximum shooting (83.3%) and maximum shoot nomber 10.83 shoot/callus. fn vitro raised
shoots were successfully rooted in %2 MS medium supplemented with NAA concentration. Over 70%
plantlets were hardened
in s0il and sand ratio.

» The outcome of the
project can be applied
for commercial
production of the |
plantlets for its
medicinal uses and at
the same time promotes {1
conservation of H. [iW
edgeworthii. The [
efficient plant :
regeneration system of
H. edeeworthii
developed in the
project will be useful

A for conservation and |
homogenous
controlled production
of this important
Astvarga plant. The
propagation protocols
can be applied to other
Himalayan orchids of

Nba s

Fig.37. Phytochemical analysis of
the sample of H. edgeworthii and
H. intermedia.



Summary of Completed Project / Activity

Population Status Assessment and Screening of Active Constituents in the Selected
Medicinal Piants of Uttarakband Himalaya (2006-2010, UCOST, Dehradun)
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activity in different pn‘]pulmmrﬁ uf {_.“f_mrﬂk hand Hémﬂiﬂ}-an Ru: cion.
Achievements

= Total phenolic and flavonoids content significantly (p<0.01) varied ameong populations and in F.
pricatim ranged from 2.81 (Thakurh) to 4 mg gallic acid equivalent/g dry weight (Suakholi)
populations, while, in R. pr otal phenolic content ranged from2.11 mgto _

Essential oil varied from 8, '_ it Jto t 362 rnll\._i!]_i\._q] among the different populations of
i owed a ificant positive relationship
with altitvde in & Splearum { Fifr.}'n:l. THow er, R. procera did not show any relationship
altitude.
Antioxidant activity measured by three -.iltten nt in vitro assay mulhmii: t"i e, ABTS, BPPH and
AP) revealed a significant variation (p<f.01 ke species and showed
ant pq::sm\-'e rel:-ltmnship
um revealed the highest
i 1 § i 1. Other major compounds
present in the essentiai ﬂil of the spoeics were « 1'.1'1.'1u| Imah ol bornyl acetate, terpincol, y-cpoxy
alememe, |0-epi-y-eudesmol. p-menth-1-en-8-ol, B-pinene.
Among the different microchimatic conditions of /7 spicamom. total phenolic content and
antioxidant activity was recorded higher in rocky and dry habitats. W hile, zallic acid was recorded
higher in grassy slopes. Total phenolic compounds and antioxidant activity was found higher in
South sun facing aspect. Among the different forest tvpes total flavonoid content was recorded
highest in oak forests.
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Fig. 38. Lincar regression between total phenolic content and altitude in Hedychinm spicarim




Summary of Completed Project / Activity

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 Dethi)

The project activities were carried out in Himachal Pradesh to provide an epportunity for
participatory and interactive learning for school children; shift emphasis for a student from being a
passive recipient of information and knowledge (i.e., downloading) to become an active author of
relevant and useful information (i.e., uploading). generate/gather information and convert such
information into useful knowledge; use data/information gathering as means of generating interest in
science; bring schools/imstitutions of higher learning and grassroots community organization into
networking relationship: create a data base on metcorology, climate, natural resources and related
fields of building village/watershed level data infrastructure; and contribute to sciemific
understanding of weather and climate in mountain region and study their loeal impacts. The outcome
ofthe study is as follows.

ANNUAL REPORT 2010-2011

= 27 Manual Weather Stations were established in the Government Schools of Kullu, Mandi,
Bilaspur, and Hamirpur districts of Himachal Pradesh. Weather of all the stations menitored by the
teachers at 8 30 am everyday and maintained in a register. The teachers and students were trained
to handle the instruments and note the daia properly from the mstalled stations.

= Two Training Programmes were organized in GSSS. Goshal. District- Kullu and GSSS,
Ghumarwin, District- Bilaspur on “Weather Monitoring, Climate Change and Biodiversity
Conservation”. Lectures were deliversd on Biodiversity in relation to Climate Change and
Pollution and climate change. Demonsirations of Weather monitoring: data collection:
Participatory Rural Appraisal exercise in the villages (Goshal & Ghumarwinj and Qualitative and
quantitative assessment of biodiversity were given. Pre and post training programme feedbacks
showed 4 significant improvement in the skill of the participants about the subject.

= Participatory Rural Appraisal (PRA) approach was infroduced to the teachers and students during
the training programmes. They were trained at Ghoshal & Ghumarwin. The Participants were
given exposure of Historical Transect Analysis, resource, social and transect mappings,
information generation on the natural resource utilization patterns, seasonal and annual calendars
of the activitics, cropping patterns, land use pattern, climate change, ete. They were trained about
the validation and authentication of the information through Participatory Rural Appraisal.

* The average maximum temperature was recorded in GSSS, Barari (34.9¢c) in June 2009,
minimum in GSSS. Jallugran {-2.4 “c) in January 2009, The maximum dry bulb temperature was
recorded in Gumarwin (29.0°c) in the month of June 2009 and minimum at Goshal (3.7 'c) in
January 2009. Maximum Wet bulb temperature was recorded at Gumarwin (23.9 ‘e in July 2009
and minimum at Goshal {2.1°¢). Maximum Wind speed was recorded at Kharahal (11,3 km/h) and
minimum at Ghumanwin (0.3km/h). The maximum rainfail was recorded at Hallan (199.0mm)
and minimum at Kot-Hatli (2. 1mm )

» Seedlings of Withania sonmifera ( Ashwagandha), Grevillea robusta (Silver oak), Pittasporum
eriocarpum ( Teera) and Ouercus leucotrichophora {Ban) were distributed for the development of
selected School Canmpuses




Sunemary of Completed Project / Activity

Study on the Assessment and Conservation Prioritization of Plant Diversity Along an
Altitudinal Gradient in Himachal Pradesh, Northwest Himalaya (2006-2010, DST, New
Delhij

The study was conducted in Hirb and Shoja Catchments (HSCs). Chailchowk-Rohanda-Kamrunag

Area (CRKA), Ghannahatti-Shimla Forests and Mandi Pandoh Area to assess plant diversity of

Himachal Pradesh in relation to chimate and altitude; assess status and distribution pattern of the

native and endemic species in relation to climate and altitude; study the utilization pattern of plant

diversity including indigenous kriowledge and practices along an altitudinal gradient; identify rarity
ofthe species; and prioritize potential sites for conservation and high value potential species for socio-
economic development of the local communities. The major outcomes of the study are as follows.

» Qualitative and quantitative assessment of vepetation of the HSCs, CRKA, Ghannahatti-Shimla
Forests and Mandi Pandoh Area were carried out. Over 800 species were recorded from ail the
locations. These species were analyzed for altitudinal distribution. resource utilization pattern,
nativity, endemism and threat categories. The species richness decreased with the increasing
altitude; utilization pattern and preference of the specics varied from lower to higher elevations and
proportionate number of native and endemic species increased with increasing altitude.

» Based on the repeneration pattern of tree species within the forest communities, 4 categorics of the
forest comimunities i.e., communities with highest regeneration of dominant species; communities
with highest regeneration of co-dominant species; communities with poor regeneration of
dominant and co-dominant species; and mixed communities with highest regeneration of one of the
dominant species were identified.

= Fuel and Fodder extraction trends were assessed, In H3Cs, Resource Use Index (RUTY for the
fodder species varied from 1.95 (Spiraea canescence)- 946 80 (Quercus semecarpifolia) and Fuel
species from 0.15 {(Deutzia staminea)-1494.00 { Picea smithiana); in CREA, RUI for the fodder
species varied from 3.88 (Ficws roxburghit)- 701.38 (OQuercus leucorrichophora) and fuel species
from 0.68 (Cotoneaster bacillaris)-418.28 (Quercus leucotrichophord); and in Ghannahatti-
Shimla forests, RUI for the fodder species varied from 3.0 (Ficus roxburghii}- 1697.8 (Qitercus
leucotrichophora) and fuel species from 2.40 (Robinia pseudeacacia)-1622.7 {(Quercus
lewcotrichophora).

= 137 species belonging to 106 genera and 60 familics were identified as Critically Endangered (28
species). Endangered (18 species). Vulnerable (37 species) and Near Threatened (54 species) in
HSCs where as in CRKA 118 species belonging to 97 genera and 60 families were identified as
Critically Endangered (16 species), Endangered (35 species), Vulnerable (67 species) and Near
Threatened (40 species).

= Prioritization of habitats and communities in HSCs and CRKA was done on the basis of
Conservation Priority Index (CPI). In HSCs. amongst habitats, shrubbery, bouldary and shady
moist, respectively in the forest zone and alpine moist slope and watercourses, in the alpine zone
amongst the forest communities, Befula utilis, Juglans regia-Picey smithiana mixed, Quercus
semecarpifolia and Quercus semecarpifolia-Taxus baccata subsp. wallichiana mixed
communitics, and among alpinie communitics, Rhododendron anthopogon, Rhodedendron
anthepogon-Cotoneaster microphyllius mixed and Spiraca bella-Viburnum grandifiorum
mixed were prioritized for conservation.

= [n CRKA. amongst habitats, shady moist forest, dry forest, reverine and rocky habitats and amongst

the communities, Abies pindrow, Pimis roxbirghii, Picea smithiana, Quercus leucotrichophora.,

Pinus wallichiana and Cedrus deodara communities, were respectively prioritized for

conservation based on Conservation Priority Index (CPI).
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ENVIRONMENTAL ASSESSMENT
AND MANAGEMENT (EAM)

The growing population and its continuously
increasing  demands  together have led to over
exploitation of natural resources. As a result, these
resources are now gelling scarce and are degrading.
Low availability but high demand of the resources has
posed high anthropogenic pressure on them beyond
their carrying capacity. Consequently, a varety of
cnvironmental disorders and pollutions have arisen.
The day-by-day upcoming developmental activilies
need a fresh re-look in an integrated manner with a view
to sustainable development. The theme -
Environmental Assessment and Management (EAM)
therefore addresses, monitors, asscsses and analyzes
physical, biological and cultural components of
environment concermed with the developmental
activilics/interventions/projects/policies/plans  in  the
Indian Himalayan Region (IHR). The theme aims to
assess and analyze impacts, set priorities, identify gaps,
develop carly mitigating approach and to find new
technology 1o achieve a goal of sustainable
development. Forests, ecosystem services and
conservation have always becn among the core 1Ssucs n
the mountain agenda. ITIR is likely to be adversely
allecied due to land use/land cover change for
practicing a variety of economic activities for
livelithood options and upcoming threats of climate
change, ils adaptation, resiliencics and mitigation. The
shrinking of forest resources, it's functioning and
ecosystem services (ES) arc of utmost importance to
address. The conversion ol forest land into
developmental activities like alternative land uses,
nfrastructural development, hvdropower, etc. and loss
i ES need to be assessed for compensation/
rehabilitation packages based on net present value of
forests. Mitigating and minimizing adverse impacts duc
1o developmental activitics and maximizing their

positive impacts would improve ecosystem services
and would help stakcholders becoming self reliant. The
covironmental issues like land usefland cover change,
forest conservation and ES, strategic cnvironmental
assessment ol hydropower projects and ecotourism
have been the primary focus to improve hetter
livelihood options. Adverse impacts due to
developmental activities and sprawling urban
environment such as acrosols and its impact on
temperature rise, and solid waste problems, have been
covered under the R&D activities of the theme, The
EAM theme therelore envisages planning and
management options for the sustainable ecological and
cconomic development of the IHR. The objectives of
the theme are: (1) Assessment and monitoring of
physical, biological and socle-economic
covironmental attributes related 1o various
devclopmental interventions/policies/plans in the
Indian Himalayan Region (THR), and (i1)
Development/formulation/ suggestion of appropriate
management plans ensuring ecological and cconomic
sustamabality,

Small Holder Farming Systems: Strategies for
Economic and Environmental Viability in the
Woestern Himalaya (2007-2012, In-house)

The small farm is an integral part of the
agroecosystem in the ITHR where 60-80% [amilics
compnse of <1 ha landholdings. Morcover, most of the
crop farming in the region is rainfed and is
characierized by tiny and sloping terraces which in
return produce very low yield. The farm yield is far less
than that required to meet the adequate dietary demand
of the small landholding farmers. Working with small

L



holders. therefore, [orms an important priority area for
the ITIR. Simultaneously, handling the issucs like
degradation of arablc land, diversilication of tural
income and rchabilitation of common property
resources with respect to larmers' aspirations and
constraints would help a lot in improving the status of
these farmers. The development pathway could become
possible only when need based intensification approach
according to the small farmers be put forward.
Increasing communily access, participation in natural
resource management and  diversifving  livelihood
options at village level would be the primary sieps in
this regard,

Objectives

= To undertake in-depth asscssment of farming
systems and its cconomic growth in the western
Himalayan region,

= To identify issues and options for rural income
diversilication {on farm and ott tarm).

= Torestore the village commons and degraded areas.

= To strengthen village encrgy and fodder
requirements. and plantation of commercial
specics.

= To strengthen wvillage institutions for natural
resource management, and

= To develop pathways and policies for rural
livelihood.

Achievements

= A representative village - Patharkot located in
district Almora, was selected where a cullivable 5.9
ha community wasteland has been devoted to
horticultural plantation for the last three years.
Iere, 890 saplings of diffcrent fruit trees were
planted. Survival of saplings planted at this sitc
after 2 years was noticed 40% in March 2011. The
survival of fruit saplings planted around home
gardens ol the village after two vears was about
63% indicating that community led plantation of
[ruit trees receives less attention than that of
individual farmers.

=  Looking al their growth paramclers such as mean
height, for Prunus persica and Citrus reticulata
after 2 years of plantation, it was found to be
maximum among all the 18 planted fruit species. P
persica recorded the highest survival (56%) across
all the species planted. Prunus amvedalus was
found among the slowest growing species.

=  Promising [arming practices mn the region le.
floriculture, dairy farming, vegetable cultivation

&
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and an integrated model of different farming
practices were studied and  cost:benefit was
documented. Floriculture (output: input — 5) was
found mwst remunerative among all the farming
practices.

= Five poly houses were constructed in the Patharkot
village during this year. Secasonal vegetable
production and mcome from these poly houses
were assessed (Table-9), A farmer earned as much
as ¥ 2290 from vegetables for four annual
conseculive cycles.

= Anestimation for standing hiomass, carbon stocks
and carbon sequestration rates of three community
managed forests ol the region was made (Fig.39).
The C-sequestration rate was found to be ranging
between 4.16-5.36 thafyr. Three community
managed forests in the region were studied and
their management praclices were also documented.

= The shortage of fuelwood and fodder in Patharkot
village when estimated, was found to be 207 MT
and 120 MT respectively, 1500 saplings of different
fuclwood and fodder species al Patharkot village
were planted in a community wasteland and their
survival after 4 months was noted 1o be 899,

Table-9. Scasonal vegetable production and total
income of a farmer from a poly house in
Patharkot village.

Month | Crops sown | Production | Markel | Total income
(kgbundle)|  cost ©
()
Tomato 25 15 375
]?;'D{L&T Radish 30 THETRES
1t 15 150
Radish 1 13 150
Aug-Scp |Brinjal 15 11} 150 | .
(2010)  {Bell pepper 5 s [ s |0
Conander 40 5 20
Spinach I5 5 75
Oct-Nov Brassica 15 3 75 i
{2010)  |Red amaranth 10 5 s0 |
Fenugreek f 5 40
Tomato 5 0 Lon
Dec-Jan  |Lady's finger I 25 250 i
{2000-11) | Coriander 20 5 oo | -
Radish 20 0| 200
Total 229(

LH0Z2-01L02 LHO43H TYNNNY




n
=3}

ANNUAL REPORT 2010-2011

| : YU} fag T LI o T Ty iviala s P
| Fia, 30 {a} Vepeduhle production in polyhousa

| al Patharko! sillaee amd (B permaaent sample

s Tor estimatins higmass and car

commEnity manaeed

L1}

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

Goods and services provided hy natural and
modified ecosystems are cssential for human survival.
Ecosystem goods and services represent the benefits
human populations derive, direetly or indirectly from
ecosystem  functions. In other words, ecosystem
scrvices arc the conditions and processes through
which natural ecosystems and the species that make
them up, Tulfill supply of 2nods and services 1o sustain
human lite, Ecosystem services arc generated duc to the
interaction and exchange between biotic and abiotic
components of an ceosystem. They are mainly divisible
into (1) provisioning services such as. food, forage,
timber, biomass fuel, natural {iber and many medicinal
plants and raw materials for industrial products ete. and
(11) regulating and supporting services: purification of

air and water, mitigation of floods and droughts,
detoxification and decomposition of wastes, generalion
and rencwal of soil and soil fertility, pollination of crops
and natural vegetation, acsthetic cle, Traditionally,
these services are considered as free gilt of nature and
therefore the economic wvalue of these services is
ignored or underestimated. This study was initiated o
quantify and evaluate sclected ES of the two major
forest ecosystems of central Himalaya (viz.. Oak and
Pine) in the central Himalayan region.

Objectives

* To Quantily and cvaluale various ceosystem goods
and services accrued from major forest types of
central Himalayan region.

= To investigate soil formation, soil fertility, soil and
water conservation, carbon sequestration value of
these forest ecosystems.

® o investigale the impact of these forests on crop
ficld fertility, pollinators, crop yield and crop
diversity.

= To develop methodologies and approaches  for
quantification and valuation of forest ES.

= To find suitable mechanism and incorporate the
findings in the EIA [ramework for laking informed
decision on compensation to the stakcholder groups

Achievements

= Vegetation analysis was conducted for both Oak and
Pinc forests (Table-10). Density of Oak trees,
saplings and scedlings m Ouak lorests was high (1160
ind./ha) as compared to the Pine forests (Y03 ind./ha).
The total basal arca of Oak forests was also found
more than that of the Pine forests. The A/F ratio
indicates the contagious, random and regular
distribution of different species in Oak [orests
whereas in Pine forests only contagious distribution
was found. The species rchness (0.86 vs, 0.19) and
total tree laver diversity (Shannon wiener index)
(1.07 vs. 0.14) in Oak forests was also recorded
higher as compared to Pine forests. The biomass
(6805 vs. 221.2 t/ha) and carbon ({3402 vs. 110.6
t'ha) in tree layer Oak and Pine forests was also
recorded higher in OQak forests as compared to the
Pine forests (sce Table-10).

= Hydrological experiments were conducted 1o study
the soil and water conscrvation (SWC) effect of the
two forest types during August—September (total
rainfall of 22 events= 396 mm; average rainfall
intensity= 2.51 mm/hr). Only 13 rainfall-runoff
events (rainfall= 2982 mm)} were considered that
could be collected in the runoft collectors, rest (9)
over flowed dug 1o heavy rains and were discarded



from the analysis. Total runofT and sediment loss in
(ak forests was aboul twice as compared to Pine
forests, and the rainfall- runoff, rinoff-sediment loss
and rainfall- sediment luss were pusitively correlated
(P=0.01). Thet- test value was significantly different
(95% significant level) for both soil loss (1=2.73) and
runoff(t=2.80) among Oak and Pine forests.

= Soil physico-chemical characteristics of Qak and
Pine forests across the three depths (om) were
analyzed (Fig40). Soil water holding capacity,
organic carbon and nitrogen were found significantly
higher in Oak forests as compared to Pine forests (i
value significant at 95%:) and values for these three
parameters declined with increasing soil depth
sigmificantly.

Table-10. Phytosociological analysis and carbon of
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Fig. 40. (a) Depth wise water holding capacity, (b) organic
carbon and (¢} nitrogen in Oak and Pine lorests.
(ak and Pine forests (Lohajang, District Chamoli).
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Strategic Environmental Assessment (SEA)
and Environmental Impact Analysis (E1A) of
Hydropower Projects in Western Himalavan
Region (2007-2012, In-house)

Hydropower projects, in general, remain in
controversy among the local people, environmentalists
and social activists due to largely environmental as well
as economic concerns. This happens either due 1o lack
ol aticntion paid by the project proponents or ahsence
of some concrele policy. The project authorities, who
issuc the tenders 1o the construction companics,
scarcely wverify the construction activities during

construction. As a result, lot of anomalies by way of

cnvironmental concerns may occur during construclion
phases of the project in spite of applying Environmental
lmpdu Asssessment (ETA ) as a tool o individual project
prior to environmental clearance and inception of the
projects.  Improper environmental planning  and
management strategies at individual project levels
through EIA have raised scrious doubts about the
sustainability of these upcoming hydropower projects.
In many cases, EIA has not been so cffective due to lack
ol application in legislation, weak organizational
capacity, lack of training in baseline data generation,
inadequate environmental information, low public
participation, poor experience sharing, less effective
donor policy and lack of policy interventions. Strategic
Environmental Assessment (SEA), however, is a recent
tool that overcomes the shoricomings being realized in
EIA and is based on cumulative approach. It is more
proactive; it accounts for cumulative cffects of
environmental problems, initiates and considers all
plausible environmentally sound alternatives. Since a
large number of hydropower projects in the Satluj River
Basin in Himachal Pradesh are under operation,
construction and proposed phases, the present case
study is therefore focused in and around this basin

Objectives

= To overcome the challenges associated with project
level EIA process and o try to conduc! cumulative
impact assessment (-ve/+ve) of various hydropower
projects (existing/ proposed) on social. biological,
and physical eoviromment o the northwestern
Himalaya.

* To develop a GI5 based database that can be used by
project proponents/consultants apart from assisting
policy planners to reach stratcgic decisions
regarding individual projects.

* To suggest the optimal number and types of
hydropower projects in such a way that the
development be environmentally viable.
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= To incorporate ccological-cconomical based

prospecting for compensation of eco-system
SCTVICCS.

* To make recommendations for the MoEF/state

government or other like agencies for modifications
or formulations of separate policy/plans.

Achievements

* To assess the crosion prone area of the Satlyj

catchment. a bufTer zone of 10 km on cither bank of
the River Satluj was demarcated (Fig.41). This area
is lying from northeast to southwest from Nathapa
village (Kinnaur district) to Bilaspur town ( Bilaspur
district). The total length of River Satlyj included
under present analysis 15 165 km. Based on
estimation ol stream orders, 636 streams were
identificd inthe 17 order, 1 78 streams in 2" order, 43
streams in 3% order, 7 streams in 47 order and | stream
in 5" order.

With the help of Geographic Information System
(GIS). land use and land cover classifications
(LULC) were made under the present selected buffer
zone of the River Satluj Catchment arca. The highest
share of LULC stood to be barren land covering
40.50% (1205 km’) of the total buffer zone (2945
km"). This LULC component was followed by
36,48% (1074 km®) forest land, 21.91% (645 km’)
agricultural land and 0.71% (21 km’) settlement area.
Also, there is a high anthropogenic pressure on Lhe
catchment under study. For example, there are 8730
households which inhabit the identified sctilement
arca.

The locations ot hydroelectric projects within the
demarcated buffer zone of the selected catchment
were obtained using Global Positioning System
{GPS + 5 m). With the help of GPS, || hydropower
projects from mini to large were pinpointed. Out of
the total projects, | project was found under mini (<3
MW, 5 under small (=5 10 < 25 MW) and 5 under
larze (=25 MW). Accordingly, the influence zone for
cach category of hydropower projects were defined
with a 3 km radius of an aerial distance for mini
projects, 5 km radius for small projects and 7 km
radius for large projects. Coding systems to different
category of these projects were applied to obtain
overlapped area [rom onc project to another. The
coding system was A for large, B for small and C for
mini projects, while the numbers 1, 2. 3 and so on
depicted their respective numbers which are to be
overlapped from one project to another. For example,
projects Al and B2 overlapped in 38 km'’ as highest,
followed by B2 and B3 in 29 km’ and A4 and C in 28
km . The influcnce zone of HEPs in this way was

estimated to be 31.30% (922 km’) of the total buffer
zone and 6.07% (179 km’) overlapped arca of the
total influcnce zone. Most of the overlapped zone
was found to be in the Upper Satly) catchment area
which mdicates further urgency to apply Strategic
Environmental Assessment,

= Peoples' perception survey to know the satisfaction

level of the villagers due to introducing hydropower
projects was carried out in and around the six villages
of the Karchham HEP (1000 MW} (Fig.42). The
villages considered to be affected were Meeru, Un,
Kilba, Kanai, Punag, Chagaon and Choling in
Kinnaur District. According to them the
development activities took place in their arca,
however, environmental degradations in the form of
illegal dumping of debris, siltation, crop damage,
soil erosion, air pollution and solid waste problem
were the important ones. Also, they were not
satisfied with the role of Local Area Development
Authority (LADA) and level of satisfaction about
overall management plan for HEPs (Fig. 43

Fig. 41. Project influence zone and overlapping of
HEPF Projects in the Satluj catchment.

Urbanization vis-a-vis Solid Waste
Management and Air Pollution in Sprawling
Urban Cities of Himachal Himalaya (2007-
2012, In-house)

The migration of population from the villages to




Fig. 42, A view of Karchham {1000 MW )
Hydrocleetric Project dam site.
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urban towns and at the same time ever growing urban
population itsell within these wwns and their activitics
have collectively been considered a cause of pollution.
The pollution situation becomes more aggravated when
infrastructural facilitics remain improper and
inadequate, Some of the Himalayan towns have been
facing certwin human induced pollutions such as sohd
waste and air pollution. Indiscriminate waste throwing
and open waste dumping create unhygicnic conditions
building up a home for breeding cockroaches, insects,
worms and rats which ater become a menace caus to
health risks and diseases. Solid waste it dumped openly
deteriorates water quality in streams and rivers.
Sometimes, the practice of burning waste cmits
hazardous gases into the atmosphere: as a result
ambient air quality (AAQ) also degrades. In addition,

T
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biomass burning in the form ot fuel wood and coal, etc.
causes AAQ degradation in the sprawling lowns.
Keeping in mind alike environmental problems, the
study under the present project has been iniliated on
solid wasle management (SWM) and ambient air
quality in six hill towns of Himachal Pradesh, namely,
Biluspur, Kangra, Mandi, Hamirpur, Chamba and
Keylong, The sites were selected in a manner so as to
represent different altitudinal gradients from Siwalik to
Trans Himalayvan ranges within the state, For the
present reporting period (April 2010 1o March 2001),
ambient air guality monitoring (AAQM) study was
carried out simultancously in a campaign mode during
monsoon period 2010 as background values for three
towns; Hamirpur, Kangra and Chamba.

Objectives

= To identity solid waste compositions and it
generation.

= To assess the existing waste treatment and disposal
facilitics available including their adequacy.

= To monitor particulate and gaseous pollutants in

umbicnt air to establish background values.

To suggest solid waste management and air pollution

mitigating plans for policy implications.

Achievements

®* The mean concentration of PM,, was recorded
highest with 40.334.4 pg m” at Hamirpur followed
by 35.2+2.7 pg m " and 24.642.3 pe m” at Chamba
and Kangra respectively (Table-11). These valucs
were found within the prescribed hmit (e, 100 pg m
) set by the Central Pollution Control Board (CPCB)
at all the sites. Due to washout effect in initial
sampling days, there remained less concentration of
PM,, at all sites.

= (n diurnal basis, highest concentration of PM,, was
found hetween 16-0h (IST) tollowed by 8-16 h and
lowest between 0-8 hoat all the sites except at
Chamba. These values at Chamba remained highest
between 8-16 h [ollowed by 16-0 h and lowest
between (-8 h (Fig.44a). The high concentration of
PM,, from morning 8 h to midnight showed the
impact of day time anthropogenic activitics in the
towns,

= At all sites, there were high concentrations of
particulate pollution compared to gaseous pollution.
The gascous pollutants like 50, NO, and NH, were
recorded far below the permissible limits (i.e. 80 pg
m for SO, & NO,, and 400 pg m™ for NH, set by
CPCRB).
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= The mean concentration of SO, was recorded highest
with 0.6+ 0.1 pg m” at Hamirpur followed by
0.3£0.03 pg m” at Chamba and 0.2+0.02 pg m” at
kKangra. This value for NO, was recorded highest
with 6.920.6 pg m ' at Hamirpur and lowest with
33403 pe m' at Kangra. However. NH, was
recorded highest as 27.8 pg m” at Chamba and
lowest with 15.4 ug m at Hamirpur (Table-11). On
sample basis, there was high fluctuation in terms of
all three gaseous pollutants at every site.

* On diurnal basis. the concentration of 50, remained
highest between 16-0h at Kangra and Chamba, while
al Hamirpur, it was found highest between %-16 h
{Fig.44b). NO, remained highest between 16 h to
midnight at all the sampling sites (Fig.44c). In casc
of NH,. different time periods for highest
concentration were noted (Fig.44d).

= Ttis observed that [or live days (120 k) air mass back
trajectorics have followed a path of south-wesl,
south-cast monseon winds al all sites, while
trajectories for two days (July 11 & 12, 20010) at
Kangra moved from north-western direction.
Ovwerall, the air mass remained dominated with
moisture content rather than dust and acrosols. As a
result, PM10 could not go heyond 88 .4, 50.4 and 65.3
pug m at Hamirpur, Kangra and Chamba
respeciively.

* The washout effect caused low concentration of PM
is validated with Terra MODIS satcllite AOD data.
Before AAQM atall the sites, Acrosol Optical Depth
(AOD) in these locations was very high (0.52 to 0.9)
but during monitoring period, these values went
down (026 to 0.58) drastically.

Table-11 Salient features of the study sites and mean
concentiration of ambient air quality monitoring
(AAQM) parameters in Himachal Pradesh.
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Fig, 44, DMurnal mean conceniration of (a) PA L0, (b)
502, {c) NO2 and (d} N3 a1 Hamirpur, Kangra and
' hamha towns of Himachs! Pradesh.

Aerosol Climatology Over Northwestern Indian
Himalayan Region, Himachal Pradesh (2006-2012.,
ISRO)

Acrosols are the colloidal system of particulate,
saseous and  liquid pollutants which remain in
suspension m the earth’s atmosphere, If these remain in
higher concentrations, they may have direct adverse
mmpacts not only on human health and plant lifc but also
on carth’s radiative balance and subsequently on
climate change. Fine particles. generated through
anthropogenic activilies. are also responsible for a
formation of haze, mist and fog. These particles are also
highly responsible for respiratory problems in human
beings sometimes leading to be a cause of carcinogens,
Morcover, study of acrosols in the Himalayan region is
important because 1t will have long term effects like
temperature rise, shifting of vegetation and crops from
low altitude to higher altitude and glacier melting, etle.
The solar energy that reaches at top of the atmosphere
{TOA) reaches at the earth's surface with attenuation.
Some olits energy 1s rellected back into the atmosphere
while some 15 absorbed within it. The sulphatc acrosols
have reflective quality, while black carbon acrosols
have heat absorbing quality. As a result of sulphate
aurosuls, there is a cooling elfeet while due w BC
aerosols there is heating effect. The phenomena of
scattering and  absorption from mcoming solar
radiation aller the radiation budget of the carth’s
atmosphere which results in climate change, Acrosols
optical depth (AOD) 15 a unit for the measurement of
columnar acrosols monitored through Mulu-
wavelength Radivimeter (MWR), while BC is measured
through Acthalometer
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Objectives

= Toobtain acrosol optical depth (AOD) at ultra-violet,
visible and near infrared spectrums (380-1025 nm)
using Multi-wavelength Radiometer (MWR).

= To analyse acrosol size distribution and atmospheric
turbidity using Angstrom parameters; a (alpha) and p
(beta),

= To obtain black carbon aerosol (BC) concentrations
using Acthalometer,

= To determing the impact of aerosols on climate
change in the Himalavan region '

Achicvements .

* The average forencon (FN) and aficrnoon (AN)
AODs for a day at ten wavelengths under clear sky
conditions between 2006 to 2010 showed maximum

ACDs in 2000 and minimum in 2007 An increase of

22% AOD during the past three years (2007-10) at
00 nm was obtained (Fig.45a). However, during a
reporting year, the maximum FN AOD lor the clear
sky days al 500 nm was 0.59 on 30 May 2006, 0.45 on
5 November 2007, 0.43 on 14 September 2008, (.37
on 2 September 2009 and 0.33 on 21 Diecember 2010,
While the maximum AN AQD for the clear sky days
at the same wavclength was 0.59 on 8 May 2006,
(.48 on 22 Apnil 2007, 0.48 on 31 January 2007, 0L81
on 19 October 2009 and (.76 on May 8, 2000,

= With the advancement of a day from N o AN,
temperature of the Earth’s atmosphere inereases, The
pollutants, known as acrosols. are litted above the
ground duc o convective aclivily with the sunrige
and remain in suspension in the atmosphere, As a

result, this process causes more concentration of

aerosols in the AN than in the FN. Tlence, the AOD
valucs increase from FN 1o AN (Fig 45b).

* The monthly mean value for the reporting period
2000, ¢ and B was calculated for the clear days. The
maximum value of @ stood 1o be 1.54 i August,
while minimum was (.54 in March. The turbidity
coctlicient § was noted Lo be 0.3 1 as highest n July
and (LO7 as lowest in August, [t s interesting that
these two parameters were found inverscly
propurtional toeach other (Fig.45¢).

= The monthly mean of BCA concentrations at Mohal
was also taken into account. BOA concentration was
noticed as much as 6596 ngm-3 in January, 2010 and
as low as 3233 ng m-3 in the month of June, 2010,
The black carbon aerosols were found gencrally (o
merease with the increase in activities like biomass
burning, vchicular emissions and forest fires
(Iig 45,
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Gaseous Air Pollution in the Background Site of
Sprawling Urban Environment of Himachal
Pradesh (2008-2013, ISRO)

surface ozone is a secondary pollutant, photo-
chemically produced in the atmosphere from reactions
involving a variely of volatile organic compounds
(VOCs), composed mainly ol non-methane
hydrocarbons, in presence of sufticient sunlight and
nitrogen oxides (NOx) such as nitric oxides (NO) and
nitrogen dioxide (NOZ). Being a trace as well as an
important greenhouse gas after carbon dioxide (C02)
and methane (CH4), surface ovone (O3} plays a key
tole i controtiing the chemistry and climate of the
tropical troposphere. Ozonc is recognized as an
important gas responsible for changes in air quality and
global climate. It is a major precursor ot highly reactive
hyvdroxyl (OIT) radicals, which determine the lifetime
of many gases in the atmosphere. Acrosols have
become an important arca of pesecarch in the
atmospheric scienve. Higher levels of ozone lead to
serious health problems, damage natural ecosvstems
and reduce crop vields. Ozone production takes place at
higher rates in summer which is largely determined by
the level of NOx concentrations [rom [ossi! fuel
combustion. Ovone has a lifetime only of s fow days ir
sunner but of several weeks in the free tropospherc.
Surface ozone is strongly mfluenced by anthropogenic

sources in the surrounding arcas. The major sources of

NOx include fossil fuel burning, hghtening, emission:
from the biosphere, stratospheric intrusions and
biomass burning. 502 sources are dominated by fossi]
fuel burning, industry (ore smelting). voicanic
eruptions, ¢t¢. The fossil fuc sources for both NOx and
S0O2 are among the largest contributors
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Objectives
= To measure important concentrations ol mascous

pollutants such as surface ozone (03), nitrogen
dioxide (NO2) and sulphur dioxide (502) in ambient
air to cstablish background values in the Himalayan
region.

To observe local meteorological parameters and
relate these with rascous pollutants, and analyze
long range transport sourees in the background.

To suggest some [easible mitigating measures
implementable at policy level.

Achievements
= Surface ozone if it goes above 50 ppb for 1 h duration

starts Lo create problems in human beings as well as
plant life (Fig.46a). The hourly highest ever O3
concentration in 2010 was obscrved as 1537.5 ppb on
May 4, 148 ppbon May 3 and 145 ppb on May 26 at
Mohal (Fig46b). During the same year, the
maximum number of 03 episodes were also
observed in the month o May.

The average O3 rate of change in the moming 15 7.29
ppb/h which may be considered higher due to fast
production of O3 by a daily [reshly cmitied
precursors as well as low -5.94 ppbv/hm the evening
because of low production of NOx at this sitc as
compared to the urban site.

03 episodes observed in summer months due to
transport of its precursors like NO2 and CO from
Middle East countrics were reasonably high in the
immediate surrounding of the present study region,
The annual average of surface ozone on high
insolation days (cxcluding August and September
when surlace ozone data was not available) was
estimated 1o be 41.7£138 ppbv and on low
insolation days these values were 33.3+9.76 ppbv.
The differcnce between ozone concentrations on
high and low insolation days shows a role of
photochemistry in building up of surlace ozone. The
largest ozone build up between high und low
insolation days were 14.7 ppby in May, 13.3 ppbv in
June and 1.0 ppbv in July.

Solar flux has an important influencing role m
determining O3 concentrations. Its highest valucs
were 595 Wm-2 and 549 Wm-2 in March and May
respectively. During these summer months, more
than 3000 plying vehicles per day were also
registered at Mohal. Vehicular emissions and actinic
solar flux have been the primary reasons for high
concentration of O3 in summer. Low concentration
of' O3 (i.c. 30 ppb) in July may be due to low amount
of solar flux (393 Wm-2), short duration of sunshine
and washout effect due to high rainfall (243 mm).

= NO, NO2 and NOx  wvalues showed bimodal
distribution in a day; one at 800-900 hrs IST and
other at 1900-2000 hrs IST (Fig.46b). It is notable
that all the pollutants including NOx have biomodal
distribution n a day; one in the morning (800 h IST)
and other in the evening (1900 h IST). This biomadal
distribution is mostly goverened by shallow
boundary level in the moming as well as in the
evening supporied by the local ¢missions from
vehicular influx and biomass burning,
= The diurnal value of surface ozone showed negative
relation with NOx. The day time ozone mixing ratio
is basically duc to pholo-oxidation  of precursor
gases, CO, CH4 and other hydrocarbons in presence
of sufficient amount of NOMNOx (see Fig.46b).
The four days back trajectories to analyze the role of
external source of pollutants from outside the region
show transboundary pollutants. However, local
sources also play a role due to anthropogenic
sources. With a view to pinpoint these external
sources, each back trajectory was calculated for a
duration of 96 hrs at [ 500 m from above ground level
{AGL). During the episode days, the air mass flow
remained [rom the northwestern direction at 1500
mAGL at Mohal,
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Ambient Air Pollution and lts Sources in the
Background Sites ol Different Hill Spots in the
Northwestern Himalaya, Himachal Pradesh (2009-
2012, DST, New Delhi)

The study on ambicnt air pollution and its sources
investigates primarily the physical charactenistics of
aerosols such as respirable particulate matter below 10




micron (PM10) and finc particulate matter below 2.5
micron (PM2.5) in two different altitudinal locations
close o two important hill spots, Kullu-Manali in the
Kullu valley. Mohal (1154 m), 5 km south to Kullu and
Kothi (247% m) 12 km north to Manali have been taken
into account as two important cxperimental locations to
menitor particulale as well as gaseous pollutants in
ambient air. Respirable Dust Samplers (460 NL; make
Envirotech) and Fine Particulate Sampler {APM-350
make Envirotech) for PM L0 and PM2.5 were used to
expose 8 (0 24 hourly samples on an alternate day basis
at hoth experimental locations. The Whatmuan Glass
Micro fibre Filter paper GF/A (203254 ¢m) and
GF/A (47 mm) werc used to expose PM 10 and PM2.5
respectively. The metcorological data such as wind
dircetion, wind speed, temperature and humidity were
obtained with the help of Automatic Weather Station
(AWS) al Mohal and Wind Monitor (WM-251) at
Kothi. The rainfall collection gadget combings a system
ol a lunnel, boltle and stand having 2 m height from the
ground. To test the sume, the census of plying vehicles
on a National Highway (NH)-21 from 6 a.m. to 6 p.m.
on 4n allernate day basis was carried out from April
2010 to March 2011 at Mohal and Kothi, Besides, the
Hybrid Single Particle Lagrangian Integrated
Trajectory (HYSPLIT) model was used to understand
the pollution sources mainly from external sources

Objectives

= To analyse physico-chemical characteristics of
aerosols, gascous concentralion of trace gases and
rainwater chemistry in relation to vehicular influx to
establish background wvalues in the Himalavan
region.

= To obscrve local meteorological conditions, back
trajectorics and to relate with the pollution episodes.

= To identify pollution sources from a viewpoinl (o
outline an cnvironment management plan and
mitigation strategies needed to protect the sensitive
ITimalayan region.

Achievements

= Based on the accepted samples, particulate pollution
levels are analysed (Table-12). The highest diurnal
average PM10 at Mohal was 86.3+ 4.0 pg m-3 during
16:00-00:00 hrs IST, while at Kothi 1l was 36.8 £ 5.4
wg w-3 during 08:00-16:00 hrs [ST. At Mohal, the
highest daily average PMI0 concentration was
138+18.1 pg m-3 on January 7, 2011 while at Kothi it
was 85196 pe m-3 in December 8, 2010 (Fig.47a).
Back trajectorics analvsis shows the wind was
coming from northwestern direction on a particular

T
[

episode day at Mohal (1500 m) and Kothi (3000 m,
Fig.47b). On monthly basis, maximum mean PM 10
was 6123.6 ug m-3 at Mohal in May 2010, while this
value at Kothi was 33.514.5 ug m-3 in December
2010.

The daily highest PM2.5 was 1049 pem-3 on July 7.
2010 at Kothi, but this value at Mohal was 71. | pg m-
3 on Japuary 29, 2011 (Fig.47¢). Cloud-Aerosol
Lidar and Infrared Pathfinder Satellite Observations
(CALIPS) also show that the columnar acrosols at
Mohal during these episede days were maximum
(Fig.47d). Monthly maximum PM2.5 concentration
was 49,6212 pg m-3 in July 2010, while at Mohal it
was 43,342 3 pg m-3 in December 2010.

The highest number of incoming plying vehicles
based on 12 hourly census (06:00-18:00 hr IST) at
both the sites stood to be highest in May 2010; e,
2,572 per day at Kothi and 3,110 per day at Mohal.
This was due to tourist peak season during this time
in the Kullu valley.

Rain water samples were analyzed for Potential ol
Hydroginii (pH), Electrical Conductivity (EC) and
Total Dissolved Solids (TDS), The daily average ol
pH values of the rainwater at Mohal and Kothi were
6.7 and 6.6 respectively. The pH value was also
recorded acidic showing 4.2 and 4.1 at Mohal and
Kothi respectively. The rainwater at both the
locations was observed to be slightly acidic in nature.
The daily average EC values of rainwater at Mohal
and Kothi were 46.8 and 50.5 pS respectively, Daily
average values of TDS at Mohal were 20.9 ppm
which at Kothi remained 25.2 ppm.

The daily highest average temperature shows the
warmest day at Mohal to be July 16, 2000 with
37.10C and the coldest day January 17, 2011 with
4.10C. On the other hand, this highest value at Kothi
was 27.20C on May 26, 2010. The average humidity
throughout the obscrvation period at Mohal
remained 68% and at Kothi it was 72.5%, The total
annual rainfall and snowfall at Kothi was measured
#s much as 1,377 mm and 4,765 mm respectively,
while at Mohal- a low altitude valley topography, it
was measured 13092 mm from April 2010 to March
2011.

The maximum wind speed recorded at Mohal was
4.3 km h-1 on April 30, 2070 at 18:00 hr IST and at
Kothi itwas 55 km h-1 on August 8, 2000 at 15:00 hr
IST. The wind movement at both the experimental
sites, Mohal and Kothi were mostly from the
northwestern direction (270-337.50). This mcans
that the existing meteorological conditions also
played an important role in affecting adversely the
particulate pollution in the present study region
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Table-12. Eight hourly exposed samples for
particulate pollutants (PM10 and PM2.5) from

April 2010- March 2011.

Month/Year |

PM,, PV,
[ Apr 10-Mar 11| Mohal| Kothi | Mohal Kothi
SA[SR saisu SA ‘ SR | sA] SR |
141| 40 [122] 62 148 26 | 103 | 21 |

S © Samipdes considered for analvsis
SR = Sanyrles rofected dee o clectvicine failare, rufne ey
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Fig. 47. External sources of PM IO and PM2.5: a)
PM I concentration during April 2000-March 2011,
(b} back trajectorics drawn for PM10 episode day on
Junuary 7, 2011 a1 Mehal and on March 17, 2001 at

Keathi, {c) PML5 canceniration during April 2010-

March 20011, and (d) CALIPSO drawn Tor PM2.5

episode day on Jannary 29, 2001 a1 Mohal.

Appraisal of Tourism for Sustainable
Management — Case Study from Sikkim Himalaya
(2009-2013, In-house)

The Himalaya which is endowced with the bounty of
nature, sacredness and purity of environment. and
religions and cublural diversity, containg an innate
appeal for the growth and development of tourism,
Tourism in Himalaya has emerged as a priority sector
and its economic potential is being harvested at
differcnt levels. However, the limitations of
development characterized by complexities of hill
topography warrant that continued growth of hill
economy, this potential to tapp n 2 sustainable way,
But. the cyclic nature of tourism as manifested in

theorctical paradigms and s trade-offs with
deteriorating quality of environment, is an inherent
threat o its sustainability. Thus, a holistic approach is of
utmost importance for sustainability of existing
tourism in the light of tourist trends, impacts and
management; this study of Sikkim is therefore an
important attempi in this context. Tourism in Sikkim is
mainly nature based. The pristinc and unspoiled nature,
rich biodiversity, panoramic views of snow clad
mountains and valleys, monuments and artifacts of
Buddhism are the main tourism resources, The state is
harvesting these resources cautiously keeping in view
of its sustamability, However, the tourist inflow
patterns, which show a spectacular growth though
suggesting sanguinc prospects, do not augur well in
terms of increasing prossure on limited resources,
infrasiructure and the demand-supply systems. This
calls foran appraizal ol management options.

Objectives

* To study and document nature and process of
tourism,

= To assess ceonomic significance of tourism and its
impacts.

* To make an appraisal for sustainability of wurism
through suggesting management options for policy
implications.

Achievements

= A ficld survey was conducted in Gangtok town to
know the sociological atiributes, source of origin,
expenditure patterns, and the perception of tourists
onimpacts and services, cic, Apreliminary survey of
88 randomly sclected tourists was conducted o
know the break-ups of tourist expenditure (Fig.4%).
Of the total expendilure of tourists, 72 % of the
moncy was found to be spent in Sikkim to meet the
expenditures for food, sccommodation, travel and
shoppmg. While the miscellancous expenditure
accounts for 28 % of the total tounist expenditures.

* A survey of local business groups was conducied at
(Gangtok to understand the income impacts by
comparing income during the lourist season and the
off-season. Two lourist seasons were recognized by
most of the respondents ie. summer season (3-4
months) and autumn-winter scason {2-3 months).
The preliminary survey based on random sampling
ol 150 respondents business community denotes that
the overall carning from the business for summer
season (scason [), and autumn-winter season (scason
) around 37.81% and 25.94% respectively,
suggesling scason contribution around 63.75% of
their total annual mcome, This is significantly higher
than the normal carning under no-tourism condition.



Travel agents and hoteliers are among the main
beneficiary group who cam over 75% of the total
annual income during tourist season. This is followed
by the beneficiary groups from souvenir shops,
restaurant and bars, and confectionary shops with
mean annual earning over 65%. and wine shops and
grocery shops with mean carning over 60 %0 of their
annual income.

The case study of Tsomgo Lake-Baba Mandir nature
tourism site suggests significant revenue generation
for the government. The travel agents and taxi
owners al Gangtok are the mam benchiciancs.
However, the benefits to local communities in their
vicimity arc negheible, The vibrations generated duc
to vehicular movement in this geologically weak

=

landslide prone topography posc a threat o the
high altitude biodiversity and sensitive habitats,
wet-land sedimentation and waste problem.

= According to a projection statistics ol tourists

mflow based on 1980-2009, 1985-2000, 1990-
2009, and 1995-2009,  as many as 14.67.658
lourists were estimated to visit Sikkim. Though
this would result in increased carnings and
employment avenues for the local business
communities in the state, yet this would also
enlarge the magnitude, spread domain and
miensity of negative impacts.

"8 P = Sgin Suing ¢ Tramagast
T yhapprg * poomroddies ¢ M
Fip. 45, Break-up of tourist expenditores (left)
amd covrning patterns of business communwity (risht)
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Summary of Completed Project / Activity

Participatory Management of Bhimtal Lake Catchment (2005-10, LDA. Dehradun)

The project emphasized to achieve the goal in two-phases: (i) by devising a prototype in 20 ha land
that depicts selected models of land rehabilitation vis-a-vis livelihood up-gradation, and (i1) large
scale replication of the model-components (in 45 ha land) by the local communities.

In Phase-1 (2005-11), four models (viz. Model | - multi-purpose trec species; Model 11 - silvi-
pasture development; Model HI - aromatic plants cultivation and Model TV - agn-horticulture)
were developed in 7, 3.5, 5 and 5 ha land respectively in Sangurigaon and Songaon Van Panchayat
land - the two major villages in the Bhimtal lake catchment.

The Phase-11 activities (2007-10} aim at replicateing the above mentioned land use models in the
remaining 45 ha land arca under a participatory mode with the local communiries. However, only
14 haland in three Van Panchivats namely Mchragaon, Bhagtura and Songaon were replicated.
During Phase-I, a multi-purpose and silvi-pasture model having 23071 seedlings of more than 20
species were planted durmmg 2003-10 where 21.6% survival was recorded. In the horticalture
model, a total of 2445 plants of different species/varicties were planted during the project period,
out of which only 5.4% survival was recorded till December 2010. In addition, a total of 10751
fruit plants of more than seven varicties were given to the villagers for plantation in and around
their settlements and abandoned croplands. This time survival was recorded 65%.

During Phase [ {2007-10), 3168 seedlings of more than 5 species in Songaon Van-panchavat were
planted and 45.6% survival was reported. While at Mchragaon and Bhagtura Van-panchayat areas,
4042 and 4548 scedlings during the same period were planted where 23.9% and 35.8% survival in
December 2010 was recorded respectively.

With a view to achieve soil and water conservation. a total of 36 trenches (size =5 = | % 2 ft), 10
water percolation tanks (size = 18= 10=8 ft) were constructed in the degraded community land of
Bhimtal lake catchment.

A retaining wall (43 m long. 3 fi. wide and 5 m high) was constructed to control soil erosion and
sliding premises of Karkotak temple. The two solar lights and two iron resting shed (ome
rectangular shape 15"<10"=10" and another round umbrella shape 3m>3mx=3.5m) were installed at
Karkotak temple area,

A total of 43 poly houses. 24 roof rainwater harvesting tanks and three polyethylene lined tanks
were constructed in the villages of project area till March 2011. The fanners are being benefited
due to these structures.

More than 100 exposure visits for bio-composting, hedgerow plamation, off-season vegetable
cultivation, food processing, bio-briguetting, candle making, local art (Alpana) and fancy bags
were conducted for marginalized women farmers and unemployed youths from the villages of
Bhimtal lake catchment (Fig 4%a&h).



Summary of Completed Project / Activity

Environmental and Social Impacts of Hydropower Projects in Ganga River Basin (Between
Dharasu and Gangotri) in Uttarakhand (2009-10, MoEF, New Delhi)

» Uttarakhand is rich in hydropower potentiat as it harbours many perennial snow fed rivers. In the

. upstream from Dharasu-Gangotri m Bhagirathi valley, over a dozen hydroelectric Projects

. (HEPs) of both small and medium size are either proposed (such as Pala-Maneri) or usnder

' construction (such as Loharinag Pala: construction halted by the Hon 'ble Supreme Court in 2009)

or operational {such as Maneri-Bhali Phase I & III}. There has been a wider public concernabout
the environmental and socie-economic impacts of these HEPs. Consequently, the Hon'ble
Supreme Court halted the construction work of the HEPs in the Bhagirathi basin in 2008, In this

. regard, one year pilot study was assigned by the MoEF where stakeholders were consulted in the

HEPs affected villages with respect to both positive and negative and other socio-cconomic

. impacts.

% * Stakeholders® responses for the Loharinag-Pala (LNP) mostly indicate negative impacts due to
HEPs on various environmental parameters (Fig.50a). The flora and fauna are on decline.
Agriculture and pasture based activities are adversely impacted. Air, water and sound pollution
increased and water flow in rivers also declined. However, in case of Maneri Bhali-1 {MB-I;
commissioned long back) these components are either on positive side (+) or have remained same
except a decrease in water flow in River Bhagirathi. Similar is the view in case of Maneri Bhali-II
(MB-ITyand LNP HEP(Table-13).

* Assessment of socio-economic impacts was also done after studying the affected stakcholders
from LNP project. Although public amenities, means of transport and tourism activity have
increased due to introduce on of LNP project in the area, vet there was also an increase in wildlife
attacks, destabilization of river beds due to quarrying, mining and stones transport for
construction activities (Fig.50b). encroachments either of the river bank and social evils. The
acsthetic beauty of the valley has been eroded and quality of life. however, remains stable. i ease
of MB-1. there has been an inercase in wildlife attacks (as the flow of river water is no more a
barrier for wildlife movement), quarrying and mining for sand from the river bed and stone for

- construction activities, and encroachment along the river banks, The stakeholders are alse ofthe

' apinion that social evils are increasing and aesthetic beauty of the region has ccreased. However,

they acknowledge the fact that quality of life has been improved due the HEP. Stakeholders of

MB-II were of the similar opinion as that of MB-I except social evils due to introducing HEPs,

According to the stakeholders till the HEPs are under eonstruction the benefits ( primary,

secondary and tertiary) could not be visible to the people due to direct harm to the natural assets on

account of various construction activities of the HEP as is the case of LNP. However, in the later
stages of production the landscape would be stabilized and the negative impacts would also be
minimized, the projects like MB-I HEPs would start to prove beneficial to the local communities
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Table-13. A summary of environmental and socio-cconomic impacts in the three HEPs of the Bhagirtahi
valley (between Dharasu to Gangotri).
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Maneri {-) () (]
Bhali- 1T

{ t): Increased/Tmproved; (-): Decreased: 5— Stable/unchanged

Summary of Completed Project / Activity

Comprehensive Environmental Impact Assessment and Preparation of Management Plans
for Tamak-Lata and Nandprayag-Langasu Hydroelectric Projects (2010-11, UJVNL,
Dehradun)

Hydropower projects occupy a considerable share within the total investment in energy sector in
the Uttarakhand state. The Uttarakhand Jal Vidyut Nigam Ltd. (UFVNL), formed in 2001, played
an important role. Out of the 1130 MW total capacity, 1005 MW are generated by UTVNL, 5 MW
by an independent power producer and remaining 120 MW by the National Hydroelectric Power
Corporation (NHPC). The study on Tamak-Lata and Nandprayag-Langasu projects are located in
Chamoli district of Uttarakhand (Fig.51a&b). These projects are on the River Alaknanda and its
tributarics basically on run-of-river schemes. With a view to practise Environmental Impact
Assessment (ELA) for positive and negative impacts, to suggest suitable Environmental
Management Plans (EMP). to ameliorate the adverse impacts and fo enhance the positive impacts,
the present studv was carried out. :

The primary survey on various environmental parameters was conducted within the influence
zone (1Z) of the project. The IZ includes circular areas of 10 ki radius considering dam/barrage,
powerhouse, reservoir boundary and other major project components as cenire.

Apart from IZ, catchment area of the project is another important part of the project
implementation. A free draining catchment area for Nandprayag-Langasu HEP was delineated
adopting the standard method between barrage sites of a proposed Nandprayag-Langasu and
Bowala-Nandprayag HEPs (300 MW). The upstream Bowala-Nandprayag HEP is also a similar
kind of hydropower project owned by the UJVNL itself which is located at the immediate
downstream of confluence of River Alaknanda and River Birahi. The total area of the delineated
free draining catchment of Nandprayag-Langasu barrage is about 76141 ha. The total area ol this
influence zone is about 34677 ha. Fig.52a&b depicts the free drainage catchment and influence
zones of Nandprayag-Langasu and Tamak-Lata HEP.

The bascline data on air, water, noise, flora, fauna, cte. under Environmental Impact Assessment
was collected from the field and analvzed. Catchment Area Treatment (CAT) Management Plan
was prepared using RS-GIS. Land use/land cover, soil, and slope raster images were used to
estimate soil erosion intensity. According to the erosion intensity categorics, treatment measures
were suggested according to land use types and estimation of cost was done in a phase wise manner
foraperiod of 5 vears.

Both the hydropower projects are run-of-river types and the height of barrage is very low, i.e. 13 m
in case of Nandprayag-Langasu HEP and 16 m in Tamak-Lata HEP. Considering these factors,
disaster management plan for these projects was also prepared with an emergency action plan for
ensuring real time alert to the inhabitants of the downstrcam.
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The Indian Himalayan region (IHR) is a unique
zone ol convergence harbouring diverse cultures of the
plethora of ethnic communitics. Bio-physically, this
ecosystem 1s very rich. However, the ability of this
mountain ccosystem is fast approaching many of its
limits and it (the ccosystem) is eradually losing its
ability to provide the minimum standard of living to its
continually growing population, therehy, inducing
poverty. The continued population growth and
consequential poverty are fast depleting the finite
natural resource base and breaking down  the
indigenously evolved resource-base use patterns that
were socully sanctioned and culturally patterned.
Therefore, reduction in poverty in this ecosystem
through appropriate interventions and skill
enhancement of the local communitics for rational and
Judicious use ol local resources for their social and
cconomic development is crucial as decrease in poverty
can increase environmental protection. With this in
view, SED Theme has focused on identified activities
such as innovative livelihood options, sustainable
tourism, entrepreneurship and  self cmployment,
indigenous knowledge and migration, and its socio-
economic and cultural implications, which have
potential lo benefit the economically disadvantaged
communities of the THR and thus reverse the trend of
poverty. In the process, the Theme has also emphasized
on identification and implementation of region specilic
sub-activitics such as strategy for economic
devclopment of small holder’s farming  systems,
scaling of innovalive resource management practices
by communities themselves, asscssment of  eco-
tourism potential. documentation of local health
traditions, capacity building for ¢ntrepreneurship
development, technology development, dissemination
and backstopping, managing shifling agriculture

focusing on enhancement of fallow period,
participatory assessment of sustainable scenarios for
Himalayan pastoralism and culture in the conservation
and sustainable development and many others The
main objectives of the theme are: (i) Sustainable
tourismy;, (11) Entrepreneurship and self employment in
the Himalaya: (iii) Indigenous knowledge: traditional
lifestyle, architecture and healtheare practices: and (iv)
Migration: socio-economic and cultural implications.

Shifting Agriculture: Issues and Options with Focus
on Adaptive Interventions to make it Ecologically,
Economically and socially viable (2007-2012, In-
house)

Shifting agriculture is practiced in 21 states
covering about 22.78 lakh ha of land and 607,536
familics in India and about 19.82 lakh ha of land and
4.43 lakh families in north east (NE) India. However in
the NE India, the ecological and cconomic efficiency
and viability of this agro-ecosystem is gradually
hecoming untenable under pressure from a number of
factors and it is besieged with conflicting views with
regard to degradation/conservation of the ceosystem.
Irrespective of the conflicts, shifling a griculiure, which
18 a well knitted assemblage of socio-cultural and
CCONOMIC traits, continues to be the predominant land
use system and primary livelihood option of the
majority of the communities of NE India, In managing
the shifting agriculture, the tribal communities of the
NE region, over the period, have accumulated a rich
and lime tested (raditional ccological knowledge
(TEK). Documentation of this TEK, which is fast
disappearing, adversely impacting the unique resource
ownership and utilization pattern of shifting agriculture
theretore, has assumed high prionity. Further, the lack



of baseline information on biological data prevents
reliable evaluation of biodiversity values of shifling
agriculture, seriously hindering cfTective approaches
for conservation of faunal diversity. Keeping these in
view, the project aims to review both customary laws
and stale policies on shifting agriculture for their
possible synchronization, introduce potential low cost
technologies for improving shifting agriculture,
validate indigenous soil and water conscrvation
practices and analyze the impact of shifting agriculture
on faunal diversity in Arunachal Pradesh with
recommendations o0 make the system ecologically,
socially and economically viable. The project aims 1o
investigate the possible reasons for adoption of the
practice by certain tribal communitics and non-
adoption by somc other tribal communities.

Ohbjectives

= To review the state and central policies and laws in
the forest and agriculture scctors dealing with
shifting cultivation and ongoing schemes and
programmes of the state and central Governments
for the control and regulation of shifiing cultivation.

= To study the land tenure and customary laws of
selected ethnic communities relating to shifting
cultivation,

= Documentation of TEK on soil conscrvalion, water
& forest resource management and validation of
indigenous soil & water conservation practices.

®* Impact of shifting agriculture on faunal diversity
with special reference to avifauna and mammals,

* MNeed based assessment and identification of
putential interventions and their application.

Achievements

= The project site, initially covered twenty-five
villages in five districts of the State of Arunachal
Pradesh viz. East Siang, West Siang, Upper Siang,
Papumpare and West Kameng and three major
tribal communities, - Adis, Nyshis and Akkas were
studicd. Keeping in view, the suggestions of the
Scientific Advisory Committee (17th Meeting on
April 20-21, 2010), two more disiricts (Tawang and
Lower Subansiri) and two more tribal communitics,
Monpas and Apatanis) were included in the study
during the reporting year.

= During the reporting period, the major activities
carried out included: 1. Analysis of policies and
acts, 2. Socio-economic and ecological viability
from the perspectives of Knowledge, Attitude and
Perception (KAP) of the practitioners of shifling
agriculture, 3. Development of an appropriate
model to address fallow management and 4. Status
and variations in the practices of shifting
agriculture in north eastern states,

-
=

= The review revealed many positive and negative

aspects of the policies and acts. For example,

Arunachal Pradesh Forest (Removal of Timber)
Regulation Act, 1983 positively restricied the
trading of timber out of Arunachal Pradesh without
proper license from the competent authority, which
checked delorestation and comniercial felling of
trees. Negatively, the blanket ban on timber logging
aftected subsistence livelihood of some sections of
people. The analyscs also revealed strengths and
weaknesses of many programmes and schemes
implemented to address shifiing agriculture. For
example, introduction of kiwi (Actinidia deliciosea)
as a horticultural crop proved beneticial, yielding to
high cconomic returns. Negatively, it was
cultivated in some arcas that were basically primary
forests and were cleared for its cultivation, thereby
effecting deforestation.

= Since shifting agriculiure is a well integrated
assemblage of socio-cultural and religious life of
tribal communities in NE India, the intangible
aspects of culture, i.c., faith, beliefs, festivals and
rituals associated with it were studicd in depth
during the reporting period in an effort to codify
these institutionalized sacred concepts and quantify
their role in conservation of biological resources.
The social protections of biological diversity
relating lo ritually valued specics by the shifting
agriculturists is to sustain cultural practices and
maintain cultural identity. As the cultural practices
are threatened by the loss of biodiversity,
conversely, the cultural value attributed to plant and
animal species could be used as an argument to
support to conscrvation of biodiversity. In the
process, the linkages of the cultural calendar with
the agricultural calendar was also traced. It was
found that more than 15 plant species are used in
more than 10 festivals/rituals associated with
shiltmg agriculture.

* It was recorded that shifting agriculturists are
adopting lerrace cultivation and cultivated jhum
plots from 1990-2010 are reducing as they have
been transformed to terracing, horticulture,
secondary forests and bamboo forests. In the nine
villages that were surveyed during the reporting
period, the number of cultivaied jhum plots had
reduced trom 365 m 1990 to 17010 2010.

= Further, development of 2 workable model has also
been initiated based on (oko (Livistona
Jenkinsiana). The model will have alternate rows of
normal shifting agricultural crops with toko along
the slopes and ridges. Toko is a highly socially and
economically valued species and it was observed
that within the last five years, the ceonomic value of

FLOZ-010¢ LHD43Y T9NNNY




=

ANMUAL REPORT 2010-2011

a bundle (about 40 Ieaves) of its leaves has nearly
doubled from Rs. 55-60 in 2003 to Rs, 100-150 in

2010 in the local markets.

= Physiographically, nature of slope appeared to be a
determining factor for practice of settled agriculture
and non-practicc of shifting agriculture by the
Apatani tribal community in Ziro valley, Arunachal
Pradesh (Table-14 and Fig.53).

Table-14. Nature of slope in Ziro valley and
neighbouring areas,

B _Prrcent -.4rt-a
Slope Class [ ighboring Area | Ziro Valley
Less than 20 . ZE _ 45
20 - 35 33 33
35-50 26 18
500 - B0 ) 14 4
Greater than 80 ) | L

T AbTrN

]

Fig. 53, Natore of slope in Zire valley (epcircled in
blue boondaryy and neighbourmg areu,

Scaling Up Innovative Resource Management
Practices for Improved Livelihoods in the Mid Hills
of the Central Himalava (280 7-2012, In-house)

The mountains of the Himalaya, which vitally
contribute to the ecological sustainability of the region
are threatened by increasing population, open grazing,
soil/mutrient erosion, deforestation and overall losses of
biodiversity. Probabiy. the follow up of the efforts made
under different activities, aiming to address these
problems, was not well planned and as a result, such
efforts were not able to halt the process of degradation

of the resources. Building on the lessons leamed from
different studics and innovations tested for improved
livelihood of the people, technical back stopping and
material support Is needed 1w 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 facilitaie the
improved management of the natural resources through
up scaling farm based interventions, strengthening
market linkages, svil and watler conscrvalion,
rchabilitation of community depraded lands and
strengtheming of weakened farming syslem conceplt,
etc. in Garurganga watershed of Bageshwar district.

Objectives

= To analyze adoption/adaptation scenario of
tested/innovative resource management practices.

=  To develop strategics 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
mstitutions, local stakcholders and  resource
larmers.

= Sharing of knowledge and information through
improved nctworking of the stakeholders by
organizing regular meetings/workshops and
cxchange visits,

Achievements

= Base linc survey dating back to the last fittecn years
for adoption/adaptation of different options for
improved livelihoods and management of natural
resources has been completed in 56 wvillages
covering 394 houscholds. The preliminary resulls
suggest that the farming system, as a whole, s
under stress due to uncertainty of weather
conditions, scarcity of water, sectoral approach of
the developmental activitics, weak backstopping,
and unstructured monitoring and evaluation
system. In fact, overall improvement in livelihoods
of the people during the period has been realized by
the stakcholders but the scenanio had also impacted
adversely on the status of the natural regsources and
overall farming system of this region.

=  Major impact of the deteriorating state of the
natural resources has been observed on the
traditional agriculture, which is either in a process
of transformation to cash crop (10 water is available)
or ‘no agniculture’ due 1o anumber of reasons.

= Adoption scenario (Table-15) clearly indicates that
the farmer is a selective taker and adopts a very few



out ola long list of options provided ender different
Programones.

= Due to the ownership 1ssues and limited monitory
mechanism. most of the Van Panchayats are non
functional and as a result, waste land/community
land rchabilitation is not in the list of people’s
priornity. Like wise, introduction of hybrid live stock
merely helped in improving livelihood due to non-
availability of the desired climatic conditions,
improper management and quality feed.

* Up scaling of a few options, knowledge
dissemination, conservation and storage ol waler
linkcd with fish culture and protected cultivation,
ele.{Table-16) have already been initiated with
small land holders of remote locations, which need
continued regular backstopping and material
support.

Table-15.0n-farm livelihood options: adoption/
adaptation during the reporting period.

Major Livelibood options i emanstrations | Adoptien/ Adaptation |

| Villagres | Ma, of house

jupen e - { Bulds |
CHT sisizan \-'I.'.Ih-'__l.'l:lhlt' sulinaion - e RE]
_Jmpm'miﬁﬁﬁs_ ; = 2l | R
Integrated fish farming : ) &
Waplet hrvesting & domgs. 03 | o5 13
S0ibf water conservation nz 02 (5
: B S [ _m 2
Cicnpsting B - [ —aos 15
i-li‘a.%h crop cultivation Faeilitation ' oo 13

| Horticulture R it L U TR A

Table-16. Averaze household income from different
sectors (average of last five vears).

Average HoHS incemeyeus 000 Ha) o |
Samploed Viflaze Farming SvsIem seerors E 1 F H r |
LR TR S i | | [
lurapand 15 | ' [ I A O N . O I (O . |
Juma 12.3 2 A - 1r= 17 113 74 |
it AEE T I A 1 I 1
wlagher L 12 7B 1A
Fataii 13 128 | CRLD
Luwham) L1 Eh a2
Hhela A4 | 2z 0k i
“edun 2t 0.1 705 |
Saul I T I R SO 7
Badrinirh 7 L% s5q |
Dmin 171 i e |
Thaialn SET ko | oala |
| Harkat X Ze | Es1 |
Arah | i.7 123 2.1
Bl T LS|
AT a4 L] 2
| Tluha T ha kg |

A: Agri + Hortit+ Tea cultivation; B: Vere +Cash
crops; C: Fish+ Dairyt+ Poultry; I: NTFPs;

E: Servicet Pension; F: Labour; G: Business
+Tourism; T: Total

Migration: Tis Socio-Economic and Cultural
Implication in Indian Central Himalaya (2009-
2012, In-house)

=

Ma

Population migration to afflucnt areas is a common
phenomenon; it is rampant in hill regions like
Uttarakhand. The quality and direction of migration as
well as i1s economic, social and cultural impacts on the
life of communities have changed along with the
increase in the number of migrants in the state
Migration is a complex and dynamic process and plays
a significant role in cstablishing the socio-economic
structure of a particular region as well as defining the
mode of development with the region specific
ceonomy. While migration may be considered as a
positive indicator of regional development, oul-
migralion of a particular age group from the state like
Uttarakhand creates regional imbalance, adverscly
impacting agricultural productivity, and therefore, the
cconomy of the region as out-migration results in loss
of a larger proportion of able, educated and active work
[oree. Out-migration could be because of factors like
inadeyuale production from agriculture, food security,
seeured carning, better education and non-availability
of work in native villages,

Objectives

* To assess the impact of out~-migration on natural
resources and ecology

* To understand the linkages between social
infrastructure  and resource  scarcity with
migration

* To analyze cconomic characteristics of migration
forpossible development of entreprencurship

= Toevaluate implications of migration on cconomic
and socio-cultural issues like zender

Achievements

= Prefiminary surveys carried oul i the villages of
Dailakote, Sahknart & Daulla using structured
questionnaire revealed that lack of social
infrastructure like education and health coupled
with scarcity of natural resources scarcity is the
prime reason of out-migration. For exampie, aboul
filteen fammlies to have permanently out-migrated
from these villages for better education and health.

= The preliminary survevs revealed ocowrrence of
ceonomic uplifiment in the villages brought in by
outmigration, which has supplemented earning.

=  Further, it was observed that scarcily of natural
resources like productive agricultural land, water
and torest, ete. also manifest out-rmigration,

=  With an aim to enhance the capacity of the villagers
in better resource management, efforts have been
made duning the reporting year by way of
conducting trwming programs tor villagers, where
training has been imparted on skill development
and resource management (Fig.54).
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Fip. 34, Teainime to the villasers on skill des clopment.

Pesticide Residue Contamination of Food
Chain: Appropriate Monitoring and Control
Mcasures from Field Studies in Himachal Pradesh
(2009-2012, In-house)

Heavy metals such as copper (Cu) and zinc (Zn) are
essential micronutrients required for the growth and
development ol all the organisms at low concentration
but their higher concentration i.e. above sale limil as
defined and prescribed may adversely affect the
physiological and biochemical activities of both plants
and human beings. The frequent usc of heavy metals
containing pesticides, fertilizers, solid waste compost
Or waste water may increase their concentration in soil
up to toxic levels. Cypermethrin (CPM), a syntheiic
pyrethroid is one of the extensively used insecticides to
control pests and 1o increase productivity of vegetable
crops such as tomatoes, cabbages, cauliflowers, ¢, in
Kullu, North West Himalaya. The excess use of
cypermethrin will not only leave its residue in soil but
will also lead to potential pollution of soil, air and
ground water in the application areas. Cypermethrin is

an active ingredient of different formulations such as
Challanger, Cypermil, Ripeord, Goldsyp (10% or 25%
EC}), cte. and Cu in Blitox and Cu that of Blitox Bordex
mixture, etc. Carlicr studies have shown that
cypermethrin and heavy metals had toxic effects of
seeds of different crops.

Objectives

*  Tostudy the growth and yield responses of selected
tood crops in soil contaminated with heavy metals
and pesticides.

= To quantily pesticide residue levels in soils, water
and in crops grown locally and sold m local
markets.

= To assess dictary cxposure of local consumers to
pesticide residue through contaminated crops and
their health risks by comparing the generated
database with their maximum residue  limits
(MRLS).

= To assess clfeet of houschold practices on
accumulation of pesticide residuc levels in edible
part/s of crops grown locally and sold in markets.

*  To assess the effect of organic matters and poly-
house technmigues on accumulation of pesticide
residucs m cdible part/s of crops grown on
contaminated soil.

Achievements

= Consumption rate of various food items for local
male and female adults of Kullu were quantificd
durmg the year 2010-11.

® Zinc was found more toxic o lomato seeds as
compared to Cu. The effects of Cu and Zn on seed
germination and root and shoot clongations were
antagonistic in nature. Zine toxicity during seed
germination of the tested plant can be minimized
using Cu up to certain ¢xtent (Fig.55).

* Cypermethrin and Cu in soil may influence sced
germination, seed germination rate and growth of
seedlings of a crop. Cypermethrin has more toxic
¢lfeets on sceds of palak (Spinacia oleracea 1)) as
compared to Cu(Fig.56).

= Cypermethrin could reduce toxic effects of Cu on
french bean at growth and biomass levels.
Antagonistic intcraction between Cu and
cypermethrin on growth and biomass of French
bean are illustrated in Fig 57,

= Toxicity order of tested chemicals were as Cu = Cu
Fcypermethrin = ¢cypermethrin > control.

= The study suggests that Cu and Zn had antagonistic
effects on yield responses of tomato and
cauliflowers under the local field conditions of
Kullu, western Himalava,
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Enhancement of Livelihood Security Through
Sustainable Farming Systems and Related Farm
Enterprises in North-West Himalaya (2007-2012
World Bank-1CAR)

b ]

The challenge of long-lerm sustenance of growth has
been highlighted by several recent studies that found
the total faclor productivity (TFP) in agriculture
declining between the 1980s and 1990s. The green
revolution in wheat and rice, white revolution in milk,
yellow revolution in oilsced and the blue revolution in
fisherics have augmented the food basket of the
country. But many technological challenges still
remain. To address these challenges and to generate
additional income and cmployment for the poor, the
role of agricultural rescarch and development is
critical. Given the limited scope for area expansion,
increases in productivity, profitability and
competitiveness will have to be the main parameters of
the agricultural growth in the future and this should be
led or triggered by advances and innovations in, and
applications of science in agriculture, In other words,
Indian agriculture will have to shift from resource or
input-based growth to knowledge or science-based
growth.  Integrated farming system approach for
improved livelihood through community based natural
resources management has been identified for
execution of the present project. Strengthening of
interrelationship between different components of the
hill farming system and dependency of the villagers on
the natural resources have been taken imto
consideration. The main emphasis in this component is
given 1o improving the sustainability of the farming
systems and natural resource management in less
favorable environments. Particular attention has been
given to rain-fed agriculture, common lands and waste
lands of the Champawat and Tehri districts of
Uttarakhand

Objectives

* Enhancement in the agricultural productivity and
profitability through proven technological
Interventions,

* Up-gradation and management of natural resource
base,

* Agro-processing, value addition and improved
marketing for enhancing profitability and
employment opporiunities.

* Empowerment through capacity building and skill
development in core and allied agricultural sectors
along with employment generation.
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Achievements

* Basced on the cco-physiological conditions and
needs of the villagers. dilferent prototypes have
been established in all the six identified village
clusters of Champawat and Tehei districts in
Uttarakhand. Owver 12 ha of community land under
different clusters has been rehabilitated through
establishment of different prototypes during the
period.

= Stakcholders consultation and nced based
assessments were made through meetings and
discussions. Similar exercise was followed for
species prioritization, participation and knowledge
sharing, Community based natural resources
management (CBNRM) approach has been
adopted o achicve improved natural resource base.

= A gradual shifi from small scale cultivation ol local
varieties to commercial cultivation of improved
varicties of flowers has been introduced. Also legal
status 1o the growers through registration with
HRDI for marketing has been provided.

= A co-operative society named “Himalayan Jadi
Buti Ewam Phool Ulpadak Samiti” was set up in
Dharaunj cluster to ensure equal share of benelits.
proper execution and improved marketing of
MAPs” produce and cut flowers.

= Aformal MoU has been signed between the Society
and buyers for purchase of raw materials of MAPs
and flowers. In an cffort to ensure marking of the
products, networking has been done with the Girija
Herbal Kalvan Samiti. who will purchase Tejpaita,
Samyo and Satavar and the Himalayvan Social &
Environmental Development Society, Haldwani
who will purchase flowers and other MAPs at
current market prices. The details on the production
of MAPs and flowers and income generated during
the year are given in Table-17 and Table- 1 8.

* Harvesting and storage of water. soil/water

conservalion practices and mass scale cultivation of

improved prasses have been started under degraded
as well as terruce bunds of agricultural land. Five
such structurcs for storing rain water have been
constructed and stored water is being used for life
saving irrigation during summer and winters,

Table-17. Production of MAPs and income
senerated during the year.

MAPSpecies | Prdduction | Market Price | Net eoree | Mo, of
im uintaly | (Teyy ReJkgh | peseraded (i) Ieneficiaries
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Development of Baseline Information and
Identification of Potential Corridors for Namdapha
National Park (Tiger Reserve) and Mouling
National Park (2010-2011, ICIMOD, Nepal)

The Eastern Himalays 1s the meeting ground of the
Indo-Malayan and Indo-Chinese bio-geographical
realms, as well as the Himalayan and peninsular Indisn
elements, and i1s among the world’s ten most critical
centres for biodiversity and endemism. The region also
encompasses parts of the three global biodiversity
hotspots. namely the Himalayas, Indo-Burma and the
mountains of south-western China. The biodiversity of
the Eastern Himalayas is already well recognived o be
of global signilicance and provides various goods and
services. which are lifelines for millions of people
downstream in the Gangetic, Brahmaputra and
Salween river basing, The resion, however, laces
numercus environmental and socio-cconomic
challenges manifested by the poorest people from
diverse cultures and social backgrounds who largely
depend upon biorcsources for their sustenance. Filieen
percent ol the land srcas in the Castern Himalayas are
under formal protected area network and many of these
protected areas are yet 1o be explored and lack the basic
data of species list and their status. With this in
background. the aforesaid project is implemented in
order o {ill the knowledge gaps and have a better
understanding  on biodiversity  conservation  and
management challenges for Namdapha National Park
(tiger rescrve) and Mouling National Park, and areas
{corrdors) in between both the NPs,

Objectives

= Acomprehensive review report on [loral and taunal
diversity including status, distribution, threats and
their wse by local communities from the two
profected arcas (provide scparate lists of species
that arc cndemic or threatened specics and traded o
exported from the area).

= Preparation of baseline information on floral ana
taunal specics of the potential corndor between
Mouling and Namdapha NPs bascd on Ranid
Biodiversity Assessment.




Tdentifcation of human induced threats and

conservation challenges (both local and
transboundary) in the said protecled arcas and
document local level traditional knowledge/
practices utilized by people to enhance
conservation,

Preparation of a landuse and cover change map of
the arca with dominant forest types and identily
potential areas for developing buffer or
connectivity between the said protected arcas and
also the preparation ol a synthesis report.

Achicvements

As per the information collected from secondary
sources, the forest types within the Namdapha
National Park can be categorized as: 1. sub-tropical
evergreen forests, 2. temperate broad-leaved
torests, 3. abandoned jhum foresis, 4. tropical moist
deciduous forests, 5. tropical evergreen forests, 6.
tropical semi evergreen forests, 7. degraded forests,
8. bamboo forests, 9. temperate coniferous forests,
10. hollong [Torests. 11, hollock forests, 12,
riverbank side forests, 13, pine forests, 14, [ir
torests, 15. alpine grasslands. 16. subalpine forests
and rhododendron, 17, alping/subalpine scrub. The
lowland tropical evergreen forests of Namdapha are
perhaps the largest remaining Dipterocarpus forests
in the whole of India.

Compilation and analvsis of information on faunal
diversity o Namdapha National Park  shows
representation of 1278 species belonging to 47
orders, 196 families and 388 genera. This includes,
Inseels (427 species of 8 orders, 61 familics and 261
genera); Mollusca (13 species of 7 families and 11
generit); Pisces (95 species of 8 orders and 22
familics); Amphibia{ 22 species of 3 familiesand 5
wsenera); Replilia (44 species of 2 orders, 10 Tamilics
and 27 genera); Birds (490 species of 17 orders, 52
familiecs and 217 gencra) and Mammals (187
species of 10 orders, 34 families and 102 genera).
The Park represents 187 species of Mammals
belonging to 10 orders, 34 Families and 102 generi;
490 speeics of birds belonging to 17 orders, 52
Familics and 217 genera: 13 species of Molluscs
belonging to 7 fumilies and 11 genera; 95 species off
Fish distributed in 8 orders and 22 tamilies; 22
species of Ambphibia belonging to 3 families and 5
genera; and 44 specics of Reptiles belonging to 2
orders. [0 families and 27 genera. Class insecta in
Namdapha NP is represented by 426 species of 8
vrders, ©1 familics and 261 genera.

Assessment for IUCN threat status of 490 avifiuna
species reported reveals 3 ospecies (e, Ardea

insignis ., Gyps tenuirosinis, Gyps indicus) as
Critically, Endangered (CR); 1 species (Cairina
scutulata) as Endangered (EN); 7 species
(Arbrphilla rufogularis; Sitta Formosa; Tragopon
blvthii: Pellornum palustre; Stachyris ogler; Aceros
nipalensis) as Vulnerable (VU); and 12 spceics
(Icthyophaga humilis; Aegypius monachus; Circus
macrourus, Alcede Hercules, IHerpectus wardi,
indicator xantonotus, Brachyptervx leucophrys,
Prinia brunsii, splelacornis chocolatinus, Garrulax
nuchalis, Buceros bicornis and Annorhinus tickelli)
as Mear Threatened (N'T). Threat status ol under
different TUCN category of total reported birds of
Mamdapha NP is given in Fig.58. Out of the total,
21 specics of birds were reported to be having
declining population,

Namdapha National Park, falls within the Eastern
HMimalayas EBA [30. The key habitats of the
Eastern Himalayas are Sub-tropical Hill Forests,
Temperate Forests and Sub-Alpine Forests. They
harbour 21 Restricted Range species out of which
18 species are found in Arunachal Pradesh. The
Restricted Range species of the Park are  Red-
breasted Hill Partridges (Arborophila mandellin),
Blyth’s Tragopan (Trapogon blythii), Beautiful
Sibia (Heterophasia pulchella), Grey Sibia
(f1. Gracilis)While-naped Yuhina ( Yuhing bakeri),
Brown-throated  Tit-Babbler (Alcippe  Tudfowi),
Striped Laughingthrush {Garrulax vireatus),
Black-browed Leaf-Warbler (FPhyviloscopus
cantator). Broad-billed Flycaicher-warbler
(Tickellia hodgsoni), Wedge-billed Wren-Babbler
{Sphenocichia humei), Austen’s Babbler (Nachyris
nelei), Black-breasted Parrotbill ( Paradoxorniy
flavirostris) and Marsh  Babbler (Pellornewm
palustre). Thus, the Park is one of the National
Purks in the northeast blessed with the larpest
numbcr ol Restricted Range species,

Criticably
endangered

6%

Endangered
%

Vulnerable
14%
Lo risk Mear threatned
2% 23%

Fig. 38, Threat eategery of diflfecent birds
showing HIE™N siatas,
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Biodiversity Conservation Through Community
Based Natural Resource Management in Arunachal
Pradesh (2008-2012, GOI-UNDP CCF-11)

Arunachal Pradesh is India’s biological frontier;
arguably the hiologically richest region in the country.
Located in the Eastern Himalayan biodiversity hotspot.
it is one among the 200 globally important ceco-regions,
It has also been designated as a globally important
Endemic Bird Area as out of the 1200 bird species in
India, nearly 600 have been recorded from Arunachal.
Culturally, it is also quite rich being home to 26 major
and 110 minor indigenous communities. However, the
rich bioresource of the state, particularly its fauna, is
being seriously threatened in the recent time under
various forces, Therelore, an clTorl has been made vide
this project to conserve the rich biodiversity of the state,
through community participaiion and by adopting an
mtegrated approach considering the acknowledged fact
that hiodiversity conservation approaches do not work
n isolation of traditional communities inhabiting along
the forest fringes. The project [ocuses on local human
resource development and a mechanism to
institutionalize the process of environmental
sustainability through [ormation of community based
institutions and their involvement in the entire process
ot interventions tor biodiversity conservation and
livelihood development. The project basically aims at
developing viable, replicable and effective community
based natural resource management initiatives in the
proposed Tawang-West Kameng Biosphere Reserve
(TWKBR)} and Apatani Plateau in Lower Subansin
District of Arunachal Pradesh by providing incentives
W the local communities 1o elfectively conserve and
enhance biodiversity

Objectives

* To promote participation of local communities in
biodiversity conservation measures and resource
management,

= To promote alternative livelihood schemes like
ecotourism, agro forestry, and micro enterprise in
the project areas to provide incentives and reduce
natural resource dependence.

= To improve upon shifting cultivation and promote
livelihoods through technological interventions,

= To enhance community well being (primary health
care and education)

= To carry out studies and inventories about the lack
of mformation for improving policies, knowledge
basc and monitoring.

Achievements
= Efforts have been made during the reporting year to

make the twenty two (22) Biodiversity
Management Committees (BMCs) constituted
across the project sites for conserving and
sustainably managing the bioresources in the
project villages, robust and [unctional. even alier
exil of the project by bringmg them  under
Arunachal Pradesh Biodiversity Board. The APBEBE
has consented to adopt these existing BMCs. The
BMCs of a number of villages have also succeeded
in creating a corpus fund for their clficient
functioming through collection of agreed upon fecs
from members of the BMCs. who have bencelited
from other activities of the project. For example,
the members who received LPG connections and
piglets have donated Rs. 500 and Rs. 200,
respectively, to the BMC.

In order to promoie biodiversily conservation, three
more Community Conserved Areas (CCAs)
namely “Siikhe-Bo™ CCA (20 ha) in Ziro platcau,
‘Ritosa Ree-Mainarang Ree’” CCA (100 ha) and
‘Hugore Sewaphu® CCA (50 ha) in Tawang and
West Kameng (proposed) BR (TWKBR) in
Arunachal Pradesh were declared during the
reporting year. The CCAs ereated under the project
would promote conservation of ecologically and
socially valued wild [ora and fauna in Arunachal
Pradesh where the tribal communities arc wary of
using the existing Protected Arca legislation and are
not willing to create more PAs in the forest land
owned by them as the present legislation does nol
adequately recognize their customary rights and
ownership. In the state, the protected areas (PAs)
form about 18% of the total forest arca cxcluding
the reserved forests (19%). For example, *Siikhe-
Bo’ CCA would conserve the lorest and therchy
help in recharging of the Siikhe stream, which 1s
drying-up probably as its upstream tree-cover is
disappearing. The CCA would also promotc
conservation of biodiversity, particularly
Schizotorax, a fish species locally known as
Ngilyang-Nyige, which is culturally valuable and
whose population has been gradually declining in
the Siikhe stream, probably because of two basic
reasons 1) drying up of the stream and 2). its over
exploitation. Further, LEx-situ conservation has
been ensured through plantation of 6000 saplings of
Taxus wallichiana in 20 ha of lands in Apaiani
plateaw.

In an ¢ffort to meet the high fuclwood demand and
reduce pressure on forests, LPG sets as an
alternative energy were outreached to households
in praject villages, particularly those from the BPL
group which are predominantly dependent on
forests for fuelwood. with a pre-condition that they




would stop illegal felling of trees for fuclwood and
bring more area under the forest. During the
reporting year, 135 LPG Sets (Sets including single
gas cylinder, oven, regulator, lighter, Apron) wetc
distributed among 135 houscholds in 19 project
villages. The impact of the LPG connections is,
visibly reduced fuclwood consumption by
houscholds  with LPG compared to non-LPG
houscholds, as it was surveved that a houschold
with L.P(Gr set consumed an average of 9.50kg/day
fuel wood lesser than that of the households without
LPG sets in the project villages (Fig . 59).
Telecasting in local TV channels regarding
biodiversity conscrvation and its value to luture
survival of mankind has been carried out
throughout the year (19th to 25th April; 5thto 11th
June: 18th to 24th June; 30h (o 6th June: #th to 30th
Oct and 1th to 31st Dec, 20100, It has had a
tremendous conservation awarcness Impacl on
local people.

In order 1o promote Income Generation Activities
(IGGAs), | lakh [sh scedlings were distributed
among 120 houscholds in Apatani plateau. The
economic impact of the activity has been
documented and analysed. The total project cost
including cost for fish seedlings, transport and
others labour was around Rs. 50,000.00 only and
the gross return was about ™ 441, 150000 with a net
benefit of * 3,91,150.00. Also, 72 more piglets were
distributed among 72 households in 8 project
villages in Apatani plateau and 3 project villages in
TWEBIR.

Towards capacity building, %9 farmers were trained
on nursery lechniques, 80 villagers on basics of
Community Based Tourism (CBT), 40 farmers on
17 simple low cost farming and soil and water
conserving technologics, and 8 willagers on
bamboo based handicraflts.

The project has been awarded SCHOLL Research
Challenge Award 2010 for high caliber action
rescarch in development and governance that has
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had or have potential Tor demonstrated impact on
policy or society at in the category *Sustainable
Development and Preservation of the Ecosvstem’
by National Foundation for India and North Fast
Development Foundation being sponsored by
IDRC, Canada.

Cultural Landscape: The Basis for Linking
Biodiversity Conservation with Sustainable
Development of Arunachal Pradesh, India (2008-
2001, UNESCO-MeArthur Foundation, New Delhi)

Cultural landscapes are complex socioeconomic
expressions of ecosystems that have co-evolved under
the nfluence of biophysical factors as well as of human
societies at different levels of their cultural, social and
technological developmenl. Human cultures have
always been influenced and shaped by the natre of the
ecosystem, At the same time, humankind has always
influenced and shaped its environment to enhance the
availability of certain valued services. Unless
ceosystem management is firmly rooted in the local
cultural ethos, it can affect the livelihood concerns of
large numbers ol people particularly marginalized
socicties living in the fringe of the forests, causing
social disruptions and ccological degradation.
Precisely, cultural manifestation 1o an ecosystem could
simply be understood from the very definition of
culture that it is that complex, which include art, belief,
knowledge and morals of any other things acquired by
the man as the member of the society. Therefore, the
way ol life, 1.e., culture, of the traditional communitics
living near to bioresources must be comprehensively
understood and be integrated in biodiversity
conservation strategies for effective conservation and
sustainable development; however, the relationships
between culture and biodiversity are complex, which
need extensive mvestigation. Keeping this in view, the
study aims to address biodiversity conservation with
concern for sustainable development of traditional
communities living in the mega cultural landscape
along an altitudinal transect of the Tawang and West
Kameng districts in Arunachal Pradesh, inhabited by
Monpa and Sherdukpen tribal communities alongwith
others like Mijis (Sajolang), Bugun and Aka. Two
minor tribal communities Lishpa and Chugpa also
inhabit the region,

Objectives

* Landscape system analysis, figuring out the
linkages between natural and human-managed
ecosystems in the landscape and the manner in
which they arc linked to the village ecosystem
functioning.
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*  Trying to evaluatc the manner in which traditional
socleties perceive management of biomass, soil
fertihty and water resources within the landscape
and the kind of cco-cultural drivers that ensure
cffective management of natural resources, and 1t's
sharing on an equitable basis.

= A detailed analysis of the culture-based non-
codified institutional arrangements. such as the
organisation of cultural calendar linked to the
biophysical dimensions of the ecosystems that they
are concerned with,

= JIssucs related to competition vs co-cxistence of
different ethnic groups within and outside the
identified boundarics ol a given cultural landscape
and their implications for sustainable use of natural
resources within and between societies.

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

Achicvements

=  Community driven conservalion practices of floral
and faunal diversity have been documented during
the reporting ycar. For example, in Zimithang
rogion of the study arca, the whole mountain of the
Shockeng Gompa is considered sacred prohibiting
use of any plant species, including Rhododendron
specics, which is used as NTFP elsewhere. Daphne
papvracea 15 another plant species, which s
traditionally used by Monpas for making hand
paper for prinling and writing scripts of
monasterics. Further, many ‘plant specics arc
conserved valuing their cultural and religious
importance like Juniper sp.. which i1s considered
mghly religious and is used for incense by both
Monpa and Sherdukpens.

= Many of the faunal species are also conserved by
community driven conservalion practices. like
totems and taboos. Fur example, many animal parts
like bones of snake, tiger. cte. arc used during
rituals but they are only collected from the dead
animals. 1l has been believed by Monpas and
Sherdukpens that the killing of a tiger s very
inauspicious and il someone kills one he will have
tor perform a ritual for forgivencss ol his sin. Onthe
day ol celebration of a public rite, nobody
undertakes hunting, fishing and cultivation to avoid
injuring or killing ol any living being on ¢ceremonial
days. Huntimg is taboo for the family members
during the pregnancy period. Consumption of meal
is prohibited [or a year in the occurrence of death in
the family.

*  The Buddhist Monpas basically hunt less; however,
with increase in population and developmental
actlivities, their traditional values have diluted.
Further, over-population of the wild and domestic
animals often results in man-animal conflict.
Conservation conflict of the faunal species with the
Monpas were identified and documented (Table-19).

=  Major conflicts identified are crop raiding and
retaliatory killing of carnivores for live stock
depredation. About 40 species of mammals
belonging to § orders, 18 lamilas and 34 gencra in
the study area have been recorded. About 13 animal
species have been recorded. which are in direet
conflict with human population. Asiatic Black Bear
{Ursus thibetanus) was reported for having its
unique distinction in the ability to raid crops and
depredate livestock. Conflict intensity as per the
local perception was recorded high for 5 specics
(38%) while 4 species (31%) show moderate
intensity of conflict with man and therefore need
proper attention before they become a threat.
Another 4 species (31%) showed low intensity of
conflict with man. Dhole {Cuon alpinus) has the
highest conflict intensity (76.7%) of all the cases
while Snow lcopard (Unicia unicia) is having
moderate level of intensity (21%) and Asiatic Black
bear the lowest intensity (0.3%),

= |t was also recorded that mountain ungulates are
one of the major sources of protein for the people of
the region. About 64 species of birds are recorded,
which are being hunted by Brokpas (a pastoralist
sect of Monpas).

Table-19. Conservation conflict of the faunal species
with the Monpas.

| -{p:.n.a. [ Srientific nume Conservalion tnnfli-_:‘_ts__I
E .'Iﬁ:-lr: .L’:Fu.]EJ.E*T' . [ Croge ramder |

Fur 1= used to wrap cover

{npp ! 3
ppod lagur of T fsvwnned

Micuce mrzala

Anusachal Macuogue | Crop raider
| Hunted micnsively for sts
alamd

Humed for trophy

Himalayan musk deer | Moschas chvsogasier

| Hﬁiﬂ!’! ileer Memtivcies muriiok

| Blue sheep | Peewdois mavanr =
| Bkin sl G iradional
| storage apparabes
| Wery rare Tlunted For

| el

Vary Rare  Hunted for

Sor MNavranrfediey xioraleierey

Hurmalayan Goral ! Naceorledy gonad

Chinese Coral Noaeererehede conrcdatuy lmeast il
Taukun Hradovves sacicedor Himieg farthe fseat and
L = trophy .
2 Croporatber; notaliatory
[ iR 4 x 2
Wi ol o _-gr...' T humting, Huobed for ear,
Asiatic hlzck b Limenew thralrestonmy Crop-ranier
Tredates on varioes
| Dhole { tennr sl Tivestock - reralintory
hunting
” - Wery rame - iradiliomadly
Thoe 1 ; ;
Frge __I'rHIHJl"ﬁ.I fipric e
| — ; =
Leopard | Puererhiewa psadics Feafe, Fremie: Upomane
e | livestek [
1 hemalayan coesticss | Bare  Hunted for meet |

Flsapray deapeliere

peECipine A Fad
Dimnge bobled

| Bl soquigred

consEmpion

{enmenn.- Hunted for
el consEunpLon

Dremomys fkricd



Summary of Completed Project / Activity

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 (2006-2010, DST. New Delhi)

.I In North East India, where most of the farmers are subsisience farmers, technologies in
agricultural development that are based on high external inputs, become inappropnate and
inaccessible. Technologies, therefore, need to  be adapted to local conditions and based on the "
principles of Low External Input for Sustainable Agrniculture (LEISA). Keeping the above scenario in At
view, the present project was implemented during 2006-2010 with financial support from SEED '
Division. Department of Science and Technology, Government of India, New Delhi. The project.
primarily aimed at institutionalizing a process mechanism for technology backstopping and capacity
building of rural upland farmers in simple. low-cost, appropriatc technologies through a network of
credible NGOs and also encourage enfrepreneurship development.

1102-01L0Z 14043 TYNNNY

The project succeeded in up-scaling of technology backstopping (techaology

; development/modification, demonstration/dissemination, adoption/adaption and capacily |
building/enhancement) across five North Eastern states with the help of seven partner NGOs il
(PNGOs) covering eight districts, twelve development blocks, forty-nine villages and more than A

£ eleven tribal communities (Fig.60). In the process, capacity enhancement of more than 3670 tribai

; farmers (Table-20) has been done though hands-on-training on more than 17 low-cost and simple IO e
technologies, The project has a significant impact with more than 1500 houscholds adopting to one or i
the other technology such as trellises, legume intercropping, hio-composting, vermi-composting and |
bio-briquetting, etc. Asmany as 6% SHGs, 3 Farmers Cluband 1 Marketing Committee are formed by |
the PNGOs and number of entreprencurships have developed across the NE India. The practical, _
policy and programme impact of the project in addressing the technology development and
governance inthe NE India could be gauged from the level of replication of the technologies that are
developed/modified under this project in important programmes like IFAD-MRDS, Meghalaya:
Watershed Development Programme of Govt. of Arunachal Pradesh and activities of NABARD in .
Mizoram; Recommendation of the technologies for rehabilitation of jhum lands by the Inter- i
Ministerial National Task Force of Ministry of Environment and Forests, Government of India on

i rehabilitation of shifting cultivation areas; Adeption of a model developed under the case study for
rehabilitation of jhum land areas through integrated agro-horti-silvicalture cultivation under State
Compensatory Afforestation Management and Planning Authority (CAMPA) of Govt. of Arunachal
Pradesh. The project is an excellent picce of success story of collaboration between GOs and NGOs
and a multi-disciplinary approach in addressing technology development and governance in NE
India. Because of its high level performance, the project was awarded “SCHOLL Research Challenge
20107 by National Foundation for India and North East Development Foundation, sponsored by

IDRC citing that the project captured knowledge on technologies that have potential for the rural

India’s socio-cconomic ecosystem.
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Table-20. Number of farmers trained in the case study during 2006-07 1o 2009-10.
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=1 Name of PNGOs Peoples participation/coverage No. of farmers trained
Na. Districts Yillages Communities 206~ | 2007- | 2008
o covered _ covered 07 08 -09
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Fig. 60. Map of the project sites across NE Indiu.




= BIOTECHNOLOGICAL

The broad activities of the theme are based on
identification, documentation and applications of the
bioresources of Indian Himalayan Region (THR).
Studies comprise mainly on three major groups of
bioresources, viz. plants, animals and micro-
organisms. The plants are the primary producers;
therefore, a thorough understanding of the factors that
govern their productivity and functioning is of
paramount importance cspectally in the light ol severe
climatic conditions prevailing in the Himalaya, and
current concern about the global climatic change. An
understanding of the mechanism of plant adaptation to
stress, be it of physiological, biochemical or molecular
aspects, is extremely relevant for increasing
productivity of the plants. Plant propagation packages,
addressing the need of local people, have been
developed using conventional and biotechnological
tools; phytochemical and molecular profiling of
medicinal and aromatic plants is also being carmed out.

Documentation of animal and microbial diversity is
equally important. A study on diversity and locally
uscful species of fsh is underway in Arunachal
Pradesh. Exploration on microbial diversity with
special reference to rhizosphere micro-organisms has
been carried out which has led to the formulation of
carrier based bio-inoculants for mountains. The micro-
organisms that thrive under extreme environments,
from polar deserts to geo-thermal springs, are referred
as cxtremophiles, Psychrophiles and thermophiles, in
particular, have received special attention and are being
explored for their diversity, biotechnological
applications and the strategics adapted for survival
under extreme cliatic conditions of IHR. The theme
envisages to: 1) identify and document bioresources of
applied value of the IHR, i) generate technological
know-how ol the process development, and 1) build

APPLICATIONS (BTA)

capacity of the human resources, The theme envisages
to: 1) identify and document bioresources of applied
value of the THR, ii) generate technological know-how
of the process development, and iii) build capacity of
the human resources.

Assessment of Microbial Diversity in Himalavan
Soil and Determination of Potential Applications
(2007-2012, In-house)

Rescarch projects related to microbial diversity and
potential applications have been initiated in the
Institute. The focus of these projects has been on
isolation, identification and characterization of
microbial communitics. While the temperate and alpine
locaiions have been explored for coumerating the
diversity of free-living bacterial, actinomycetes and
fungal communities, the symbiotic associations
between selected trees and the arbuscular mycorrhizal
fungi have been investigated. Investigations have also
been carried out on microbial diversity of the hot spring
sites, located in the Garhwal Himalaya. Microbial
moculants suitable for colder regions of mountains
have been developed.

The present proposal has been formulated on the
hasizs ol the leads obtained tfrom the earlier work done in
the area of microbial diversity of THE. wilth emphasis
on: (1) rhizosphere microbial communities, and, (2)
extremophiles. In addition, a research activity has been
initiated on a mucrobiology bascd aclivity for NE
FCEION.

Objectives

= Assessment of diversity ol micro-organisms
growing in extreme conditions (thermophiles and
psychrophiles) of Indian Himalayan Region.
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»  Delermination of potential applications of selected
micro-organisms on production of secondary
metabolites and enzvmes.

= Preservation of purc cultures in the Institute’s
laboratory and accessioning of sclected cultures in
National and Iniernational Culture Collections, and
Gene Banks.

= [nitiation of a HQ and NE unit collaborative study
with an objective “influence of fire process during
shifting cultivation on soil microflora and
nulricnts™.

Achievements

= Psychrotolerant fungi vie. Paccilomyces hepiali, £
liliacinus, P variotti have been tested for
production of diffusible and volatile antimicrobials
against phytopathogenic fungi in dual plate assays.
Qualitative cxperiments on production ol Iytic
enzymes have been completed. Detailed
experiments on chitinases are in progress.

= The cnumeration of microbial communitics with
particular reference to water quality of river
Jataganga (District Almora, Uttarakhand), as
influenced by the anthropogenic activities and
scasonal changes has been completed. Water
samples, collected from five different sites,
experiencing different anthropogenic pressures,
have been analvsed for total viable counts and the
biological indicators, in four seasons, at two
temperatures. Isolation of micro-organisms was
conducted following standard procedures- Most
Probable Number, and Standard Plate Count. The
phenotypie and genotypie charcterization of pure
cultures is under progress. The isolates are being
classified as coliforms, non coliforms, biological
indicators, and soil micro-organisms.

s Selected coltures of bacteria, actinomyeetes and
fungi have been accessioned by MTCC, IMTECH,
Chandigarh: ITCC, IARL New Delhi and Agarkar
institute. Pune. The pgene sequences of the
important isolates have been accessioned by NCBL

* The influence of fire event on soil microtlora at
agricultural sites under shifting cultivation in
northeast India is being investigated. While the
enwmeration. identification and characierization of
bacterial isolates has heen completed, the
experiments on actinomycetes arc in progress.

Development of Propasgation Protocols,
Multiplication and Field Evaluation of Selected
Economically Important Plants in Indian
Himalayan Region (2007-2012, In-housc)

Reduction in the forest cover from the Indian
Himalayan Region (IHR), due to over exploitation. has

also resulted in decreasing the awvailability of non-
timber forest products including scveral medicinal
plants of high value. Since the IHR is a home to a large
mumber of cconomically and ccologically important
plants, large scale plantations need to be taken up to
cope with such challenges, and thus quality planting
material would bc required. Besides conventional
methods of propagation, in-vitro propagation
techniques have the recognized potential for rapid
multiplication of elite clones not only to provide the
much needed planting material for cultivation to derive
economic benefits but also for restoration of degraded
land and conservation. Keeping these goals in mind,
investigations have been undertaken on various target
species based on local demand, and results of different
studies taken up during this year have beenreporied.
Targel specics: Zanthoxylum armatum DC [syn Z.
alatem Roxb. (Rutaceae)|, Amomum subulatum Roxb.
{(#ingiberaccac) - HOQs; Ouercus spp. (Fagaceae),
Rhododendron spp. { Encaccac) - Sikkim unit; (Mea

ferruginea Royle (syn. O. cuspidata Wall. ex G. Don,

{Oleaceae)] - Himachal unit, Kullu. All are
cconomically important species

Objectives

= (Comprehensive base line information, germplasm
collection and maintenance in nursery.

=  Development of propagation protocols by
conventional (by cuttings and sceds) and in- vitro
mecthods.

= Large scale propagation of R maddeni and K.
dulhousiae planis for conservation using existing
protocols

= Large scale multiplication and field performance of
transterred plants.

= Analysisof chemical constituents.

= Training of students, farmers and villagers.

Achievements

s Figsue cultures of (fea ferrugineas were attempried
using ditferent explants, e.g. apical shoots, nodal
explants and leal segments from mature trees.
High shoot induction was observed only from the
nodal explants. MS medium  containing  halt
strength salls, BAP or kinetin alone or in
combinaiion with NAA was found suitable for
shoot prohiferation.

=  Maximum shoot induction was recorded in half
strength M3 medium containing BAP (0,44
S.88uM} and NAA (.40 pM). In two cytokinins,
BAP was found to be better compared to kinetin
{Tuble-21).

»  Of the three multiplication lechniques tried for
mass propagation of €2 ferruginea, mechanically
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scarified seeds germinated at 25-30°C within 25 days
and then their transfer 1o nursery was found to be the
best.

Mass scale propagation tor conservation of
endangered Rhododendron maddeni and R
dalhousiae using existing protocols are continuing.
Large number of plants have been successfully
produced and transferred to the field (Fig.6lac):
=500 tissue culture raised R. muddeni are currently
being maintained at nethouse and ready for ficld
plantation.

A micropropagation method was developed for
R griffithionum [rom the cotyledonary nodal
segments of 7-week-old secdlings. Multiple shoots
were initiated on modified Anderson { AM) medium
containing a growth regulator along with some
antioxidants (Fig.62a).

The effectof 2ip. BAPand/or GA3(5.15,25,35,45
uM) on multiple shoot formation was examined; 25
uM 2iP showed better result with maximum
number of multiple shoots (Fig.62b). Some of the
shoots also formed prolific callus at the base and
when these were sub-cultured they produced shoots
showing direct organo-genesis.

Field surveys were conducted in adjoining areas of
the forest for collection of explants of all available
Quercus spp. Over 300 plants of (). lamellosa
saplings raised from seeds are currently being
maintained under nursery conditions and are ready
for field plantation.

Plant regeneration in £ famellosa 15 in progress.
Leaf explants of different maturity were inoculated
onte Woody Plant (WP) basal medium
supplemented with wvarious combinations of
thidiazuron; callus induction was achieved in some
cases. Efforts to standardize the method arc in
Progress.

Stem cuttings (15-20 cm) of ¥ armatum were
treated with various chemicals (NAA, TBA,
Coumnarin & Bavistin) and planted in polybags
and/or soil under polvhouse conditions to induce
rool lormation; roots were observed in cullings
treated with TBA. Air layering was found to be a
suitable method for propagation of this species and
a seasonal influence was observed: this technigue 15
heing used for multiphcation.

Seeds were scarified and treated with different
concentrations of sulphuric acid (2-20 min): 50%
sulphuric acid ( 1 5 min, washing and sowing in soil)
resulied in about 85% germination (compared to
0% in control ) after 140 days (Fig.63a).

Modal explants taken from branches of 7. armatum
trees were used to develop in vitro cultures. The
sprouted shoots were multiplied on M5 medium

supplemented with auxins and cytokinins;
following shoot proliferation and further
multiplication, different treatments were provided
to induce root formation in these shoots.

Multiple shoots of 4. subularum were cultured on
the MS medium containing different
concentrations of cylokining. Effective and
maximum shoot proliferation was oblained on MS
medium supplemented with 0.5 pM BAP and 1.0
uM kinetin; the shoots were multiplied, rooted.
hardened and planted in soil (Fig.63b-1).
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Tahle-21. Effeet of different concentrations of
cytokinins (BAP or kinetin) on in vitro shoot

elongation in Olea ferruginea.
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Fig. 62, In vitre regencration of Rlododendron
sriffithiinam: {a) Seed germination after 15 d on the
MM medium; (b)) Muoltiple shoot induction on AM +2ip

(25 uhl) + antioxidand,

Fig. 63. Propagation of 2. armatm and 4. subuwlasim,
(a} Seed germination in A grmarnm following acid
treatment, (B0 Yatliows stages during in vitro
propagation of A subularum.

Molecular Characterization of Selected Medicinal
Plants of Himalayan Region (2009-2012, In-house)

Himalayan region is a rich reservoir or valuable
resource of medicinal and aromatic plants along with
the other economically important plants. One hundred
and seventy five out of 280 medicinal plants which are
mostly used by pharmaceutical industries are from the
Indian Himalayan Region. Most of the plant parts
derived medicines are obtained from simple part of
plants, in crude extract or mixture form. Some of the
well known medicinal plants of Tlimalayan region
include Aconitum heterophyllium, A. balfaurri,
Podophyllum  hexandrum, Picrorhiza kurrooa,
Valleriana wallichi, Taxus baccata, Pinus roxchurehii,
P gerardiana, Zanthoxyvilum armatum, Swertia
angustifolia, Angelica glauca, Heracleum candicans,
Ginkgo biloba etc. Biologically active compounds and
secondary metabolites have been identificd and
purified from these plants. In order to identify
genetically high yiclders in terms of sclected active
components (anticancer drug podophyllotoxin;
gingolides used in memory loss; and antimalarial drug
artermisinin) some high value medicinal plants have

been selected,

Objectives

= Collection and maintenance of germplasm

* Development of morphological, chemical and
molecular profile

= Establishment of relationship among
morphelogical, chemical and molecular profiles

= Moleculartagging ol high yielding genotypes

Target species: Podophyllum specics (P. peliatum, P
hexandrum, P sikkimensis), Ginkgo biloba &
Artemisia annua

Achievements

= Inter and intra specific molecular diversity through
RAPD, I55R and AFLP was estimated in
Podophyllum species. Using 20 AFLP markers,
88.01% polymorphism was observed amongst the
species and the paired relationship of
intercontinental species in the Podophyllum group
[P. hexandrum, and P. sikkimensis (Indian May
apple) ve. P pelatum (American May apple)]
appeats to be paraphyletic.

= Sixty RAPD markers were used to develop species
specific markers. Qut of the 60 only 4 markers were
able to clearly differentiate the specics. These
markers were eluted and cloned in Eco Rl site.

= Two and three leaved plants were obscrved in P,
hexandrum. These plants were used to devclop



molecular profiles; specific profile was observed
with Operon primers.

= In P hexandrum, plants collected from Kullu area,
showed higher podophyllotoxin (1.5%) content
whercas in P. sikkimensis only 0.336%
podophyllotoxin was detected.

= In order to determune the specific gingkolides
present in male and female trees, studies were
undertaken in G. biloba (=25 years old trees)
collected from the Kumaun region; survey showed
the occurrence of only one male (in Snow View,
Mainital) and six females, and their identity
confirmed using sex specific primers. Cloning and
SCOUENCINE are 1N Progress.

= Poly cross matting in A. annua was carried out for
gene pool exploitation; 220 plants were planted in
polycross Random Block Design (50 x 20 cm row to
row distance). A wide variation in artemisinin
content ((L.01-0.5%) was observed following
HPTLC analysis.

Phosphate Solubilizing Fungi in Himalayan Soil:
Diversity and Applications (20/0-20/3, D5ST, New
Delhi - Young Scientist Scheme)

Mic-roorganisms play a fundamental role in the
biogeochemical cycling of phosphorus in natural
ecosystems. Since phosphate solubilization 1s 2 prime
process for plant growth. the importance of phosphate
solubilizing microorganisms is well recognized.
Temperature, pH and biomass are vital factors for
various activities of microorganisms. The major
microbiological process by which insoluble
phosphorus compounds are mobilized 15 by the
production of organic acids. Literature on microbial
diversity of colder regions is scanty. The amm of the
present project is to determine the phosphate
solubilization and litter decomposition potential of the
dorminant fungi, isolated from Himalayan soil.

Objectives

* Phenotypic and genotypic characterization of
fungal cultures isolated from temperate Himalayan
soil.

= Screening and selection of efficient phosphate
solubilizing fungi, with special reference o liller
decomposition and planl growth promotion.

= Demonstration of the preparation and usage ol
carrier based formulations of cfficient fungi to the
targetl people of Indian Himalayan Region (THR)
{participatory lechnology development).

= Dissemination of the technique to the local people
through booklets and people’s participation.

oo
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Achievements

= Phaosphate solubilization efficiency of ten species
of psychrotolerant fungi with particular reference
to temperature has been evaluated. Adspergillus
niger and A. plawcus solubilized maximum tri
calcium phosphate and produced maximum
biomass at 21°C. The other eight cultures among
the ten showed maximum phosphate solubilization
at sub-optimal temperature. Out of these, six
species (A, candidus, A. deflectus, A. flavus, A
fumigatus. A parasiticus, and A. wentii)
solubilized maximum TCP at 28 “C. However, the
optimum temperature for biomass production for
these cultures was recorded at 21 °C. Smmilarly, two
species (4. wmidulans and A. sydowii} showed
maximum phosphate solubilization and biomass
production at 14 and 21 °C, respectively. This
indicates that the optimal temperature for
phosphate solubilization may generally be sub-
optimal for biomass production,

= Cold tolerant phosphate solubilizing species of
Aspergillus, Penicillium and Paeccilomyces,
isolated from the high altitude soil of Indian
Himalaya were considered for detailed
investigations on phosphate solubilization
efficiency at different temperatures. These species
exhibited tolerance to a wide range of pH and
temperaturcs. Species of Aspergillus were found to
be the best solubilizers, followed by Penicillium
and Paecilomyces, respectively. The phosphate
solubilization related parameters (reduction in pH,
production of biomass, and phosphatase activity)
were found to be temperature dependent.

=  Plate bascd assays have been conducted for
screening of cold tolerant fungt with a view of their
biodegradation potential. Many specics showed
positive results for laccase activity.

Characterization of Pyschrotolerant Fungi with
Particular Reference to Lignin Degradation under
Mountain Ecosystem (2070-2015, ICMR, New
Delhi)

Lignocelluloses are mainly present in the wood cell
wall where lignin acts as a barrier against microbes.
Lignin is a natural biopolymer which is abundant in
nature. Biodegradation of lignin is a crucial step in the
global carbon cycle. There are three categories of fungi
which can degrade lignin: white rot, brown rot and sofl
rot. Brown rol [ungi arc basically Basidiomyceles
which can modify lignin by demethylation and they
have prelerence for coniferous substrales.
Biodegradation 1s a slow process under low
temperature environment. The present project is based
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on isolation and characterization of cold tolerant
lignolytic fungi with reference to their biodegradable
abilitics under low temperature environments of THR.

Ohjectives

= Characterization and screening  of fungal isolates
for hgnolytic actvity

*  Characterization of enzymes involved in lignin
degradation.

= Study of molecular diversity of laccase gene in the
posilive isolates.

Achievements

= Screening of fungal isolates [or their lignolytic
activity has been carried oul. Phenotypic and
genotypic characterization of positive isolales 1s
under progress. Most fungal isolates showed their
growth between 4 to 35 0C, and were hence
considered psychrotrophs. Qualitative screening of
the isolates for laccase activity has also heen
performed and etticient isolates have been selected
[or quantitative cstimations,

{n-vitro Propagation and Conservation of Some
Rare and Endangered Rhododendrons Species of
Sikkim Himalaya (2009-2012, CSIR, New Delhi)

Rhododendrons well known for their splendiferous
flowers, are amongst the dominant specics along the
temperate, subalpine and alpine zones in the Sikkim
Himalaya. Rhododendron L. possesses aesthetic,
sacred, medicinal & aromatic, and fuel wood values.
The genus is represented by about 835 species in India,
and mainly distributed in the Himalayan region (one
species, R. nilagirictn in South India). Out of this, a
total of 36 species with 45 different forms, including
subspecies and varieties, occur in Sikkim alone, A total
of Tourteen rhododendron species from the Sikkim
Himalaya have been listed as critically endangered
{CR) or vulnerable (V). The nise in human population
with demand on land [or farming, increased animal
husbandry practices, construction of roadways, hvdel
power projects and allied works, and of late the tourist
influx have collectively resulled in building up of
considerable pressure on the wvery survival of
Rhododendron species. The Sikkim Himalaya is stll
dependent, to a large extent, on natural fuel supply and
in the countryside it is almost obligatory rather than an
option. Towards the fuel needs of the common people,
rhododendrons are always a prime target on account of
the easy burning qualitics of wood, and are therefore,
cxploited at a large scale wherever they grow in the
Sikkim Himalaya.

Under the circumsiances, an effort for the
conservation of rhododendrons has been taken up Lo
save the existing rhododendron germ pool of this
keystone genus of the Himalayan region. Maintaining
viable populations of rhododendron species 1s a erucial
lactor in comservation efforts, and this calls for adopting
appropriate conservation approaches, including ¢x-silu
and in-situ methods

Objectives

= Collection of seeds, shoots and twies for
prolileration.

= In vilro germplasm conservation for a few selected
rare and endangered rhododendron species.

*  Use of both conventional and in-vitro methods for
propagation of selected species.

= To develop efficient micro-propagation protocol

lor mass propagation of a selected number of rare

and endangered specics,

Test trials of seedlings, raised through tissue

cultre, in arboretum and field conditions.

Achievementis

= Conventional methods of propagation using seeds
were investigated in R. niveum using rhizospheric
soil and garden soil (1:1, v/v).

* Inorder to develop in vitro cultures nodal explants
were cultured on AM media using different
concentrations of 2 iP, BA and GA3. Maximum
number of multiple shoots (per cxplant) was
obtained on media supplemented with 24,6 uM 2P,

= Inaseparate experiment 1A A was used in difTerem
concentrations (0.57, 0.71, 2.85, 5.7, 17.1, 28.5
M) in combination with 2 i (24.6 uM). Betier
response was found using 2.85 and 5.70 pM TAA
(Fig. 64a & b).




Fiz, 64, The caultures of . piverm on AM media
supplemented with (a) 2 1P+ TAA (240 +2.85 uhl)
and (b 2P+ TAA (24,6 +5.70 nM).

= Inanother experniment usc ol 210 F IAA(ZE.6+ 285
uM?y) showed excellent multiple shoot
formation with more number ol leaves.
Incomporation of 285 pM IAA in the medium
during the [irst subculture after establishment and
initiation of shoot buds significantly improved the
shoot clongation. Regular subculturing at every 4
weeks increased the rate ol mulliplication which
showed maximum values after 3-4 subculture
cycles.

Role of Mycorrhizae on Gas Exchange
Characteristics, Particularly Photosynthesis and on
Water Relations in Three Central Himalayan Oak
Species: Implications with Reference to Climate
Change (2010-2013, DST, New Delhi)

Oaks {Cercus spp.) are the climax species of the
central Hiamalyan region. They are well known 1o
protect the fragile ecosystem and help in so1l and water
conservation and soil [ertility. The leaves are used
widely in the hills for fodder. Regeneration of oaks is
viry low and ovak forests are deleriorating at an
alarming rate due to tremendous anthropogenic
pressure. Oaks are known to form mycorrhizal
associations which help in absorption ol nutrients,
especially phosphate, help in disease resistance and
drought tolerance. Therefore, three oak specics
(@, glawca, O lencotrichophora and Q. semecarpifolia)
of this region based on their occurrence at different
altitudes, were selected for this study.

Objectives

= Toohserve the elfect of mycorrhizal inoculation on
overall growth.

= To investigate the elfect of climale change with

co
[ma}

reference to elevated temperature and CO2 on
inoculated and mycorrhizal oaks over uninoculated
controls.

= Domycorrhizac protect oaks from drought stress?

* ‘lo develop a simple nursery level protocol for
raising scedlings for forestry

Achicvements

= In order to understand the physiology of the
species, mitial studies were camed out on the
photosynthetic performance and water relations.
The parameters examined were net photosynthesis
rate, stomatal conductance, intercellular CO,
concentration, transpiration, water potential,
relative water content, and chlorophyll content.

= After preliminary study it was observed that the net
photosynthetic rates, stomatal conduetivity and
transpiration were high in Q. lencotrichophora and
0. semecarpifolia and least in (. glauca. The waler
potential was high in Q. lencotrichophora and
Q. glauca but low in Q. semecarpifolia. Further
studics are in progress.
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Summary of Completed Proj. CHvily

Field Evaluation of Microbial Ineculants Developed for Use in Mountains
2007-20H0, UCOST, Pelradun)

The major objective of this project was to bring awareness on the use of microbial fertilizers for
agricultural and forest species. grown in mountains. On-farm demonstrations, with a view of bringing
awareness about this microbe-based technology, have been conducted. in participation with local
farmers.

The villagers have shown positive attitude to adapt this inexpensive and eco-friendly microbe

based techno The technology can be integrated with the traditional use of organic inputs and
water management. The microbial inoculants aleng with the local farmyard manure may work as
microbial fertilizers that will help in enhancing the overall plant productivity. There is need for the
establishment of production unit(s) for large scale production of microbial inoculants in the form of
cottage industry. This concept requires attention at policy level, specifically in mountain states. such
as Uttarakhand.

The success of this project ean be attributed to the fact that (1) the micro-organisms used as
inoculants originally wer ated from temperate or alpine locations of high altin roe scale
screenings for desirable traits {mainly nitrogen fixation, phosphate solubilization, dise ntrol and
tolerance to low temperature), and (3) their ability to influence a ‘microbial shift’ in the native
microflora. mainly in the form of stimulation of beneficial microbes and suppression of discase
causing microbes
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Summary of Completed Project/Activity

Capacity Development and Economic Upliftment of Rural Women through Pond Based
Inteprated Farming System Approach (2007-2010, DST, New Delhi)

Diversification of cereal crops to high value crops like fruits, vegetables, mushroom etc.
along with poultry, fish and milk products has been identified the best option fo increase productivity
of farming system: it also provides substantial economic benefits to small hold farmers. Based on the
leads from a previous project on integrated fish farming in hills, a study was proposed to incorporate
several other components such as, composite carp culture, pouliry/duckery. livestock, off season
vegetables and mushroom cultivation, green fodder production and vermi-composting 1o develop
madel (s) for high economic returns in resource poer farmer’s ficlds.

The main objectives of this project were optimum utilization of water. under used land resources
and farm waste through integration of fishery with various compatibie and complementary farming

_system compornents and to provide employment, income generation opportunities and nutritional

security to rural folk, motivation and capacity building of farmers through training and demonstration
Programmes.

Three models of Integrated Farming System (at Sunola, Patherkote village and RTC, Kosi)
comprising various complimentary components such as composite carp culture, poultry, vegetable,
mushroom, fodder production and vermicomposting were evaluated {Fig.65). Fingerlings of exotic
carps (3000/ha) and chick birds, Kuroiler (3000/ha) were stocked at each site. Substantial survival rate
of fingerlings, chick birds and their subsequent growth was recorded. Fingerlings attained an average
weight of 280-475 gm. while chick birds grew to 1.5-2.75 kg within rearing period of 8 months.
Fefnale birds attained sexual maturity in 24-26 weeks and produced more than 150 cggs in an 18
month cycle. More than one ton of different vegetables were produced annually at cach site,
Altogether, 26 species of extra-aquatic fungi and 19 species of water molds, including virulent
pathogens of plants and fish were isolated from pond water. Six species of water molds were also

- detected from diseased fishes. Saprolegnia parasitica parasitized all three species, while S. diclina,

Achlya debaryana and Aphanomyces laevis parasitized two fish species. These pathogens also
appeared virulent under laboratory conditions. In all, capacity of 1297 persons including 468 women
was strengthened to the IFS. through lecturcs, audio-visual and field visits. The technology has
opened new horizons of increasing productivity of farming system with low cost inputs, through
increased efficiency of resource utilization and diversification of farm produces.

Fig. 65. Integrated fish farming model at Rural Technology Complex, Kosi, Almora.
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| KNOWLEDGE PRODUCTS
AND GAPACITY BUI

The Himalayan mountain communitics have
acquired immense knowledge of their natural
environment, Yet this accumulated knowledge is
rapidly disappearing as the traditional communities are
steadily becoming more culturally and biologically
uniform. With greater realization of the value of this
knowledge base. il 15 considered that the knowledge
needs to be an integral part of a holistic and cost-
effective approach to sustainable development. The
knowledge accumulated, documented,
produced/developed over a period of time in any field
[or human well be¢ing and natural resource
management, is required to be transmitted or
exchanged through capacity building cfforts 1o
empower all the stakeholders at different levels. The
traditional ceological knowledge and wisdom of the
indigenous people has become a major focus of
attention within the past decades. [t is considered to
have fundamental importance in management of local
resources in the husbanding of the world” biodiversity
and in providing locally vahid models for sustainable
living. It is now widely recognized that along with the
conventional science and technology, the traditional
knowledge products of critical importance for over all
development of the Himalayan region. Knowledge
base of the different traditional societies and knowledge
products developed through science and technology
interventions, 1f suceesfully  adopted/implemented
through capacity building programmes would certainly
help ceologically sound, cconomically viable, socially
acceptable and institutionally enforceable outputs. The
objectives of the theme are: (a) undertake mn-depth
studies on documentation and validation of knowledge
(traditional/indigenous/rural) system of traditional
communities including cultural, biological. material,
spatial, landscape as well as intellectual components

and their on-going interactions as the basis for
protecting, safeguarding and improving the knowledge
base. (b} utilise natural resources for income gencration
using local knowledge and capacity building through 8§
& T interventions, (¢) (ranslate existing knowledge
related to bio-and natural resources into products, (d)
enhance capacilics and skill of rural and marginal
societies in harncssing the potential of knowledge
systems  for socio-economic development, and ¢}
provide opportunity for stakeholders to interact with
each other and with institutions working on knowledge
product systems logether to address research. action,
and policy needs and help to develop appropriate
knowledge sharing and dissemination to the user
community at large.

Sustainable Tourism: Asscssing the Eco-Tourism
Potential of Garhwal Himalava (2007-2812, In-
house)

Tournsm has been the strongest and fastest growing
industry worldwide and tourism can be an important
consiituent of the country's economy. Development of
tourism in India is a recent phenomenon compared to
somge other countries. In the past three decades Indian
tourism has developed considerably and made rapid
strides in bringing good chunks of profits to the country,
Mow tourism  has established itsell” as o pnme
component in the Indian economy. Uttarakhand’s, rich
religious tourism tradition and adventure wurism
potential is emjoying worldwide reputation as an
international tounsm hotspot. Tourism industry is felt
to have ecological impacts on the hill/mountain
cnvironment as the rising numbers of tourists present
both threats and opporfunities. This  industry s
confronted with arguments about 11s compatibility with




environmental management and  local community
development. Therefore. there is an urgent and
immediate need to create and increase awareness.
advocate and impart necessary training for capacity
building of various stakeholders to enable them to
handle tounism in an ecnvironmentally responsible
manner and develop tourism in areas making
environment an integrated part of'it.

Objectives

= To assess ceco-tourism polential of selected sites
such as Panchkedar (Kedamath, Mudmaheshwar,
Tungnath, Rudranath and Kalpeshwar) and
Trivjgzinarayan,

* To undertake analysis of environmental, social and
cultural impacts of cco-tourism.

*  To seleet a model of ceo-trekking/eco-expedition
routes ol'a few potential sites.

* To create awarcness, develop capacities and
empower all the stakeholders at different levels in
eco-tourism chain so that it results moa ¢lean, green
environment,

* v empower local communities to manage cco-
tourism while linking 1t with local production
systems, development of eco-tourism products and
other income generating activities

* To develop a varicty of advocacy and awareness,
education and training materials, guidelines, policy
recommendations and strategies and action plans
for sustainable tourism/cco-tourism,

Achicvements

= The net economic return earncd by varous
stakcholders during tourist season involved in
various income caming activities (hotel/lodge/shop
owners and employees, persons supplying fucl
wood, milkmen, sweepers, shop owners, shop
employees, porters and horse owners) were
quantified and worked out (Fig.66),

=  Developed a map of cco-trekking/eco-expedition
routes/treks lo potential areas/sites/places in the
upper Kedar valley in consultation with the local
peoples, local tour puides and tour operators.
Initially a few trek routles (Kedarnath to Vasukitall
and Trivuginarayan lo Pawalikantha cic.) were
identified and a map was developed late for cco-
tourism development in the valley.

* In-depth study on dung production by pack animals
and its decomposition through suitable technique
Le. vermin-culture has been carried oul while using
various experiments under two different conditions
in the field. Nutrient analyss of the decomposed
dung was also carried out {(Fig 67).

* Bioprospecting unit has been established for

w
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demonstration and processing of locally available
bio-resources as an eco-tourism producl. Three
specics of medicinal plants (Angelica glauca,
Allium spp. & Plewrospermum spp) having huge
potential for bio-prospecting have been selected.

= Developed capacity building of local tour guides/
students on avifauna diversity and its linkages with
cecotourism promoetion, biodiversity conservation
and income gencration.

= Assessment ol carrying capacity of lodges/ hotels
in different places between 35km distance in
Kedarnath pilgrimage site were carried out,
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Capacity Building for Entrepreneurship
Development and Seclf Employment in the
Himalayan Region (2007-2012, In-house)

The central Himalayan region is rich in bio-
resources but 1t is felt that the potential of scicnee and
technology has not been adequately and appropriately
harncssed m overcoming the development constraints
poscd by the tragile environment and thus the need for
large scale establishment of technology resource centre
was realized. Poor access to appropriale technologies
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due to difficult topographies and tough mountain
conditions 18 onc of the major causcs of poverly,
drudgery and natural resource degradation in the Indian
central Himalaya. Of late, development planners have
realized the importance of suilable or appropriate
technologies and practices, and therefore, have stressed
upon the need for a large scale demonstration, on-sile
training, capacity building and skill development of
user groups in rural and marginal arcas of the region.
Technology change 15 an important instrument in the
continuous process of soclo-coonomic development,
Therefore, introduction/development of appropriate
and  hillfmountain specilic technologics and  the
requisite training of local farmers are two imporiant
aspects required in the transfer of technology in areas
where it is needed.

With this rationale a center which can act as a nodal
point to collect information from various agencies/
institutions/ individual experts and to disseminate this
knowledge to target groups spread all over the
Himalayan region, was established in the Institute’s old
Campus at Kosi in the form of a project. Capacity
building through training, demonstrations ofl
technology packages and field cxercises of largel
groups carricd out under this programme gained
tremendous popularity and was appreciated by the end
users. It was found that this s a very important and
successful step lowards taking benefits of science to
end users,

Ohbjectives

= To provide basket of hill specific technologieal
intervention based on rural resource availability,

= To build capacity through trainings/ live
demonstration/ ficld cxcrcises of stuke holders and
training of trainers (TO'Ts) held onaregular basis.

*  To guide and supporl for field mplementation of
technology packages to the stakeholders and
subsequent monitoring.

* Topresenta case study of peoples empowerment by
adopling diverse oplions.

* To reduce out-migration by providing sell-
sufficiency within the system in the long run.

Achievements

= A total of 40 technologies were collected,
tested/modificd and mamtaimed at the RTC (HQs),
Maletha and Trivuginarayan {Garbwal Unit) with a
view to replicate and/ or disscminate.

= Most of the documented technologics were based
on four major groups 1.¢,, yield increasing, income
generating, life supporting and value addition, and
other supporting activities and are demonstrated in

varions easy to understand means viz., live and

working demonstrations, models, posters.

information folders, etc.. and maintained or redone
regularly throughout the reported periad.

= The acquired skills'technology packages woere

disseminated by organizing capacity  building

programmes (training & awarencss) of  different
user groups ie., officials of different Government
organizations, NGOs, farmer groups, students, cte.

=  During this vear (April, 2010 to March, 2011) a
total of 22 trainings and awarcness programmes
were conducted for diffcrent user groups at
dillerent RTCs (farmers/officials selected by Govt,
and non govi. organizations, farmers selecied by
Institute programme and students e, of which
21% training/awareness programmes were for
Statec Biotechnology Deparmment. 21% NGOs,

20%  Watcrshed management, 11% students, 11%

Institute programmes and 11 % horticulture

and  other government departs and 5% Livelihood
improvement programme. A tolal of 1260 persons
(Female, 591 and Male, 839) covenng 5 districts
and 42 villages were benefited (Table-22).

= During the period (April, 2010 to March, 2011) an
amount of Rs 2.54.000.00 (Rupees two lakh fifty
four thousand) was generated through training, sale
of planting material from RTC nursery and other
activities.

= During this year 196 persons (04 Scientists &
university teachers/Planners. 11 govt. officials,
181 Farmers) visited the RTC,

= The RTC has provided emplovment to Ning (9)
persons (6 persons at RTC & 3 persons for
supported activitics).

= Based on the participatory discussion, training
manuals on various technology packages were
prepared, and distributed to the farmers and user
gl‘ﬂllp’.‘{.

=  Nurseries of high value medicinal plants i.c.
Picrorahiza kurroca, Sassurea cosius,
Padophyllum hexandrum, Aconitum
heterophyllum und Verginia ligulata were raised
and established over two acres of land, Efforts are
being made to integrate horticulture with MAPs
cultivation {Photo A) s0 as to maximize the net
return on per unit area basis and the same were
demonstrated to the farmers. Some progressive
farmers have adopted medicinal plaot cullivation
{ Table-23) as an option of livelithood and o sustain
the traditional healthcare system.

= Honey bee rcaring was initiated at RTC,
Trivuginarayan as an option of livelihood for local
farmers.




Table-22. Training organized for different users
(April, 2010 —March, 2011).

Users Total| Male Female
Farrm?*]*.-; ﬁ_eitctcd by Gowt. 181 300150 | 81474
i}l'z__euuxalmns
Farmers sclected by NGOs| 605 | 273 332
Instilute programme 3 19420 12+25
Students 243 177 iy
Total 12640 | 839 501
Mistricts covered b
Villages covered 42+ 6=4d%

Table-23. Adoption of medicinal plant cultivation in
high altitude villages of Kedar Valley.

i Particulars Villages
Trivoginarayan | Tosi
| Mo ol familics adopled 7 4
bandumer ; 24 19
culivation/ Tamily (Naliy |
vempenacof 9600000 32000.00
saplings/seedlings family _ )
Prevorahize Gurrooa, i ;
Prevaralizg
Name of specics Suevnrea castuy, e
e Padoplviium hevandrum, ;
cultivated e Seessrrea
Avenstrin fetevophydlm,

: i : CTASILY
Ferginia lndaia |

Establishment of Quality Assurance Laboratory for
Medicinal Plants (2009-2012, In-fouse)

India has one of the richest and most diverse
cultural traditions associated with the cultivation and
use of medicinal plants. As per the traditional medicines
programme of the World Health Organization (WHO)
nearly 0% of the world population use phyto-products,
phytoconstituents produced by wild plants which play a
very important role in the livelihood of the rural
communities (Dubey et al, 2004). The task force report
(2000) on “Conservation and Sustainable Uses of.
Medicinal Plants”, Planning Commission Govt, of
India, has clearly indicated that in recent vears the
interest on medicinal plants in the country has increased
many folds. This realization has resulted into
phenomenal increase of R&D in medicinal plant sector.
The Indian Himalayan Region (IHR) due to its vastness
and diverse climatic zones harbors a large number of
plants of medicinal value (Samant ¢t al. 1998, Dhar et
al, 2000).

=]
I

Natural products mainly sccondary metabolites,
present in these medicinal plants, have always received
a great deal of attention of chemists, cnzymologists,
biotechnologists as well as industrialist in recent times,
These are organic compounds that are formed by living
systems. Our insitute is already working on the
ceological, biochemical and biotechnological aspecty
of these medicinal plants eg. Aconitum balfourii,
Podephyllum hexandrum, Picrorhiza hurrooa.
Berberis spp. ete. Except these Taxus baceata, Gink g0
hiloba, Rosa damascene had also been studied.

Now there is a need to develop a full-Medged
laboratory dedicated 1o phytochemical analysis. The
main aim of establishing this facility is to centralize this
in the institute so that it would be accessible to every
rescarcher of the institute, In the initial stage cmphasis
would be on development of basic chromatographic
tacility [or chemical finger printing purpose.

Ohjectives

* To establish quality assurance laboratory for
medicinal plant analysis,

= To develop Chemical profile of selected Medicinal
Plants inttially from prioritized list of Uttarakhand,

* To provide hands-on-training and support in the
Institute as well as outside agencics.

Achievements

* Extraction and analysis procedure of some of the
medicinal plants of prioritized list of Uttarakhand
were reviewed,

* Medicinal plants which are having volatile organic

compounds as active ingredients are selected for

current study, eg. Carum carvi, Cymbopogon

Hexuosus,

Analysis of active ingredients present in

Cymbopogon flexuosus (Citral, Myrcenc,

Geraniol, Linalool} was carried out using different

solvent/ solvent ratio by Thin layer

chromatography (TLC) and following observations

were made:

- Hexane as a pure solvent is found best [or
Myrcene separation

- Dichloromethane is found best for citral.
Geraniol and Linalool

- 13! ratio of hexane: acetone, hexane: cthyl
acetate and hexane: dicthyl ether are found
better for citral and linalool separation

Strengthening Fodder Resources and Developing a
Pilot Model for Reducing Drudgery of Rural
Women in Kedarnath Valley, Uttarakhand {2009
2012, DST, New Delhi)
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In the Garhwal region of Uttarakhand
inaccessibility ofthe area and deprived socio-economic
status of locals 1s responsible for their total dependence
on nearby forest areas. Animal husbandry largely based
on different land base interventions plays a vital role in
the rural cconomy. Vegetation is already in a degraded
stage in most of the areas of Himalaya. Conscquently,
any depletion of this resource basc can crode living
standards as well as ecosystem stability, Huge amount
of fodder deficicney 1s [aced every year and
unavailability of green forage adds to the drudgery of
local women. The problem has led to resource
extraction conflicts, malnutrition of women folk and
their offspring increase in health related hazards, major
and minor accidents because of collapse and improper
education of girl child etc. In this project we arc
developing a fodder bank model using fast growing,
high biomass yielding, nutritious tree, shrub and grass
fodder both indigenous and introduced specics. These
species are selected on the basis of local people’s
preference as well as by suggestion of experts on fodder
species,

Objectives

= To screen and propagate promising fodder species
on community lands.

=  To rchabilitate village commons with people’s
participation and develop a fodder based pilot
model for replication.

= To build capacity of the women for strengthening
fodder resources within village ccosystem.

*  To suggest a workable strategy for replication of
fodder-bascd approach for reducing drudgery of
hill women.

Achievements

* A total of 4.0ha of waste land has been developed
into i fodder bank model at Maikhanda village. The
maodel was rehabilitated with Ringal Bamboo
[(Chimnohambusa faleata, Thamnocalamus
spathiflorus, Arundinaria spp.) while indigenous
tree species that have been used in the model site
development arc Alnus  nepalensis, Cuercus
alanca, OQuercus lencoiricophora, Ficus nemoralis,
Ficus awriculata . Debregeasia salicifolia | Ficus
subinciza the introduced tree species were Celtis
australis, Morus alba, Bauhinia varigata and
introduced grass species were Penniselum
puerpureters Hybrid Napier 2 varictics.

=  The result of assessment of the total green fodder
collection was highest for Shersi village 8446.23
kg/household/day whereas, 1t was lowest for lower
altitude wvillage of Maikhanda ie. 64.443.60
kg/houschold/day (Table-24).

= A fodder plant nursery with two structures of
polyhouse and net house have been developed for
mass propagation of somec lesser known but
preferred fodder trees and grasses that are to be
planted and distnbuled among locals ot the area.

= The results of vegetative propagation revealed that
the maximum propagalion percentage was recorded
lor Debregeasia salicifodia Tollowed by Ficus
awriculata and F nemoralis (Tig.68).

Table-24. Quantity of green fodder collected from
March-October in selected villages located at
different altitudes of Kedarnath Valley,
Uttarakhand.

Villape Mumiber ol ity Chaanlity Cruantity
Backlead HH'  Kglilliday  Kgiilmonth  KpHHseason
Day
Tusi 23H=UF R33245.03 250060+ 100 50 EI:I.IHi-Hl:E'?m
Triyaginarayan 14008 Bda2r 2530 1&RRd TR0 A9.T9
Ehersi 2340015 544623 LR2200STES 20.167: [ 496,82
Rampur 2364132 20423 2ATHI26HT O L4HZ4: 01407
Sitapar LA 1B HIALS A2 2457015959 [ 63ALE TT6.GR
Maiklanda R4+ 10 644430600 19322 108,10 154504 R04.82
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o, bl Propagation pereentapee of diltecent plant species
under various hormenal freatments,

Demonstration, Value Addition and Up-gradation
of Traditional Wild Edible Producis for Sustainable
Livelihood in Kedarnath Valley of Uttarakhand
(2008-2011, DST, New Delhi)

Forest based resources have played a kev role in the
sustenance ol human civilization since time
immemorial and are till now deeply associated with 1t
and serve a large number ol human population
throughout the world. Wild edible fruits are one of the
precious groups of non-timber forest products that
played a prominent role in uplifiing the socio-economy
of human beings, particularly i tribal, rural and



marginal areas for thousands of years, The increasing
unemployment in the rural sector of upper Kedar valley
15 likely to have serious ramifications on socio-
cconomic and environmental balance. In spite of
numerous laudable developmental programmes and
huge investment, the reality of rural livelihood in this
region is rather dismal. With the growing concern and
commitment to hill area development and livelihood
enhancement there is now an increasing inlerest as to
how the untapped and under utilized wild bio-resources
can contribute to the food security of the house-holds.
These resources are recognized and valued not only for
their short term economic benefits, but also for their
socio-cultural richness and the sustenance that they
offer toa large number of rural houscholds.

Objectives

= Toundertake in-depth survey to asscss the extent of
arca under some potential wild edible species,
MAPs and wild oil species across an altitudinal
gradicnt of the Kedamath valley, document
indigenous knowledge and evaluate their
contribution in local diet and traditional health care
System.

= To undertake fruil yield assessment and
phenological studics so as to provide appropriate
time for fruit harvesting.

* To select the wild edible specics, MAPs and wild
edible oil yielding plant species depending upon the
dominance and availability for local value addition
and to undertake cost benefit analysis of edible
products developed from them.

= To develop skill and capacity building while
providing timely and regular training to the target
population and demonstrate the enterprise while
preparing a variety of local value added cdible
products from selected wild edible species, MAPs
and wild oil yiclding species which may be easily
marketed.

* To cxplore the possibilities for cstablishing
linkages between farmersiusers and small scale
mdustries for marketing and up-gradation of the
products made from different wild bioresources.

Achicvements

* Developed appropriate approaches & framework
for capacity buillding & skill development in the
area of bioprospecting and value addition of non-
timber forest products NTFPs. Strong linkage and
nelworking was developed with various
institutions, NGOs and line departments for widar
populanzation of the use of wild edibles.

w
o

= Disseminated the package of practice regarding
value addition of some potential species such as
Viburnum mullaha, Paeonea emodii and
Rhododendron arborem to some of the local NGOs
and a few of them e Swaraj Swayal Sanstha,
(Masta, Guptakashi), Laxmi Fal Sanrakchan Avam
Kutir Udhyog (Agustyamuni), Mohil Fal
Sanrakchan (Silly, Agustyamuni) have started
preparing and marketing the products of these
specics.

= Three training programmes have been organized
tor user groups/unemployed youth of the region by
making a variety ol value added edible products
such as Jam, squash, juice, sauce, pickle cic.

= A small bioprospecting unit has been established
for demonstration and processing of locally
available biorcsources. So far more than 165
families from upper Kedar valley have madc
sirategic intervention in biorcsources based
products and enterprises development for
enhancing  local livelihood opporiunities and
creating cconomic incentives for conservation.

= Population study was carried out for a few selected
potential selected wild cdibles e, Fiburnum
mulluha, Rhododendron arborium and Pyracantha
cremudara in the different locations of Kedar valley
for conservation and management.

= Two wild edible specics 1.e. Viburnum mullaha and
Paconia emodi having huge economic potential for
bioprospecting have been selected for nursery
raising 50 as to meet the  goal of large scalc
cultivation and conservation.

Enhancement of Livelihood Security th rough
Sustainable Farming Systems and Related Farm
Enterprises in North-West Himalaya (2007-2012,
NATP/TCAR)

All over the Ilimalayan region agricultural
productivity is highly interlinked with the status of
natural resources 1.c. land, water, [urests, mincrals ete,
However, the natural resources are in a poor status
because of high dependency on them for diverse
subsistence needs of the rural communities. Due to
increasing diverse requirement for subsistence of
growing population. a variety of problems related to
ccosystem balances has been ¢merged in the central
Himalayan region over the last few decades. Indeed, the
environmental problem in Himalayan region is due to
physical, biological and socio-ecomomic factors, As =
result, most of the common resources are now in o
degraded state. In this context, appropriate science and
technological interventions are required to manage
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common property resources in this arca. Therefore, up
gradation of common resource base coupled with
rehabilitation of degraded lands and requisite training
of target groups/uscrs are important aspects required in
the hill region w sustain the livelihood of the local
communitics.

Objectives

To develop sclected prototypes (models) for
inereasing community livelihood on village
commons (i.¢. Van- panchavat and other
community lands) and improve nawral resource
status in the wdentificd village micro-watersheds,

To document mdigenous knowledge, develop local
capacity and strengthen village institution for
sustained people’s participation and development
of natural resource management.

To develop village information system for decision
SUPPOTL.

To identify indicators of sustainability for the
perceived success and tailure of farming systems in
target districls in terms of equity (including
gender), production and environmental stability,
and standardize a methodology of such indicators,

Achievemenis

Re-plantation of new seedlings in developed
prototypes inthree village clusters was carried out.
Reassessment of survival percentage of plant
species under different prototypes al three dilferent
village clusters were carried out.

Under horticulture model the collective results
illustraled that Prunus  domestica showed  the
maximum survival of 96% followed by Prunus
armenica (95.76%), Malus sp (92%), Juglans regia
(88.31%). Prunus persica (79.33%). Pyrus
cenmvminis { T85%) at different locations (Fig 69).
Under MPTs model resuits revealed that Quercus
glayea showed maximum  survival of  (79%)
followed by Supindus spp, Grewia oppositifilia
and Moruy alba (76%). Svzveivm  cumini
exhibited 71% of survival rate followed by
Bauhinia purpuric (69.3%) at Manjezaon village
cluster followed by Celtis australis 69%, Melia
azedarach (64%) at different village clusters
(Fig. 700

Economic potential in terms of fodder biomass and
fruit yield of developed prototypes has been
assessed. The results revealed that the maximum
eeonomic benifit was recorded from Jaminikhal
(Rs.6%00) while the minimum cconomy was
obtaincd for Bainspani (Rs. 1660) MPTs model. For
the orticulture medel the maximum economic
return was assessed from Manjgaon horticultural
model (Bs. 75630) while minimum was observed
[or Hadiya horticultural model (Rs. 1 5115.3).

Two water harvesting tanks were constructed at
Jaminikhal and Manjgaon village clusters.

™
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GARHWAL UNIT
= Atotal of 8 training programmes (cach of 2 to 3 and 5

days) on rural lechnologies/ wild biorcsources
utilisation patterns natural resource management,
ceo-lourism promotion and biodiversity
conservation were organiscd during the reporting
pertod reaching out to 378 farmers, and NGOs. The
programmes gained wide popularily and created
awareness. A large number ol farmers, many from the
outside the demonstration villages, adopted the
demonstrated technologies.

Nutritional and bio-chemical analysis of a fow
potential wild edibles (Fiburnum midlaha) and wild
herbal spices (Aflium humile, Angelica glavca etc.)
were estimated.

In-depih study was carried out to ascertain the radical
changes in transhumance/ pastoral nomadism,
livelithoods, the extent of cultivation of the wild
oresources and crops in the Niti and Mana valleys
of district Chamoli after 1962,

Sludies on climate change 1mpact on central
Himalaya agro ecosystem including eco-
phystological; drought and insect pest relaicd
impacts and adaptation strategics were undertaken,
Asscssment report for Nanda Devi Biosphere
Reserve was developed as a baseline for further
studics related to the implementation of global
climate change 1n mountain regions
(GLOCHAMORE) research strategy (UNESCO
Paris initiative),

The cco-tourism models such as Dhanolti (Tehri
district) and Dhaulachhina {Almora district) were
studied for ccological impact analysis and cosi-
benefit analysis.

Monitoring and regeneration status ol plant species
such as Viburmum mullaha and Paconia emodi has

R&D HIGHLIGHT
OF THE REGIONAL UNITS

been worked out and nurserics of these species have
been established for promoting their large scale
cultivation and conservation,

Lco trekking/ eco-expedition map to potential areas’
sites. places in consultation with local peoples, local
tour guides were developed.

Tourism/ eco-tourism inferpretation centre has been
cstablished through participatory approaches at
Triyuguinarayan for imparting training and capacity
building programme to stakeholders.

Created awareness and capacity building of local
tour guides/ students on avilauna diversity and its
linkages with eco-tourism and  biodiversity
conservation and also prepared a detailed list of
important birds of upper Kedar valley including rare,
endangered, vulnerable species for the interest of
tourist/ visitors with the help of local ormithologists,
Local youlh of the region have been encouraged to
organise/ involve themselves in collection and
markg¢ting of local agro-products so as 1o replace the
middlemen from this chain. Awareness created and
skill developed on packaging and grading of agro-
products which arc being sold in the name of
KEDAR (Kedarghati ecotourism  development
action and research) cco-tourism products,

Anursery of high value medicinal plants under 2 acre
of land as established with major focus on Picrorhiza
knirraer, Saussurea costus and Paconia emodi st RTC,
Triyuginarayan.

The nematodes were classificd into their trophic
groups on the basis of in their feeding habits and
mouth parts. They were identified as bacterivores,
fungivores, herbivores, omnivores and predators.

HIMACHALUNIT
= 258 species of vascular plants from Nargu Wildlifc

Sanctuary were recorded, out of which 39.53%
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specics were native and 22.48% endemic Lo the
Himalayan Region. A total of 178 species of
economically important plants were used as
medicine (123 spp.), wild cdible/food (39 spp.),
lodder (59 spp.), luel (32 spp.), timber (05 spp.).
religious (09 spp.), fiber (07 spp.). agricultural tools
(08 spp.) and various other purposes (16 spp.).
Amoung 10 forest tree communities were identificd
from 23 sites, total tree density ranged from 210.0-
600.0 Ind ha' and total basal area, 1.9-60.7 m'ha "
Shrub density from 450.0-3390.0 Ind ha", herb
density, 44.8-156.8 Ind m” sapling density, 50-450
Ind ha' and seedling density, 110-1060 Ind ha.
Species richness ranged from 43-11land Species
diversity index (H') for trees ranged trom 0.26-1.72,
saplings-0.26-1.70, scedlings-0.17-1.84, shrubs-
1.07-2.8% and herbs-2_.70-3 .60,

Extraction trends of fuel and fodder species were
assessed. Among the fuel species. mean collection
was highest Tor Cuercuys lencomichophora (1879.30
kg houschold® year™), followed by Rhododendron
arborewm (433.57 kg houschold' year"), Cedrus
deodara (42522 kg houschold’ wear'), Myrica
esculenia (385.05 kg household ' vear ') and Persea
duthiei (370.96 kg houschold”’ year"). The remaining
species showed relatively low values. 23 species
werc used as fodder by the inhabitants of 10 surveyved
villages. Quercus lewcotrichophora, Neolitsea
pallens and Desmodium elegans were mostly used as
fodder. Maximum total collection was done in
Hurang village (8568 kg household’ year'),
[ollowed by Shilh Badhani (8352 kg household”
year'), Malwara (8028 kg houschold ' year™) and
Kutahar (7980 kg houschold ' year ') villages.

Seed germination protocols tor two populations of
Avonitim heterophvilum, Corvius jocquemontii and
Buxus wallichiana  and  Vegetative propagation
protocals of Tuxus haceata subsp. wallichiona and
Cinnamomum tamala were developed.

Environment Management Plans of PHEDP Stage 111
were reviewed. Information on the socio-economic
status of 24 atfected villages was generated through
struclured questionnaires, nlervicws and
Participatory Rural Appraisal. The inhabitunts of the
villages are largely  dependent on  agriculture,
horticulture, vegetables, livestock and traditional
handicralts. Developmental activities carried out by
PHEP Stage 111 were documented.

In Himachal STEP Sile 20 orchards (1.e., 10 far from
the natural habitat and 10 near to natural habitat) in
different altitudes and with diverse landscapes were
selected to implement Pollination Deficit Protocol
(i.c., Flowering Phenology, Scan and Sweep Net
Sampling, ete.). Scan sampling of apple pollinators

was done. Bowl Trap Experiment was conducted in
20 orchards.

The Strategic Environmental Assessment (SEA)
study of the River Satluj comprises a bufTer zone of
1) km on either side of the river side. This arca lics
163 km from the northeast to the southwest between
Mathapa village (Kinnaur district) and Bilaspur town
{Bilaspur district). Of the total buffer zone (2945
km2), the highest sharc of land use/land cover
(LULC) of the Sutle) catchment stood to barren
(40.9%) followed by forest land (36.48%),
agricultural land (21.91%), and settlemenis (0.71%).
There 1s a high anthropogenic pressure on the
catchment area which 8730 houscholds inhabit. The
three major zones; the buffer, influence zone and
overlapping zones were demarcated with the help of
RS & GIS. Influcnce zone of HEPs was estimated to
be 31.30% of the total buffer zonc and 6.07% was
arca ol the total influence zone overlapped indicating
over crowding of HEPs in this catchment which may
create other environmental disorders in due course,
The sprawling urban cnvironment and its impact
mainly on ambient air quality study in three towns
{L.¢., Hamirpur, Kangra and Chamba) in Himachal
Pradesh shows PM10 40.3+4.4 pg m-3 as highest at
Hamirpur followed by 35.2+2.7 ug m-3 at Chamba
and 24.6+2.3 pg m-3 at Kangra, On diumal basis,
highest concentration of PMI0 was found between
16-0h IST (evening to midnight) followed by 8-16h
(day) and lowest between 0-8 h (midnight 1o
morning} at all the sites except at Chamba. At all
sites, there were high concentrations of particulate
pollution compared to gaseous pollution. The
gaseous pollutants like 802, NOZ and N1I3 were
lound below the permissible limits. The vehicular
influx, buming of biomass. coal and solid waste and
operation of gen sets are considered o be the
local/point sources for ambient air quality
deterioration in these hill towns.

Aerosol Optical Depth (AOD), Black Carbon (BC)
and Surface (zone ((3) studies were carried out at
Mohal-Kullu in Himachal Pradesh. On an average,
forenoon and afternoon AODs for a day at ten
wavelengths under clear sky condition from the last
four years (2006 -10) showed maximum AOD 0.27
in 2010 while minimum 0.22 in 2007. An increasc of
22% AOD at 500 nm during the past three years
(2007-100 was noted. BC concentration, a heart
absorbing aerosol considered to melt glaciers [aster
in the Himalayan region, was measuared as much as
6596 ngm-3 in January 2010 and as low as 3253 ng
m-3 in June 2010, It increases with the activities like
biomass burning, vehicular emission and forest fires.
Surface Ozone, one of the growing green house gases



in the modern world, on high insolation days was
cstimated to be 41.7413.8 ppbv. Overall, aerasols
(colloidal system of solid, gascous and liquid
pollutants) especially heat absorbing like BC is
considered to increase our global temperature, Upon
one unit increase in AOD at Mohal, there is an
increase of .64 K/day in atmospheric temperature,
Among the explants (i.e., shoot tips, nodal explants
and leaf scgments) tried for the micropropagation of
(Mea ferruginea, high percentage of shoot induction
was observed n nodal shool scgments, whereas no
shoot induction was obscrved in apical shoot
segments, Maximum shoot induction was recorded
in half strength MS medium containing BAP (0,44-
H5.88uM) and NAA (0.46 uM) and minimum when
the medium was supplemented with kinetin (0.46
uM). The higher concentrations of ¢ytokinins caused
the early proliteration of nodal shoot seements.
Maximum two shoots per nodal shoot scgments was
obscrved. Owverall proliferation of nodal shoot
scgments was better in BAP containing medium, Of
the two cytokinins tried for shoot clongation, BAP
was found better compared to kinetin for shoot
clongation. Addition of GA, in kinetin containing
medium considerably improved shoot proliferation
hoth in apical and nodal shoot segments. TDZ was
not found cffective in multiple shoot formation from
the nodal shoot scgments compared to BAP or
kinetin,

Data on consumption rate of various food items for
local male and female adults of Kullu was collected.
Toxicity of Zinc and Cu was assessed. Zinc was
found more foxic to tomato seeds as compared to Cu.
The effects of Cu and Zn on sced germination and
root and shoot elongations were antagonistic in
nalure. Zinc toxicity during seed germination of the
lested plant can be minimized using Cu up to certain
extent, Cypermethrin has more toxic effects on seeds
of palak (Spinacia oleracea L.) as compared to Cu,
Cypermethrin could reduce toxic ¢ffects of Cu on
french bean at growth and biomass levels.
Antagonistic interaction between Cu and
cypermethrin on growth, biomass of french bean
were observed,

Consultation Mectings were organized at Jibhi.
Banjar and Jana Villages in Kullu district, Ropa,
Sundamagar and Smaila in Mandi District and
Khangsar in Chandra Valley of the Lahaul & Spiti
district, group of 20 farmers in Chandra Valley was
developed to initiate the cultivation of Aconitum
heterophyllum and Picrorhiza kurrooa, and that of 54
tarmers from Jana, Burua, Kothi, Ropa, Jhiri, Smaila
and Sundernagar for the cultivation of Aconitum
heterophylliom and Withania somnifera.

—
=

0

= About 15,000 scedlings of Aconitum heterophyllum

were raised by the 16 farmers in the feld at Jana
village, 20,000 seedlings at Burua village, 1.000
seedlings at Kothi and 1,000 seedlings at IRMT,
Naggar. One farmer from Jana village developed = 2,
50,000 seedlings of Aconitum heterophvllum and
generated > Rs, 1, 25000/~ from the seeds and
scedlings. Over 5,000 secdlings of Withania
somnifera were developed and over 2,000 seedlings
ol Withania somnifera were planted in Prodhar,
Ropa, Jhin, Smaila and Sundermnagar of Kullu and
Mandi districts.

An Environmental Ohservatory was established.
Mostly online cquipments like Ozone Analyzer for
assessing and monitoring surface ozone,
Pyranometer for solar flux, Multi-wavelength
Radiometer for columnar acrosols as AOD.
Acthalometer for black carbon, Respirable Dust
Sampler for particulate and gascous pollutants and
lon Chromatograph for ionic components
{anions/cations) have been installed. These
cquipments arc being used lor scientific analysis as
well as a part of demonstration to awaken the various
stakeholders.

300 seedlings of over 20 multipurpose species and
medicinal plants were distributed to  different
stakcholders. Also, sceds of different medicinal
plants were distributed to the Stakeholders.
Agrotechniques developed for the 26 commereially
viable medicinal plants and Hindi Booklets on
Biodiversity and medicinal plants werc disseminated
to the stakcholdesr.

Training Programme on  “Weather Monitoring,
Climate Change and Biodiversity Conservation and
Management™ at Himachal Unit, Mohal-Kullu for
the teachers, students, farmers and Mahila Mandals
was organized. The pre and post training feedbacks
of the participants showed significant improvement
in their knowledge. World Environment day and
International Biodiversity Day were celebrated,
Exposure visits for over 700 diverse stakeholders
were organized.

National Project Coerdination Meeting-India was
organized on July 19, 2010 at GBPINED, Himachal
Unit, Mohal-Kullu for the Conservation and
management of pollinators for sustainable
agriculture through an ceosystem approach. National
Partners of the project i.c., Himachal STEP Site,
Uttarakhand STEP Site and Sikkim STEP Site and
farmers participated. Meeting of the Partners of
Himachal STEP Site was organized at Mohal-Kully
on February 04, 2011 te discuss the
approach/methodology and mechanism for running
the project activities smoothly. Also an Interactive
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Meeting of the Partners of Himachal STEP Site with
Fruit Grower's Association, Upper Kullu Valley was
organized at Patlikuhl on February 05, 2011 to
discuss the aims and objectives of the project.

SIKKIM UNIT

ICIMOD  (Nepal)-GBPIHED (Kosi) sponsored
BCTL event organized a brainstorming meeting on
"Assessment of Biodiversity Values and Ecosystem
services in the Protected Areas of Sikkim Himalaya”
by GBPIHED, Sikkim Unit, at Pangthang (Sikkim)
on 10" November, 2010

A training-cum-workshop on “Farthquake Risk
Mitigation and Management for Lngineers,
Archilects, Town Plannesr & Masons" was
organized with Department of Building & Houses,
Road & Hridges, Urban & Development & Human
Resource, Govi, Sikkim

Institute was represented as member, organizing
Commitiee {or the "International  Rhododendron
Conlerence. ‘Rhododendrons: Conservation and
Sustainahle Use', organized by FEWMD, Gowt. of
Sikkim, Saramsa, Gangtok-Sikkim on 29th April
2010,

Two day trsining workshop, Conservation of

Biodiversity tor Students and Teachers. involving 11
schools of Sikkim at Pangthang-Sikkim  was
conducted.

Tholung-Kisong (TK) landscape in South-east
Khangchendzonga Biosphere Reserve, north
Sikkim}, hitherto unexplored, investigated covering
13 sites for woody vegetation (51 tree and 30 shrub
species). Total species significantly declined (r — -
0.874; p=0.01) along increasing altitudes. Study
discovered, first time, two new populations of
Rhododendron niverm (Tarc and endemic) at 3000m
(150 individuals) and 3300m (15 individuals) in
KNP

NORTH EAST UNIT

In an effort to address the issucs of shifling
cultivation, during the reporting period. the major
activities carmed out included: 1) Analyses ol
policics and acts, 2) Socie-ceconomic and ecological
viability from the perspectives of Knowledge,
Attitude and Perception {KAP) of the practitioners of
shifting agriculture, 3) Development of an
appropriate model to address fallow management
and 4) Status and wariations in the practices ol
shifting agriculture in north eastern states.

It was recorded that shifting agriculturists arc
adopting terrace cultivation and cultivated jhum
plots [rom 1990-2010 are found to be reducing as

they are transformed to terracing, horticulturc.
secondary forests and bamboo forests. In nine
villages that were surveyed during the reporting
period, the number of cultivaled jhum plots had
reduced from 363 in 199010 1700 2010,

A comprehensive review report on floral and {aunal
diversity including status, distribution, threats and
their use by local communities is done for two
Mational Parks, ie., Namdapha and Mouling in
Arunachal Pradesh. Potential comidors between the
NPs based on Rapid Biodiversily Asscssment and
human induced threats and conservation challenges
{both local and transboundary) in the NPs arca also
identitied.

In order to promote biodiversity conservation, three
more Community Conserved Arcas (CCAs) namely
'Siikhe-Bo' CCA (20 ha) in Ziro plateau, "Ritosa Ree-
Mamarang Ree' CCA (100 ha) and "Hugore Sewaphu'
COA (50 ha) m Tawang and West Kameng (proposed
BE - TWKBE) in Arunachal Pradesh were declared
during the reporting year, The CCAs created under
the project would promote conservation of
ecologically and socially valued wild (lora and fauna
in Arunachal Pradesh where the tribal communities
are wary of using the existing Protected Arca
legislation and not willing to create more PAs in the
forest land owned by them as the present legistation
does not adequately recognize their customary rights
and ownership.

During the reporting vear, 135 LPG Sets (Sets
meluding  single gas cylinder, oven, regulator,
lighter, Apron) were distributed among 135
houscholds in 19 project villages of GOI-UNDP
CCF-1I Project, in an effort to meel the high
fuelwood demand and reduce pressure on forests.
Further, large scale plantation of Taxws wallichiona
and large cardamom { Amomiom subulatiom) is carried
out in more than 60 ha of land cach.

In order to promote Income Generation Activities
(1GAs), 1 lakh lish scedlings were distributed among
120 households in Apatani platcau under GOI-
UNDP CCF-1II Project. The economic impact of the
activity has been documented and analysed. The total
project cost including cost for fish seedlings.
transport and others labour was around Rs. 50,000
with gross return around Rs. 441,150 and a net
benetit Rs. 3.91,150. Also, 72 piglets were
distnibuted among 72 houscholds m 8 project
villages in Apatan plateau and 3 project villages in
TWKER.

Communily driven conservation practices of floral
and faunal diversity have been documented in
Tawang and West Kameng districts of’ Arunachal
Pradesh during the reporting vear. 'The major man-



animal conflicts were identified; crop raiding and
retaliatory killing ol camivores for live stock
depredation appeared to be major man-animal
contlicts.

The NE Unit bagged two SCHOLL Rescarch
Challenge Awards in 2010. The awards were given to
two of its projects for high calibre action research in
development and governance that has had or have
potential for demonstrated impact on policy or
society at large. The case studies arc “Biodiversity
conservation through community based natural
resource management in Arunachal Pradesh” in the
category "Sustainable Development and Preservation
of the Ecosystem’ and “Technology backstopping: a
key to agriculiural and cntrepreneurship
development in North East-East India” in the
calegory "Technology for Development'.

Up scaling of technology  dissemination  and
backstopping, and capacity building of VOs and
MNGOs in the states of the NE region continued and
further sircngthened in collaboration with
CAPARRT. Thirteen (13) NGOs/VOs were given
training on various low-cost technologies during the
reporting  year. The Unit was identified as
Technology Resource Institute by DST, Govt. of
India. Capacity enhancement of more than 3670
tribal framers has been done though hands-on-

1

]

2

training on more than 17 low-cost and simple
technologics. The projeet has a significant impact
with more than 1500 houscholds adopting to one or
the other technology such as trellises, legume
intercropping. bio-composting, vermi-composting
and bio-briquetting, cle.

Towards capacity building, 89 farmers were trained
on nursery lechniques, 80 villagers on basics of
Community Based Tourism (CBT), 40 farmers on 17
simple low cost farming and soil and water
conserving technologies, and & villagers on bamboo
based handicrafis.

The Unit held the State Level Steering Committee
(SLSC) Meeting of the GOI-UNDP CCF-II Project
entitled “Biodiversity Conservalion through
CBNEM in Arunachal Pradesh™ on August 27, 2010
for bricfing the members of SLSC and policy
planncrs on progress of the project and also other
biodiversity conservation efforts of the Unit.

The Unit conducted as many as 15 workshops
/training  programmes/awarcness campaigns  at
various levels for diverse stakeholders on
biodiversity conservation and capacity building, The
Unit faculty participated/presented papers in about
20 workshops/seminars during the reporting period.
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APPLICATION OF R & D
OUTPUTS IN DEMONSTRATION
AND DISSEMINATION

Integrated Eco—development Research Programme
(IERP) in the Indian Himalayan Region (/992
Long Term scheme, MoEF, Govi. of Tndia)

Ministry of Environment and Forests (MoEF).
Government of India entrusted the responsibility of
Integrated Action Oriented Rescarch, Development and
Exlension Programme (termed as Integrated Eco-
development Research Programme - IERP) in the
Indian Himalayan region (I1TR) to the Institute in 1992,
The Institute funded R&D projects under two broad
thrust arcas [namely, Technology Development and
Research (TDR) for Integrated Eco-development, and
Technology Demonstration and Extension (TDE) upto
2006-2007. Since then, location-speeilc/action-
oriented |ERFP projects are being tunded under 6
identificd themes [namely, Watershed Processes and
Managemeni (WPM). Biodiversily Conscrvation and
Management (BCM), Environmental Assessment and
Management (EAM), Socio Economic Development
(SED), Biotechnological Applications (BTA). and
Knowledge Products and Capacity Building (KCB)] of
the Institute

Objectives

= To provide extra mural funds to different
Universitics/Institutions/NGOs/Voluntary  agencics
forthe support of lacation-specific R&D activities in
Lthe Indian Himalayan region (IR ).

* To develop scientific capabilitics in the IHR and
strengthen infrastructure for environmental research.

= To develop and execute coordinated programmes as
per R&D needs of the THR or on the
recommendations of the completed projects with the
help of identified network partners.

Achievements

Strengthening and continuation of 43 localion-
specific ITERP projects m 6 States of the Indian
Iimalayan region was carried out

Funds for 23 ongeingfcompleled projects were
released to different organizations after careful
examination of their Utilization Certificates (UCs)
and Statement of Expenditures {SEx).

Annual Progress Reports (APRs) of 23 on-going
projects were processed and referred to the subject
experts for cvaluation, Subsequently, the comments
of the subject experts on the APRs were sent to the
concerned Pls for follow-up action,

Final Technical Reports (FTERs) of 11 completed
projects werce sent to various govt./user agencics for
follow-up action on the recommendations of the
project and also to the subject experts for their
cormments/suggestions.

Coordinated programme entitled  “Sacred values,
eeo-restoration and conservation (nitialives in the
fndian  Himalayan region™ was continued and
strengthened in the two States (namely, Uttarakhand
and Meghalaya) of the [HR.

Based on the recommendations of the 15" PEC, 8
new projects (4 under BCM theme and 4 under SED
theme) were sanctioned for execution in the two
States (Himachal Pradesh, and Uttarakhand) of the
ITIR.

Forty threc IERP projects were on-going in 6 Statcs
{Assam. IHimachal Pradesh, J&K, Meghalaya,
Magaland and Uttarakhand) of the Indian Himalayan
region,

Follow-up action on 90 project files (old/freshion-
pomg/miscellancous, ete.), excluding routine
correspondences  of about 549, was® initated/
completed during the year 2010-11,



Strengthening and Management of ENVIS Centre
in the Institute (/992 — Long Term Scheme, MoEF,
Govt. of Tndia)

Environmental Information System (ENVIS) Centre on
Himalayan Ecology was set up in the Institute in 1992-
93 as a parl ol ENVIS network in India by the Ministry
of Environment and Forests (MoEF), Govt. of India; the
nodal agency m the country for collecting and collating
all available information from all the ENVIS Centres to
provide national scenarios to the intermational set up,
INFOTEREA Programme, of the UNEPR.

Objectives

= Tocollect, collate, compile and build qualitative and
quaniitative databascs ol informaton relaied 1o
various aspects of Himalayan Ecology.

= To dissermnate all avatlable mformation, frec ol cost,
to varions stakeholdersfusers including  all the
District  Information Centres  (operating  in the
Himalayan slates of the country), ENVIS
Centres/Nodes  and  other user agencics/groups
through print and electronic media.

= Todevelop, up-grade and maintain ENVIS website at
the headquarters of'the Institute.

Achievements

* Information on wvarious aspects of Himalavan
Ecology from various Disimed Information Centres,
Universitics/Umiversity  Campuses. Research
Centers, Government  Institutions, NGOs  and
experts/individuals working in the Indian Himalayan
region (IHR) were collected and compiled during the
year 2010-11.

= Rescarch  abstractsfarticles/technical reports and
news-clippings on Himalayan environment related
issucs were collected from various sources, The
abstracls and news-clippings (bi-lingual) were
published in the 'Selected Abstracts' and 'News and
Views' section of the ENVIS Bulletin (Vol, 18, pp. 1-
74,2010,

= About 41 rescarch absiracts, related to the various
aspects of Himalayan TFeology, were collected and
added on the Ahstract Database ot'the ENVIS Centre.
Al present, this database contains 1980 abstracts.

= Slale-wise and district-wise resource profile (related
to demography, Titeracy, forest cover, protected arcas
and glaciers, ete.) of all the Indian Himalayan states
has been prepared for uploading in the website of the
ENVIS Centre.

* About 52 quenies, related to Himalayan environment
and development, were responded to the
mdividualsfinstitutions during the year 2000

= ENVIS Bulletin (Volume 18) and ENVIS Newsletter

(Volume 7) on Himalayan Ecology were prepared,
published and made online through the website of the
ENVIS Centre.

= Website of the ENVIS Centre on Himalayan Ecology
<http://ghpihed.gov.in/envis/envis.html> was re-
designed, maintained and upgraded.

Central Library Facility

The Central Library of the Institule al its
hcadquartcers, at the end of financial year 2010-11, had
14801 books. The library is subscribing a total of 109
periodicals {71 Foreign and 38 Indian). For
management of Library and Information Centre, a
network version of the software PALMS developed by
the Scientist of this Institule 15 being used. As a result,
the Library 1s providing a number of services such as
article Alert, Current Awarcness, Sclective
Disscmination ol Inlormation, Reprography,
Reference, Indexing, Bibliography, Weh Service
{Onling journals) etc., for the development of  the
human resources. The Library of the Institute is
accessible through the imstitute’s web site
(htip://gbpihed.gov.in }.

During the reporting year 227 new book titles were
added to the Library. R & T achievements of the
Institute were disseminated through its regular in-
house publications, namely IHima-Paryavaran — a
biannual newsletter and Institute Annual Report to
various academic and scientific institutions,
Government departments, NGOs, policymakers,

planners and individuals working on various aspects of

mountain environment and development

Strengthening & Management of IT Infrastructure
The Institute has two backbone networks, one is
from NIC, New Delhi (NICNET network) which
provides 128 kbps shared {HQs and Units) bandwidth
for internet access and the other from BSNL-HUB,
Bangalore which provides 512 kbps shared (HOs, Units
and MoEF) bandwidth through VSATs for video
conferencing & internet access. The bandwidth is
distributed within the Institute 11Qs & Units through
Local Arca Network (LAN). The Institute website has
been developed and hosted at the Internet Data Centre
{IDCY of NIC, New Delln. The URL of the Institute
wehsite is fopofobpibed vovin, A VPN (Virtual
Private Network) has been created on NICNET lor
remote web site updation at Institute’s end. The website
of the institute has been updated at frequent intervals. A
databasc of Scientific/Technical and Research Scholars
has been developed and uploaded on the Institute
wehsite, The official e-mail accounts on NIC mail
server (mail.nic.in) have been created and provided to
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all Scientists, Technicians, Finance and Administrative
staff. NIC is closing its VSAT service for Institute's six
locations w.e.f. March, 2011 so that Institute has
initiated the process to take the internet Leased Line of
2 mbps bandwidth from various Intcmet Service
Providers (ISPs) for HOs and Broadband of 2 Mhbps
plan for the four regional units. A feasibility study has
also been completed for the establishment of internet
Leased Linc¢ [or Institute HOQs and broadband
connectivity for Units.

Central Laboratory Facility

Institute has strengthened the facilities of physico-
chemical, biological, heavy metal analysis of drinking,
raw, wasic water and quantification of wvolatile
compounds of so1l and plant samples. The heavy metals
in the water and soil samples were detected with an
Atomic Absorption Spectrophotometer (Make- Varian
AAZROZ, equipped with graphite mbe atomizer). For
the quantification of aromatic and volatile compounds
institute has Gas Chromatography (make- Chemito,
Ceres 800 ). Insiitute is also having the facility of
detection of C, H, N & S with CHNS-O analyzer
(Make- Elementar, Varie EL-IIN and UV-Vis
spectrophotometer (Make- UV 5704, Electronics

corporation of India Ltd.) for soil, water & plant
analysis. The Institute has extended these services to
(NGO's and other Government Organization) on
payment basis. In the financial year 2010-11, Tnstitule
has collected 4 lakh rupees as a central laboratory
service charge from 55 organizations (18 - Govt.
orgamization & 37 - NGO's), Fig.71 shows month wise
collection of testing charges and scrvice offered to
different other oreanizations.
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1. SCIENTIFIC PUBLICATIONS

(I) Scientific Journals

Andola 1LC., RS, Rawal, M.5.M, Rawat, LD, Bhatt & VK.
Purohit (2010), Vanation of herberine contents in Berberis
pacudunibellata: a high value medicinal shrub ol wes)

Himalava, India. Medicina! Plamts-International Jowrnal of

Pinvtomedicines and Related fadustries. 2(2) ISSN.

Andola, HO., R.S. Rawal, M.S M. Rawat, L.D. Bhatt &
V. Purohit (2010). Analysis of berberine conlent using
HPTLC fingerprinting of root and bark of three Himalayan
Berberis species. dsian S Biotecline, 20 239-245,

Badola, H.K. and B.K. Pradhan (2010). Population
exploration of Riododendron maddenii in Sikkim, bordering
Khangchendzonga Biosphere Reserve - guestioning rarity
and endangerment. NeB10, 1(1): 1-9.

Badola, I1.K. and B.K. Pradhan. {2010). Discovery of new
populations ol a rare species Rhododendron vivenm In
Khangchendzonga National Park., Sikkim. The
Rbododendron (Off Jour Australian Rhododendron Soc.),
S0 4044,

Bagwart, LK., G.OCS. Negi and N.P. Todaria (20103,
Hiomass production of forests in Rawanganga watershed in
CGiarhwal Himalaya. fncdicn Sowrnad of Forestry, 3301): 35-62.

Bagwari, HK. G.CS. Negi and N.P. Todaria (2000,
Characterization of Rawanganga watershed in Garhwal
imalava. fndian Jowrnal of Soil Conservation, 38(1):37-41.

Ballabh, 1L, D.D. Chauniyal and M.S. Lodhi {2011
Creomorphic Evidence of Active Tectonics in the Dhundsir
Crad Watershed of Alaknanda Basin, Uttarakhand, India
Netwre and Science, 9060 1-0,
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MISCELLANEQUS
ITEMS

Bisht, BS. and B.P. Kethyari (2010). Influcnce of
accessibility to the infrastructure and natural resources on
lifestyle and workload of rural women: Scenario of Indian
Central Himalaya. Journal of Human Ecology, 31(1%: 27-35.

Butola, J. 5. and 5.5, Samant (2010). Saussurea species in
Indian Himalayun Region: diversity, distribution  and
indigenous uses. International Jowrnal of Plant Biolog:, 1:
43-51.

Butela, J.5. and AR, Malik {2010}, Survival and
phenophases of some Llimalayan medicinal plants enltivated
at different altitudes: a case study of distriet Kollu, Himachal
Pradesh, India. fiermational Journal of Forest Usufiucts
Managemeni, 111 (0}

Butola, J.5.. R.K. Vashistha, AR, Malk and 8.5, Samant
{2010}, Assessment of inter-population wvariability in
Heraeleum  candicans Wall. with  emphasis on seed

characteristics and germination behaviour. Jowrnal of

Medicing! Plants Research, 4 15): 1523-1534.

Butela, J.5., R.K. Vashistha, 5.5, Samant and ALK, Malik
{2010, Technology for the propagation and cultivation of
Angelica glawea Edgew.: a threatened high value 1limalayan
medicinal cum wild edible herb. Medicinal Plants, 2(1 ) 67-72.

Chandra Shekhar, K. and S.K. Srivastava (20107 A
supplement to the flora of Lahaul — Spiu. Jowrmea! of Non-
Timber Forest Products, 17(2): 233-258.

Chandra Sckar, K. and 5.K. Srvastava {(2010).
Rhododendrons in Indian Flimalayun Region: Diversity and
Conservation. AmericamnJouwrnal of Plant Sciences. 10 131-137.

Chandra, Abhishek, LS. Kandari, Kusum Chauhan Payal,
R.K. Maikhori, K5 Rao and K.G. Saxena (2018)
Conservation and sustainable management of traditional
ecosystems in Garbwal Himalava, India, New York Science
Javrnal 32 T-TT.
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Chandra, Ablushek, P Partdha Saratdhi, K.5, Rao, K.G.
Saxena and R.K. Maikhuri (2011). An investigation into the
cnergy use in relation to yield of traditional crops in central
Himalaya, India. Biomass & Bioenergy, 35: 20442052,

Chandra, Abhishek, P. Pardha Saradhi, R.K. Maikhuri, K.G.
Saxena and K.S. Rao (2001). Traditional agrodiversily
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(Lids.) Global Change, Biodiversity and Livelihoods in Cold
Desert Region of Asia, pp. 31-42,

Saxena, K.G., RK. Maikheri and K.5. Rao (2011).
Ecotourism in Nanda Dewvi Biosphere Beserve: A win-win
option for environmental conservation and  sustainable
livelihoods. In: Austrian MAB Committee (ed.), Biosphere
Reserves in the Mountaing of the World: Execellence in the
Clouels? Austrian Academy of Sciences Press, Vienna, pp.
T7-8.

Sharma A K., V. Joshi and K. Kumar (2010). Landshides
disasters in Sikkim and their possible mitigation measures,
Indian Landslides (Scientific) Vol.-3, No.-2, November
2010, NIIM-Shillong, pp 55-60.

Singh, K.K. and L.K. Rai (2010). Assessment of
endangered status and conservation initiatives on the
thododendrons from the Sikkim Himalava. Proceedings,
Tnternational Conference, Rhododendrons: Conservation
and sustainahble wve, FEWMD, Government of Sikkim,
Gangtok-Sikkim. In: Mainra, A, Badola, H.K. and Mohanty,
B. (eds), pp.67-87

¥ishvakarma, S.C.R., J.C. Kuniyal, V'3, Rawat and 5.5,
Oinam (2011). Cold desert agro-ecosystem: a casc study
from Lahaul valley, India, In: Glebal Changes, Biodiversity
and Livelyhoods in Cold Desert Region of Asia. (Eds)
K.G. Saxena, Luohui Liang & Xian Xuc. Bisen Singh
itahendra Pal Singh, Dehra Dun. An  outcome of
International Workshop on “Envirowmental Conservation
for Sustainable Livelihoods in the Cold Desert Regions of
Asia " vrganized by JNU and UN Universit, Japan at Solan
Cctober{3-17, 2008, Pp 107- 126

Vishvakarma, 5.C.R.. J.C. Kunival, ¥.5. Rawat and 5.5.
Oinam (2011). Cold Desert Agro-ccosystem: A case study
from Lahaul Valley, India. In: Saxena, K.G., L. Liang, and X.
Xue (eds) Global change, biodiversity and livelihoods in
cold desert region of Asia. Singh, B. and M.P. Singh,
Dehradun. pp.107-126

(1lI) Authored/ Edited Books/ Booklets/
Bulletins/ Monographs

Ecotone: A quarterly newsletter on environment and
Biodiversity (ISSN-0976-3589) published by Enwiron,
Guwahati and North East Centre for Lnvironmental
Education and Research. Imphal (K Majumdar: Editor-in
chief).

NeBI1O: An international peer reviewced quarterly journal
published by North East Centre for Environmental
Education and Research (NECEER), Imphal { K Majumdar:
Managing Editor).

Chandra Shekhar, K., L.D. Bhatt, .S, Rawal, 5.K. Nandi
& P.P. Dhyani (2010). Promising fibre-yiclding plants of the




Indian Himalayan Region. G.B. Pani Institule of Himalayan
Environment & Development, Kosi - Katarmal, Almora
263 643, Uttarakhand. pp. 1 -48.

kumar K., 1.5, Rawat, 5. Sharma, 5.C.R. Vishvakarma,
G.C.S. Negi, LD, Bhatt, A K. Sahni, K. Chandrasekar, R.
Joshi and 5. Airi (Investigators from GBPIHED: 2010,
Kailash Landscape Conservation lmitiative: Feasibility
Assessment Report India, submitled MoEF, Govt, of India,
{the report also contains a teamn of 3 investigators from WII,
Dehra dun)

Mainra, A, H.K. Badola and B. Mohanty (2010).
Procecdings of Internalional Conference on Rfiododendrons.
Conservation ghd Sustainable Use, Forest Environment &
Wildlife Management Department, Government of Sikkim,
CGangtok-Sikkim, India, Printed at CONCEPT, Siliguri.
India. 100p.

Palni, L.M.5.. K. Kumar, R. 5. Rawal and R. Joshi
(Contributors from GRPIHED: 2000, Climate Change
Impact Asscssment in the North-Western Himalaya™ (or the
Indian Network for Climate Change Assessment (INCOA);
Chmate Change and India-A  4x4 assessment report;
submitted MoEF, Govl. of India. (the report also includes a
Lleam ol mvestigators from other instinutions).

Palni, LMS and 8. Sharma (2010). Compendium of

Statistics for the States of Indian Himalayan Region. GB Pant
Institute of Himalayan Environment & Development, Kosi-
Katarmal, Almora.

P.P. Dhyani (2010). ENVIS Bulletin on Himalayan Ecology
18:1 74(2010)

P.P. Dhyani (2010). ENVIS MNewsletter on llimalayan
Ceology 7 1-12 (20103,

Samant, 3.5, (2010). Jaiv Fividhea Sanrabshan Main Jania
Ki Bhagidari - 111 GBPIHED, imachal Unit, Mohal-Kuollu,
Himachal Pradesh,

(IV) Popular Articles

Badola, H.K. (2000), Ficrorhiza furvooa, an endangered
medicinal plant offering high commercial poteniial in
Himalava. Non Wood News, Rome 21:11-12.

Bahukhandi, A., S Rawat, LI Bhatt and B.5. Rawal
{2010). Antioxidant potential of Adeorus calamus A
medicinal plantin Himalava, Hima Parvawaran 21: 28-19.
Bhutia, [1T. Joshi, V., Raw, LK., Smgh, K. K. (2010)
Perceived Impact of climale related parameters and
adaptation measures at Pangolakha wildlife sanctuary, East
Sikkim. Hima-Paryavaran 22{1): 13-17.

Devi, 5. RUK. Sharmaand PP Idhyani (2000). Single and
combined effects of copper and zinc on tomato (Lycopersicon
exculeninm L. var Him Sohna) seeds. Hima-Parvavaran, 22
(1): 14-15.

—
—

2

CGhuosh, P.(2010). Importance and diversity of nematodes in
central Himalayan agro-ecosystem. Hima-Parvavaran 22
(1)23-24,

Joshi, R. and . P. Dhyani (2010}, Tourism in Sikkim —An
Owerview and Analyses. Hima — Paryvevaran, 21 (1 & 2): 18-
20,

Kholia, B.5., R. Joshi, P'S. Das and U. Lachungpa (2010,
International Year of Biodiversily - Revisiting Curricula for
Conservation, Current Science, Y9 (121 1637,

Kuniyal, 1.C_, HLK. Thakur and K. Chand (2010). Sold
waste management in the Himalayan towns: a waste 1o
encrgy initiative in Himachal Pradesh, Hima — Parvavaran,

221y Junc 2010, pp. 20-22,

Lodhi, M.S. and K. Majumdar (2011). Living with hazards
and dealing with disasters: curse of Arunachal Pradesh.
Emvis Bullerin, 17:19

Maikhuri, R.K. Vikram 5, Negi, and L.S. Rawal (2010).
Paryavaraniye anukul taknikivon ke maadhyam se prakratik
sansadhano ka samuchit dohan v aajecvika sudhar; G.B. Pant
Tlimalayan Paryavaran evam Vikas Santhan ki bhumika.
fHim Prabha - Raajhhasza Patrika, 21-24.

Maikhuri, R.K., P.C. Phondani and Vikram 5. Negi (2010).
Dharti par jeevan ki nirantarta ka amcdhar jaiv vividhta,
Regional Reporter 36-37

Maikhuri, R.K., Prakash Phonduni and Vikram MNegi
(2000), Jaivvividhata: Dharti par jeevan ki nirantarta ka
adlbar, Regioral Reproster, September, 36-37.

MNegi, Vikram 5. and RUK. Maikburi (2011} Legume crops:
Mutritional and livelihood security to hill farmers HIMA-
Parvavaran Newsletter, 22(1): 22-23,

MNegi, Vikram, R.K. Maikhuri and Prakash Phondani
{2010). Parvativa kshetra ki Paramparik phasalein. Regioneal
Reparter, March, 28-29.

MNegr, Vikran, R.K. Maikburi and Lakhpat Rawat (2010).
Hibiseus cannabinus (Sann): an important unexploited {ibre
plant of Uttarakhand. HIMA-Parvavaran Newsletter,
21(148:2),24-25,

Phondani, PO, BUK. Maikhuri and Vikram 8. Negi (2011).
Kedar ghati mai ck Sanskritic dharohar hai "Gothi”. HIM4-
Parvavaran Newsfetter, 22(1): 28-30),

Pradhan, B.K. and H.K. Badola (2010, Swertia chirayita,
a high value endangered medicinal herb: potential in north-
east India. Eeotone, 2(1); 24-27,

R. K. Maikhuri and Vikram 5 Negi (2077}, Agroforestry
for ecological and economic benelits, LEISA India, 1011,
June 2011
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Sahani, A K., (2010). Outmigration in Uttarakhand. Hime-
Parvavaran, 22(1).

Sharma A K., V. Joshi and K. Kumar (2010}, Use of
Remote Sensing and Geographic Information System in
Disaster Management in Gangtok  arca, Sikkim, GIS
Development net, Vol &, [ssue 16

Sharma, A., 5.5, Samant and P. Sharma {2010). Himachal
Pradesh ki vanspati tatha uska vitran. In; 5.5, Samant (Ed.)
Juiv Fividhta Sanvakshan Main Janta Ki Bhagidari - 11,
Booklet in Hindi by GBPIHED. Himachal Unit, Mohal-
Kullu-175126, Himachal Pradesh, pp. 8-12.

Sharma, P., A. Sharma and 8.5. Samant {2010, Himachal
Pradesh ke sanrakshit Kshetva, In: 5.5, Samant (Ed.) Jaiv
Fividhta Sunvakshan Main Janta Ki Bhagidari - 111 Booklet
i Hindi by GBPIHED, Himachal Unit, Mohal-Kully-
175126, Himachal Pradesh. pp, 24-39,

Sharma, P., M.5. Rana and 8.5, Samant (2010). Narzu
Vanya Jeev Abhyaran ki pramukh chara aur cndhan
prajativain. In: 8.8, Samant (Ed. ) Jaiv Fividhata Sanrakshan
Main Jama Ki Bhagidari - {If. Booklel in Hindi by
GRPIHLED, Mohal-Kullu-175 126, Himachal Pradesh. pp.
40-43

Sharma, P, 5. Vidyarthi and S5.5. Samant (2010,
Harnessing economic potential of Hemp (Canrabis sativa
L.Vin Himachal Pradesh. ffim-Parvavaran, 2201): 18-20.

Sharma, R.K., Dhyani, P.P. and Samant, S.5. {2010),
Pesticide residucs 1n food chain: An issue of socio-economic
development for the marginal farmers of Kullu, Himachal
Pradesh. ENVIS Newsletter on Himalavan Ecology, T: 8.

Sharma, R.K., Dhyani, P.P. and Samant, 5.5. {2010). Toxic
chemicals in fruits and vegetables-An overview. Everyman’s
Stfence, 45(4):215-218.

Sharma, R.K., 5.

Devi and PP Dhyvani (2010).
Comparative asscssment of the toxic effects of copper and
cypermethrin using seeds of Spinecea oleracea 1. plants.
ENVIS-Bulletin Nol, 18 ( Accepted),

Wangjen K., K. Majunda, S.C. Arya and P.K. Samal
(2010). Traditional Piper betel tarming: linking market and
conservation by the Wancho community o Arunachal
Pradesh. Hima Parvavaran, 22(1): 17-15.

2.PATENT
Pandey, A. and L.M.S. Palni (2010). 'A method of hardening
of tissue culture raised tea plants', Patent number: KE 303,

J.AWARDSAND HONOURS

Elected as Fellow of the National Academy ol Scicnces,
India (F.N.ASc). by the NASI in the year 20100
(5.5 Samant),

A National level award was confered as "SCHOLL Research
Challenge Award — 2010° under 'Sustwinable Development
and  Preservatoion of Ecosvstern’ catcpory organized by
MNorth East Development Foundation (NEDF), New Delhi
and Mational Foundation for India in collaboration with
Internation Development Research Center (IDRC) { Award
value: 25000), February 11, 2011, Guwahati { Lodhi, M.S.).

Member - Working Group for Preparing Roadmap for the
Farestry Research, Education and Extension Sector in India,
Minisiry of Environment and Forests (MoEF), Govt. of Tndia
{Group 3 : Interface with State Governments; Coordinator
Secretary, ICFRE, Dehradun; Convener - Director, FRI,
Dehradun), October 2010 { P.P. Dhyani),

Participalion of Institute Faculty, Project S0 in Different Ey ents:

Events HQs Units Total
NE Sikkim Garhwal HP
National
) Sysupona / 29 25 13 06 29 102
Conferences /
Workshops
= Training Courses 14 05 25 08 6 58
= Meetings 41 06 16 03 09 75
= Tarticipailion as a 26 10 60 06 66 168
Resource Person
= Any Other 06 01 6 00 25 48
International 12 00 04 06 03 25




ANSUL AGRAWAL & CO.

Chartered Accountants

Scla Khola, Chaughan Pata, Near PW.D. Office, Almora — 263 601 (Unarakhand)

Tel.: 05962-230158, 232158, Fax: 05962-231030, Mobile: 94101-83805, 098101-53504
E-mail: ansulagrawaligredifimanl com

To

Members,

G.B. PANTINSTITUTE OF HIMALAYAN
ENVIRONMENT & DEVELO PMENT,
NEW DELHI.

We have audited the attached Balance Sheet of G.B. PANT INSTITUTE OF HIMALAYAN
ENVIRONMENT & DEVELOPMENT (A Institute of Govind Ballabh Pant Himalaya Paryavaran Evam
Vikas Sansthan) which are in agreement with the books of accounts, maintained by the Institute as on 31st
MARCH, 2011. We have obtained all the information & explanations, which to the best of our knowled geand belief
werc necessary for the purpose of audit. In our apinion, 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 cxamination of the
books. Proper returns adequate for the purpose of audit have been received from Units not visited by us, subject to
the Notes on Accounts and comments given below:

As per notes on accounts'observations

In our opinion, and to the best of our information and accordin o to the explanations given to us and subject to the
notes lorming part of accounts the said accounts give the true and fair view:

1} Inthe casc of Balance Sheet of the State of Affairs ot the above named Institute as en3lst MARCH, 2011,

i} Inthe case of Income & Expenditure accounts of the INCOME of its accountin gyearcnding  31st MARCH,
2011,

FORANSULAGRAWAL & Company
CHARTEREDACCOUNTANTS
Sd/-

CA.ANSULAGRAWAL SEAL
(PARTNER)

DATED: 12/09/2011
PLACE: ALMORA

Branch Office: 3/37, First Floor, Main Shivalik Road, Malviya Nagar, New Delhi — 110 017
Tel: 011-26683630., 26683640, Fax: 011-26683640, Mobile: 98101-53504
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& G.B.PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOPMENT
= s
= KATARMAL, KOSI ( ALMORA ) Uttarakhand
LN |
I
B e BALANCE SHEET AS ON 31ST MARCH 2011
s PARTICULARS SCHEDULE CURRENT PREVIOUS
|
= YEAR YEAR
=
= CORPUS / CAPITAL FUND 1 al4R81057.71 34154882 92
RESERVE AND SURPLLUS 2 404028310.17 45665244 K]
EARMARKED / ENDOWMENT FUNDS 3 ] 0
SECURED LOANS & BORROWINGS 4 0 0.00
UNSECURED LOANS & BORROWINGS 5 i 0.00
DEFERRED CREDIT LIABILITIES ] 0 .00
CURRENT LIABILITIES AND PROVISIONS 7 T3850837.23 SH013786.08
TOTAL 53936020511 518833913.81
ASSETS
FIXEDD ASSETS 8 404028310.17 405665244 81
INVEST. FROM EARMARKED/ENDOWMENT FUND 9 52622055.92 20396720.48
INVEST. OTHERS 10 0 0.00
CURRENT ASSETS, LOANS, ADVANCES ETC. 11 8270983902 83771948.52
MISCELLANEOUS EXPENDITURE
TOTAL 539360205.11 518833913.81
SIGNIFICANT ACCOUNTING POLICIES 24
CONTINGENT LIABILITIES & NOTES ON
ACCOUNTS 25
AUMTOR'S REPORT
As per our separate report of even date annexed. Sd/ -
FOR: ANSUL AGRAWAL & CO. (DR. LM.S. PALND
CHARTERED ACCOUNTANTS DIRECTOR
Sdi- Sdi-
{(CA. ANSUL AGRAWAL ) (Dr. 5.C.R. Vishvakarma)
PARTNER D.D.O
M No. 092045
Sd/-
(K.K. Pande)
Sdf
DATED: 12/09/2011 (K.K. Pande)
PLACE: ALMORA Finance Officer
SEAL
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=
G.B.PANT INSTITUTE OF HIMALIYAN ENVIRONMENT & DEVELOPMENT =
KATARMAL, KOSI ( ALMORA) Uttarakhand =
a1
m
_ o
o INC{QME & EXPENDITURE A/C FOR THE YEAR ENDED 31ST MARCH 2011 £
PARTICULARS SCHEDULE CURRENT PREVIOUS E
YEAR YEAR =
f.F-'l
INCOME ]
Income from Sales/Services 12 2534466.50 21637600 =
Grants/Subsidies{net ofT exp) 13 12006771694 115572350.8
Fees/Subseriphions 14 {0.00 0.00
Income Uy from Fixed Assets fund - 2000121514 19023565.6]
(Lo the extent of depreciation & WDV of assel sold)
Income from Rovalty, Income from Inv. Publication cte. 16 0.00) 220.00
Interest Earned 17 2129872 4] 1451676.00
Other Income 13 2324585 88 2481505.00
Increase (decrease) in stock of Finished goods and 19 0.00 0.0
work in progress)
TOTAL (A) 144877856.87 13874599936
EXPENDITURE
Establishment Expenses: a) Instimte 20 4660023600 5050393900
b} Projects B602695.00 TAT4548.00
¢) E.C (Projects) 16ETEYZ 00 BT3069.00
Administrative Bxpenses : a) Instituee 21 35065277.94 34945584.75
b) Projects { As per Annexure) 16366TH1.00 1253308400
¢) EC (Projects) As per Annexure) 4989405.00 QT4TE2.00
Expenditure on Grants, Subsidies etc. 22 G755430.00 TT61350.00
Interest 0.00
Di¢preciation (Met Total at the year-end-as per Sch. §) 20101215.14 19623505.61
TOTAL (B) 14016893208 134595922.36
Balance being excess of Income over Expenditure (A - B) 0.0
Iranster to special Reserve 0.0
Transfer o/ [rom General Reserve 0.00
BAL.BEING SURPLUS TRETO CORPUS/CAPITAL FUND 4708924.79 4150077.00
SIGNIFICANT ACCOUNTING POLICIES 24
CONTINGENT LIABILITIES AND NOTES ON ACCOUNTS 25
AUDITOR'S REPORT
As per our separate report of even date annexed. Sdi-
FOR: ANSUL AGRAWAL & CO. (DE. L.M.S. PALNID)
CHARTERED ACCOUNTANTS DIRECTOR
Sdi- Sd/-
(CA. ANSUL AGRAWAL ) (Dr. 5.C.R. Vishvakarma)
FARTNER D.D.O
M Mo (920448
Sd/-
DATED: 12/09/2011 (K.K. Pandc)
PLACE: ALMORA Finance Officer
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=
G.B. PANT INSTITUTE OF HIMALAYAN ENVIEONMENT & DEVELOPMENT =
KATARMAL, KOSI (ALMORA) Uttarakhand =
=
ANNEXURE FORMING PART OF RECEIPT/PAYMENTS A/C AS ON 31 MARCH 201 1 g
STATEMENT OF OPENING & CLOSING BALANCES E
=
PARTICULARS OPENING CLOSING i
AMOUNT AMOUNT S
Cash & Bank Balances -
Cash In Hand :
Srinagar 5209.85 4632.85
Sikkim 1429.00 GOTE.00
Kullu 60.36 12061 .40
lanagar 22378.16 24658.16
Grani in aid in transit { Biotech-X111) 1 84000.00 1 84000.00
Cheque n transit: { Stinagar ) 1 7607.00 Te91 7100
Cash at Bank Balances
SBI Almaora Afc Mo, 10861378091 (Corpus) 56423 48 2093130792
SBI Tadong Afc No 11226047758 1490154.17 41612284
SBI Kullu Adc NO. 10792147561 [391636.82 92018178
SBI Itanagar Adc No 10940060114 IF66EE8.03 I4RTO3E. T8
5Bl Srinagar Alc No 10972182864 636006.53 1015119.53
Advances
House Building Advance 2656443.00 208246700
Motor cvele/Car Advance 250903 .00 182575.00
Festival Advance 21600.00 31500.00
C.PF 36.00 71.00
Income tax deducted at source 197149800 197498 (1)
Units of Institute:
Sikkim Umit -33518.23 -T4894.23
HF Unit -220840.00 -221110.00
Garhwal Unit 16123.00 2500000
NE Unit 0.00 14300.00
FC Advances:
[CIMOD RSE (LOA-DDirector, Wild Life Dehradun 0.00 T29000.00
[CIMOD RSR (LOA-ITDirector, Wild Life Dehradun 0.00 270250.00
ICIMOD RSR (LOA-IM/S TATA Motars N. Delhi 0.00 0419940,00
E.T.& T.N.DELHI{INDO -CANADIAN SUMMER) 288000 2R80.00
NESA HYDERABAD({PARDYF) 258720.00 3227400
Kasar Jungle Resort {Kailash Workshop) 2500000 (.00
Kalmativa Sangam (Kailash Workshop) 000000 0.00
Fixed Deposit
Corpus Fund FDR'S Z4830235.00 2605154500
Inicrest Accrued on Corpus fund FDR 451006200 563920300
FDR (Margin Money/LC A/C)
Institute 25136400 (364,00
BIOTECH -X1 577.00 $77.00
[SRO-JCK-ECQ (HP Unit) 81500000 62500000
DST Rinu -K Project 450000.00 0,00
DST- JCE-HP Unit 3445000.00 - Doo
TOTAL: 45342966.77 64300862.03
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S

L G.B. PANT INSTITUTE OF HIMALAYAN ENVIRONMENT & DEVELOP MENT
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E BROUGHT FORWARD - 45342966.77 64300862.03

;5: Due Stafff other 1C Alc

% Dr. Vineeta Jagtap 4000.00 0.00

=T Dr. L. M8, Palm 0.04 120000.00
Ms. Sarita Bagdwal 0.00 S0000.00
STUP Consultant 0.00 (T435.00)
LICOR INC USA (L0 54460.00
Post Master G.I.O Tadong (Sikkim) 213.00 0L00
Post Master G.P.0O Almora 40566,00 H566,00
Employment News 4828700 ARZRT.O0
Sigma Aldrich Chemicals 1059000 10590.00
Siltap Chemicals Lid {Biotech -T11) 40800 40800
Adv.to Indraprasth Medical Cor, N, Delhi (.00 243702.00
Adv. o NIH Roorkee 0.00 LRI, O
DET (LMS) ILTP NRSA Hyderabad AR000,000
NRSA Hyderabad 35300.00 35300.00
F.K.Nunda & Sons 28517.00 28517.00
NICSI New Delhi 35106.00 353106.00
B 8 N L Banglore 2912596.00 291259600
Security Deposit CET Sikkim Unit 11000.00 1100000
Uttranchal Renewal (UREDA) T6S000.00 (OO
Uttranchal Renewal (UREDA) LDA Project 0.00 S0380.00
Dr. 5.C. Joshi (TA) (.00 (.00
NESA Hyderabad (ISRO GBP S55) 35000000 350000.00
NESA Hydrabad (DST-KK-I) 740000 T400.00
E.C Inter A/C 250000 250000
M/s CCU New Delhi H24E98.00 1129175300
Security Deposit NE Unit 1750000 1750.00
M/s Delta T-Devicies. England 46881.00 (L00
NCADMS., Itanagar (MOE&F CC-11) H2270.00 75609800
N.E. Regional Institute, Itanagar (MOE&E CC-11) 611411.00 144977900
EE R.ES. Almora (MOE&F (BG) RSR 295200000 3402000.00
EL R.E.S. Almora Insitute [TO7855.00 ST 100000
MOE&F (5. Sharma) NESA Hyderabad T47000.00 0.00
WWF New Delhi (UNDP-CEF-GOL) NE Unit 931823.00 121082900
Dvirector State Forest Research Institute { UNDP-CEF-GOL) NE
Unit 636711.00 636711.00
Dr. Hari Ballabh MoE&F Hydropower Project (FRUI] 1200000
EE R.ES Almora (HRDI L.D.B. Project) 0.00 S9000.00

__TOTAL __ 56292508.77 88853165.03
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INSTITUTE SUPPORTING STAFF

HEAD QUARTERS
K.K. Pandc

Surya Kant Langayan
L.M.S. Negi
Sanjeev Higgins
Mritunjay Anand
Sarita Bagdwal
Jagdish Kumar
Mamta Higgins
Heera Singh

K.K. Pant

Hema Pandey
S.K._Gurani

Suraj Lal

Jagdish Singh Bisht
R.C.Bhatt

Chandra Lal
K.N.Pathak

Pan Smgh

(.. Kandpal
Nathu Ram

Ganga Joshi

Kanshi Ram

GARHWAL UNIT
[LP. Kumeri

M.P. Nautival
JM.S. Rawal

R.C. Nainwal

R.P. Sati

HIMACHAL UNIT
5P Maikhuri
Daulat Ram

SIKKIM UNIT
R.K. Das
Jagnnath Dhakal
PK. Tamang
Musatir Rai
Shyambir

Finance Officer
Accounts Officer
Office Superintendent (Admn.)
Technical Gr, — 111(2)
Technical Gr. — [V(1)
Stenographer
Stenographer

u.n.C.

u.D.C.

u.n.c.

u.D.C.

L.D.C,

L.D.C.

Techmical Gr. — [I(1)
Diriver

Driver

Techmcal Gr. — I(3)
Peon

Peon/Mali
Peon/Mali

Peon

Peon/Mali

L.D.C.

Diriver

Driver

Field Assistant
Peon

Office Superintendent
Peon

L.D.C

Technical Gr. — 1(3)
Technical Gr. — 1(3)
Peon

Peon
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INSTITUTE FACULTY

HEAD QUARTERS
L.M.S Palmi
P.P.Dhyani

Kireel Kumar
S5.K. Nandi

R.C. Sundrival
D.K. Agrawal
Anita Pandey
5.C.R. Vishvakarma
B.P. Kothyan
[3.5. Rawat

R.3, Rawal
G.C5. Negt

R.C. Prasad
Subrat Sharma
[.I). Bhatt

R.K. Singh

A K>Saham
Rajesh Joshi

K.C. Sekar

Shilpi Paul
Vasudha Agnihotri
R.G. Singh
B.5.Majila
Subodh Airi

HIMACHAL UNIT
5.5, Samant

S.C. Joshi

1O Kuniyal

R.K. Sharma

SIKKIM UNIT
H.K. Badola
K.K. Singh
Varun Joshi
Ranjan Joshi
L.K. Rai

Y.K. Rai

GARIIWAL UNIT
R.K. Maikhuri

MN.A. Farooquee
Paromita (Ghosh

5. Tarafdar

NORTH-EAST UNIT
PK. Samal

M.S. Lodhi

5.C. Arya

5. Chaudhary

[Director
Scientist-(7
Scientist-F
Scientist-F
Scientist-F
Scientist-E
ascientist-E
Scientist-E
Scientisi-E
Scientist-E
Scientist-E
Seientist-1D
Scientist-I
Scientist-C
Scicntist-CC
Scientist-C
Scientist-C
Scientist-(
Scientist-C
Scientist-C
Scientist-B

Tech. Grade IV (3)
Tech. Grade IV (3)
Tech. Grade 1V (2)

Scientist-E & In-charge
Scientist-E
Scientist-D
Scientist-C

Scientist-E

Scientist-D & In-charge
Scientist-C

Scientist-C

Tech. Grade IV (3)
Tech, Grade [V (3)

Scientist-E & In-charge
Seientist-D
Scientist-C
Scientist-C

Scientist-E & In-charpe
Scientist-C

Scientist-B

Tech. Grrade 1V (2)

Plant Physiology; Biochemistry; Biotechnology
Plant Physiology; Restoration Licology
Environmental Engineering; Hydrology

Plant Physiology: Biochemistry

Plant Ecology; Rural Ecosystems

Soil & Water Conservation Engg; Impact Asscssment
Microbiology

Plant Ecology; Rural Ecosystems

Plant Pathology; Restoration Ecology
Settlement Geography; Rural Ecosystems
High Altitude Ecology; Conservation Biology
Forest Ecology; Watershed Management; EIA
Library & Information Science: Documentation
Agroecology: Remote Sensing / GIS

Plant Physiology; Phytochemistry
Information Technology

Social Seicnce; Anthropology

Mathematical Modeling

Plant Taxonomy:; Animal Taxonomy
Molecular Biology; Plant Biotechnology

Soil Science; Plant Analysis; Instrumentation
Applied Arts; Photography, Social Science
Forest Ecology: Restoration Ecology

Forest Ecology: Biotechnology

Plant Taxonomy; Conservation Biology

Plant Physiology; Stress Physiology
Development Geography: Waste Management
Policy Analysis: Environmental Management

Morphoanatomy: Conservation Biology
Plant Physiology; Stress Physiology
Environmental Geology

Ecology Economics: Resource Valuation
Plant Taxonomy

Rural Ecosystems

Plant Ecology; Rural Ecosystems

Social Science; Indigenous Knowledge Systems
Plant Science; Svil Science

Weather & Climate Change: Glaciology; Hydrology

Social Science; Anthropology
Environmental Assessment
High Altitude Ecology

Conservation: Biological Diversity
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