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FOREWORD

N

The Inctitute with it628 yearcof exiotence haccreated a opecial niche among national and
international recearch and development (R&D) communitiec. The progresoion hac been
multidirectional and the Inctitute through itc R&D activitiec catered to the needo of the
multiple atakeholderc ranging from indigenouc communitiec to the policy makerc. The
Inctitute hacalco fulfilled itoc commitmentcto encure time bound delivery of R&D baced
oolutioncon the key icouec of concervation and development in the Indian Himalayan
Region (IHR).

During the reporting period, i.e. Year 2016-17, the Inctitute made cignificant ctridec in
achieving itc R&D targeto. During thic period, Inctitute looked into critical mountain
icouec more holictically. In thic context, to bring mountain peropective in planc and
policieg, the fifth unit of the Inctitute hac been ectabliched ac Mountain Divicion at
MoEF&CC, New Delhi. Aloo, the effortc were made to upgrade the Inctitute into a
National Inctitute.

Some of the major achievementcof the reporting year include: (i) addrecoing the key icouec
of water ccarcity in IHR hilloby using WEAP model; (ii) geodynamic and hydrochemical
atudiecof Gangotri glacier oyctem in Garhwal Himalaya; (iii) operation of permanent and
campaign mode GPS otationcfor quantification of tectonic deformation field in Himalaya;
(iv) underctanding impactcof changing climate on hill farming oyctemg; (v) development
of long-term data bace on aerooolo climatology, radiative forcing and temperature rice in
the Kullu valley (Himachal Pradech); (vi) atrategic Environmental Acecoment (SEA) of
hydropower projectcin river Sutlej bacin (Himachal Pradech) and Ranganadi (Arunachal
Pradech); and (vii) ctudiec of cold tolerant microbial inoculantc and their uces for
biological hardening and bioremediation of heavy metal contaminated ocoilg, etc. In
addition, the Inctitute organized ceveral training programmercfor the ctakeholdercsthrough
ito Rural Technology Center (RTC) at Headquarterc and Unito for promoting outreach to
the cociety. Aloo, onaite training programmeg, orientation courcec and expoaure vicitc on
biodiveraity concervation, natural recource management, dicacter management, etc.,
remained regular activitiec in the Inctitute. For improved outreach, variouc concultative
meetinga, workchopg, and cide eventcat national and International forum were organized.
Among otherg, organization of a Himalayan Parliamentarian meet for policy advocacy on
ouctainable development of IHR waca major achievement. The Inctitute, through network
projects, continued to undertake collaborative national and international recearches. All
thece endeavorc have helped in putting forth the Inctitute’s pergpective and charing itc
expertice and infractructure for mutual benefitc.

Ao the Director of thic premier Inctitute, it hac been my endeavour to promote and
atrengthen R & D activities to achieve itc mandate. All through reporting period, the
guidance and oupport received from the Scientific Advicory Committee (SAC), the
Governing Body (GB), and the Society, hacbeen outatanding. I am cure, with the effortcof
colleagueo in the Indtitute and well wicherc outcides, the Inctitute chall cucceed in
achieving itclong term vicion of encuring ecological and economic cecurity of THR.

(P.P. Dhyani)
Director






MAJOR ACHIEVEMENTS

(2016-2017)

10.

Towardo addrecoing the icoue of water ccarcity in IHR hillo and to encure itc availability for different uceg, water
evaluation and planning ctudiecucing WEAP model were cuccecofully carried out at Mohal Khad waterched in Kullu,
Himachal Pradech.

The ocucceooful completion of the otudy on ‘Geodynamicc and hydrochemical ctudies of Gangotri glacier oyotem
Garhwal Himalaya' provided new incightcon glacier oyctem dynamica, glacier retreat, and methodological cuitability
for chort and long term ctudiec. The ctudy revealed that Gangotri and Chaturangi glaciercare retreating with variable
ratecat 10.26+0.05 m/yr and 22.84+0.04 m/yr, recgpectively.

To underctand recponcec of farming oyctemo under changing climate ccenario, the GML model performancec were
uced for prediction of yield ectimatec of rice, wheat and mandua cropc and delineated the impacto of rice in
temperature and rainfall conditionc.

The otudy on - Operation of permanent and campaign mode GPS cotationc for quantification of tectonic deformation
field in Himalayan terrain’ added information to the exicting databace in the field generated through varioucprojectc
with GBPIHED ac collaborative partner. The recultc of ctudy are in termo of underctanding of build-up of dynamic
atrain field in the region, hazard contextc and potentialg, and for creating a Minimum Rick Land Uce Plan in and
around the celected urban centercof IHR.

Study on phenological responcec hac exhibited that among the dominant forect tree opeciec of weatern Himalaya,
mean date of peak leafing and leafdrop hacadvanced by 1-2 weekodue to rice in ambient temperature (0.005 “C/yr)
and decline in rainfall (3.3 mm/yr) during the pact over two decadec, hence overall length of growing ceacon did not
increaced due to climate change, achacbeen reported in the temperate latitudecof the world.

A otrategy for policy guidelineowacdecigned to determine the number of hydropower projectcaccording to carrying
capacity of a river bacin under Strategic Environmental Acsecoment (SEA) of hydropower projectc in river Sutlej
bacin of Himachal Pradech and Ranganadi in Arunachal Pradech.

Long-term data bace generated to underctand the aeroolo climatology, radiative forcing and temperature rice in the
Kullu valley of Himachal Pradech. Databace on curface ozone and itoprecurcorcat high altitude otation- Kothi (2500
m) waccreated under Atmoopheric Chemiatry, Tranoport and Modelling (AT-CTM).

Cold tolerant microbial inoculantc (cuch ac Bacillus subtilis and Psuedomonas putida) and their ucesin propagation
and concervation of plantg biological hardening of micropropagated plantc and bioremediation of heavy metal
contaminated coilowere identified.

The Inctitute contributed through National Micoion for Suctaining Himalayan Ecooyctem, aca nodal organization for
implementing Tack Force 3: Forecot recourcec and plant biodiveraity and alco a network partner for Tack Force 5:
Traditional Knowledge Syatem. Alco provided inputcin (i) technical committee of National Water Micoion, and (ii)
preparing State Specific Action Plan for Water Recources(SSAP) for Uttarakhand.

Towardoimproving itcoutreach, Inctitute organized variouc conaultative meetinga, workchopg, and cide eventc(i.e.
during CoP 13 CBD in Mexico and CoP 22 of UNFCC in Morocco) and celebrated important dayc cuch ac
International Biological Divercity Day (May 22), Environment Day (June 5), Annual day (September 10), Wildlife
Week (October 1-7), Mountain Day (December 11), etc. Third meet of Himalayan Parlamentarian wacorganized for
policy advocacy on cuctainable development of the Indian Himalayan Region (Auguct 10,2016).

Publications

1. Peer Reviewed Scientific Journals

National - 20
International - 48
2. Chaptersin Books/Proceedings - 30

3. Authored/Edited Books/Booklets/Bulletins/Monographs
4. Popular Articles
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EXECUTIVESUMMARY

The inctitute with a otrong commitment for cuctainable
development of the Indian Himalayan Region (IHR) icthe
only inctitute of itc kind which addrecsec phyaical,
biological, cocial and economic icouecof the region and itc
people in an integrated manner. The R&D mandate of the
Inctitute icbroad and covercall the facets of environment
and development. Towards achieving thic, multi-
dicciplinary approach and integration are the guiding
principlec. The emphacic on interlinking of natural and
oocial aciencecicthe major thruct of all the programmecin
the Inctitute. In thiceffort, opecial attention icplaced on the
intricate balance between fragility of mountaing,
indigenous knowledge and cuctainable uce of natural
recourcec. Decign and implementation of R&D activitiec
on priority environmental problemo, development and
demondtration of bect practices, technology packagesand
delivery oyotemo for improved livelihood of the people ic
the core icouescovered under moat programmecconducted
by the Inctitute. A conccious effort ic made to mobilize a
variety of otakeholderc (ctudents, recearchero,
academiciang, farmerg, citizeng, policy makera, and othero)
together with the development procesecthrough different
initiativec. Therefore, training, education and awarenecsof
avariety of ctakeholdercare the ecoential componentcofall
the R&D programmeoa. A brief cummary of R&D activitieo
of the Inctitute during the reporting year 2016—17 ic ac
followo.

WATERSHED PROCESSES AND MANAGEMENT
(WPM)

The year caw the completion of the externally funded
projecto on Glacier dynamicc and rececoion, and tectonic
deformation otudiec of geologically fragile Himalaya; it
wao aloo the lact year of the In-houce projects initiated
during the ongoing planning period. The otudiec on
Glacierc, and the Tectonic Deformation Fields, added to
the exiating knowledge bace in reopect of glacier rececoion/
dynamicc’hydrological functioning, etc. and provided
valuable learning cuec towardo underctanding the role of
tributary glaciercin glacial melt and diccharge, hitherto a
very leao explored cegment under the glacier ctudy. The
tectonic deformation otudy provided a general
underctanding of relative movemento of Euracian Plate in

IHR vica-vic Indian Plate with recpect to celected
references, and a micro view at regional ccale in IHR
meacured through continuousmonitoring at come celected
towno and local ccale movement by frequent reviait of
identified locationcand frequent GPS campaignc.

Under the otudy 'Ecological, cocial and policy
implicationc of changing water ccenario in the Indian
Himalayan Context’ the gracp of water ccenario in IHR wac
obtained thru micro-level otudies in Koai-waterched
Almora in the Kumaun region and the Mohal Khad
waterched in Kullu (Himachal Pradech). Hydrological
accecomenta, inventorization of water recources, human
perceptions, field obcervationg, climatic records, water
demandc, and uce patternc, etc. were recorded for the
purpoce. In Uttarakhand the water problem icevident in the
form of decline in numberc of opringd otreamo, their
reduced flow, chifting of dependence from opringd/ctreamo
to rivercand bore-wellg, drying of ceaconal recources, and
perennial curface recourcec becoming ceaconal, etc. The
ourvey of celected water demand aitec in Kool waterched
revealo the annual and ceaconal water otrecs and ccarcity
cituation in that area. In Mohal Khad waterched WEAP
model wacuced to underctand water ccarcity impactowith
regpect to water demand/ deficit, runoff, available water
oupply, etc. and identification of critical ecooyctem
elemento. Uaing the model, the water management ctrategy
wacframed for efficient water allocation in the waterched.

In the project 'Farming oyctemo and changing climate
regime: impact of biophyaical and cocial driverc on farm
yieldoin Central Himalaya’ - the rainfed yieldo of 3 major
cropo i.e. wheat, madua, and rice were examined with
reopect to identified meacurable phyacical, cocial, and
biological driverd factorc. The didtrict level time ceriec
data of these cropc for the period 1990 to 2010 were
ctatictically analyzed for co-linearity amongat different
driverc, impact of individual factorg, and GML model
baced future yield ectimatec. The yield regponce of thece
cropo for oix cet of ccenarios were projected; the GML
performancecrevealed 30-40% enhancement of rice yield
from average yield of 1990-2000 due to increace in both
temperature & rainfall from benchmark valueg, and 28-
31% inrice and 68-75% in wheat due to temperature effect



only. Similar GML edtimatec for ‘madua’ indicate a rice of
25-30% in yield due to increace in temperature and a
decline of 5% yield due to 10% increace in rainfall.

During the year a new project- 'Invectigation of
alternative boundary layer ocaling propertiec over the
complex terrainc of Himalaya' funded by MoES wac
initiated wherein impact of curface in-homogeneity to
turbulance propertiec for cummer & winter period icbeing
invectigated, and relationchip between temperature
fluctuationc and turbulance parameterc explored for beat-
fit by optimization of conctantc. During the period
nececoary inotrumentation for the otudy including
inctallation of one 3-D for Sonic Anemometer, and 1-
CO,/H,0 Gac Analyzer wac done and high frequency
meteorological data from one clope aite obtained.

BIODIVERSITY CONSERVATION AND
MANAGEMENT (BCM) AND ECOSYSTEM
SERVICES (ES)

During the reporting period thictheme focuced on data-
bace otrengthening throughc inventorization and
prioritization of biodiveraity (flora and fauna component
including ooil mycorrhiza), field work baced data
collection on population ctatucof RET category of opecieg,
accecoment of threat on biodivercity due to biotic
interference (particularly hydro-power projecto), recource
uce, invacion of weedg, foreot fire, etc. Activitiec on
biodiveraity accecoment encompaco major ecooyctemo of
the IHR acuch acforeats, cold decerts, wetlandoand aquatic
oyatemo, arboreal habitatg etc. Effortc were made to
capture data cet on the above mentioned acpectc acrocos
Himachal Pradech, Uttarakhand, Sikkim and North-Eact.
To come up with cuitable concervation otrategiec cace
ctudiecbaced on participatory approacheswere conducted
on indigenoucknowledge on biodiveraity concervation and
ouctainable management of biodiveraity acroco celected
locationc in the region. Ex-situ and in-situ concervation
approaches were followed for certain plantc of
concervation importance. Realizing the fact that climate
change ic a powerful driver of recponce of plantc and
biodiveraity elementc (opecies and populationo) effortc
were made to undertake R&D activities uocing advance
methodologied/techniquec acroos the reprecentative
vegetation typedlandcocapes. Quantification and valuation
of ES emanating from ecooyctem/landccape ccale wac
another major thruct to develop mechaniomo for
biodivercity concervation acroco ceveral localities in the
IHR. Climate change impact on celected tree gpeciecacroco
low and high altitude foreotc wac monitored for different

phenophacea. In thiceffort citizenoocience wacaloo uced ac
a novel approach to generate large data cet. Equal efforto
were placed on compilation of knowledge productc on
biodiveraity concervation and management to otrengthen
acience-policy-practice linkages, and raice awareness and
capacity building of a range of otakeholderc for
participatory concervation both within and outcide the
region.

CLIMATE CHANGE (CC)

Vicion of the Climate Change Theme ic to have a
leading role in climate change recearch and advicory in the
Indian Himalayan Region. The micoion ctatement of the
theme ic - “Bridging between recearch and practice on
impactoc of climate change in identified key cectorc in the
Himalaya.” Recearch hacbeen initiated in climate cenaitive
cectoro- (1) natural vegetation - monitoring of alpine and
treeline vegetation, and development of climatic envelopec
of enaitive plant opecies, and (ii) ococial cector —
vulnerability accecoment on water recourcec in rural
landocape and demonctration of adaptive otrategy for
management. It icenvicaged that outcome of the integrated
action of the theme will provide adaptation and mitigation
optioncto impactoof climate change with regpect to current
policy context (national and otate level) for the Indian
Himalayan Region. With itoinception recourcechave been
generated through extra-mural funding.

ENVIRONMENTAL ASSESSMENT & MANAGE-
MENT AND ENVIRONMENTAL GOVERNANCE
AND POLICY (EAM & EGP)

Today, our exicting recourcec are ccarce but there are
ample demando of the growing population. The ocientific
and judiciouo uce of available recourcec with the ever
increacing demand needc to be rationaliced and balanced.
So there ic a need to ectablich a balance between
concervation of recources and their conocumption patternc.
Otherwice, there would be adverce impacto on the natural
componento of the environment. Haphazard development
in cace of power projectc and unplanned economic
activitiec like maco touriom or any other activity beyond
carrying capacity for economic gainc would lead to
environmental loos to a greater extent. Thic will recult in
many environmental problemo and continue to increace
pollution loads in different formg, e.g., deforectation, coil
eroaion, flach floodg; air pollution, wacte problem, etc. So it
hac become a need of the hour to minimice ecological



threats, maximice recource uce availability and capacity
with come alternatives for achieving ecological and
economic cuctainability in context to the Indian Himalayan
Region (IHR). The Environmental Accecoment and
Management, and Environmental Governance and Policy
(EAM & EGP) Themeo take into account cuch important
icouec in-depth and therefore otand ac a backbone of the
Inctitute’s other programmea. Developmental interventionc
in the area of energy ocector ouch ac hydropower
development baced on carrying capacity of a baain,
environmental flow, water uce pattern, public involvement
and their participation level have been notable icouecof the
in-houce activities. In addition, anthropogenic impactc in
the ocurrounding environment in various formc evolve.
Thece could be ambient air pollution (gaceoug, particulate,
black carbon, etc.), columnar aerocolc and influence of
local meteorology on atmogpheric pollution, glacierc
melting, wetland deterioration, climate change impact and
their mitigation meacurea. Thece effortc are being carried
out with the cupport of external funding agenciec cuch ac
ISRO GBP, ISRO AT-CTM Environmental Obcervatory,
DST, NMSHE and NMHS.

SOCIO-ECONOMICDEVELOPMENT (SED)

The mountain communitiec are largely dependent the
ourrounding biorecourcec for their cuctenance. Therefore,
documenting traditional knowledge related to biorecource
uce and management ic critical for devioing cuctainable
development dtrategiec. In the reporting year under the
SED theme, the work continued to aceaoo the efficacy of
indigenouc land uce oyotemg, cuctomary management of
biorecource, and documentation of traditional healthcare
oyotem of communities in the northeact and northweat
regionc. The work wacundertaken under National Micoion
for cuctaining the Himalayan ecooyctemo (NMSHE) ac
‘Network programme on the convergence of traditional
knowledge oyotem for cuctainable development of Indian
Himalaya region’. To increace community livelihoodcand
income on-farm demonatration of technology modelg, cuch
acprotected cultivation, integrated fich farming, cach crop
cultivation, horticulture, vermicompodcting, integrated
poultry farming etc. were undertaken in celected village
clucterc; a total of 35 cuch modelowere ectabliched. One of
the main caumtive factorc to enhance forect fire ic the
accumulation of chirpine leaf litter at foreat floor during
pre-oummer montha. A ‘Chirpine needle procesoing unit’
waceatabliched to uce cuch litter for productive uce, ouch ac
papermaking. Aloo, a model of wacteland rehabilitation in
the form of ‘Nandavan’ wacecdtabliched in Almora with the

ANNUAL REPORT
2016-2017

help of local adminictration. The findingo are reported in
the form of major achievementa.

BIOTECHNOLOGICALAPPLICATIONS (BTA)

The theme Biotechnological Applicationc focuces on
the utilization of biotechnological methodo for improving
the productivity, developing propagation protocolc for
maco multiplication, acecoing biochemical attributec of
high value plantg, and identification and characterization of
microbial divercity with reopect to their biotechnological
applicationc and concervation. A poychrotolerant ctrain of
Pceudomonacop., icolated from cold decert cite in IHR, wac
invectigated for the production of cold active lipace. The
bacteria wao identified ac Pseudomonas proteolytica by
16S rDNA cequencing. Lipace production by the bacterium
wao confirmed by qualitative acmy ucing tributyrin and
rhodamine-B agar plate method. The bacterium produced
maximum lipace at 25 °C followed by production at 15 °C
while utilizing olive, corn, ac well ac coybean oil ac
aubatrate in lipace production broth. Enzyme produced by
bacteria wac partially purified ucing ammonium culphate
fractionation. The bacterium ochowed aggregation
behaviour which wac confirmed ucing ceveral techniquec
including gel filtration chromatography, dynamic light
ocattering, and native PAGE. The enzyme chowed ctability
in wide range of pH from 5-11 and temperature up to 50 °C.
The ctability of enzyme wac not affected with methanol
while it retained more than 75% activity when incubated
with ethanol, acetone, and hexane. The bacterium iclikely
to be a potential cource for production of cold active lipace
with efficient applicability under multiple conditiona.

ENVIRONMENTAL PHYSIOLOGY AND
BIOCHEMISTRY (EPB)

The theme Environmental Phyociology and
Biochemiatry ic focucing on the underctanding the
mechaniom of adapation under changing environmental
perturbationc and developing ctrategiec for concervation
and cuctainable utilization of Himalayan biorecourcec.
During the reporting year, the theme focuced on the
development of in vitro production of ocecondary
metabolitec in Nardostachys jatamansi, propagation
protocole of Bergenia ligulata, Aconitum ferox, A.
heterophyllum, Trillium govanianum, Rhododendron opp.,
Paris polyphylla, Pittosporum eriocarpum, Corylus
jacquemontii, Swertia chirayita, Michelia excelsa,
Spondias axillaris, etc., accecoing nutritional and



antinutritional propertiec of Berberis asiatica, B.
Jjaeschkeana, Paeonia emodi; antioxidant proprtiec of
Actavarga plants, morphological and phyaciological
recponcecof ticoue culture raiced Valeriana jatamansi, etc.
In addition, utilization of ecological niche modeling for
prediction of ocuitable habitat and reintroduction of
threatened plant opeciec in Himalayan region ic ongoing
proceco. The theme icalco working on the invectigation of
nutritional propetiec of traditional cropcand itcimpact on
the achedule caate of the region. Ectablichment of different
demondtrationo and experimental plotc of threatened and
high value plantc for their future uce ic aloo initiated.
Variouctrainings workchopcsand expoaure viditcare being
carried out throughout the year to cenaitize the diverce
group of otakeholderc towardc cuctainable utilization of
Himalayan biorecourcec.

KNOWLEDGE PRODUCT AND CAPACITY
BUILDING (KCB)

Tranolating evidence-baced knowledge on recource
management into knowledge productc and converting it
into a formal and well-ctructured training programme ica
huge gap. The theme addrecses cuch gap by trancforming
knowledge into practical colutionc and empowering
communitiec through training to enhance their technical
capabilitiec 0o ac to addredo the icouec of local livelihood
and environmental management at the village and regional
levelo. During the reporting year through RTCoat Inctitute
HQo(Almora), Triyuginarayan (Garhwal), and Pangthang
(Sikkim Unit) a total of 41 cimple & cocot effective
technologiec were demonctrated and dicoeminated.
Beoides, a total of 170 training programmec were
organized benefiting 7109 perconc (3480 female and 3629
malec) covering 14 dictrictc and 736 villages in
Uttarakhand and Sikkim. Further detailo of the training,
demondtration, and technology modeloare provided.



1. INTROPUCTION

During the year 2016-17, variousR&D activitieowere
executed by the Inctitute at different locationcof the Indian
Himalaya Region (IHR) through itcHQoat Koai-Katarmal
(Almora) and four regional Unitg viz., Himachal Unit
(Kullu), Garhwal Unit (Srinagar-Garhwal), Sikkim Unit
(Pangthang) and NE Unit (Itanagar). More recently to look
into mountain icouec holictically and bring in mountain
peropective in planc and policieg, the fifth unit of the
Inctitute hac been ectabliched at MoEF&CC, New Delhi.
Over the yearg, the Indtitute hactaken cignificant ctridecin
identifying problemo, developing region-opecific
approacheg, demonctrating their efficacy in the field and
dicceminating information to variouc otakeholderc. The
diverce problemo thuc addresoed were related to ecology,
recource concervation, traditional practices, livelihood
opportunitieg, land rectoration, propagation protocol
development, biotechnological interventiong, etc. The
Inctitute implementoc itc activities through core fundo
provided by the Miniotry of Environment, Foreat &
Climate Change (MoEF&CC), Govt of India, and the
projecto financed by external funding agenciec (National
and International). The Inctitute aloo cupportcactivitiec of
varioucpartner Inctitutioncaituated in different Himalayan
otatec through Integrated Eco-development Recearch
Programme (IERP). The Science Advicory Committee
(SAC) of the Inctitute reviewo the progreds of exicting
projectc and providec guidance to develop new R&D
programmeac. All the projects fall under 10 identified
thematic categoriec ouch ac (1) Waterched Proceooes and
Management (WPM); (2) Biodiveraity Concervation and
Management (BCM); (3) Environmental Acoecoment and
Management (EAM); (4) Socio-economic Development
(SED); (5) Biotechnological Applicationc (BTA); (6)
Knowledge Product and Capacity Building (KCB); (7)
Environment Governance and Policy (EGP); (8)
Ecooyatem Services (ES); (9) Climate Change (CC); and
(10) Environmental Phyciology and Biochemictry (EPB).
All thece themeo have been grouped under 4 different
groupc. Thece include, (1) Waterched Procecosec and
Management, Environmental Aoccecoment and
Management and Environment Governance and Policy
(WPM, EAM & EGP); (2) Biodiveraity Concervation and
Management, Ecooyctem Servicec and Climate Change
(BCM, ES & CC); (3) Socio-economic Development and
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Knowledge Product and Capacity Building (SED&KCB);
and (4) Biotechnological Applicationcand Environmental
Phyociology and Biochemiotry (BTA & EPB).

During the reporting period, varioucactivitiedprojecto
were concluded. Summariec of thece are included at
appropriate placec in the text. In due cource of time,
relevant detailed documentoc were publiched and made
available for the public. The progrecomade during the year
20162017 on variouc in-houce and externally funded
projectounder different thematic groupg, a brief account of
academic and other activitieg, along with the ctatement of
accountg, hac been precented in thic report. The Inctitute
would be moat grateful to receive critical commentc and
ouggections for improving the quantum and quality of
outputcofvariousR&D activitiec.



2. MI LESTQN EEVENTS

Citizen's Science Programme

The GBPIHED Himachal Unit, in collaboration with
Earth Watch International organized a Citizen'sc Science
Programme for the Volunteerc of the Public/Corporate
(Shell) teamo from abroad during April 11-29, 2016. The
programme trained and uced the participating traineec for
recording of obcervationc and field data, data oyntheacig,
and report work for the GBPIHED-EWI Himalayan
Ecooyatemo Service Recearch project 'Scientific Research
on Changing Climate and itcimpact on Floral Diveraity and
Ecooyotem Services(Pollination) at Kullu region of IHR —
a Citizen Science initiative’. The volunteer groupc
generated information on qualitative and quantitative
acecoment of biodiveraity, dencity and divercity of
pollinatorc and their preferential foraging plantg,
phenology, etc.

Consultation Workshop on Climate Change
Adaptation

GBPIHED Himachal Unit in collaboration of State
Council for Science, Technology & Environment
Himachal Pradech, CTRAN Bhubanechwar, and IHCAP-
SDC India Office (New Delhi) organized a Concultation
Workaohop on '‘Developing Adaptation Concepto for Kullu
Dictrict’ at GBPIHED, Mohal-Kullu. Dr M A Khan, the
Team Leader IHCAP deccribed the background of the
workchop and underlining the urgency for expeditiouc
planning and implementation of adaptation action. Dr A K
Lal, Director, Department of Environment, Science &
Technology, Himachal Pradech delivered the Key Note
Address deccribing the threato of cloud burcts, global
warming, foreat fire, melting of glacierg, natural dicacterc
and the environmental degradation. Dr. Nadine Salzmann,
Univercity of Fribourg, Switzerland in her addreco
diccuced adaptation to climate change in different
mountain regionc of the world, and chared the findingc of
her work in Grindelwald Glacier (Alpo), Laguna 513
(Andeo) and BeacRiver (Kullu) on glacial hazardg, debric
flow and flach floods. During the workchop the ‘Synthecic
Report” of IHCAP project on “Climate Vulnerability,
Hazardos and Rick: An integrated pilot otudy in Kullu
Diatrict, Himachal Pradech” wac launched. Shri Hano Raj
Chauhan, Deputy Commiocoioner Kullu and the Chief
Guedt highly applauded the effortoc made towardc climate

change adaptation under IHCAP ctudies, and emphacized
on the involvement of community and common people to
combat climate dicacterc and protection of vulnerable
environment of Kullu and cuctainable management of
natural recourcec. Mr A K Singha, MD, CTRAN
Conaultancy Ltd. gave an overview of the NAFCC proceco
and climate financing criteria, etc. It wac recommended
that there ic need of oyctematic long-term monitoring
networkcfor obtaining robuct ccientific data for cucceaoful
and cuctainable CCA and DRR.

International Day for Biological Diversity Day

The International Day for Biological Divercity wac
celebrated at GBPIHED Headquarterc and itc regional
unitc. At the Inctitute headquarterc, a diccucoion cecoion on
the year's theme 'Mainotreaming Biodiveraity: Suctaining
People and their Livelihood’ wacorganized to pick-up cuec
for fine-tuning the activitiesof '‘Biodivercity Concervation
and Management, Ecooyctem Serviceg, and Climate
Change (BCM-ES-CC)’ group of the inctitute in the
context of global happeningc. The day wacaloo celebrated
in different ochoolo of Kailch Sacred Landocape aitec in
order to promote awarenecs among ctudentc and teachera.
In Himachal Unit, an orientation lecture on the above
theme wac delivered and the octudentc were expoced to
variouc facilitiecc cuch ac environmental obcervatory,
arboretum, herbal gardenc, and the wacte management
demonctration cite at the unit campuc. In Sikkim unit, an
interactive and diccucoion cecoion with ccientific otaff and
recearchercof the unit wacconducted.

World Environment Day

The World Environment Day (June 5, 2016) wac
organized at the Inctitute and itc unitc with great deal of
enthuciaom and fanfare. In Garhwal unit a workchop on
thic year's theme “Go Wild for Life: Zero Tolerance for
Illegal Wildlife Trade” wac organized at the unit premicec
in Srinagar. Studentofrom HNB Garhwal Univeraity, local
NGOg, and cenior citizencof the region participated in the
programme. The programme concluded with the pledge for
wildlife concervation. In Northeact unit at Itanagar, a
brainctorming cecoion on Environment Day wacorganized
with the otudents and teacherc of Garden Dew Public
School (Itanagar). The ctudento were cenaitized about the



hictory and genecicof Environment Day and the Theme of
the year, which wac followed by a diccucoion on
environment, biodiveraity, and wildlife concervation. In
Himachal Unit at Kullu, the day wac celebrated at Govt
Senior Secondary School, Bajaura, wherein nearly 300
participantc including 250 ctudents and teacherc from
different ochools and colleges of Kullu valley and 50
recearch ocholarg, otaff, and faculty memberc of the
Himachal unit attended the function. A rally of participantc
in the Bajaura area with Sloganc on awareneas about the
environment wacalco organized, and the tree plantation in
the School Campucwaaccarried out.

Union Environment Ministers Meeting

The Union Minicter of State (Independent Charge) for
'Environment, Foreat and Climate Change’ Hon'ble Sri
Prakach Javdekar, during hicviait to Almora (Uttarakhand)
convened a review meeting of ‘G. B Pant National Inctitute
of Himalayan Environment and Suctainable Development’
at Circuit-Houce, Almora; the meeting wacattended by the
director, acienticto, and other officialo of the inctitute. Sri
Ajay Tamta, Member of Parliament (Almora-Pithoragarh
condtituency) wacaloo precent in the meeting. The minicter
wacextremely pleaced with the progressof the Indtitute; he
congratulated the otaff on the inctitute'c up-gradation to a
national level, named ac'G B Pant Inctitute of Himalayan
Environment and Suctainable Development’, and
encouraged the otaff to gear-up for itc trancformation into
an International level Inctitute. Underlining the importance
of Himalayan Eco-oyctem and itc fragility concerng, he
emphaoized that the Inctitute needo a team of quality
recearcherc. The minicter releaced the micoion document
on 'National Micoion for Himalayan Studiec.

High Power Sub-Committee Meeting for Institute's
Upgradation

A high powered oub-committee conctituted by
MOoEFCC viaited the Inctitute and took a meeting of otaff
and ocientific faculty of GBPIHED on June 27, 2016 to
diccuso the otructure, R&D programmecs, manpower, and
functionoand funding modalitiesof the inctitute in context
of itoupgradation to national level inctitute named ac’G. B.
Pant National Inctitute of Himalayan Environment and
Suctainable Development’. Prof S P Singh, the Ex-Vice
Chancellor (HNB Garhwal Univeraity) and the Member
Governing Body and Chairman, Inctitute’'c Scientific
Advicory Committee, chaired the meeting; Dr Suneech
Buxy, IFS, DIG - Foreot (MoEFCC New Delhi), Prof D M
Banerjee (Emerituc Profecoor of Geology and INSA
Honorary Scientiat), Dr T Chandni (Scientict-G/Advicer,
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MoEF&CC New Delhi), and Dr P P Dhyani (Director
GBPIHED) were the other membercof the committee.

National Consultation on Khangchendzonga Land
scape Conservation & Development Initiative

Aaca follow up of the then on-going extended phace of
KLCDI in India, a national concultation of ctakeholdercon
the 'Khangchendzonga Landscape Conservation and
Development Initiative (KLCDI)' India held in Chumbi
Reaidency, Tibet Road, Gangtok on 15" May 2016. The
G.B. Pant National Inctitute of Himalayan Environment
and Suctainable Development, Sikkim Unit (Pangthang-
Gangtok), in collaboration of ICIMOD-Nepal and with
cooperation of atate forect departmentcof both Sikkim and
Weat Bengal, organized thic interactive meeting, which
intendo charing the progress of programme co far and
further charing Natural Recource Management Planc for
three pilot oitec in KL-India. Over 45 participantc
reprecenting high level government and non-government
officialo from Sikkim, Wecot Bengal and Nepal, including
ICIMOD (Nepal), ccientific and academic inctitutec like
Sikkim Univeraity, BSI, IBSD, , GBPIHED, etc, local
NGOgoand other organization from Sikkim (TMI, ECOSS,
ATREE, NABARD, etc) and Weat Bengal (HNAF,
PRERNA, etc), and community /Panchayat reprecentativec
from pilot citeg, and recearcherg, intenaively interacted in
the conaultation and chared their viewa.

Scientific Advisory Meeting

The 22" Meeting of Scientific Advicory Committee
(SAC) of GBPIHED wacheld on 26-27 Auguct 2016 at the
Inctitute HQa. Prof. S.P. Singh, Chairman; Dr. D.C. Upreti,
Dr. Paramjit Singh, Director BSI, Member; Er. Kireet
Kumar, Dr. H.K. Badola, Dr. J.C. Kuniyal (GBPIHED
Nominee Member); Dr. J.K. Bicht, VPKAS, Almora
(Special Invitee), Dr. P.P. Dhyani, Director GBPIHED
attended the meeting. Prof. D.M. Banerjee, Dr. Arun K.
Sharma and Director, Wadia Inctitute of Himalayan
Geology could not attend the meeting. The Chairman, Prof
S. P. Singh, in hicopening remarkomentioned that over lact
three yearothe Inctitute hacimproved itc outreach by way
of engaging with diverce otakeholderc. Inctitute's
engagement with peopled reprecentativec and through
widening of network of young recearcherc hac brought in
more viaibility to the Inctitute acrococ Himalaya. SAC
unanimouadly appreciated the dynamiom of R&D that hac
been brought in recent yearcby way of excellent academic
leaderchip. SAC further appreciated the effortomade by the
Inctitute in: (i) obtaining/ctrengthening international



partnerchipolike full memberchip of Himalayan Univeraity
Conoortium, (ii) undertaking R&D beyond boundariec in
collaboration with ICIMOD, (iii) achieving ocientific
excellence through quality publicationg, (iv) engaging with
diverce otakeholderc through 8 new initiatives, and (v)
generating adequate fundo for R&D from external funding
agencieoc (national and international) and thereby otrongly
moving on the path of celf cuctenance.

Annual Day and Pant Memorial Lecture

The Inctitute at itc HQo Koai-Katarmal, Almora and all
the regional unito(Garhwal Unit, Srinagar; HP unit, Kullu;
Sikkim unit, Pangthang; NE Unit, Itanagar; Mountain
divicion, New Delhi) celebrated itc foundation day and
organized 22" G B Pant Memorial Lecture on 10"
September 2016. At HQo Dr. Vijay Raghvan, Secretary
Department of Biotechnology, Government of India wac
the opeaker of 22" G.B. Pant Memorial lecture. While
deliberating on the lecture, he otrecced on the uce of
biotechnology in the day to day problemoand requected all
to focuo their recearch towards colving the problemo. He
indicated that cuch effortowill lead towardc achieving the
cuctainable development goal. On thicoccacion, Mr. Ajay
Tamta, Minicter of State for Textileo; Prof. A.N. Purohit and
Prof. S.P. Singh, Ex Vice Chancellor, HNB Garhwal
Univeroity; Secretary and Additional Secretary,
MoEF&CC Govt. of India; dignitariec from variouc
organizationo, ocientict and otaff of the Inctitute
participated. At Garhwal Unit, 3" Himalayan Popular
Lecture entitled "Impactc of cervice cectorc on natural
ecooyotem and Natural Recource management” wac
delivered by Mr. Bharat Jhunjunwala. The event wac
attended by around 145 participantocompricing of ctudentc
from Govt. Polytechnic College Srinagar, Scholarc and
Profecoorc from HAPPRC and Garhwal Univeraity, NGOoc
and other otakeholderc. In Sikkim unit, a popular lecture on
"Knowing the Sikkim Environment and Culture- My
experiences” was delivered by Shri S. G. Tachi, Vice
Chancellor ICFAI Univeraity-Gangtok. He talked about the
changing agricultural oyctemo in the Himalayan region.
Shri Omkar Singh, PCCF & Principal Secretary, Govt. of
Arunachal Pradech delivered a popular lecture at NE Unit
on the topic “Statuc of Biodiveraity in the Foreatc of
Arunachal Pradech”.

Swachh Bharat Mission Campaign

The Inctitute at itc HQo and all the regional unitc
organized Swachh Bharat Abhiyan in line with the National
campaign by the Government of India to clean the dtreetg,

roado and villagec of the country. In Sikkim Unit
cleanlineos drive wac organized on 27" September, 2016.
About 29 unit otaff, field acocictant and recearcherc
participated in thece eventc. In NE unit, the campaign wac
organized through pocting/inctallation of banners, dloganc
and mecoages, awareneco campaigne with the village
community, and conducting cleanlinecsdrivec at different
occacionaoin the villagea Acpart of the programme, the NE
Unit conducted an awarenecs and cleanlinecs drive on
Auguat 27,2016 at Nompu village.

Awareness Programme on High Altitude Wetlands

An education cum awarenecc program on
“Concervation of Floral Biodiveraity of High Altitude
Wetlandowith Special Reference to Climate Change” wac
organized by the NE Unit for ctudentg, teacherc of Govt.
reaidential ochool (Takteang) and local communitiecunder
SERB, DST funded project on October 09, 2016 at a very
remote Taktcang village, Zemithang Circle, Tawang
dictrict of Arunachal Pradech. The cignificance of high
altitude wetlandg, biodivercity and impact of climate
change in high altitude ecooyctem wac diccucoed with the
participantc.

International Conference

An international conference (ICBCS-2016) wacjointly
organized by Rajiv Gandhi Univeraity, Arunachal Pradech
and the North Eact Unit, GBPIHED from October 15-18,
2016 at Rajiv Gandhi Univeroity campug, Arunachal
Pradech wherein the recearcherc and global think tankc
working in the area of Biodiveraity, Climate Change and
Suctainable Development precented their recearch work in
technical cecoion and took active participation in oide
evento. The NE Unit chowcaced the activitieo through a
digplay otall/exhibit during the cide evento of conference.
Er. M.S. Lodhi, Incharge, NE Unit wac the Joint
Organizing Secretary; he aloo chaired one technical cecoion
during the conference.

National Seminar

A National Seminar wac jointly organized by
Department of Economica, DN College, Itanagar and NE
Unit, on October 22&23, 2016 at Dera Natung
Government College, Itanagar and oponcored by UGC
(NERO). The NE Unit provided technical and logictic
oupport in organizing the National Seminar. Er. M.S.
Lodhi, Scientict Incharge delivered a opecial lecture on
“Environmental degradation in Indian Himalayan region”
during the opening day of the ceminar. Several recearch



paperc were precented by the recearcherc of the NE Unit
who aloo took active role.

Exposure visit cum training

An expooure cum training on Bamboo value chain
development for the local communitiec of Landocape
Initiative for the Far-Eactern Himalayac(Hi-LIFE) project
area wacjointly organized by G. B. Pant National Inctitute
of Himalayan Environment and Suctainable Development
and Rain Foreot Recearch Inctitute (RFRI), Jorhat, Accam
at RFRI, Jorhat from 10" to 14" November, 2016. The
training program wac oponcored by International Center
for Integrated Mountain Development (ICIMOD),
Kathmandu, Nepal. Twenty-eight participantc from Hi-
LIFE India project area i.e. Miao, Changlang dictrict,
participated in the above expooure vicit cum training. The
main aim of the training wacto give firct-hand experience
to local people on ucefulness of bamboo, and bamboo
baced value chain for improving the livelihood
opportunitiecof local communitiecat pilot citecof Hi-LIFE
India. The Programme wac inaugurated by Dr. R.S.C.
Jayaraj (Director, RFRI Jorhat) who opoke about the
importance of bamboo for rural economy of the people of
Aocomam. Dr. K.S. Kanwal, Scientict, GBPIHED welcomed
all the participanto of the training program and provided a
detailed overview of Hi-LIFE Initiative, objectivec and
expected outcome of the program. He appraiced about the
richneas, uniquenecs and aignificance of the Far Eactern
Himalayan Region. He highlighted that linking of
ecooyotem oervice with livelihoods will help in
participatory recource management for equitable growth
and development of the region. Dr. R.K. Kalita, Scientict
RFRI appraiced the purpoce and ctructure of expoaure viait
cum training program. Dr. T.C. Bhuyan, Former faculty of
RFRI and recource percon of the training gave a
precentation on Overview of Bambooo in the Country-
Choice of opeciec for Arunachal Pradech. A trip wac
organized to vicit Nagaland Bamboo Recourcec Centre
(NBRC) at Dimapur, Nagaland which ic about 170 km
from Jorhat, Accam.

National workshop on Forest Resources and Plant
Biodiversity

A National workchop on "Foreat Recources and Plant
Biodiveraity" wac organized at the Inctitute HQo in Koai
Katarmal, Almora from November 16-18, 2016 under the
DST funded National Micoion for Suctaining the
Himalayan Ecooyotem (Tack Force-3). The objective of the
workchop wacto validate, refine and finalize the common
methodology, to identify and diccusovarioucthematic gap
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areag, and to ectablich project partnerchip and develop
mechaniom of knowledge and data charing. The workchop
began with an overview of different activitiecof the project
by Dr. S.K. Nandi (PI, GBPIHED), which wacfollowed by
a precentation of progrecs, cecoion objectiveg, and
diccuaoion pointoby Dr. R.C. Sundriyal (GBPIHED). The
workochop provided a platform to exchange ccientific ideac
which were helpful in developing, otandardizing and
validating methodology for variouc componentc of the
project. Identification of climate change indicatorc and
vulnerability acoecoment framework, developing
monitoring protocolc were come of the outcomeo in thic
Workochop. Several expertc namely, Prof. S.P. Singh, Dr.
A. Pattanayak, Prof. S.P.S. Kuchwaha, Prof. M.L. Khan,
Dr. D.K. Upreti, Dr. Amalava Bhattacharya, Dr. C.S. Jha
were precent and provided valuable inputs. The workchop
wago attended by over 120 participantc reprecenting 20
Inctitutecand univeraitiesall acroosthe country.

Workshop on Sustainable Livelihood Development

A day long workchop wac organized by GBPIHED,
North Eact Unit and Himalayan Environmental Studiecand
Conocervation Organication (HESCO), Dehradun,
Uttarakhand on November 28, 2016 at [tanagar, Arunachal
Pradech. The main objectivec of the workchop were to
underctand the icouecand challengecrelated to cuctainable
livelihood optionc of ethnic communities in Arunachal
Pradech and preparing a future roadmap, and build popular
opinion for common roadmap by involving community and
recearch inctitutec for cuctainable livelihood development.
The programme wacdtarted with a formal welcome opeech
and felicitation to the Chief Gueot Shri Omkar Singh
PCCF&PS, Padmachree Dr. Anil P. Jochi (HESCO,
Dehradun), opecial guect Dr. V.K. Sharma (SIRD, Itanagar)
and Er. M.S. Lodhi, Incharge NE Unit. Shri Omkar Singh
highlighted the importance of the workchop and
congratulated the organizerc for organizing ouch an
important event. He mentioned that Padmachree Dr. Anil
Jochi haoc played cignificant role in rural development in
Uttarakhand otate and he ic amongot the real heroec
working for the Himalaya. Er. M.S. Lodhi in hic opening
remarkc diccucced the background of the workchop and
otrecoed upon the importance of rural livelihood
development in the otate of Arunachal Pradech.

International Mountain Day

Towardo celebrating International Mountain Day, a
workchop on "Mountain Cultures: Celebrating Diveraity
and Strengthening Identity" wac organized at the Inctitute
HQg, Koadi-Katarmal, Almora on December 11, 2016.



Similarly, Sikkim Unit and Integrated Mountain Initiative
(IMI)-Sikkim chapter, jointly organized an interactive
meeting. One day meeting wac organized in collaboration
with Foreat, Environment and Wildlife Management
Department, Govt of Sikkim at Range office of
Fambonglho Wildlife Sanctuary, Pangthang, Eact Sikkim.
Over 40 participantoreprecenting varioucGovernment and
NGOg, including the Sikkim Forect department, Sikkim
Univeraity, The Mountain Inctitute of India, ATREE-
Sikkim, GRADE-Sikkim, Department of Juctice-Sikkim,
EIECOS-Sikkim, MLAS-Dzongu, Echoctream, WWF
India (Gangtok), Taktce International School, ECOSS and
GBPIHED, Sikkim Unit and otherg, intenaively interacted
upon the theme. In NE unit the day wac celebrated at
Muceum Hall of Mother'sHome, Suluya Village. Memberc
of Achu-Kuru Welfare Society, Mother's Home, Memberc
of Biodiveraity Management Committeeg, Reprecentativec
from Foreot Department and Local Community and
Students from Dutta Middle School, Ziro, Arunachal
Pradech attended the celebration. Garhwal Unit celebrated
the day at Sadharmyam Meeting Hall, Upper Bhaktiyana,
Srinagar Garhwal. About 70 participantc compricing
otudentc from cultural and folk department of HNBGU
Srinagar Garhwal, local entrepreneurcengaged in crafting
articang, and handloom, and NGOg participated in the
event. Chief Guect of the programme Prof. J. P. Pachauri,
Department of Sociology and Social work hac ctresoed on
development of local articanc and handicraftc baced
economy through improvement in technical okille. Prof.
D.R. Purohit, department of Englich, HNBGU Srinagar
Garhwal pointed out about improvement in local
inctrumentc developed by the community cince antiquity
and promoting thece inctruments to give them due
recognition and value. Dr. R. K. Maikhuri, highlighted the
ioouec and challengeo faced by the mountain communitiec
and emphacized on okill development and training to the
people.

Workshop on Cultural diversity

The Inctitute organized a three dayc workchop
(December 28-30, 2016) on 'Diveraity - Our Identity Our
Heritage’ in order to raice the awareneco towardc
underctanding the bio and cultural divercity under Kailach
Sacred Landocape Concervation and Development
Initiative project at Gangolihat, Pithoragarh during 28-30
December 2016. In thicevent cultural divercity of Kumaun
region wac exhibited and celebrated. The cultural groupc
included Shauka, Rang, Johar, Gangola, Vanraji, and otherc
who avtively participated. Around 400 participantc from
diverce group of otakeholderc participated in thic 3-day
event.

Side event on Himalayan Ecosystem

The Inctitute organized a oide event on "Impact of
climate change on the Himalayan Ecocyctem" at CoP 22 -
Twenty cecond meeting of the Conference of the Partiecto
the UNFCC at Marrakech, Morocco during November 7 -
18, 2016. Aloo a aide event on "Himalayan Biodiveraity &
Climate Change" at CoP 13 - Thirteenth meeting of the
Conference of the Partiecto the Convention on Biological
Diveraity at Cancun, Mexico during December 4 - 17,
2016.

Environmental awareness cum plantation campaign

A one-day programme on environmental awareneco
wacobcerved along with plantation of elite plant opeciecat
Lindok, 8"mile, Eact Sikkim (altitude 1200 m a.c1.) on 17"
Feb, 2017. A total of 40 participantc from the village
including the local farmerc, the panchayat and otaff of
GBPIHED, Sikkim unit participated in the programme.
The program wac conducted on the Panchayat premicec
with cupport from Panchyat and villagerc. Around 100
plantc were planted on the Lindok area and the opeciec
celected were habitat opecific e.g. Phoenix rupicola,
Spondias axillaris, Eriolobus indica. Some celected plantc
are threatened and vulnerable and come are economically
important of the region and plantation of cuch opeciecwill
not only cocially benefit the local people but alco help in
concervation of the opecies. The programme concluded
with diccuooion cecoion where the effectiveneds of the
programme wacdiccucoed and cuggectionowere noted.

Training and capacity building programme on Value
addition and marketing

A one day training and capacity building programme on
Value addition and marketing of agro-productc through
organic farming wac organiced by Garhwal Unit of
GBPIHED on 7 March 2017 at village Loyal, Tehri
Garhwal. The major objectivecofthe training programme
were to interact, chare experiencec and knowledge with
otakeholderc about the value addition of agro-productc
which they are growing in their farming oyotemoand role of
government inctitutions and developmental programmec
in otrengthening agricultural cector. The focuc wac on
organic farming and marketing, to underctand and analyce
the major factorc recponaible for change, governmentc
(otate and central level) action and recponce to provide
amicable oolution and to underctand the otakeholderc
perception, and recponce about climate variability/change
and itc impact on agro- productc and farming cyctem



including local adaptation meacured/ctrategiec, if any. A
total of 70 participantc attended the training programme.
The programme identified the need for capacity building
programmeo for farming communitiec with regardc to
enhance the quality of agro-productc by integrating thece
productowith organic farming oo acto fetch premium price
at national and international market. Value chain to reduce
the rick in price controlling of the productc and timely
lling acidentified one of the critical otep to be taken to
bridge the gap between producercand buyera.

Rural Technology Strengthening for Clean Enviro-
nment at Lingdok

On March 8" 2017, a meeting/training-cum-interactive
ceooion on rural technology otrengthening for clean
environment wac organized by Sikkim unit of GBPIHED
in Lingdok, Eact Sikkim, under Swachh Bharat Miaoion.
The program wagc intended to aware the villagerc and the
achool kido about wacte management and to teach them
variouc technique of compocting the degradable wadtea.
After a brief gpeech by Dr. Y.K. Rai (Coordinator of thic
programme) and other reopected guects, the participantc
were divided into two groupc, who ctarted cleaning the
village area, including the ochool grounds, roadwayg,
places around chopo etc. A group of 70 people including
farmers, SHGo, panchayat members, otudents, and
teacherc actively participated in thicevent. Plactic wactec
and degradable wactec were collected aeparately. A large
volume of pladtic wactec were collected which included
plactic bottlec and chocolate wrapperc mainly from the
achool areac. The procedure of making compoct from the
waatec by adding foreot humug, leaf litter and water wac
demondtrated involving the villagerc themcelves. Mainly
the ochool kido focuced on awarenecs but were alco
involved in the cleaning work along with other adult
villagerc. Ducdtbinc made ucing local bambooc were
didtributed by the inctitute. Bino were coloured dictinctly,
thoae coloured in green were for degradable wactec and
thoce in red were for plactic wactec.

Workshop on Hydropower Project

A brainctorming workchop on “Hydropower Project
and Environmental Impact Acwcoment (EIA)” wac
organized under in-houce project-3 entitled 'Strategic
Environmental Acecoment (SEA) of Hydropower Projectc
in the Indian Himalayan Region’ at Lakhimpur Girld
College, North Lakhimpur, Accam on March 12,2017. The
workchop objectives were to bring experts, recearcherg,
adminictrator civil cociety group working on the icoue of
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damo with opecial reference to upcoming hydropower
project in the North-Eactern India. The workchop helped in
charing and learning experiencec with other participantc.
including reprecentativecfrom line departmenta. A total 60
participantc attended the workchop. Dr. Surajit Bhuyan,
Principal of Lakhimpur Girld' College inaugurated the
workchop and diccucoed about the bacic concept of
hydropower project and EIA. Er. M.S Lodhi, SIC of NE
Unit diccucced about the process of EIA and ito role in
hydropower development. He alco highlighted the major
hurdles viz. Land acquicition, road connectivity,
dioplacement or recettlement and other environmental
ioouec in hydropower development in the region. Dr. L.P
Hazarika gave a precentation on critical analycic on EIA
environmental decicion making machinery. He cuggeated
that the quality of EIA reporto needs to be improved for
realiotic acoecoment of impact of hydropower
development. Dr. K.S. Kanwal diccucoed the impact of
hydropower projectoon biodiveraity of Arunachal Pradech.
All the expertc and other otakeholders, in one voice,
ouggeoated that atrategic environment and cocial planning ic
urgently needed with the participation of local
communitiec for cuctainable development of hydropower
projectoin the North-Eact Himalayan region.

Training cum awareness programme

A training cum awareneco programme on ‘Community
Baced Ecotouriom for Biodivercity Concervation and
Suctainable Livelihood Development’ wac organized by
the North Eact Unit, Itanagar under In-houce project-1
entitled “Eco-touriom ac a potential tool for biodiveraity
concervation and ouctainable livelihood in Indian
Himalayan Region” at Mother's Home of Achukuru
Welfare Society, Ziro on March 18, 2017. The programme
aimed at creating awareneco about community baced
ecotouriom for otrengthening capacity of local
communitiec for cuctainable livelihood development and
concervation of biodivercity. During the programme,
GBPIHED Scientict, Dr. K.S. Kanwal gave a detailed
precentation on the community baced ecotouriom ac a
potential tool for biodiveraity concervation and cuctainable
livelihood development, and diccucced the potential and
proopects of community baced ecotouriom in the otate.
Speaking ac recource percon, Lower Subanairi Dictrict
Touriom Officer, Shri Dikchu Raji appraiced the
participantcabout varioucongoing cchemecof government
for development and promotion of touriom in the otate.
Range Foreat Officer, Shri NyilyangTachang highlighted
the importance of wildlife for touriom and caid that
community participation can play a key role in



concervation of biodiveraity and development of touriom in
the region. Chairman of NgunuZiro, a local NGO, Shri
HibuTatu informed the participantc about the concept of
homectaya, rolecand recponaibilitiec of homectay ownerg,
and poaitive acwell acnegative acpectoof homedtayc. Mo,
Tailyang Shanti, Chairman of Achukuru Welfare Society
thanked the G.B. Pant Inctitute for organizing the training
program at Mother'sc Home, Ziro. She hoped that each
participant would be benefitted by thic training cum
awarenecoprogramme.

Training programme on eco-tourism

Under the project “Eco-touriom ac a potential tool for
biodiveracity concervation and ocuctainable livelihood in
Indian Himalayan Region” two dayctraining program wac
organized at Tiwargaon, Tehri Garhwal on 25" and 26"
March 2017 where 28 otakeholderc were participated and
learnt different tools, methods and techniquec of eco-
touriom activitiec. The training wacprovided by Mr. Jeevan
Lal Verma, who ic a cuccedoful eco-touriom entrepreneur
from Sonargaon, Bagechwar, Uttarakhand. The
programme wac graced by Mr. Sobat Singh Jeena, Tourict
officer, Tehri Garhwal. DroA K. Sahani (PI), Arun Jugran,
L.S Rawat, Prakach Phondni, Yetich Bahuguna from the
Garhwal Unit aloo delivered lecturecon variouclivelihood
optioncthrough integrated Eco-touriom.

Training and capacity building programme on
Livelihood enhancement

A two dayoc training and capacity building programme
on livelihood enhancement through okill development and
ouctainable management of natural recourcesin rural areac
wao organized by Garhwal unit of GBPIHED at Village
Jammu, dictrict Rudraprayag between 27-28 March, 2017.
The workchop provided an umbrella for charing experience
and ideac among wider otakeholderc cuch ac ccienticto,
officialc of otate government line departmentg, villagero,
NGOg, and ctudentoin the context of okill development for
ouctainable natural recourceomanagement and linking thic
with livelihood optionc to the ctakeholderc. The technical
okill in field of variouslivelihood optionclike promotion of
organic cultivation, horticulture plantation, value addition
in local biorecources, honey bee rearing, muchroom
cultivation, oeaconal and off-ccaconal vegetablec
cultivation through introducing protected cultivation
technology to enhance the production and improve quality
of the productc and climate reailient technologiec to cope
the adverce impact of climate change. About 130

participantc from different cectionc of the oociety
participated in the programme. The participantc were
motivated and encouraged to adopt aimple eco-friendly
technologiec for livelihood enhancement. Shri A. N.
Shukla, Incharge, Horticulture Unit, Guptakohi, briefed
about preparation methodo of different value added
productc from edible fruit opeciec of the region to the
participantc. Dr. R K Maikhuri, Convener of the
programme, addrecoed different wild edible fruit opeciec
and their medicinal and marketing potential if harnecoed
ouctainably and motivated participantc to concerve thece
recourcecthrough cuctainable harvecting.

Capacity Building Workshop on Long Term
Monitoring of Himalayan Biodiversity

Two day national capacity building workchop wac
organized on “Long term monitoring of Himalayan
Biodiversity for Stakeholders of Himalayan region” jointly
by the G.B. Pant National Indtitute of Himalayan
Environment and Suctainable Development, Sikkim Unit;
Zoological Survey of India, Kolkota and Botanical Survey
of India, Kolkata ac part of the National Micoion of
Himalayan Studies(NMHS) programme of the Minictry of
Environment, Foreat and Climate Change, Government of
India during 29-30 March 2017. Thic two dayc capacity
building workchop wac held at Hotel Chumbi Reaidency,
Tibet Road, Gangtok. Stakeholderc from otate forect
department, central and otate government officialc and
NGOo ac well ac otudents and recearcherc of variouc
univeraitiec and inctitutec concerning Biodiveraity and itc
concervation, participated in thic workchop. Dr. Kailach
Chandra, Director, ZSI briefed about the Long term
monitoring of Himalayan biodiveraity in Himalayan region
and jointly carried out by ZSI, BSI and GBPIHED in both
eactern and weatern Himalayan region. Shri Vineet Kumar,
PCCEF of Himachal Pradech attended the workchop acthe
Chief Gueat and in hicinaugural addrecoemphacized on the
importance of long term monitoring of Himalayan
biodiveraity in the context of climate change. Dr. Thomac
Chandy, PCCF, Sikkim Foreat department, Dr. H. K.
Badola, Scientict In-charge of GBPIHED, Sikkim Unit, Dr.
Bipin Sinha, Scientiat-F, BSI, Kolkata and Dr. Ucha
Lachungpa, Principal Recearch Officer of Sikkim
Biodiveraity Board were aloo precent during the inaugural
aeooion. During thictwo dayc programme, Scientiotc from
the ZSI, BSI and GBPIHED precented their ctudiec and
familiarized the participantc belonging to different
backgroundc about the modern recearch techniquec and
tooloin the field of Himalayan biodiveraity.



Interactive Meeting on Biodiversity Conservation

In an effort to generate awarenecoon biodiveraity icouec
and concervation meaaoureg, a one-day interactive meeting
on biodiveraity concervation wacorganized by GBPIHED,
Sikkim Unit on 30"March 2017. Over 35 ctudentg, teachero
and ccientictoparticipated in the programme. At the outcet,
Dr. HK. Badola, Scientiot In-Charge of the Inctitute
enlightened the participantc about biodivercity by
explaining them the importance of biodivercity which
conaictcof important flora and fauna having great purpoce.
He aloo opoke about endangered opecies and their
concervation through ex situ and in situ techniquesand on
cultural diveraity of communitiec of Sikkim focucing on
the age old wayo uced by them for concervation of biotic
life. Dr. Mithilech Singh, highlighted different caucec of
biodiveraity loos and alco explained why concervation of
biodiveraity ionececmry. She focuced on biotechnological
interventioncthat can be uced to concerve important plant
opeciecof the Sikkim Himalaya. After that, all the ctudento
participated in painting competition whooe theme wac
“Biodiveraity concervation”. Studentoof two achoolofrom
Bojhogari and Penangla actively participated in thic
competition. After prize dictribution, teacherc of each
achool were felicitated with khadac and omall giftc. Each
and every otudent were given omall concolation prize to
keep their opiritc up and inculcate the feeling of good
competition.

ANNUAL REPORT




3. RESEARCH AND DEVELOPMENT

PROGRAMMES

Group:Socio Economic Development (SED) &
Knowledge and Capacity Building (KCB)

The overall miooion of SED & KCB Group icto promote
ecological and economic cecurity, and ocuctainable
development in the Indian Himalayan Region (IHR), which
iocharactericed by diverce, unequal and often varied cocio-
economic realitiec. The Socio-economic Development
(SED) theme worko for promoting innovative, knowledge-
rich, coat-effective and eco-efficient economy, oo ac to
provide better livelihood and employment in IHR. It
oupporto recearch in a range of dicciplinec that focuc to
underctand cocial and economic dynamico and patterng,
ouch acpopulation denaity, growth, poverty and migration,
otatuc of natural recourcec and community dependence,
key temporal and opatial trendc influencing thece factoro,
and impacto of natural and human rickc and hazardc on
cocio-ecological oyotemo. Invedtigationc are done to
underctand the complex interactionc and interdepen-
denciecbetween the cocial, economic, phyaical and natural
environmentc 0 ac to identify cocio-economic rickg,
vulnerabilitiec and coping capacitiec of different
communitiecin [HR.

There ic enormouc knowledge being generated on
variouc aubjecto within and outacide the inctitute, however
the challenge ic how to harnecs thic knowledge in a
coherent and productive way oo that it could be uced for the
benefit of the Himalayan cociety. The Knowledge Productc
& Capacity Building (KCB) theme compilec new
knowledge generated on diverce diccipline, deviced
dedigno auitable producto, ctrategies, plang, approacheg,
and cervicec oo ac to take appropriate actionc. The theme
workc with communities, take interdicciplinary R&D
invectigationo, develop location/problem opecific
demondtrationsand okill development programg, facilitate
linkagecs between knowledge providers, knowledge
ceekercand ucercto effectively utilize available knowledge
recource/products, and undertake policy advocacy on
NRM and cuctainable development icouec of IHR. Thuc
SED & KCB Group and itcR&D effortcgreatly contributec
to regioncand communitiec, and by working with network
of partnerc at local, regional and national level, facilitatec

communitiec becoming more reailient and adaptive to
global change.

Group: Watershed Processes and Management (WPM),
Environment Assessment and Management (EAM) and
Environment Governance and Policy (EGP)

Land and water form the backbone of the recource
bace, on which agriculture, foreotry and animal hucbandry
linkages depend. To meet the Millennium Development
Goalo for reducing hunger, combating water ccarcity and
achieving environmental cuctainability, it ic vital to ceek
methodo for ucing waterched cervices more efficiently
without compromicing with the environment. In the
Himalayan context, challengec are even bigger due to
complexity and fragility of the mountain ecooyctem. To
addreso come of thece challengec in an integrated time-
bound manner, thic group focusecon ctudiecof ecocyctem
procecec operational at waterched level including
involvement of ucer groupc and upctream—downctream
linkageowith a opecific target of otrengthening mountain-
opecific recource management practicec in a cyctematic
approach. Thic group alco envimgec activitiec on the
enhancement of Inctitutional outreach baced on itorecearch
productc ocuch ac otate-of-the-art methodologied/
approaches, modelc and policy briefo, etc. Beaideo the
above, capacity building through opecifically decigned
moduleg, trainingo programmeo, library and Information
Technology (IT) cerviceg, which alco help aignificantly in
human recource development, are among the other core
areacof'the R&D activitiec.

Group: Biodiversity Conservation and Management
(BCM), Ecosystem Services (ES) & Climate Change (CC)

The importance of biological recourcec for human
ouctenance and welfare ictremendoucand beyond quedtion
oince immemorial. With increacing human population and
demand for biorecourceg, itcouctainable and judicioucuce
iceooential for the long-time ocurvival of the mankind. Thic
holdoextremely important in the IHR, which coverca total
geographical area of approximately 591,000 km® (18% of



India) and ic inhabited by about 3.7% of the total
population of the country. Thicregion harbourca variety of
flora and fauna, and ic concidered a ‘“hot-gpot” of
biodiveraity. It aloo contributec cignificantly to livelihood
and contributecto the economic well-being of the people.
However, in the changing world ocenario there ic an
increacing emphacic on the need for increacing food
production, pharmaceutical and other producta, along with
inductrialization, which hac compelled biologictc to
contemplate on icouec like concervation of biodiveraity,
climate change, ecooyatem cervice, etc. The group focuceo
on agpecto of biodiveraity concervation and management,
ecooyctem cervicecand climate change perturbationcin the
IHR.

Group: Biotechnology Applications (BTA) &
Environmental Physiology & Biochemistry (EPB)

The concervation and ouctainable utilization of
biological recourcec have emerged ac the priority agenda
keeping in view the ecological and economical importance
of biodiveraity for maintaining the environmental balance
and ococio-economic development of the inhabitantc. At
leact 40% of the world economy and 80% of the need of
poor people are derived from the biological recourcea.
However, the continuoucdepletion of the recourcecdue to
natural calamitiec coupled with uncuctainable harvecting
hac pooed ceriouc threat. Therefore, a need arices to
concerve these recourcec through developing high
throughput technologiec co that thece recources could be
concerved in a multiplier mode. The group
Biotechnological Applicationc and Environmental
Phyciology & Biochemiotry ic largely focucing on
microbial diveraity, developing propagation protocol of the
threatened and high value opecies, acoecoing their
phyciological and biochemical attributec at diverce
altitudinal range and developc cuitable biotechnological
methodcfor improving the rural economy of the IHR.
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THEME

WATERSHED
PROCESSES &
MANAGEMENT
(WPMz

The Waterched Procecoec and Management Theme
acknowledgec the importance of waterched ac a naturally
defined geo-hydrological and management unit, ideal for
oyotemic otudy of dynamicc of waterched cervicec and
implementation of management interventionc for
improved ecooyctem performance in the hilly regionc
particularly the IHR. The Himalayan waterchedo which
oupportc a variety of land-ucec cuch ac agro-forectry,
terraced agriculture, Jhum farming, and inductrial and
urban cettlementowithin IHR are aloo vital for maintaining
the perennial riverc and their tributary otreamoc that
originate from Himalaya and contribute oignificantly
towardo ourvival and ouctenance of economy and
civilizationo in the plainc of North India. The cerviceo
provided by thece waterchedcare the outcome of complex
interplay interactionc involving geology, hydrological
regimec, vegetation, and human activities, many
ecooyotem componentc and featurec cuch ac topography,
glacierd water bodieg, forects, altitude, terrain, and climate
etc. contribute oignificantly towardc the make-up,
availability, and quality of the waterched cervices and
crvice flowo which are crucial for the economic
development and general well being. The Theme aimo to
concerve and enhance these ecooyctem cervices of
Himalayan waterchedo for dependent oocietiec and
economic oyotemo through in-depth underctanding of
complex waterched procecoes by acoecoment of waterched
hydrology, ooil and nutrient dynamicg, contributionc and
linkageo of ecooyatem typecand components, and by way
of improved inctitutional performance, participation,
devicing management otrategiec for an efficient water uce
and allocation oyctem. The activitiec of the Theme tend to
cover all thece components through ctudy of glacier

hydrology and dynamico, hydrological modeling at cug-
waterched ocales, implementation of management
interventiong, and advocacy of appropriate water and land-
uce policied policy colutiona

Objectives

e To ctudy the dynamico of the waterched procescec and
identification of critical ecocyotem elementc and
limiting factorc affecting the waterched functionc and
procecsecand their climatic connotationo

e To develop wayc and meanc of optimal ucec of
waterched oervices for improved economic and
ecological viability

e To evolve underctanding of the icouecrelated to cocial
procecses, inatitutions, and political economy-ecology
of waterched management in Himalayan context.

e To enhance waterched health through people’sc
participation, technological interventiong, and adaptive
management

Ecological, social and policy implications of chaining
water resource scenario in Indian Himalayan context
(In house, 2012-17)

IHR, recognized ac one of the moct diverce and
veraatile mountain oyctem in the world due to itodictinctive
attributeo. At the came time, it ic conoidered ac one of the
modt vulnerable eco-oyatem by climate change and other
manifectation of global environmental changes. Recent
developmentcin inductries, booming urbanization altered
the land uce/land cover that increaced the demand of water
in manifoldg, exerting extreme precoure on mountain water



recourcec. In thic fragile mountain ecooyctemc of
Himalaya, changec in the timing and volume of available
water for rural water cupply and irrigation can threaten
water cecurity and agriculture production, aloo creating
water uce conflicto in the area. With ectabliched factc of
aevere water ccarcity in hillo for agriculture acwell ac for
domedtic and indudtrial uce, the water demand-cupply
acoecoment otudiecdtill lack in thicregions. With the aim of
clooing the gapc between water management and
catchment hydrology by addrecoing both bio-phyaical
factorc influencing the river and cocio-economic factorc
affecting the level of domedtic, agriculture and inductrial
demand; the Water Evaluation and Planning (WEAP) ctudy
hacbeen carried out in Koai and Mohal khad waterched for
evaluating the water demand otatuc of the area and water
allocation ctrategy icformed.

Objectives

e To identify, analyze and acoecos potential indicatorc
depicting changeo in water recource ccenario under
changing climate regime and itc interaction with
different ecooyctem componentc and cociety at bacin
ccale.

e To invedtigate the implicationc of changing water
recource ocenario and delineate the critical ecooyctem
componentooucceptible to change.

e Analyceo of the concequencec of the changing water
regime on cociety and adaptation meacurec employed
atlocal and policy level.

e To develop policy optionc and adaptive water
management action planc for addrecocing the
challengec identified above in the context of
Himalayan Mountaing.

Achievements

1. WEAP model ic customized for Mohal khad (Kullu)
waterched and ucing it outputs poaoible impacts on
water ccarcity ic demonctrated. For precent WEAP
modeling, we cet year 2015 aca current year for which
inputc (variouc primary and cecondary dataceto) were
given to the model and future projection hac been
carried till 2030 with reopect to water demand, unmet
water demand, runoff, available water oupply etc. for
the Mohal khad waterched (Fig. 1). Rainfall-Runoff
method (aimplified coefficient method) wac uced in
WEAP among the other three method baced on ccope of
the precent project.
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Fig. 1 WEAP Schematic for Mohal khad watershed
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2. Average monthly curface runoffin WEAP iccalculated
by inbuilt Curve Number (CN) method. Runoff ic
highect in the month of July. Due to hilly topography
huge amount of runoff moctly occurred in moncoon
occacon in the waterched. Therefore, rain water
harvecting ic highly decired for meeting out unmet
water demand of the waterched. Further forect area ic
expecting to experience higheat runoff, thic ic due to
fact that the waterched ic moctly forected waterched
with the area chared by the foreat ic about 65% of the
total area (Fig. 2).
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Fig. 2 Average monthly surface runoff from the
watershed

3. Baced on the ctudy, critical eco-oyctem componentc
which are cuaceptible to change were identified - water
quantity (moctly curface runoff and rainfall), land uce
changeq, waterched charactericticothat govern the coil
infiltration. Baced on WEAP modeling, water
allocation otrategy wac framed for effective water
management in the otudy area.



Farming systems and changing climate regime: Impact
of biophysical and social drivers on the farm yields in
Central Himalaya (Inhouse 2012-2017)

The Indian Himalayan Region (IHR) ica dictinct and
eco-cenaitive geographical region where about 70% of the
population livec in rural areac. Thic cegment of the
population in the Himalaya ic dependent mainly on
agriculture, horticulture and animal hucbandry and, about
85% of the total agriculture of the central Himalayan region
comeo under rain fed category. Although in recent pact, a
decreacing trend in the yield of major cropo (cuch acrice,
wheat and madua) of thic region hac been obcerved with
increacing trend in the cach crop or fruit production (cuch
ac coyabean, walnut etc.); cocio-economy, agropractice,
landholding, governmental policy along with changeoc in
few environmental and climatological parameterc are 2.
precumed to be regponaible for thic change. Moreover,
quite often, changec in the climatic parameterc reducing
farm yieldo are over emphacized without any numerical
acocecoment of actual impact of climate change on farm
yield of thic region. Again, knowledge of accurate and
oignificant environmental and cocio-economical driverc
controlling farm yield of major cropc and their degree of
influence on changec of the yields ic aloo ambiguouc
Therefore, identification and quantification of driverc
affecting crop yieldo of thic region ic of ocuperior

categorized into three parto: (i) Phyaical driverg, (ii)
Biological drivercand (iii) Social driverc. Each driver
wacfurther categorized into different parameterg, cuch
ac moncoon and winter ceaconal total rainfall and
average temperature, coil pH, coil volumetric water
fraction, cropping area, no of cultivatorc and no. of
liveatock. Individual parameterc were celected baced
on expert opinion of agricultural ccienticts, cultivatorc
and local government reprecentativec of the region.
Few other very aignificant parameterc, cuch achuman-
animal conflict, implication of national policies, out
migration etc., were aloco identified, however, cuch
variablec could not be included in the modeling
exercice either due to qualitative nature of the
parameter or due to lack of long term databace.

The baceline data of agricultural yieldo and their
driverowere collected acan annual time ceriec for the
period of 1990-2010 with very few micoing valuec.
Gapoin time ceriecdata were filled uoing cimple linear
trend. Detailo of the individual data are provided in
Table 1.

Table 1: Description of drivers used in this study

S.No. | Parameters
1 Total
rainfall

Descriptions and sources

Seasonal total rainfall of June -September of 1990-2010 for rice and
madua, and total rainfall of November - December for wheat. Data
source: APHRODITE by Yatagai et al. (2009).

importance and requirec multiplicity of approachecs with 2 Average Seasonal average temperature of June -September of 1990 -2010 for

d il kn | d £ th Th f d temperature | rice and madua, and November - December for wheat. Data source:
etal owledge of the oyotem. Theretore, a otudy APHRODITE by Yatagai et al. (2009).

acecoing impact of biophyaical and cocial driverc on the 3 | Volumetric | Datawas obtained from NCEP Reanalysis products for 1990-2010.

farm yieldo wac carried out in the Almora dictrict of soil moisture

Uttarakhand ctate uoing dictrict level impact acoecoment of 4 Average soil | Soil pH of agricultural fields was used from published sources.

pH Missing data were filled by plotting linear trends during study
period and average rate was added or subtracted from previous
year. Field observations during 2013-14 were also used to validate
the trend. Data duration 1990-2010.

5 Total Total annual cropping area of 1990 -2010 was available from
cropping area| Uttarakhand district statistical handbook.

changing environmental and cocio-economical parameterc
affecting farm yieldoofrice, wheat and madua.

Objectives

6 No of Five yearly livestock population was available from Uttarakhand
e To quantify blophyclcal and oocio-economical livestock district statistical handbook. All livestock were converted into the
. . . . . cattle unit following Swarup (1991).
driverdparameterc controlling rainfed yieldo of rice,
wheat and madua of a central Himalayan dictrict. 3. In order to acceos impact of climate change on the

Senaitivity otudy of crop yieldo of rice, wheat and
madua with reopect to oyctematic changec in the
identified climatic driverc ucing numerical modelo in
view of expected future changec of climatic
parametero.

Achievements

HQs Kosi-Katarmal

In order to identify cignificant drivercaffecting rain fed
agricultural yieldoof rice, wheat and madua of Almora
dictrict, driverc of agro-productivity were broadly

dictrict level yield of rice, wheat and madua
collinearity amongot different driverd/parameterc
reoponaible for controlling yieldowere ectimated. The
condition indicec of collinearity for each driverc of
each crop are provided in Fig. 3. Any condition index
from the collinearity analycichaving value lecothan 10
chowo weak degree of collinearity whereag, 10 <
condition index < 30 chowoc moderate degree of
collinearity amongat variablec. It ic eminent from
Figure 1, that except for moderate collinearity of "No
of livectock’ for all three cropcand "coil pH' for wheat,
degree on collinearity amongat other driverc were
negligible. Subcequently all of thece driverowere uced



to develop the GLM for future yield Prediction under
three climate change caceo.

The GLM model performancec during training and
validation period of rice and madua yield were
evaluated ucing otatictical meaoure of r’-valuec and
rmee. The rmee valuec during training and validationc
were found to be: 247.8 and 694.6.0 Mt for rice, 456.0
and 815.0 Mt for wheat. The came for madua were
found to be: 225.0 and 675.0 Mt with r’-valuecfor rice
wheat and madua of [0.9, 0.7], [0.88, 0.66] and [0.7,
0.68] for training and validation, recpectively,
inferring a aatiofactory performance by the model.
Finally, impact of changing climate on the yieldo of
rice, wheat and madua wac accecoed uocing three
different cacec and cix aimulationa. It wac found that
increace in both temperature and total rainfall from the
baceline valuecof29.1°C and 831.1 mm were expected
to enhance the dictrict level yield of rice by 30% and
40%, reapectively, of the average yield between 1990-
2010 valuec. Furthermore, enhancement only of
average temperature wac found to cignificantly
increace yield of both rice and wheat by 28-31% and
68-75% from the average yield valuec of 1990-2010,
reopectively.

Garhwal Unit, Srinagar

1.

The farmer'c perceptionc and indigenouc knowledge
related to pectcand pect management within a broader
perapective of agro-biodiveraity and farming oyctem in
the central Himalayan region were documented.

In the hillg, ceveral factorcare influencing agriculture
and come of them are: (i) poor ecooyctem health, (ii)
lack of community involvement in the concervation
and management of common recource pool viz. land,
foreoto, water and traditional cropg, (iii) youth moving
away from the ocubacictence agriculture-due to high
educational levelg, and better proopectc in other
vocationg, (iv) extenoive damage being cauced by wild
animaloand inconvenience to communitiec cauced by
wild life concervation lawg, preventing farmerc from
taking any action to protect their cropg, (v) market and
cocio-economic forceo raioing demand for different
productc.

Impact of climate change/variability in farming oyctem
were critically analyzed while involving 1020
houceholdo of 54 villages acroos an elevational
gradient between 500 to 3000 madl in the central
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Himalaya and it wac obcerved that farming
communitiecadapting with traditional knowledge and
their own innovationc to fight againct climate change
impacto. Thic otudy explorec perceptionc of rural
communitiec of Uttarakhand on climate change ucing
gender—aware participatory rural appraical methodo
(PRA), focucgroup diccucoion and interviewo. During
PRA, the following three indicatorc were uced to
collect information on the impactc of climate-change:
(1) Seaconal weather variationc (iii) Seaconal activity
calendar and (iv) Recource availability chart.

Farmer'c indigenouc knowledge with regard to
clacoification of drought recictance rainfed paddy
landracecinto three categoriecfor cultivation baced on
their variouc climate otrecs cituation cuch ac cevere
drought (no rainfall), moderate drought (leco rainfall)
and normal weather conditionc were documented and
evaluated.

In recent yearg, ceveral agricultural and horticultural
oupport cervicec have been implemented in the region
(e.g. Horticulture Micoion, Livelihood Programme,
Agriculture Technology Management Agency
(ATMA) and Uttarakhand Decentralized Waterched
Development Project (GRAMYA). However, few have
managed to reach their intended target/ucer groupc.
Extencion cervicec and oupport remain weak and
inadequate for the traditional farming cyctem. A ctrong
commitment icrequired to addreaothe complex cocial,
economic, environmental and policy icoueoc affecting
omallholdercand their farming oyctemoin the region.

The farming oyctema in the region are challenged by
political marginalization, limited access to marketg,
inoufficient infractructure and technological
interventiong, and poor quality of cocial cerviceo. All
thece factore combine to limit the optioncavailable to
the farming communitieg, driving them further into
poverty, which leadoto migration of the male memberc
to the plainc to oeek off-farm jobo. Breaking thic
viciouo cycle of poverty requirec robuct inctitutiong,
fair policies, larger incentiveo, pragmatic
multidicciplinary recearch approach, a renewed focuc
on ccience, appropriate technology and innovationc. A
atrong political commitment icrequired to addreasthe
complex icouec affecting the farming oyotem in the
region and itcevolving needa.

Organized four capacity building/ckill development
programme at Randhar, Kandara, Silkakhal and Loyal



villageo clucter in Garhwal region on "Promoting
organic farming for reducing vulnerability to climate
change impact in rural landccape and about 195
progrecoive farmercand majority of them were women
to whom training on climate friendly ocuitable
technologieq, beat practicec related to agriculture and
value addition in the traditional cropc etc., were
imparted for livelihood enhancement and income
generation.

Investigation of alternative boundary layer scaling
properties over the complex terrains of Himalaya
(Ministry of Earth Sciences, Govt. of India, 2016-2019)

Exchange propertiec of energy within the convective
boundary layer have been traditionally addrecoed with the
otatictical fluid mechanical (SFM) approach of Reynold'c
averaged Navier Stokes Equation. Following thic
framework, the dimencional analycec of Monin-Obukhov
(MO) and Deardroff cimilarity theory have provided the
conceptual and practical foundationc for almoct all
modeling of the convective boundary layer (CBL) during
the lact few decadec. However, with extencive and
thorough experimentcof CBL energy exchange proceaxg,
it hac been realized that neither MO theory nor the
Deardroff aimilarity theory icconclucive and dynamically
efficient in explaining the CBL energy exchangec. Ac an
alternative to thic framework, a chaotic dynamical cyctem
(CDS) approach hacbeen put forward by McNaughton et
al. (2004, 2006) where the fundamental energy exchange
procececin a CBL are acoumed to be due to interaction of
different typec of eddiec. Thicnew CDS approach, unlike
the SFM approach, deccribecthe turbulence processecwith
few nonlocal parameterc. Thece newly developed nonlocal
acaling parameterc of the CDS approach are found to be
aatiofactorily collapce the energy, momentum and tracer
opectra in a wavenumber axicwhen turbulence iomeacured
over a flat terrain. However, the model ic yet to be teated
over a complex terrain and over the flat terrainc of India
before itoubiquitoucacceptance. Therefore, thicproject ic
aimed at extending thicCDS approach of opectral analycic
of CBL turbulence over two aditec (on ridge-top and on-
olope) of the Central Himalayan region where few new
ccaling properties will be invectigated along with the
traditional local ccaling parametero.

Objectives

e The work element for 2016-17 ic aimed at verifying
MO theory baced relationchipc of gradientc and
univeraal functiono of aurface layer for meacurementc
made over a complex terrain during convective periodc

acoociated to dominant wind cectorc and otability
claces of cummer and winter period. Within thic
broader framework, the particular objectivecare:

e To verify the impact of ocurface inhomogeneity to
turbulence propertiec for cummer and winter period of
2016

e To compare normalized velocity and temperature
fluctuationc with exicting models, and ectablich
numerical relationchipo between integral turbulence
parametercand ctability parameter (z/L) by optimizing
conctantooftwo generic formulae for bect fitting ucing
data from cummer and winter period 0f2016.

Achievement

1. Dataprecented in the otudy were obtained from the on-
olope aite for the period of 01 February 2016 0000 hro-
31March 2016 2330 hro, conocidered ac Summer
ocacon, and 01 December 2016 0000 hro - 22
December 2016 2330 hro Indian otandard time (IST),
conaidered acWinter ceacon.

2. To invedtigate the impact of curface inhomogeneity in
turbulence intenaities, detail turbulent ctatictico for
dominant wind cector runcfor both cummer and winter
periodoc were ectimated. Reaults of the otudy were
compared to the obcervationomade by Bradley (1980),
Al-Jiboori et al. (2001) and Katurji et al. (2011) over
complex terrain in different partc of the world.
Following Miyake et al. (1970), it icknown for a flow
over a flat terrain would follow cu > ov > ow. Average
valueo of ou, ov and ow for the cummer and winter
period northwedterlies (270-350° and 260-340°) of
thiootudy indicate that the underlying terrain along the
aector iomuch omoother than the other two cectora.

3. The tranoverce components of turbulence ( ¢,/ ¢,) for
the came wind cector wac alco found to be 0.89 and
0.77, reopectively, reprecenting flow propertiecover a
flat terrain; whereacthe average (o,/c,) value for the
ocoutheacterlies (120-225° and 120-160° ) of precent
otudy wac found to be 1.0 and 1.0, regpectively,
corroborating well with come of the earlier recultc for
flowo over complex terrain (Bradley 1980, Al-Jiboori
etal. 2001 and Katurjietal. 2011).



Summary of Comple‘ied Project / Activity

Geodynamics and hydrochemical studies of Gangotri glacier system Garhwal Himalaya
(DST Funded)

The Himalayac contain largect concentration of onow and glacierc other than the polar region. According to the

variouc reportc, a number of mountain glacierc are retreating due to climate change and global warming. During yearc
2013-16, the work wac concentrated on onout mapping, meacuring diccharge and oucpended cediment, cotake
ectablichment to determine the velocity of the glacier using GPS curvey etc., around the onout area. The main purpoce of
thic current ctudy wac to underctand the dynamic nature of the Gangotri glacier oyctem through ground baced methodo
uaing the Differential Global Poaitioning Syctem (DGPS). In addition the hydro-chemical ctudy for temporal and opatial
oolute dynamicoof glacier wacaloo carried out. Some of the findingoare precented below.

1.

The Gangotri and Chaturangi glacier are retreating with variable rate 10.26+£0.05 m/yr and 22.84+0.04 m/yr,
reopectively. Thicvariation in retreating rate ionot only due to change in local climatic conditioncbut alco governed
by glacier charactericticcand morphological factorc.

Thicctudy concluded that the catellite imagery method icauitable for long term ctudy while kinematic GPS iomore
appropriate for the annual monitoring of retreating rate and trend. In addition for ectabliching cauce effect
relationchip, between glacier retreat and other phyaical or local parameters, annual monitoring ucing DGPS ic
required. Thicotudy alco cuggeated that monitoring and mapping of all the tributary glaciercionecesmary in order to
acoeaothe overall changesin the main glacier oyotem and itchealth.

The average ourface velocity of the Gangotri glacier wacaround 2.58+0.13 m/month. The velocity wacvaried from
margin towardo centre, due to which ceveral longitudinal and tranoverce crevacces were formed on the glacier
aurface.

The cuopended cediment concentration 93.99x10° ton wac meacured in the year 2015 and 128.26x10* ton wac
meacured in year 2016 from Gangotri glacier meltwater otream. Thicindicatecthat the erocion rate wachigher in the
year 2016 accompared to 2015 poooibly due to high meltwater diccharge volume 354.42x10° m’* (May to September)
in2015 and 382.83x10°m’ (June to September) in 2016.

The cuopended cediment concentration 61.31x10" ton wac meacured in the year 2015 and 87.16x10" ton wac
meaacured in year 2016 from Chaturangi glacier meltwater otream. Thicindicatecthat the erocion rate wachigher in
the year 2016 ac compared to 2015 poacoibly due to high meltwater diccharge volume 193.41x10° m® (May to
September) in 2015 and 237.23x10°m’ (June to September) in 2016.

The atmoapheric CO, level of Gangotri and Chaturangi glacier valley wacaround 270 ppm and 260 ppm recpectively
in 2014 and 286 ppm and 272 ppm recpectively in 2016. Thicindicatec that the atmogpheric CO, level in both the
valleyoiodlightly increacing with conoictent rate.

The hydrochemical analycic of Gangotri and Chaturangi glacierc indicate that the Sulphate ic the moot dominant
anion followed by Bicarbonate and Calcium icthe dominant cation followed by Magneoium in both the glacier's
meltwater.

The ionowhich were precent in the meltwater alco cupport the mineralogy of the nearby rocks, which indicatecthat
weathering of aurrounding rockcicthe dominant mechaniom controlling the hydrochemiotry of drainage bacin.

The relatively high contribution of (Ca+Mg) to the total cation (TZ") and high (Ca+Mg)/(Na+K) ratio (1.10+0.6) in
year 2014, (1.12+0.8) in year 2015 and (1.21+0.21) in year 2016 indicatec that carbonate weathering ic a major
oource for the dicoolve ioncin meltwater of Gangotri glacier




Summary of Completed Project / Activity

Operation of permanent and campaign mode GPS stations for quantification of tectonic
deformation field in Himalayan terrain (MoES funded)

The reaults of the precent otudy throw light on the precent rate of tectonic deformationc and otrain ratec ucing
continuouoly permanent operating GPS receivercin the urban townoin central and eactern cector of the Himalayan
arc, i.e., Nainital and Almora in Kumaun Himalaya, Srinagar in Garhwal Himalaya, Kullu in Himanchal Pradech, Ziro
in Arunachal Pradech and Gangtok in Sikkim. The recultcobtained from thicotudy hacaloo yielded helpful information
in termoof the dynamic cotrain field in the region, chould illuminate more definitively the hazard contextoand potentialc
of thoce already identified (acper Geological Survey of India) for creating a Minimum-Rick Land Uce Plan in and
around thece urban centerc.

The Himalayan region ic under comprecoional regime due to collicion between Indian and Euracian platec. The
velocity vector of all permanent GPS ctationc and two IGS otationo (IISC and HYDE) concluded that an average
convergence rate of Indian plate 47.89+0.99 mm/yr to Euracian plate towardos NE direction. The recultc acexpected
reveal a compreaoional tectonic environment in the Himalaya and the compreadoional ctrain icdominated in thicregion.

The otrain rate interpretation through baceline change between permanent GPS otationcrevealed that the maximum
otrain icaccumulated in the central part of the Himalaya between the MBT and MCT, which iclowering towardothe E-
W direction. It aloo explaincthat central part icmoct vulnerable for future earthquakes. However, the campaign aite
which are cloce to or within the Great Himalaya chow cignificant annual convergence.

The recultcobtained from the cix permanent GPS ctationcand campaign ditecall along the Himalayan arc from E-W
reveal that the central Himalaya, a part of central ceiomic gap chowocan average ITRF08 velocity 0f45.82+1.13 mm/yr.
Baced on the otation velocitieg, we interpret that precently the detachment under the Lecoer Himalaya (GBPK, GBNL)
iclocked with the Indian plate and chow lecsamount of deformation which might be due to local thruet and faultc.

The deformation ratecderived from the limited period data (ranging from 2-5 yearc2010-16) of permanent ctationc
indicate that the magnitude and direction of velocity vector marginally variecfrom wect to eact and from one ctation to
other. The velocity reaulto indicate that no ctatictically cignificant changec occur in velocitieo of permanent ctationc
during ctudy period and the baceline changecbetween the otation chowed that the maximum expanacion of cruct along




THEME

BIODIVERSITY
CONSERVATION
AND MANAGEMENT
(BCM) & ECOSYSTEM
SERVICES (ES)

The importance of Himalayan mountaincamongot 34
Global Biodiveraity Hotgpotshaving enormoucecological
and economic importance to ocuctain the people hac been
well recognized globally. In keeping with the broad
guidelines provided under Convention on Biological
Diveraity (1992) and Aichi Strategic Plan for Biodiveraity
2011-2020, including Biodivercity Targetc with broad
emphacic on linking concervation of Himalayan
biodiveraity with cuctainable development goalothe BCM
& ES Theme holds a "Vicion" of "Concervation and
management of biodivercity for cuctaining people and
ecooyatem cervicesof IHR", in order to cater to the need of
a range of otakeholderc right from rural communitiec to
policy makercat local, regional and national ccale through
following objectivea: (i) Strengthening data-bace through
inventorization and prioritization of biodiveraity (flora and
fauna), population ctatucof RET category of gpecieg, threat
accecoment (due to biotic interference, invacion of weedg,
forect fire, etc.) and uce pattern of NTFPg; (ii) Acoecoment
of biodiveraity acrooo diverce ecological conditionc cuch
ac cold decerts, wetlando and aquatic oyctema, arboreal
habitatc etc.; (iii) Documentation of cace ctudiec and
indigenouc knowledge on concervation and cuctainable
management of biodiveraity; (iv) Projection of trajectoriec
of change in important biodiveraity elementc (opeciecand
populationo) due to anthropogenic and CC impactc and
atrategiecfor cafeguarding ecooyatema, opeciecand genetic
diveraity ucing advance methodologied'techniquec acrocos
the reprecentative vegetation typed/landocapes; (v)
Quantification and valuation of ES emanating from
ecooyotem/landocape acale and developing payment for
ecooyatem cervices (PES) mechaniomo for biodiveraity
concervation for biodivercity concervation; (vi) Ectablich
long-term ecological monitoring citec (e.g., GLORIA) to
monitor celected otructural (e.g., opecies compoaition,
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epiphytic flora, regeneration) and functional (e.g.,
phenology, biomacyproductivity) agpectc of oelected
vegetation typec acroos bio-phycical and dicturbance
gradients, (vii) Compilation of knowledge productc on
biodiveraity concervation and management to otrengthen
acience-policy-practice linkages, and (viii) Promote
awarenecoand capacity building of a range of atakeholderc
for participatory concervation and ocuctainable uce of
biodiveraity.

Understanding biodiversity patterns and processes
under changing resource use and climate scenario in
Indian Himalaya — ecological and social implications
(2012-2017; In-house)

The biodiveraity of Indian Himalayan ecooyctemo ic
depleting gradually due to habitat degradation cauced by
varioucanthropogenic activitiescoupled with the changing
environmental conditionc and alco by the variouc
anthropogenic activitiea All thece factorc make the IHR
one of the moct vulnerable ecooyctemc among the
mountain landacapeo of the world. Therefore, it callo for
immediate actionc towardc accecoing otatus, changing
patternc and procecces of biodivercity componento of the
temperate, ocub-alpine and alpine landccapes and their
concervation and cocio-economic valuec; evaluating and
comparing ecological integrity, otability and recilience of
reprecentative ecooyotemoc and their componentc;
analyzing impactc of climate and recource uce changeson
the biodivercity components, and acoecoing itc cocio-
economic congequencec oo acto draw realictic and widely
accepted action agenda for the concervation and
cuctainable uce of ito biological divercity under changing
climate and land uce. Keeping in view the importance of
biodiveraity of the temperate, cub-alpine and alpine regionc



and itovulnerability to the global climate change, the ctudy
hac been initiated in the temperate, cubalpine and alpine
landccapes of Himachal Pradech in the North Wectern
Himalayan biogeography province. Eatablichment of long-
term monitoring citec to enocure uninterrupted flow of
information, identification of moct recilient habitat and
formulation of Himalayan biodiveraity and climate change
network (HBCC-KN) are among major outcome of the
otudy.

Objectives

e To aceoo otatug, changing patternc and procecses of
biodiveraity componentc of the temperate, cub-alpine
and alpine landccapec of Himachal Pradech in North
Weatern Himalaya

e To ac®aos concervation and cocio-economic valuec of
biodiveraity of the temperate, cub-alpine and alpine
landccapec

e To evaluate and compare ecological integrity, ctability
and reailience of reprecentative ecooyotemo and their
componentcin the target landccapec

e To analyze impactc of climate and recource uce
changecon the biodiveraity componentg, and aceasitc
cocio-economic concequencec

e To ectablich Himalayan Biodivercity and Climate
Change Knowledge Network (HBCC-KN) to build on
exioting knowledge and enhance information
generation, and develop management and cuctainable
uce planowith policy briefo

Achievements

Himachal Pradesh: Kanawar Wildlife Sanctuary

e Among 5 identified plant communitiec 12 citec were
campled between 2,711-3,392 m altitude (31.92584°-
31.95103°N lat. and 77.34949°-77.36466°E long.).
Soil moicture content of ctudied citec ranged from
15.48-65.52%; pH 5.47-7.18; total nitrogen 0.05-
1.21% and organic carbon 1.95-7.49%.

e Among thece communitieg, tree denacity ranged from
32.0-998.0 ind. ha™; total bacal area 3.095-27.472 m’
ha'; capling denaity 160.0-470.0 ind. ha"; ceedling
denaity 83.0-1160.0 ind. ha" and chrub denaity 235.0-
843.0 ind. ha" and herb denaity 30.60-75.45 ind. m™.
Speciecdiveraity index (H') for treecranged between
0.129-1.281, caplings, 0.14-1.08, oeedlings, 0.27-
0.94, ochruboc 0.69-1.99; and herboc 2.41-3.56.
Concentration of dominance of treecranged between

0.02-0.952, caplingg, 0.34-0.76, ceedlings, 0.21-0.56
ohrubg, 0.16-0.50; and herbs0.04-0.10.

e Total 209 gpecies(Angiogperma. 198; Gymnocpermo:
07; and Pteridophytes. 04) were economically
important and uced ac medicine (88 opp.), wild
edible/food (27 opp.), fodder (40 opp.), fuel (27 opp.),
timber (5 opp.), religious (05 opp.), fibre (07 opp.),
making agricultural toolo (06 opp.) and come other
purpoces(09 opp.).

e The inhabitantc of Gharan, Thunja, New Kacol and
Old Kaool villageswere dependent for fuel and fodder
recourcec on oix foreot tree communitiec namely,
Quercus floribunda, Quercus floribunda- Pinus
wallichiana mixed, Pinus wallichiana, Celtis
australis-Toona serrata mixed, and Picea smithiana
communities. The lopping intencity in different
communitiecicprecented in Fig. 3.
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Fig.3. Lopping intensity of tree species within different

forest communities

Abbreviationo uced: Al=Aesculus indica, CA=Celtis
australis, CD=Cedrus deodara, MS=Morus serrata,
PW=Pinus wallichiana, PS=Picea smithiana,
QF=Qurecus floribunda, QL=Quercus leucotrichophora,
RA=Rhododendron arboreum, JR= Juglans regia,
TB=Taxus baccata oop. wallichiana, and TS=Toona
serrata

Uttarakhand: Hat-Kalika Watershed and Byans valley

e In Hat-Kalika watercheda, baced on reconnaicoance of
the entire waterched, a total of 9 villagec were
identified, 3 villageceach at three different altitudinal
zoneo (i.e. low altitude 800-1200 m Jarmal, Kanara,
Bhandari Goan. mid altitude 1200 to 1600 m Kothera,
Simalkot, Jajut and high altitude > 1600 m Chitgal,
Futail, Uprada). Atotal of 34 woody opeciec(27 tree,
7 ohrubo) reprecenting 22 familiec were recorded for
ethno-botanical purpocec. Among thece, Rocaceae
wac obcerved ac the major family with a total of 5



opeciec followed by Fabaceae (4 opp.), Tiliaceae (2
opp.), Meliaceae (2 opp.) and remaining familiecwere
reprecented by one opeciea.

The plant uce value index range (0.01-0.13) wac
determined in whole waterched. In upper zone
Quercus leucotrichophora (0.10), Q. lanata (0.10),
Grewia optiva (0.10), Cedrus deodara (0.10), Pinus
roxburghii (0.06) having high uce value were
recorded. In mid altitude P. roxburghii (0.10), Q.
leucotrichophora (0.06), Q. glauca (0.06) and G.
optiva (0.10) were recorded. In lower altitude zone
Shorea robusta (0.13), P. roxburghii (0.06), Mallotus
philippensis (0.06), Bauhinia variegata, Ougeinia
oojeinensis and G. optiva had eimilar uce value (0.10).
In Byanovalley, a total of 17 fuelwood opecies(3 treec
and 14 ohrubo) were recorded. The fuel wood
collection ranges from 3200-3840 kg/hh/year and
conoumption rangec from 3.3-5.5 kg/capita/day. Near
Gunji, A. pindrow community had ’good’
regeneration. Berberis jaeschkeana wac the moct
dominant chrub mainly found in undergrowth of A.
pindrow community. Out of 17 opecieg, 6 opeciecfall
in 'Leact Concern’ categoriecand 3 gpeciecnamely, B,
jaeschkeana, B. umbellata, Rhododendron
anthopogon were found 'Vulnerable'.

Florictic diveraity analycic of 2" GLORIA cite wac
completed. A total of 63 opeciec belonging to 51
genera and 25 familiec were recorded. Maximum
opeciec richness wac found in Shyang (42 opp.)
followed by Chaga (40 opp.), Kuti (38 opp.) and
Eurong (25 opp.) cummit areac.

Sikkim: Kanchendzonga Biosphere Reserve

Total 105 (98 opeciec identified) woody opeciec
recorded within fourteen major citeas. Out of 98 woody
opeciec of 33 families, 33% chrub opeciec and 67%
tree opeciec were recorded in Yukcom-Black Kabru
trancect. Ericaceae emerged ac the moot dominant
family, followed by Rocaceae, Lauraceaec  and
Fagaceae. Maximum number of adult individualo
were recorded at 4000 m (2070 ind./ha), followed by
1530ind./haat 3600 m and 1360 ind./ha at 3400 m.

Maximum baaal cover of adult woody opeciec wac
recorded at 2000 m (1023.2 m’/ha), followed by 49.0
m’/ha at 2600 m and 344.83 m’/ha at 3400 m Negative
correlation between opeciecrichnessand altitude (r=-
0.863, p<0.01; Fig. 4) wao found in Yukcom-Black
Kabru trancect. Dominant forect communitiec of the
otudy area were identified baced on Importance Value
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Index by taking relative frequency, relative dominance
and relative denaity of each ctudy aite.
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Fig.4. Woody species richness and altitudes of study
sites in Yuksom- Black Kabur transect in Khangche-
ndzonga Biosphere Reserve (west Sikkim)

From Kuocong-Panch Pokhri (North Sikkim, KBR)
trancect between 1800 m- 3800 m a total of 91 woody
opeciec (59% treec and 41% chrubo) were recorded.
Maximum number of adult individulacwere recorded
at 2000 m (1260 ind./ha), followed by 1090 ind./ha at
3000 m, 1090 ind./ha at 3000 m and 1070 ind./ha at
2800 m. A good cover of adult woody opeciec wac
recorded at 2800 m (3257.92 m’/ha), followed by
3176.26 m*/haat 2200 m and 2034.92 m’/ ha at 2400 m.
Quantitative accecoment of vegetation waocmade ucing
otandard protocol for Tholung- Kicong trancact (1780-
4810 m) in Khangchendzonga Biogphere Recerve
(KBR), weat Sikkim. Six citecwere invectigated along
2400 - 4200 m. Out of 50 woody apeciec(37 treecand
13 chrubo) recorded maximum number of individualo
(ceedlingotaaplingotadulto) wacrecorded at 3000 m.
(21300 ind./ha), followed by 17490 ind./ha at 4200 m
and minumum 5310 ind./ha wererecorded at 2800 m.
A good baml cover of woody opeciec (ceedling+
apling+adult ind.) in the trancect wac recorded at
2400 m (391 m*/ha), followed by 368.7 m*/ ha at 3000
m. The minimum bacal area of woody opeciec wac
recorded at 4200 m (1.8 m’/ha). Negative correlation
between opecies richnecs and altitude (r=-0.934,
p<0.01) wacfound for Tholung-Kicong trancect.

North-East: Ziro Valley of Lower Subansiri

Field ourveyo were conducted in Hakhe Tari forect in
Ziro valley of Lower Subanairi Didtrict, Arunachal
Pradech. Total 14 aitec celected and ocurveyed for the
accecoment of plant divercity were reprecented by
chady, moict and dry habitatc. A total of 49 opeciec



were found in all the 14 citec. Among the ditec, opeciec
richnessranged from 5-10, denaity (150-430 ind./ha),
and opeciesdiveraity (H') 1.49-2.26. Among habitatg,
the opeciecrichnessranged from 23-30, denaity (245-
306.7 ind./ha), and opeciec divercity (H' = 2.80 to
3.08).

A total of 14 communities were found acrooo the 14
oitec in the Hakhe Tari foreot area. Among thece
communitiecthe gpeciecrichneco wacranged from 5-
10 and found maximum 10 in Alstonia scholaris -
Cinnamomum bejolghota - Castanopsis hystrix -
Alnus napalensis - Betula alnoides mixed community
followed by 9 in Quercus op.- Phoebe goalparensis -
Litsea cubeba-Eurya indica mixed community.
Among communities, the denacity ranged from (150-

430 ind./ha) and opeciec diveraity (H'= 1.49 to 2.26)
(Table2).

A total of 41 opeciec of wild ediblec and medicinal
plantc (15 herbg 3 ochrubg, 5 climberg, 17 treeo)
belonging to 33 familiec were recorded from thece
aitec. Among the medicinal plantg, fruitcof Terminalia
bellirica were uced for Diarrhea, piles and dropoy;
leaves of Cinnamomum tamala uced for cough,
headache and dizzineos, boiled leaves of Plantago
erosa uced for condtipation; rhizome of Acorus
calamus uced for cut, woundoand okin diceacec; ctem
of Berberis aristata uced for cold, fever and malaria;
and rhizome of Costus speciosus uoed for cough,
catarrhal fever, dyopepaia, okin diccacec and worm
infectionc.

Table2. Community wise distribution of species richness, density, species diversity in Hakhe Tari forests, Ziro

Site Community type Site Species Density Species
representation | richness | (ind./ha) | Diversity (H")

1 | Alstonia scholaris-Cinnamomum 1 (Site 14) 10 340.00 2.26
bejolghota-Castanopsis hystrix-
Alnus nepalensis-Betula alnoides
mixed

2 | Brassaiopsis sp-Betula alnoides- 1 (Site 2) 6 150.00 1.75
Calophyllum polyanthum mixed

3 | Castanopsis hystrix-Alnus 1 (Site 1) 5 220.00 1.59
nepalensis-Lithocarpus elegans
mixed

4 | Eurya sps.-Eurya acuminata- 1 (Site 3) 7 160.00 1.79
Macropanax dispermus mixed

5 | Magnolia champaca-Phoebe 1 (Site 12) 7 350.00 1.89
goalparensis-Litsea cubeba mixed

6 | Pinus wallichiana-Castanopsis 1 (Site 6) 6 240.00 1.69
indica mixed

7 | Pinus wallichiana-Castanopsis 1 (Site 10) 8 280.00 1.84
indica-Eurya acuminata mixed

8 | Pinus wallichiana-Engelhardia 1 (Site 5) 8 290.00 2.01
spicata-Cyathea spinulosa mixed

9 | Pinus wallichiana-Phoebe sp. mixed 1 (Site 8) 5 270.00 1.49

10 | Pinus wallichiana-Quercus griffithii- 1 (Site 4) 8 310.00 1.97
Castanopsis indica mixed

11 | Pinus wallichiana-Quercus sps.- 1 (Site 11) 8 390.00 2.04
Castanopsis indica-Magnolia oblong
mixed

12 | Pinus wallichiana-Saurauia sps. 1 (Site 9) 5 250.00 1.49
mixed

13 | Quercus sp.-Phoebe goalparensis- 1 (Site 13) 9 430.00 2.18
Litsea cubeba-Eurya indica mixed

14 | Rhus semialata-Trevesia sp.-Pyrus 1 (Site 7) 8 210.00 1.95
griffithii mixed




Study on the impact of Sainj Hydro-Electric Project on
the Great Himalayan National Park (GHNP) in general
and flora and fauna of the local area in particular
(2012-2017; Himachal Pradesh Power Corporation
Limited)

The increacing human and liveatock population, and
developmental activities cuch ac conatruction of roadg,
initiation of a large number of hydropower projectc in
biodivercity rich areag, ectablichment of forect baced
indudtrieq, etc. have created a tremendouc precoure on the
biodiveraity in the IHR. Thic hac reculted in decreaced
population of many ecologically and economically
important opeciec. A large number of hydro-electric
projectc(HEPo) have been conatructed, under conatruction
and propoced for conctruction on the riverc originating
from the Himalaya. The Sainj HEP (100 MW), a run-of-
the-river project at Neuly on river Sainj, a tributary of river
Beacin Kullu dictrict icunder conatruction. It iclocated in
the periphery of Great Himalayan National Park. The
adjacent areacin the GHNP of the Sainj HEP are very rich
in flora and fauna that requirecimpact ctudiecon flora and
fauna for concervation and management planning.

Objectives

e To acwaoothe flora and fauna of Sainj Hydro-Electric
Projectarea in Sainj Valley

e Toaceoothe economically important biodiveracity

e To acoeoo otatuc and dictribution pattern of the native
and endemic opeciec

e Toaocwosthe florictic diveraity for threat categoriec

e To aceco the impact of Sainj Hydro-Electric Project
on the flora and fauna of the Great Himalayan
National Park in particular and Sainj Valley in general

e To ouggeot cuitable management plan for the
concervation of biodiveraity

Achievements

e 30 adtec were aurveyed between 1,385-2,070 m and
31'45.431'-31°47.046' N lat. and 77°19.813'-
77°25.083' E for the quantitative accecoment of
florictic diveraity. Seventeen (17) treec communitiec
and (01) chrub community were recorded. Within the
communitieg, total tree denacity ranged from 90.00-
350.00 ind./ha; total bacal area 0.27-38.16 m” ha'’;
total chrub denoity 450.00 - 1330.00 ind./ha; total herb
dencity 36.30-80.58 ind. m”; total capling dencity
150.00-510.00 ind. ha" and total oeeding denaity
13000-410.00 ind. ha™.
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e 260 opecieo of vaccular plantc were recorded; among
thece 225 opeciec were uced ac medicinal; 35 ac
fodder; 19 acedible; 20 acfuel; 11 acreligious, 09 ac
timber; 05 acdye; 03 acfiber; 05 acagricultural toolc
and 11 acmiccellaneoucucea.

e Dominant familiec were Acteraceae (33 opp.),
Lamiaceae (22 opp.), Rocaceae (17 opp.), Poaceae (16
opp.), and Polygonaceae (09 opp.), and dominant
genera were Artemisia and Polygonum (05 opp. each),
Anaphalis, Elsholtzia, Nepeta, Rubus, Rosa (04 opp.
each), Anaphalis, Bidens, Berberis, Cynoglossum (03
opp. each), Acer, Arisaema, Aster, Gnaphalium,
Senecio, Berberis, Impatiens, Desmodium,
Polygonatum, Quercus, Geranium, Plectranthus,
Oplismenus, Thalictrum, Rhamnus, Galium (02 opp.,
cach). 87 opeciec were native to the Himalayan
Region; 173 opeciec non-native and 13 opeciec near
endemic to the IHR.

Population assessment, standardization of propagation
protocols and establishment (ex situ and in situ) of
selected species as a part of biodiversity conservation
plan under Sainj Hydro Electric Project in Himachal
Pradesh (2014-2019; Sainj Hydro-Electric Project,
Himachal Pradesh Power Corporation Ltd., Sarabai)

The THR with itcunique topography, diverce habitatc
and varied altitudinal range (200-8000 m) oupportc
reprecentative, natural, unique and cocio-economically
important florictic divercity. The IHR harbourc about
18,440 plant opecieq, of which 1748 opeciec of medicinal
plantg, 675 wild edibles, 960 orchidoand 155 aacred plantc.
The high anthropogenic precourec coupled with changing
environmental conditionc have reculted in rapid depletion
of economically important gpeciec in the region. Along
with thic large number of HEPG have been condtructed,
under conctruction and propoced for conctruction on the
rivercoriginating from the Himalaya. The Sainj HEP (100
MW), arun of the river project on river Sainj, a tributary of
river Beac in Kullu dictrict ic under conctruction and
located at Neuly, in the periphery of Great Himalayan
National Park, Sainj valley. The adjacent areactowardcothe
GHNP of the Sainj HEP are very rich in flora and fauna
including threatened opecies. Conatructioncof HEPchave
advercely affected the habitato and cuctenance/cecurity of
inhabitants. Conaidering the high rate of habit degradation
and population depletion of economically important
opeciec in their natural habitats, it becomec eooential to
adopt in situ and ex situ concervation meacurec. Therefore,
the precent ctudy hac been propoced for concervation of
ocome celected opeciec namely Desmodium gangeticum,
Delphinium denudatum and Polygonatum verticillatum by



28

doing population accecoment, otandardization of
propagation protocols, promoting maco multiplication,
hardening and ectablichment of ceedlingo and plantlets of
thece opeciecin situ and ex situ conditiona.

Objectives

To acecs the populationc of D. gangeticum, D.
denudatum, P. verticillatum

To develop conventional and in vitro propagation
protocols of D. gangeticum, D. denudatum, P.
verticillatum and monitoring their recponcec in
different experimental conditionc

To promote maco multiplication, hardening and
eatablich the ceedlingoand plantletcof D. gangeticum,
D. denudatum, P. verticillatum in ex situ and in situ
conditionc

To create awarenecc among the inhabitantc for
concervation and harnecoing the benefitc of D.
gangeticum, D. denudatum, P. verticillatum

Achievements

1

22 populationc were campled for the acoecoment of P,
verticillatum, and D. denudatum opeciec between
31%45.757' N to 31°76.897' N and 77°18.378' E to

77°38.49'E. and 1,565-2,230min ourrounding areac

of Sainj HEP. In D. denudatum populationc (Fig. 5a),
opeciecrichneas of chruboranged from 1-9 and herbg,
9-29; total chrubo denaity 10-1680 ind. ha" and total

Fig. 5a. Delphinium denudatum

Carbon & pH

herb denaity, 11.70-65.30 ind. m” ; and relative denaity
(%) of D. denudatum 0.49-21.37%, and P.
verticillatum populationo (Fig. 5b). Speciec richnecs
of chrubo ranged from 1-8 and herbg, 12-30; total
chrub denaity 40-830 ind. ha” and total herb denaity,
21.80-91.95 ind. m”; and relative dencity (%) of P,
verticillatum 0.30-8.49 %. Soil pH, organic carbon
and nitrogen have been precented (Fig. 5¢).

Fig. 5b. P. verticillatum
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Fig. Sc. Soil characteristics of various studied
populations

2

Young plantletc of P verticillatum and ceedo
of D. denudatum were collected for re-introduction in
their natural habitate. Seed germination trialo for D.
denudatum reoulted 80% in BOD at controlled
temperature, 23 C in 6 dayc, reduced mean
germination time (Fig. 6 a,b). Seed germination trialc
for P. verticillatum have been initiated; 20%
germination percentage wacrecorded (Fig. 6 c,d).




Fig. 6a&b. Propagation of Delphinium denudatum
using conventional and tissue culture technique

Fig.6¢c & d. Propagation of Polygonatum verticillatum
using conventional and tissue culture technique
conventional and tissue culture technique

3 Plant ticoue culture ctudiec for P. verticillatum and D.
denudatum ucing leaveg, root, tuber and young chootc
ac explant on Murachige and Skoog Medium (MS-
Medium) hac been initiated. Calluc induction wac
obaerved when otem explant of P. verticillatum wac
cultured in MS Medium with BAP 0.3mg/1 and choot
induction oboerved when cultured in MS medium with
BAP (0.5 mg/l). And In D. denudatum, calluc
induction wac obcerved when leaf explant of D.
denudatum wagc cultured in MS media with [AA &
BAP (0.2 mg/l). While 70% ochoot induction wac
obeerved when the came wac cultured in MS medium
with (BAP 0.3 mg/l).

Assessing the floristic diversity and ecosystem values of
selected high altitude wetlands of Indian Trans
Himalaya (2015-2018, Ministry of Environment, Forest
and Climate Change, New Delhi)

High Altitude Wetlande (HAWo) of Tranc Himalaya
act aca unique ecooyotem that holdc great importance for
the endemic / threatened opeciecof plants, migratory birdg,
wild animale and for the people living in and around the
region. High altitude mountain lake ecooyctemc play an
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important role ac water courcec for communitiec at lower
altitude and aloo cuctain rich biodiveraity. In recent yearg,
thece HAWo are under high anthropogenic precoure, cuch
ac overgrazing of vegetation in and around the wetland
area, creating pollution in ocoil and water, unplanned
developmental activities and increacing tourict precoure
putting adverce impactc on thece very fragile ecooyotema.
For any concervation and management initiative of high
altitude wetlandg, the biodiveraity analycicand ecocyctem
valuecare prerequiaite and play ecoential role to implement
the concervation programme. Conaidering the above, in
thioproject Chandra Tal, Suraj Tal in Lahul Spiti (Himachal
Pradech), and Too Moriri and Pangong Too in Leh (Jammu
& Kachmir) HAWolocated in Tranc Himalayan Region of
India were ctudied. Among thece wetlandoChandra Tal and
Too Moriri are notified under Ramaar Site in 2002.

Objectives

e To document and acecs the florictic diveraity of

celected wetlando

e To invedtigate the dynamico of florictic changec in
celected wetlando

e Toanalyze the ecooyatem cerviceosemanating from the
celected wetlando

e To inculcate awarenecsand cenaitize local inhabitantc
on icouec pertinent for concervation of celected
wetland ecooyctem

Achievements

1. A total of 75 opeciec were recorded (22 Familieg, 60
Genera) from Chandra Tal (Fig. 7), including one
opeciec of gymnooperm (Ephedra intermedia).
Seventy nine percent of thece plants belong to 10
dominant families, and Acteraceaec wac the largect
family. More than 42% opeciecwere uced for different
medicinal purpocec including leaves (>32%). A total
of 64 touricto vidited thic aite per day during July. A
total of 1246 (cheep and goat) and 46 (horceg, donkey
and mule) forage at thicaite during cummer.

2. A total of 63 opeciec were recorded (20 families, 43
genera) from Suraj Tal (Fig. 7), including one opeciec
of gymnooperm (E. intermedia). Ninety percent of
thece plantc belong to 15 dominant families, and
Adteraceac wac the largeat family. Around 51%
opeciec were uced for different medicinal purpoceg,
and leaveg, flowercwere commonly (>38%) uced for
medicinal uceac. A total of 623 (cheep and goat) and 22
(horces, donkey and mule) forage at thic cite during
ocummer.



3. Atotal of 109 gpeciec belonging to 81 genera and 28
familieowere recorded from Pangong Too aite (Fig. 7),
including one opeciesof gymnooperm (E. intermedia).
Eighty nine percent of the total flora belongo to 17
dominant familieg, and Acteraceae icthe largect family
reprecented by 21 opeciec. A total of 55 opeciec (15
familieo) are uced for different ailmento (ethno-
medicinal purpoce) and family Acteraceae wac
dominant among them.

4. Atotal of 78 tourictoviaited thiclake per day during the
month of Auguct. A total of 1,227 livectock
population, 24 wild animalcviait thiccite for foraging
during cummer. Pangong Too ican important breeding
ground for a number of migratory birdc like Black
necked cranec (vulnerable), Brahmani Duckg,
Common Hoopoe, Indian cuckoo and Black redctart,
all of them except one belong to 'Leact concern’
category.

5. Atotal of 113 plant gpeciecbelonging to 72 genera and
27 familiec were recorded from the Too Moriri cite
(Fig. 7), reprecented by herb (106 opp.), chrub (6 opp.)
and climber (1 opp.). Eighty eight percent of the total
flora belongoto 14 dominant familiec, and Acteraceae
icthe largect family reprecented by 19 opecies. While
analyzing the divercity of medicinal plantg, a total of
51 opeciec (45%) are uced for different ailments, and
leaveo are highly utilized for medicinal purpocec by
local people. A total of 1,326 livectock population and
30 wild animalc depend on thic wetland for foraging
during cummer. Too Moriri ic an important breeding
ground for a large variety of migratory birdclike black
necked cranes(VU) and Bar-headed Gooae (LC).
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Fig. 7. Floristic diversity of targeted wetlands

Multidisciplinary studies in floristic assessment,
ecological analysis, ecosystem services, conservation
and sustainable management of selected National
Parks in Western Himalaya (2016-2019, National

Mission on Himalayan Studies, MOEF&CC, New
Delhi)

The Article 8 of the Convention of Biodivercity
otreccec in-situ concervation of biota in a holictic manner
and to fulfil thicomandate for concervation of biodiveraity,
rehabilitation and rectoration of degraded ecooyctemoand
concervation of threatened taxa, a Protected Area Network
(PAN) hacbeen ectabliched that covercapproximately 5%
geographical area of India. In thic project the Valley of
Flowerc and Great Himalayan National Park PAc were
targeted. The Valley of Flower ic located in Chamoli
Diatrict of Uttarakhand, Weatern Himalaya. It wacdeclared
ac a National Park in 1982 and now covered under the
UNESCO World Network of Biogphere Recerves cince
2004, and World Heritage Site of MAB. The Great
Himalayan National Park wac ectabliched in 1984, and in
June 2014 it wac added to the UNESCO lict of World
Heritage Sitec. Both the PAcare largect centre of endemiom
of plant divercity in Weatern Himalaya. Due to ccenic
beauty, diveraity of colourful flowering and precence of
ceveral endangered animalc (i.e., Aaiatic black bear, anow
leopard, muck deer, brown bear, red fox, blue cheep, monal
pheacant and other high altitude birdg, etc.) inflow of
tourictc hac increaced manifold in thece prictine PAc
Recent climate change and natural dicactercin Uttarakhand
and Himachal Pradech hac aloco affected the fragile
ecooyotem of thece alpine pacturec. Thug, changing
vegetation patternc in the changing ocenario of climate
change and human uce of thece PAchacbecome easential to
formulate concervation ctrategiec.

Objectives

e Ecological accecoment of florictic diveraity of the
National Parkc

e Statuc accecoment of plant divercity, including
endemic, threatened and medicinal plantcin the target
region

e  Analyzing florictic changecin the Park area

e Analyzing pocaible loosof plantcin relation to climate
and anthropogenic agpecta

e Providing awarenecotraining about the plant diveraity
and cuctainable plant utilization

Achievements

1. A total of 78 opecimenc were collected and 51
opecimencwere identified (23 familiec, 42 genera and
50 opecieo) from the Valley of FlowercNational Park.
For ecological acoecoment, five threatened opeciec
namely Polygonatum verticillatum (L.) Alloni



(1.71£0.41 ind./m’), Dactylorhiza hatagirea (D. Don)
Soo. (1.76 + 0.38 ind./m’), Fritillaria roylei Hook.
(0.42 + 0.8 ind/m*), Podophylum hexandrum Royle
(0.78 £0.02 ind./m”) and Malaxis muscifera (Lindl.)
Kuntze (1.00 + 0.02 ind./m’) were acoeocced and
compared with earlier recordc to define the florictic
changea.

There wac a macoive decreace in the denaity of D.
hatagirea, F. roylei, P. verticillatum, P. hexandrum,
while the denaity of Malaxis muscifera increaced than
the earlier reporta. The diveraity of P. polystachyum
Wallich ex Meicon. (2.49 + 062 ind./m”) wac found
higher compared to the pact acit ica major invacive
plantin the valley.

During the ecological accecoment, we recorded one
aapling of Pinus wallichiana A.B. Jackcon at an
altitude of 3527 m (lat. 30" 43" 40.4" N, long. 79° 36’
07.7" E), which ica new addition to Valley of Flowerc
National Park. Further, towardc otrengthening
datacetoon lower group of plantg, a total of 49 gpecieo
oflichencbelonging to 32 genera and 17 familieowere
recorded from the Park.
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Summary of the clgmpleted project

Threat assessment and conservation of Himalayan silver birch (Betula utilis D.Don): A keystone
species in timberline zone of Central Himalaya, Uttrakhand (funded by DST-SERB, New Delhi)

Achievements

1. Atotal of 278 plant opeciecbelonging to 66 familiecand 166 genera were recorded. Of thece, 52 familiecand 149
genera belongo to angiooperma, 4 familiec and 5 genera of gymnoopermos and 10 familiec and 13 genera of
pteridophytec were recorded between 3000-4200 m from valley of flower National Park and Nanda Devi National
Park of NDBR. Among the flowering plantc (angiooperm and gymnoagpermo), the life formowere recorded ac4.6%
treeq, 18.77% chrubcand remaining 76.63% herboand forba.

2. The total tree denaity in pure Betula utilis forect wacfound higher (1388 ind ha") at Valley of Flower National Park
(VoF-NP) ac compared to mixed Betula forect (1116 ind ha") whereacin Nanda Devi National Park (ND-NP) the
reverce trend wacobacerved where mixed B. utilis foreat chowed maximum tree denaity (1632 ind ha™) accompared to

the pure Betula forect (1536 ind ha'). However, overall tree denaity in pure & mixed foreot wacrecorded higher at
ND-NP accompared to VoF-NP.

3. Inthepure B. utilis forect at the couth acpect of VOF-NP, B. utilis and R. campanulatum had 'fair regeneration’ while 4.
pindrow and A4. caesium had 'good regeneration’. However, at north acpect R. campanulatum, A. pindrow and S.
sikkimensis had 'good regeneration’ and B. utilis chowed 'fair regeneration’ pattern. However, ND-NP out of four
opecieq, R. campanulatum chowed 'good regeneration’ and rect three opeciecviz., B. utilis, A. pindrow and T. baccata
exhibited 'fair regeneration’ at couth agpect. while in the north agpect two opeciec viz., R. campanulatum and A.
pindrow exhibited 'good regeneration’, and B. utilis and S. foliolosa recorded 'fair’ and ’'poor’ regeneration,
recpectively.

4.  Satellite imageriec and field obcervationo chowed increacing number of ceedlingo and @pling recruitment and
growth of Betula utilis above the timberline in both citec whereac denaity of other tree opeciec decreaced with
increace in altitude. The higher number of ceedlingo of Betula utilis wacrecorded in pure foreat (3600-4100 m) and
ranged between 19.33 to 33.50 ceedlinga’100m” and 7.83 to 30.00 ceedlinga’100m’ for north and couth acpecto of
VoF-NP and ND-NP at timberline, reapectively.

5. The fuelwood conoumption wacranged between 2.60 to 8.84 Kg/capita/Day while per capita fodder concumption
wacfound between 8.23 to 31.30 Kg/capita/day in the Niti valley, NDBR. The per capita fuelwood concumption of B.
utilis wacrecorded 2.52 kg/capita/day at timberline area particularly by the people involved in Cordyceps collection
during the month of May and June.

6.  The ctudy exhibited that the area of mixed and pure B. utilis foreat hacincreaced over lact 23 year time period. In 1990,
the proportion of pure B. utilis forect increaced about 761 ha while mixed forect about 883 ha, however, digitizated
aatellite imagery data indicatecthat the forect area hacenhanced about 1029 and 1107 ha during 2013. The total of
about 268 ha and 224 ha area of pure and mixed B. utilis forect increaced between 1990 and 2013 in Nanda Devi
national park of NDBR, regpectively.




THEME

ECOSYSTEM
SERVICES

Millennium Ecooyotem Accecoment (2006), defined
ecooyotem cervices (ES) ac "the benefitc people obtain
from ecooyctemo', and delineated the ES among four
categoriec - oupporting, provicioning, regulating and
cultural. The MEA highlighted the dependence of humanc
on ecooyctemo, and otrecced the need to better deccribe,
quantify and value (ecologically, culturally and
economically) the ecooyctem goodo and cerviceo. In opite
of the crucial ecological, cultural and economic
importance of these ES, ecoocyctemoc are continually
deteriorating worldwide ac the value of ecooycstemo to
human welfare ioctill underectimated and the ES are not, or
only partly, captured in conventional market economica.
Therefore, underctanding of functioncand valuec of thece
ecooyatemo conaidering the direct, indirect and exictence
benefitc ic crucial for long-term concervation and
ouctainable development imperatives. Himalayan
mountain ecooyotem cervicecare of critical importance not
only to the people of thicregion, but aloo to a cignificant
proportion of the global population. Therefore, effortoare
aloo required for quantification and valuation of ecooyctem
cervices for natural recource accounting and
mainoctreaming in decicion making for environment-
friendly development. The objectivec envicaged for ES
theme are: (i) Quantification and valuation of ES
emanating from ecocyctem/landccapec to cenaitize the
otakeholdercfor taking informed decicioncfor biodiveraity
and natural recource concervation for enhancement of ES;
(i1) Valuation of ES for integration into national and ctate
accounting oyctem and developing payment for ecooyctem
cervices (PES) mechaniomc for foreotc and natural
recource concervation; (iii) Identification of driverc of
change impacting natural capital that influence ES; (iv)
Hypothecic tecting on biodivercity vic-a-vic ES
enhancement and develop participatory approachec for
biodiveraity concervation; and (v) Dicceminate knowledge

ANNUAL REPORT

to different otakeholderc through various mechanioms and
publication of knowledge productc.

Climate change impacts on ecosystem services in the
Indian Himalayan region (2012-2017; In-House)

Climate change hac wide ranging implicationc for the
global environment and ecooyotema; hence, on the cet of
cervicecthat emanate from thece ecooyotema. Himalaya ic
moct vulnerable to climate change, and climate impactcare
becoming evident in the form of uneven dictribution of
rainfall, glacial retreat, extreme eventc of drought and
floodg, etc. The Himalayan region icimportant on account
of ito unique topography, micro-climatic conditionc and
otrategic location, and reprecentc one of the "Global
Biodivercity Hotopots’. The richnecss of endemic flora and
fauna with rectricted dictribution and life cupport valuec
(ecooyotem goodc and cerviceo) of thic region are highly
valuable for the global community in general, and for the
regional inhabitants (both highland-lowland), in particular.
However, in the recent decadecunder the changing climate
the foreot ecooyctem cervices ouch ac provicioning of
NTFPo to oupport the local livelihoods, biological
diveraity, C-cequectration potential etc. have altered due to
climate change (CC). Protection of the forects to booct
natural regeneration and planting forect blankc with
ouitable mix of opeciec would rectore them and alco
generate ES in longer run. Aloo, the recreational cervicecof
Himalayan environment which are mainly availed in
different variantoof touriom and adventure oportcare likely
to be affected ac a reault of CC. Limited development
opportunitiec in Himalaya warrant that cuch activity be
ouctained. Realizing the above, the precent project wac
undertaken acroooan altitudinal gradient (300 —2100 m) on
major foreot ecooyctemo of Kumaun Himalaya (Shorea
robusta, Pinus roxburghii, Quercus leucotrichophora and



Quercus floribunda forecto) for celected life cycle phaces  Table 3. Location of the study sites and dominant tree
(phenophaceo) of eight apeciecto relate the timing of thece ~ species in the forests along an altitudinal gradient in
eventc with weather patternc and CC. Thic project =~ Kumaun Himalaya.

integratecall theae acpectoto improve underctanding on the Forect Sitec |Elevation| Latitude | Longitude| Canopy / Sub-
impactoof CC on mountain forect ecooyotemoand come up (m adl) canopy tree

. . e . aopeciec
with certain m1jt1gat1ng mechamomq In thece. .effo'rtcs Ranibagh 62 [N29173 [ E790 Shorea robusia
people’s perception of CC adaptation and mitigation 27" 32'31.5" | Mallotus
meaourec would be helpful to device otrategiecto cope up philippinensis

Patwadangar| 1529 | N 290J E 7900 Pinus roxburghii

with the CC Impacta. 20°24.17 | 26°27.7” | Myrica esculenta
Kailakhan 1872 | N 290 E 7901 Quercus
Obj ectives 22°37.5” | 28°47.6” | leucotrichophora
Rhododendron
T . arboreum
e Study early indicatorc of CC on forect vegetation Ayarpatta 5700 TN200 TE 790 Ouercus
through phenological ctudiecin the region 23°08.9” | 26°56.5” | floribunda

Machilus duthei

e Aceooment of changecin otructure and functioning of

foreot ecooycotemc vic-a-vic impact on ES ] )
(quantification and valuation) accrued hac been reported in the temperate latitudec of the

e CC impacto on recreational/aecthetic cervicec of the world.

landacape and appraical of management optiono like
inctitutional arrangementoand policy meacurec

e Develop, refine and demonctrate modelc for
rehabilitation of community wacte/degraded landoac

3. Phycicochemical and biological analycic of ooil
camplec in pure Pine otand and the enriched otand
after fourteen monthc of plantation (cummer)
revealed oignificant differencec in ocoil moicture,

an aFlaptatlon to CC and to mprove ES microbial biomaco carbon (MBC) and MBN due to
* Regional planning for auitable forect types to plantation type, ceacon and plantation type X ceacon
encounter CC impactcand enhance ES interaction (Table 4). MBC wao correlated with coil
. microbial biomaos N (1 = 0.41, P < 0.01). MBC and
Achievements MBN ratio ranged from 9.7 to 10.2. The MBC wac

1.78 to 1.97% of organic carbon. Percentage of coil N
reflected in microbial N pool (MBN: total N (%) were
1.87 to 2.03%. Reaultc indicated that enrichment
plantation leado to carbon cequectration and over all
ooil fertility that improvec the ecooyctem cerviceo
oupplied by the ooil, and thuc may accelerate the
return of a productive foreat.

1. Inthe 8 celected foreot dominant tree opecies(Table 3)
phenophacecs were found to have recponce to increace
in ambient temperature (0.005 °C/yr) and decline in
rainfall (3.3 mm/yr) over the pact over two decadecin
the otudy area. In each of the opeciec leafing and
flowering wacrecorded earlier at couth agpect than at
the north aopect. Aloo, a greater leaf area, leaf maco
and relative growth rate of leavecat the S acpect wac
recorded than at the N aogpect indicating that
atmoopheric warming will benefit the S agpecto in
termo of carbon gain in the eventuality of climate
change.

Table 4. F-ratios and their significance levels for two
way ANOVA with repeated measures for soil pH,
microbial C, N, organic C and soil moisture for the pure
pine and enriched Pine, where sampling time was
treated as a repeated measure. * P < 0.05, ** P <0.01,

*%% P<(.001, ns =not significant. n=90.
2. A oyntheceo of phenological data compared with the 0.001, ns =notsignificant. n =90

pact oimilar data oet revealed that during the  Parameterc _ Source of variation

intervening 30 yroperiod (1985-87 to 2014-16) mean Between cubject Within cubject

date of peak leafing in all the major tree gpeciec hac Plantation type Time Time x
advanced by 9 dayac(i.e., 0.30 d/yr; range=0.17 - 0.47 Plantation
d/yr acroaosthe opecieo) in the otudy area, likely due to Type

CC. Similarly, mean date of peak leaf drop acrocc  pH 3.74 * 0.71 no 1.49 no
theoe opeciechacadvanced by 12 dayo(i.e., 0.40 d/yr; ~ Microbial C  0.42 no 18.63 **% 458 ***
range= 0.33 - 0.47 d/yr acroosthe opecieo), hence did ~ Microbial N 8.67 *** 10.89 ##%  2.03 *

Organic C 0.83 noc 3.47 ** 1.37 no

not increace the overall length of growing ceacon, ac : i
Soil moicture 12.31 *** 14.09 *** 15.26 ***




4. Perception baced ctudies on climate change impacto
chowed that in Garur Ganga waterched (Kumaun
Himalaya) the crop production during 2005 - 2015
chowed negative trend for wheat, rice, vegetablesand
fruito, thereby increacing dependence on market for
food grain etc. People perceive that due to CC, crop
damage due to wild animalc hac increaced and ocoil
fertility hao declined. People are increacingly facing
chortage of drinking acwell acirrigation water (both
quantity and quality). During thic period a decline of
21% in irrigated land and 14% in rainfed crop land hac
occurred that icaffecting food cecurity.

5. For acoecoment of economic relevance of recreational
cervicecs which are mainly concumed ac touriom the
contribution of tourict ceaconcto the income of local
bucinecoc enterpricec are analyzed, and the
conoolidated recultc cuggecting income impactc are
compared for Manali and Nainital townc. For Manali
bucinesc community a clear cut impact of 3- monthd
ocummer ceacon, on the income of all the bucinesstypec
waoceen; the autumn ceacon however doeon't chow an
impact on earningo of hoopitality buciness (p=0.12),
trancport (p>0.10), café¢ & rectra (p >0.20), and
adventure oporto& equipmento(p>0.35).

6. The income impact of tourict ceacon on the earningcof
the 14 buciness groupc of the Nainital town were
examined; an analycec of ceaconal earningo cuggeat
that nearly all the bucinecsclaccecearn more than 49%
of their annual income during cummer ceacon and
more than 19% during autumn ceacon cuggecting a
clear cut impact of tourict ceaconc related to the
recreational value of the Nainital environment. The
projectioncof expenditure incurred baced on curvey of
198 tourictc cuggeats that the touriom in Nainital
pumpcaround Ra. 5856.04 million in local economy,
and bringc about Ro. 10841.44 million in circulation
for touriomo gpin-offo which alco reprecent the lower
end of the recreational value of the place actouriom.

Promoting pollinators using community based
conservation approach at Kullu, Himachal Pradesh
(2015-2016; Earthwatch Institute, India)

Pollinatorc are an important part of our environment
and agricultural production. In our natural environment
many plantc would go extinct without pollinatorc
contributing to their reproduction proceco. In agriculture,
35% of our food cropo are dependent upon pollinatora.
While there are many other incect pollinatorc viciting our
cropg, honeybeec are the moct recognizable pollinatorc
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and the oneomoct commonly uced by farmerc Honeybeec
happen to be the moat effective pollinator incects for moct
cropo. Beechave relinquiched their habit of hunting incecto
and other arthropodcto cecure food for their offopring and
inctead have become vegetarian, ucing pollen, nectar and
other floral recourcec for food. Ac cuch, beec are entirely
dependent on flowering plantc and the abundant precence
of these incectowithin any habitat iclargely dependent on
the availability of floral recources. Thic dependence on
floweromakecsbeesthe moct important pollinatorc. A very
common and moct important fruit crop icapple, which alco
requirecpollination by beecto produce fruit like other fruit
and agricultural cropc. The project activitiec will
atrengthen the concervation of important pollinator opeciec
and bee flora, inveatment in the next generation by
engaging young people and women groupa, and develop
their knowledge in identification of important pollinatorc
and bee flora.

Objectives

e To otrengthen concervation outcomec by concerving
important pollinatorcand bee flora

e To invedt in the next generation by engaging youthc
and women groupoof the region

e Todeliver value to communitiec

e To enhance the perconal experience of Shell
Employeec

Achievements

1. Total 9 ditec i.e., 1 aite each in Karadou and Raugi
villages and 7 citec in Nachala village of Upper Beac
valley, Kullu didtrict were curveyed to ctudy denaity
and diveraity of the pollinatorc. Muctard and Coriander
were cultivated in nine cites during November and
December 2016 to maintain the flora for beec and
incectoin winter ceacon. The aurvival rate of the cropo
wac up to 80-90%. After complete cultivation of bee
flora the record of the dencity and divercity of the
pollinatorc wac obcerved which increaced to a larger
extent.

2. Atotal of 70 opeciecof incect viaitord pollinatorowere
reported from different fruit, herb, tree and ornamental
plant opeciec belonging to different group of incecto
i.e., Honey Beeo, Bumble beec, Carpanter beeg,
Solitary bees, Hover/ Drone fileg and Syrphid fliec
from Kullu Valley, Himachal Pradech.

3. Scan / vicual obcervation (16 obcervations of 15
minutec each) on the bloomo of Plum, Strawberry,



Apricot, and Lemon were carried out to know the
preferential incect viaitorc of a particular opeciec.
Among the all obcerved opecieag, Apis cerana ic moct
frequent viaiting opeciec of Apricot, Lemon and Plum
followed by Butterfliec (Lemon), Drone fly
(Strawberry) and Solitary beec(Lemon & Strawberry).

4. Among the obcerved incect viaitors on the bloomo of
celected herbg, Honey bee ( Apis cerana) ioreported ac
mocat frequent viaitors (24 obcervation of 15 minutec
each) followed by Drone fly (Coriander), Butterfliec
(Milk thiatle), Syrphid fly (Coriander), Solitary beec
(Milk thictle) (Fig. 8). Among the obcerved tree
opeciec (16 obcervations of 15 minutes each), Honey
bee (Apis cerana) and colitary bee were reported acthe
modt frequent viditor on the bloomo of Soapnut and
Bottle Bruch. Other frequent incect viaitorcare Drone
and Syrphid fly both on the bloomcof Bottlebruch.
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Fig. 8: Insect flower visitors of selected herb species

5. Among the ornamental opecieg, the higheat viciting
rate of Honey bee (Apis cerana) wac reported on the
bloomo of Cactuc, followed by Coomooc and Marry
Gold flowera. The highect viciting rate of Solitary beec
ioreported from the bloomcof Coomoa. Higher viait of
Butterfly and Syrphid fliec were reported from the
bloomoc of Marigold and Coomoc. Carpenter Bee
(Xylocopa op.), Bumble bee and Apis mellifera were
opecialiot opeciecand only reported from the bloomacof
Cactug, Marigold and blooma.

6. Among the potential pollinatorc opeciec for wild and
domedticated flowering opeciecare Apis cerana, Apis
mellifera, Bombus haemorrhoidalis, Xylocopa
fenestrata, Andrena leaena, Ceratina hieroglyphica,
Eristalis tenax, Eristalis arvorum and Calliphora
vicina etc. Soap Nut (Sapindus mukorosii) tree ic
excluaively uced by oolitary beec for making their
necting inacide the hollow branches. Many neatingc of
oolitary beec (Andrean op. & Lassiglossum op.) are

reported during the campling. Baced on the campling
Soap Nut and Wall Nut, tree are moct potential for the
concervation of oolitary beec divercity and their
necting habitat.

7. The ceedoand cuttingsof wild bee flora, i.e., Aesculus
indica, Rubus biflorus, Rosa brunonii, Callistemon
citrinus, Cornus macrophylla and Pyrus pashia were
collected from the natural habitatc and developed in
the nurcery for plantation. The developed 1350
aeedlingo of Buxus wallichiana, Pyrus pashia, Rosa
brunonii, Rubus biflorus, Cornus macrophylla,
Aesculus indica, Bauhinia variegata and Callistemon
citrinus were tranoplanted in two villageoi.e., Nachala
and Archhandi for the rectoration of beec floral
habitato.

8. Total 72 Bee boxecof Apis cerana with beecpurchaced
and dictributed to the 48 apple orchardicte from 7
villageg, i.e. Kradou, Nachalla, Ghurdaur, Archhandi,
Dobi, Bachkola, and Kathayal Gran of Kullu Dictrict.
Alm, 25 oeto of apiculture equipmento (queen cage,
omoker, bee veil, gloves, uncapping knife, queen gate,
pollen trap, hive tool and hive gate) and two extraction
machines of four framed, were dictributed to the
farmera,

Scientific research on changing climate and its impact
on floral diversity and ecosystem services (pollination)
at Kullu region of IHR — a Citizens' Science initiative
(2015-2018; Earthwatch Institute India)

Humankind benefitfrom a multitude of recourcecand
procececthat are cupplied by natural ecooyctemcicknown
acecooyctem cervicec. Among thece, pollination, one of the
cignificant provicioning cervicec in the maintenance and
promotion of biodiveraity, in general, cuctain life on Earth.
Pollinatoroprovide valuable ecooyctem cervice in the form
of pollination ecential for aexual reproduction of wild and
domecdticated plantc and maintenance of biodiveraity. 87
opeciec of the worldo leading food cropo i.e., fruitg
vegetablec or ceeds depend upon animal pollination,
reprecenting 35% of global food production. The
production value of one ton of pollinator-dependent crop ic
approximately five timeo higher than one of thooe crop
categoriecthat do not depend on incecto. Globally, beecand
other acoociated pollinatorodiveraity icgradually declining
dueto climate change, habitat loooand fragmentation, land
management practices, agricultural chemicalg, pecticidec
and diceaces. Decline of Pollinatorchacadvercely affected
the productivity of pollinator dependent fruit and agro-
horticultural cropo. For inctance, decline in pollination



cervicecs hac been now identified ac an important icoue

worldwide. It appliec equally for the agro-ecooyctemo of
the IHR, which callc for a oyctematic otudy on pollinatorc

and other forect ecooyotem cervicesin the region.

Objectives

To aceaoothe vulnerability of plant diveraity including
medicinal plant diveraity in relation to anthropogenic
and climate change ccenarioc

To develop ecological niche models for threatened
biodiveraity elementc

To monitor the oceaconal foraging patternc of
pollinatorc and acoeas the impact of habitat alteration
on pollinator population and production

To create awarenecc among the inhabitantc and
citizenc to encure their participation in concervation
and management of plant divercity, medicinal plantc
and bee flora in Kullu

To engage target otakeholder groupc in recearch -
Community members, farmers, ctudents, teacherg,
volunteercand ccientific community

Achievements

1

The precent otudy hacbeen carried in the Upper Beac
Valley in Kullu dictrict of Himachal Pradech
Qualitative acoecoment of the vegetation in and around
the orchard dites, 79 opeciec of planto reprecenting
treec, chrubo and herboincluding fernc were recorded
by the participantg, out of thece 34 opecieawere found
to be bee/pollinatorc foraging recourcec baced on the
viaitation of beedpollinatorc on the flowerc of thece
plant (Fig. 9).

I

Fig. 9. Citizen scientists working in the field
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2. Six ditedplotc were celected and campled for the
quantitative accecoment of vegetation. Acrocso thece
otudy ocitec Cedrus deodara (5 ocitec) and Pinus
wallichiana (1 aite) tree communitieowere delineated
baced on the Importance Value Index (IVI). Among
ohruba, Sarcococca saligna, Eleaegnus conferta and
Berberis lycium and among herbg, Fragaria nubicola,
Oplismenus compositus, Trifolium repens, Poa
annua, etc. were dominant.

3. The incect pollinatord divercity and dencity were
acoecced in and around celected orcharde of apple by
ocan and vioual campling method. The reculto chowed
higheat viaitation rate of Apis ceranna followed by
Apis mellifera, Drone, butterflies, oyrphidg, etc. in all
orchardo except in Hirni and Kradou where highect
viaitation rate of Apis mellifera wacoboerved (Fig. 10).
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Fig. 10. Diversity and density (visitation/15 minutes) of
Insect/pollinators on apple crop in the different
orchard sites

4. For the acoecoment of preferential floral gpeciecof the
incect pollinatorg, plant gpeciecin the flowering ctage
were celected at different orchardo and then were
obcerved for 15 minutecfor the incect viaitationa. Thic
exercioe wacreplicated on the came opeciecbut on the
different individualc at one orchard. The pollinatorc
have different bee flora opeciec preferencec for
foraging in different ceacono at different orchardo
which dependc on the availability of the flowering
plantcat the citec. The preferred foraging plantcduring
April were Brassica campestris and Zaphyranthes
candida; in May Trifolium repens, Berberis lyceum
and the preferred foraging plantc during March were
Brassica campestris, followed by Trifolium repens and
Zaphyranthes candida by Apis cerana, followed by
dronec, oyrphidoand Apis mellifera.



All India coordinated research project on sacred grove
ecosystem service- assessment of ecosystem services in

appropriate otrategy and action plan for the
maintenance of celected ecooyctem cervicec in the

sacred groves of Himachal Pradesh, North Western Sacred Forecto
Himalaya (2012-2017; Ministry of Environment,
Forest & Climate Change) Achievements

The Himalayan region icamongct the identified Global
Biodivercity Hotopota. The IHR formo the major part of
Himalaya and compricecof three bio-geographic zonecand
8 bio-geographic provinces due to ito typical phyaical
featurec and environmental conditionc. The unique
topography, diverce habitatc and large altitudinal range
(200-8,000 m) cupport the reprecentative, natural, unique
and cocio-economically important biodiveraity. The region
reprecentc tropical, cub-tropical, temperate, cub-alpine,
alpine and tundra ecoocyoctemo’biomes. The major
population of IHR livec in the rural arecac and the
inhabitantc are largely dependent on variouc cervicec
provided by thece ecooyotemo In view of the rapid
depletion of biodiveraity, a Protected Area Network hac
been ectabliched acrocs the IHR and reprecentative e
biodiveraity rich areac have been notified ac Biogphere
Recervea, National Parko and Wildlife Sanctuarieo for the
in situ concervation of ecooyotemga, habitat and opecieg,
reopectively. In addition, the native communitiec of the
region practice an age old tradition of concerving treecand
forectonear their cettlementcand alpine meadowcacpart of
their culture and religiouc belief. Theoe are known ac
acred groveo They believe that their deitiec live inoide
thece cacred grovecsand thece deitiecwould be offended if
any damage ic cauced to the plantc and animalc. Ucually
traditional cacred grovec (foreato) and Temple grovec are
found in the region. Of the 13,270 cacred grovec
documented from India, 5,627 aacred grovec are known

e The ctudy citecwere campled between 1490 — 3350 m
and 3140'46" N to 3245'56" N Lat. and 7705'40"E to
7720'49"E Long. A total of 52 ploto were campled for
florictic diveraity of the Jamdagni Richi and Kamru
Nag. Out of thece, 32 aitec were undicturbed and 20
dicturbed. A total of 285 opeciec of vaccular planto
belonging to 135 familiesc and 190 genera were
recorded. Among the identified opecies, 31 opeciec
were treec, 33 chrubsand 209 herbe. Community wice
comparicon of Speciec Divercity (H’) between
undicturbed and dicturbed aitecof the Sacred Grovecic
givenin Table 5.

Carbon cequedtration wac ectimated in Kamru Nag
(undicturbed & dicturbed cites) Sacred Groveo. In
undicturbed ocite above ground biomacs, 53351
kg/400m’ carbon content 26675 kg/400m’, below
ground biomaas, 15472 kg/400m’ and carbon content
7736 kg/400m’ wacectimated. In dicturbed cite above
ground biomacs, 56765 kg/400m’, carbon content
28383 kg/400m’, below ground biomacs 1647
kg/400m’ and carbon content 8231 kg/400m” were
recorded.

Table 5. Community wise comparison of species
diversity (H') between undisturbed and disturbed sites

from the IHR. of the Sacred Groves
. . Siteo
Objectives Sacrad Undicturbed Dicturbed
Groves Community type Total Denaity Total Denaity
. . . . B B
e Toaoeas, identify and characterize ecooyatem cervices (Ind ha ) (Ind ha )
. h Tree | Shrubg Herb |Tree [Shrubo| Herb
prov1ded byt e Sacred FOI‘GOtG o ) Kamrunag | 1.Quercus 430 —| 580 — | 34.95- |- - -
e To acsecoand characterize the biodiveraity of celected semecarpifolia | 790 | 2150 | 80.50
Sacred Foreatofor concervation ' 2. Abies pindrow | 380 | 1060-] 96.50— | 340 | 750 _ | 90.25-
e To acecs and quantify the prominent ecooyctem 620 | 1810 | 179.95 |380 | 1010 | 102.65
cervicedcervice flowo (i.e., organic carbon, NPK on I 0090 [T 53
the ooil and leaflitter, medicinal, wild ediblec, fuel and _ 'Qu;fjuim o ’
fodder planto) of Sacred Foreato semecarpifolia
e To identify and characterize driverc impacting mixed
. 4. Quercus 360 | 1810 | 93.05
ecooyotem cervicecof Sacred Foreoto semecarpifolia -
e To evaluate the ecooyctem cervices (i.e., carbon Abies pindrow
. . h .. R . mixed
cequedtration, coil nutrients, medicinal, wild edibles, 1 —r s s 00— [220- (220 1500
fuel, fodder and timber, cultural, aecthetic and Devi 400 | 670 |3400 |350 |370 |25.05
q)iritual) ofthe Sacred Forecto Kalinag | Cedrus deodara | 220|370 23.55— |200- | 280 - | 14.65—
.« To d t and . the traditional and 400 | 1320 [36.75  |380 | 710 |18.76
0 document and review the ftraditional an Jamdagni | Quercus 340— | 410— | 1340~ | 110- | 120— ] 9.95—
Government management practicec and recommend Richi leucotrichophora | 890 | 1150 [ 32.78 | 260 | 340 | 18.75




Timberline and altitudinal gradient ecology of
Himalayas, and human use sustenance in a warming
climate (2016-2019; National Mission on Himalayan
Studies, MOEF&CC, New Delhi)

Altitudinal gradients provide very effective natural
experimental conditionc for finding out ecological and
evolutionary recponcec of opeciec to environmental
changeo. In thic regard, the underctanding of
environmental changec acoociated with the high-altitude
limit of foreots, generally called timberline or tree line or
forect line ic of critical importance becauce of itc high
cenaitivity to temperature changecand human uces. That ic
why timberline ic often uced ac an indicator of climate
change. Ac obcerved by 4th Acsecoment Report of IPCC
(2007), Himalayacare warming 2-5 timeomore than global
average rate and the degree of temperature rice increacec
with altitude leading to chrinking of glaciercand beginning
of upward chift of altitudinal rangec of many opecieg,
particularly of timberlinec. The Himalayan timberline ic
unique. It ic the higheat in the world and comehow, it ic
among the leact ctudied oyatemo. Thic project ic a multi-
partner and multi-cite coordinated project of 6
organizationc having adequate experience of working in
the Himalaya and pooseads expertice and infractructure to
work on diverce acgpectsof Himalayan ecology, vegetation
acience, biodiveraity concervation, climate change, etc.
GBPIHED hac taken up following objectivec in thic
project.

Objectives

e To characterize and map timberline zone in the [HR
uoing aatellite and ground baced obcervationc
including omart phone applicationc

e To determine the temperature lapce rate (TLR) and
pattern of precipitation along altitudinal gradientc in
different precipitation regimecacroosthe IHR

e To otudy plant divercity, community ctructure, tree
diameter changec and natural recruitment pattern
along the three principal citecin the IHR

e To underctand tree phenological recponces, nutrient
concervation otrategiec and tree-water relationc in
reoponce to warming climate

Achievements

e In Chopta-Tungnath area phenological obcervationc
(viz., leafing, flowering, fruiting and leaf drop), and
changeo in leaf area, leaf maco and leaf nitrogen
concentration were taken at monthly interval otarting
from May 2016 until December 2016 (juct prior to
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onow fall) on five timberline tree opeciec (viz., Abies
spectabilis, Betula utilis, Quercus semecarpifolia,
Rhododendron barbatum and R. campanulatum). In
addition, microclimatic data within the celected tree
otandowere taken during each campling periodowhich
chowed mean atmogpheric temperature ranging from
Auguat (18.5 °C) to December 2016 (5.7 °C), RH from
79% in Auguct to 61% in December and mean ocoil
temperature from Auguct (14.3 °C) and (5°C)
November2016 (Fig. 11).

e Inamajority of individualo(50-75% of the 100 marked
treecof each opecieo) of 4. spectabilis, B. utilis and R.
barbatum leafing had been accompliched in lact week
of May-early June, whereacin Q. semecarpifolia and
R. campanulatum it wac < 20% by thic period. Leaf
drop in B. utilis waccompleted by December, whereac
in Q. semecarpifloia, R. barbatum and R.
campanulatum only 20-25% and in 4. spectabilis ~
50% marked individualc chowed leafdrop activity by
December. Leaf area (range= 0.28 cm’/leaf in A.
spectabilis - 52.6 cm’/leaf in R. campanulatum)
increaced charply till Auguct in all the opeciec, whereac
leaf maco (range= 0.007-1.08 g/leaf in A. spectabilis
and R. campanulatum, recpectively) gain continued till
October in all the opeciec. Leaf macoloooat the time of
leaf drop wac computed ranging from 36.2% and
37.9% in R. barbatum and R. campanulatum to 56.0%
in B. utilis.
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Fig. 11: Mean values of micro-climatic data observed at
Tungnath forest sites.

Achievements

e Databace and Catalogue of catellite imagechave been
created to map high altitude vegetation of the Indian
Himalayan region.

Geodatabace for Sikkim otate hac been developed.
Landaocape characterization of Sikkim indicatec that
one fourth (27.6%) of the otate hac gentle clopec but
moctly on higher altitudecof tranc-Himalayan region.
Middle part of the ctate hacmore cteepnecsthan other



parto. In nearly 30% areacolopeoare oteeper than 35°.
A new approach wacdeveloped uaing aatellite imagec
baced timberline mapping for more refinement and
characterization, and timberline Mapc (2 recolutiono)
of Sikkim otate were prepared (Fig. 12). Worthwhile to
note icthat more than 39% of the total area of the ctate
liec in tree devoid zone of high altitude region
reprecented by Snow, Rockc and Moraines, and
Alpine, while foreat ic dominating on the landcocape
covering an area of about 46.5% of the total area.

Timberline in the year 2015 (derived from Landaat 8)
indicateo that it runc approx. 828 km in the ctate. In
rare locationcof the otate, high altitude timberline may
occur between 2600m and 3200 m altitude (negligible
but precent). Precence of timberline ic more vicual
from 3200m onwardcand ccarcely reachecupto 4800
m.
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Fig 12. Timberline (2015) in the state of Sikkim

Assessment of Biomass, Carbon stock and Species
diversity of Epiphytic Bryophytes along an Altitudinal
Gradient in Kedarnath Wildlife Sanctuary (KWLS),
Uttarakhand (DST-SERB, 2016-2019)

Bryophytecare recognized an important conctituent of
plant divercity. They are reprecented by nearly 26,000
opeciec and form the moct diverce group of terrectrial
plantc after angiogpermoc. They have evolved ac an
unparallel diveraity in cize and atructure. The macoive mato
and turfo of epiphytic bryophytec cover forect treeg,

providing valuable recourcec cuch ac a growth cubotrate
and nutrition pool to entire communitiec of vaccular
epiphytecouch acferncand orchidg, and cerve acbreeding
and neating gpace for a wide range of birds, amphibiancand
incecto. Conaidering the role of lower plantc ac important
functional groupc in the ecooyotem, the interect in
biodivercity and concervation biology related to
bryophytec ic now rapidly increacing. The Himalaya ic
licted ac the third richect region of the world in termo of
bryophyte divercity and moooeo are one of the dominant
plant communities at higher elevationc and cometime
contribute more than 50% of active biomacsc and
conaidered major cource of carbon cink in Himalayan
temperate ecooyctemao. The Garhwal Himalaya icone of the
hot opoto of biodiveraity in the north-wectern Himalaya.
The unuoually wide altitudinal range and gradient even at
omall dictances, habitat divercity and high level of
endemiom make it interecting for ctudiec. Though, during
recent pact the looo of biodiveraity in Himalaya continuec
to increace with developmental activitiec and therefore,
there ic an urgent need to develop practicable planc and
atrategiec for concervation at different opatial ccale. The
impacto of global warming, though yet not monitored
ocientifically, but are clearly viaible in Himalaya. Future
changes in climate are projected to cauce changeo in
vegetation dictribution, which will aloo impact forectcand
biodiveraity of Himalaya.

Objectives

e Toackooopecieadiveraity and dictribution patterncof
epiphytic bryophytec along an altitudinal gradient in
Kedarnath Wildlife Sanctuary.

e To aceos biomaos and carbon otock of epiphytic
bryophytecalong an altitudinal gradientc.

e To decign, concervation and management ctrategiec
for concervation and management of bryophytec
diveraity in the wake climatic change.

Achievements

1. Anextenaive review of relevant literature pertaining to
epiphytic bryophytec and a preliminary field curvey
wag carried out for celection of different forect typec
ranging between 1400 m to 3400 m along an altitudinal
gradient in Kedarnath Wildlife Sanctuary to conduct
the precent otudy.

2. An inventory wac made to collect the primary
information of prevalent epiphytic bryophytec with
regardcto habitat, clope, aopect, life atrategies, growth
formo, altitudinal range and oupporting hocot tree
opecies of woody plant in KWLS for ectabliching
permanent plot to otudy dictribution pattern and



phytocociological agpect of the tree vegetation along
altitudinal gradient.

Two cub-cites(A) Kalimath (30° 54’ 12" N - 79°08' 20"
E)-Tungnath (30" 48 93" N - 79" 21’ 62" E) and (B)
Sonprayag (30’ 38 05" N - 78" 58 12" E) -
Triyuginarayan (30" 38’ 07" N - 78" 58’ 8"E) were
aelected for conducting detail otudy and thece cub-cites
were again divided in 5 altitudinal zonec (1400-1800,
100-2200, 2200-2600, 2600-3000 and 3000-3400 m
aol) at 400 m intervalcalong an altitude to identify the
divercity and dictribution pattern of epiphytic
bryophytecwith increacing altitude.

During the preliminary curvey a total of 28 prominent
woody plant opeciec hac been reported in the precent
otudy and emphacized that the recorded opeciec
belongs to 19 genera and 10 families. The Pinaceae
and Betulaceae reprecent 4 genera and 5 opeciec
followed by Ericaceae having 2 genera and 4 opecieg,
Sapindaceae having 2 genera and 3 opeciec, Fagaceae
having 1 genera and 5 opeciec, however, Buxaceae,
Cupreococaceae, Juglandaceae, Myricaceae,
Symplocaceae, Taxaceae having cingle genera aingle
opeciecin the ctudy aitec.

In the initial phace of curvey, a total of 37 opeciec of
epiphytic bryophytecbelonging to 14 familiesand 30
genera were found along an altitudinal gradient of
KWLS. The family Meteoriaceae recorded the largect
family, reprecentc maximum number of opeciec (8)
and genera (7) of epiphytic bryophytec followed by
Bryaceae having 3 genera and 7 opecieo of epiphytic
bryophytes, Dicranaceaec and Pottiaceaec having 3
genera and 3 gpecieg, Hypnaceae reprecentc 2 genera
and 3 opeciec while Sematophyllaceae,
Brachytheciaceae, Neckeraceae reprecentc 2 genera
and 2 opeciea. Orthotrichaceae reprecentc 1 genera and
2 opecies, Leucodontaceae, Trachypodaceae,
Ledkeaceae, Thuidiaceae, Entodontaceae reprecento 1
genera and 1 opecieceach.

The obcervation made in the precent otudy revealed
that the population and biomacs of the epiphytic
bryophytecare more at middle altitude (2000-2500 m)
altitude ac compared to higher altitude due to dence
canopy and higher moicture content at middle altitude.

Strong linkagec and coordination wac developed
among village communitiecand foreat departmentcto
otrengthen community baced initiatives in order to
concerve and maintenance of foreotc and acoociated
opeciec in KWLS through creating awarenecs and
motivational programmea.
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THEME
CLIMATE CHANGE

Climate ic an important environmental influence on
ecooyatemo. Climate change and the impactc of climate
change affect the ecooyotemo in a variety of wayg, e.g.,
warming could force opeciec to migrate to higher
elevationo for their curvival. Climate change not only
affecto ecooyotemo and opecieo directly, it aloo interactc
with other human otrecoorc cuch ac development, and
cumulative impact may lead to dramatic ecological
changeo. Thug, climate change poceca threat to cocial and
economic development in the Indian Himalayan Region
where natural recource dependency of cocietiesicof high
order. Ac climate variation ic complex and wide-ranging
mitigation meacurecfall in “think global-act local” regime.
Keeping in view the diverce attributec of the Himalayan
ecooycatem, thicmuat be appropriately aimplified to derive
the narroweat pocuible alternative for reaching aite-
opecific colutionsor cet of combinationas. The objectivesof
the theme involved (i) Identification and prioritization of
climate ocenocitive oectorc in the Himalaya, (ii)
Development of indicatorc of Climate Change in the
Himalaya, (iii) Inclucion of Citizen Science Approach in
Recearch, and Adaptation & Mitigation Strategiec with
reference to Climate Change, and (iv) Practice-Science-
Policy connect through integration of community level
experiencecs (acclimatization/adaptation/coping
mechaniomo) in Policy Framework

Vulnerability Assessment of Mountain Ecosystems due
to Climate Change: Ecosystem Structure and
Functioning (Indian Institute of Remote Sensing
(Department of Space), Dehradun, 2014-2019)

The Himalayan ecooyctemoare vulnerable to varioucricko
both anthropogenic ac well ac natural with the global
climate change caucing more impact on the mountain
ecooyatemg,rather than plainc. Varioucfactoromakecin the
wectern Himalayan mountain ecocyctem makeo it

vulnerable to climate change, and thece includec (i)
potential chiftc in the opecieds bioclimatic envelop thuc
changecin vegetation accemblagecand opeciesmigration,
(i1) fragmentation in the tree cover due to anthropogenic
activities, (iii) impact of geological procecses like
landolidec on the vegetation cover, and (iv) impact of the
changec in the ococio-economic otatuc in the mountain
ecooyotema. In view of the cignificant data requirement on
variouc agpecto to underctand and forecact variouc cub-
oyotemo of Himalayan ecooyotem, it ic nececoary to
ectablich a few Long Term Ecological Monitoring (LTEM)
Stationc. Thece ctationowill provide data to underctand the
opatial and temporal variationc in the Himalayan
ecooyatem due to climate change. Thus, Long Term
Ecological Recearch (LTER) aitec in different zonec of
Uttarakhand, viz., alpine region, mid-altitudinal area and
foot-hillowill be ectabliched to underctand and analyce the
impacto of climate change in different ecooycteom of the
mountainc. GBPIHED ic ectabliching one of the LTER in
high altitude region of the ctate.

Objectives

e Impact of Climate Change on Himalayan Tree Line

Ecotone

e Ectablichment of Permanent Field Plotc for long-term
monitoring

Achievements

1. Eoctablichment of permanent Sitec for Long Term
Monitoring of Tree line Vegetation in Pindar Valley of
Uttarakhand State - 8 ploto of 20x20 meter at three
different locationc ranging between 3180m and
3420m were ectabliched (location and geo-gpatial
attributeo) for permanent monitoring.



2. Tree vegetation in each plot wac marked and
meacurementowere taken. Tree opeciec(8 opeciecof 6
genera) of 5 familiec (4 Angiooperm and 1
Gymnogperm) were recorded in thece ploto. Ericaceae
wac dominant family reprecented by two genera
(Rhododendron & Lyonia) and 4 opeciec (R.
arboreum, R. barbatum, R. campanulatum & Lyonia

ovalifolia).

3. Tree denaity in different plotc variec between 23 and
50 individuale. Sampling denaity icvery wide from 1
to 36. Seedling ectablichment in high altitudec variec
conaiderably between not precent to 9 individualcin a
permanent ploto of different locationo (Fig. 12). Thic
indicate location opecific attributes influencec
ectablichment of treecin harch environment and can be
aeen only in long term (acreflected by high number of
aplingothan the ceedlingo).
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Fig.12. Population structure of treeline vegetation in
different locations of Pindar valley of Uttarakhand

1. Pattern of vegetation in high altitudec(upto 4100m) of
Great Himalayan National Park in Himachal Pradech -
Ten (10) Tree communitieg, (04) Shrub communitiec
and One (1) herb community were identified.
Maximum citec were reprecented by Betula utilis (7
oitec) and Betula utilis-Abies pindrow mixed
communities (6 aiteo), followed by Taxus baccata ssp.
wallichiana -Abies pindrow mixed community (03
citec each) and Abies pindrow-Acer acuminatum
mixed, Abies pindrow-Betula utilis mixed, Betula
utilis- Taxus baccata ssp. wallichiana mixed, and
Taxus baccata ssp. wallichiana-Betula utilis mixed
(02 oites, each) communitiec. The remaining
communitieowere reprecented by 01 aite only.

2. The total tree denaity ranged from 90.00- 480.00 ind.
ha'; total bacal area 3.30-41.04 m’ ha'; total chrub
dencity 840.00-3190.00 ind. ha'; total herb denaity
18.15-379.00 ind. m”; total capling denacity 150.00-
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662.00 ind. ha' and total ceeding dencity 100.00-
500.00 ind. ha'. Maximum total tree dencity wac
recorded in Abies spectabilis - Betula utilis mixed
(480.0 ind. ha) community, followed by Betula utilis
- Abies pindrow mixed (441.66 ind. ha) community.

Clean energy development to mitigate impacts of
climate change in the Indian Himalayan Region
(Fellowship under National Mission for Himalayan
Studies (NMHS); 2016-2019)

Environmental and energy cecurity are two major
global concernc going parallel but often bridgec by clean
energy oolutionc. Developing countriec like India where
17.31% of world'cpopulation recide, are atill in dilemma or
more often following the developmental markerc cet and
teoted in different cocio-techno-economical opherec of
developed countries, and Himalayan region ic no
exception. Modern fuels have been ceen ac a better
environmentally ocuitable alternative over traditional
energy obtained from biomaco. In the Himalayan region
atill a large part of the population reliec on biomacs ac
primary cource of cooking. Thic population growth
coupled with ricing paying capacity involvec a chain of
caccading effectc of women drudgery, human and
ecooyctem health, depletion of biorecources, and emicoion
of Green Houce Gaces (GHG) mainly CO,. There icneed
(1) to analyze gap between pace of growth development
and policy interface for clean energy development, (ii) to
document beat practiced@modelcfor further promotion, and
replication, (iii) to provide integrated colution on account
of reducing women drudgery, improved human health of
rural inhabitanto and biological wealth of the Himalayan
region linked with alternate livelihood options, and
ultimately contributing to the India’c Intended Nationally
Determined Contribution (INDC).

Objectives

e Toanalyze exicting policiecand legal inctrumentcfor
promotion of clean energy development in the Indian
Himalayan Region

e To document and analyze bect practicedmodelc for
further promotion, and replication of clean energy
development

e To provide integrated colutioncowith reference to IHR
region on account improving human and ecocyctem
health linked with alternate livelihood optionc and
contribution to the India’'c Intended Nationally
Determined Contribution (INDC)



Achievements

1. Databace hac been created on exicting legal
inctrumento (policiec and acto) developed by variouc
national and Indian Himalayan ctatecagenciec(Fig. 14).

2. At national level more emphacic ic on policy
formulation and power generation ucing colar energy
and promotion of related technologies, however,
Indian Himalayan ctatechave not prioritized upon the
oolar photo-voltaic technology deopite the oolar
potential of 230.25 GWp in the Indian Himalayan
Region.

3. To tap potential of 8532 MW, and 1296.4 MW energy
through hydro power in Indian Himalayan ctatec hac
been inctalled.

4. Meghalaya, Manipur, Mizoram and Tripura do not
have any opecific policiecwith reference to renewable
energy production through different technologieq;
however, each otate facilitatecit by one aingle policy
which ic common to all the different production
technologiec.

5. However, Manipur haconly 96 MW potential for wind
energy generation which icvery lesoin comparicon to
total potential of the IHR ctatec (6905MW), the ctate
hacopecifically mentioned wind energy into the cingle
policy document. Thug, there ic need to further look
forward by the other otatec for harnecoing of wind
energy potential.

Policies for development of Renewable Energy Generation
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Fig 14. Status of legislative tools for the development of
renewable energy in the Indian Himalayan region

Vulnerability assessment of mountain ecosystems due
to climate change: Ecosystem structure and
functioning (2015-2019; Indian Institute of Remote
Sensing, Dehradun)

The Himalayan region ic amongcat the identified Global
Biodivercity Hotopotos. The Indian Himalayan Region
(IHR) formothe major part of Himalaya and compricec of

three bio-geographic zonec and 8 bio-geographic
provincec due to itc typical phyocical featurec and
environmental conditionc. The unique topography, diverce
habitatc and large altitudinal range (200-8,000m) cupport
the reprecentative, natural, unique and cocio-economically
important biodiveraity. The region reprecentctropical, cub-
tropical, temperate, ocub-alpine, alpine and Tundra
ecooyctema’biomec. The major population of IHR livecin
the rural areacand the inhabitantcare largely dependent on
variouccervicesprovided by thece ecooycstema. In view of
the rapid depletion of biodiveraity, a Protected Area
Network hac been ecdtabliched acrooc the IHR and
reprecentative biodiveraity rich areachave been notified ac
Bioophere Recerves, National Parkc and Wildlife
Sanctuariec for the in citu concervation of Ecooyctemg,
habitat and opeciec, regpectively. In addition Ecological
degradation and loosof biodiveraity aca recult of exceaoive
anthropogenic precoureg, particularly in the fragile
Himalaya have cauced much concern among the
concervationiotc in the recent yearc. Therefore, it ic
pertinent to initiate a detailed otudy on biodiveraity
acocecoment, monitoring and give cuitable management
plancfor concerving the Himalayan foreato.

Objectives

e To acwoo the florictic diveraity of cub- alpine and
alpine ecooyotemo

e To aceaothe cocio-economic and concervation valuec
of the florictic diveraity of cub- alpine and alpine
ecooyotemo

e To aceoo the carbon cequedtration of the cub-alpine
ecooyotem

e To acwaoos the florictic diveraity of cub- alpine and
alpine ecooyctemaofor vulnerability

e  Tomap the habitatcand communitiecfor identification
of ecologically cenaitive areacucing Remote Sencing
and Geographical Information Syctem

e To prioritize opecieg, habitatc and communitiec for
concervation and ouggect ocuitable management
optioncfor concervation

Achievements

1. Total 32 aditec were curveyed between 2250-4095 m
and 10 tree communities, 04 Shrub communitiecand 1
herb community were identified. The total tree denacity
ranged from 10.00- 490.00 Ind hal™; total bacal area
0.10-75.00 m’ ha'; total chrubc dencity 230.00-
3580.00 Ind ha™; total herbo denaity 2.92-116.05 Ind
m’; total aplingo dencity 30.00-325.00 Ind ha" and



total ceedlings dencity 20.00-370.00 Ind ha’.
Population ctructurec of Betula utilis community and
Betula utilis-Abies pindrow mixed community are
precented (Fig.15).
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Fig.15. Population structure of Betula utilis community
Abbreviations used: TD=Total dencity; AP=Abies
pindrow, BU=Betula utilis and AA=Acer acuminatum

2. Maximum aditec were reprecented by Betula utilis
community. A total of 112 gpeciec(treec: 3 chruba: 19
and herbo: 90) were recorded. The total tree denaity
and total bacal area were 245.71 Ind ha" and 9.36 m’
ha', reopectively. Total ceedlings and aaplingo
denaditiecwere 365.71.00 Ind ha” and 662.86 Ind ha™,
reopectively. Among the ceedlings, higheot denaity
wac chown by Betula utilis (352.71 Ind ha™). Higheot
aplingo dencity wac alco chown by Betula utilis
(642.85Ind ha™).

3. In the communities, Speciec Diveraity (H') of tree
opeciecranged from 0.20 — 1.77; chrubc(0.66-2.17, and
herbo2.16-3.38. Concentration of Dominance (CD) of
tree opeciec ranged from 0.18-0.85 among the
identified communitieg, of chrubc ranged from 0.13-
0.53 and of herboranged from 0.05-0.91.

4. 308 opeciecof vaccular plantowere recorded and out of
theoe 262 gpeciec were economically important, 158
opeciecwere uced acmedicine, 21 acwild edible/food,
22 acfodder, 19 acfuel, 08 acreligious, 08 actimber,
04 ac dye, 06 ac fibers, 10 for making agricultural
toolg, and 06 for varioucother purpocec.

5. The pH wacranged from 5.71-6.94, moicture content
ranged from 10.82-92.24%, Total Nitrogen from 0.07-
0.51%, total Organic carbon from 2.63-6.71%, total
organic matter from 4.54-11.56%, available
phoophoruswacfrom 0.20-0.58 mg kg™ and potacoium
from 732.19-1163.5Kgha™.
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Ecological Analysis of Indigenous Agroforestry
Systems with Reference to Climate Change
Adaptation, Mitigation and Coping Strategies in
Indian Central Himalaya (DST-SERB, 2015-2018)

Agroforectry icone of the moct conopicuouc land uce
oyotemc acroco landccapes and local environment. It
providec acets and income from carbon, wood energy,
improved ooil fertility, enhancement of local climatic
conditiong, ecooyctem cervicec and reducec human
impactc on natural foreoto. The agro-forectry oyotemo in
central Himalayan region of India are an integral part of the
traditional farming communitiec. The oyctem ic managed
indigenouadly, with bect practicecwhich have been evolved
by the farmerc through trial and error over the time. In
Central Himalayan region of India local communitiec
maintain naturally regenerating tree opecieq, particularly
on the edgecor margin of rainfed terraced agriculture land
without any cignificant external inputcor manpower. Such
indigenoucagro-foreatry oycstem playcan important role in
carbon cequectration, provide option to adaptation to
climate change and reducing precoure on natural foreotofor
fodder, fuelwood, and timber extraction. The management
of indigenouc agro-forectry oyctemo in the Himalaya
region while maintaining and managing potential agro-
foreatry treeq, intercropping underctory cropg, livectock
rioing and protection of adjacent forecto for variety of
ecooyotem cerviceo ic an adaptive indigenouo practice of
the mountain communitiec.

Objectives

e To identify the key agroforectry opeciec and meacure
the fodder and fuel wood conoumption pattern along
an altitudinal gradient.

e To explore the key interventionc for enhancing crop
yieldoand carbon cequectration rate of the prominent
agroforeatry opecieswith reference to climate change
adaptation and mitigation.

e To identify the weakneoses or underlying factorc
behind deterioration of indigenouc agroforectry
oyotem and decign appropriate otrategiec for
concervation and management of ecologically and
economically valuable agroforectry tree gpeciecalong
with documentation of their traditional ecological
knowledge.

Achievements

1. Anextenaive literature review and a preliminary field
ourvey were carried out for celection of indigenouc
agro-foreotry models in Indian Central Himalaya.
Three village clucterc e.g. Saknidhar, Jakhand and



Dagar in Tehri dictrict along an altitudinal gradient
ranged from 800 to 1800 madl were celected for
conducting the precent ctudy.

Structured and cemi-ctructured quectionnairec were
uced to interview more than 40% houceholdoin each
village clucterc. Information wac collected on
population number, family ocize, land holding,
altitudinal range, indigenouc oyctem, which included
the pattern, production and ucec of agro-foreotry
apeciea.

A total of 30 woody agro-foreatry opeciecand 31 food
cropchave been licted and their traditional ucec were
documented in all three celected village cludterc.

Land uce pattern and dictribution percentage of
agroforeatry opeciecin different agroforectry oyctemo
wac analyzed and categorized baced on their
occurrence e.g. agriculture land (44%), graco land
(29%), barren land (20%), and kitchen garden (7%).

Dependency of local people on indigenouc
agroforeatry oyotemoin the otudy area waccarried out
and it revealed that the local people depend on
different agroforetry producec ocuch ac fodder
(33.7%), fuelwood (16.5%), food (27.6%), medicine
(9.1%), timber (7.5%), fiber (3.3%), and other (2.3%).

Local people of three different village clucterc e.g.
Saknidhar, Jakhand and Dagar (5 villagec and 50
farmero from each village clucter) were conaulted to
reoponcec about the problemc and document the
factorc thoce are regponaible for otrengthening and
deterioration of indigenouc agro-forectry oyotem.
Modat of the reopondents (81%) emphacized that
application of lopping/pruning practiceciccrucial for
ouctainability of the oyctem; thic attribute ccored firot
among the ten foremoot requirementc for
otrengthening the agro-forectry, while weeding
techniqueg, ctood lact. Crop damage by wild animalc
wagc ranked firat (92%) among the attributedreaconc
reoponaible for deterioration of indigenouc agro-
foreotry, while literacy rate ccored waclact.

The precent otudy identified five broad categoriec of
ouctainability ouch ac agriculture management,
liveatock management, foreot cuctainability, cocial
benefitaneeds, and policy inputc along with cixteen
criteria and thirty four related indicatorcto otrengthen
and providec holictic approach for ocuctainable
management of indigenouc agro-forectry oyotemo in
Indian central Himalaya.

8.

10.

11.

Fuelwood and fodder concumption pattern and energy
budget wac analyzed along an altitudinal gradient in
celected village clucterc. The reoults indicated that
fuelwood conoumption ranged between 242.95+22.22
to 373.16+£23.96 kg capita’ year', whereas, fodder
conoumption ranged between 154.34+17.30 to
463.14+14.83 kg unit' year'. The energy budget of
fuelwood and fodder conocumption ranged from
2160.76+242.21t07317.66+234.36 MJ kg .

Tree biomaao, carbon otock and carbon cequedtration
rate wacecdtimated from 3 prominent agroforectry tree
opeciec i.e., Grewia optiva, Celtis australis, and
Morus serrata in the otudy area during the year 2016
and 2017.

The reoultc indicated that the total tree biomacs of
Celtis australis wac recorded significantly higher
(5408.46+0.90 tha' 10 8210.19£0.90 ¢ ha'') compared
to Grewia optiva (343.02+2.70 tha™ t0 1067.76+0.90 ¢
ha') and Morus serrata (204.48+1.80 t ha' to
465.26+0.90t ha').

Similar pattern wac obcerved in carbon otock and
emphaocized that the range of carbon otock wac
recorded oignificantly higher in Celtis australis
(2704.48+0.90 t ha' 0 4105.09+0.90 ¢ ha'') compared
to Grewia optiva (171.51£1.80 t ha" to 533.88+0.98 ¢
ha') and Morus serrata (102.24+0.90 t ha' to
232.63+1.79 ¢ ha'I). However, the carbon
sequestration rate wac ectimated higheat in Celtis
australis (481.27+0.0 t ha'yr") followed by Grewia
optiva (146.48+0.08 t ha'yr') and Morus serrata
(65.98+0.89 tha'yr").
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Alpine ecosystem dynamics and impact of climate change in Indian Himalaya
(Space Application Centre (Department of Space), Ahmadabad, 2013-2017)

Three alpine cummito in the Kumaun Himalayan region of Uttarakhand State were brought under
internationally recognized GLORIA protocol for long-term monitoring of impactc of climate change on
high altitude vegetation under HIMADRI programme of Department of Space, Govt. of India. Baceline
(year 2015) data on different geographiecof target region were collected on pattern of vegetation diveraity
in three ectabliched aitecto underctand precent trendoand for future purcue.

Herbarium recordc of alpine vegetation are being maintained to provide uceful information regarding the
vegetation of the target region along with treeline gpecies. About 100 opecimenchave been collected from
the otudy area, and were reprecented by 21 familiec, Acteraceae being dominant (5 genera), followed by
Romceae (4 genera). With an increace in altitude total opeciesc number wac decreacing -31 gpeciec were
recorded from lower alpine cummit, 28 opeciec from upper alpine cummit, and 13 plant opeciec from cub-
nival zone of the area. 15 plant opeciec of alpine region were common between lower and upper cummitc
whereac 3 opeciecare common between lower alpine cummit and cub-nival zone. Dominant opeciecwere
different at different elevationg, Danthonia cashemyriana (lower alpine), Trachydium roylei (upper alpine)
and Sibbaldia op. (cub-nival zone).

Treeline opeciecdata have been maintained and geo-tagged for long-term monitoring to record any chifting
in treeline towardo the higher altitude induced by climate change. Treeline opeciecrecorded from target
region incliudec Rhododendrdon arboreum, R. barbatum, R. campanulatum, Abies pindrow, Quercus
leucotrichophora.

Soil temperature data loggerchave been inctalled in all the three cummitcto maintain a baceline data for coil
temperature which will be uced acreferral in the future. Soil temperature indicatecthat eactern agpect wac
warmer than the other clopecin all the three cummits, and during May temperature in the coil remained
warmeat while during January it waccoldect. Thichac ceveral implicationcon plant growth cince moat of
the alpine plantopropagate through underground partc.




THEME

ENVIRONMENTAL
ASSESSMENT AND

MANAGEMENT (EAM)

& ENVIRONMENTAL
GOVERNANCE AND
POLICY (EGP)

The applying populationc and their ever increacing
demando have led over-exploitation of natural recourcec
which together have reculted in ccarcity and degradation of
exiating recourcec. The degradation of exicting recourcec
beyond their carrying capacity therefore leadcto a variety
of' environmental dicordercand pollutions. Developmental
activitiec and ever increacing load of pollutionc need a
frech re-look in a comprehenacive manner for cuctainable
development. Environmental Accecoment and
Management and Environmental Governance and Policy
(EAM & EGP) Themec focuc therefore primarily on
addrecoing, monitoring, accecoing and analyzing phyaical,
biological and cultural componentc of environment,
related to various typec of developmental activitied
interventiond projectd policied planc in the Indian
Himalayan Region (IHR). The Themeoc generate
information to acoedo and analyze impacto, cet prioritieg,
identify gapg, develop early mitigating approach and to
find new technology and approach to achieve ouctainable
development of a region. By way of mitigating and
minimizing adverce impactc of developmental activitiec
and maximizing their poaitive impactc would improve
ecooyatem cervicecand help individualobecome more celf-
reliant. The recent environmental icocuec like
developmental interventioncand aricing impactg, ambient
and columnar aerocolg, black carbon aeromlg, temperature
rice, global warming, climate change and glacier melting
have aloo become the core topicoof the Theme. The micro
level otudiec opecifically on, aerocold climatology,
gaceoucpollution in the background citec of the oprawling
environment, black carbon aerooolc over the glacierg,
impact of climate change on forest recourcec and

Nl

environmental flow in frech water ecooyctem, otrategic
environmental acoecoment of hydropower projectg,
wetland deterioration and management, atmocpheric
pollution dicacter mitigation and participatory approach to
inveatigate vulnerability and adaptive capacity of climate
change of the local communitiechave been covered under
the R&D activitiesof the Themeao. Given thece facts, EAM
& EGP Themeo envicage planning and management
optionc for the cuctainable ecological and economic
development of the IHR.

Objectives

e Acecoment and monitoring of phyaical, biological and
cocio-economic environmental attributec related to
variouc developmental interventiona/policiedplanc in
the Indian Himalayan Region (IHR).




e Development/formulation/ouggection of appropriate
management planc encuring ecological and economic
cuctainability.

Aerosols climatology over the northwestern Indian
Himalayan region, Himachal Pradesh (ISRO, SPL,
Thiruvanthapuram, 2005-06 - to date, long term
science programme)

The Kullu valley in Himachal Pradech ic well known
for itounique geographic entity from rect of the partcofthe
Indian Himalayan Region (IHR) ac well ac whole of the
country. Thic valley hac been world famouc for tourict
dectination (Manali, Rohtang Pacg, Solang nala, Marhi,
Kothi, etc.), apple fruit and other horticultural cropc and
hydropower activitiec. However, in recent decadec there
have been lotc of anthropogenic activities ecpecially
related to touriatd influx acwell acever increacing number
of native populationc. Thece anthropogenic activitieo
recult in emicoionc to a greater extent in itc ourrounding
environment and have affected the local temperature.
Upon interacting with atmoopheric aerocol, there ic
extinction in colar radiation thereby unbalancing earth'c
radiation budget. Black carbon aerocolchave tendency to
aboorb chort wave colar radiation thereby warming the air
and contributec to global warming. Alco, black carbon
aerooolo if depoaited on onow and ice, it darken their
ourface and reduce albedo and contribute to onowmelt,
glacial retreat and decreaced onowpack. Thic recults in
decreace in precipitation and increace in temperature.
Aerooolonot only affect the ecooyotem and ito climate but
aloo the human health. High concentration of aerocolc
recults in reopiratory problemo in human. WHO hac aloo
recently recognized black carbon ac carcinogenc.
Aeroomolg, radiative forcing providesuc information about
the change in radiation budget of the atmogphere/curface.
A poaditive forcing (more incoming energy) warmo the
oyotem, while negative forcing (more outgoing energy)
coolothe curface.

Objectives

e To obtain variationc under clear, partially clear and
hazy oky day conditionc in aerocol optical depthc
(AODo) at ultra-violet, vicible and near infrared
opectrumc (380-1025 nm) ucing Multi-wavelength
Radiometer (MWR) and Microtopcll Sunphotometer,

e To obtain Black Carbon Aerocol concentrationcon land
and glacierg,

e To relate AODoc with the meteorological parameterc
with the help of Automatic Weather Stationcinctalled at
Mohal, and
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e Toectimate Radiative Forcing ucing different modelo.
Achievements

e AQOD in the Kullu valley icwavelength dependent. It ic
higher at chorter wavelengthc and lower at larger
wavelengtho indicating dominance of anthropogenic
interferencecon the currounding environment.

e Mean AOD,,,,, at Kothi (2500 m) wac obcerved to be
0.28+ 0.09 in 2016 (Fig. 16a). It ranged from 0.07 to
0.52. The highect daily mean AOD,,,,, wacfound to be
0.52 on 12 May 2016 while the came wac obcerved
minimum 0.07 on 10 January 2016.

e Mean AOD,,, 6 wac obcerved to be 0.38+ 0.08 at
Gahidhar (1507 m) in 2016 (May 2016- June 2016).
AOD at the came wavelength ctood aclowect ac0.17 on
16 May 2016 and highect a60.56 on 02 June 2016 (Fig.
16b).

e On the other hand, mean AOD,,,, at Mohal (1154 m) in
2016 otood to be 0.32+ 0.12 (Fig. 16¢). It wacobcerved
in the range of 0.12 to 0.69. Higheat AOD,,,,, wac
obaerved on 20 July 2016 and it wac obcerved to be
minimumon 21 February 2016.

e Diurnal variation of BC chowed bimodal peak at all
three oitec; Kothi (January 2016 —November 2016),
Gahidhar (May 2016- October 2016) and Mohal
(February 2016 —May 2016) with itc highect
concentration in morning and evening hourcof the day.
At Kothi, it peakcaround 7:00 hroIST in morning with
concentration of 2766.7 ng m* and around 17:00 hroIST
in evening with concentration of 3253.7 ng m” (Fig.
16d). Similar trend wac obcerved at Gahidhar and
Mohal. BC peakcaround 7:00 hroIST (3295.4 ng m™)
and around 19:00 hro IST (3825.9 ng m”) at Gahidhar
(Fig. 16e) and at around 9:00 hrcIST (1875.2 ngm™) and
around 20:00 hro IST (1695.0 ng m*) at Mohal (Fig.
161).

e The inctantaneouc mean aerocol radiative forcing wac
ectimated to be —12.42 + 7.99 Wm”, -29.26 + 14.53
Wm~ and +16.83 + 7.76 Wm " on TOA, curface and
atmoophere regpectively at Kothi which trandlatec into
an average atmoopheric heating rate of 0.47 K day™ in
2016 (Fig. 16g).

e At Gahidhar (May 2016 - June 2016), the inctantaneouc
mean aerocol radiative forcing wac ectimated to be
~8.28 £3.38 Wm”®, -32.13 £ 3.75 Wm "’ and +23.85 +
2.59 Wm”’ on TOA, ourface and atmocphere
reopectively (Fig. 16h) which trandlatecinto an average
atmoopheric heating rate of 0.67 K day'in 2016.
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Fig.16. AOD at: (a) Kothi, (b) Gahidhar, (c) Mohal, BC at (d) Kothi, (¢) Gahidhar, (f) Mohal, and Aerosol
Radiative Forcing: (g) at Kothi, (h) Gahidhar, and (i) Mohal.

e At Mohal, the inctantaneouc mean aerocol radiative
forcing waceatimated to be —13.92 +4.7 Wm ™, -32.79 +
11.2Wm“and+18.87+8.02 Wm > on TOA, curface and
atmoophere recpectively in 2016 (Fig. 16i) which
tranclatec into an average atmoopheric heating rate of
0.53 K day" in 2016. Atmoopheric forcing ic found
decreacing along with increacing altitudec. Hence, the
temperature continuecto rice.

Gaseous air pollution in the background sites of
sprawling urban environment in Himachal Pradesh
(ISRO, PRL,Ahmedabad; 2008-09 - to date)

Tropoopheric or curface ozone (O,) ic an important air
pollutant threatening human health, vegetation growth and
increacing local temperature ac one of the important
greenhouce gaceo. O, ica cecondary pollutant. It icthe key
opeciecaffecting the chemical propertiecof the atmogphere
where it ic a precurcor for the highly reactive hydroxyl
radical. O, and itc precurcorc play an important role in
affecting regional climate and caucing adverce effectc on
human health and vegetation. The relation between O, and
ito main precurcorc reprecentc one of the major ccientific
challengec acoociated with gaceous pollution. Ozone
concentration dependc on the aboolute and relative
concentration of itc precurcorc and the intenoity of colar
radiation. An analyacic of the influence of meteorological

parameterc on O, and itc precurcorc at a gpecific aite can
contribute to a better underctanding of the local and
regional cauces of O, pollution. Nitric oxide (NO) ic
emitted from ocoiloand natural firec, and icformed in citu in
the tropoophere from lightning, and ic emitted from
combuction procecsecauch acvehicle emicoioncand foooil
fueled power plantc. NO ica chort lived becauce it oxidizeo
to produce nitrogen dioxide (NO,) and playca major role in
O, production. Biomaco burning, combudtion of focoil
fuels, and oxidation of hydrocarbonc releaced from
automobilecand inductrial colventcare the main courcecof
atmoapheric carbon monoxide (CO). Itcoxidation leadcto
O, formation or dectruction, depending upon the level of
NO concentration.

Objectives

e To meacure important concentration of gaceouc
pollutante cuch acaurface ozone (O,), nitrogen dioxide
(NO,) and culphur dioxide (SO,) due to anthropogenic
oources (ouch ac vehicular exhauots, and biomaco
burning) acwell acnatural cources(duct ctormg, etc.) to
eatablich background valuecin the Himalayan region.

e To obcerve local meteorological parameterc and relate
thece with gaceouc pollutants, and analyze in the
background of long range trancport courcec.




e To ouggeot come feacible mitigating meacurec
implementing at policy level.

Achievements

e Thece precurcorcare mainly conaidered to be emitted in
the precent ctudy citec due to anthropogenic emicoionc
in the form acvehicular emicoion and biomacsburning.
Some are local while come are tranoported.

e In cace of CO,, it wacobaerved highect in June, which
wacomaximum ac260.5+7.7 ppm and minimum 160.58
+4.45 ppmin December regpectively.

e Annual maximum concentration of NO wac4.07 = 0.9
ppb in October, NO, 6.99 £ 1.14 ppb in (January 2017)
and NO, 11.3 + 3.8 ppb in June. On the other hand,
minimum concentration of NO, NO, and NO, were
obcerved 0.29 &+ 0.04 (March 2017), 1.42 +0.5 (Auguat)
and 3.83 +1.08 (February 2017) recpectively.

e Obcervationc of trace gaceo cuch ac curface ozone and
itc precurcorg, nitrogen oxides (NO+ NO,), and CO,
were carried out at Kothi (2500m). In an Environmental
Obcervatory, different related online analycerc and
equipmentc are functional. Among thece worth
mentioning are: UV Photometric Ozone Analyzer
(Thermo Ficher Model, 49i), NO, Analyzer (Thermo
Ficher, Model 42i), and Carbon dioxide Analyzer
(Thermo Ficher Model, 491).

e The concentration of O, wac found to be increacing
gradually after cunrice (07:00-08:00 h IST), attaining
maximum concentration during afternoon (14:00-
16:00 h IST). However, thereafter it chowed a gradual
decreacing pattern. Analycic of meteorological data
chowed that the high O, concentration were acoociated
with intence oolar radiation, and minimum rainfall in
every year.

e During a reporting period (2016-17), higher
concentration of curface ozone wac obcerved in June
which wacmaximum ac29.50+5.33 ppb and minimum
ac1.79 £ 1.08 ppb in October month.

Monitoring of different atmospheric gaseous
pollutants, creation of long term data base on
meteorological parameters to assess climate change
scenario and its impact on apple orchards (NMHS-
2016-2019)

The Kullu valley in Himachal Pradech ic a unique
geographic in the Indian Himalayan Region (IHR). Thic
valley ic a world famouc for tourict dectinationg, apple
cultivation, other orchardc and hydropower energy. The
management of the fragile ecooyatem like Kullu-Manali,
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variec with altitudes and climatic characterictico. The
region therefore requirec a detailed otudy regarding the
adverce formo of pollution due to ever-growing human
interferencec. Ac a reault, a greater awarenecs ic required
recently to acoeao pollution level, ito probable courcesand
itc adverce impact on the different ecooyctemc The
ambient air pollution ctudiec particularly in cenaitive
locationc where breathing air (oxygen) decreacec with
increacing altitude cuch ac onow bound locationc of the
Kullu valley have much cignificance to unfold a current
otatuc of air quality. Air pollution parameterc among
gaceouc pollutants included trace gacec like oulphur
dioxide (SO,), nitrogen dioxides (NO,), ammonia (NH,)
and acid rain which are critically dangerouc to human
beingg, plantoand cropo. Particulate matter included total
ocuopended particulates(TSP) matter, i.e. below 10 micronc
in aize (PM,,) and below 2.5 microncin acize (PM,;). Such
otudiec will help in maintaining and regulating a level of
clean air for the recidentcand touricte. Moreover, thicotudy
will aloo have poditive impactoon agro-horticultural cropc
including apple by way of cuggedting optionc to reduce
impact of climate change in the valley.

Objectives

e To monitor atmocpheric pollutantcand generate a long
term data bace on meteorological parameterc.

e To ectablich relationchip between pollutantc and their
impact on climate change.

e Toacxooclimate change impact on apple orcharde,

e Toouggeat mitigation and adaption ctrategiec.

Achievements

e NO,, SO, and NH, acthe primary pollutantc under the
precent context were propoced to monitor at two
different altitudinal gradientc- Mohal (1154 m) and
Kothi (2500 m) in the Kullu valley. Here, the recultcat
Kothi have been chown and the recultc at Mohal are
under proceco. Similar icthe cace of NO,and NH, which
are either from local or from external courcec. Daily
NO, concentration at Kothi chowed 9.98 pg m” acthe
higheot on March 5, 2016. Ac againdt, itc loweat value
wacmonitored at Kothi a60.32 ug m™ in January 2016.
The average NO, concentration at Kothi wac obcerved
2.06 + 0.15 pg m” during the obcervation dayc from
January 2016 to December 2016 (Fig. 17a).

e On the other hand, SO, average concentration on
monthly bacic wac obcerved ac 1.27 + 0.08 ug m”,
where the higheat value wac4.49 ug m* on 5" October
2016. However, the lowect value wacobtained 0.31 pg



m” on 20" May 2016 at the experimental cite- Kothi
(Fig. 17b). SO, icoften treated aca local pollutant, but it
can aloo be trangported through long-range trancport
ocourcec cuch acair macoes. The average concentration
of NH, wacobcerved 1.44 +0.10 ug m” from January to
December, 2016. The highect and lowect concentrationc
were obcerved to be 5.98 g m” on 5" October 2016 and
0.22 pg m” on 25" July 2016 (Fig. 17c). The reaultc
chow that the concentrationcof gaceoucpollutantowere
below the permicoible limit baced on NAAQS.

e The particulate pollutantc include the three important
pollutantc cuch ac TSP (particles below 100 p), PM,,
(reopirable particulate matter below 10 p) and PM,
(fine particulate matter below 2.5 p). The daily
maximum concentration of TSP at Kothi from January
to December, 2016 wac 340 ug m” on April 30, 2016,
while the minimum concentration wac 5.70 ug m” on
October 11, 2016. The monthly mean concentration of
TSP at Kothi wac52.16 +4.64 pg m” during oboervation
dayo(Fig. 17d).

e The PM,, at Kothi wac maximum in December, while
minimum concentration wac in Auguct. The mean
concentration from January to December, 2016 at Kothi
wac26.20 = 1.39 ug m”. PM,, at Kothi with maximum
concentration 39.59 ug m” wac obcerved in December
2016 while itcloweot concentration wac9.99 pg m” in
Auguat 2016 (Fig. 17¢). It icthe cummer ceacon when
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the daily PM,, at the ctudy locationc wac found with
maximum concentration. PM, ; at Kothi wacthe higheat
47.22 ng m* during December while loweot wac 4.72
ug m” in Auguct 2016. The average concentration of
PM,; from January to December 2016 at Kothi wac
19.38+1.80 pgm” (Fig. 171).

e The reaultc of PM,, and PM,; chow that the highect
concentrationc were in December while their loweat
concentrationowere in Auguct. Biomacsburning during
December and wachout effect during Auguct at Kothi
were the primary reaconc for the higheot and lowect
concentrationoregpectively.

e Local meteorology in termoof different parameterowac
aceced at Kothi in 2016. If daily maximum
temperature wac taken into account, it wac 19.6 'C on
June 29, 2016 and daily lowect temperature wac 1.0 "C
on February 11, 2016. The monthly mean temperature
wac 11.3 °C in 2016. The monthly maximum
temperature wac obcerved 17.4 °C in June 2016, while
the monthly minimum temperature wacobcerved 3.9 °C
in January 2016. The figure illuctratecthat temperature
changecsremarkably according to the ceacona.

e The mean humidity level wac higheat ac 84% in July
2016 while the lowedt ever relative humidity at Kothi
wac recorded ac 34% during November 2016. The
average relative humidity wac oboerved 52.6% during
the obcervation dayc in 2016. Rainfall playc a major
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Fig. 17. Concentration of pollutants at Kothi: (a) NO, (b) SO, (¢) NH,, (d) TSP, (¢) PM,,and (f) PM,_.



role and influencec the humidity level in thic region.
Daily maximum total rainfall at Kothi wac meacured
42.9 mm on July 22, 2016. The monthly highect rainfall
at Kothi wacrecorded 365 mm in July 2016. The total
rainfall from January to December, 2016 at Kothi wac
obacerved 1050.4 mm.

e The windieat month at thic location wac April 2016
when ito opeed wac noted to be 2.9 km hr”'. The wind
roce diagram makecit clear that windsat Kothi moatly
come from the couth-eact (90°-135°) and couth-wect
(225°-270°) directions. Thece meteorological
conditiono play their important role in affecting the
TSP, PM,, and PM,, concentrationc at Kothi
experimental cite in the Kullu valley

Assessment of floral biodiversity and resource
utilization pattern with special reference to climate
change in the high altitude wetlands of Arunachal
Pradesh of Eastern Himalaya (SERB, DST, 2016-2019)

The high altitude wetlando (HAWo) are an important
category of natural wetlando found mainly in the higher
elevations (above 3000 m) in the Himalayan region. They
are extreme ecooyotemo, characterized by adverce climate
and precence of a ceaconal or diurnal permafroct layer.
Arunachal Pradech icranked cecond in India after Jammu
& Kachmir with 1672 HAWo covering a total area of
11,864 ha, accounting for about 7.6% of total wetland area
of the otate. HAWo provide a number of important
ecooyctem goodsand cervicecto cuctain livelihoodoof the
upotream and downotream population of the region. They
are the cource of many major rivers, cupport rich and
unique biodiveraity, important for carbon cequectration
and have religiouc cignificance among communitiec. At
precent, high-altitude wetlando are ouffering from
degradation, habitat fragmentation, decertification, coil
eroaion and anthropogenic dicturbanceas, which are further
aggravated by climate change impact. However, very little
information icavailable for moct of thece wetlando due to
their remoteneoo, harch climatic condition and
inacceaaibility of the terrain. Therefore, comprehencive
information ic urgently required for developing and
implementing planc for concervation and cuctainable
management of thece unique ecooyctemo. The HAWo of
the otudy area in the Himalayan region are among the moact
fragile ecooyotemo and are under cevere threatc from
climate change. Impact of climate change on vegetation in
the Himalayan region ic yet to be carefully ctudied to
eotablich a relationchip. High altitude floral opecieg
eopecially in the trancition zone between cub-alpine and
alpine are more vulnerable to climate change. In-depth
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ccientific information on climate change impactoon floral
diveraity and dependent tribal community of high altitude
wetland ic 0o far unavailable for the Eactern Himalayan
region. Therefore, there ic an urgent need to ctudy the
florictic diveraity and acceoothe climate change impactcon
floral biodiveraity, floral diveraity utilization pattern of
dependent communitiec and change in land uce and land
cover of high altitude wetland region of Eactern Himalaya.
Thic otudy will help to frame a comprehenacive climate
change mitigation and adaptation otrategy in particular for
concervation of rich floral diveraity of high altitude region
in general of Arunachal Pradech.

Objectives

e To acseoo the baceline otatug, both qualitative and
quantitative, of florictic diveraity in the celected HAWo
area, and to otudy the otatuc of rare, endangered,
threatened and endemic opeciec and identification of
critical habitatofor concervation and prioritization.

e To ctudy the recource uce pattern and dependency of
local communities on floral biodiveraity in and around
the celected HAWa.

e To generate the Remote-Sencing (RS) and
Geographical Information Syotemoc (GIS) baced
databace for the ctudy area.

e Phenological otudy of celected indicator opeciec to
monitor the impact of climate change on vegetation,
and to conduct phyciochemical analyaic of ooil quality
of HAWa.

e To aceaoclimate change impact on floral diveraity and
recource uce pattern of HAWo through community
perception and to correlate them with the available
climatological data.

e To recommend climate change mitigation and adaption
arategiec for floral biodivercity concervation and
ecooyotem management of HAWa.

Achievements

1. During the reporting period, otatuc of high altitude
wetlando of Tawang diatrict of Arunachal Pradech wac
documented through primary field curvey ac well ac
review of cecondary information. There are around 253
HAWGain the dictrict covering an area around 1139 ha.
ISRO mapped 18 HAWo covering 36 ha area, 223
HAWGgchaving 1076 ha area and 12 HAWchaving 27 ha
area in high altitude (3000-4000 m), higher altitude
(4000-5000 m) and very high altitude > 5000 m
altitudinal rangec, reopectively for the dictrict.
Maximum number of wetlandoare of omall cize (below



10 ha). Tawang dictrict hac mainly two wetland
complexeg, viz. Nagula and Bhagajang. Nagula wetland
complex ic oituated to the northern part of the Tawang
Townchip, bordering Tibet. It containc about 100
permanent alpine frechwater lakeclocated between the
altitudecof 3500 m to 4420 m. The lakecare fed by onow
melt water.

. The complex ic home of unique flora like Primula,
Gentiana, Frageria and Aconitum, etc. and fauna ocuch
ac Muck Deer (Muschus chrysogaster), Snow Leopard
(Uncia uncia), Chinece Goral (Nemorhaedus griseus),
Himalayan Goral (N. goral), Red Goral (N. baileyi),
Bharal or Himalayan Blue Sheep (Pseudois nayaur),
pika and Himalayan Marmot (Marmota himalayana).
The Bhagajang Wetland Complex ic located in the
couthweat part of the Tawang didtrict, within the
altitudinal range of 4000 - 4400 m amal. Compricing
nearly 20 lakeg, thic complex cupportc faunal opeciec
licted in the IUCN Red Lict of Threatened Speciea.

. A total of 270 vaccular plant gpeciec belonging to 56
genera and 74 familiec were recorded from the otudy
area. Theoe opeciec were reprecented by herbe (200),
chrube (50), treec (15), and climberc (5). The largect
number of opeciec were noted from the family
Adteraceae (36 opp.), followed by Ericaceae (23 opp.),
Gentianaceae (21 opp.), Rocaceae (16 opp.),
Primulaceae (13 opp.), Polygonaceae (11 opp.),
Liliaceae, Scrophulariaceae and Apiaceae (8 opp.
each), Saxifragaceae (7 opp.), Ranunculaceae and
Campanulaceae (6 opp. each) and Berberidaceae (5
opp.), and Rhododendron (16 opp.), Gentiana (7 opp.),
Potentilla (7 opp.), Swertia, Saussurea, Allium (6 cpp.
Each), Berberis (5 opp.) and Berginia (4 opp.),
reprecented the opeciecrich genera.

. A total of 67 medicinal plant opeciec were recorded
during field ocurvey in the otudy area. Thece gpeciec
belong to 46 genera and 26 families, among thece
opecies 61 opp. were herbo and 6 chrub opp. For the
preparation of herbal medicine, the rural and tribal
communitiec of the region uce different partc of the
plantc opeciec. Modtly they uce rootarhizomed'tuberc
(49%), followed by flower (18%), whole plant (13%),
leaf (10%), and fruit (8%). Medicinal plantc were
mainly uced for curing variouc common diceaces cuch
ac dycentery, cheot pain, cough, cold, fever,
rheumatiom, gactritic, stomachic, dycentery, pileg, okin
diceaces, urogenital dicorders, cut and wounda, onake
bite, anti-poicon, eye and ear complaintc. The moat
frequent type of preparation wacdecoction and pacte of

o

plant partc. Plant decoction icextracted by cruching the
plant partc and cometimeo plant partc are boiled with
water and the liquid decanted.

Soil analyaic revealed that coil moicture in wetlando
ranged from 68.16 % to 140.57 %, pH 3.86 t0 5.15, total
nitrogen 1.30% to 3.83%, codium 1.37% to 4.33%,
potacoium 2.33% to 4.87% and calcium 42.80% to
50.00%. The texture of the coil icvery coarce with high
gravel content.

. Temperature loggerc were inctalled to record the

temperature, humidity and dew point of ctudy area.
During October, 2016 to February, 2017, maximum and
minimum temperature wacrecorded 20.5°C and -11°C,
reopectively. Whereac, humidity wacrecorded between
10-102 % RH and dew point ranged from -18°C to
14.1°C (Fig. 18).

An education cum awarenesoprogram on ‘Concervation
of floral biodiveraity of high altitude wetlandc with
opecial reference to climate change’ wacalco organized
for otudentg, teachers, local communitiec at a very
remote Govt. Reaidential School, Taktcang village of
Zemithang Circle in Tawang dicdtrict on October 09,
2016. Information on cignificance of high altitude
wetlandg, high altitude biodiveraity concervation and
impact of climate change in high altitude ecocyctem
were diccucced with the participantc.
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Strategic Environmental Assessment (SEA) of Hydropower Projects in the Indian Himalayan

Summary of Completed Project/Activity

Region (2012-17, In-house)

The otudy wao carried out in two celected aiteg, one ic the Sutlej bacin in Himachal Pradech and other ic River

Ranganandi in Arunachal Pradech. The objectivecof the atudy were: (i) to know the ctatucof celected hydroelectric projecto
(HEPo) in relation to SEA, (ii) to accecoimpactc in upalope and downolope regionc of HEPoin addition to itcimmediate
environment, (iii) to acceasthe future of HEPoin relation to climate change, (iv) to cuggeat meacurecto promote cuctainable
HEPg, and (v) to put forward adaptation otrategiecto combat climate change impactc.

The Indian Himalayan region hac 1,17,139 MW (78.7%) potential for hydropower development. Among the

Himalayan ctatec, Arunachal Pradech haca large (50,228 MW) capacity followed by Himachal Pradech (20,415.62 MW).
In India, Arunachal Pradech (34%), Himachal Pradech (13%), Uttarakhand (12%) and Jammu & Kachmir (10%) are the
main contributor of the total identified hydropower generation.

Sutlej basin, Himachal Pradesh

The impactc in the form of air, water and ocoil quality cotatuc and cocio-economic conditionc of nativec were
accecced. During poct-moncoon 2016, PM,, (128.6 ng m*) wac obcerved ac higheaot at Shongtong-Karcham under
conatruction otage. Water turbidity wac not within deairable limit of 10 NTU (Indian Standard Specificationc for
drinking water 1S:10500, 1983) and wac not fit for human concumption. Soil nitrogen wac low (112-224 kg ha™),
phoophoruc wacmedium (11-25 kg ha™) and potacoium wachigh (281-467 kg ha") in adjacent areac of HEPGin the
Sutlej baain.

Within a gpan of two and half decadecin the amall hydropower projectoaffected regiong onow/glaciercarea (11.67%),
and evergreen forect (0.18%) found a decreace. During twenty five yearg, barren/wacdteland chowed an increace
11.25%, agricultural land 0.28%, water bodiec 0.25%, gracygrazing land 0.11%, built-up area 0.73% and
erooion/landdlidecarea 0.05%. Vulnerability acoecoment within a celected buffer (10 km) in the Satluj bacin chowed
the three rick zoneo(high, moderate and low).

Temperature ic continuoudly increacing indicating maximum 14.37 °C and minimum 11.58 'C  with a mean
12.69+12.69 "C. The bacin temperature hacbeen increacing at the rate of 0.1099° C/year. The glacier area in 1980 wac
1688 km’, whereaa, 913 km’area wacleft only in 2016.A total of 45.9% (775 km”) onow curface area wacreduced after
1980 time period.

The maximum number (35) of hydroelectric projectslie in the middle and upper zoneowithin buffer area (10 km) of
3934 km’ of the total 7514 km’ of the Sutlej bacin. Determining rational number of hydroelectric projectsin a bacin
baced on carrying capacity, aerial inter-dictance of 3 km radiucfor omall, 5 km radiucfor medium, and 7 km radiucfor
large projectc would be cuctainable; 18 projecto out of total 38 did not follow thic criterion in the Sutlej baacin.
Otherwice only 20 projectocould be poaaible to conctruct in a cuctainable way.

During thic reporting period, 4 training programmec and 1 brainctorming workchop were conducted. 100%
reopondentoperceived at Reckong Peo that orchardcare more affected by HEPodevelopment. About 89% regpondento
perceived cropcand agricultural land are affected by HEPa. Upon acking inter-dictance of the projectofrom one project
to other, about 71% reopondentc agreed to maitain 5 km inter-dictance between two omall HEPG and about 78%
recpondentcfor large HEPoagreed more than 7 to 8 km inter-dictance.




Brainctorming Workchop on SEA of HEPo held on 15 March 2017 cuggeated that policy guidelinec need to be
formulated regarding cumulative EIA or SEA baced on carrying capacity of the bacin. Extencive ctudy needoto be
done on glacier retreat ucing higher recolution data. Pre- and poot- monitoring of pollution level of the propoced
hydropower projectcicrequired to be done.

Ranganadi Basin, Arunachal Pradesh

The ctudy ic mainly focuced on downatream impacto and the policy icouec of the River bacine of Ranganadi and
Dikrong in the northeactern Indian Himalayan region. The land uce change ctudy revealothat moderate dence forect
reduced by 13% in the Ranganadi bacin, whereac the open foreat increaced by 17%. The land requirement per MW
foreat for Arunachal Pradech wacedtimated to be 1.13 ha, whereacitic14.69 ha for Manipur.

Ambient air quality monitoring wac carried out in 5 ditec during winter ceacon in the otudy area. The highect
concentration of PM,, 66 pg m” wacobcerved during winter ceacon. Water quality, baced on 7 upclope and downalope
aitecof'the River Ranganadi, chowed pH between 6 - 6.78 during pre-moncoon period and TDS from 0.12 mg1'to 1.12
mg 1", Other water quality acoecoment parameterc cuch acalkalinity, total hardneas, chloride, calcium and DO of the
River Ranganadi were within the deairable limit. Soil camplecswere collected from upctream and downctream of dam
aite, powerhouce area and catchment, and chowed total nitrogen from 0.14% to 0.31%, codium from 0.04% to 0.13%,
and potacoium from 0.79% to 0.99%. Soil of the Ranganadi bacin icalightly acidic mainly due to prevalent practice of
chifting cultivation (Jhum ).

Arunachal Pradech fallounder Zone 'V’ and icthe moct vulnerable part. A total of 137 major (>4.9) earthquake evento
occurred from 1927 to 2006. Among them 1927 (6.0 magnitude of Richter Scale), 1932 (7.0), 1939 (6.1), 1943 (7.4),
1988 (6.6) and 2000 (6.1) experienced the moat devactating tremorc. Baced on 53 yearc(1897-1950) record, 4 major
earthquakeo exceeding 8 magnitudec occurred in the Himalayan Region. So there ic a need for the well planned
development of hydropower projecta.

Baced on EIA reportg, development of 23 HEPo will affect 32 rare, endangered, threatened (RET) and 10 endemic
plant gpeciec of Arunachal Pradech. It icaloo noticed that poor documentation of floral divercity wac conducted in
come HEPg, viz., Tagurchit (recorded only 33 plant opp.) followed by Nafra (44 opp.) and Papu valley (55 opp.).

In view of upcoming development of hydropower projectsin the Himalayan region, the following cuggections and
mitigation meacurec are propoced. Thece were: (i) bacin wice otrategic hydropower development planning, (ii)
comprehenaive biodiveraity impact acoecoment ctudy, (iii ) biodiveraity conaideration during celection of hydropower
project aitec, (iv) compenaation for biodiveraity loces, (v) encure uninterrupted environmental flow, (vi) integrated
biodiveraity concervation plan development and implementation, (vii) effective biodivercity monitoring, and (viii)
atrict enforcement of environmental and biodiveraity concervation lawoand meacurec.




Summary of Completed Project/Activity

Black Carbon and other Aerosols loading, and their impact on melting of the Parbati Glacier

in the northwestern Himalaya, India (2013-16, DST, New Delhi)

The Parbati Glacier iclocated between 31° 45'- 31° 49" N latitude and 77° 45'- 77° 51" E longitude in the upper Beac

Valley and fallounder the Leccer Himalayan cub-humid belt of the weatern Himalaya. The Beacvalley rangec from 1000-
3978 mand iclocated between 31°38'N latitude and 77°60'E longitude. The Parbati Glacier icthe cource of the River Parbati
along which two macro hydro projectcin a run of the river ccheme are under conctruction/commicioned. The Parbati HEP-
11 (800 MW) and Parbati HEP-IIT (250 MW) have their dam citecat Barcheni (2195 m) and Siund (1312 m) reopectively.
With the economic benefitcof the precent aelected Parbati glacier, it alco cupportoa rich biodiveraity and reprecentcunique
micro-climatic characterictico. The primary focucof the field obcervationcat Parbati Glacier were: (i) to obcerve the role of
Black carbon (BC) and other aerocolcon the Parbati Glacier environment, and (ii) to analyze onow and ice chemictry of the
Parbati Glacier.

Meaaurementcof BC, aeroool optical depth (AOD) and ionic chemictry of the onow were carried out over the Parbati
Glacier. The recultc chowed BC and other aeroool loading over the Parbati Glacier ic largely influenced by
anthropogenic aeroooloat local level and long-range trangport through air macoecat regional level. The concentration
ofaeroml loading exictadue to fine particle laden air macseccoming to thicregion far from the weotern decert regiona.
The highect and minimum mean value of daily BC wacobacerved 0.69 pg m™ on 9 September, 2015 and 0.17 pg m” on
31 Auguat, 2015 reopectively, while during 2016, the higheot and minimum mean value of daily BC wacobcerved 0.47
pg m” on 19 Auguat and 0.07 pg m” on 5 September, 2016 recpectively. The daily average concentration wac 0.41
+£0.02 pg m” from Auguct to September, 2015. Looking at the cource contribution of the total BC at Parbati Glacier,
biomaas burning contributed about 13% and 19% during 2015 and 2016, recpectively; other courcec in the region
include fooail fuel burning.

The mean AOD value at 500 nm wac obaerved to be 0.17+0.02. The mean AOD value at 500 nm in 2014 chowed 0.1
increace in 2015 in the Parbati Glacier. However, minimum to maximum AOD value during 2015 ranged from 0.09 to
0.28, regpectively. In the year 2014, mean AOD value remained 0.16 + 0.01 ranging from 0.08 to 0.25 reopectively.
Among the ionic components, dominant anioncwere in an order of CI > F > S0,”>NO, which waccimilar to 2014. In
cace of cationg, thece were in 2015 in an order of NH, > Na'>Mg” > K '>Li and in 2014 in an order of Na'> NH, >
Mg”>Li>K'. The only trancition metal Zn* wacfound in the Parbati Glacier.

The analycicof catellite imagerieschowathat the onout of the Parbati Glacier icretreating 0.67 m yr' from 1962 to 2015.
To find out the impact of thece aerooolc loading over the Parbati Glacier in future, it requirec further continuouc
monitoring of aecrocolc. The recultocuggedat that thicotudy could be helpful in framing policiesregarding reduction in
aerocol emicoioncand getting control over the melting of the glacierc.




THEME

SOCIO-ECONOMIC
DEVELOPMENT (SED)

Majority of the population in the Indian Himalayan
region (IHR) ocuctainc biomaco-baced economy. Such
fundamental way of life hac woven itcelf into numerouc
ecological and cultural tapectrie, each in conconance with
the ecological niche that it occupiec. To addrecothe icoueo
of cuctained livelihood and alleviation of poverty, it icvital
to optimize the natural recource exploitation and farming
oyatemo productivity. The Socio-Economic Development
(SED) theme addrecesicouec of cuctainable development
of the rural areac through identifying developmental
bottleneckg, formulation of atrategiec for location-opecific
problem ocolving, demonoctrating natural recource
management and livelihood otrategiec and by providing
inputcfor policy formulation. The theme envicagesto work
on: i) develop recource planning and management
atrategieq, ii) otrengthen livelihood promotion ctrategiec
(on- and off-farm) through identification of innovative
livelihood optiong, iii) minimize natural recource uce by
replicating beat-management practicec to oee the efficacy
of variouc developmental and R&D interventionc for
policy implicationg, and iv) develop 'Rural Enterprice
Serviced for cocio-economic upliftment of Himalayan
communities. The focuc of the R&D projectc being
commenced under SED theme ic to promote innovative
livelihood optiong, cuctainable touriom, entrepreneurchip
and celf employment, document indigenouc knowledge,
and invectigate ococio-economic and cocio-cultural
implicationc of migration. The ultimate aim ic to
develop/ocuggect appropriate otrategiec for cocio-economic
development of omallholderc and their farming oyctemg,
acaling up of innovative recourcec management practicec
by communities, otrengthen ecotouriom promotional
activitieq, and ccientific validation of traditionchealth care

oyotem. The projectcundertaken in the reporting year and
achievementoare narrated in cuboequent paragrapha.

Eco-tourism as a potential tool for biodiversity
conservation and sustainable livelihood in Indian
Himalayan Region (In house, 2012-2017)

IHR hac long hictory of touriom, which evolved with
pilgrimage to the chrinec and religiouc placec in the far-
flung remote locationc in prictine environmentc of
Himalaya. In independent India, the hill towncectabliched
by the Britich during colonial timeg, developed into centerc
of climate baced urban touriom and cerved towardo
opectacular growth of touriom. Later with the realizationo
of problemoof conventional touriom and itotrade-offs, and
in wake of growing environmentaliom and developmental
paradigmg, touriom got further diveraified; the ceveral low
impact new variantc cuch ac - nature, adventure, rural,
cultural, wildlife, and biodiveraity, and fair/ fectival/event
baced alternative touriom formo have gradually emerged.
The rich cultural and biological diveroity, the
environmental ingredients, and the policy prerogativec of
IHR otatec further helped in development growth of
touriom. The eco-touriom, which icone of the moct recent
conceptc in touriom, hac built-in componentc of
environmental concervation, community benefitg, quality
of tourictic experience, and minimal negative impactc.
Now-a-dayg, the concept ic being promoted/ uced ac- an
intervention to manage/ mitigate the negative impactc of
maoo-touriom, a model for tranocformation of low ccale
nature/ cultural touriom/ development of new touriom, and
acan eco-friendly alternative to uncuctainable/ exploitative
recource uce and management. The concept addrecwec a



hoat of concerncof ongoing touriom, and tendoto promote
a culture of eco-friendly regponaible touriom. Thic project
aimo to otudy thic potential of eco-touriom ac an
intervention tool for tourion management/ development,
and ac an alternative development ocubctitution to
dectructive/ unouctainable natural recource management
(NRM). Beoaideo the ceeking the conformance of ouch
interventiond modificationc to eco-touriom’cprinciplec&
goalg, it aloo tendo to addreso the concomitant icouec of
environmental/ biodivercity concervation, and the
livelihood related benefitc of local people/ communitiec.
Thic ic a multi-locational project being operated in four
otates of IHR, namely Himachal Pradech, Uttarakhand,
Sikkim and Arunachal Pradech.

Objectives

e To otudy the ctatucof eco-touriom in termcof goalcand
impactcin celect pocketcacroosIHR.

e To document, acoecs and map potential eco-touriom
aitecucing RS & GIS.

e To develop an ecotouriom model integrating touriom
with ecology, economy and culture, where the model
cervecaca potential mechaniom to promote livelihood
and concerve biodiveraity.

e To integrate eco-touriom with community concerved
area (CCA)/community foreata'village foredtc to
promote livelihood and concervation enouring CCA ac
potential gene bank for concervation of biodiveraity
through functional participation of local communitiec.

e To enhance community knowledge on ecotouriom and
concervation uacing conceptolike people’sbiodiveraity
regioter (PBR) and chowcace the knowledge to benefit
the tourictc and help the community capitalize on itc
indigenouc knowledge to encourage concervation of
natural recourcec

e To inventoriec biodiveraity of the ctudy aite including
agro-diveraity to quantify impact of eco-touriom on
biodivercity and highlight information gapc for
improving policieson ecotouriom.

Achievements

1. During the reporting year, the concolidation/
compilation of project work wacinitiated; oynthecicof
tourict inflow patterncto IHR and the region'ctouriom
acenario wac analyced for underctanding of climate
cenaitivity and policy cuec regarding eco-touriom
interventions. The trendo for IHR cotatec and regionc
reveal that the otatec of Uttarakhand, Himachal
Pradech, and J&K account for nearly 94% of tourict
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inflow, and ceven northeact ctatecreceive only 5-6% of
IHR 'Ginflow (Fig. 19a). Touriom in wectern Himalayan
otatec oufferc from the problem of inflow-overflow,
and needo intervention for carrying capacity and
impact management through product diveraification
by way of omall ccale eco-interventiong, development
of eco-touriom in ocuburban pockets, number
reatrictiono, and ouitable regulation meacurec. For
Northeact ctatecrich cultural and biological diveraity,
ungpoiled environment, and indigenouc knowledge of
tribeo, the eco-touriom can be ideal model for future
touriom.

2. The climate induced dicacterc, ac obcerved in 2013 in

Uttarakhand and Himachal Pradech, and in 2014 in
J&K, reculted in a dip in tourict flow chowing
oucceptibility of touriom to climate change. The
clientele for different touriom formo in Uttarakhand
ouggeated that the religioustouriom cater to nearly 66%
of total inflow, followed by urban commercial in Outer
Himalaya (15.67%). The adventure of interior areag,
which icmore of eco-touriom in nature, exhibited very
limited clientele (0.16% of total touricto' inflow) (Table
6). It clearly cuggectothat the touriom in outer fringec
of IHR ic leoo cenaitive and moct reailient to climatic
evento, and that of 'Mid Interior’ icmoct cenaitive and
leact reailient to ocuch eventc. Therefore, under the
climate change ocenario the dectinationo in outer
fringec would receive more inflow, reculting in
enlargement of impactc, and hence would require more
interventionc for diffucion of inflow precoure from
pointd recourcecof high tourict activity by way of eco-
touriom in vicinity pocketd local circuita The touriom
in interior IHR would require more effortc towardo
tourict aafety, integration of dicacter rick reduction in
touriom planning, and regulated touriom.

Table 6. Participation, Climate Sensitivity & Resilience
of Various Tourism Forms in Uttarakhand

Touriom Type Clientele | Growth | Growth | Growth
(2008-12) | (2012-13) | (2012-14)
Commercial 15.10% | 21.06% | -21.06% 3.14%
Urban
Nature-Mid 2.14% 13.19% | -18.45% | -6.35%
Interior
Relg-D-Interior 8.56% 474% | -57.03% | -86.00%
Relg-Mid-Interior| 7.81% 1.59% | -83.79% | -82.40%
Adv-D-Interior 0.16% 1.36% | -19.73% | -30.10%
Adv-Outer 3.78% | 36.81% [ -46.09% | -42.75%
Sacred Gangeo




The inflow patternc of celected eco-touriom aditeg, e.g.
Fambonglho Bird Sanctuary (Sikkim) (Fig. 19b) and
GHNP (H.P.) (Fig. 19¢) reveal that at precent cuch citec
have very limited clientele. To increace their potential,
ouch areac chould be an integral part of tour packagec
for which due incentives and ocuboidiec muct be
provided to concerned otakeholdero.

In Uttarakhand, the modalities of eco-modification of
nature touriom in Kaucani, and religiouc touriom at
Jagechwar were acceaoed by potential ocoping, and
analyceo of otrengthc & impacte. The range-bound
inflow patternc at Kaucani, the rich foreots, wide
ranging income impactc of touriom in the town and
adjoining placec, chrinecand placec of acenic view in
vicinity & trek-able dictances can help in
trancformation of coheaive enterpricing farming/ agri-
community, and abundance of omall ccale enterpriced
marketable can help linking of exicting touriom with
agri/ rural touriom and ito trancformation to eco-
touriom. In Garhwal area the pocaibilitiesof home otay
activitiesin 10 villagecin the periphery of Tehri dam
wacexplored, and need for eco-touriom model villageo
wacacoecoed.
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5.

In Himachal Pradech net-working with State Forect
Department, BTCA, Sunchine Adventurec etc. wac
maintained and major otakeholderc(BTCA, 185 nature
guidec & porterg, 20 regictered home otays, 12 trout
fich farmerg, 56 women groupg, 437 beekeeperc & 10
traditional potterc were licted. Meeting and
collaborative programmecon organic farming and okill
development were conducted, and an area for organic
farming in Tithan Valley wac developed. Tourictc and



otakeholderoc were interviewed for impacto,
experience, etc.

Network Programme on Convergence of Traditional
Knowledge System for Sustainable Development of
Indian Himalaya (DST, 2015-2020)

The mountain population of IHR hac been
experiencing the multitude of undeaired climate variability
and extreme weather eventg including change in the
climatic conditiong, viz., unpredictability in the timing and
magnitude of rainfall, low or heavy precipitation, frequent
occurrence of extreme heat during the cummer ceacon,
glacial withdraw and melting onow that cut acrocs both
biophycical and oocial realmo Thece alteration have
already been pocing cevere precoure on biodiveraity,
agriculture, water, human health and concequently on food
cecurity throughout the region. Theoe factorc will likely
poce oaignificant challenges on livelihoods of the
indigenous community in near future owing to their
dependence upon, and cloce relationchip with the
environment and itcrecourcea. Traditionally people in the
region have lived in harmony with the nature and
developed variouc traditional oyotemo ac part of their
livelihood that cuctained them for thoucandc of yearc
However, in recent timecdue to the factorcouch acincreace
in human population, low productivity of fragile mountain
ecology and increaced uce of modern and/or uncuctainable
development practices, the Traditional Knowledge
Syatemo (TKS) ic eroding at a facter pace. It ic now
increacingly being felt that documentation of community
knowledge regarding recource management can play key
role in the concervation of recourcec and cuctainable
development of Himalayan communities. Unfortunately
there ic no oingle "Platform for Indigenouc Knowledge
Syatemd' in the Himalayan region’ that integratec the rich
ethico behind traditional knowledge to acoict the formal
decicion ocupport oyctemo for cuctainable development in
the IHR. Therefore, the precent Network Programme ic
being undertaken to attempt to converge TKS into decicion
ocupport oyctemofor cuctainable development of the IHR.

Objectives

e Document, validate and analyze the IK (Indigenouc
Knowledge) in the IHR

e C(Create adigital library on TKS

e Underctand linkagecbetween TK and modern ccience
(to identify promicing TKS for improvement and
adoption)

e Capacitate the inctitutioncin the IHR to focucon TKS
for auctainable development of local communitiec
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e Formulate ctrategic framework for TK management in
the face of Climate Change (CC)

Achievements

1. For documentation of traditional knowledge, three
tribal communitiec of Arunachal Pradech (Aptani, Adi
and Monpa), one of Nagaland (40), three of Sikkim
(Bhutia, Lepcha and Nepaleae), non-tribal community
in Uttarakhand, and nine tribal communitiec of
Himachal Pradech (Gari, Todpa, Swangla, Tinnanba,
Jecha & Malani, Laggal, Mandyal and Gaddi) were
celected for detailed invectigation.

2. Documented indigenoucland uce, biorecource uce and
cuctomary management for northeact communitiec. It
wao interecting to note for chifting cultivation Adi
community uce Patat oyoctem and community
maintaino 13-27 ouch plotoin different villages. Each
year one Patat ic cleared for doing agricultural
activitiec. Monpa tribe practice cettled agriculture and
they uce large quantitiesof dry leavecof forect treecto
apply in the agricultural fieldoto maintain coil fertility.
For thic Paicang (Quercus sp.) tree opeciec wac moct
preferred. At place farmerc aloo uce leaves of
Roinangaing (Pinus wallichiana) and Lenthongaing
( Pinus roxburghii) Both Adi and Monpa communitiec
exhibited high dependence on wild plantc and animal
products, which are uced ac food, fodder, medicine,
handicrafts, agricultural implements, houce
conatruction, religioucritec& ritualg, and a variety of
other purpocec. Monpa community uce water millc
(Chuskor) for grinding food grainc.

3. In Sikkim a change in traditional land uce pattern ic
being obaerved among Bhutia (5%), Nepali (10%) and
Limboo (35%) and they are taking up animal
hucbandry, and cultivation of orange, large cardamom
and kiwi fruite. TEK related to coil concervation and
management practicec ic almoct cimilar among all
communitiec. Communities uce 55 plant opeciec for
medicinal purpoce, 22 ac fodder, 19 in conctructional
purpoces, and 12 in rituala 60-90% houceholdes in
different villageouce variousNTFPa.

4. In Uttarakhand the local community uce a total of 70
plantc belonging to 35 familiec and 63 genera for
traditional healthcare. Of them 73% were herbg, 14%
treea, 10% chruboand 3% climbero. Root wacthe moct
commonly uced plant part (28%) followed by leaf
(21%), whole plant (16%), ceed (14%), fruit (12%),
Rhizome (4%), flower (3%), bulb and latex (1% each).



A total of 13 opeciec uced in the treatment of fever
followed by atomach problem and cutcand woundac(12
opecieceach), cough & cold (11opecieo), diabetecand
boilo(4 opecieceach). The community aloo uceca total
of 104 landraces of cerealc (47), milletc (9),
poeudo—cerealo(5), puloes(10), vegetables(20), opices
(7), oil yielding plants(5) and fibre crops(1) in Garur-
Ganga and Saryu valley of diatrict Bagechwar. Of them
47% landracecare ctill under cultivation under rainfed
(29%), irrigated (8%), and under both (10%)
conditiona,

5. In cold decert of Himachal Pradech (Spiti area),
agriculture ic the mainctay and communitiec uce kuhl
for irrigation and collect water from glacier/ riverc to
villageo. The kuhl often opan long dictanceg, running
down precipitouc mountain clopec and acrooo crago
and crevices, come kuhls are 10 km long, and have
exiated for centuries. Dhara, Naula, Sheer, acjairu or
bawdi are traditional drinking water bodiec;, and at
many placecthey are dying up due to the deforectation,
miomanagement & climatic change.

6. Communitiec aloo uce come local diches, viz. in
Sikkim they uce Gundruk, Sinki, Khalpi, Kinema,
Jaanr and Raksi at variousoccaciona. In Uttarakhand
Bhatt ka fana, Bhatt ka Jaula and Rash-bhat are come
local dichec prepared from coybean (Glycine max).
Similarly in Himachal Pradech some most preferred
traditional dishes are Siddu, Seera, Sepubari, Churpy
(dry chee®), tsasha (precerve dry meat), Marchu (fried
rotieg). All communities uce bamboo for variouc
purpocec (Fig. 21A-C), the houceo exhibitc local
carving (Fig. 21D).

Fig. 21. A-B: Use of bamboo for house needs, making
bridges (in NE region) and C: daily use items (H.P.), and
D: house with local carving.

A sustainable approach for livelihood improvement by
Integrated Natural Resource Management in the
central Himalaya (NMHS, 2016-2019)

In THR the foremoct livelihood of rural people ic
mainly dependant on farming oyctemo. Deopite of rich
indigenous wicdom to manage recourceg, the productivity
of agricultural landc ic low. Agriculture ic largely
characterized by traditional methodowith high dependence
on rainfall and foreots that exhibitc low productivity. The
land holding cize ic too omall, and per unit input coct ic
much higher than the output. Adverce climatic conditionc
(e.g. delayed monocoon, uneven rainfall) often reduce
agriculture production ultimately affecting the livelihood
of people. Such dituation often compelspeople to migrate
to towno and citiec to find alternative livelihood optionc.
There are, however, ample opportunities of increacing
productivity of farming oyotem by opting for crop
diveraification, owitching over to cach crops, managing
barren and wactelands, promoting organic production,
otrengthen poct-harveot management, bring in market
interventiong, adoption of technologies, uce of appropriate
farm  machinery, and promoting fodder and fruit
cultivation and water harvecting, which can make farming
oyotem a profitable prepoaition. At the came time managing
foreot recourceg, which are integral part of local livelihood,
could bring more remuneration. For example, Chir-pine ic
a dominant tree of mid-hillg, which chedcheavy leaf-litter
during cummer monthothat ichighly cuaceptible to forect
firec. Uce of dried chir-pine leavecfor other productive uce
may bring new economic incentivec to mountain
communitiec, at the came time it can reduce riok of foreat
fire. Therefore, the precent otudy aimo to promote uce of
pine needlec into uceful product oo ac to provide
communitiec additional income opportunity, ctrengthen
natural recource management, and increace agricultural
productivity of celected village cluctercin Uttarakhand.

Objectives

e Manage natural recource cuctainability in targeted
villages by introducing innovative approachec and
practical modeloby participatory management

e To extend technical help and packagec for
demondtrating of on-farm and off-farm activitiec for
improving livelihood and environmental health

e Increace capacity of community for integrated and
adaptive natural recource management at village level
by developing knowledge and okillc and
atrengthening local inctitutionc

e Empower local community at, particularly women and
weaker cection, by promoting local governance



mechaniomo that enable rural people to advocate for
change that better their livec

e C(Create public awarenecs for implementation of
integrated natural recource management ctrategiec
through enabling policy and inctitutional framework

Achievements

1. The otudy dite fallo in Hawalbagh Block of Almora
Diatrict in Uttarakhand compricing a total of eight
villageo (viz. Gwala kot, Jyula, Tilour, Saknia Kot,
Pitharar, Bhelgar, Darim Khola and Sakar) having 470
houceholdowith 1977 population. Thece villagechave
a total land area of 759.68 hectare, of which 26.27%
land ic under agriculture, 51% cultivated-wacte and
while 5.27% not cuitable for cultivation. Over 60% of
population of the area ctill dependc on agriculture
cector for livelihood and employment purpocec.
Majority of the cultivated land (79.2%) in the celected
villageo ic under rainfed. A detailed acecoment of
ococioeconomic otatuc of the farmero of the ctudy area
hacbeen undertaken before the project interventiona.

2. Succecofully demondtrated 9 technology packageo at
the project cite. Participatory methods have been
ouccecoful co far ac many familiec (n=178) have
adopted varioucon-farm technology.

3. Ecdtabliched 35 on-farm technology modelo include
protected cultivation, integrated fich farming, cach
crop cultivation, horticulture, vermi-compocting,
integrated poultry farming etc. in four village clucterc
(Fig.22).

4. Developed 2.5 hectare of wacte/abandoned land
through horticulture (citruc opp.) and multipurpoce
tree (Tejpatta and fodder opp.) plantation.

5. In order to protect the currounding pine forecto of the
otudy area, 62 familiec were cucceoofully linked with
the bio-briquetting. During winter montho (Dec.-
Feb.), thece familiec have earned about Ra 25000
through aale of bio-briquettesto Almora town. Uce of
pine needle for making bio-briquettec ic providing
double benefit, on one hand the otakeholderc are
generating income while on the other the pine forecto
are being concerved.

6. Capacity building of 164 perconc (more than 85%
women) hac been done on variouc on-farm and off-
farm technologiec.
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7. Ectablichment of chir-pine needle procecoing unit icin
progress, equipmento have been procured and under
inctallation.

8. Strong linkages with the line departmento
(Horticulture, Agriculture, Foreat, Livectock, Rural
Development and Dictrict Adminictration) have been
ectabliched to improve the livelihood through variouc
government cchemeo in the farming & non farming
cectora. Now otakeholderc are quite aware about the
developmental programmeoc of each line department.
Variouo line departmentc are interected to extend
oupport for livelihood enhancement; ac a recult many
farmerc are getting benefit of variouc government
achemeo.

Fig. 22. Various technologies transferred to the
stakeholders

Standardization of Post Harvest Technology for Wild
Rose Hips and promotion as sustainable livelihood
option among poor self help women groups in Kullu
Valley, Himachal Pradesh (DST, 2015-2018)

Wild Roce (Rosa brunonii syn R. moschata, family
Rocaceae) growo wild in the degraded landg, near water
recourceg, foreot area and reverine habitat in and around the
villageo in Kullu Valley. It ica good fodder for goatc and
cheep, and moct preferred forage for pollinatorc. It ic
currently concidered of no economic value for
communitiecand therefore, no collection or any procecoing
hac been undertaken by the people of the region. Kullu



dicdtrict haca rural population of 92.08% with a cex ratio of
950 women per 1000 men (Cenoug, 2011), ac againat the
otate average of 974. The 2011 Cencucputothe literacy rate
for Kullu dictrict at 79.40% with 87.39 % male literacy and
70.91% female literacy. According to 1994 ctaticticoicoued
by Department of Rural Development, in Himachal
Pradech about 23% of total population of Kullu dictrict
livec below poverty line. Harch climatic conditionc and
inacceacaibility to bacic cervices impoce greater drudgery
on poor houceholdoin meeting their livelihood needs. Even
within the poor houceholdo the burden ic much more on
women becauce of the nature of their activity profile like,
collecting fuelwood, fodder, gracos cutting, grazing cattle,
fetching water etc. Beoides, ucing recourcec for own
conoumption, celling fuelwood, fodder, medicinal plantc
and cheep and goat rearing are main courcec of income in
the Valley. In opite of high value of the Wild Roce, itc
potential for economic development of local people hacnot
been explored till date. The precent project ic focuced on
that approach o ac to benefit local farmero, particularly
poor village women.

Objectives

To ectimate compoaition and oil contentc of rocehip
and ctudy altitudinal variation in content;

To develop poct harveat technology for collection and
cemi procecoing of roce hip;

To form women Self Help Groupo(SH Go) and develop
and teot value added productclike tea, oiloand oil baced
perconal care productg;

To promote ocuctainable harvecting practicec and
regeneration of roce plantcin the collection area

Achievements

1.

Eight Women Saving and Credit Groups (WSCGo)
having a total of 103 women membercwere targeted in
the otudy area and they were involved in the
procurement of rocehip podoin different regioncof the
valley.

3 trainingoat village level for general awarenecoabout
the rocehipo collection, regeneration practicec and
grading of rocehipoc oceedo with different group
membercowacdone.

Rocehip ceed chredder cum ceparator wac developed
for the decoding and ceparation of the podowith ceeda.
With the introduction of chredder, the rate of deceeding
and the quality of kernelo hac improved conaiderably.
Aocagainat the manual dechelling of roughly 3.5 kg per

percon per day (8 hro) on ordinary pectle and mortar,
the machine deceeds 200 kg per day. Procurement of
the other minor equipmentc cuch ac cealing machine,
hot air gun, other otorage containers, packaging
materialc (tea bags, dropper bottleg, bottles packing
boxeo) hacbeen done (Fig. 23).

e

Fig 23: a) Rosehip mint tea

b) Rosehip teabag ¢) Rosehip seed oil
Rocehip ica wild recource which iclocally concidered
aca weed. The development of the niche value added
product from the recource will add to the livelihood of
local women. For the ouctainable harvecting,
collection, drying and development of the productc
from thece rocehip gpeciec a protocol wac developed.
The protocol developed encurec the cuctainability of
the recourcesin long run.

Two typecof tea were made i.e., plain Rocehip tea and
an amalgamation of Rocehip and mint. The packaging
of tea for further value addition and marketing icalco
done. Roce hip oeedo were proceced through
aupercritical CO, method for the oil yield from
Proderna Biotech Pvt. Ltd, New Delhi. The current oil
yield wac4.2%. The packing of rocehip ceed oil icalco
done and ready for marketing through Mountain
Bountiecfor itowider reach in the market.

Rocehip podc were analyzed for the antioxidant
activities which chowa percent ccavenging activity ac
84.01% 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) at
517 nm, 0.32mmol Fe/ml Ferric Reducing Antioxidant
Power (FRAP) at 593 nm and 79.93 % 2,2-Azinobic
(3-ethylbenzthiazoline)- 6-Sulfonic acid (ABTS) at



734 nm. Similarly, Phenolic content at 650 nm wac
26.98 mg/g frech weight (FW), Flavanoid content at
420 nm wac found 9.07 m/g FW and Accorbic acid at
520nm wac 0.025 mg/g dry weight (DW). Precence of
fatty acido in the oil is considered to be have a high
nutritional value. In the current rosehip species
unsaturated fatty acids such as C16:0 Palmitic acid
5.56% and C18:0 Steric acid 3.18%, C18:1 Oleic acid
10.71%, C18:2 Linolenic acid 56.77% and C18:3n6, y
Linolenic acid 11.33% were obcerved which ic much
higher ac compared to the many other opeciec of
rocehip reported.

7. Rocehip podowere purchaced from the WSCGo@ 55/-
per Kg for the product development proceco. A total of
2273 kg of rocehip podc worth 1,25,000/- were
procured in the firct year of the project. Till December
2016 approximately 1,80,000 were generated from the
aale ofthe product developed.

Restoration of ecological balance in the degraded and
fragile ecosystem through Development of Nanda Van
at Almora (Inhouse, 2014-2018)

Throughout the Himalaya, growing wactelandc and
land degradation are among the ceriouc problemo. Land
degradation meanc reduced productivity of land and the
immediate recult ic the non-availability of food, fuel and
fodder for the people living therein. Wactelandcare formed
due to indiccriminate and over utilization of foreat produce
otanding over the area, unccientific land management by
putting the area to improper land uce and cometimeceven
ac an unintended cide effectc of the very process of
development. About 90 percent rural poor uce common
landofor fuel wood extraction and grazing their animalc. A
large portion of it ic degraded due to overexploitation,
which ic greatly affecting ecooyotem cervicea. In view of
high biotic precoure and erocion, the coil depth in cuch
areacicvery leso with poor quality and low water holding
capacity. The G.B. Pant National Inctitute of Himalayan
Environment and Suctainable Development have been
motivating the community for concervation and
ocuctainable management of the degraded wadtelanda.
Nanda van, located at Baldhoti in Almora, covering an area
of 1.80 ha hacbeen celected and given to the Inctitute for
the above purpocec by the Nagar Palika Almora in the
Kumaun Himalaya (Uttarakhand). The altitude variecfrom
1600 to 1700 m and icbeing developed for eco-rectoration
of degraded and fragile ecooyotem through MPTo. The
opeciec choice hac been multipurpoce including wild
ediblec for meeting the need of wild animalc Thic ic a
unique model under chir-pine treec.
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Objectives

e Rectoration of ecological balance in the degraded and
fragile ecooyotem by application of live demonctration
ofhill opecific technology packagea.

e Conocervation, development and ocuctainable
management of natural recourceomainly land, water &
foreat.

e To ctudy the performance of multipurpoce planted tree
under the Chir-Pine tree in a degraded mountain aite.

Achievements

1. A total of 1150 plantc varying from 21 tree opeciec
(Banj, Utig, Tajpatta, Ritha, Mulberry, Phalyant, Bottle
Bruch, Sada Bahar, Bamboo, Padam, Deodar, Chinnar,
Bedu, etc.) have been planted during July- Auguct
2014 to improvice the degraded land condition. The
area hac been fenced to avoid biotic interferencea.
Nearly 20% of'total opeciesplanted were wild ediblec.

2. After two yearc the average aurvival of plantc wac
recorded 80% at the highly degraded ocite whereac at
the leoo degraded aite it wac 87%. Now the women
from ourrounding areac are collecting fodder graceo
from the aite.

3. Three water harvecting polypondoc have been
conotructed at the oite to fulfill the water demand of the
plantation (Fig. 24).

4. Awareneos meetingo and regular maintenance of cite
and opecieo planted ic being done and ooil nutrient
ctatuowacaloo ectimated (Table 7).

Table 7. Soil condition of Nanda Van

Parameter Soil Depth
0-30cm | 31-60 cm
1| Soil pH 5.23 5.36
2 | Soil moicture (%) 13.97 15.53
3 | Water holding capacity (%)| 33.56 31.12
4 | Organic carbon (%) 2.50 2.29
5 | Total Nitrogen (%) 0.83 0.72
64 Total Phogphoruc (%) 0.93 1.04
74 Total Potacoium (%) 17.52 19.03

Establishment of Rural Bio-Resource Complex for
Ecologically sustainable utilization for the Economic
Empowerment of Himalayan region community (DBT,
2016-2019)

The Indian Himalayan mountainc are amongct the
moct fragile and complex ecooyatemaoin the world. In thece



Fig. 24. Development of Nanda Van at Baldhoti, Almora

mountain rangec majority of population ic engaged in
agricultural and allied activities, from which they are
neither able to generate economic curplucnor to find off-
farm employment opportunities. Over 70% workerg, and
85% of the women workercare involved in land baced or
agriculture activitiec. The mountain people face a range of
cocio-economic and environmental problemo for
enhancing livelihood. They live in geographical icolation
under ecologically cenaitive and economically conctrained
conditionc. Therefore, attaining livelihood cecurity and
ouctainable food production through efficient management
of locally available natural recourcec and environmental
protection have alwayc been challenging in the mountain
context. All thece conditiono force the mountain people,
particularly rural youth, to migrate and explore other
optionc for livelihood in other partc of the country. The
precent project aimoto develop a recource concervation and
ouctainable utilization model of natural recource
management. In addition, capacity building of
otakeholderc and generation of year round employment
opportunitiecare being promoted. Attainment of livelihood
cecurity coupled with food, nutrition, energy and
environmental cecurity will encure better quality of life on
a ouctained bacic. Thic will be achieved by ocientific

interventiong, okill development of the human recource
and otrengthening of local inctitutiong, etc.

Objectives

e To promote uce of biotechnological procecses and
toolos for cocio-economic upliftment of vulnerable
community in mountain areac.

e To oource and otandardized technology related to
mountain from different inctitutionc with
ectablichment of viable modelo of rural bio-recource
complexechubo and rural technological innovation
and application centre.

e To create entrepreneurchip development among the
community and youth and diccemination centre to be
linked with the Science communicatorc for
propagating awarenesoon technological know-how on
biotechnological interventiona.

Achievements
1. Two technologiec demondtration centrec are being

ectabliched, viz. (i) Rural Bio Recource Centre
Shuklapur, Dehradun, by HESCO, and (ii) Bio



Reoource Centre, Chaukhutiya, dictrict Almora, by
AMAN. Each centre will target 4 Blockc and 40
villageo for community empowerment and capacity
building. Local recources are being uced to initiate
enterprice in agriculture, vegetable cultivation and
horticulture, poct harvecting technologies, bio farm,
bio-craft, health & nutrition, energy and biodiveraity
concervation with the technical cupport from variouc
inctitution.

The role of G.B. Pant Inctitute of Himalayan
Environment and Development (GBPIHED) ic to
extend technical cupport to ectablich and develop thece
centerc. Beaideg, it would aloco organize opecialized
capacity building and training programmec through
Rural Technology Complex (RTC) of the Inctitute to
benefit target groupc.

So far a total of cix training-cum-awareneco
programmec have been organized at the RTC of
GBPIHED (Table 8). The beneficiariec were
motivated and extended oupport for variouc
interventionc in agriculture and natural recource
management cector, i.e. vegetable cultivation, organic
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farming, bio-briquetting, etc. To improve the
productivity of the local horti-producec, low coct poct
harvecting and ctorage technology were demonctrated
(Fig.25).

Table 8. Training and awareness programmes organized

S.N.| Date Place Collaborating No. of Traineec
Organizationc Total Male Female
1. [ 02/09/2016 | Bacbheeda AMAN, Almora 25 1 07 18

2. | 03/09/2016 Dhanar AMAN, Almora 68 | 03 65
3. [ 04/09/2016 Kheeda AMAN, Almora 32 1 02 30

4. | 22-23/09/2016( GBPIHED HESCO & AMAN| 16 | 09 07
5.

6.

27/10/2016 | GBPIHED AMAN, Almora 28 | 10 18
13/12/2016 | GBPIHED AMAN, Almora 33 110 | 23
Total 202 | 41 | 161

Enhancement of livelihood options based on locally
available resources in disaster affected villages in
Kedar valley of Uttarakhand (DST-SEED (TIME),
New Delhi; 2016-2019)

Unprecedented raino(400 mm) for more than four dayo
during mid-June 2013 reculted in flach floodofollowed by
landdlidecat many placeg, killing more than 6000 pilgrimo
and tourictc and dectroyed many lodgedhotels, human
cettlements, thoucands of hectarec of agricultural and

Fig. 25. Various skill development programme at Rural Technology Center, Kosi, Almora



forect land. Thionatural dicacter aloo hacclaimed the livec
of many local living in the area (950). The peoplecof upper
Kedar valley are facing a range of cocio-economic and
environmental problemoafter flach flood (dimacter) of June
2013 otriving to cope up with food and livelihood cecurity.
Thug, in view of the above background, only location
opecific livelihood management planccan be uceful inctead
of generalized and uniform action plan. Therefore, there ic
an urgent need to empower and develop the capacity and
okillo of thece people in harnecoing the potential of bio-
recourcecavailable in the region through the application of
ample, coat-effective technological interventionc for
diveraification of land and biorecource baced option for
livelihood improvement for dicacter affected areac
Participatory action recearch and on-cite demonctration
and dicoemination to build the capabilitiecwill facilitate to
acquire knowledge of dicacter affected local farmerowhich
will provide them an opportunity to chooc, tect and otart
replicating/adopting come of thece technologiesaccording
to availability of natural recourceg, their land capability and
climate of the region.

Objectives

e Demondtration of coat-effective protected cultivation
of promicing high value off-ceaconal and ceaconal
vegetablec under protected condition (polyhouce/
chadenet houce/polytunnelo) through participatory
approach.

e  Demondtration through cultivation of celected high
value low volume medicinal plant opecies and their
integration with horticultural plantc.

e  Screening of potential multipurpoce tree opeciecbaced
on ecological auitability and adaptability, economically
valuable and oocially acceptable for large ccale
rectoration/ rehabilitation of flooded rural landccape
ofthe region.

e  (apacity building/ckill development through training,
live demonctrationa'field exercice of dicacter affected
people on cuctainable utilization and management of
bio and land recourcecfor livelihood improvement.

Achievements

1. Initiated work on nurcery raicing and yield production
of high value-low volume economically important
medicinal plantc having concervation prioritiec e.g.,
Valeriana wallichii, Inula racemosa, Picrorhiza
kurooa and Saussurea costus under different micro-
climatic conditiono (polyhouce, chade net and open
condition) for large ocale cultivation.

2.

Developing demonctration model on integration of
medicinal plantc cultivation (Picrorhiza kurooa,
Saussurea costus, Valeriana wallichii and I[nula
racemosa) together with horticultural oyctem (apple,
apricot, pearg, walnut) aca potential option to increace
per unit area production and income and may act ac
ouctainable land uce oyotem particularly for high
altitudinal region between 1600-2800 m where
climatic conditionc are favorable for cuch kind of
intervention.

Initiated/ccreening and raicing nurcery of ten (10)
multipurpoce tree opeciec (MPTo) (i.e. Alnus
neplenisis, Salix wallichiana, Betula alnoides, Morrus
serrata, Litsea opp., Pyrus pashia, Quercus, Ficus
auriculata, Grewia oppositifolia etc.) for
rectoration/rehabilitation of flooded rural landocape in
the valley.

Three training programmec have been organized
between November 2016 to March 2017 through
which 145 participanto(60 women and 85 men) from 8
villages were provided training on different
technologiec, ie. Protected cultivation, followed by
bio-progpecting of agro and wild bio-recourceog,
including medicinal plant (MAP) cultivation ac a
ocource of income for ucer groupo (farmera'villagero).
Moreover, trainingocon making a variety of value added
edible productc cuch ac jam, oquach, juice, cauce,
pickle, etc. were alco provided.



THEME

BIOTECHNOLOGICAL
APPLICATIONS (BTA)

The 'Biotechnological applicationc theme’ revolvec
around the identification, characterization and applicationc
of the biorecourcec of Indian Himalayan Region (IHR),
with particular reference to plantc and microorganiomao,
Under plant ociencecthe propagation packages, mainly of
medicinal and aromatic, plant opecies, have been
developed through biotechnological interventionc. Baced
on the active ingredient content of medicinal plantg, elite
cloneo are further being celected for bioproopecting and
concervation agpecto. Bioproopecting of IHR traditional
knowledge for novel pharmaceuticaloand nutraceuticalcic
currently one of the ongoing important activitiec of the
theme.

For bioproopecting of microbial recourcec following
linec of recearch are currently being purcued:
Extremophilec (thermophiles and poychrophiles, in
particualar), plant-microbe interactions, microbial
enzymec of ecological and biotechnological relevance,
biodegradation under low temperature environmentg,
rhizoophere microbiology of ecologically and
economically important opeciec (cuch ac Rhododendron
opp., Ginkgo biloba, Taxus baccata and tea plantationo),
and plant baced antimicrobialoc. A Microbial Culture
Collection, reprecenting the microorganiomc of IHR, hac
been ectabliched. Acceavioning of thece microbial culturec
acwell actheir cequencecin IDAcand GenBank icone of
the regular featurec in the ongoing activitiec with the
objectivec for (i) identification and documentation of
biorecourcec of applied value of IHR, (ii) generation of
technological knowhow of the process development, and
(ii1) human recource development

Extremophiles from Himalaya: Ecological resilience
and Biotechnological applications (in house, 2012-
2017)

The microorganiomo that thrive under extreme
environmenta, from polar decerts to geothermal opringa,
are known ac extremophilec. Such microbec contain
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enzymec (extremozymeo) which function in extreme
environments and have oeveral biotechnological
applications. The Himalayan region precentc great
variation, particularly in reopect of topography ac well ac
geographic and climatic conditiong; thic variation, in turn,
aupportc a wide variety of habitatc. Hot opringo are
manifectation of geothermal activity, provide niche habitat
for a diveraity of microorganioms, thermophiles in
particular. The low temperature environmenta, cuch acthe
glaciercand cold decerta, provide excellent opportunity for
otudying the poychrophiles. The Microbiology Laboratory
of the Inctitute hac taken initiativec on variouc
microbiological recearch agpects of IHR, covering a wide
altitudinal range in lact two decadec. The focuo of thece
ctudiec hacbeen on the icolation, characterization and the
acoociated applicationo. A high altitude microbial culture
collection, including extremophiles, hacbeen developed in
the laboratory over the yearc. One important icoue,
complementary to thece ctudies, that requirec attention ic
'ecological reailience’ pooseced by thece microorganioma.
The precent propocal wag, thug, formulated to addrecsthece
ioouec conoidering the characterization of extremophilec
with particular reference to their biotechnological
applicationoand ecological reailience. Plant biotechnology
and plant-microbe interaction baced ctudiecwith regpect to
uce of cold tolerant microbial inoculantc in plant growth
and in bioremediation of heavy metalc and ectimation of
chemical conctituents including bioactive compoundc of
pharmaceutical ac well ac neutraceutical relevance were
aloo planned in thicproject.

Objectives

e Phenotypic and genotypic characterization of
extremophilec, inhabiting the extreme climatic
regionoin IHR (HQo), heavy metal contaminated citec
(Kullu unit) and rhizoophere microorganiomoc
(Sikkim).



Determination of microbial activitieg, with opecial
reference to production of cecondary metaboliteg,
(ouch acpigmentc, antimicrobialc) and enzymeg, with
reference to role of ouboptimal conditionc on
microbial growth and related activities, in view of
their curvival under extreme temperature conditionc
(HQo).

Applicationc of promicing microbial culturec in
environmentally important agpectg, cuch ag, improved
plant growth through inoculation, biological
hardening of in vitro raiced and conventionally
developed plantc (HQo, Sikkim and NE), and
bioremediation with particular reference to heavy
metal contaminated cites(Kullu unit) under mountain
ecooyotem.

Precervation and Acceaoioning of microbial culturec
and gene cequencec in Microbiology (GBPIHED)
Laboratory / National / International Culture
Collectionc and Gene Banko (through HQo for the
entire project).

Characterization of extremophiles

1.

Fifty nine bacterial cultures, iocolated from high
altitudecin IHR, were characterized; the bacteria were
reprecented by 10 bacterial genuc with maximum
opecieo of Bacillus (15), followed by Pseudomonas
(8), Rhodococcus and Serratia (3 each),
Lysinibacillus (2), and Alcaligenes, Arthrobacter,
Carnobacterium, Microbacterium and
Stenotrophomonas (1 each). The bacterial opeciec
chowed tolerance for wide range of temperature and
pH with their optimum in mecophilic and neutral
range, reapectively.

A poychrotolerant, wide pH tolerant and halotolerant
otrain of Pseudomonas chlororaphis GBPI 507
(MCC2693) wao invedtigated for itc antimicrobial
potential with particular reference to phenazine
production and plant growth promoting traitc.
GBPI 507 ochowed phenazine production at the
temperaturec ranged from 14 to 25 °C. The benzene
extracted compound identified ac phenazine-1-
carboxylic acid through GC-MS exhibited
antimicrobial propertiec againot Gram poaitive
bacteria and actinobacteria.

A poychrotolerant bacterial otrain of Serratia
marcescens, originally icolated from a glacial aite in
Indian Himalaya, wac invectigated for laccace
production under different culture conditiona. The
bacterial ctrain wac found to grow between 4 to 45 °C

(opt. 25 °C) and 3 to 14 pH (opt. 5 pH) on preccribed
growth medium, coinciding with production of
laccace in laccace producing medium. However, the
production of laccace wac more concictent toward
alkaline pH. Laccace enzyme wagc partially purified
uoing gel filtration chromatography. The molecular
maco of laccace wac determined ~53 kDa on native
PAGE. The Km and Vmax valuecwere determined to
be 0.10 mM and 50.00 pM min”, reopectively with
ABTS.

A newly ioolated otrain of Pseudomonas proteolytica,
ioolated from cold decert cite in [HR, wacinvectigated
for the production of cold active lipace. The bacterium
produced maximum lipace at 25 °C followed by
production at 15 °C while utilizing olive, corn, acwell
acooybean oil acoubdtrate in lipace production broth.
Enzyme produced by bacteria wagc partially purified
ucing ammonium culphate fractionation. GBPI Hb61
chowed aggregation behaviour which wac confirmed
uocing ceveral techniquec including gel filtration
chromatography, dynamic light ccattering, and native
PAGE (Fig. 26).
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Fig. 26 Dynamic light ccattering analyoic of GBPI Hb61
lipace for determining molecular ocize after ceveral
treatmento

S.

Four high value medicinal plantc of the Sikkim
Himalaya viz. Astilbe rivularis, Artemesia vulgaris,
Bergenia ciliata, Drymaria cordata and Eupatorium
adenophorum (invacive plant opeciec) were
invedtigated for the total phenolic and flavanoid
content along with antimicrobial activity (Fig. 27).
Bergenia extract exhibited effective antimicrobial
activity, particularly againot bacteria and
actinomycetec. Identification and quantification of
bergenin, catechin and gallic acid in Bergenia extract



hac been done ucing High performance liquid
chromatography. Conocidering high medicinal
property of B. ciliata, in-vitro culture hac been
ectabliched ucing leaf dicc explantc.

Fig. 27 Antimicrobial activity of different plant root
methanolic extract in (a) Bacillus megaterium, (b) B.
subtilis, (¢) Escherichia coli, (d) Serratia marcescens and
(e) Streptomyces op. (BCR= Bergenia ciliata root; AR=
Artemesia root; EAR= Eupatorium adenophorum root;
AAR= Astilbe rivularis root)

Nutraceutical potential of wild edible plants of Sikkim
Himalaya and their conservation through
biotechnological interventions (DBT, 2014-2019)

The wide range of biodiveraity recorded from Sikkim
Himalaya icunique and inventoriec of wild edible plantg,
which have been conoumed by people living in the region,
are available. In Sikkim Himalaya a total of 190 opeciec
have been ccreened ac wild edible gpeciec out of which
Baccaurea sapida (family: Euphorbiaceae; common
name: Kuoum), Diploknema butyracea (family:
Sapotaceae; common name: Chiuree), Elaeagnus latifolia
(family: Elaeagnaceae; common name: Malindo),
Eriolobus indica (family: Rocaceae; common name;
Mehel), Machilus edulis (family: Lauraceae; common
name: Pumoi) and Spondias axillaris (family:
Anacardiaceae; common name: Lupai) are conaidered by
the local inhabitantc ac nececoity rather than ac a
oupplement, and are eaten frequently. Thece wild plantc
make an important contribution to the diet particularly in
the rural populationc and their dietary contribution ic
highly appraiced acthey are available during moct ceacong,
including the periodoc when the conventional ctaple cropc
and vegetablec are ccarce. Wild ediblec of the region are
vital, lucrative and inexpencive courcec of protein,
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carbohydratec, fato, vitaminc and mineralc. Thic potential
coupled with medicinal value of come of thece opecieq, can
be harnecced for promoting their uce ac health food
ocupplemento.

During recent yearc, wild ediblec have emerged ac
potential recourcecfor addrecoing needoand icouecof rural
development and biodivercity concervation. However,
extenaive environmental and anthropogenic threatc have
led to reduction of thece opeciecin their natural habitat. It ic
feared that unleoo immediate actionc are taken, thece
opecies could be puched into threatened category.
Conaidering that wild ediblec of Sikkim Himalaya are
facing extenaive threatoand realizing that wild ediblescan
play a cignificant role in the food and nutrient cecurity of
the local population, the precent project propocal hacbeen
formulated to invedtigate the nutraceutical potential of
celected wild edible planto of the Sikkim Himalaya and
then to develop propagation packagec for nutritious wild
edible opeciecthrough biotechnological interventionc.

Objectives

e Comprehenaive otudy of wild ediblec for nutritive
valuec

e Invectigation of wild ediblec for antioxidant and anti-
quorum cenoing activities

e Biochemical analycic for identification and
quantification of bioactive compoundc

e Development of propagation protocols for wild
ediblec having high nutraceutical value through
conventional and biotechnological methodo

Achievements

1. To date, four wild edible fruitc of Sikkim Himalaya
viz. Baccaurea sapida, Diploknema butyracea,
Machilus edulis and Spondias axilaris have been
invectigated for nutritional compoaition, antioxidant
activity and bioactive compoundc.

2. The moicture content of the fruitc varied between
84.98% for Baccaurea sapida to 61.45% for
Diploknema butyracea. The total cugar content of
Baccaurea sapida wac aloo found to be cignificantly
higher than of other fruitc.

3. The recults obtained for the amount of lycopene, 3
carotene and ascorbic acid are depicted in Fig. 28. The
reaulto chowed that the average accorbic acid content
and lycopene content varied from 287.65 to 447.17



mg/100 g edible portion and from 3.00 to 56.9 pg/100
g edible portion, reopectively. The accorbic acid and
lycopene content of Spondias axillaris was higher
than of other fruits evaluated. B carotene content was
highest in Machilus edulis (468.39 ng/100 g edible
portion) and lowect in Baccaurea sapida (27.6 ug/100
gedible portion).
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Fig. 28. Lycopene, B carotene and ascorbic acid content
of wild edible fruits

6. Above mentioned fruitc were alco invectigated for
total phenolic content, total flavanoid content and
antioxidant activity. Among different fruitc, Spondias
axillaris contained the highest amount of total
phenolic compoundo i.e. 341.99+4.00 mg GAE/g
extract and chowed maximum antioxidant activity in
DPPH and ABTS acmayo(Fig. 29).
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Fig. 29 Total phenolic content (TPC) and antioxidant
activity of wild edible fruits

7. Mineral content in the fruit amplecwere analyced by
atomic aboorption opectrophotometric method.
Reaulto chowed that Spondias axillaris contained the
higheot amount of Fe and Zn.

8. Attemptc were aloo made for propagation and
concervation of these wild edible opeciec Reaulto
ouggeat that the ceeds of ctudied fruito could be
germinated without pre-treatment, however, to attain
higher germination percentage the ceedo chould be
pre-treated with plant growth regulatorc. Gibberellic
acid treatmentcfound to be moct effective.

Assessment of Molecular and biochemical diversity for
conservation and effective utilization of Roscoea spp. in
west Himalaya (DST-SERB, 2014-2017)

In termo of oetting priorities for concervation,
eopecially with regard to cucceooful reintroduction of the
populationc in the wild, ctudiec on genetic diveraity are
being increacingly uced. Supporting evidences from
ceveral theoretical and empirical ctudiechacectabliched a
poaitive relationchip between genetic variation and fitneco
of plant opeciec. In plantg genetic divercity within a
opeciec ic often correlated with it geographical and
ecological ranges. Among variouc factorg, population cize
and habitat dictribution greatly affect the level and
dictribution of genetic variation. According to population
genetic theory, the populationa: (i) that remain omall for
ceveral generationo (genetic drift), (ii) initiated from a
omall number of colonictc (founder effect), or (iii) that
ouffer rapid decline in cize (population bottleneck), are
vulnerable to looo of genetic diveraity. Such anticipated
effectc not only reduce the chancec of population
peroictence but aloo have ceriouc implicationc for the
probability of opecies extinction. Underctanding the
genetic concequences of ocuch changec in population
atructure and their effectc on the concervation value are
major recearch challengeo. Likewice, biochemical traito
are often uced for evaluation of the plant genetic diveraity.
The biochemical traitoare limited in number, modified by
the environment and may be controlled by epictatic and
pleiotropic gene effects. In opite of ceveral limitationg,
morphological and biochemical traitc have been
oucceoofully uced for predicting genetic diveraity of
opeciea. Analyaicofbiochemical parametercare moct often
recultoin evaluation of genotype — phenotype relationchip
and in accumulation of uceful information for celection of
decired combinationc in further breeding otudieo.
However, auch cotudiec on Himalayan plant opeciec ic
meager in opite of the fact that information on genetic and
biochemical traitcare important for planning ctrategiec for



concervation and ouctainable utilization of any plant
opecies, acoume greater importance in cace of rare,
endangered and threatened opeciec.

Objectives

Underatand patternc of morphological, genetic and
biochemical variability within and among populationc
of celected opeciec

Determine the level of polymorphiom within and
among populationc and between opeciec ucing
different molecular markerc.

Ectablich acoociation of different molecular markerc
with morphological and biochemical traitc.

Develop detailed concervation and ocuctainable
utilization plan of the opeciec baced on the reaultc of
objectivec(i-iii).

Achievements

L.

Significant variationc were recorded among all
otudied morphological parameterc among ctudied
populationc of R. procera uocing Analycic of variance
by Duncan multiple range tect. AGFW wac
oignificantly higher in Surkanda (13.26+0.38g)
population while it wac lower in Doonagiri
(8.02+1.21g) population. Significantly higher AGDW
wacrecorded in Jaberkhet (2.88+0.22g) and lowect in
Muoooorie (1.24+0.20g). Similarly, BGFW wac
oignificantly higher in Lamgarha (12.11+£0.43g) and
lower in Muoooorie (3.444+0.30g) population. BGDW
wago oignificantly higher in Pandukholi (1.08+0.18g)
and lower in Ranikhet (3.31+0.41g) populationc. In
cace of plant height, cignificantly higher value wac
recorded in Surkanda (33.85+£0.76 Cm) while it wac
minimum (14.00£0.67Cm) in the population from

Mucooorie.

Among populationo the total phenolic content varied
from 2.11 mg (Ranikhet) to 3.58 mg (Mucooorie)
gallic acid equivalent dry weight [(GAE/g dry plant
material (dw). Thece valuec varied ocignificantly
(p<0.01)among different populationa.

Gallic acid (72.02 mg/100 g dw) and catechin (12.05
mg/100 g) were found to be the major phenolic
compoundc and their level varied oignificantly
(p<0.01) within populationc while p-coumaric acid
wacodetected in only a few populationa.

Antioxidant activity determined by oix different in
vitro acmyg, i.e., 2, 2'- azinobicbenzyl ethyl thiazole,
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6- oulphonic acid (ABTS), 2, 2- diphenyl-1-
picryylhydrazyl (DPPH), Ferric reducing antioxidant
power (FRAP), NO ocavenging aoccay, total
antioxidant capacity and metal ion chelating acoay
exhibited antioxidant potential of the gpeciea.

No oignificant variationc were recorded in leaf
number, above ground dry weight, below ground frech
weight and rhizome length in cace of R. alpina.
However, AGFW wac ocignificantly higher in
Tungnath (1.39+0.15g) population while it waclower
in Maher Devi (0.83+£0.08 g) population. Similarly,
BGDW wac oaignificantly higher in Tungnath
(0.53+0.08 g) population while it waclower in Mahar
Devi (0.08+0.02 g) population. In cace of plant height,
aignificantly higher (9.56+0.45 Cm) value wac found
in Mahar Devi while lower (6.78+0.48 cm) value wac
recorded in Mapang population.

Genetic diveraity analycicof R. procera collected from

11 different populationc ucing ISSR markerc ic
performed. Of the total 130 ISSR primerc ccreened,
only ten ISSR primerc generated 94 clear and
reproducible banding patternc of which 89 bandoc
(94.68 %) were polymorphic. Baced on the percentage
of polymorphic loci (94.68 %), Nei'c gene diveraity
(0.198) and Shannon’c information index (0.329),
high genetic divercity wac detected at the opeciec
level. Genetic differentiation (Gg, = 0.202) wac alco
recorded acmoderate level due to high gene flow (Nm
=1.976) among populationc.

Analyaic of molecular variance (AMOVA) indicated
that moat of the genetic variation (90 %) resided
within the populations (@, = 0.10). STRUCTURE
analycicrevealed two anceatral groupo of the opecieg,
which were further cupported by neighbour-joining
clucter analycic. Among the different ecological
habitatc, high genetic diveraity in populationc under
open gracoy land chowed auitability and preferred
habitat conditionc. High genetic divercity within
population cuggeatcin situ and ex situ concervation of
aelected populatione for concerving and maintaining
wide genetic pool of the opeciea.

Uocing MRA, a number of ISSR markerc with a
otatictically cignificant correlation (Either negative or
poaitive) to different biochemical traitc wac detected.
Two markerc(OPA6-8 and OPAS8-2) were found to be
acoociated with total phenoloic content and three
markerc (OPAO1-11, OPA6-8, and OPA6-2) wac
found to be acoociated with gallic acid.
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Fig. 30. Association of the molecular markers with the antioxidant activity measured by different assays

9. MRATrevealed a total of 10 ISSR markercaignificantly
acoociated with the antioxidant activity meacured in all
three acoayc. In the cace of ABTS acmy, 7 markerc
(OPA2-3, OPA3-10, OPAS8-6, OPA9-4, OPAO1-3,
OPA6-8, OPAS5-8), total antioxidant acoay 2 markerc
(OPA4-7 and OPA2-8), NO inhibition acmy cingle
marker (OPAO1-2) exhibited cignificant acoociation
with antioxidant activity (Fig. 30). Baced on the above
mentioned recultoconcervation plan for both apeciecic
ocuggeoted.

Preventing extinction and improving conservation
status of threatened plants through application of
biotechnological tools (Sikkim Unit; DBT, 2012-2017)

Threat to the world biota ic a modern-day problem
uchered in by two major factors, namely, global

inducdtrialization and the expanding populationc all over
the world. Innumerable ramificationc of thece two factorc
reprecent the face of the recident evil which opello mortal
threatoto all life on Earth. Both of thece factorcare largely
recponaible for the gradual diminiching of biotic count
through recource exploitation, habitat encroachment,
chemicaloand pollutantg and a variety of other reacona.

Sikkim Himalaya being a part of the decignated
Eactern Himalayan Hotopot region hac itc own chare of
threatened elements and moct of it conctitutec the plant
opeciea. A total of 54 plantchave oo far been clacvified ac
falling under varioucthreatened categories (CR, E and V)
of the IUCN concervation otatuc. Thic figure hac ricen
within the lact decade when the threatened plantcwere 47
opeciec. Recent aurvey on regional rhododendronc (total
opeciec =36) aloo revealo that 14 opecies fall under



threatened categoriec. Thicwarrantca cerioucconcern over
the otate of affairc in concervation acpect in the hillo of
Sikkim. Under the prevailing ocituation of increacing
number of regional threatened plantc, interventionc have
become outright mandatory to check opeciec erocion and
work for a meaningful concervation. It icunder thicotate of
affairc that the propoced project wac envicioned, brain-
otormed and propoced to cave the plantothrough artificial
regeneration, propagation and reintroduction in itonatural
habitat.

The propoced project icbacically decigned to work on
the threatened otatucof 3 plantowhich are priority targetcac
of today and develop biotechnological approach modelcto
@ve, multiply and reintroduce them in their recpective
atural habitatc.

(a) Current (b) Future (2050) (RCP 4.5)

0 10 2
—

Kilometers

(c) Future (2050) (RCP 8.5)

B Loss

Unsuitable
d Suitable/ Stable

Fig. 31. (a), (b), (¢) Predicted current (suitable and
unsuitable) and future (suitable/stable, unsuitable,
and loss) habitats for Rhododendron micromeres.
Future predictions are based on two Representative
Concentration Pathway (RCP) scenarios, RCPs 4.5
and 8.5 for the year 2050.
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The maximum entropy baced (MaxEnt) Ecological
Niche Modeling (ENM) technique wacuced to predict
the potential ocuitable habitat for Rhododendron
micromeres. The model performed better than random
with an average teat AUC value 0.931.

The potential current dictribution of R. micromeres
wao predicted by MaxEnt model (Fig. 31). Baced on
model predictiong, about 890.30 km’ (12.5%) of the
otudied area ic currently cuitable, and confined to
mainly in central and couthern parto of North Sikkim
dictrict, north-eactern partc of Eact Sikkim dictrict,
northern partc of South Sikkim dictrict and central
partoof Weat Sikkim dictrict.

Maxent model output collectively with field curvey
revealed that cuitable habitatcof the opeciecconcurred
with the didtribution of upper temperate mixed foreot
at altitudeoranges2900 to 3100 m. Thece habitat areac
would act acin-acitu concervation area for the opeciec
and cerve ac highly ouitable habitatc for percictence
and reintroduction of gpeciecin the wild.

For cuctaining the population of thicclimate cenaitive
opeciec in Eactern Himalaya, large ocale reintro-
duction in cuitable habitatc ic highly required. To
achieve thic, an efficient in vitro propagation
technique wacdeveloped.

Seedo of R. micromeres were collected from Tookha,
Weat Sikkim (27°43'06” N and 88°4521” E) during
October, 2014. Immediately after collection, capoulec
were dried at room temperature for 1 week, then otored
inplactic bagoat4°C.

Different culture media, viz. Murachige and Skoog
media (MS), half concentration of Murachige and
Skoog media (/2 MS) and Andercon Media (AM)
augmented with different combinationc and
concentrationc of growth regulatorc were tected for
developing propagation protocol for celected opeciec
of Rhododendron.

The cotyledonary nodec that were obtained from cix
weekoold in vitro aceptic aeedlingc of Rhododendron
micromeres were uced ac the explantc for choot
multiplication. Among media tected, AM medium
oupplemented with 5 pM N°-(2-icopentenyl) adenine
(2-1P) induced maximum choot multiplication (85%)
after 6-7 weekoof culture. Result showed that the rate
of choot multiplication decreaced cimultaneoucly with
increace in concentration of 2-iP and N°-
Benzylaminopurine (BAP).



THEME

ENVIRONMENTAL
PHYSIOLOGY &

BIOCHEMISTRY (EPB)

The thematic area 'Environmental Phyciology &
Biochemiatry’ icfocucing on underctanding the mechaniom
of plant adaptation to atrecoand monitoring phyaiological,
biochemical or molecular agpects, which are extremely
relevant for increacing productivity of plantc. Developing
propagation packagec of different threatened and high
value opeciec for concervatin and cuctainable utilization ic
another tack of the teme. The theme focucesc on to (i)
identification and documentation of biorecourcec of
applied value of IHR, (ii) generation of technological
knowhow of the procecc development, and (iii)
identification of mechaniom of plant adaptation

Promoting conservation and sustainable utilization of
Himalayan Biodiversity elements using
biotechnological and physiological approaches (2012-
17,In-house)

Biodiveraity ic moct valuable for the human beingo
directly, indirectly, aecthetically and ethically. The unique
topography, diverce habitatoand large altitudinal range of
the Indian Himalayan Region (IHR) oupport rich
biodiveraity including ecologically and economically
important plants. While the country rankc 8" in itc plant
biodiveraity, the Indian Himalayan Region (IHR) with itc
unique topography, diverce habitatc and varied altitudinal
range (200-8000 m acl) cupportc reprecentative, natural,
unique and oocio-economically important florictic
diveraity. It harborc about 18440 plant gpecies, of which
25.3% are endemic to the Himalaya. More than 1748
opeciec of medicinal plants, 675 wild edibleg, 960 orchido
and 155 cacred plantc have been reported from the IHR.
Due to the dependence on thece plantg, not only for their
need but aloo for income generation and trade, the
population of many of the uceful and economically/

ecologically important opeciec hac depleted, and ac a
concequence ceveral opeciec are currently licted under
threatened, endangered or critically endangered otatuc.
Conaoidering the high rate of dicappearance/ depletion of
plant opeciecin their natural habitatcit would be pertinent
to adopt concervation meacurea, both in situ acwell ac ex
situ.

National Biodiveroity Strategy and Action Plan
(NBSAP) 2002 and Strategic Goale of the Aichi
Biodiveraity Targetc alco envicage improvement of ctatuc
of biodiveraity by aafeguarding ecocyctema, opeciec and
genetic diveraity, enhancing the benefitc to all from
biodivercity and ecooyctem cervices, and enhancing
implementation through participatory planning,
knowledge management and capacity building. Keeping
in view the local, regional, national and global importance
of ecologically and economically important biodivercity
elementg, the precent otudy will be conducted on above
lines in Himachal Pradech, Uttarakhand and Sikkim in
Indian Himalaya with a particular focuc on the celected
ecologically and economically important biodivercity
elementc. The project thucfocucecon to (i) underctand the
patternc of phyociological, biochemical and genetic
regponcecof cenaitive and high value biodiveraity elementc
in different altitudinal acwell aclongitudinal regimecin the
Himalayan region, (ii) evaluate the regponcec in different
propagation oyotemo of ocenoitive and high value
biodiveraity elements, uce of biological material for
hardening and genetic fidelity analycic of propagated
plantc in order to optimize the cuitable methodo for large
acale production of quality plant material production, (iii)
ectablichment of demonctration models, development of
diccemination packagecon cultivation and ectablich ex situ
gene banko of elite planting materials, and (iv) inculcate



awarenecs among the diverce otakeholderc about the
potential benefito (including value added producto) and
benefit charing mechanioma.

Objectives

e Underatand the patterncof phyaiological, biochemical
and genetic reoponcec of cenaitive and high value
biodiveraity elementcin different altitudinal acwell ac
longitudinal regimecin the Himalayan region.

e Evaluate the recponces in different propagation
oyotemo of cenaitive and high value biodiveraity

elementc, uce of biological material for hardening and
genetic fidelity analycicof propagated plantcin order
to optimize the cuitable methodo for large ocale
production of quality plant material production.

e  Edtablichment of demonatration modelg, development
of diocemination packagec on cultivation and
ectablich ex situ gene bankcof elite planting materialc.

e Inculcate awareneds among the diverce otakeholderc
about the potential benefits (including value added
producto) and benefit charing mechanioma.

Achievements

Reaultc of phyaciological recponces in Valeriana
Jjatamansi revealed variation in photooynthecic activity
among the different environmental conditionc and
photooynthetic active radiation (PAR). Maximum
photooyntheaic (5.98+0.97 umol CO, m”c') wacobcerved
at 1000 umol m”s' followed by at 2000, 1500 and 500
umol m”c'. Among the variouc environmental conditionc
examined, maximum photooynthetic activity wacobcerved
under net houce condition followed by polypit, glacchouce
and mict chamber (Fig. 32). On the other hand minimum
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photooynthecic (3.28+0.23 pmol CO, m”c') wac obcerved
at 1500 pmol m”G' in a mict chamber.
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Fig. 32. Photosynthesis response of Valeriana jatamansi
in different light and environmental conditions

1. Variation in total phenol, flavonoid, flavonol and
tannin content among different opeciec wac oboerved
(Table 8). Significantly (p<0.05) higher total phenolic
content wac recorded in Polygonatum cirrhifolium
(8.74 mg GAE/g DW) followed by P. verticillatum
(8.63 mg GAE/g DW) and minimum in Roscoea
procera (1.16 mg GAE/g DW). Total tannin content
wac found cignificantly (p<0.05) higher in R. procera
(4.88 mg TAE/g DW) followed by Habenaria
edgeworthii (4.80 mg TAE/g DW) and minimum in
Malaxis acuminata (1.69 mg TAE/g DW). Similarly,
the highect flavonoid content wac found in R. procera
(5.31 mg QE/g DW) and minimum in P, verticillatum
(1.26 mg QE/g DW); flavonol content ranged between
1.02 mg 1CE/g DW (Lilium polyphyllum) to 1.85 mg
CE/g DW (P, cirrhifolium).

Table 8. Total phenol, tannin, flavonoid and flavonol content in different medicinal plants

Achtvarga extractc Phenol Tannin (mg/g) Flavonoid Flavonol (mg/g)
(mg/g) (mg/g)
Habenaria edgeworthii 6.42+0.01¢ 4.80+0.02° 2.294+0.01¢ 1.68+0.01°
H. intermedia 4.83+0.01° 1.88+0.01¢ 2.04+0.01° 1.48+0.02¢
Malaxis acuminata 1.72+0.018 1.69+0.01" 1.71£0.01° 1.81+0.02a
M. muscifera 3.34+0.02" 3.61+0.01¢ 2.83+0.02° 1.510.02¢
Polygonatum cirrhifolium  8.74+0.01" 3.11+0.03° 2.41+0.02° 1.85+0.01°
P, verticillatum 8.63+0.01° 2.02+0.01° 1.26+0.01" 1.58+0.02¢
Lilium polyphyllum 4.26+0.03° 3.68+0.021° 2.79+0.02° 1.02+0.02°
Roscoea procera 1.16+0.02" 4.88+0.02" 5.31+0.01° 1.40+0.01°

Mean valuec followed by the came letter(c) in a column are not cignificantly different (p < 0.05) baced on DMRT



3. A odignificant (p<0.0005) variation in germination
percentage of B. jaeschkeana in different cold ctorage
time period wac obcerved. The higheot germination
percentage after one month of ceed ctorage wac 77%
(3200 m) and 42% (3700 m). Acthe ctorage duration
increaces up to 4 montho the germination percentage
decreacecup to 72% and 61%, reopectively in the ceedo
collected from 3200 m and 3700 m populationc. In cace
of B. aristata, a cignificant [2200 m (p<0.005); 2600 m
(p<0.05)] variation in germination percentage among
all durationcof cold ctorage wacobaoerved. The higheat
germination percentage (53.35%) in the oeedo
collected from 2600 m population after two monthcof
cold otorage and 28% for 2200 m population without
any otorage wacobcerved. Acthe cold otorage duration
increacec from 0 to 4 monthc the germination
percentage decreacec more than 75% in the ceedo
collected from both the altitudec.

4. Storage time ocignificantly affect the germination rate
of B. jaeschkeana ceeda, but in cace of B. aristata only
oeed collected from 2600 m population chowed
aignificant (p<0.05) variation in germination rate. The
germination rate of B. jaeschkeana ceedo collected
from 3200 m population recorded higheot ac 3.2
ceedd/day after 2 monthoof cold ctorage, but rate wac
olow down up to 68% after 4 monthoof cold ctorage. B.
Jjaeschkeana ceedo collected from an altitude of 3700
m germinated at arate of 1.4 ceedd/day after 1 month of
cold otorage and reduced up to 71% after 4 montho of
otorage. In cace of B. aristata, ceed collected from
2600 m population chowed highect germination rate of
1.8 ceedd/day after 1 month of cold ctorage, which
olow down up to 50% after 4 monthcof cold ctorage for
both the populationc.

5. Plant growth regulatorc (PGRo) influenced the ceedo
germination and radicle length to different extent in the
Oroxylum indicum. Among the teated PGRc, BAP wac
found to be highly effective to induce oeed
germination. At 50 pM BAP, only 50% oeedo
germinated, whereacat 100-200 uM concentrationait
reached >70%. There wac no cignificant (p< 0.05)
difference in the percent germination from 100-200
UM BAP treatments, but BAP cignificantly influenced
the development of radicle length with increacing
concentration (Fig. 33). At 200 uM BAP, 76.4% ceedo
germinated with rudimentary rootc.

Fig. 33. (A) Three-week old BAP treated Oroxylum
indicum seedlings showing decrease in radicle length
with increase in BAP concentration. (B) Oroxylum
indicum seedling (same seedlings as in A, depicting long
hypocotyl and rudimentary root. (C) Three-week old
cold water treated Oroxylum indicum seedlings having
green leaves and well developed roots and root hair. (D)
Cold pre-treated (left) and control (right) Oroxylum
indicum plants after 9 weeks.

Nutritional status of traditional food of Uttarakhand
utilized by scheduled community (2016-2019, DST-
NRDMYS)

Uttarakhand ica hill otate, cituated in central Himalaya
and can be differentiated from other areac on the bacic of
topography, geographic featureg, flora and fauna, land uce
oyotem and cocioeconomic conditiona. Due to thig
lifectyle of the people reaciding here aloo differc from plain
areacof the country. There are different typecof traditional
cropo like cerealg milletg pulces, oileeeds, vegetableo
which have been grown in the region. But the people are
taking ledos interect in their cultivation. That'c why food
incecurity exioto in the region. Diveraification of food
recipecic a major opecialty of the region. There are many



recipec uced ac cubdtitute of itemo, which are meagerly
produced in the region. The nutritional information of
procecoing atepoctarting from raw materialoto final recipec
following different procecoing otepc ic not yet available.
The precent otudy will develop proper documentation of
traditional food concumed by Scheduled communitiec
reaiding in the celected areac of otudy along with their
nutritional content, which will definitely give importance
to the nutritious food conoumed by the community.
Carrying out the propoced ccientific evaluation would help
in objectively promoting the traditional recipecnot only for
better health but aloo for economic advancement of the
large farming community in the ctate. Thecoe foodocan alco
become a part of food conoumed in other regionc of the
country. Requirement will increace the precoure on
production of thece cropc which will directly increace the
income of cchedule communitiecalong with other cectionc
of'the cociety over a large region.

Objectives

e Analyzing the traditional way of food procesoing of
ethnic cuicinec.

e  Step by otep nutritional analycicof traditional fooda.

e Marketing of celected cuicines (having detailed
nutritional ctatuc) in national forum.

Achievements

1. Checklict of parameterc to be ctudied wagc finalized.
Literature regarding nutritional quality accecoment of
the celected cropo i.e Echinochlora furmentacea
(Barnyard millet), Vigna umbellate (Ricebean),
Macrotyloma uniflorum (Horce gram) andGlycine
max (Black coyabean) hacbeen collected.

2. To analyze the traditional way of food procesoing of
ethnic cuicinec aix villages (Katarmal, Hawalbagh,
Matela, Mahet Gaon, Dalim Khoal and Shiona) of
Almora dictrict were celected.

3. Preliminary meeting with the Gram Pradhan and Acha
of the village wac held to identify the total number of
familiec who fall under the category of Schedule
community. Out of the above-mentioned villageg,
Katarmal with around 35 familiec(i.e. n=35) hacbeen
aurveyed till now.

4. The ourvey method wac baced on pre-developed
quectionnaire which wag further broadly divided into
two categories, i.e. one baced on the perconal
information and the other baced on the information
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related to their dietary acpectcand the celected cropao.
Further, the main emphacicof the curvey wacto gather
information related to collection of detailed procedure
of the ethnic cuicinec that are being prepared by the
villagerc.

Removal of pharmaceutical and personal care products
(PPCPs) from contaminated water using pine needle
based activated carbon/ biological activated carbon
(2016-2019, DST-WTI)

Pharmaceuticalc and perconal care productc (PPCPo)
are widely detected in natural curface and ground water and
have emerged ac the environmental contamination with
potentially wideopread environmental effectc. A wide
range of PPCPowide range hacbeen detected in a variety of
environmental camplecat leveloranging from ng kg™ up to
g kg'. Over the pact few yearq, there hac been increacing
awarenecs of the unintentional precence of PPCPo in
variouc compartmentc of the aquatic environment (e.g.
water, cedimentc and biota) at concentrationc capable of
cauoing detrimental effectoto the aquatic organioma. Thic
hac become a major concern becauce PPCPoc are
extenaively and increacingly uced in human and veterinary
medicine ac well ac in coometico reculting in their
continuoucreleace to the environment. There ic an urgent
need to develop technologiec for removing thease group of
compoundc from wactewater. The objective of the precent
project ic to develop pine needle baced activated and
biological activated carbon having capacity to remove
PPCPofrom wacte water. The four target compoundcof our
otudy are caffeine, bic- phenol-A, eatriol and ibuprofen.

Objectives

e Preparation of activated carbon (AC) and biological
activated carbon (BAC) ucing pine needlec and
microbecs(in cace of BAC)

e Edtimation of AC/BAC efficiency for removal of
detergent metaboliteq, pladticizercand pharmaceutical
componentcfrom model feed oyctem

e Regeneration ctudiecof AC/BAC

Achievements

1. Activated carbon ucing pine needlec are being
developed ucing pine needles following different
activation and carbonization methodo. Thece prepared
carbonchave chown very high curface area equivalent
to commercial activated carbon. Further
characterization will tell more about thece carbon
amplec.



2. Different Himalayan bacterial ctraing provided by
microbiology laboratory of GBPIHED Koai-
KatarmalAlmora, are being tected for ectimating their
capacity of degrading the celected PPCPc compoundc
along with their intermediate producta. Initially growth
conditionc of microbec along with thece PPCPo are
being optimized at different pH, temperature, ppcp
concentration etc.

3. Beot bacterial otrain/c which will tolerate all the
conditioncand ctill degrade PPCPowill be utilized for
preparation of biological activated carbon.

Quality plants production and promotion of cultivation
of selected Himalayan medicinal plants for livelihood
enhancement (Uttarakhand council of Biotechnology
2016-2019)

The Indian Himalayan Region (IHR) ic one of the
major repoaitoriec of biodivercity and a home of large
number of medicinally uceful opeciec. However, the
increacing demand of medicinal plantccoupled with harch
climatic conditions, clow growth rate and limited natural
regeneration, a large number of opeciec are declining.
Moreover, increacing demand for medicinal plantcin the
pharmaceutical inductrieg, there hacbeen a large ccale and
uncontrolled collection from the wildo and in the abcence
of organized cultivation, precoure in their natural habitat ic
increacing. Acareoult, many of the plant opeciecare found
place in the lict of different threatened category. In cuch
circumotanceo, there ic a need to develop approachec for
concervation and ocuctainable utilization. In thic context,
maaoo propagation, field plantation, and demonctration for
cultivation and concervation of medicinal planto will be a
viable option. The propoced project ig, therefore, planned
to take up the following ctudieg, a) germplaom collection
from different ecozones, b) plant production ucing
conventional and in vitro methodg, ¢) quality acoecoment
ucing phytochemical, pyciological and biochemical
parameterc d) ectablichment of demonctration citec at
different locationg, ¢) development of agrotechnology
practiceg, f) initiate attempt to commercial cultivation, and
g) training and dictribution of planting material to farmerc.
The oelected opeciec are valued for their medicinal
propertiecand uced cince the early timea. At precent thece
opeciec have high commercial importance, ac they are
conatituenteof modern pharmaceutical formulationc,

Objectives
e Maoo multiplication and quality plant production of
target opeciec

e Quality accecoment of the propagulec ucing
phytochemical, phyciological and biochemical
parameterc

e Imparting training and dictribution of planting
material to farmercand interected perconc

e Field plantation and ectablichment of demondctration
plotcat different Himalayan locationo

Achievements

1. Standardized explant ectablichment, medium type and
plant growth regulator concentration in Valeriana
Jatamansi. Optimized choot multiplication and rooting
and otandardized acclimatization and hardening
proceco.

2. Production of around 5000 ticoue culture raiced plantc
of V. jatamansi and data on morphological attributeg,
e.g., leaf chape, aize, plant height, root length, rhizome
diameter, etc. were recorded.

3. Phyodiological regponces, i.e., photooynthetic rate,
water uce efficiency, otomatal conductance,
trangpiration rate, etc. were initiated in ticoue culture
raiced plantc at different environmental conditionc
(Glaoo houce, chade houce, mict chamber, and open
nurcery) ucing ctandard methodo.

4. Phytochemical attributec like, total phenolg,
flavonoido, tanninc and antioxidant activitiec were
analyced uocing otandard methodologiec in ticoue
culture raiced plantc.

5. Survey in 9 villagecof Chaudacvalley wacconducted
and meetings with different houceholdc were
organized.

6. People’sperception on cultivation of medicinal planto
wao obtained and number of householdc interected in
cultivation of target opeciecwacidentified.

NMSHE Task Force (3): Forest Resources and Plant
Biodiversity (2014-19 DST, Govt. of India)

The National Action Plan on Climate Change
(NAPCC), which includec a comprehencive oet of
mitigation and adaptation meacureg, aimo to promote
India’'c development objectivec while yielding co-benefitc
for addrecoing climate change effectively. The NAPCC,
among otherg, recognizec the Himalayan ecooyctem ac
vital for precerving the ecological cecurity of the country.
Aloo, it underlinec intence vulnerability of thic ecooyctem
towardo both anthropogenic and environmental



perturbationa. With thic realization, NAPCC ceto out
'Suctaining the Himalayan Ecooyctem’ (NMSHE) ac one
and the only area-opecific micoionc among the eight
National Micoionc. Thic micoion envicagec meacurec for
ouctaining and cafeguarding the glacierc and mountain
ecooyatemo. Conaidering the relevance of mandate, G. B.
Pant Inctitute of Himalayan Environment & Development
(GBPIHED) hacbeen identified accoordinating inctitution
for Tack force 3: Foreat Recourcec and Plant Biodiveraity.
The project coverc three major acpectc on Micoion
Approach — (a) enhanced monitoring through
obcervational and monitoring network, (b) promoting
community baced management, and (c) otrengthening
regional cooperation

Objectives

e Development of coherent databace for forect recourcec
and plant diveraity of Indian Himalayan Region.

e Ecdtablichment of effective monitoring oyctem for
foreato recourcec and plant divercity in relation to
changing climate.

e Validation of Climate Model Projectionc with
reference to forect recources and plant divercity in
Indian Himalayan Region.

e Senaitization and capacity building of inhabitantc
towardoclimate change adaptation and mitigation.

Achievements

1. Lict of 616 tree opeciec (604 angioopermo and 12
gymnoopermo) of Tranc, North Weotern and Wecotern
Himalaya wac prepared. Of thece, 538 tree opeciec of
angioopermo were lioted from Uttarakhand, 323 tree
opeciec from Himachal Pradech and 280 tree opeciec
from Jammu & Kachmir. Further, lict of 4035 opeciec
of economically important plantc of Jammu &
Kachmir (2571), Himachal Pradech (2349) and
Uttarakhand (3390) hac been prepared and databace
being developed.

2. Tree divercity of Weotern Himalaya hac been
publiched aca book that includec an inventory of 490
tree opecieg, of thece 372 gpecieo are reprecented in
wild and 118 accultivated.

3. In Wedtern Himalaya, towardounderctanding the wild
tree opeciec divercity along the altitudinal range,
dictribution of treecin the aix altitudinal belts (<1000,
1001-1500, 1501-2000, 2001-2500, 2501-3000,
>3000) wac analyzed. The altitudinal patternc of tree
opecies, exhibitc a continuouc trend of decline in
number from low altitude zone (< 1000 m adl) to
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highect altitude zone (> 3000 m adl). Of the total (i.e.,
372 apecieo), over 66.6% tree opeciec are reprecented
in <1000 m altitude zone, whereac only 4.30% (17
opecieo) were precent in zone >3000 m altitude.

Databace of threatened plants of IHR from IUCN lict
wac prepared. Of the total 456 threatened opeciec
licted, 13 (2.7%) opeciec were Critically Endangered
(CR), 27 (6%) opeciec were Endangered (EN), 8
(1.9%) opeciec were Near Threatened (NT), 23 (5%)
opeciec Vulnerable (VU), 356 (78%) opeciec Leact
Concern (LC) and 28 (6.1%) opeciec Data Deficient
(DD). Ac per IUCN databace, 01 opecie (0.2%)
Sterculia khasiana Deb. wacextinct.

Reprecentative Long Term Ecological Monitoring
(LTEM) aditec hac been ectabliched (06) for intencive
long term monitoring in Byanoc valley of Kali river
catchment and Hat Kalika Waterched, Eaot
Ramganaga catchment of Pithoragarh dictrict,
Uttarakhand (Wedtern Himalaya) reprecenting cub-
tropical, temperate and cub-alpine (timberline) zonec.

Long-term monitoring criteria and indicatorcfor foreot
ecooyctem w.r.t. climate change have been identified.

In addition, anthropogenic factorcouch actree lopping,
number of head loads (firewood, leaf-fodder),
liveatock population, fire eventg impact of ban on tree
cutting, LPG gac conoumption, free grazing, etc. aloo
conoidered for decoupling the impact of climate
change.

Rapid vegetation campling in campaign mode wac
completed in Byang, Darma, Chaudacand Johar valley
of Pithoragarh, Uttarakhand to cee the forect otructure,
compoaition and regeneration ctatucof different forect

typec.

Chronology of ring width in relation to precipitation
and temperature wac developed for indicator opeciec
Cedrus deodara and Pinus roxburghii in Gangolihat
area of Weatern Himalaya. Studiesw.r.t. other celected
opeciec (Pinus wallichiana, Abies pindrow and Betula
utilis) have been initiated.

It hac been found that tree ring width hac poaitive
relationchip with precipitation of previouc year of
October to current year of May while other montho
June and July of current year have negative correlation
with precipitation. The only ocignificant poaitive
relationchip between tree ring width and precipitation
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wacfound for current year of March (r=0.34, p=0.018)
and April (r=0.33,p=0.02).

The SEIB-DGVM model wao identified to cimulate
vegetation dynamicoof certain forect type. The model
climate input parametercon a daily ccale are generated
for the period of 2014 for a Pine dominated forect by
combining meteorological obaervationcat the aite and
uoing climate data of CRU TS3.22, Exeter Univeraity
interpolated data. The number Plant Functional Type
(PFTo) of the vegetation for a 30 m x 30 m grid wac
found to be 21 and clacoified amongat 7 model
phenology typecand life types. Amongat 21 PFTg, 11
number of PFTowere found to be under the category of
temperate deciduouc with 8 PFTo under evergreen
category and 1 PFT each under C3 and C4 graco
category. Model aimulationcand validationcare under
proceco.

For reconatruction of climate, linear regresoion model
wacdeveloped for mean relative humidity of February
to April monthc for which a oignificant poaitive
relationchip wac obaerved. To verify tranofer function
model, the reduction of error (RE), product mean (t),
coefficient of efficiency (CE) and cign tect (S1,S2) wac
uced. To tect the agreement between obcerved and
reconotructed data at high frequency and low
frequency variations, S1 and S2 were uced. Thug,
baced on tree growth and climate relationchip (i.e.
between tree ring width and mean February-April
relative humidity), a tranofer function model ic
developed which will be uced for reconctruction of pact
climate.

People’s perception on climate change and climate
change impact hacbeen analyced in the different partc
of IHR i.e. Byang, Darma, Chaudag, Johar (UK), Sutlej
valley (Himachal Pradech), Zuluk, Rumtek, Sadam-
Melli and Mamlay waterched (Sikkim), Eact Siang,
Weat Siang and Upper Siang (Arunachal Pradech). The
majority of reopondentc agreed that during recent
decadec there have been many changecin the climate
and they cited variouc examplec and indicatorc i.e.
increace in temperature, warmer cummer, winterc are
getting warmer, erratic rainfall, low onowfall, water
opringo are drying up, declined crop yield, change in
phenology, increace in invacion, higher incidents of
cloudburdt etc.

Documentation and validation of adaptationc to cope
up with climate change by different community of IHR
have been carried out throughout the [HR.

15.

16.

17.
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National Workchop on Foreot Recourcec and Plant
Biodiveraity’ hac been organized between November
16-18, 2016 with major objective to validate, refine
and finalize the common methodology, and to identify
and diccuoo various thematic gap areacthictack force.
In total the workchop wac attended by over 120
participantoreprecenting 18 Inctitutecand univeraitiec
all acrooothe country.

Prioritization matrix wacattempted on the bacicof the
celected indictoro/parameterc ocuch ac climate
indicatorg, hazardo, anthropogenic and biological
indicatorc to know climate change impactc and to
identify vulnerable indicatorcon the bacicof ranking.

Climate ac vulnerability indicator included the two
parameterc. temperature and precipitation. During
ourvey, regpondentc told that onowfall hac reduced
within a gap of few yearc and precipitation hac
increaced in the areac once experiencing onowfall.
Theoe have become the major cauce of foreat
degradation in termo of landdlideg, cheet erocion and
floodo. The highect rank by regpondents wac given to
precipitation (2.84), followed by temperature (1.76) It
wac made clear that overall average maximum
temperature (4.07 C) and average minimum
temperature (-7.87° C) were recorded during a period
of 34 yearc. The average precipitation increace (2.04
mm) wacrecorded from 1979 to 2013.

The otudy area ictopographically fragile and ic prone
to numerouchazardg, namely, landdlidec, flach floodg,
cloudburcts, onow avalanches, drought, coil erocion
and earthquakeo. Baced on regpondentcacwell ac our
field obecervation, 'landalide’ ic a major hazard and
cauce maximum dicactercto the forect and the human
recources. Maos-movement ranked ac the higheat 1°
(6.69) by people. It wac made clear from the vicual
interpretation of catellite data that the Kinnaur divicion
witneaced about 2.09 km’ forect area ceverely affected
by landdlidecalong the Sutlej valley particularly from
Khab to Rampur. Flach flood wacranked 2™ (5.49) by
people. GIS analycicchowed that in Kinnaur divicion,
about 111.63 km’ area of foreat wac found under the
flood rick. While in Rampur divicion, 67.72 km” area
wacfound under the high rick of vulnerability to forect
land. Soil erocion wac ranked ac 3" (4.92) by the
reopondents followed by cloudburat ac 4" (4.00).
Reopondentc believed that forect loods wac alco due to
onow avalanchecranked by people ac5" (3.9). The
looes due to earthquakesctood to be at 6" rank (1.94)
and drought 7" (1.06).
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19. Reopondentc highlighted anthropogenic precoure in
the foreot divicion of Kinnaur. Under the
anthropogenic factorg, eight parametercwere taken, ac
wao ranked by regpondents. Land uce change (6.45)
wao ranked ac the higheot. LULC cince 1990 of the
otudy area depicto that the area under foreat accountc
for only 8.8% (628.31 km’) of the total 7127.71 km’
whereac non-forect category occupied 91.18%
(6499.40 km’) of the total area. The Rampur divicion
had 1082.72 km’ total area, under which forect
accounto for 39.62% (428.99 km’) of itc total chare
(Table 10). Forect firecranked ac2™ (6.41). About 132
forect fire incidencechave been recorded from 2000 to
2014. Maximum forect firec occurred in 2009. Total
17.9 km’ areac were highly vulnerable to forect fire in
Kinnaur and Rampur divicion. Deforectation wac
ranked ac3" (4.88), timber cutting / otealing incidencec
ranked ac4" (4.63), loosin water recourcecranked ac5"
(4.43), encroachment in forect area ranked ac6" (3.35),
illegal extraction of herbomedical plantcranked ac7"
(2.29) and over-grazing wacranked ac8" (1.12).

During the group diccucoion with the villagerg, it wac
made clear that climate change ic highly experienced
in termo of increacing temperature and decreacing
rainfall. On the bacic of people’s perception, the high
climatic variability wacfound in the ctudy area among
biological parameterc. Lack of chilling hourc
requirement ctood to be 1 (6) and dry tree growth
period wacranked ac2™ (4.96). However, pectoattack
on forect recourceswacranked ac3™ (3.63), migration
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of tree opecies/ loosof native tree opeciecranked ac4"
(2.92). Even the foreatcof Bhojpatra (Betula utilis) are
very rarely ceen nowadayc. Extinction of tree opeciec
ranked ac 5" (1.9) and wildlife ranked acthe loweat ac
6" (1.1). During field curvey, reqpondentcaloo perceive
that climate change hacitoimpact on forect productc.

It ioc made clear from the overlay analycic that high
vulnerability exictoin termo of landdlideg, forect fireg,
ooil eroaion, flood incidencec, and HEPo conctruction.
Iticobvioucthat the forect firecand human cettlemento
have poaitive correlation. The GIS and RS otudy
indicate that manmade activitiesare highly regponaible
for the forect loosin the ctudy area.

Table: 9. Area (km’) under different components of the land use land cover (LULC); Valuesin parenthececare in

per cent
S. No. LULC Kinnaur divicion Rampur divicion
a. Foreat 628.31 (8.8) 428.99 (39.62)
b. Non-Foreat 6499.40 (91.18) 822.67 (75.98)
i Built-up area 0.97 (0.01) 0.44 (0.04)
il Agricultural 43.39 (0.61) 76.2 (7.04)
cropc and
orchardo
iii Graooland 1467.32 (20.59) 298.37 (27.56)
v Scrubland 51.69 (0.73) 102.26 (9.44)
\4 Water bodiec 7.75 (0.11) 7.50 (0.69)
v Snow 1.67 (0.02) 0.11(0.01)
covered
vii Other 4926.6 (69.12) 168.95 (15.60)
wacteland
|  Totalarea |  7127.71 (100) | 1082.72 (100) |




THEME

KNOWLEDGE
PRODUCTS

AND CAPACITY
BUILDING (KCB)

The focusof knowledge productoand capacity building
programme ic an enhancement of inctitutional outreach
baced on ito recearch outcome Model demonctration,
dicemination, capacity building through opecifically
decigned modelo and on-adite trainings; develop linkageo
with knowledge providerg, knowledge ceekercand ucersto
effectively utilize available knowledge recource/productc
to deal with prominent environmental icouec; blending of
traditional ecological knowledge with ocientific
knowledge for their livelihood improvement, natural
recource management and cuctainable development; and
implement otate-of-art methodological approachec for
knowledge baced productodevelopment. The objectivecof
the theme are: (a) to undertake in-depth ctudiec on
documentation and validation of knowledge
(traditional/indigenoud/rural or developed through ccience
& technological interventiono) oyctem of traditional/
modern oocietiec including their cultural, biological,
material, opatial, landocape ac well ac intellectual
componentcand their on-going interaction, acthe bacicfor
protecting and cafeguarding of and modern knowledge
bace; (b) to utilize natural recourcec for income generation
uaing local knowledge and capacitiec through ccience and
technology interventions, (c) to tranolate exicting
knowledge related to Bio and natural recourceg, etc. into
productg;, (d) to enhance capacitiec and okill of human
being in harnedoing the potential of knowledge oyctemo for
environmental concervation and management and cocio-
economic development; (e) to provide opportunity for
otakeholderc to interact with each other and with
inctitutiono working on knowledge building/upgrading
/updating oyctem together to addreco recearch, action and
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policy needo of thic complex cubject and help to develop
appropriate knowledge charing and dicoemination to the
ucer community at large.

Capacity Building of Mountain Communities for Use
and Management of Natural Resources through Rural
Technology Complex (2012-2017, In-house)

The traditional cocieties in Central Himalaya face a
range of ococio-economic and environmental problema.
They live in geographical icolation under ecologically
cenoitive and economically conctrained conditione.
Remoteneas, marginality, harch climatic conditiong, tough
terrain, poor infractructure, lack of employment
opportunitiec, drudgery and meager livelihood opportunity
are often recponaible for poor economic conditionc of the
people inhabited in the rural cet up. In addition, dominance
ofrainfed agriculture on the ateep dlopes(which conctitutec
85% of the total agricultural land) that ic too marginal,
fragmented and ccattered in nature, omall land holdingo
recult low crop yield and therefore, doec not provide
income generating opportunities for ever-increacing
population of the region. Aca recult large numberc of the
population migrated to the other part of the country in
cearch of employment. Thuoto minimize the exicting rate
of migration on one hand and to utilize diverce
biorecourcec ouctainably on the other, coct-effective,
aimple practicesand technological interventioncin moct of
the cectoro of rural economy are required co acto provide
viable alternatives for improving livelihood and food
cecurity of growing population on cuctained manner.
Therefore, under thic project a number of coat effective



technologiec for cuctainable utilization of the variouc
recourcec were identified and demondtrated acrooo the
Himalayan region by HQg, Garhwal and Sikkim Unitc of
the Inctitute. The major highlightc of the project are ac
below:

Objectives

To provide variouchill gpecific, low coct technological
interventionc baced on locally available recourcec
along with capacity building (through trainingglive
demonctrationa/field exerciceo) of ctakeholderc and
training of trainers(TOTo) on a regular baaic.

Guidance and cupport for field implementation of
technology packages to the otakeholders, and
ocubcequent monitoring, evaluation, follow up and
adoption, 0o acto ectablich financial viability through
interventionacupport.

To develop multiple livelihood optionc including
training on opecialized okillo on relatively long term
bacig, and achive livelihood cecurity for overall
improvement in the quality of life of rural folk.

Achievements

1.

A total of 41 aimple, eco-friendly and coct-effective
technologies were introduced, demonctrated,
tected/modified and maintained at the RTC (HQo),
Triyuginarayan (Garhwal Unit) and Pangthang
(Sikkim Unit) with a view to replicate and/ or
dicceminate to ucer groupc for their livelihood
enhancement. For implementation of technology
packageca total of 170 training, capacity building and
awareneco programmeoc were organized for different
ucer groups, and 7109 perconc (Female, 3480 and
Male, 3629) covering 14 dictrictc and 736 villageo
were trained in target otatec(Uttarakhand and Sikkim).
In addition, variouc technologiec were alco
demondtrated that compriced 59 models of integrated
protected cultivation (Polyhouces, poly tunnels, Net
houceg, variouscompocdting methodg, vegetable, etc.),
94 polyhouces, 93 vegetable cultivation in rainfed
areag, 86 vermi compoating, 90 bio-compodting, 15
water harveating poly ponds & fich farming, 9 poultry
farming, 38 nurceries, 4 honeybee rearing, 30 bio-
proopecting of wild edibleg, and 8 modelo of zero
energy cool chamber. In addition, 46 prototypecof bio-
briquetting frameg, 5000 fingerlinga, 15760 fodder and
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multipurpoce tree aaplings, thoucando of plantc of
varioucvegetable plantcand ceed, were diatributed to the
beneficiariecfor field implementation at celected aitec.

Atotal of 15760 plantoof multipurpoce tree were raiced
at the RTC of HQo and diatributed to the farmerc.
Similalry, 2.5 lakho plantc of Valleriana wallichii and
Inula racemosa were raiced in the nurcery at
Triyuginarayan, of which nearly 1.0 lakh ceedlingo of
Valleriana wallichii were dictributed to the farmerc of
Taraali and Triyuginarayan (dictrict Rudraprayag) and
Pokhri (Pauri dictrict) villages for domectication. The
Inctitute ic facilitating marketing of the final product
through Emami Pvt. Ltd.

The yield of celected vegetables ac influenced by
different compoct-types ac well ac grown under
polyhouces and open conditionc wac evaluated. The
yield wac much higher when the cropc wac grown by
adding vermi-compoct.

An analyadic of above- and below-ground biomacs of
Valleriana wallichii and Inula racemosa grown under
different micro-climatic conditions(polyhouce, chade-
net houce and open) at 2200 m revealed that below-
ground part wac 3 to 6 timec higher under polyhouce
condition accompared to chade and open conditiona.

The potential wild edible biorecourcec are being
utilized ac a ocource of income for uocer
groupadunemployed youth of the region by making a
variety of value added edible productc cuch ac jam,
aquach, juice, cauce, pickle etc. A omall bioprogpecting
unit at the RTC Triyuginarayan helped 165 familiecin
eight villageo of upper Kedar valley to uce locally
available biorecourcec (wild edible) for value addition
and income generation.

Developed detail methodological proceco and
approach (involving farmerc in all otagec of
technological development, implementation and
ouctainability evaluation) and ctrategic frame work for
impact accecoment of ctakeholderctrainingo (adoption
and follow-up).

The coct-benefit analycicof vegetablesand a variety of
medicinal and aromatic plantc (Allium strecheyi, A
humile, Angelica glauca, Pleurosperm angelicoides,
etc.) uced for opicec and condimento after local value
addition wacworked out.



8. Amodel on integration of medicinal plantc(Picrorhiza
kurrooa, Saussurea costus, Valeriana wallichii and
Inula racemosa) in horticultural farmac (apple, Juglans
regia) wac teoted and found a proopective option to
increace per unit area production and income  for high
altitude areac.

9. An analyoic of 1517 farmerg, who adopted celected
technologiec in Uttarakhand otate, revealed that moct
ofthe farmercadopted integrated protected cultivation,
cultivation of off-ccacon & oeaconal vegetableg,
organic farming, nurcery agro product; at low-hillo
farmerc alco preferred bio-briquetting, poultry
farming, integrated fich farming, etc., whereacat mid-
high hille biorecourcec procesoing and eco-touriom
wao favored. About 50% of total farmerc have otarted
generating income, come of them are earning up Rao.
50,000/- per annum.

To create awareneco among the otakeholderc and for
wider dicoemination of technologies, variouc activitieo
were carried out ac followo organized 10 workchopo by
involving otake holdercand cubject expertg, participated in
twelve fairafectivaloc & exhibitions, organized 14 field
training programmeg, publiched & dictributed 8 folderg, 15
training manualc, 9 technical manualg, 49 podterg, one
calendar for each year, etc. The findingo of the variouc
activitiec were aloo publiched in the recearch journalg,
articlec, popular articleg, etc. from time to time.
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R&D HIGHLIGHT
OF THE
REGIONAL UNITS

Garhwal Unit

total of 10 ISSR markerc found cignificantly

Environmental and other related policiec (i.e. forect
policy, wild life protection, environmental education,
awareneco and training, dicacter management act)
were analyzed in detail for underctanding the gapoin
knowledge and need for further improvement.

Women's role and contribution in livelihood and
environment management wac analyced for
developing/coping strategies and underctating the
gapc between environmental policies and human
actions in the Kedar valley. Among the recpondentg,
in all the village clucterg, above 73.91% recpondentc
exprecced that women may contribute a lot in
improvement of the cocio-economic conditioncof the
affected familiec.

Invedtigated the ceaconal water ccarcity and recorded
the continuouc water diccharge data through
integrated approach of icotope technique, remote
cenoing and GIS application, in omall micro-
waterched in Pauri dictrict.

Morphological, biochemical and genetic diveraity of
R. procera hac been evaluated. For the firat time a
number of ISSR markercwere identified ctatictically
acoociated (Either negative or poaitive) with different
biochemical traitc. Two markerc(OPA6-8 and OPAS-
2) were found to be acoociated with total phenoloic
content, three markerc (OPAO1-11, OPA6-8, and
OPA6-2) with gallic acid. Similarly, for the firct time a

acoociated with the antioxidant activity meacured by
ABTS aocmy, total antioxidant accay and NO
inhibition acmy. Thece markerc can be utilized for
breeding and concervation of the target gpeciesalong
with itoouctainable utilization.

The action and participatory recearch work carried out
between 2016-17 in the Unit on variouc cectorc
(medicinal plant, agro-ecooyctem, agro-forectry, wild
biorecourcec. water and foreat recourceo) iogiven due
conaideration by variouc line agenciec at dictrict and
otate levelo and moat of our findings hac been
incorporated in the action plan of MNREGA, ATMA,
GRAMYA, horticulture micoion, dictrict planning etc.

Acoecoment of farmer'sc perception, recponce,
adaptation and coping otrategiec due to climate
change impact/variability in rural landocape with
major focucon agriculture and their overall impact on
livelihood of the people inhabited in lower and upper
Nayar valley and Alaknanda catchment were carried
out.

Developed huge nurcery with total of 2.20 lakho
aeedlingo of economically potential medicinal planto
i.e. Valeriana wallichii, Inula racemosa, Picrorrhiza
kurrooa and Saussurea costus under different micro-
climatic conditionc (polyhouce, chadenet and open
condition) and about 1 lakh plantletowere dictributed
to the interected farmero of different villageo of the
region for promoting large ocale cultivation.



A total of four training programmeceach of two-dayc
on “Capacity Building and Skill Development of the
target population in the field of Management of
Biorecources through Eco-friendly Technologieg,
Ecotouriom, Livelihood Enhancement and
Entrepreneurchip Development” were organiced
between April 2016 to March 2017 and a total of 350
participantc were imparted on- cite training on the
above mentioned areac,

The denaity diameter curve of the key tree population
of mixed and pure Betula utilis forects at north and
oouth facing dlopecin NDBR recembled a reverce J
chape, and it indicatec that both the forectc are
regenerating well, although B. utilis chowed fair
regeneration in both forectc followed by R.
campanulatum, A. pindrow and C. deodara.

Identified the potential optionc of linking and
cupplementing pilgrimage touriom with other form of
touriom (rural/agro touriom, heritage touriom,
nature/eco-touriom and community baced touriom)
for oocio-economic development of the dicacter
affected Kedar rural landacape.

Developed package of practicec of cultivation, value
addition and value chain of ceven wild herbal opicec
(Allium strechyei, Allium humile, Allium rubellium,
Angelica glauca and Pleurospermum angelicoides,
Cinnamomum tamala) and wild fruit recourcec
(Viburnum mullaha) for large ocale cultivation.

In depth accecoment of ecological, cocial-economic
and policy dimencionc and indicatorc of traditional
agro-biodivercity looo hac been carried out which
formed the bacicfor developing priority interventionc
for concervation and management of the traditional
mountain agro-biodiveraity of the region.

Adopted four (4) dicacter affected village clucterc
(each clucter with 10 villageo) in Kedar valley for
empowering human recource particularly women and
unemployed youth and farmercfor capacity building /
okill development in the field of livelihood
enhancement, income generation and natural recource
management through on-aite training, expooure vioit
and live demondtration.

The okill development, capacity building and
outreach programme in the area of value addition of
wild biorecourcechave made a cignificant impact and
otimulated local youth and village indtitutionc to
harneoothe potential of wild biorecources. About 510
houceholds of 30 villages in Alaknanda and
Mandakini Valley have adopted the local value
addition of variety of wild edible plantcachoucehold
activity for income generation.

Developed an innovative document (Monograph) on
“Bioproagpecting of wild herbal opicec for cuctainable
entrepreneurchip development particularly for hilly
rural areacofthe central Himalaya (Uttarakhand).

Developed the policy document "Emerging Concern
of Hill Agriculture of Uttarakhand: Policy Ioouecand
Prioritiec for Suctainable Development" which
provideo the detailo about the hill agriculture, icouec
and concerncrelated to policy, governance, recearch,
extencion and ouggect priority interventionc for
development.

An appropriate optioncand otrategiec for cuctainable
development of dimcter affected rural landocape/
areac of Kedar valley baced on locally available
biorecourceo (agro and wild origin) and their value
addition through cimple technological interventionc
were recommended.

Aoceooment of cocio-ecological vulnerability and
coping atrategy to natural hazardoand climate change
in the Kedar valley in the aftermath of 2013 dicacter
were carried out.

The biomacs ectimation and carbon cequectration
potential of timber line vegetation with particular
emphaaicto Betula utilis forect were carried out.

Diverce otakeholderc were conoulted in ranking of
plant gpeciecbaced on their multiple uce value, and 10
opeciecwere prioritized for plantation and cuctainable
management of the indigenouc oyctem. The plant
opeciechaving ecological and cocio-cultural valuecto
be promoted for plantation in agroforectry oyctem
through active participation of the farming
communitiec.



HP unit

Inventory of 1116 opeciec (616 treeg, 500 chrubo) for
the Trang, North Weatern and Wectern Himalaya wac
prepared. Information on variouc acpectc wac
gathered for developing the complete databace of the
total tree and chrub opeciec in a cotandard format.
Speciec were analyzed for nativity, endemiam and
threat categoriec.

From Kanawar Wildlife Sanctuary, 209 opeciec
(Angioopermo:  198; Gymnoopermas: 07; and
Pteridophytec: 04) were economically important and
uced ac medicine (88 opp.), wild edible/food (27)
opp.), fodder (40 opp.), fuel (27 opp.), timber (5 opp.),
religious (05 opp.), fiber (07 opp.), making
agricultural toolo (06 opp.) and come other purpocec
(9 opp.) were recorded from Kanawar Wildlife
Sanctuary. The inhabitantc of Gharan, Thunja, New
Kaool and Old Kaool villageowere dependent for fuel
and fodder recourcec on cix forect tree communitiec
namely, Quercus floribunda, Quercus floribunda-
Pinus wallichiana mixed, Pinus wallichiana, Celtis
australis-Toona serrata mixed, and Picea smithiana
communities. The lopping intencity in different
communitieowacctudied.

Total 52 ploto were campled for florictic diveraity of
the Jamdagni Richi and Kamru Nag Sacred Grovec.
Out of thece, 32 ditec were undicturbed and 20
dicturbed. Total 285 opeciec of vaccular plants (31
treeq, 33 chrubc & 209 herbo) belonging to 135
families and 190 genera were recorded. Community
wice comparicon of Speciec Diveraity (H') between
Undicturbed & Dicturbed citec wac done. Carbon
Sequectration wac ectimated in Kamru Nag
(Undicturbed & dicturbed cites) Sacred Grove. In
Undicturbed oite above ground biomacc wac
53350.67 kg/400m’ and carbon content 26675.34
kg/400m’, where ac below ground biomacs wac
15471.69 kg/400m’ and carbon content 7735.85
kg/400m’. In dicturbed cite above ground biomaco
wac56765.15 kg/400m’ and carbon content 28382.58
kg/400m’, where ac below ground biomacs wac
1646.89 kg/400m’ and carbon content 8230.95
kg/400m’.
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In Sainj Valley, 30 citec were ourveyed between
1,385- 2,070 m and 260 vaccular plantg, 17 Treec
communitiec and (01) Shrub community were
recorded. 225 opeciec were uced ac medicinal; 35 ac
fodder; 19 acedible; 20 acfuel; 11 acreligious; 09 ac
timber; 05 acdye; 03 acfiber; 05 acagricultural toolc
and 11 acmiccellaneoucuceo.

Total 55 populationc of Dactylorhiza hatagirea (05
populationc), Podophyllum hexandrum (14
populationg), Angelica glauca (12 populationg),
Aconitum heterophyllum (11 populationo), Picrorhiza
kurrooa (10 populationg) and Rheum australe (03
populationg) were otudied between 2387-4227m in
the Chamba, Mandi, Kangra and Kullu didtrictc of
Himachal Pradech. 62 dictributional recordo,
Bioclimatic and DEM variablec were utilized for the
prediction of potential areac of Podophyllum
hexandrum with the help of ecological niche
modelling packageo (Fig.1). The model tect yielded
aatiofactory reaults for hexandrum (AUC = 0.890 +
0.060).

22 populationc of Polygonatum verticillatum, and
Delphinium denudatum were acoecoed between 1,565
— 2,230 m in Sainj valley. In Delphinium denudatum
populationa, Speciec richneos of chrubo ranged from
1-09 and herbg, 09-29; total chrubc dencity 10-1680
Ind ha" and total herb denaity, 11.70-65.30 Ind m?;
and relative denaity (%) of Delphinium denudatum
0.49-21.37%, and Polygonatum verticillatum
populationg, Speciec richneas of chrubs ranged from
01-08 and herbg, 12-30 ; total chrubc denaity 40-830
Ind ha" and total herb dencity, 21.80-91.95 Ind m~;
and relative denaity (%) of Polygonatum verticillatum
0.30-8.49 %. Seed germination trialc for Delphinium
denudatum reculted 80 percentage in BOD at
controlled temperature, 23C in 6 dayg, reduced mean
germination time (MGT). Seed germination trialc for
Polygonatum verticillatum reculted in 20%
germination for ceed kept in BOD. Plant ticoue culture
trialo for Polygonatum verticillatum and Delphinium
denudatum uaing leaveg, root, tuber and young chootc
ac explanto on Murachige and Skoog Medium (MS-
Medium) were initiated.



Four Citizen Science Programmec were organized
jointly with Earthwatch Inctitute India, from 11" to
20" April, 2016; 25" July to 2™ Auguat, 2016; 19" to
28" September, 2016 and 17" to 26" October, 2016.
The volunteerc were involved in qualitative and
quantitative acoecoment of vegetation, accecoment of
incect pollinatorce’ divercity and denaity, preferential
bee flora baced on the viaitation by pollinatorg, etc.
The recultc chowed highect viditation rate of Apis
ceranna followed by Apis mellifera, Drone,
butterflies, oyrphids, etc. in all orchardo except in
Hirni and Kradou where highect viaitation rate of Apis
mellifera wacobaoerved. The pollinatorchave different
bee flora opeciecpreferencec for foraging in different
aeacong at different orcharde which dependo on the
availability of the flowering plantc in the citec. The
preferred foraging plantc during April Brassica
campestris and Zaphyranthes candida;, in May
Trifolium repens, Berberis lycium and the preferred
foraging plantc were during March were Brassica
campestris, followed by Trifolium repens and
Zaphyranthes candida by Apis cerana, followed by
droneg, oyrphidoand Apis mellifera.

Nine (9) dites, 1 aite each in Karadou and Raugi
villagecand 7 citecin Nachala village of Upper Beac
valley, Kullu were curveyed to otudy dencity and
diveraity of the pollinatorc. Muctard and Coriander
were cultivated in nine oites during November and
December 2016 to maintain the flora for beec and
incectoin winter ceacon. The curvival rate of the cropo
wac up to 80-90%. The dencity and diveraity of the
pollinatorc increaced to a larger extent after the
cultivation of thece cropac.

Total 72 Bee boxecof Indian Honey Bee (4Apis cerana)
with beeo purchaced and didtributed to the 48 apple
orchardiotc from 7 villagec i.e. Kradou, Nachalla,
Ghurdaur, Archhandi, Dobi, Bachkola, and Kathayal
Gran of Kullu Diatrict. 25 cet of apiculture equipmentc
(queen cage, omoker, bee veil, gloves, uncapping
knife, queen gate, pollen trap, hive tool and hive gate)
and two (02) extraction machinecof four framed were
dictributed to the farmerc. 1350 ceedlingo of Buxus
wallichiana, Pyrus pashia, Rosa brunonii, Rubus
biflorus, Cornus macrophylla, Aesculus indica,
Bauhinia variegate and Callistemon citrinus were
tranoplanted in two villages i.e., Nachala and

Archhandi for the rectoration of floral habitatc of
beeoc.

Variouomycorrhizal atructures, namely, intercellular,
intracellular fungal mycelium, oporec, very low
precence of arbucculec and dark ceptate endophytec
and unidentified nematode like otructurec were
obcerved during quantification of root colonization of
Betula utilis. The total per cent root colonization
ranged between 66 — 91 out of them 46 — 66%
colonization waccontributed by fungal mycelium and
42 —72% by dark ceptate endophytec. The minimum
total colonization wac obcerved from Solang Valley
(66%); maximum from Hamta Pacs (91%) whereac
minimum funguc colonization wac recorded from
Rohtang Paco(46 %) and maximum from Hamta Paco
(66%) and the minimum dark ceptate colonization
wac recorded from Solang Valley (42%) and
maximum wacrecorded from Rohtang Paco(72%).

A dtrategy for policy guidelinesdecigned to determine
the number of hydropower projectc according to a
carrying capacity of a bacin under Strategic
Environmental Acsecoment (SEA) of hydropower
projecto. There were unequal dictributions of
hydroelectric projectoin a particular bacin in the [HR.
In cace of the Sutlej baain, itiovivid from GIS analycic
that the maximum numberc (38) of hydroelectric
projectolie in the middle and upper zonecof the buffer
area of 3934 km’ of the total 7514 km’ in 10 km buffer
of the Sutlej bacin. For determining number of
hydroelectric projects in a bacin, there ic a need to
acoeao ito carrying capacity. Keeping in mind local
geomorphology, icoctacy and other factors, the
environmental, phyocical and cocial impactc could be
minimized. Aerial inter-dictance of 5 km radiuc for
omall (<25 MW), and 7 km radiuc for large projectc
(>25 MW) would be a ocuctainable way for
introducing the hydro projectc. The otudy revealcthat
18 projectoout of 38 could not follow thicouggeated
criterion in the Sutlej bacin. Baced on thic
recommended inter-dictance, only 20 projectc could
be appropriate in a ocuctainable manner. Similar
approach ic aloo required to follow throughout the
Himalayanregion.

Long-term data bace generated to underctand the
aerocolc climatology, radiative forcing and



temperature rice in the Kullu valley of Himachal
Pradech. Mean AOD,,, at Mohal (1154 m amdl) in
2016 otood to be 0.32+ 0.12, while BC wao found
with biomodal peaks around 7:00 hreIST (3295.4 ng
m™) and 20:00 hro IST (1695.0 ng m*). AOD in the
Kullu valley ic wavelength dependent. It ic higher at
chorter wavelengthcand lower at larger wavelengthc
indicating dominance of anthropogenic acrocolc due
to high human interferencec in the ocurrounding
environment. The inctantaneous mean aerocol
radiative forcing in 2016 wacectimated to be—13.92 =
4.7 Wm”, -32.79 + 11.2 Wm~ and +18.87 + 8.02
Wm* on TOA, ourface and atmoophere regpectively.
Thio trandlatec into an average atmoopheric heating
rate of 0.53 K day"'. Atmoopheric forcing ic found
decreacing along with increacing altitudec. However,
temperature continuecto rice alightly.

A data bace on aurface ozone- a green houce gac
(GHGo)- and ito precurcorc at high altitude ctation-
Kothi (2500 m) wac generated under Atmocpheric
Chemiatry, Trancport and Modelling (AT-CTM)
under Environmental Obcervatory Scheme. Higher
concentration of curface ozone wac obcerved in June
which wac maximum ac 29.50+£5.33 ppb. O, wac
found to be increacing gradually after cunrice (07:00-
08:00 h IST), attaining maximum concentration
during afternoon (14:00-16:00 h IST). Thereafter, it
chowed a gradual decreacing pattern. Annual
maximum concentration of O, precurcorclike NO wac
4.07 = 0.9 ppb in October in 2016, NO, 6.99 + 1.14
ppb in January 2017 and NO, 11.3 + 3.8 ppb in June.
Analyaic of meteorological data chowed that high O,
concentration wac acoociated with intence oolar
radiation and low rainfall. The pollution courcec are
mainly due to anthropogenic emicoionsin the form of
vehicular emiooions and biomacs burning in the
region.

Role of black carbon and other aerocolowere accecoed
in onow melting over Parbati Glacier. The daily
average concentration of black carbon wac0.41+0.02
pug m” from Auguct to September, 2015 and 0.14 +
0.01 pg m” during 2016. Looking at cource
contribution of the total BC, biomacs burning
contributed about 13% and 19% of the total
contribution in the Parbati Glacier during 2015 and
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2016 reopectively, whereac other pollution cource in
the region wagc foaail fuel burning. The mean AOD
value at 500 nm wac obcerved to be 0.17+0.02. The
mean AOD value at 500 nm in 2014 chowed 0.1
increace over 2015 in the Parbati Glacier. Dominant
anionowere in an order of CI'>F>S0,”>NO,” which

were aimilar to 2014. Cationowere in an order of NH,"
>Na >Mg” >K'>Li in 2015 and Na'>NH, >
Mg’ > Li" >K" in 2014. Zn*" wac the only trancition
metal found in both the yearc of obcervation in the
Parbati Glacier.

Identification of 8 Women Saving and Credit Groupc
(WSCGo) with 103 women memberc wac done, and
thece WSCGo were involved in the procurement of
rocehip poda. Total 2273 kg ceedowere procured and
1,25,000/- generated. Until December 2016, 1,80,000
wago generated through cale. Rocehip ceed chredder
machine which decseed 200 kg per day accompared to
3.5 kg manually, wacdeveloped. Harveating and poct
harvecting protocol developed. Two typecof tea were
developed and oeed oil extracted for further value
added product development.

Documentation of water and irrigation oyctemg;
biorecource concervation practiceg, Traditional health
care oyotem, documentation of traditional coucinc
from the Lahoul and Spiti dictrict, and Sacred groovec
and their ethnicity in the villagesof Kullu didtrict wac
done. Hadimba Devi, Manali; Jamdagni Rishi,
Katrain; Krishna temple (Thauwa), Naggar, Gauri
Shanka,Jagatoukh Sacred Grooves have been ctudied
in detailo. Documentation of the hictory of
Mamleshwar Mahadev temple, Mandi Mahunaag
temple and Komik village in Spiti valley wacdone.

Geo-databace of Drainage, DEM, Soil, Geology,
Land uce/land cover for year 2016 developed and
Morphometric analycic for Mohal Khad waterched
done. Water quantity, land uce changecand waterched
charactericticc were otudied. Waterched Evaluation
and Planning (WEAP) model wac cuctomized and
water allocation otrategy wac framed for effective
water management. Geo-databace for Sainj river
bacin developed. Inventory of gpringcand their detaile
(e.g., location, elevation, diccharge, water cample’s
pH, EC, TDS etc.) for Kanon Nallah waterched
prepared.



NE Unit

Succecofully completed the R&D work acoigned/
allocated to NE Unit under all in-houce projectc (4
Noa.) in the given time frame.

The NE Unit recearch otaff hacpubliched a total of 27
paperdarticlec in international and national paperc
and proceedingoin the reporting year.

Organized landocape journey under the
"Trancboundary Landccape Development Initiative
for Far-Eactern Himalayan (Hi-LIFE)' to identity the
major prioritiec of the celected otudy region (ie.
Namdapha NP & fringe areac in Changlang dictrict,
A.P).

Under the In-houce project No-3 (SEA of hydropower
projectoin IHR), a workchop on “Hydropower Project
and Environmental Impact Acecoment (EIA)” wac
organized at Lakhimpur Girle' College, North
Lakhimpur, Accam on March 12,2017.

Under the In-houce Project No. 1 (Ecotouriom ac a
potential tool for biodiveraity concervation..”, the NE
Unit otrengthen a local organization known ac
Achukru Welfare Society at Ziro (A.P.) by providing
them antique itemoand in addition to that a chort term
training wacaloo organized for the okill development
of the people/groupc working in the eco-touriom in
Lower Subanairi Dict.

Implementing NMSHE Tackforce-3 and Tackforce-5
projectc, cignificant primary data hac been collected
from the ctudy reopective citecand analyzed.

Under NMHS Project entitled “Rejuvenation of
opringo and opring fed rivero...”, otudied the river
morphology of Senkhi River using Remote Sencing &
GIS.

Block Field Work Training (Sept. 2016): Provided 1
Month block filed work training to the ctudento (Mr.
Mobia Omo and Mr. Malom Sering) of Department of
Social Work, RGU, Doimukh (A.P.) on “A cace ctudy
of Socio-economic impact accecoment of Ranganadi
HEP, Arunachal Pradech”.

Provided technical cupport and training to the ctudento
of Rajiv Gandhi Central Univeraity (A.P.) on water
quality tecting.

Under In-houce Project No. 9 (Extremophilec from
Himalaya: Ecological recilience and Biotech-
nological applicationo), data hacbeen collected on 23
apeciec of ethno-medicinal plantc with reference to
their phytochemicaloand pharmacological activitieo.

SIKKIM UNIT

Strengthening of ex-aitu concervation effortcthrough:
(i) improvement of ceed germination of Phoenix
rupicola (i1) development of in vitro propagation
protocolc for Aconitum ferox, Rhododendron
leptocarpum and Bergenia ciliata (iii) field plantation
of'ticoue culture and conventionally propagated plantc
of important Rhododendron opp. and Phoenix
rupicola.

Medicinal plant opecies (1500) of Sikkim Himalaya
are documented with their local name, family,
concervation otatuc, partc uced and uces.  Further,
come high value traditional medicinal plantc of
Sikkim Himalaya were invectigated for biological
activitiec.

Developed feaaibility acoecoment and biorecource
management planc for three pilot citec viz. Dzongu,
North Sikkim, Barcey-Singalila, Darjeeling and Weat
Sikkim and for Bandapani, Wect Bengal.

PRA conducted in “Mamlay Waterched” reculted
major icouec like, 1) change in cropping pattern, ii)
ccarcity of drinking water, iii) Human Wildlife
Conflict (Monkey), and iv) high dependency on
foreat recourcec.

Baaed on the preliminary curveycacroostimberline of
Dzongri (4000m adl), Abies densa emerged ac
dominant tree opeciec along with itc common
acoociatec Rhododendron lanatum and Sorbus
thomsonii in tree layer and Rosa sericia and Ribes op.
in chrub layer. The upper limit of treec (tree line) wac
obaerved 4011m in the region.

Documentation of Traditional Knowledge Syctem on
Land and Soil (14 practicec), Water concervation (6
practiceo), Biorecource utilization (160 noc.) and Bio
procecoing practices(8 noc.) prevailing among ethnic
communitiec (Lepcha, Bhutia, Nepalece, Limboooc



etc.) of Sikkim Himalaya including Darjeeling
dictrict of Weat Bengal.

Training on different low coct technologiec were
delivered to the targeted four (4) panchayat; Luing,
Rakdong, Tintek, Lingdok farmers, SHGg, etc.

Developed “Feaaibility Study and Biorecource
Management Planc” for three pilot citec of KL-India
(i.e. Barcey-Singalila, Dzongu and Bandapani) and
publiched a training manual baced on the experiencec
from the Khangchendzonga Landccape, India title
“Socio Economic and Biorecource Acoecoment:
Participatory and houcehold curvey methodg, toolo
and techniques’2016,

Invitro propagation protocol for threatened
Rhododendron leptocarpum and Aconitum ferox of
Sikkim Himalaya hac been developed. For
introduction, cuitable habitatc have been identified
ucing ENM tool.

Fambonghlo Wildlife Sanctuary hac been ctudied in
the context of employment opportunitiec and
ecotouriom impact policy analyaic.

MOUNTAIN DIVISION

Compilation of tree taxa databoe of North Eact
Himalaya were carried out. A total of 962 taxa are
recorded from Arunachal Pradech, 971 from Acoam,
972 from Manipur, 1042 from Meghalaya, 927 from
Mizoram, 831 from Sikkim, 855 from Tripura, and
916 from Nagaland. More than 61% of treec were
recorded from Meghalaya.

Ao per IUCN (International Union for Concervation
of Nature and Natural Recourceo), 25 tree taxa are
categorized under various threat categories. The
species namely, Dipterocarpus turbinatus
C.F.Gaertn., Dipterocarpus gracilis Blume,
Gymnocladus assamicus Kanj. ex P.C. Kanj., llex
khasiana Purakayactha, Magnolia gustavii King,
Magnolia pleiocarpa (Dandy) Figlar & Noot. are
critically endangered, Adinandra griffithii Dyer,
Dipterocarpus alatus Roxb., Goniothalamus
sitmonsii Hook.f. & Thomoon, /lex venulosa Hook.f.,
Illicium griffithii Hook. f. & Thomoon,
Lagerstroemia minuticarpa Debberm. ex P.C.
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Kanjilal, Magnolia pealiana King, Pittosporum
eriocarpum Royle and Taxus wallichiana Zucc are
endangered and Agquilaria malaccensis Lam.,
Cephalotaxus mannii Hook.f., Dalbergia latifolia
Roxb, Dipterocarpus retusus Blume, Elacocarpus
prunifolius Wallich, Gleditsia assamica Bor,
Ixonanthes khasiana Hook.f., Magnolia mannii
(King) Figlar, Picea brachytyla (Franch.) E. Pritz. and
Ulmus wallichiana Planch. are vulnerable tree opeciec
of [HR.

A book entitled 'Tree Diveraity of Weatern Himalaya'
hac been developed and releaced during the Annual
day function (September 10, 2016) of the inctitute.

Review of lietrature on the biotic and abiotic dtreco
recponcec of medicinally important plantc of
Himalayan region wac conducted. Analycic of the
data revealothat there are only a few papercpubliched
on the phyaiological work on the Himalayan plantc
particularly with the abiotic otreco. The otudy
concluded that more work icrequired in thece agpecto
oo that authentic datacet on the phyaciological
recoponcec of the Himalayan plantc could be created
and utilized while developing otrategies for
congervation.

Aceooment of florictic divercity and microbial
acoociation of the Birch — Rhododendron foredts in
Himachal Pradech, North Weotern Himalaya, wac
carried out. The ooil propertiec from the rhizogphere
of populationowere analyzed and it varied within the
different populationc. The pH of the B. uwtilis
rhizoophere ooil ranged from 5.58 - 6.76; electrical
conductivity 23.5 —99.0 uS; moicture content 17.97 -
55.36%:; organic carbon 2.6 £0.01- 3.2 +0.001%; and
organic matter 4.5 £0.01-5.4 £0.001%. Soil NPK alco
chowed variationoc at all populations. Available N, P
and K ranged between 10.3 £1.6 to 184.8 +2.5, 0.011
+0.001 to 1.15 +0.035 and 320.4 £1.3 to 420.1 £2.5,
reopectively.

Total 26 populationc of B. utilis from three diteci.e.,
Rohtang Paco, Hamta Pacs and Solang valley were
acceooed. Total 175 opecies(11 trees, 24 chrubo& 140
herbo) were recorded. In the populationg, total tree
dencity ranged from 180-1430 ind. ha’, capling
dencity 20- 860 ind. ha' and ceedling denacity 10-820



ind. ha"; chrub310-2460 ind. ha; herbc17.15-92.95 e  According to a quectionnaire for a prioritize matrix,

ind. m?; and opeciecrichnessranged between 16 -45. the moct dectructive activities that affect the
Specieo Diveraity (H') of treeo ranged from 0-1.67, environmental flow of the River Sutlej in the
aplinga, 0.0-1.51, ceedlinga, 1.09-1.32, chrubg, 0.00- Himalayan villagec are mainly road conctruction,
1.74 and herbg, 2.3-3.6. Concentration of dominance dumping wactes into river water, tunnel conctruction
(Cd) for treec ranged from 0.22-1, caplings 0.26 to and deforectation.

1.0; ceedlings 0.28-1.00; chrubs 0.17-1.00 and herbo

0.12-0.2.

e  Climatic variablesand their impact on environmental
flow in the River Sutlej bacin in Himachal Pradech
were acceosed. The WQI (water quality index) of the
River Sutlej water during poct-moncoon, winter and
pre-moncoon ceacon in the celected citec were under
good (39.56), good (46.54) and poor (54.78)
reopectively. WQI indicates for the precent otudy
region that water ionot fit for drinking purpoce.

e Water quality parameterclike alkalinity ac200£25.11
mg 1", hardnecs 280+44.59 mg 1" and DO 13+ 2.11
were not found within their permicoible limit in
winter. On the other hand in pre-moncoon ceacon,
maximum pH raicec to 8.89+0.30 which recults in
bitter tacte to water, cauce corrooion and affectc
mucouomembrane and aquatic life.

e TDS and EC are more interrelated with correlation
oignificant at the 0.01 level in all three ceaconc
Among all the parameterg, electrical conductivity and
total dicoolved oolido were highly correlated with
cignificance level 0.01, R® (0.9811) along with
regrecoion equation.

e A trend of water quality parameters, namely, pH,
D.O., B.O.D. and T.C. from 2006 to 2015 were
analyzed for different ceaconc of the year. Among all
TC chowo a great decadal change in all citec /
locationa.

e  Confluence point of the River Spiti and River Sutlej at
Khab in Kinnaur ic the control cite chocen for the
otudy. During a field curvey in Tangling village, the
reopondentc were not dependent, directly or
indirectly, on the River Sutlej for their livelihood and
other agricultural practicec. In a ourvey, 55% of the
villagerc caid that the fichec were found moctly a
decade before in thic bacin; however, they are now
rarely found due to conctruction activitiec like damg,
tunnelg, roadg, etc.



APPLICATION OF
R&DOUTPUTSIN
DEMONSTRATION

AND DISSEMINATION

Integrated Eco-development Research Programme
(IERP) in the Indian Himalayan region (1992 - Long
Term Scheme, MOEF&CC, Govt. of India)

Minictry of Environment and Forectc (MoEF&CC),
Government of India entructed the recponaibility of
Integrated Action Oriented Recearch, Development and
Extencion Programme (termed ac Integrated Eco-
development Recearch Programme - IERP) in the Indian
Himalayan region (IHR) to the Inctitute in 1992. The
Inatitute funded R&D projectounder two broad thruct areac
[namely, Technology Development and Recearch (TDR)
for Integrated Eco-development, and Technology
Demonctration and Extencion (TDE)] up to 2006-2007.
Since then, location-opecific/action-oriented IERP
projectc are being funded under 6 identified themec
[namely, Waterched Processec and Management (WPM),
Biodivercity Concervation and Management (BCM),
Environmental Acoecoment and Management (EAM),
Socio Economic Development (SED), Biotechnological
Applications (BTA), and Knowledge Productc and
Capacity Building (KCB)] of the Inctitute.

Objectives

e To provide extra mural fundo to different
UniveraitiedInatitutiond NGO Voluntary agenciec
for the cupport of location-gpecific R&D activities in
the Indian Himalayan region (IHR).

e To develop ccientific capabilities in the IHR and
atrengthen infractructure for environmental recearch.

e To develop and execute coordinated programmec ac
per R&D needoofthe IHR or on the recommendationc
of the completed projectc with the help of identified
network partnerc.
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Achievements

A grant-in-aid of Ra 200 lakho wao received from
National Micoion on Himalayan Studies (NMHS) to
atrengthen IERP activitiesin the [HR.

e An adverticement requecting for project propocalc for
funding cupport from IERP-NMHS wac publiched in
National dailiec. A total of 58 project propocalc were
received.

e The Project Evaluation Committee (i.e., 19" meeting
of IERP-PEC) held at HQ GP Pant Almora and baced
on the expertcopinion and recommendationcthe PEC
memberg, a total of 13 new projectc were canctioned
for execution in 3 Statec (namely, Accam, Nagaland
and Uttarakhand) of the IHR.

e At precent thirty nine IERP projectcare on-going in 7
Statec (namely; Acoam, Arunachal Pradech, Himachal
Pradech, J&K, Sikkim, Uttarakhand and W.B.) of the
IHR. A total of ceven projectc were completed in the
reporting year.

Strengthening and Management of ENVIS Centre on
Himalayan Ecology at the Institute headquarters (1992
-Long Term Scheme, MOEF&CC, Govt. of India)

Environmental Information Syctem (ENVIS) Centre
on Himalayan Ecology wac cet up in the Inctitute in the
financial year 1992-93 aca part of ENVIS network in India
by the then Minictry of Environment and Foreot (MoEF),
Govt. of India; the nodal agency in the country for
collecting and collating all available information from all
the ENVIS Centrec to provide national ccenarioo to the
international oet up, INFOTERRA Programme, of the
UNEP.



Objectives

e To collect, collate, compile and build qualitative and
quantitative databacec of information related to
varioucacpectoof Himalayan Ecology.

e To diooeminate all available information, free of coct,
to variousatakeholderducercincluding all the Dictrict
Information Centrec (operating in the Himalayan
atatesof the country), ENVIS CentredNodecsand other
ucer agenciedgroupc through print and electronic
media.

e To develop, up-grade and maintain ENVIS webaite at
the headquartercof the Inctitute.

Achievements

e The Centre hac compiled the quantitative and
qualitative databacecon varioucaopectcof Himalayan
Ecology. Theee include, ENVIS Centre Publicationc
[ENVIS Newdletterc Vol. 13(1-4), 2016-17; ENVIS
Bulletin Vol. 24, 2016; State at a Glance: Seriec of
Indian Himalayan Stateg, Nagaland Vol. 1(6), 2016,
Mizoram Vol. 1(7), 2016, Manipur Vol. 1(8),2016, and
Meghalaya Vol. 1(9),2016]

e For improving the outreach of ENVIS Centre'sc
publicaitonc thic year all publicationc in variouc
ocientifice agenciedlibrariedetc. have been indexed.
These include, Directory of Recearch Journalc
Indexing (DRJI); Euracian Scientific Journal Index;
Impact Factor Servicec for International Journalg
CiteFactor

e State Specific Statictical Databacec were developed,
which coverc the temporal trendc acrocs important
cegmento, e.g., demography, literacy, land, water,
agriculture, horticulture, forect cover, protected areag,
weather profileg, etc., which would help in crucial
decicion-making and policy planning proactively of
Indian Himalayan ctatec.

e Regular upgradation and maintenance of ENVIS
Centre'owebaite (http://gbpihedenvicnic.in).

Central Laboratory Services

Inctitute hac otrengthened the facilitiec of phyaico-
chemical, biological, heavy metal analycic of drinking,
raw, wacte water and quantification of volatile compoundc
of ooil and plant camplec. The heavy metaloin the water and
il camplec are detected through Atomic Abcorption
Spectrophotometer (Make- Varian AA280Z, equipped
with graphite tube atomizer). Quantification of aromatic
and volatile compoundc are carried out ucing Gac
chromatograph (make- Chemito, Ceres 800 pluo). Inctitute
ic aloo having the facility of analyzing carbon, hydrogen,

nitrogen and oulfur through CHNS-O analyzer (make-
Elementar, Vario EL-//I). Facility of UV-Vic
opectrophotometer (make- UV 5704, Electronico
Corporation of India Ltd.) ic available for coil, water &
plant analycic. The Inctitute hacextended thece cervicesfor
other organizationc (NGOc and other Government
Organization) on payment baacic. In the financial year 2016-
17, Inctitute hac collected Ro.1.30 lakh ac a central
laboratory cervice charge from 15 organizationc (4 - Govt.
Organization, & 11 - NGOo). Apart from thig, the Central
Lab hac alco facilitated Inctitute recearch work (In-houce
and external funded projecto) in the form of cample
analyoic uoing AAS, GC & CHNS. Figure 34 depicto
month-wice camplecanalyced for Inctitute acwell acother
organizationc
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Fig. 34. Graphic representation showing total samples
analysed in Central Laboratories

Strengthening and Maintenance of the Central Library
atHQ

The Central Library of the Inctitute at itcheadquartera,
at the end of financial year 2016-2017, hac 16,737 booka.
The library ic cubccribing a total of 83 periodicalo (44
Foreign and 39 Indian). For management of Library and
Information Centre, a network vercion of the coftware
PALMS developed by the Scientict of thicIndtitute icbeing
uced. Ac a reoult, the Library ic providing a number of
cervicec ouch ac Article Alert, Current Awareneoo,
Selective Diccemination of Information, Reprography,
Reference, Indexing, Bibliography, Web Services (Online
Journalo) etc., for the development of the human recourcec.
The Library of the Inctitute ic accecoible through the
Inctitute’csweb aite (http://gbpihed.gov.in).

During the reporting year, 123 new book titlec were
added to the Library. R & D achievementoc of the Inctitute
were dicoceminated through itc regular in-houce
publications, namely Hima-Paryavaran — a biannual
newoletter and Inctitute Annual Report to varioucacademic
and ocientific inctitutions, Government departmentg,
NGOg, policymakerg, plannercand individualoworking on
varioucacpectoof mountain environment and development.



MISCELLANEOUS
ITEMS

1. SCIENTIFIC PUBLICATIONS
(I) SCIENTIFIC JOURNALS

NATIONAL

Barman, T., A. Jyoti, S. Marpa, M. Lal, A. Singh, P.
Sharma, S.S. Samant (2016). Diveraity, dictribution,
and otatuc of orchido in Upper Beac Catchment and
Parbati Valley of Kullu dictrict, Himachal Pradech.
The Journal of the Orchid Society of India. 30: 57-64,
2016.

Dayakrichna, M.K. Arya, P.C. Jochi, K. Kumar (2016).
Variation in Didtribution, Denacity and Diveraity of
Graoohopperc (Incect:  Orthroptera) in Different
Habitatc of Corbett Tiger Recerve, Uttarakhand,
India. Journal of Environment & Bioacience. 30(2):
275-281.

Dutta, K., C.S. Reddy, S. Sharma, C.S. Jha 2016.
Quantification and monitoring of forect cover
changes in Agacthyamalai Bioophere Recerve,
Weatern Ghatg, India (1920-2012). Current Science.
110(4):508-520.

Ghooh, P. (2016). Geographical Indicationc A corner
otone in poverty alleviation and empowerment in the
Indian Himalayan region. National Academy of
Science Lettera. 39 (4): 307-3009.

Ghooh, P., M. Sundriyal, D. Pant, N. S. Bhandari (2016).
National ceminar on climate change education.
Current Science.110: (10) 1887.

Goaavi, V., S. Mukherjee, R. Jochi, R.K. Verma, K.
Kumar, P.P. Dhyani (2016). Suctainable Development
of Indian Himalayan Region. Current Science. 111
(6):967-969.

ANNUAL REPORT
2016-2017

—

——

P ——

—

_—
n——

Jochi R, S. Mukherjee, J. C. Kuniyal, R. K. Verma, D. S.
Rawat, Kireet Kumar, P. P. Dhyani. 2016. Himalayan
Suctainable Development Forum — Firct Regional
Meet. Climate Change and Environmental

Suctainability. 4(1): 92-94.

Kumar, D., P. Kumari, S.S. Samant, S. Paul (2016).
Acecoment of orchid diveraity in cacred grovec of
Kullu dictrict, Himachal Pradech, India. The Journal
of'the Orchid Society of India. 30: 89-95.

Kumari, A., S.S. Samant, S. Sharma (2016). A ctudy on
traditionally uced medicinal plantc and acoociated
practicec in Anni Khad Waterched of Diatrict Kullu,
Himachal Pradech, Weatern Himalaya. Journal of
Non Timber Foreat Product. 23 (4): 199-219.

Mize, Tami, K.S. Kanwal, N. Rangini, Lod Yama, Olak
Patuk, M.S. Lodhi (2016).The Current Development
of Ecotouriom in Ziro Valley and itc cignificance in
Arunachal Pradech, India. International Journal of
Advance Recearch and Innovative Ideacin Education
2(6)-1735-1743.

Pant, V., R.C. Sundriyal (2016). Nutritional and
therapeutic efficacy of Stinging Nettle- A review. The

Journal of Ethnobiology and Traditional Medicine,
Photon. 126: 1240-1254

Paul, B., S.C. Arya, PK. Samal (2016). Statuc and
didtribution of rare endangered and vulnerable plant
opeciec and their cignificance ac climate change
indicator in Arunachal Pradech. Bulletin of Arunachal
Foreot Recearch (BAFR) 30&31 (1&2).

Singh, P., G.C.S. Negi (2016). Impact of climate change
on phenological regponcec of major forect treec of



Kumaun Himalaya. ENVIS Bulletin on Himalayan
Ecology. 24 (1-2): 112-116.

Rawat LS., R.K. Maikhuri, V.S. Negi, Y. M. Bahuguna,
D.S. Pharowan, A. Maletha (2016). Allelopathic
performance of medicinal plantc on traditional
oiloeed and pulce crop of Central Himalaya, India.
National Academy Science Letterc. doi 10.1007/c
40009-016-0435.

Samal, P.K., K.S. Kanwal, K. Kumar and P.P. Dhyani
(2016). Climate change adaptation in North Eactern
region of India: icouec and optionc. Current Science.
110 (2): 139-140.

Samal, P.K., M.S. Lodhi, S.C. Arya, R.C. Sundriyal, P.P.
Dhyani (2016). Eco-technologiec for agricultural and
rural livelihoodo in northeact India. Current Science.
111(12): 1929-1935

Sharma, P., S.S. Samant (2017). Diveraity, Dictribution,
Indigenouc Uceo and Concervation of Orchide in
Parvati Valley of Kullu Didtrict, Himachal Pradech,
Northweotern Himalaya. J Biodiv. Endanger Speciec.
5(1):2-5,177.doi: 10.4172/2332-2543.1000177

Singh K.K., M. Singh, A. Chettri (2016) In vitro
propagation of Rhododendron griffithianum Wt. an
endangered Rhododendron opeciec of Sikkim
Himalaya. Journal of Applied Biology and
Biotechnology. 4(02):072-075.

Singh, P., G.C.S. Negi (2016). Impact of climate change
on phenological recponcec of major forect treec of
Kumaun Himalaya. ENVIS Bulletin on Himalayan
Ecology. 24 (1-2):

Sundriyal, R.C., P. Ghooh, G.C.S., Negi, S. Airi, P.P.
Dhyani (2016). Natural dicacterc and human tragedy
in the context of Himalayan otatec. Proceedingcof the
Indian National Science Academy. 82 (1):21-23.

International

Arya, O.P., A. Pandey, P.K. Samal (2017). Ethnobotany
and nutritional importance of four celected medicinal
plantc from Eactern Himalaya, Arunachal Pradech.
Journal of Medicinal Plant Studiec. 5(1): 45-49.

Arya, S.C., Neelam Sunny (2016). Acoecoment of tree
diveraity and recource uce pattern in Bath Putu Foredt,
Itanagar, Arunachal Pradech. International Journal of
Environmental Sciencea. 5 (3): 166-172.

Bhatt, A., F. Perez-Garcia, P.C. Phondani (2016). Foliage
colour influence on ceed germination of Bienertia

cycloptera in Arabian decertc. Nordic Journal of
Botany. 34:428-434.

Bhatt, A., P.C. Phondani, S.S. Phartyal, A. Santo, D. J.
Gallacher (2016). Influence of aerial ceed banko on
germination recponce in three decert plant opeciea
Journal of Plant Ecology. ISSN : 1752-993X (In
Preco).

Bidht, S., S. Sharma, S. Chaudhry (2016). Flach Flood
Rick Succeptibility in Gagac River Waterched —
Kumaun Leocer Himalaya. International Journal of
Advanced Remote Sencing and GIS. 5(5):1709-1725

Biocht, D., R.K. Singh, R.C. Pracad (2016).
Computational toolc of bioinformaticc and data

repoaitory: a ccientific review. International Journal
of Life Scienceo. 5(4): 222-2217.

Chandra Sekar, K., L. Giri, V.S. Negi (2016). Florictic
diveraity, otatuc acoecoment of threatened and high
value medicinal plantcof Nanda Devi National Park,
Uttarakhand, India. Phytotaxon. 16: 58-75.

Chauhan, R., J.C. Kuniyal, D.C. Pandey, J. Jamwal
(2016). The Spatial Analycic of Satluyj Baain,
Himachal Pradech. International Recearch Journal of
Earth Scienceo. 4(7): 1-16.

Chauhan, R., J.C. Kuniyal, D.C. Pandey, J. Jamwal
(2016). The worldwide Hictorical factc behind the
development of hydroelectric projects: A review.
Adlan Journal of Advance Bacic Sciencea 4(2):60-64.

Dey, D., P. Bhojak, K. Chandra Sekar, R.S. Rawal
(2016). Florictic divercity of Chandra Tal: A high
altitude RAMSAR wetland in TrancHimalaya, India.
Int.J. Rec. Eng. Bio. 4(4): 12-19.

Giri, L., A.K. Jugran, A. Bahukhandi, P. Dhyani, 1.D.
Bhatt, R.S. Rawal, S.K. Nandi, U. Dhar (2016).
Population genetic cotructure and trait acocociationc
uoing morphological, phytochemical and molecular
markerc in Habenaria edgeworthii”: a threatened
medicinal orchid of the weot Himalaya. Applied
Biochemictry and Biotechnology. doi:10.1007/
012010-016-2211-8.

Jain, R., A. Pandey (2016). Soil enzymec and microbial
endophytecacindicatorcof climate variation along an
altitudinal gradient with regpect to wheat rhizogphere
under mountain ecooyotem. Rhizoophere.2: 75-84.



Jain, R., A. Pandey, M. Paaupuleti, V. Pande (2016).
Prolonged production and aggregation complexity of
cold active lipace from Pseudomonas proteolytica
(GBPI_Hb61) ioolated from cold decert Himalaya.
Molecular Biotechnology. doi 10.1007/612033-016-
9989-z.

Jugran, A.K., A. Bahukhandi, P. Dhayani, [.D. Bhatt,
R.S. Rawal, S.K. Nandi (2016). Impact of altitudec
and habitatc on valerenic acid, total phenolicg,
flavonoids, tanning, and antioxidant activity of
Valeriana jatamansi. Applied Journal of Biochemictry
and Biotechnology. 179: 911-926.

Jugran, A.K., .D. Bhatt, R.S. Rawal (2016). Integrated
approachec for concervation and effective utilization
of V. jatamansi in Uttarakhand. Acia Pacific Journal
of Biodiveraity. 9:152-159.

Jugran, A K., W.Y. Chaudhery, A. Bahukhandi, 1.D.
Bhatt, R.S. Rawal, P.P. Dhayani (2016). Effectc of
procecoing and otorage methodo on the nutritional,
anti-nutritional, and antioxidant content of Paeonia
emodi, Wall. Ex. Royle. Applied Journal of
Biochemiatry and Biotechnology. 180: 322—-337.

Kalita, B.C., S.C. Arya, Hui Tag (2017). Wild Edible and
Medicinal Plantc uced by Apatani Community of
Lower Subanairi Dictrict, Arunachal Pradech, India.
International Journal of Current Recearch in
Bioaciencesand Plant Biology. 4(3): 64-70.

Kanwal, K.S. (2017). Aocecoment of Structure and
Compoaition of Vegetation in and around a
Hydroelectric Project Area in Alaknanda Valley of
Wecotern Himalaya, India. International Journal of
Life Sciencec.6(1): 1-12.

Lal, M., R. Devi, Virendra Singh, R.K. Rana (2017).
Dictribution and Morphological Variationc in
Allopatric Populationc of Hippophae tibetana in
Tranc Himalaya India. The Journal of Ecology. 112:
479-486.

Lodhi, M.S., M. Reza (2017). Morphometric Analycicof
Singki River Catchment ucing Remote Sencing &
GIS: Papumpare, Arunachal Pradech. International
Journal of Advanced Remote Sencing and GIS. 6(1),
2023-2032.

Lodhi, M.S., J.C. Kuniyal, D.K. Agrawal and K.S.
Kanwal (2016). Framework for otrategic
environmental accecoment in context of hydropower

ANNUAL REPORT
2016-2017

development in the Indian Himalayan Region.
International Journal of Environmental Science.
5(1):11-23.

Maikhuri, R.K., D. Dangwal, V. S. Negi, L.S. Rawat
(2016). Evaluation of oymbiotic nitrogen fixing
ability of legume cropoc in Central Himalaya, India.
Rhizoophere. http://dx.doi.org/10.1016/j. rhioph.
2016.001.

Maikhuri, R.K., P.C. Phoondani, L. S. Rawat, N.K. Jha,
A. Maletha, Y.M. Bahuguna, L.S. Kandari (2016).
Concervation and management otrategiec of
medicinal plant recourcec through action recearch
approachec in Indian Himalaya. Iranian Journal of
Science and Technology, TrancactioncA: Science. doi
10.1007/640995-016-0057-0.

Maletha, A., R.K. Maikhuri, S.S. Bargali (2016). Total
utility valuec and extraction of come ecological
important plant opeciec in the timberline zone of
NDBR, Uttarakhand, Weoctern Himalaya.
International Journal of Advance Recearch.4 (5): 357-
363.

Maletha, A., R.K. Maikhuri, S.S. Bargali (2017).
Vegetation analycic and regeneration pattern of
dominant tree opeciec in timberline zone of Nanda
Devi Bioophere Recerve (NDBR), Central Himalaya,
Uttarakhand, India. Journal of Forecotry Recearch. (In
preco).

Mize, T., K.S. Kanwal, R. Nongmaithem, Lod Yama,
Olak Patuk, M.S. Lodhi (2016). The Current
Development of Ecotouriom in Ziro Valley and ito
oignificance in Arunachal Pradech, India.
International Journal of Advance Recearch and
Innovative Ideacin Education. 2(6): 1735-1743.

Negi, V.S., R.K Maikhuri (2016). Forect recource
conoumption pattern in Govind Wildlife Sanctuary,
Wectern Himalaya, India. Journal of Environmental
Planning & Management. doi.org /10.1080/
09640568.2016.1213707.

Negi, V.S., R.K. Maikhuri, D.S. Pharowan,S. Thakur, P.P.
Dhyani (2016). Climate change impact in the Weatern
Himalaya: people'c perception and adaptive
atrategiea. Journal of Mountain Science. 14(2): 403-
416.

Nongmaithem, R., M.S. Lodhi, P.K. Samal, P.P. Dhyani,
S. Sharma (2016). Faunal diveraity and threatc of the
Dibru-Saikhowa biogphere recerve: a otudy from



100

Accam, India. International Journal of Concervation
Science.7 (2): 523-532.

Pandey, N., K. Dhakar, R Jain, A Pandey (2016).
Temperature dependent lipace production from cold
and pH tolerant opeciec of Penicillium. Mycoophere.
doi: 10.5943/mycoagphere/ai/3b/5.

Phondani, P.C., A. Bhatt, Ecam Elmrrag, Y.M. Alhorr,
Ali El-Keblawy (2016). Criteria and indicator
approach of global cuctainability accecoment cyctem
for cuctainable landocaping ucing native plantc in
Qatar. Ecological Indicatora. 69:381-389.

Phondani, PC, A. Bhatt, Ecam Elcarrag, Y.M. Alhorr
(2016). Ethnobotanical Magnitude towardc
Suctainable Utilization of Wild Foliage in Arabian
Decert. Journal of Traditional and Complementary
Medicine. 6:209-218.

Phondani, P.C., I.D. Bhatt, V.S. Negi, B.P. Kothyari, A.
Bhatt, R.K. Maikhuri (2016). Promoting medicinal
plantc cultivation ac a tool for biodiveracity
concervation and livelihood enhancement in Indian
Himalayan region. Journal of Awcia-Pacific
Biodiveraity. 9:39-46.

Pracad, R.C., G.P. Pande, R K. Singh, R. Pracad (2016).
Scientometrico exploration of recearch publicationo
on himalayacduring the year 1989-2014: A ccientific
review. International Journal of Bacic and Applied
Sciencea. 5(3): 102-108.

Purohit, S., A.K. Jugran, [.D. Bhatt, L.M.S. Palni, A.
Bhatt, S.K. Nandi (2016). In vitro approachec for
concervation and reducing juvenility of Zanthoxylum
armatum DC: an endangered medicinal plant of
Himalayan region. Treec. doi 10.1007/000468-016-
1494-2.

Rawat, L.S., R. K. Maikhuri, Y. M. Bahuguna, N. K. Jha,
P. C. Phondani (2016). Sunflower allelopathy for
weed control in agriculture oyctema. Journal of Crop
Science and Biotechnology. 20 (1): 45 - 60.

Rawat, S., A.K. Jugran, A. Bahukhandi, A. Bahuguna,
[.D. Bhatt, R.S. Rawal, U. Dhar (2016). Anti-oxidant
and anti-microbial propertiecc of come ethno-
therapeutically important medicinal plantc of Indian
Himalayan Region (IHR). 3 Biotech 6:1-12.

Rawat, S., A.K. Jugran, .D. Bhatt, R.S. Rawal, H.C.
Andola, U. Dhar (2016). Ecential oil compoaition
and antioxidant activity in Valeriana jatamansi Jonec.

influence of ceaconcand growing courcea. Journal of
Eooential Oil Recearch. doi: 10.1080/ 10412905.
2016.1189856.

Rawat, S., A.K. Jugran, I.D. Bhatt, R.S. Rawal, S.K.
Nandi (2016). Genetic divercity Analycicin Roscoea
procera ucing ISSR Markerc. Brazilian Journal of
Botany. 39:621-630.

Sahani, A.K. (2016). River Rafting and Camping ac an
Adventure form of Touriom for Suctainable
Livelihood Enhancement. International Journal of
Education & Applied Science Recearch. 3(7): 47-55.

Sharma, P., S.S. Samant, Manohar Lal (2017).
Acecoment of plant diveraity for threat elements: A
cace otudy of Nargu wildlife canctuary, north wectern
Himalaya. Ceylon Journal of Science. 46(1): 75-95.

Sharma, P., S.S. Samant (2016). Divercity of
Pteridophytec in the ourroundingec and Dam
oubmergence areacof Hydroelectric Projectoin Kullu
dictrict of Himachal Pradech, Indian Himalaya.
Foreatry Ideac. 22 (2): 127-136.

Sharma, S., J.C. Kuniyal (2016). Hydropower
development and policies in India: A cace of
Himachal Pradech in northwectern Himalaya, India.

Energy Sourceg, Part B: Economicg, Planning, and
Policy. 11(4):377-384.

Singh, K.K., M. Singh, A. Chettri (2016). In vitro
propagation of Rhododendron griffithianum Wt. an
endangered Rhododendron opeciec of Sikkim
Himalaya. Journal of Applied Biology and
Biotechnology. 4(02):072-075.

Singh, M., N. Pandey, V. Agnihotri, K.K. Singh, A.
Pandey (2017). Antioxidant, antimicrobial activity
and bioactive compoundcof Bergenia ciliata Sternb:
A valuable medicinal herb of Sikkim Himalaya.
Journal of Traditional and Complementary Medicine.
7(2)152-157

Singh, R.K., Ranjan Singh (2016). 4G LTE Cellular
technology: network architecture and mobile
otandardo. International Journal of Emerging
Recearch in Management & Technology. 5(12): 1-6.

Tarafdar, Soukhin (2016). The otudy of opatial
dictribution of precipitation and otable icotope
content in mountainouc waterched of mid Himalaya,
Northern India from chort term records of moncoon




period. Journal of Hydrogeology & Hydrologic
Engineering. doi:10.4172/2325-9647.1000138.

Tarig, M., S. Paul, I.D. Bhatt, K.C. Sekar, V. Pande, S.K.
Nandi (2016). Paris polyphylla Smith: An important
high value Himalayan medicinal herb. International
Journal of Advance Recearch. 4(11): 850-857.

Chapter in Books/Proceedings

Arya, O.P., Yumge Yomgam, [.D. Bhatt, M.S. Lodhi
(2017). Optioncfor cuctainable utilization of celected
high value medicinal plantc from Arunachal Pradech.
In: National Sympocium on Current Trendo in
Recearch in Biotic Syotemg, at Department of Botany,
NEHU, Shillong on June. 29-30,2017.

Baaar, K., PK. Samal, W. Mylliemngap (2016).
Indigenouc knowledge oyotemoc ac a tool for
biodivercity concervation: a reflection from
Arunachal Pradech. In: International Conference on
Global Biodiveraity, Climate Change & Suctainable
Development 2016 (ICBCS -2016) co-organiced by
Rajiv Gandhi Univeraity, Arunachal Pradech and
GBPIHED, NE Unit on October. 15-18,2016.

Chettri, A., M. Singh, A. Pandey, D. Kumar (2017).
Invedtigation of ethno-medicinal plantc for antimic-
robial and antioxidant activitiec. In: National Seminar
on Underctanding Himalayan Phytodiveraity in
Changing Climate (9" — 10" March, 2017) organized by
Botanical Survey of India, Sikkim Himalayan
Regional Centre, Gangtok. p 65.

Dag, AK., W. Mylliemngap and O.P. Arya (2017).
Traditional biorecource utilization pattern of Adi and
Monpa communitiec in Arunachal Himalaya. In:
National Sympocium on Current Trends in Recearch
in Biotic Syatemg, at Department of Botany, NEHU,
Shillong on June. 29-30,2017.

Ghooh, P., (2016). Plant litter decompoaition, humuc
formation and carbon cequectration. In: Environmental
Biotechnology. pp. 225-232. (Eda. Rajan Gupta and
Satyachila Singh). Daya Publiching Houce, Darya
Ganj, New Delhi.

Jyoti, B., T., A. Sharma, S. Marpa, S.S. Samant, K.
Kothari (2016). Acsecoment of Foreot Vegetation for
the community diveraity an regeneration patternc in
the upper Beac catchment of dictrict Kullu, Himachal
Pradech. In: UGC-SAP Sponcored National
Conference on Biodiveraity Concervation and Pollution

ANNUAL REPORT
2016-2017

Control — Challengec and Strategies (B CPC-2016)
organized by Department of Environmental Sciencec
Univeraity of Jammu, Jammu. pp. 34.

Kanwal, K.S., S. Mukherjee, R. Jochi, D.S. Rawat
(2017). Numerical acecoment of impact of bio-
phyaical and cocial driverc on farm yieldo of central
Himalaya. In: Proceedingc of UCOST Congreo,
Dehradun, India. PP 12.

Kanwal, K.S., M.S. Lodhi (2016). Concervation and
ouctainable uce of high altitude wetlandoof Arunachal
Pradech under global climate change. In: International
Conference on Global Biodiveraity, Climate Change
& Suctainable Development 2016 (ICBCS -2016) co-
organiced by Rajiv Gandhi Univeraity, Arunachal
Pradech, and GBPIHED, NE Unit on October. 15-18,
2016.

Kanwal, K.S., P.K. Samal (2016). The Role of
Indigenous Community in Natural Recource
Management and Biodivercity Concervation in
Arunachal Pradech. In National Seminar on Natural
Recource Management: Technological Optionc
organized by National Inctitute of Rural Development
& Panchayati Raj North Eactern Regional Centre
(NIRD&PR-NERC), Guwahati on 18" -19" March,
2016.

Kanwal, K.S., P.K. Samal, M.S. Lodhi. (2016).
Indigenouc knowledge for biodiveraity concervation
in a changing climate in the Eactern Himalaya. In:
Anonymougc (ed.) National Seminar on Indigenouc
Knowledge Syotem for Suctainable Rural
Development organized by National Inctitute of
Rural Development & Panchayati Raj North Eactern
Regional Centre (NIRD & PR-NERC), 18-19
January, 2016, Guwahati.

Kumar, D., M. Singh, L.K. Rai, S. Sharma, P.P. Dhyani
(2017). Predicting the impact of climate change on
medicinally important plant of Eactern Himalaya:
Swertia chirayita (Roxb. ex Fleming) H. Kract. In:
National Sympocium on Ioouec and Challenges in
Ecological Sciences (23" -25"  February, 2017)
organized by Centre of Advanced Study in Botany,
Inctitute of Science, Banarac Hindu Univeraity,
Varanaai, pp 42-43.

Kumar, D., M. Singh, G. Talukdar, D.K. Upreti, G.S.
Rawat (2017). Predicting the impact of climate
change on lichen diveraity in the Indian Himalayan
Region. In: National Seminar on Underctanding



102

Himalayan Phytodiveraity in Changing Climate (9" —
10" March, 2017) organized by Botanical Survey of
India, Sikkim Himalayan Regional Centre, Gangtok.
p47.

Kumar, K., S.S. Samant, R.S. Rawal, P.P. Dhyani (2016).

Concervation and management of pollinatorc for
cuctainable agriculture through ecocyctem approach:
A cace otudy from Kullu Valley, Himachal Pradech.
In: National Conference on Environmental Protection
and Suctainability, Organized by Sir Theagaraya
College, Chennaiand IAES, Haridwar. pp.75-76.

Lod, Y., K.S. Kanwal, M.S. Lodhi, K. Bagra (2016).

Statucof floral diveraity in the wetlandsof Arunachal
Pradech. In: International Conference on Global
Biodivercity, Climate Change & Suctainable
Development 2016 (ICBCS -2016) co-organized by
Rajiv Gandhi Univeraity, Arunachal Pradech and
GBPIHED-NE Unit on October 15-18,2016.

Maikhuri, R.K., L.S. Rawat, P.C.Phondani, A. Maletha,

Y.M. Bahuguna, N.K. Jha, L.S. Kandari, K.P.
Chamoli (2016). Indigenouc pect management
otrategies and agrodivercity implicationc for
ouctainable agriculture in the Himalaya. In: Chandra
Singh Negi (ed.), Uttarakhand Nature, Culture and
Biodiveraity. Winaar publicationg, pp. 159-170.

Maikhuri, R.K., V.S. Negi, L.S. Rawat, D.S. Pharowan

(2016). Bioproopecting of non-timber forect productc
in central Himalaya: Implicationc for cuctainable
management and livelihood. In: National Seminar on
Nature, Culture and Biodiveraity, pp.404-4013.

Maletha, A., P.C. Phondani (2017). Ecological

accecoment of alien invacive planto in Uttarakhand
Himalaya: Implicationcfor biodiveraity concervation.
In: Pankaj Sharma, Neha Gautam Sharma and Pankaj
Sharma (edoc.), Microbiological and Pharmacological
aopecto of Biodiveraity. Diccovery Publiching Houce
PVT.LTD. pp. 116-128.

Mize, T., Olak Patuk, M.S. Lodhi (2016). Ecotouriom aca

potential tool for ocuctainable development in
Arunachal Pradech. In: National Seminar organized
by DNGC Itanagar, and NE Unit, GBPIHED.

Mize, T., P.K. Samal, Olak Patuk (2016). Development of

marketing otrategy to promote ecotouriom in
Arunachal Pradech India. In: International Conference
on Advancementc in Touriom and Hoopitality

Marketing organized by Department of Touriom,
North-Eactern Hill Univeraity, Shillong on May 17-
18,2016.

Mylliemngap, W., A.K. Dag, R.C. Sundriyal and M.S.

Lodhi (2017). Traditional Knowledge innovationc
and practicec contributing to concervation of
biorecourceo in Arunachal Pradech, Northeact India.
In: National Sympocium on Current Trendc in
Reaearch in Biotic Syctemg, at Department of Botany,
NEHU, Shillong on June 29-30,2017.

Mpylliemngap, W., P.K. Samal, K. Bacar, K.S. Kanwal

(2016). Ethno-medicinal plantcof Acteraceae family
from Arunachal Pradech, Northeact India: A review of
traditional uces and pharmacological propertiec. In:
International Conference on Global Biodiveraity,
Climate Change & Suctainable Development 2016
(ICBCS -2016) co-organized by Rajiv Gandhi
Univeraity, Arunachal Pradech and GBPIHED, NE
Unit on October 15-18,2016.

Negi, G.C.S. (2016). Contribution to green India micoion

through agroforectry and ailvi-pacture development
in Uttarakhand mountainac. pp. 119-124. Uttarakhand
ke Paripekchya Mein Krichi Vaniki Pathadtiyon ka
Abhilekhikaran evam Sancuctiyan. B.P. Gupta &
Vivek Pandey (Edc), Foreat Department, Govt. of
Uttarakhand.

Olak, P., M.S. Lodhi, Tami Mize (2016). Ecotouriom aca

potential tool for ocuctainable development in
Arunachal Pradech. In: National Seminar on Human
Capital Recources, Environment and Infractructural
Development in Northeact Statecof India in the Era of
Globalization organized by Dera Natung Govt.
College, Itanagar, A.P. on October 22-23,2016.

Rai, O., D. Kumar, K.K. Singh, M. Singh (2016).

Predicting the dictribution pattern and cuitable habitat
for reintroduction of Rhododendron leptpcarpum: A
Critically Endangered Plant of Sikkim Himalaya”.
In: TIRS — ISG National Sympocium on Recent
Advancec in Remote Sencing and GIS with Special
Emphacic on Mountain Ecooyctemsc (7" -9"
December, 2016) organized by Indian Society of
Remote Sencing and Indian Society of Geomatico,
Indian Inctitute of Remote Sencing (IIRS), Dehradun,
p.318.

Rao, K.S., R.K. Maikhuri, K.G. Saxena (2016).

Indigenouc pect management in the Himalaya. In:




K.G. Saxena & K.S. Rao (eda), Soil Biodiveraity:
Inventory, Functioncand Management, Bichen Singh
Mahendra Pal Singh, Dehradun, pp. 383-399.

Reza, M., M.S. Lodhi (2016). Foreat cover monitoring
ucing Geoopatial technology: A cace otudy of
Papumpare dictrict, Arunachal Pradech. Paper
precented at the National Seminar on "Human Capital
Recources, Environment and Infractructural
Development in Northeact Statecof India in the Era of
Globalication" organized by Dera Natung Govt.
College, Itanagar, A.P. during October 22-23,2016.

Samal, P.K., R.C. Sundriyal, P.P. Dhyani (2016). Shifting
agriculture in northeact India: Looking at it
holictically and optionc to make it ecologically and
economically ocuctainable. In: Development
peropectivecin North Eact India: A holictic overview
(Edo. R.M. Pant and M.K. Shrivactava), pp. 47-68,
NIRD, Guwahati, Acoam.

Singh, M., A. Chettri (2016). Peropective on ethnome-
dicine: A cace otudy from Sikkim Himalaya. In:
International Conference on Medicinal Plantc and
Management of Lifectyle Diceaces from December
17-18, 2016 at the Seminar Hall, Inctitute of
Agricultural Sciences, Banarac Hindu Univeraity,
Varanaai, India, P. 31.

Singh, K., R.K. Maikhuri, K.S. Rao (2016). Mycorrhiza.
In: K.G. Saxena & K.S. Rao (eda), Soil Biodiveraity:
Inventory, Functioncand Management, Bichen Singh
Mahendra Pal Singh, Dehradun, pp. 85-108.

Thakur, H.K., J.C. Kuniyal (2016). Ambient air quality
otatuc and itc courcec in urban and cemi-urban
locationc of Himachal Pradech, pp.173-189. In:
Chand, R. and Leimgruber, W. (edc.) Globalization
and marginalication in mountain regionc: acoets and
challenges in marginal regiono, Springer
International publiching Switzerland, ISBN 978-3-
319-32648-1, 978-3-319-326-19-8 (e-book); doi
10.1007/978-3-319-32649-8, pp.1 240.

Authored/Edited Books/Booklets/ Bulletins/
Monographs:

Bhatt, I. D., K. Chandra Sekar, R.S. Rawal, S.K. Nandi,
P.P. Dhyani (2016). Tree divercity of Wedtern
Himalaya. G.B. Pant Inctitute of Himalayan
Environment & Development, Almora, Uttarakhand.
pp. 1-52.

ANNUAL REPORT
2016-2017

Jochi, R., K. Kumar, P. P. Dhyani (2016). Policy Brief on
Climate Change and Touriom — An Analycic of
Suctainability of Touriom in Indian Himalayan
Region under Climate Change. G.B. Pant Inctitute of
Himalayan Environment & Development, Almora,
Uttarakhand.

Maikhuri, R.K., L.S. Rawat, P.C. Phondani, Y.M.
Bahuguna, N.K. Jha, A. Maletha (2016). Uttarakhand
Himalaya Mai Kadtkaro Ki Ajeebika Sambardhan
Hetu Saral Gramin Taknikio Ka Upyog. Hindi
manual, Paru Graphico Publicher, Srinagar Garhwal,
pp. 1-17.

Maikhuri, R K., L.S. Rawat, P.C. Phondani, Y.M.
Bahuguna, N.K. Jha, A. Maletha (2016). Uttarakhand
Himalaya Mai Vanya Auyadhiya Maalo ka Jaib-
pracanckaran ke dwara Udhamailta Vikcit Karna.
Hindi manual, Paru Graphicc Publicher, Srinagar
Garhwal, pp. 1-11.

Maikhuri, R.K., L.S. Rawat, P.P. Dhyani, P.C. Phondani,
Y.M. Bahuguna, A. Maletha (2017). Emerging
Concern of Hill Agriculture of Uttarakhand: Policy
Iooues and Prioritiec for Suctainable Development.
Policy paper, Apna Janmat Publicher, Dehradun, pp.
1-23.

Maikhuri, R.K. (2016). Rural Technology Demonatration
and Training Centre (RTDTC), Triyuginarayan,
Rudraprayag, Uttarakhand. GBPIHED, Garhwal
Unit, Srinagar (Garhwal).

Maikhuri, R.K. (2016). Viburnum mullaha (Bhatmolya):
A Potential Wild Biorecource for Suctainable Rural
Development. GBPIHED, Garhwal Unit, Srinagar
(Garhwal).

Negi, G.C.S., R.C. Sundriyal, P.P. Dhyani (2016).
Promoting Environmental, Social and Economic
Development Through Integrated Ecodevelopment
Recearch in Himalaya- A oyntheceo report baced on
projecto funded under IERP of GBPIHED in the lact
25 yearc. 240 p.

Rawat, D.S, D.S. Bicht (2016) Rural Technology
Complex (key for rural development).

Rawat, D.S., D. S. Bicht & Manicha Pimoli * 9ifd& ¥
A T : JATIROT Faed Ud @R AT 2016A



104

Sharma, S., H. Pant, P.P. Dhyani (2017). Concerving the
Himalayan Landocape: Perception and coping with
the climate change impactc on food, water, diceace
and facilitiec. G.B. Pant National Inctitute of
Himalayan Environment and Suctainable Develop-
ment, Koal-Katarmal, Almora,263643. Uttarakhand.
pp 1-29.

Sharma, S., R. Jochi, Pant, H., P.P. Dhyani (2017).
Prioritization of Climate Change Action Plan for
North Weotern Himalayan Statec-Agriculture and
livelihood cector. G.B. Pant National Inctitute of
Himalayan Environment and Suctainable
Development, Koai-Katarmal, Almora.

Sundriyal, R.C., D.S. Rawat, V.S. Negi (2017).
Suctainable community foreat management: with
reference to climate change mitigation and
adaptation. NMSHE Tack Force 3, “Forect recourcec
and biodiveracity”. G.B. Pant National Inctitute of
Himalayan Environment & Suctainable Development,
Koai-Katarmal, Almora, Uttrakhand 263643.

Popular Articles

Arya, O.P,, 1.D. Bhatt, M.S. Lodhi (2016). Microalgae: A
ouctainable biomaco cource with potential benefitc.
Hima-Paryavaran, 29(1), 14-15.

D.S.Bicht, S. Airi, D. S. Rawat (2016) ""5=aT I+ IS ®
[l BT dre gl @ adl | gRafdd &A@
YA ITSTHTST 1T fRHYHT—8 (48—52) |

®. H. B1dTel (2016) STAdRy YR T TS0
YT 1T B oid fAfAerar o= gaTd feausr uf3ret

Kanwal, K.S., PK. Samal, M.S. Lodhi (2017). Jal Vayu
Parivartan ka Arunachal Pradech Rajy ki Jaiv
Vividhta Par Prabhav: Ek Aankalan. Jal Vayu
Parivartan Visheshank, Parayavaran Patrika.

Parayavarn, Van aur Jal Vayu Parivartan Mantralay,
Delhi 68:8-10.

Kumar, K., S.S. Samant, R.S. Rawal, P.P. Dhyani,
(2015). Identification and Concervation of Bee Flora
for the Management of Pollinatorcand Their Habitat
in Kullu Valley, Himachal Pradech. Hima —Paryavaran
28(1&2): 18-20.

Maikhuri, R K., L.S. Rawat, A. Maletha, N.K. Jha, P. C.
Phondani, A.K. Jugran, Y.M. Bahuguna (2016). The
Himalaya: Biodiveracity Threata. Geography and You.
November-December, pp 28-31.

Pimoli, M., D. S. Bicht, D.S.Rawat (2016) "“f2HTerd
Tad el H SMSlifdeT Ud giearer Hae| =g
PRIETHAT gl RTSTTYT e fZATHI—8 (59—64) |

Mylliemngap, W., P.K. Samal, K.S. Kanwal, K. Bacar
(2016). A note on changing trendc in traditional
agricultural practicec of Adi tribe of Arunachal
Pradech. Hima-Paryavaran, 29(1), 10-12.

Negi, G.C.S. (2016). Uttarakhand mein vano ki aag par
ek vaigyanik dretikone. pp. 35-36. In: R.C. Sundriyal
et al.(edo), Suctainable Community Forect Management
with Reference to Climate Change Mitigation and
Adaptation. GBPIHED, Koai-Katarmal, Almora.

T, 9, |, WAeHI, 9. 316R, X BAR (2016),
oG UERl: fRHrae & e1fiies, ARepia®, AHISTD
U4 3fefd eRIER Himaprabha : (In Preco).

Phondani, P.C., R.K. Maikhuri, L.S. Rawat, N.K. Jha,
Y.M. Bahuguna, A. Maletha (2016). Uttarakhand
Himalaya mai Paramparik Kirchi-vanki Pranali ka
catat upyog aibam Tikau Prabandhan ki Awacyakta.
Him-Prabha Rajbhacha Magazine. (In Preco).

Shachni, S., S. Rathore, S. Sood, V. Thakur, J.C. Kuniyal
(2017) Environment and Projectc in Himachal
Pradech, Himprabha (accepted on November 7,2017)

Singh, R.K., R. Singh (2016). Digital locker: an initiative
of Government of India (in Hindi). Anucandhan —
Vigyan Sodh Patrika 4(1):155-158.

Singh, R.K., Ranjan Singh (2016). Efficient Management
and cecurity of data by databace management cyctem
(in Hindi). Anucandhan — Vigyan Sodh Patrika 4(1):
48-52.

Sood, A., Jodhi, R., Chand, H., Sundriyal, R. C. (2015).
Potential of Eco-Touriom around Jagechwar Dham,
Hima-paryavaran. Vol. 28 (1&I1): 24-26.

Sundriyal, R.C., Ghooch, P., Negi, G.C.S., Airi, S. And
Dhyani, P.P. (2016). Natural dicacterc and human
tragedy in the context of Himalayan otatec. Proc.
Indian Natn. Sci. Acad 82(1): 21-23.




ANNUAL REPORT
2016-2017

Vill. Naithana, Post Naubara, Almora-263660,Uttarakhand.

101, Vikas Deep Building, District Center, Laxmi Nager,

New Delhi- 110092, 011-22527392, +919871100394

3rd Floor, 75/11, Gali No -2, East Guru, Angad Nagar,
ANIL SHALINI & ASSOCIATES New Delhi- 110092, 011-22437332, +919871100394
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INDEPENDENT AUDITOR’S REPORT
To
The Members of
G.B. Pant National Institute of Himalayan Environment & Sustainable Development
New Delhi

We have audited the attached Balance Sheet of G.B. PANT NATIONAL INSTITUTE OF HIMALAYAN
ENVIRONMENT AND SUSTAINABLE DEVELOPMENT which comprise the Balance Sheet as at March
31, 2017, and the Income and Expenditure Account, Receipt & Payment account for the year then
ended and a summary of significant accounting policies.

Management’s Responsibility for the Financial Statements

Management is responsible for the preparation of these financial statements in accordance with The
Law of India. This responsibility includes the design, implementation and maintenance of internal
control relevant to the preparation of the financial statements that give true and fair view of financial
position, financial performance and cash flow and are free from material misstatement, whether due to
fraud or error.

Auditor’s Responsibility

Our responsibility is to express an opinion on these financial statements based on our audit. We
conducted our audit in accordance with the Standards on Auditing issued by the Institute of
Chartered Accountants of India. Those Standards require that we comply with ethical requirements
and plan and perform the audit to obtain reasonable assurance about whether the financial
statements are free from material misstatement.

An audit involves performing procedures to obtain audit evidence about the amounts and disclosures
in the financial statements. The procedures selected depend on the auditor’s judgement, including the
assessment of the risks of material misstatement of the financial statements, whether due to fraud or
error .In making those risk assessments, the auditor considers internal control relevant to the
Societies preparation and fair presentation of the financial statements in order to design audit
procedures that are appropriate in the circumstances. An audit also includes evaluating the
appropriateness of accounting policies used and the reasonableness of the accounting estimates made
by management, as well as evaluating the overall presentation of the financial statements.

We believe that the audit evidence we have obtained is sufficient and appropriate to provide a basis for
our audit opinion.
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Opinion

In-our opinion and to the best of our information and according to the explanations given to us, the
financial statements of G.B. PANT NATIONAL INSTITUTE OF HIMALAYAN ENVIRONMENT AND
SUSTAINABLE DEVELOPMENT for the year ended March 31, 2017 are prepared, in all material
respects, in accordance with The Law of India.

The said account gives the information required and gives a true and fair view.

. (@) In the case of Balance Sheet, of the State of Affairs of the Institute as at 315t March 2017.

(b) In the case of Income and Expenditure Account the Income / expenditure for the Year
ended on that date.

(c) In the case Receipt and Payment Account the Receipt and Payment on Cash and/or Bank
account during the Year ended on that date.

Emphasis of Matter

We Draw attention to

Financial Statement, Point no. 4 of Significant accounting policy point no 4. Depreciation on fixed
assets has been provided on straight line method as per the rate prescribed in the company’s Act
irrespective of days of use in first year depreciation is charged for whole year. In place of Income Tax
Act 1961 and Income Tax Rules,

Our opinion is not qualified in respect of this matter.

Report on Other Legal and Regulatory Requirements

a. We have obtained all the information and explanations which to the best of our knowledge and
belief were necessary for the purpose of our audit;

b. In our opinion proper books of account as required by law have been kept by the society so far as
appears from our examination of those books maintained at Head Office at Kosi- Katarmal,

Almora.

c. The Balance Sheet, Income and Expenditure Account, dealt with by this Report are in agreement
with the books of account maintained by the Society;

Date: 04.07.2016

Place: Almora

M NO.075418
FRN. 009960C
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G.B.PANT NATIONAL INSTITUTE OF HIMALAYAN ENVIRONMENT & SUSTAINABLE DEVELOPMENT
EKATARMAL, KOSI ( ALMORA ) UTTARAKHAND
BALANCE SHEET AS ON 31ST MARCH 2017

PARTICULARS SCHEDULE CURRENT PREVIOUS
YEAR (%) YEAR (%)

LIABILITIES
CORPUS / CAPITAL FUND 1 154562559.99 135850950.71
RESERVE AND SURPLUS 2 436363145.07 405080954.23
EARMARKED / ENDOWMENT FUNDS 3 0.00 0.00
SECURED LOANS & BORROWINGS 4 0.00 0.00
UNSECURED LOANS & BORROWINGS 5 0.00 0.00
DEFERRED CREDIT LIABILITIES 6 0.00 0.00
CURRENT LIABILITIES AND PROVISIONS 7 880498907.66 413012327.03

TOTAL 1471424612.72 953944231.97
ASSETS
FIXED ASSETS 8 436363145.07 405080954.23
INVEST. FROM EARMARKED /ENDOWMENT FUND 9 143122867.99 122648277.71
INVEST. OTHERS 10 _ 0.00 0.00
CURRENT ASSETS , LOANS, ADVANCES ETC. 11 891938599.66 426215000.03
MISCELLANEQUS EXPENDITURE

TOTAL 1471424612.72 953944231.97
SIGNIFICANT ACCOUNTING POLICIES 24
CONTINGENT LIABILITIES & NOTES ON ACCOUNTS 25
AUDITOR'S REPORT A ¢
As per our separate report of even date annexed. ' L

& Associates

DATED : 04.07.2017
PLACE : KOSI- KATARMAL, ALMORA

(DR. P.P. DHYANT)
DIRECTOR

Bkl y

D.D.O

—

7779

(SURYA KANT)
FINANCE OFFICER
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G.B.PANT NATIONAL INSTITUTE OF HIMALAYAN ENVIRONMENT & SUSTAINABLE DEVELOPMENT
KATARMAL, KOSI ( ALMORA ) UTTARAKHAND

INCOME & EXPENDITURE A/C FOR THE YEAR ENDED 31ST MARCH 2017

PARTICULARS SCHEDULE CURRENT PREVIOUS
YEAR (%) YEAR })
INCOME
Income from Sales/Services 12 308855.00 300163.00
Grants/Subsidies(net off exp) 13 224820366.32 218714275.6
Fees/Subscriptions 14 0.00 0.00
Income from Investment 15 0.00 0.00
Income tfr from Fixed Assets fund - 27741768.16 25236908.15
(to the extent of depreciation & WDV of asset sold) 0.00 0.00
Income from Royalty, Income from Inv. Publication etc. 16 0.00 0.00
Interest Earned 17 15209306.28 15650959.02
Other Income 18 5369448.00 6591032.00
Increase (decrease) in stock of Finished goods and 19 0.00 0.00
work in progress)
TOTAL (A) 273449743.76 266493337.76

EXPENDITURE
Establishment Expenses: a) Institute 20 115752311.00 80322648.00

b) Projects 25741179.70 18402083.00

c) F.C (Projects) 3059539.00 4781177.00
Administrative Expenses :a) Institute 21 46344732.62 34786153.59

b) Projects (As per Annexure) 20229044.00 44973260.00

c) F.C (Projects)(As per Annexure) 6428951.00 15614243.00
Expenditure on Grants, Subsidies etc. 22 7264609.00 19834711.00
Interest
Depreciation (Net Total at the year-end-as per Sch. 8) 27741768.16 25236908.15

TOTAL (B)
Balance being excess of Income over Expenditure (A - B)
Transfer to special Reserve
Transfer to/ from General Reserve
BAL.BEING SURPLUS TRF.TO CORPUS FUND (Other Income)
BAL.BEING SURPLUS TRF.TO CORPUS FUND (Corpus Interest Income)
BAL.BEING SURPLUS TRF.TO NMHS- PMU (Interest Income)

SIGNIFICANT ACCOUNTING POLICIES 24
CONTINGENT LIABILITIES AND NOTES ON ACCOUNTS 25
AUDITOR'S REPORT

As per our separate report of even date annexed.
il Shatini & Associates

DATED : 04.07.2017
PLACE : KOSI- KATARMAL, ALMORA

252562134.48

243951183.74

20887609.28 22542154.02
0.00

0.00

7339145.00 13202673.00
9594659.28 9339481.02
3953805.00 0.00

hetbops

(DR. P.P. DHYANI)
DIRECTOR

B, 4.0

(DR. ANITA PAND

D.D.O

-— -

T

(SURYA KANT)
FINANCE OFFICER
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ANNUAL REPORT

G.B. PANT NATIONAL INSTITUTE OF HIMALAYAN ENVIRONMENT & SUSTAINABLE DEVELOPMENT
KATARMAL, KOSI (ALMORA) UTTARAKHAND

STATEMENT OF OPENING & CLOSING BALANCES

PARTICULARS OPENING CLOSING
AMOUNT AMOUNT
Grant in aid in transit (Biotech-XIII) 184000.00 184000.00
Cheque in transit: (HP Unit) 0.00 0.00
Cheque in transit: (G Unit) 0.00 925000.00
Cheque in transit: (Sk Unit) 0.00 0.00
Cheque in transit: (N.E. Unit) 0.00 , 0.00
Cheque in transit: (Core Grant) 0.00 10000000.00
Advances
Electrecity Charges Recoverable 4575.00 4575.00
Income receivable form HP Unit 0.00 322436.00
NMHS- PMU Wages Surya Kunj receivable 0.00 40922.00
House Building Advance 442673.00 66678.00
Motor cycle/Car Advance 103975.00 120551.00
Festival Advance 40500.00 0.00
Computer Advance 0.00 0.00
Income tax deducted at source 191498.00 191498.00
Sikkim Unit -62552.83 -62552.83
HP Unit 7214.00 -155358.03
Garhwal Unit 57179.50 0.00
NE Unit 235459.00 41820.00
FDR (Margin Money/LCA/C)
Institute 0.00 0.00
DST NMSHE TF 3 60078.00 2687676.00
DST SERB JCK H. P. Unit 0.00 0.00
SAC S. Trafdar G. Unit 0.00 0.00
1264598.67 14367245.14

TOTAL:

— —
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Brought forward 1264598.67 14367245.14
Due Staff/ other ICA/c
Sh. Chandra Lal 0.00 10000.00
Dr. 1. D. Bhatt (L.T.C) 0.00 0.00
STUP Consultant (7435.00) (7435.00)
M/S International Trade Links, Mumbai 34328.00 34328.00
LICORINC USA 0.00 0.00
Tuder Rose UK (Instt.) 0.00 0.00
S.K. Diesel Sales (Instt.) 0.00 0.00
Wipro GE Health Care (Instt.) 0.00 0.00
Adv. a/c of Airport Handling Service (SERB JCK H. P. Unit) 18371.00 18371.00
VPKAS Almora (Instt.) 26560.00 26560.00
Adyv. to NIH Roorkee 100000.00 100000.00
Post Master G.P.O Almora 0.00 0.00
Employment News 48287.00 48287.00
Sigma Aldrich Chemicals 10590.00 10590.00
Siltap Chemicals Ltd (Biotech -III) 408.00 408.00
DST (LMS) ILTP NRSA Hyderabad 48000.00 48000.00
NRSA Hyderabad 35300.00 35300.00
R.K.Nanda & Sons 28517.00 28517.00
NICSI New Delhi 35106.00 35106.00
Security Deposit CET Sikkim Unit 11000.00 11000.00
NRSA Hyderabad (NNRMS Proj.) 222000.00 0.00
NRSA Hyderabad- Grant in Aid (NNRMS Proj.) 638441.00 638441.00
NRSA Hyderabad (ISRO GBP SSS) 350000.00 350000.00
NRSA Hydrabad (DST-KK-I) 7400.00 7400.00
Vankta Enterprises (MOE&F NBA RSR) 7100.00 7100.00
CCU New Delhi 10123178.00 5666158.00
NRSC Hyderabad (SERB GCSN) 200000.00 200000.00
Security Deposit NE Unit 1750.00 1750.00
Adv. a/c of NRSC Hydrabad (Snow & Glacier KK) 0.00 0.00
EE R.E.S. Almora (MOE&F (BG) RSR 3402000.00 3402000.00
EE R.E.S. Almora Insitute 1571000.00 1571000.00
WWF New Delhi (UNDP-CEF-GOL) NE Unit (31930.00) (31930.00)
Adv. a/c of M/s Mahindra & Mahindra Mumbai 0.00 0.00
E E R.E.S. Almora (HRDI I.D.B. Project) 59000.00 59000.00
Adv. a/c of Chief Secretry Nagaland (Mountain Division) 0.00 0.00
Adv. a/c of Meteorological Department 8000.00 8000.00
Adv. a/c of Chief Coservator Eco Toursm D. Dun (Mountain Division) 500000.00 0.00
Adv. a/c of NRSC Hydrabad (Project No. 04) 24000.00 24000.00
Adv. a/c of of FRI Dehradun MoE&F (NNRMS) 1465104.00 0.00
Adv. a/c of Contrution Division II Pay Jal Nigam (MoE&F Botanical Garden 2493000.00 2493000.00
Adv. a/c of TATA Motors Ltd. 2836.00 2836.00
Adv. a/c of Director M. S. Sawaminathan (NNRMS) 1644000.00 1644000.00
Adv. a/c of Partners NMHS enclose Annexure ‘X' 253285620.00 361706220.00
Adv. a/c of Ms. Poonam Mehta 198.00 198.00
Adv. a/c of NRSC Hydrabad (NMHS IHTP S. Sharma) . 0.00 200000.00
Adv. a/c of Indian Institute of Technology (NMHS-ST) - 0.00 530000.00
Adv.a/c of D.F. O Almora (NMHS-ST) 0.00 187740.00
Adv. a/c of Mahila Haat New Delhi (NMHS-DSR) - 0.00 239000.00
FC Advances to Units (2397541.89) (695312.93)
275228785.78 392976877.21

TOTAL
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FC Advances:
ICIMOD RSR (LOA-I)Director, Wild Life Dehradun

ICIMOD RSR (LOA-III)Director, Wild Life Dehradun
ICIMOD RSR (LOA-I)M/S TATA Motars N. Delhi
ICIMOD India Day Workshop Habitat World N.Delhi
ICIMOD India Day Workshop The Energy Resources instt. N. Delhi
E.T.& T.N.DELHI(INDO-CANADIAN SUMMER)

NRSA HYDERABAD(PARDYP)

GBPUA&T, Pantnagar, PDF-B-GEF

XSPUH &F Solan, PDF-B-GEF

Uttrakhand State Biodiversity Board ICIMOD-RSR (LOA-I)
Adv. a/c of VPKAS PDF B GEF

Adv.a/c of Dr. R. S. Rawal (ICIMOD RSR KSLCDI

Adv.a/c of Dr. G. C. S. Negi (ICIMOD RSR KSLCDI

Adv. a/c of Uttarakhand Forest Deptt. ICIMOD RSR KSLCDI
Adv. a/c of Himalayan Gram Samiti ICIMOD RSR KSLCDI
Adv.a/c of U. SAC Dehradun (Main -New)

Adv. a/c of Himalayan Seva Samiti (Main - New)

Adv. a/c of EE Construction Div. Il Pay Jal Nigam

FC ADVANCES TO UNIT

729000.00 729000.00
270250.00 270250.00
177.00 177.00
70000.00 70000.00
75000.00 75000.00
2880.00 2880.00
32274.00 32274.00
265750.00 265750.00
150956.00 150956.00
3202704.00 3956449.00
268410.00 268410.00
0.00 0.00

0.00 0.00
3494000.00 3494000.00
982100.00 982100.00
885500.00 1403000.00
102120.00 102120.00
0.00 630000.00
2397541.89 695312.93
12928662.89 13127678.93
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INSTITUTE SUPPORTING STAFF

HEAD QUARTERS

Mr. Anil Kumar Yadav
Surya Kant Langayan
L.M.S. Negi

Sanjeev Higginc
Mahech Chandra Sati
Sarita Bagdwal
Jagdich Kumar
Mamta Higgino
Heera Singh

K.K. Pant

Hema Pandey

Suraj Lal

Jagdich Singh Bicht
Chandra Lal
K.N.Pathak

Pan Singh

Nathu Ram

Ganga Jochi

Kanchi Ram

GARHWAL UNIT
D.P. Kumeri

M.P. Nautiyal
J.M.S. Rawat

R.C. Nainwal

R.P. Sati

HIMACHAL UNIT
S.P. Maikhuri
Daulat Ram

SIKKIM UNIT
R.K. Dac
Jagnnath Dhakal
P.K. Tamang
Muaafir Rai
Shyambir

Adminictrative Officer
Finance Officer

Office Superintendent (Admn.)

Technical Gr. —I1I (3)
Technical Gr. — IV (1)
Stenographer
Stenographer

U.D.C.

U.D.C.

U.D.C.

U.D.C.

L.D.C.

Technical Gr. —1II (2)
Driver

Technical Gr. — 1 (3)
Group-C

Group-C

Group-C

Group-C

L.D.C.

Technical Gr. — 11 (2)
Technical Gr. —1II (2)
Field Aooictant
Group-C

Office Superintendent
Group-C

L.D.C

Technical Gr. — 1 (3)
Technical Gr. — 1 (3)
Group-C

Group-C




INSTITUTE FACULTY

HEAD QUARTERS
P.P.Dhyani

Kireet Kumar
S.K. Nandi

R.C. Sundriyal
Anita Pandey

D.S. Rawat

R.S. Rawal

R.C. Pracad
G.C.S. Negi
Subrat Sharma
Paromita Ghoch
I.D. Bhatt

R.K. Singh
Ranjan Joochi
Rajech Joohi

K.C. Sekar
Vaocudha Agnihotri
Harchit Pant
Sandipan Mukherjee
B.S. Majila
Subodh Airi

HIMACHAL UNIT
S.S. Samant

J.C. Kuniyal

R.K. Sharma

Sarla Shachni

Vaibhav Eknath Gomavi

Kichore Kumar

SIKKIM UNIT
H.K. Badola
K.K. Singh
Mithilech Singh

Director
Scientiot-G
Scientiat-G
Scientiat-G
Scientiat-G
Scientict-F
Scientict-F
Scientict-F
Scientict-F
Scientict-E
Scientiat-E
Scientict-E
Scientict-D
Scientict-D
Scientict-D
Scientict-D
Scientiat-C
Scientict-B
Scientiat-C
Tech. Grade 1V (4)
Tech. Grade 1V (3)

Scientiat-G & In-charge
Scientict-F

Scientict-D

Scientict-C

Scientict-B

Tech. Grade IV (1)

Scientict-G & In-charge
Scientiot-F
Scientict-C

ANNUAL REPORT

Plant Phyaciology; Reatoration Ecology
Environmental Engineering; Hydrology
Plant Phyaiology; Biochemictry

Plant Ecology; Rural Ecooyatemo
Microbiology

Settlement Geography; Rural Ecooyctemo
High Altitude Ecology; Concervation Biology
Library & Documentation

Foreat Ecology; Waterched Management; EIA
Agroecology; Remote Sencing / GIS

Plant Science; Soil Science

Plant Phyaiology; Phytochemictry
Information Technology

Ecology Economicag, Recource Valuation
Mathematical Modeling

Plant Taxonomy; Animal Taxonomy

Soil Science; Plant Analyaic; Inctrumentation
Foreat Ecology

Climate Change; Ecooyctem Servicec

Foreat Ecology; Rectoration Ecology

Foreat Ecology; Biotechnology

Plant Taxonomy; Concervation Biology
Development Geography; Wacte Management
Policy Analyacic; Environmental Management
Rural Entrepreneurchip and Small Bucineco
Hydrology; Waterched Management

Zoology

Morphoanatomy; Concervation Biology
Plant Phyaiology; Streco Phyaciology

Plant Ticoue Culture; Bioprogpecting




116

L.K. Rai Tech. Grade IV (3) Plant Taxonomy

Y.K. Rai Tech. Grade IV (3) Rural Ecocyotemo

GARHWAL UNIT

R.K. Maikhuri Scientiat-F & In-charge Plant Ecology; Rural Ecooyctemo

A K. Sahani Scientict-D Social Science; Anthropology

S. Tarafdar Scientiat-D Weather & Climate Change; Glaciology; Hydrology
A.K. Jugran Scientict-C Plant Bio-Technology

NORTH-EAST UNIT

P.K. Samal Scientict-F & In-charge  Social Science; Anthropology

M.S. Lodhi Scientict-D Environmental Acoecoment

S.C. Arya Scientict-C High Altitude Ecology

K.S. Kanwal Scientiat-C Strategic Environmental Acoecoment

Om Prakach Arya Tech. Grade 1V (1) Biotechnological Applicationc
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G.B. Pant Institute of Himalayan Environment & Development

An Autonomous Institute of Ministry of Environment, Forest & Climate Change (MoEF&CC),
Government of India

Kosi-Katarmal, Almora 263 643, Uttarakhand, INDIA

Phone : +91-5962-241041,

Web : http://gbpihed.gov.in,




