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THE YEAR 1998 - 99 : AN OVERVIEW

On reflection, the year 1998-99 has been full of academic activity, infrastructure expansion,
creation of new facilities, initiation/strengthening of collaboration with national and international
agencies. A number of training programmes for farmers and school children were held at different
locations with emphasis on medicinal plant cultivation, biocomposting, protected cultivation and
conservation of biodiversity, In all these programmes, a conscious effort is made to supplement
local knowledge and indigenous practices, rather than sudden introduction of ‘alien concepts and
technologies, in order to ensure peoples participation. Our Networking with NGOs and the
educational Institutions is getting strengthened day by day. The improved residential facilities and
hostel accommodation have helped increase opportunities for interaction by way of training
programmes, workshops and seminars. The VIII G.B. Pant Memorial Lecture and a number of
academic activities of the Institute were the most notable events of the year under reporting.

The Institute has moved from descriptions o demonstrations. Some of the major
achievements inchude demonstration of eco-tourism model achieved through peoples participation,
and use of bicengineering technologies for slope stabilisation. Institute has completed and staried
many projects which have a strong research base but also have a major bearing cn the
developmental approaches and focus on their social walues: details are available in Institute
publication “Research for Mountain Development”, The Institute has further strengthened its ties
with a number of National and International institution by signing MOUs, e.g., with the Wadia
Imstitute of Himalavan Geology for scientific collaboration on projects of common academic
merest. Our collaboration with ICIMOD continues to grow. Funding of new projects by the
Departments of Biotechnology, Science and Technology, Govit. of India is indicative of the
increasing scienuific capabilities of the Institute. Tn addition to the six ongoing core programmes it
iz envisaged o start a new core programme on Indigenous Knowledge Systems during the plan
period. The Institute has also added four more publications to its credit during the year. three of
which were released during the Annual Day function at Mohal, Kullu in November 1998, and the
fourth one by the Hon'ble Minister of Environment and Forests, and the President of G. B. Pamt
Society during the Society meeting on 15 February 1999, The milestone events, mentioned in
subsequent pages in this report. clearly specify the important achievements made in 1998-99,
Comments and suggestions of all those inierested in the welfare of Himalaya and its inhabitants
would be most welcome,

L.M.8 PALNI

Direcior
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MAJOR ACHIEVEMENTS

Compilation of existing data on diversity, distribution and potential values of Himalayan
Medicinal Plants.

Establishment of over ten demonstration sites for addressing small hill slope instabilities using
bioengineering measures.

Strengthening and reorientation of Himalayan Biodiversity Conservation programme for the
school children.

“Mitigating disasters in the Himalaya™ - 8" Pt. G.B. Pant Memorial Lecture by Prof. VK,
Gaur.

Establishment of tissue culture and green house facility and rural technology park in the
Headquarters at Katarmal.

Preparation of water management plan for selected micro-watersheds of Garhwal Himalava.

Promotion of conservation through enhancing biodiversity values in large Cardmom
agroforestry system in Sikkim.

Demonstration of Technology packages in Sikkim and North East India.

Compilation of results of various ongoing and completed projects “Researches for Mountain
Development”™ for publication and dissemination.

Establishment of demonstration models for on site training of farmers and NGOs on soil
stabilization and fertility improvement through introduction of hedge-rows in Arunachal
Pradesh.

Compilation of up-to-date information on Biosphere Reserves and Management in India.

Fublication of Perspectives for Planning and Development in North-East India based on the
outcome of an interactive workshop organized earlier.

Completion of office and residential building complex of H.P. Unit at Mohal, Kullu.
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Brief Summary of Research and Development Activities

In order 10 achieve the sustainable development of the Indian Himalaya, regearch and development programmes
of the Institute Nive been based on a multi-disciplinery and holisic approach with particular emphasis cn
interlinking of natural and social sciences, In this effor special attention is placed on the preservation ol fragile
mountain ecosvsiems. indigenous knowledge and customs. A eonscious effort is made o ensure panticipation of
local population for Jong term acceptance and success of various programmes. The R & D activities of the
Institute ave centered pround six CcOFe PrOZTATINES.

Lund snd Water Resource Management : Land and water are the mwo hasic resources on which the survival
of mankind depends. In the Himalaya management of these important natural resources is a difficult and complex
problamy. The Himalayan region is characterized by sparse population, undulating terrain, tiny and seatered land
holdings. The cultivation is dome on slopes with shallow and gravely soil, scanty or no ircigation as the
agriculture is largely rainfed, with agro-pastoral economy, eic. In the last [ew years, institue is engaged in the
srudy of some of these basic characieristics and problems related w0 iis present wilization pamems. Following
research programmes were under progress during the year,

Documentation of resource utilization patierns in the two micro-watersheds of Garhwal Himalaya with
haseline data collection related to soil and warter, Data compilation on Ciovi. managed schemes (o study the
existing irrigation systems and rural water supply and selection of sies for field studies. Demonstration of
saroforesiry model in Mamlay watershed was started as Phase 11 of the completed activity. Detailed mapping of
changes in land use patterns using RS daa has been initiated,

Sustainable Development of Rural Ecosystems 3 The programmes under the mandate of this core are designed
ip provide some solutions to location specific problems of mamral resource management. To swdy the
availability, use, reguirements and prospects of managing currently available resources more judiciously so as to
reduce the pressure on limied resources. In Himachal the abiliy of pine forests to provide required organic
resources needed for crop production and horticuliure are being studisd. In U.P, hills atempis were contintal to
assess the impact of restoration models on soil physico-chemical characteristics which will lead o understimnding
the suttability of tested species for agroforestry.

In Arunachal the transhumant comumumity dependence an natral resources as well as thelr management
strategies were assessed. A focussed smdy on Nanda Devi Biosphere Reserve buffer zone villages was
underiaken on peoples participation in natural fesplurce management. prospects of commercial wilizaticn of
agricultural diversity and landuse/ cover change database for analysing s impacts. Similar strategies are being
tested in 2 development block {Hewalbagh block) where conservation priofities are not imposed © assess the
narural resource based planning prospects.

Conservation of Biological Diversity : The importance of maintaining Himalayan Biodiversity not only for the
present but also for posterity is now well recognized. The core is strengthening its activities by developing both
short (location specific) and long (broader spatial scale) term programmes, All activities are responsive 1o
contemporary global thinking on the subject maiter. It is in this context that the frame work of different projects
are developed as per the guidelines provided by National Action Plan (NAP) and AGENDA 21 in conjunction
with the Convention on Bindiversity, It aims in harnessing petential bio-resources equitably and also in halting
the increasing pressure on biological assers. Following research programmes are under progress,

Documentation and prioritization of importam components of biological diversity; programme w identify
and monitor the processes and activities responsible for depletion of biodiversity. Idemtification of priorities for
maintenance of existing biodiversity in the Himalaya and assessing threats to biodiversity in selected protected
areas. Efforts are also on o complement in sity conservation with e help of ex sirn methods and ensure
peoples’ participation in biodiversity conservation,
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Ecological Economics and Environmental Impact Analvsis ¢ Identification of srategies for ameliorating
envitonmental damage and leoking at allernate pathways for development are important aspects of environmental
cost-bene it analysis. Keeping this in view, all development and intervention activitics in he Himalaya need 10 be
evalvared and monitored in terms of comnprebensive Environmental Impact Assessment (EIA)Y framework and
scientific system of natural resource accounting, meking EIA a basic tool for decision making at various levels,
Le., locil, regional and national.,

To study the carrying capacity with respect to tourism in Kully Manali complex, tourist flows and use of
warious modes of ransport have been documented, Subsequently, recommendations for solid wasie ManEgeTen
Kullu Dussehre has bee finalized and submited to District Administration. Similarly, the Pindari region and irs
surroundings. well known for famous glaciers viz,, Pindari and Kaphani have also been studied for solid waste
characterization. To study the concentrations of air polluamts, study s wnder progress for assessment and
monitoring of atmospheric chemical transformations. The interlinks of COMmUnNity resources with socio-
economics, culiure and environment have been recognized. but, they have not been articulated in werms of clear
policies and programmes. Henee, a study was carried our in the Central Himalayan region amongst Bhotivas and
Jaunsaries 1o wnderstand integrated nature of tribal culiure and its infucnces on resources use and M Ee M.

Environmental Physiology and Biotechnology : Plants being the primary producers, a thorough understanding
of the factors which govern their productivine and functioning i of parzmount importance, especially in the light
of severe climatic conditlons prevailing in the Himalaya, and current concern ahout the global climatic change,
Judicious use and application of conventional techniques with the sophistication of biotechnology will help
increase efficiency and productivity as well as envirommental healih,

A number of bacteria {isolated from soil} have heen deéveloped as inoculams and shown 1o be beneficial
for plant growth as well as for increasing per cent seed germination, Micmoorganisms obtained from various
experiments are heing maintained. Nitrogen accrétion studies and phosphorus solubilization by svmbiotic Ma
fixers are being studied in perspective for their use in agroforestry management, Efficacy of Na fixing Alrus
tiepalensis for improving productivity of large cardamom has been demenstrated. In order o supplement
preduction of quality planting material, propagation protocols have been developed using vegetative as well as
fn-vifra methods for bamboo, oak, Bulparian rose, amd some Himalayan medicinal plants. Significant
improvement in seed germination was achieved using chemical trearmests including plant growth regulators, In
view of the predicted rise in atmospheric C0z and consequent global warming, short temm effect of incressing
CO: and other environmental factors on photosynihetic characteristics of planis have been assessed. Increased
biotic pressure has threatened the survival/existence of Himalayan yew, an imporant medicifal plant; methods
have alse been developed for assessing canopy loss of this species. The role of fire in ecosystem processes has
also heen examined. Demonsirations on simple lechnological innovations/improvements, .. palypit,
pelyhouse, biocomposting, hiofencing. protected cultivation, elc. were conducied for benerment of rural peopli.

Institutional Networking smd Human Investment: Networking of the existing Institutional infrastruciure in the
Himalayan region is eritical for optimal use of the available scientific talent. Peoples' perception of environment
and development activities are comsidered important for nvoiving them in the affective management of namsal
resources. The Clore serves as a nodal point for networking with associated Institutions! Universities/ NGOs/
Volumary agencies working on problems relevani m the Indian Himalavan region. Based on the
recommendations of the Project Evaluation Commirees 12 projects were sanctioned and funded during the year.
Environmental awareness on various aspects of the Himalavan environment and development was created among
the peopleforganizations/NGOs during the year by organising various meetings with the people/organizations,
cte,
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1. INTRODUCTION

The reporting year 1998-99 is the tenth
financial year of research and development
activities being carried out by the Institute at
various locations in Himalaya. inne with
regional issues, and endeavouring to seek
practical and workable solutions 1o specific
problems. These activities include programmes
supported through core funds provided by the
Ministry of Environment and Forests, Govt, of
India to the Institute and projects financed by
external  agencies, both national  and
international. The Instimee is also supporting
activities of wvarious partmer Instingtions in
various Himalayan states through [ERP
Programme. The Science Advisory Committee
of the Institute provides approval, general
guidance and help for all programmes af inirio,

At present, the activities of the Instinite
are  centered  around  six designated core
programmes; a new programme on “Indigenous
Knowledze Systems” is likely to be initiated in
the near future. Some projects were successfully
concluded during the year, summaries of these
are placed at appropriate places in the text; in
due course detailed documents will be published
and made available to the public. The progress
made during the year 1998-99 on various
ongoing and newly initiated projects and brief
account of academic and other activities, along
with the statement of accounts, hias been
presented in this report. 'We would be most
grateful for critical comments, suggestions for
improvement and for indication of our
shortcomings by anyone interested in the well-
heing of Himalaya and its people.

2. MILESTONE EVENTS

The Institute celebrated its Annual Day
Function in the Himachal Unit Campus at

Mohal, Kullu on November 30, 1998, Mr.
R.H. Khwaja, [AS, Joint Secretary, Ministry of
Envirenment and Forests, Government of [ndia,
New Delhi was the Chief Guest. Other
“dignitaries included Professor V. K. Gaur,
FNA; Professor P.K. Ehosla, Members of
Governing Body &  Science  Advisory
Committee. A large number of scientists and
academics. officers of district administration,
senior citizens and the local people attended the
funetion. The highlight of the function was VIII
G.B. Pamt Memorial Lecture entitled
“Mirigating disasters in the Himalaya - a basic
agenda for development™ delivered by Prof.
V.K. Gaur. He dweit on different aspects of
landslides in the Himalayan region and net
impact on the environment and its people. He
mentioned that most of these episodes are
related basically 1o the slow inexorable earth
processes that have raised and keep aloft these
mighty rtanges against the equally inexorable
wearing down processes of erosion. Later, three
publications of the Institute namely Perspectives
for Planning and Development in N.E. India,
Biosphere Reserves and Management in India
and Medicinal Plants of Indian Himalays were
released on this occasion.

Collaboration  between G.B.  Pant
Institute of Himalayan Environment and
Dievelopment, and Wadia Institute of Himalayan
Geology, Dehradun  has  been  formalized
through an MOU to facilitate undertaking of
joint projects of common interest, and 1o
supplement each others expertise. In
continuation to an earlier ICIMOD sponsored
project Phase I1 of Sloping Agricultural Land
Technology (SALT) has been started in June
1998 through NE Unit of the Institute in and
around [tansgar. A number of workshops
including MNational Workshop on Planning and
Development in North East India; Farmer’s
Training on Biccomposting and Polvpit: Farmer
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o PFarmer Training on  Medicinal Planis;
Workshop on Himalayvan Medicinal Plants;
Workshop on  People’s Participation  were
organised at various locations by the Institute,

3. RESEARCH AND DEVELOPMENT
PROGRAMMES

In order to achieve the sustainable
development of the Indian Himalaya, research
and development programmes of the [nstitute
bave been based on a mult-disciplinary and
helistic approach with particular emphasis on
interlinking of natural and social sciences. In
this effort special attention is placed on the
preservation of fragile mouniin ecosystems,
indigenous  knowledge and customs, A
conscious effort 18 made to ensure participation
of the local population for long term acceptance
and success of various programmes. The R & D
activities of the Institute are centered around six
core programmes, viz,, Land and Water
Resource Management, Sustainable
Development of Rural Ecosystems,
Conservation  of  Biological — Diversity,
Ecological Economics and  Environmental
Impact Analysis, Environmental Physiology and
Biotechnology and Institutional Networking and
Human Investment. The achievement of goals
and progress made in various projects during
the year has been placed under appropriate core
programmes  in the text. The project
implementation sites are carefully  selected
keeping in view the heterogeneous heritage of
the Himalaya along with specific needs and
aspirations of the local inhabitants. All activities
are need based, target oriented and time bound;
efforts are made to provide practicable solutions
rather than theoretical prescriptions. To meet
the targets, and accomplish the ohjectives well
equipped laboratories and computer facilities
have been established. Rigorous data collection,
development modification and demonstration of
science and technology inputs, including

technology  packages of the Institute, are
underlying elements of all project activities.
While & number of projects were completed
during the year, a few new projects were also
initiated; most projects are now in their third or
fourth vear of operation. Highlights of the
progress made during the year 1998-99, along
with a brief, conceptual background, specific
objectives  and major  achievements  are
summarized for individoal projects. Brief
summaries of projects completed during the
year are placed in the text and detailed findings
will be made available subseguently.

3.1 LAND AND WATER RESOURCE

MANAGEMENT

3.1.1 Integrated Watershed Management : A
case study in  Sikkim Himalaya
(Phase [1, 1994-98)

Backgrowund

The second phase of the project has been
initiated in the vear 1994 as a follow up action
with a view to develop a model at the farm level
for demonstration and to  continue data
acquisition for long-term studies. Based on the
results of first phase of the smdy as well as
farmer’s priorities, agroforestry models have
been developed at two different villages (one
each in subtropical and temperate zones) of the
watershed. Various interventions in the form of
technology packages, such as intensification of
traditional crops, strengthening of fodder
components, biocomposting, use of symbiotic
nitrogen fixers and root associated diazotrophs
for crop improvement, germination and growth
of rate and potential wild edible species,
introductory trials of some high value cash
crops and resource management have been
made. Apart from the above swdies relating to
two basic resources (soil and water) are being
carried out further at the watershed level for
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better utilization and management. The natural
resources of the watershed has been studied in
arealer details using satellite digital data, and a
complete resource inventory is being made. A
mionitoring of landslide stabilization is also
mada, Environmental impact asséssment of
construction of a motorable road within the
watershed is being carried out.

Obfectives

1. Estimation of runoff and erosion in
improved cropping practices. In addition,
soil, water and nutrient conservation under
different cropping systems will also be
studied.

2. Use of Mitrogen aceretion in upland farming
gyslems,

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

Rexules and Achievements

. Agroforestry model development work was
continued at two different sites. viz. at
Chhamgaun for temperate region since 1994
and at Debrong for subtrepical region since
1993, Assessment on some of the trials are
I PrOSTESS.

2, Considering the land use/cover as the most
COTSpICUOLS and primary surface 3,
manifestation of natural resources of the
watershed, land usefecover  change
assessment was done using RS and GIS.
Multidate Status of 1990 was derived by
visual interpretation of SPOT satellite scenes
and that of 1997 was derived by image
processing of IRS LISSIN digital data. The

land usefcover information thus obtained for
these two periods were subjected to data
automation in a GIS by digitsing for the
creation of digital database. This was
followed by map crossing operations leading
to detection of land use/cover changes over
this period. Over the study period 1990 10
1997, the negative and positive variations in
the different land use/cover classes observed
are: dense forest (-13.07%), open forest (-
2.69%). degraded forest (+1.49%), forest
blanks (+10.51%). sal (Shorea robusta)
forest (-14.81%), scrub land (+0.59%),
rainfed cropland (+4.14%), irrigated
cropland  (+8.04%), fruit  orchards
(+2.58%), setlemems (+10.85%). rock
ourcrops  (+0.17%) and  landslides
(+89.58%). The significant conversions
observed are: dense forest to open forest,
open forest 10 degraded forest, open forest
to scrub land, open forest to rainfed
cropland, degraded forest to scrub land,
rainfed cropland 1o irrigated cropland,
encroachment of rainfed croplands by
village settlements and rainfed cropland to
landslides, Other minor status changes were
also noticed as open forest o irrigated
cropland, willage settlements and dense
forest, sal forest to scrub land, dense forest
to rainfed cropland and forest blanks,
degraded forest to landslides, rainfed crop
land, irrigated cropland and open forest,
rainfed cropland to open forest land and
fruit orchards, and scrub land o settlements
and rainfed cropland.

Upper Kamrang landslide/gully erosion
conrol experiment in the Mamlay watershed
was monitored during the second calendar
year in terms of hydrological measurements
in the field covering the site itself and the
control plots under different land use classes
in the near vicinity. This is continuing as 2
long term experiment with an aim to get a
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conerete  result over the vears. Bio-
engineering measures provided on the sie
were monitored  during  the vear for
observing the plant  survival  and
replacements  as  well  as  additional
reinforcing requirements. Such additional
measures  include trial with  Snlosanthes
framata with good rooling properties and
brush wattle with Afnus nepalensis and
Ficus spp.

. The mean surface flow (% of rainfall) was
highest in intensive cropped field (0.86%),
and lowest in cardamom based agroforestry
SYSIEm (0.42%): Best infiltration
characteristics was greatest in temperate
natural forest (79%), followed by cardamom
based agroforestry (63%), cropped field
(37%) and least in sub-tropical natural forest
{2%). The soil loss was greatest in cropped
area 100 kg'ha, followed by mandarin based
agroforestry 65 kg'ha, sub-tropical natural
forest 31 kgfha, temperate natoral forest 28
kg/ha. and lowest in large cardamom based
agroforestry I8 kg/ha in three rainfall
EVENLS.

. The infiltration rate was measured in the

different land-use/cover of the watershed in
-20 cm, 0-30 c¢cm. and 0-45 cm using
double ring infiltrometer. Infiltration rate
was  higher in temperate natural forest
compared to the sub-tropical natural forest,
The agriculure field at temperate Jaubari
was also higher compared to sub-tropical
Kamrang field. The agroforestry based large
cardamom as well as mandarin showed
relatively faster rate of infiltragion.

. The phosphorus level of the soil is an
important parameter that influences P-loads
measure in overland flow and infiltration.
The concentration of phosphorus in surface
and subsurface hydrological pathwavs was

determined during three events in rainy
season from different land-use/cover pattern
to  obtain  phosphorus  loss, The  total
phosphorus loss (%) through eroded soil
was rtecorded  highest in maize field
{0.11+0.05) followed by mandarin based
agroforestry  (0.07+0.04),  sub-tropical
natural forest  (0.04520.006), temperate
natural forest (0,032£0.005) and least in
cardamom  agroforesery  (0.01620.09).
Available phosphores loss was highest in
subtropical natral forest (0.004+:0.0032),

followed by temperate natural  forest
(0.0034x0.0014), maize cropped area
(0.003+0.001), large cardamom based

agroforestry (0.002640.001) and lowest in
mandarin based agroforestry
(0.002320.001). Phosphate-phosphorus loss
throwgh surface flow and sub-surface flow
was recorded wvery high in sub-tropical
natural forest (1.05 mg/l and 0.56 mg/l),
followed by temiperate namral forest (0.89
mgfl, and 0.45 mg/1), large cardamom based
agroforestry (0,82 mgfl, and 0.43 mel),
maize cropped area (0.7 mg/l and 0.51
mg/l} and lowest in mandarin  based
agroforestry system (0.70 mg/l and 0.48
mez/1).

3.1.2. Resource Utilisation Models For

Himalayan Watersheds: A case study

in Garhwal Himalaya

Backaround

Land use practices exert a deciding role
on the soil and water conservation, particularly
in mountains. Soil erosion and water yvield are
directly affected by vegetative cover, which
dissipates much raindrop energy and promotes
high infiltration. Runoff generation in natural
catchments due to storm rainfall is highly
complex and  spatially and temporally
heterogensous. In the fragile Himalayan
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mountaing  conservation of foresess  into
wastelands are held responsible for high rates of
soil erosion and disrupting the hydrological
reaime. Use of multipurpose tree species, which
could he one of the feasible options 1o cover the
wastelands  and  achieve soil and  water
conservation.

Mjectives

1. To generate baseling data on 3
hydrometeorology  of  micro-watersheds
having different land uses and 1o understand
watershed-level hydrologic processes which
contred the so1l and water loss.

3

Performance  evaluation of  vegetative
measures for conservation of land and water
IESOUTCES.

3. To carry out cost-bepefit analysis and
environmental impact studies of the R & D
interventions.

Resules and Achievements

1. Annual streamflow from Dugar Gad micre-
watershed (50.9% of the total rainfall) was 4.
1.4 times more than the Srikot Gad micro-
watershed. The sediment loss was recorded
9.5 and 6.4 t'ha/yr for these two micro-
watersheds, respectively. A summary of
ydrological data across five years indicates
that sigmficant year-to-year variations exist
berween the watersheds (Table 1), However, 5.
the soil and water retention in Srikot Gad
watershed (which has about 50% area uncer
forests) was markedly higher compared to
Dugar Gad watershed (with only 10%
forested area).

2. Total guantity of rolling load in the stilling
basin of Duogar Gad silt and munoff
observation post was measured 2112 kg for

two years. Particle size analysis of the
rolling load indicated 57.2 per cent particles
of above 10 mm size, 13.1 per cent of 5 -10
mm size, 17.4 per cent of 2 -3 mm size, 6.3
per cent of 0.2 -2.0 mm size and 5.8 per
cent of below 0.02 mm size. Average length
and width of the stones isolated from the
stilling basin was found 13.2+40.45 and
5.4+0.29 cm, respectively.

After four years of plantation of
multipurpose tree species in the LWRM
demonstration site ai  Duogar Gad, the
maximum survival (77%) was recorded for
Dalbergia yisypo and the mininmam (253%)
for Alnus nepalensis and Quercus incand.
Maximum height growth was attained by A.
nepalensis (447 cm) and the minimum by
Grewia opiiva (84 com), The average
survival for all the species planmed in 1994
was 51.7 per cent and the average height
was 183 cm. Survival of the plants more or
less stabilized afler two years of plantation,
Similarly, the height growth was also
sharply amained only after two years of
plantation.

A total of 5.1 t ground fodder was produced
in the LWRM demonstration site in 1998
that was used by the watershed people. The
Thvsanolaena  maxime (162 bushes)
produced 36 brooms and total fodder yield
fram these bushes was estimated to 0.39 ¢

Environmental impact assessment of the
land and water management activities
carried out under the project in Dugar Gad
water shed indicate that the tangible
(fodder/fuelwood/water)  and  intangible
benefits  (wasteland  rehabilitation  and
environmental awareness) accrued during
the project encouraged about 82 per cent
households for physical participation in
future watershed programmes.
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Table 1. Hydrometeorological characteristics of two micro-watersheds of different land use in

Garhwal Himalaya

Watershed | Rainy | Rainfall (mm) | Pan Runoff | Water Sediment
Year days A Evaporation | (% of A) vield fx1 {}3 mE} loss
() B T it m-]},r—]}

Dugar Gad

1904 84 1824 - 36.5 2047.5 10.8

1995 93 1564 = 47.0 2258.8 8.5

1996 95 1919 06 17.6 103494 6.3

1997 ua 1841 574 26.1 1478.0 3.9

1998 B4 2222 723 50.9 3463.7 9.5

Average | 91430 | 1874+ 105.6 T01+67.9 35.6+6.2 | 2057.54411.7 | 7.8+1.0
Srikor Gad

1994 o8 2230 - 138 BO3 .5 1.7

1905 78 2405 - 21.9 1567.7 o |

19496 a5 1186 - 24.6 835.3 6.2

1997 73 1404 672 12.3 13059.6 2.1 |

1998 70 1591 733 36.2 1603.9 6.4

Av&@gﬂ T34+2.7 [ 1781442496 | 715+40.5 21,8443 [ 1192041650 (48412

3.1.3. Management of Irrigation Water and
Rural Water Supply in the Himalava

Background

In the Himalayan region, irrigation and
rural water supply are traditionally managed
a5 an integrated system. With the introduction
of  Governmeni spomsored schemes |, the
responsibility of their management was given o
different departments. The role of farmers and
local people was neglected which has been one
of the main reasons for poor performance of
these schemes in-many areas. The effectiveness
of any svsiem depends upon three main factors,
Le. (i) suitable design of a system (i) the
method of execution; (iii)  proper system
operation and maintenance. Study of the role of
these factors  in

cfficient  water resource
planning and management is of prime
mportance  for  suggesting  some  corrective

4. Development

measures for future projects of irrigation and
rural water supply.

Objectives

. Field evaluation of the performances of

existing irrigation and  water supply
schemes,
2. To swudy the hydrological aspects of

streams and  springs with reference to their
role as the existing sources of water.

3. To assess the water supply and démand
gap by the water balance studies in
representative watershed.

and  demonstration  of
location  specific  models  for  sound
management of rain water, soil moisture,
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water and sub-surface water |

SPrings).

Resules and Achievements

Rural water supply schemes were studied in
one of the representative watersheds of  the
mid-elevation zone of the Central Himalaya.
The basis of selection of the watershed
(Manakosi in Almora district) is the average
population densitv, tvpe of water sources

used, demography and availability of past
hydro- meteorological data. On an average
per capita water consumption is recorded as
2.17 1'd for drinking purposes and 40.68
lid for other usage. About 61.81 per cent
population is still dependent on  steams and
springs for water supply and only abouwt
44 76 per cent families are benefited by tap
water supply schemes in the watershed in
1998-99 { Table 2).

Table 2. Sources for rural water supply in the study area.

fad

. Ta

has been completed. Wheat ( 3005 %
area), and barley ( 19.96 % area) are the
main rabi crops and paddy ( 39.98 % area),
finger-millet ( 30.02 % area) are the main
kharif crops. Most of the agriculture is
rainfed and potato is the main crop grown in
available irrigated land.

the hvdrological behavior of
hydro- meteorological
installed i the watershed.
runoff.  evaporation  and

sty
watershed  four
stations are
Rainfall,

Source Population served No, | in % Household served No. | in %
Springs 378 36.10 40 i4.26
Tap supply 402 38.39 64 44.76
Stream (pad) | 267 25.51 3 20,98
. The Study of cropping system of the area temperature data are being collecied

regularly. The results will be utilised for the
assessment of the water budeer.

. Studies under the project is also continuing

in Garhwal Himalaya. Based on the spring
discharge stadies, a household water
utilisation plan has been prepared ( Table
3). Spring can meet the houschold water
needs in dry period of the vear { summer)
provided the storage of outflow from the
spring is ensured,

Table 3. Spring discharge and water availability in Dugar Gad micro-watershed

Mame of the | Popula | Spring discharge (1/d) Water avatlability | Deficit (-) fsurplus

spring (village) -lign | (licapita/day) | {4 from normsl
Semmer | Rain | Winter | Summer | Rain | Winter | conswmption (Ipcd)

EUUTIED

Al 167 1885 L1910 | 45308 17.5 TLI | 29.4 | 5.7

Bhimli Maihi 142 L0005 29162 | 11364 [ TO5 2054 | #).0 | +43.5

Bhimli Talli 398 S04 13449 | G090 12.7 338 | 153 -14.3

Palsain 250 | Bas L16BG | 4020 34 468 16.1 -23.6

Sainchar - 3330 F2015 | 4542 38 126 [4.8 .

Average/Total 957 it 78225 | 30933 3.2 gl.7 | 32.3 0.3




5. The “spring sanciuary development” work
carried our in the Dugargad watershed of
Garhvwal Himalaya bas shown an increase in
the yield of near extinet spring from 1055
I'd { in summer 1995) to 4439 I/d { during
summer 1998). However, the rainfall was
also high in 1998 summer (243 mm; 18
rainy days) in comparison to 1995 ( 110
mim: 12 rainy days).

6. Analysis of spring water collected during
rainy season revealed that  chemical

characteristics of water vary from one
spring to another (Table 4). However, the
water guality was found well within the
WHO permissible limits for drinking. A

high concentration of Ca™ 7. Mg™ e
hardness and EC revealed by Bhimli Malli,
Srikor and Barsuri springs indicate that these
springs are structurally controlled and the
seepage along the fracturefjoints could he
due to longer distance and dissolution of
excess salts from bed rocks.

Table 4. Water quality analysis of different springs during rainy season 1998 in Dugar Gad

and Srikot Gad micro-watersheds

Spring/Village | pH II:I:‘_“S'] cat Mg"' + s03 ° " lEe or NO3 :m;m Til:rls,f
o (mg/l} | (gt} {mg/l) (mg/Th imeD) | (mam [:1;.,.” il ko

Ali 7.63 Tl 1093 284 2.2 0055 8 0.017 40 .20
Bhimli Malli 7.56 122 16.82 .72 340 0.0835 fi 04 | 72 010
Bhirnli Tatl 7.42 92 10,08 3,31 2.4 {1.092 fi D028 ALl 0.10
Sainchar | 7.53 ET 11.77 1403 2.8 0.072 14 0055 34 .05
Srikot 7.43 133 1440 | 5.8] 2.2 0.075 17 0.43 6 0.20
Barsuri 7,51 265 2523 | 604 2.4 .07 24 1.0 Ol 0.20

* Tonal dissolved solid

An attempt of quantitative and qualitative

3.1.4 Performance study of the existing soil
and water conservation practices in
Himalaya

Background

Several traditional practises are used by
the farmers o meet the ohjectives of soil and
water conservation in their agricultural fields.
Most of these measures are low  cost
mechanical measures such as térrace bunding,
brushwood structures, slope reduction by bench
terraces, ete, In some cases biological measures
are also used through agro-forestry practices.
3. performance evaluation of low cost hio-

engincering SWC measures,

assessment of  adiional  and  modern
conservation practices is needed to suggest the
most  appropriate  technology  for  differemc
regions-of Himalaya.

Objectives
1. Toidentify and document the traditional and
other existing soil and warter conservation

(SWC) practices in Himalaya.

2. Quantification of soil loss in different land
uses with or with out SWC measures and

3. To estimate the suitability of the
conservation practices in terms of techno-
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4. economic feasibility and sustainability for

development of a demonstration model |

Resulis and Achievements

L

An attempt has been made (o evaluate
perfonmance of low cost  bicengineering

2. A comparison of

these plots with the
control plot during the frst year of swdy
indicated appreciable reduction in soil loss
from treated plots, Bioengineering
measures were more effective  in
controlling the soil loss due o low intensity

measures for controlling man induced soil rainfall (below 3Smm/h). Brushwood
erosion from steep hill slopes.  Locally structures  supplemented  with vegetative
available waste material such as gunny bags measures  showed better performance than

filled with soil and brush wood structures
were used as physical measures along with
vegerative measures ( selected on the basis
of  their soil binding  ability and
adaprability 10 local conditions) in four
study plois of 20m X 3 m size on a steep
slope { 60%) created by dumping of
excavated soil during construction of
buildings. Initial cost of these treatment

embedded gunny bags, both for erosion
control and reduction in runoff { Table 3).

. The good survival rate of planted species
was found 1o be responsible for efficient
erosion control { Table 6).  This is an
ongoing study to conlinuously assess the
effectiveness of wvegetation growth on soil
loss and runoff pattern,

ranged from 0.050 1o 0.068 in terms of man
hour reguired per sq. m.

Table 5. Runoff and Soil Loss from Study
Bioengineering Measures

Plots during Aug. 97 - July 98 and Cost of

Plot Treatment Total Runoff ( in mm) Total Soil Loss (in vha) Cost in
No.  done for e wvalues for Lw values Man hrs./¢q.m*®
<5mm/h 5-10mm/h <5mm/m  5-10 mm/h
Pl Control plot 3.02 45.95 0.144 0.706 -
P2  Gunny bags 146  31.86 0.026 0.355 0.067
with vegetative measures ( 3 tree and 2 shrub species)
P3  Gunny bags 1.86¢ 22.39 0.025 0.301 0.068
with vegetative measures (3 shrub and 2 tree species)
P4  Brushwood .29 22.38 0.012 0,222 0.051
with vegetative measures { 3 tree and 2 shrub species)
P3 Brushwood 1.69 32.22 0.014 0.240 0.050

with vegefative measures ( 3 shrub and 2 tree species)

[ Bsaverage intensisy | averaged for the duration of rainfall in-a day).
| man br, i5 equal 1w Rs. 8.75
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Table 6. Per cent Survival of Planted Species in the Plots (One Year after Plantation).
Name of Method of Plantation in plots

| Species Plots |[P2 |P3 |P4 |P5
Thysanelaena maxima 73 35 100 | 62 Through rhizome slips
Alnns nepalensis 35 - 15 |- Transfer of 1 year old seedling
Lewcaena lewcocephala | - 62 - 42 Transfer of 1 year old seedling
Robinia pseudoacasia - 88 - 88 Transfer of 1 year old seedling
Agave americana 100 | 100 | 100 | 100 | Transfer of 1 year old bulb raised plants
Crotalaria tetragona - o0 |- 100 | Seed sowing
Morus alba 0 |- 100 Direct plantation of cuttings
Salix retrasperma 1ot |- 100 | - Direct plantation of cuttings

3.1.5. Mountain Risk Engineering in the
Indian Himalayan Region

Background

In view of the accelerated soil erosion
rates and mass wasting processes and the
growing concern for effective stabilisation of
hill slope instability, a consensus is developing
regarding the urgent need for co-ordinated
efforts. This has helped in the development of
the concept of Mountain Risk Engineering
(MRE}. The subject is considered as the science
and art of engineering mountain infrastructure
giving due consideration to natural and human
processes. and the tolerable risks to and from
infrastructures. MRE is being practised in
mountainous regions of various counties for few
years now. With this background, initiatives
were  taken in 199899 tw  form a
multidisciplinary team comprising of Core
members of the Institute which is trained on the
integrated approach of MEE for testing of
framework of MRE along with development of
suitable approach to be adopted for local
community participation in the stabilisation
work.

Objectives

l. To stabilise identified small to medium hill
slope instabilities adopting principles and
practices of MRE,

Results and Achievements

1. This study was carried out in two villages
(i.e., Joshivana and Khoont} of Kumaun
Himalaya in order to implement various
practices and objectives of Moumain Risk
Engineering (MRE) with emphasis on low
cost biological and physical measures, A
total of 11 small to medium hill slope
instabilitics: were stabilised. Figure |1
presents a view of few of the treaments
adopted for hill slope stabilisation.

2. One of the major achievements of this study
is successful peoples’ participation in the
various activities of hill slope stabilisation.

3. Rate analysis norms have been developed
for various low cost physical and biological
measures and same are presented in Table 7.



4. Another important outcome of the work is
identification of suitable bio-engineering
treatments for the region along with suitable

plants species and their functions in slope
stabilisation as given in Table B,

Table 7. Rate analysis for various bioengineering activities.

Activity Ouantity Amount (Rs)
(irass planting 1000 slips 743.5
Seedlings raised in seed beds 300 nos. 1905.3
Seedlings raised in polybags 500 nos, 2670.9
Horticultural planis 100 nps. 1180.0
Planting of tree cuttings on site 1000 nos. 1071.0
Brush layering pEr metre 15.8
YVegetative palisade per metrs 07
Jute netting per square metre 36.0
Gabion works per cubic metre 939.0
Rip-rap drain per metre 63.6
French drain per metre 489.5
Stone masonry with Cement per cubic metre 1044 0

3.1.6. Badrivan Restoration Programme
Background

Badrinath Dham is sifuated in the gorge
of sacred Nar and Naravan hills at an elevation
of 3,133 m above mean sca level (amsl) and
remains closed between middle of November to
middle of April/May. This shrine has been
perennial source of attraction and pilgrimage w
the inhabitanis of Indian sub-continent from
time Immemorial. The mythological/cultural,
historical and scientific evidences indicate that
this shrine had dense vegetation/forest around it
in the past. However, at present there is hardly
any trace of forest around this shrine. In recent
past, some governmenl organizations have
anempted tree plantations around the shrine and
other adjoining areas. However, there has been
hardly any success. One of the reasons for this
failure may be incorrect selection of tree/shrub
species and the age of the seedlings/saplings at

the time of plantation. Probably the species
planted earlier in Badrinath wvalley did not
tolerate the harsh climatic conditions during
winter months. In view of the above, initiation
of mass scale afforestation  programme (based
on scientific, cultural and spiritual/teligious
values) around Badrinath shrine was considered
the need of the hour.

Objeciives

1. To involve pilprims and local people in
environmental conservation and promote
environmental awareness,

2. To prevent soil erosion and stabilize soil in
and around Badrinath area.

3. To revive Badrivan (the ancient sacred
forest of Badrinath) at Badrinath in Chamoli
Garhwal,
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Table 8. Various species used for bio-engineering activities.

Species Laocal Elevation | Site ioengineering | Functions Oither Methods af
name {m) condition  Etrucrre uges Propagation
Ewtaliopsis | Babila | Upto Dry Diagemal Armour,  catch, | Broom Ships
v 1500 LraEs reinforcement
planting
Heterapogo | Kumeria| Upio Dry -do- -di- Fodder Blipsizeeds
i coriartuy 2100
Thvsanolae | Kuchi Upto Moist -ifin- -do- Fodder Rhizome
| et i Z00HT
Pennisettm Upto Dy -to- ~i- Fodider Rhizomefeuting
PRTDHIEL I 700
A Bara Upio Swamp ~to- -t~ Cash Rhizome
stebuelatiin elachi 1700 cIap
Avunicfimeria | Ringal | Above Maise -gh- Cach,  armour, | Handicra | Rhizome
faloara {0 reinforce, suppont | fi
Cratalaria - Upio Dy -do- Soil Seed
Terragan 1600 fertility
Vitex Siwai | Upto Moisi 10 | Live check | Support,  catch, | Biofencl | Cutting
Regeindo 1500 dry dam. brush | reinforce *| ng
layering
Woodferdie | Dhoul | Upto Dry Plantation -do- Fuel Sexd
ructicosa 1500
Almis Lhis SO0-2700 | Modst o | Plamation Anchor, catch, | Fuel Seed
RepaiERsis Wet armour, reinforce,
support, drainage
Bahinia Quairal | Upto Moist Plantation - Fodder Seed
virriggata 1200
Dalbergia | Sheeshath Upto Diry Plantation “do- Timber | Seed
sieoma 1508
Dendrocala | Bans Upia Muoist 1o | Planmtion, Armour,  catch, | Handicra | Nodal segmem
i 1300 wel check dam reinforee, support, | fif
il [ranspices pulp
Grewia Bhimal | Upo Dry  to | Plantrion Anchor,  cawch, | Fodder Seed
oiva 2100 m0is armour, drainage,
suppOrt
Suglans Akhron | 1000- Dry 1o | Planfation -do- Fruit Seed
repia 3300 moist =]
Melia Backaing Upto -tdo- Plantation -do- Timber | Sead
azedarch 1800
Morus alba | Kimu | Upto -tho- Plantation ~tho- Fodder | Cuming, sced
3300
(htercus Phlvar | 600-2000 | Moist Plantarion -do- Fodder Seed
plavca
Saliv Baing Upto Maoist Live check | Support,  canch, Curting
[errasperig 1800 dam, brush | reinfarce
layering
Sapinm Khin LUpto Diry Live check | -do- - Culting
nsigne 18{H) dam, brush
layering,




. h Leg = 1

Figure 1. View of the low cost biological and physical measures. 1a. Brush layering after
slope trimming at site J1, 1b. Laying of jute geo-grid for grass plantation at site J2.
1c. Stone masonry check dam, jute geo-grid & brush layering at site J2. 1d. Water
collection chamber of French drain at site J3. le. Construction of French drain at site
J3. 1f. Gabion check dam at site J3. 1g. Gabion toe wall, rip-rap drain & live stakes
at site K1, 1h. Live check dam at site K1. 1i. Rip-rap drain with live pegs at site K2.
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Results and Achievements

I

d

The nursery of high altitude trees/shrubs at
Hanumanchatti (2,500 m amsl) in Chamoli
Garhwal was strengthened and maintained
successtully during the wear (i.e. from the
first week of May 1998 two the third week of
November 1998; the opening period of the
site), Eleven thousand and two hundred
eighty eight (11,288) seedlings of five high
altitude trees/shrubs (namely, Alnus nitida,
Betwla utilis, Hippophae salicifoila, Prunus
cornira and Quercus incang) were raised
during the year at Kosi mursery (1,120m) of
the Institute and subsequently transported to
Hanumanchatti nursery for their hardening
and acclimatization. Furthermore, twenty
nine thousand and four hundred ninety
{29.490)  seedlings of 12 high altitude
rreesishrubs  (namely, Aesculus  indica,
Alnus nitida, Betwla alnoides, Betula utilis,
Cedrus deodara,  Hippophae salicifolia,
Juglans  regin, Pinus excelsa, Prunus
armeniaea, Prunus cormuta, Quercus incana
and Vibuwrnwm  cotinifolium ) were also
raised at Hanumanchatti nursery during the
year. Two thowsand and sixty (2,060)
cuttings of Popudus ciliata and two thousand
and five hundred (2,500) of Salix elegans
were also raised at Hanumanchateh nursery,
In all, Hapumanchatti nursery was enriched
by 45,338 seedlings/cuttings of 14 high
altitude trees/shrubs during the vear,

Out of 28,391 seedlings/cuttings of 14 high
altitude trees/shrubs, which were available
in Hanumanchatti nursery up to November
1997, only 23,768 seedlingsfcuttings of
trees/shrubs survived at the nursery in
Hanumanchatti up to the middle of May
1998, Ten thousand and seven hundred
thirty seven (10.737) well established
seedlings/cuttings of 14 high  alimude
trees/shrubs were planted at different project

sites (including Hanumanvan) during the
year whereas two thousand and seven
hundred thirty nine (2,739) well established
seedlings of high altitude trees/shrubs were
distributed during the year. free of cost. to
various NGOs/Army  regiments  and
villagers, etc. for plantation purpose in high
altitude areas. Fifty seven thousand and six
hundred thirty (57,630) seedlings/cuttings of
various high altitude (reesishrubs were
available in Hanumanchatti nursery before
the closure of the site {i.e. November 1998),

. Project site development work for the

development of Hanumanvan was also
carried out at Hanumanchatti during the
vear. Three thousand and four hundred
(3,400) well established seedlings/cuttings
of fourteen (14) high altitude trees/shrubs
were also planied at this project site. Data
on height and growth of the seedlings
survived at Hanumanchatti project site were
also recorded. The project site was also
swengthened and maintained  successfully
during the wyear. Survival potential of the
rees/shrubs,  which  were planted at
Hanumanvan project site before November
1997, was also monitored in the month of
May 1998 and 90 per cent plants were
observed well survived.

. All the Badrivan project sites at Badrinath

Dham  were also  strengthened  and
maintained successfully during the year.
Seven thousand and three hundred thirty

SEVEn (7.337) weell established
seedlings/cuttings  of twelve (12) high
altitude  trees/shrubs  were  planted  at

different project sites in Badrinath valley
during the year. Survival potential of the
irees/shrubs, “which were planted in
Badrinath wvalley before November 1997,
was also monitored in May 1998 and 59 per
cent plants were observed well survived,
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Data on height and growth of the plants
survived at different project sites in
Badrinath valley were also recorded during
the year.

Figure 2. High altitude trees (A, Betula wiilis;
B, Populus ciliata) growing and
surviving well in Badrinath valley,

5. Seeds of 21 promising high altitude
trees/shrubs  (namely, Ables spectabilis,
Acer accuminarm, Acer  sterculiocium,
Aesculus  indica, Berberis spp., Berula
afnpides, Betwla wiilis, Cedrus deodara,
Cotoneaster affinis, Cotoneaster disticha,
Cotoneaster  spp., Cupressus  torulosa,
Hippophae  salicifolia,  Juglans  regia,
Pipranthus  nepalensis, Prunus  cornuta,
Ribes glaciale, Rhododendron
campanulaim, Sorbus microphylla, Tacus
baccata and Vibwrnwm mullaha) were also
collected during the year and subseqguently
sown at Hanumanchatti oursery (2,500m) in
the month of November 1998, Moreover,
seeds of 19 plant species were sown at Mana
nursery (3.133mj) in the month of NMovember
1998 and of 20 species at Kosi nursery
(1,120m) in the monih of December 1998.
Observations on germination of seeds at

Kosi nursery are being recorded wheteas
at Mana and Hanumanchatti nurseries thess
will be recorded only after the start of
arowing season (i.e. May "99 onwards).

6. In addition to the above, the project entitled
*  DBadrivan restoration programme
Maintenance and expansion of nursery at
Hanumanchatti” Wis concluded
successfully during the vear. This project
was sanctioned by the Mountain Institute,
USA for a period of seven months,

3,1.7. People and Resource Dynamics in
Mountain Watersheds of the Hindu-
Kush Himalaya

Background

The overall goal of the project is to
improve the understanding of environmental and
SOCi0 - ebomomic processes associated  with
degradation and rehabilitation of mountain
ecosystems and to generate wider adaptation of
proposed solutions by the stakeholders. For
achieving this goal, this project has a vision of a
long term - commitment to foster better field
work, more appropriate interventions, enhanced
participation, and wider communication
berween researchers. policymakers and the
communities. The watersheds selected for the
studies and programme implementation are
Bheta - Gad and Garur - Ganga watersheds (26°
50" and 29° 55' N and 79° 2" 10 79° 30" E) in
U.P. central Himalaya. Bheta - Gad has been
selected for detailed studies, whereas, Garur -
Ganga socio - economic studies and changes in
landuse etc. during last 30 - 40 vears.

Objective

l. To generate relevant znd represemtative
information and technologies about water
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balance and sediment transport related to 3.
degradation on a watershed basis.

L

To identify technologies and strategies to
improve soil fertility and to control erosion
and degradation processes in a farming
systems’ approach.

3. To generate socio - economic information
on resource management and degradation.

4, To svstematically apply community - based
participatory  generation,  testing  and 4.
evaluation of natural resources’ management
stralegies and technology.

Resulrs and Achievemenis

I, The study area (Garur - Ganga watershed)
has been mapped using GIS technique. Out
of the total geographical area 55.58 per cent
is under forest cover, 42.34 per cent under 5.
cultivation and 1.32 per cent barren (1996).
Analysis of landuse changes show an
increase of 7.37 per cent area under
agricilture [ settlement, 5.07 per cent
decrease in forest cover. and 2.31 per cent
decrease in barren land, between 1963 -
1996,

b

Hydrometeorological studies are confined o 6.
Bheta - Gad watershed, The watershed
received lo71.23 mm rainfall during the
water vear 1998 (Oct'1%, 1997 to Sep'30°,
1998). 66.3 per cent precipitation occurs
during monsoon season.  Runoff begins to
tazke place when the minimum rainfall
intensity s 3.2 mm/hr. Out of total 1671.3
mm precipitation, 13859.3 mm was effective
causing $oil erosion. Maximum soil loss is
recorded from grazed pine forest (5.518
thasvear), T.

Based on primary survey of 10 key villages
in Garur - Ganga watershed, it is found that
per capila cultivated land is 0L135 ha. per
capitd livestock is (.56 units, average male
literacy is 82.5 per cent and female literacy
is 62.9 per cent, average household size is
6.7. B0.77 per cent of main workers are
engaged in agriculture and 65.15 per cent of
the agriculure workers are females. Out of
total migrants, 69.19 per cent were male
and 30,81 per cent female.

A new site (4.3 ha), belongs to a group of
villagers, was selected for rehabilitation
work in 1998, Before initiation of
rehatlitation  activities, the area was
extensively grazed & average biomass was
10 - 40 grams / 0.25 M’. Plantation of
preferential  species  was  donme  through
people's participation.

Under On - Farm Trials. a piece of waste
land, belonging to a marginal farmer. was
upgraded for off - season vegetables [/
nursery development, which has given a
produce worth Rs 11,960 during the year.
The site has become an example for other
farmers of the watershed to reap gopds from
existing resources.

Unlity of bio - fertilizers { Azarobacier
chroococcwm CBD 15 and Ms from TARI,
Mew Delhi ) were tried on farmers fields.,
Farmers were given every opportunity o
assess the impacts. CBD-15 was applied to
local 'Boranne’ and improved WVL-221
varieties of Rice and M. on Amber Popcorn
maize. CBD - 15 was found more effective
on local variety (26%) than on improved VL
- 221 (15.6%) in producing more biomass.

On farm rtraining and farmers exchange
programme have given oppormunity to
number of local farmers to adopt/adapt
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polvhouses, compost management, polypits,
etc.  for  improving their livelihood
conditions. PARDYP has helped them by
providing polythene, technical assistance
and monitoring / documentation, eic,

8 PARDYP has established close linkages
with a few other NGOs and one Mahila
Mangal Dal through meetings. discussions
& on farm trainings to understand the
svstemn and real needs of the people. First
round of PRA surveys in four villages has
been useful for further prioritization of
community needs. Linkages with the Dept.
of Forest, [CAR have proceeded fruitful for
solving a few problems. Preparation of
microplans for these four villages is in
progress,

3.1.8 Hydrometry and estimation of sediment
load of Gangotri Glacier, Garhwal
Himalava

Backgronnd

The Himalaya constitute one  of the most
important glacier systems in the world, The
glaciers are an important source of fresh water,
stored in solid state. The Himalaya ranges with
average height of 6000 m {a s 1} are the
repositories of some of the highest and biggest
alaciers of the world. It has been estimated that
38221 5g.Km. of Himalavan ranges are
glaciated. There are more than 3222 glaciers in
Himalaya scanered in three river basins i.e.
Indus, Ganga and Brahmaputra. These slacier
contribute about 60-70 per cent fresh water o
these main river systems of Indian sub-continent.
Thus they form an important sources of water,
capable of water supply throughout a long hot
dry summer months. Himalayan glaciers are
receding rapidly on an average of 15 mfyear.
Gangotri glacier (one of the bigeest glacier of
Garhwal Himalaya) is itself receding at the rate

of 27 -33 mfvear. The rapid recession and
overall decrease in the volume of placier is
adding to the total area of erosion every year. It
generates large amount of suspended sediment
load which is carried from the glacierized basin.
It is either deposited in the Himalayan foot hills
and Indo-Gangatic plains or discharge into the
Bay of Bengal and Arabean sea. In glacierised
catchment, melt water stream sediment load have
been used for many years as a means of
estimating glacier erosion. The assessment and
quantification of suspended sediments in
Himalayan streams is, therefore, of great
significance and forms an integral pamt for
planning and designing of hydro power project
and multipurpose schemes in glacierised basin,

Ohjectives

l. To collect hydro-meteorological data of
Gangotri glacier,

2. To measure the meltwater discharge and
quantum of suspended sediment load of the
glacier and their relationship during the melt
water season,

3. To assess the rate of erosion of the glacier.

4. To evaluate the sediments source area,

production mechanism  and  transport
pathways of the suspended and dissolved
load of the slacier.

Resulis and Achievements

1. This project is initiated in Jan. 99. Till
March 99, the process of material
procurement and recruittment of project staff
was initiated. The actual field work will
start in April 99 during the ablation season
of the year.
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3.1.9. Hydro-Ecological Linkages of Carbon

Dynamics in Relation to Land-
Use/Cover Change in a Himalayan
Watershed

Background

There has been a larse scale conversion
of forests to other land-u.:s in the past few
decades from the Himalavan region. This has
disrupted the hydrological cycle and a great loss
of carbon is envisaged. This study will cover
change of land-use from forest to agriculture
and wastelands, and in the process study carbon
dynamics and hydrological process change in
various land-uses. The hydrological parameters
such . as crream discharge.  sediment
concentration, overland flow, sediment loss,
partinoning of precipitation pathways and
nutrient loss from different land-uses will be
estimated. The soil organic carbon, carbon in
litter and humus layer, and in various. plant
components will be estimated. Carbon is a good
indicator of systems stability and change in
land-use and its carbon dynamics will reflect its
sustenance, Watershed is regarded as a unit for
development in hills. The resource mobilization
and settlement pattern in hills is governed by
watershed functioning. Therefore this study on
hydrology and carbon dynamics in a series of
transformed land-uses will be smudied in a
watershed in Sikkim Himalaya,

Ohjectives

L. Estimation of land-use/cover change
detection over a period of time using
satellite imagery in a selected watershed of
Sikkim.

I-d

Budgeting of carbon in various ecological
compariments in different land-uses, Carbon
flux between these compartments along with
carbon fixation, loss through respiration,

harvest flux, land cover change combustion
emission and agricultural change emissions
will be estimated.

3. Hydrological studies such as overland flow,
soil erosion, carbon loss through soil
erosion, sediment concentration in stream
water, and discharge will be carried out on
land-use basis. Hydrological processes will
be correlated with ecological dimensions

4. Land-use sustenance will be studied taking
soil carbon levels as an indicator,;

and
using

3. Quantification of ecological
hydrological inter-linkages
mathemanical models,

Resules and Achievemenis

1. Mamlay watershed in the South Sikkim has
been selected for this studv. This watershed
has been selected with the purpose that
already data base on various ecological
parameters are available which would add
the current study, A preliminary survey of
the watershed was made and sites for study
on specific land-uses have been identified.

2. Different land-uses viz., temperate natural
forest. sub-ropical natural forest, large
cardamom based agroforestry, mandarin
based agroforesicy, fodder based
agroforestry, temperate agriculture field,
sub-tropical agriculural feld and wastelands
have been identified as replicate plots for
carbon dynamics study, Major streams and
sampling points for hydrological studies
have been identified.

3. Soil sampling at different land-uses with
depths has been made and organic carbon
has been estimated. A soil carbon depth
partitioning has been developed.
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3.2, SUSTAINABLE DEVELOPMENT OF
RURAL ECOSYSTEM

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

{a)  Natural Resource Management for
Sustainahle Development

Background

This project was initiated in 1992-93 for
imparting advanced training to some of the
Instimre’s  seaff  for  advancing  scientific
knowledge on watershed processes and, for
developing and demonstrating the utilization of
local  resources  for  sustaipable  rural
development based on participatory approaches.

Obfectives

1. To guantify soil loss, run-off and
productivity in the selected watersheds

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

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

Resulrs and Achievemenis:

For Himachal case study

1. Liter decomposition (Pinus wallichiana
needles), nutrient release and its wse in

agriculture system were smdied under 3
winter crops {wheat, barley and lentil) in

Rolgi (2200m) and Tichi (1600m) villages.
The swudy was conducted from February
1998 o May 1998 through liner bag
technigues, Remaining weight in litter bags
in the end of May 1998 were relatively
higher in Rolgi than in Tichi village. There
was nio much difference between remaining
weights in bags kept under wheat and barley
in both the villages. However, average
remaining weight was relatively higher
under lentil crop than under wheat and
barley. In the end of May 1998, ~63% of
initial weizht was remaining in Rolgi and
—53% in Tichi village after a period of 4
months. In the begeing (February). rate of
weight loss was much faster than the middle
iMarch) and later phases (April & May) of
the experiments,

. Under cercal crops, rate of weight loss was

more or less comparable (0.102:0.006 10
0.115+£0.004 gm day”’ in Rolgi and
0,125£0.006 t© 0.14520.003 gm day' in
Tichi). However, under lentil crop, weight
loss was nearly half of the cereals in both
the villages. In the following meonths rate of
weight loss declined and on an average,
rare of weight loss was much lower
{(0.038+0.001 to 0.044+0.001 gm day” in
Rolgi and 0.049+0.001 to 0.056:40.001 gm
day” in Tichi villages).

. Vegetative growth and agronomic yield of

wheat barley and lentil were always higher
with  litter than controlled conditions.
Agronomic vield of cereals ranges from
9.7% to 14.4% per plant higher under litter
conditions, However, agronomic wield of
lentil crop was enhanced 3. 8% only.

. Considering the remoteness of Tichinal

watershed area, farmers werg given walnus
and pecanuts saplings to develop nuts as
major cash crops in the watershed. Sapling
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establishment patterns showed that in the
altitudingl range of < [800m establishment
and survival were maximum (63.043.5%),
followed by 1B00m 10 2200m altitudinal
range (53.0=3.5%) and = 2000m altitudinal
range (43.223.7%) On the watershed basis,
53.5£3.2% sapling establishment was noted
{Tahle 93,

3. The epergy economics
(vegetables) showed that

of cash crops
French bean

(6.85), womato (3.87), potato (3.43) and pea
(1.60) in Tichinal watershed were profitable
in energy term as compared 1o apple (0.20-
0.25) and food grains. Fingermillet was the
only crop having the highest output/input
value (1.20) among food grains. So it is
suggestive that based on total output/input
ratio, vegetable crops should be extensively
grown as off season cash crops tather than
adhering only to coarse food grains and
apple in Tichinal watershed,

Table 9. Altitudinal distribution of walnut saplings and survival patterns in Tichinal

watershed of Kuollu valley

Altitude No.of |House |Sapling | House holds Survival Dead
villages | holds given sapling taken (%) | (%) {5
= 2000m B 37 170 SE 600 43,2437 56.8+£3.7
1800-2000m 10 127 460 T0.6:7.9 53.246.0 46.826.0
< [ 200m £ 127 450 89.9+4, 1 63.0£3.5 37.053.5
| Total /Average | 26 31 1129 73.389+4 9 | 533.54£3.2 | 46.5+3.2
(b} Agroforestry and Restoration Models technigues of the idemified species  and

for U.P. and H.P. Hills
Background

Agroforestry is argued o be 2 sound land
Mansgement oplion meeting both environmental
and developmental imperatives in the hills,
particularty on the slopes. Agriculture, forests
and animal husbandry are interlinked across the
Himalaya. However, the nature and magnitude of
these linkages vary. Agriculture in the Himalaya
continues 10 be of subsistence type and
productive potential of cropland depends upon
the organic inputs derived directly from the
forests in the form of litter or indirectly through
animal dung, There is a need 10 evaluate the
costs and benefits of introducing trees in
croplands,  identifving  potential  species,
standardizing the propagation and cultivation

rejuvenating the traditional agroforesiry systems
with appropriate science and technology inpus.

Objectives

I. To identify agricultural land use practices
suited to the ecological and socio-economic
auributes of the area and  their
implementation in the field on experimental
basis.

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

3. To undertake fundamental researches so s to
design refinements in the existing/identified
agricultural land use practices for sustainable
development,
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Results and Achievements

For U.P. Himalava case study

1

Site and species related differences in
arowth magnified with increasing age of the
plantation. Afbizia lebbek and Pyrus pasia
did not show any significant difference
(P=0.03 in Theight between the
agroforestry and restoration sites. All other
species  grew taller (P<<0.05) at the
agroforesiry site as compared to the
restoration site, after 7 years of plantation,
average height of Boehmeria rugulosa,
Celis austrails, Ficws glomerata, Grewia
opriva and Sapium  sebiferum at the
agroforestry site was nearly twice of that at
the restoration site as compared to less than
1.5 fold difference in Alnus nepalensis,
Dalbergia sissoo and Prunns cerasoides.
Similar differences in girth of the species
were observed higher in agroforestry site
than the restoration site.

. After 7 year of plantation, crown depth

circumference and number of branches per
tree were lower at the restoration site as
compared o the agroforestry site in all the
species but the magnitude of difference
varied among species. Site effect was most
marked in C. aestralis, F. glomerata, .
opiiva and S. sebiferum in respect of crown
depth (0.7-2.9 fold difference between mean
erown depth at the two sites), in A
rgulpsa, C. australis, G. optiva and §.
sebiferum  in respect of  canopy
circumference (3-6 fold difference between
mean values at the two sites) and in B.
riguwlosa, F. glomerata, G. optiva and P.
Cerasoides in respect of mean number of
branches per tree,

Alnus nepalensis showed the highest level of
mean annual bole biomass increment or

carbon sequestration followed by Dafbergia
sisyop at both the sites (Table 103, Total
carbon  accumulation in hole  at the

agroforestry site (0.915 ¢ ha”! yr']J Was

about 3 times of that at the restoration site
(0.326 t ha'l

(221 ha_l j-'r'l‘J was over two times of that
in bole at the agroforestry site and over four
times of that in bole at the restoration site

(146 t ha ! yr'l}. Total carbon
sequestration at the agroforesiry site was
about 1.5 times of that at the restoration
site,

}'r'l}l. Increase in soil carbon

Magnitude of cation return (K, Ca and Mg)
through liter on agroforestry site for six
different species showed different trends.

Maximum amouwnt {gfmza'yr] of K was
returned through the litter by Ficus
glomergt, and CA and Mg by Boehmeria
rugilosa.

For Himachal case study

Fairly good numbers of tree sapling were
found  regenerating  wunder  indigenous
agroforestry systems of Bajaura {1100m),
Garsa (1200m), Phojal (1400m), Baregran
(1600m) and Malana 2700m) villages of
Kullu valley. Farmers maintain required
numbers of tree saplings on the edges of
terraces or on wide inter-spaces of two
terraces and unwanted saplings  are
uprooted. The highest sapling density was
found in Baregran (2.7 saplings 100" m%,
followed by Phojal (1.6 saplings 1007 m%),
Garsa (1.5 saplings 100" ny’) and Bajaura
(1.2 saplings 100" m%. The lowest sapling
density (0.8 saplings 1007 m®) was noted in
Malana village.



D

S

Table 10. Carbon sequestration at agroforestry and restoration sites.

Component

Mean annual carbon sequestration (1 ha'1 :.rr'l}

Agroforesiry site Eestoration site
Albizzia lebbek 0.052 0.030
Alnus nepalensis 0.236 0.119
Boehmeria rugulosa 0.060 0,008
Celvis australis 0.063 0.014
Dalberpia sizsoo 0.141 0.072
Fieus glomerata 0.113 0.022
Grewia optiva 0.042 0.009
Prunus cerasoldes 0.067 0.018
Pyrus pasia 0.040 0.016
Sapium sebiferum 0.081 0.018
Total in plantation (hole biomass) 0,915 0.326
Increase in soil carbon stock 2210 1.462
Total carbon sequestration 3.125 1,788

2. Landuse and village structure of all the 5

4, Per unit area, fodder production declined

with increase of altitude from Bajaura (6128

villages were studied in detail. On an
average, per family member ranges from 6
w 5 persons from Bajaura (1100m) to
Malana (2700m). A declining trend in per
family numbers of individuals was seen with
mcrease in alttude in the valley. On
percentages basis, 53:47 male and female
ratic was found.

. In Bajaura, Garsa and Malana villages,
from 80.1 to 89.9 % of total land was under
subsistence agriculture (Table 11). In Phojal
and Baregran villages, horticultural crops
ocgupied 31.4 and 39.5 % of twoal village
land that was —3 times more than the
horticultural areas of Bajaura and Garsa
villages. In Malana village, horticultural
crops were not introduced due to difficult
lerrain and remoteness. Under government
owned land, but under use of the villages,
grasses were maintained as fodder in
MAXIMUMm areas,

kg ha') to Malana (3986 kg ha') villages.
Fodder production rate of the other villages
falls in between ranges of above two
villages. Per umit area, fuel-wood
production also followed the same pattern.
On village level. total fodder (473495 ke v}
and fuel-wood (208134 kg v") productions
were maximum for Malana village due to its
relatively higher willage area (118.8 ha -
approximately 3-8 time more than the other
villages.)

. With increase of altitude, per family fodder

consumption was increased due o higher
numbers of sheep and goats in high altitude
villages like Baregran and Malana. In these
villages, fuel-wood consumpton was also
high as compared to Bajaura, Garsa and
Phojal; higher requirement of wood energy
for room heating and other domestic uses
were observed during prolonged winter
maonths,
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6. On village level,

0.9%. the highest and
4.1% the lowest of total annual fodder
requirements were met from indigenous
agroforesiry systems in Bajaura and Malana
villages, respectively (Figure. 3). However,
contribution of the agroforestry system of
reaming 3 villages for fodder falls in

between these two villages. In case of fuel-
wood, ~21% of total requirement was met
from agroforestry system in  Bajaura,
followed by  Garsa (13.2%). Malana
{12.9%) Phojal (10.7) and Baregran (9.1%)
of total annual requirement.

Table 11. Land-use (%) of study area’ under indigenous agroforestry systems in Kullu valley

Land-use types | Land-use area (%)
| Bajaura | Garsa Phojal Raregran Malana
(1100m) | (1200m) { 1400m) { 1600m) | (2700m)
A: Private land (%)
Apriculture land | 86.9 &0.1 634 553 29.9
Apple orchard 6.0 6.3 314 39.5 0.0
Fodder tree 0.0 6.0 0.0 0.6 0.0
Grass | 0.0 0.0 0.0 3.3 0.0
Toral |92.9 §2.5 94.8 98 6 [ 89.9
B: Govi. land (%)
Fodder tree 0.0 0.0 .0 0.0 0.9
Grass 4.5 3.5 0.0 0.0 6.8
Barrenland 2.6 4.0 5.2 1.4 2.4
| Total 7.1 7.5 5.2 | 1.4 10.1

* Village aréa - Bajaura, 24.6 ka; Garsa, 14.0 ha Phajal, 17.8 ha; Baregran, 26.4 ha and Malana 118.8 ha,
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