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Introduction 
 

Vulnerability may be defined as the extent to which environmental and economic changes 
influence the capacity of human and ecological systems to respond to natural and socio-economic 
shocks. The most vulnerable systems would be the ones that are most exposed to perturbations, have 
limited capacity of adaptation and are least resilient (Liechenko and O’Brien, 2002). As climate 
change is coupled with other global changes, vulnerability needs to be evaluated against a background 
of dynamic flux of both anthropogenic and biophysical factors. Vulnerability of mountain ecosystems 
assumes more importance when one realises that impacts of global change in mountains will have 
profound effects not only on hill people but also those in the adjoining plains. This article deals with 
the issues related to vulnerability of forests, meadows and natural ecosystems with emphasis on the 
Himalayan mountain system. 
 
Predictions of climate change: limitations of scientific models  

Precision of predictions about vulnerability to global changes will depend on our 
understanding on nature and magnitude of these changes. Capacity of available scientific tools to 
predict climate change is limited, more so in the mountains. Studies of Brazel and Marcus (1991) in 
northern Himalaya show that Oregon State University model and UK British Meteorological model 
predict increased aridity on the humid slopes and reduced aridity on the arid slopes, while Goddard 
Institute Space Studies model and Geophysical Fluid Dynamics Laboratory model bring out the 
opposite trend. The uncertainty associated with scientific predictions about climate change may be 
qualified as irremediable for all practical purposes. Hence, corrective actions will have to be 
tentatively identified based on an imperfect knowledge base and revised with improvement therein 
(Steffen et al., 2002). 
 
People’s perceptions: an alternate approach to track climate change trends 
             Many traditional communities have responded to changing environments (Grove, 1996). 
Analysis of indigenous knowledge could provide insights on changing climate and its impacts. 
Deductions from people’s perceptions, however, will be limited to a time scale, which is within the 
range of human memory. Farmers may hide or provide inaccurate information and hence cross-
checking of their perceptions are warranted (Sen et al., 2002). People’s perceptions derive not from 
any direct measurements of climate but from the way climate affects their immediate surroundings 
and livelihood. For people in central Himalaya, a ‘good climate’ meant: sporadic low rainfall during 
March-mid-May, peak rainfall during July-August, moderate rainfall/heavy snowfall during 
December/January and absence of cloud burst events. People consider onset of monsoon to be more 
uncertain compared to other phases of rainfall. Climate changes felt in the recent decades included a 
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shift in peak rainfall time from July/August to August/September and winter precipitation from 
December/January to January/February, increase in frequency of cloud-burst and warming (Table 1).  
Table 1. People’s perceptions on climate change in central Himalaya 
Kind of change                                      Evidence 
Warming  Decline in snow fall period, depth and persistence, decline in 

apple yield, success of cabbage/pea/ tomato cultivation in 
high elevations in recent years, shortening of maturity period 
of winter crops, increased pest infestation    

Decline in rainfall during 
March-May 

Large scale mortality, abandonment of Panicum miliaceum in 
rainfed area, declining yields of Amaranths  

High rainfall during 
August/September instead of 
the normal peak in July/August  

Damage to rainy season crops when they are close to 
maturity, increased frequency and severity of landslides 

Winter precipitation in 
January/February instead of 
December/January and decline 
in intensity of snow fall 

Delayed sowing of winter crops, decline in barley and wheat 
yields  

Increase in instances of cloud 
burst 

Heavy losses of life and property 

 
Impacts of climate change on forest, meadows and mountain ecosystems 

Conventional scientific hypothesis testing cannot be used to elucidate ecosystem responses to 
climate change. Impacts can be inferred based on responses of limited species/area to factors such as 
higher temperatures and CO2 levels, and on differentiation of ecosystem in space as related to climatic 
variability (Table 2). However, responses to step increase in CO2 level over short-term in enrichment 
experiments may not precisely reflect long-term responses to slow increase in the biosphere (Luo and 
Reynolds, 1999). Recent experiments with mature tree stands do show that growth stimulations to 
CO2 enrichment are unlikely to be long-term responses (Norby et al., 2001), a conclusion also 
supported from the trends in non-structural carbohydrate pool which indicates degree of carbon 
limitation in trees (Korner, 2003). In Himalaya, high altitude areas (>3000 m amsl) show present CO2 

level close to pre-industrial levels and valleys at lower elevations close to present global average 
(Saxena and Purohit, 1993). Thus, impact of CO2 enrichment will vary spatially. Decline in biomass 
accumultion with decline in elevation in alpine species of Himalaya like Aconitum balfourii and 
Aconitum heterophyllum (Nautiyal, 1996) suggest that their growth is not limited by low CO2-low 
temperature conditions. Warming enhanced growth of Allium stracheyi,  Arnebia benthamii and 
Dactlyorrhiza hatagirea and reduced growth of  Angelica glauca and Rheum emodi, though these 
species resemble in their ecological distribution (Rajsekaran et al., unpublished). Rawat and Purohit 
(1991) observed that stomatal conductance was regulated more by endogenous rhythms than by 
atmospheric conditions in some alpine species. Thus, an uncertainty is inherent to conclusions on 
long-term ecosystem responses based on scaling-up of short-term experimental observations on a few 
species.  
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Table 2.  Ecological responses of plants to climate change and their implications for vulnerability and 
adaptation 
Change 
driving 
factor 

Impacts and implications 
 

Increase in 
photosynth-
esis and 
water use 
efficiency  as 
a result of 
increase in 
CO2 
concentration 

More intact forests at lower elevations will respond to a greater degree compared to 
degraded forests at higher elevations. Evergreen early successional fodder trees will 
respond to a greater degree compared to deciduous timber trees.  However, shortening of 
life span of leaves, changes in biomass allocation patterns/ architecture and poor quality 
litter (high C/N ratio) production may counter balance the CO2 enrichment effect. 
Medicinal herbs and fuelwood/fodder trees which coppice profusely are not likely to be as 
much down-regulated as those that are not utilized or that are used but coppice poorly. 
Higher CO2 concentration can induce self-compatibility in otherwise self-incompatible 
species, species composition will change due to reduced fitness of many species over 
time. 

Increase in 
temperature 

Warming induced stimulation of growth will increase with increase in elevation. It may 
result in higher yields of some crops if warming is not coupled with water and nutrient 
stress, but will not be favourable for alpine speices, which require chilling for germination 
and fruiting. Leaf life span reduces with increase in temperature in the north-eastern 
Himalaya but an opposite trend is observed in the western Himalaya suggesting varied 
patterns of changes in leaf dynamics in response to warming. Quercus leucotrichophora, a 
species with high ecological as well as socio-economic values, shows low acorn 
production at lower elevation compared to higher elevations and hence is likely to be 
negatively affected by warming. 

Change in 
precipitation 

Ecosystems with clayey-loamy soils, high soil organic matter and higher degree of water 
stress in north-western Himalaya will be more responsive than the ones with sandy soil, 
low organic matter content and low water stress in the north-eastern Himalaya. Late 
successional species with a greater capacity of storing resources in root system will have 
advantage in coping with the nutrient stress. If shedding of leaves is a strategy to avoid 
low temperature and related water stress, increase in rainfall coupled with increase in 
temperature is likely to increase the life-span of leaves. 

Change in 
phenology 

Reduction in length of dry season under higher temperature-rainfall scenario may 
intensify competition for shared pollinators or may increase density of some pollinators 
which may compensate for overlap of flowering. As proportion of evergreen and 
deciduous species or winter, summer and spring flowering species and of wind pollinated 
and insect pollinated species is not uniform across the region, impacts of climate changes 
on ecosystem properties mediated through phenological changes will vary within the 
region. As most locally valued species have a poor soil seed bank, they will be threatened 
if seed production on a landscape scale declines.  

Change in 
soil carbon 
stock 

Higher rates of removal of leaf litter and deadwood from forest floor with increase in 
population pressure coupled with higher soil respiration under warmer regimes will reduce 
downward movement of organic carbon more so in open environments.   

Upward 
movement of 
biomes  

Upward progression of species in response to warming is almost certain, but the rates of 
range expansion are difficult to predict because of interaction of climate and non-climate 
factors determining species abundance. As responses to temperature differ by species and 
elevation, new altitudinal belts of vegetation would differ from the present pattern. Alpine 
vegetation, particularly on convex  slopes is likely to be most sensitive to warming. The 
proportion of grasses, forbs and shrubs are likely to increase and that of sedges to decrease 
with warming leading to changes in economic and ecological functions of meadows. 

Contd… 
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Contd… 
Changes in 
species 
composition 

Competitive interactions are intensified under elevated CO2. Vines may profit more. A 
climbing invader like Mikania micrantha may reduce tree growth. Species with narrow 
niches will undergo stress and will have lesser chances of survival compared to wide niche 
species. Migration of species to favorable niches will be limited by habitat fragmentation.   

 
While warming will drive biomes upward, changes in ranges of species are also certain. There 

are several sources of uncertainty to forecast which species are most likely to be threatened or 
favoured partly because the importance of non-climate factors in influencing vegetation dynamics has 
not been given due consideration in the prediction models (Higgins et al., 2003). In Himalaya, 
moraines exposed as a result of glacial retreat due to warming will drive alpine species upward but 
colonization may be constrained by erosion and nutrient limitations. The dominance of tree species 
such as Abies, Betula and Acer spp. derives from their physiological adaptations to extremely low 
temperatures. These species with narrow ecological niche may be exterminated if they fail to compete 
with the new arrivals under warmer regime and/or to expand their ranges. Mid-altitude species such as 
Pinus roxburghii, Cedrus deodara, Cupressus torulosa, Quercus spp. and Rhododendron arboreum 
have a wider altitudinal spread as compared to alpine/subalpine species and hence extermination of 
the former is less likely compared to the latter. Quercus dominates on southern steep slopes and 
conifers on northern dip slopes. P.  roxburghii is largely confined to areas with quartzite and 
conglomerates. Aesculus indica and Alnus nepalensis forests seem to represent edaphic rather than 
climatic climax. In alpine areas, Junipers are found to prefer drier limestone areas rich in calcium and 
Rhododendrons in moist areas with calcium-poor schists (Puri, 1960). As altitudinal belts differ in 
topographic and geological attributes influencing species dominance and distribution, landscape scale 
composition of forests and meadows observed at present is going to be different from future scenario. 
Low altitude/foot hill forests dominated by Shorea robusta are not likely to be as sensitive as higher 
elevation vegetation because this species can withstand much warmer-humid/dry climates.  

One way of assessing the impacts of climate change could be to make an inventory of land-
cover changes and identify their causal factors. Such an approach (Table 3) showed a greater 
influence of non-climate factors compared to climate factors in Himalaya. Indeed, farmers’ 
perceptions are likely to be biased towards responses of agricultural crops, components of natural 
ecosystems that affect their livelihood or that are very conspicuous such as Rhododendron arboreum 
with mass production of large red flowers. Advancement of flowering in R. arboreum and upward 
expansion of Tagetis minuta, Lantana camara and Eupatorium spp. seem to be driven primarily by 
climate change. Nonetheless, possibility of modification of climate change driven changes by those 
driven by non-climate factors cannot be ruled out.      
 
Upland agriculture: a threat to forests and meadows  

Agriculture is a minor land use in terms of spatial extent but has significant influence on 
vulnerability of forests and meadows that supply livestock feed and manure. Agricultural expansion 
coupled with changes in management practices is widespread. Local crops/cultivars selected to cope 
up with the uncertainties of monsoon have suffered the greatest loss due to increasing stress on 
'maximisation of income'. Cash crops are being grown where climatic conditions are sub-optimal for 
them. The ongoing changes in agricultural land use are such that fuelwood and fodder production 
from cropland is declining while rate of manure (livestock excreta mixed with forest leaf litter) input 
is increasing. These changes imply increasing pressure on forests and meadows (Maikhuri et al., 
2000a). Cash crops like tomato, cabbage and chilly will be favoured in higher temperature-higher 
rainfall regime and potato under higher temperature-no change/lower rainfall regime.   
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Table 3.  Common changes in forests/meadows and driving factors identified by people/reported in 
scientific studies in Central Himalayan region 
Kind of change Change driving factors 
Conversion of dense 
to open forest 

Population pressure, market forces, erosion of traditional forest management 
institutions, limitations of introduced technologies and institutions to fulfill 
local needs 

Dense forest 
converted to scrub  

Intensive timber extraction on steep slopes with poor regeneration capacity, 
market forces  

Degraded forest 
converted to  
agricultural land 

Increase in livestock population, erosion of traditions favoring diffusion of 
grazing pressure, failure of formal institutions to check illicit grazing, decline 
in fodder production on farm land, policies limiting direct economic benefits 
from forests  

Conversion of 
pastures  to  
agriculture  

Population pressure, limitations of forest protection mechanisms, increasing 
stress on cash crops 

Scrub land converted 
to forest 

Protection and plantation of multipurpose trees by local communities  

Conversion of 
grasslands to scrubs 

Decline in nomadic grazing due to enforcement and/or cultural change 

Increase in 
multipurpose trees  
in farm land  

Degradation of natural forests, restrictions on access to meadows and forests, 
policies favouring timber and other industrially important trees, limited 
indigenous capacity to enhance productivity of community forests 

Conversion of 
agriculture to 
agrohorticulture  

Subsidy on horticultural inputs and marketing  

Increase in forest 
species richness 

Strict enforcement of protection  
 

Conversion of oak to 
pure pine stands 

Commercial charcoal making,  selective protection of pine to maximise 
government revenue, ground fire 

Domestication of 
new crops 

Emerging market for medicinal plant products, restrictions on extraction from 
the wild 

Expansion of weeds  Habitat changes together with climate change 
Phenological 
changes  

Shift in flowering time of Rhododendron from March/April to Feb-March due 
to climate change 

 
Alpine/temperate zones are likely to be the most threatened ones because here replacement of oak 
forests by pine forest (due to warming driven upward progression of biomes) will reduce quality as 
well as quantity of forest products needed to sustain livelihood. 
 
Adaptation and Mitigation 
I. Conservation of wild biodiversity: strengthening of protected area network 
Redundancy associated with species richness is likely to increase the probability of compensation of 
negative impacts of changing environmental conditions. Conservation of biodiversity is, perhaps,  the 
most desirable need for adaptation and mitigation. Though we have a long history of planned 
conservation  (9% area of Himalaya is legally protected), our knowledge on people-biodiversity-
vulnerability linkages is very limited. Unsustainability of traditional grazing is more an assumption 
than a scientific conclusion (Maikhuri et al., 2000a). Rarity of medicinal species is largely attributed 
to over-exploitation (Samant et al., 1996), though this could also be due to inherent biological 
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constraints delimiting their populations or to climate change (Simon and Hay, 2003). Ecological 
capital of protected areas derives from the ethos of sustainable resource use ingrained in traditional 
practices. Coping with climate risks is an important factor in shaping the indigenous biodiversity 
management (Table 4).  
 
Table 4. Risks and coping mechanisms in mountain regions 
Type of risk Coping mechanisms 
Risks arising from 
inaccessibility  

Local production based food self-sufficiency as the primary goal of 
agriculture, export of farm/wild products limited  to income needed to 
procure essential products not produced locally 

Risks arising from 
climate variability and 
extremes: landscape 
scale adaptation 
strategy 

Agricultural land use limited in extent and adapted to ecological 
opportunities/constraints; maintenance of a variety of agroecosystem 
types differing in their abilities to withstand different types of risks, low 
intensity disturbance in natural ecosystems  

Risks arising from 
climate variability and 
extremes: farm scale 
adaptation strategies 

More intensive cropping in valleys compared to that on slopes, reducing 
erosion due to cropping by terracing, huge manure input, maintaining 
proper drainage, diversified crop system and balance between negative 
(crop-weed competition) and positive effects (availability of fodder, 
nutrient conservation, soil conservation) of weeds to avoid absolute crop 
failure in bad climate years,  maintenance of multipurpose trees in farm 
land to ensure availability of forest products when access to forests is 
constrained by climate  

Risks arising from 
climate variability and 
extreme events: forest 
management 

Forest resource uses limited to subsistence needs, strict protection of 
forests and meadows (in the form of sacred forests/meadows) around 
critical areas 

Risks arising from 
climate variability and 
extremes: socio-cultural 
adaptation strategies 

Traditions favoring agricultural sustainability, forest resource utilisation-
regeneration balance and environmental services, privileges to small 
holders in respect of income from forest products, exchange of seeds 
without any profit motive,  collective responsibility for maintaining 
drainage to cope with very high rainfall events 

 
Nevertheless, indigenous practices may succumb to new global forces. Participatory 
research/management could turn the people's callous/negative attitudes to positive attitudes towards 
protected areas (Maikhuri et al., 2000a) together with improvement in scientific knowledge related to 
potential uses of biodiversity for adaptation and mitigation.  
 
II.  Sustainable improvement in traditional agriculture  
To avoid the possibility of agricultural land use aggravating the threats from climate change to 
forests/meadows, interventions enabling improvement in agroecosystem production with reduction in 
pressure on natural ecosystems are needed. 

a. Shifting agriculture  
Failure of interventions tried to replace shifting agriculture in the north-eastern Himalaya 
demand redevelopment of this land use through incremental, rather than quantum change; 
anything drastic may not find acceptance by the people. To elaborate such an approach, Alnus 
nepalensis is extensively used by tribal societies for soil fertility management. Introduction of 
this tree could recover all nitrogen depleted due to cropping during a 5 year period compared 
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to a minimum of 10 years required in traditional shifting agriculture. Participatory researches 
on traditional ecological knowledge can unravel more beneficial keystone species. 
Sustainability of a shorter cycle would reduce the threats of shifting agriculture to forests 
(Ramakrishnan et al., 2003). 
b. Settled farming  
Improvement in traditional agroforestry tree management: Scattered agroforestry trees are 
distinguishing features of settled upland farming. Lopping is a tool to regulate tree-crop 
competition for optimizing multiple benefits from the system. Farmers usually lop all 
branches during winter season when accesses to as well as availability of fodder/fuelwood 
from forests are constrained by harsh climate. Semwal et al. (2002) have shown that retention 
of 25% of branches together with increase in tree density in private farmland will improve 
tree vigour and ecological functions without any decline in crop yields. Research is needed to 
identify interventions that lead to agricultural sustainability such that pressure on forests is 
reduced. 
Improvement in traditional manuring practices: Manure derived from leaf litter of oak forests 
supports higher crop yields and labour productivity compared to that from pine forests (Rao et 
al., 2003). In addition, oak forests are more valuable from the point of view of other tangible 
and intangible benefits to people compared to pine forests. Rejuvenation of oak forests in 
degraded lands could thus improve agricultural productivity together with enhancement of 
forest biodiversity and ecosystem services.  
c.Rehabilitation of degraded forest lands 
About 59 million ha area of Indian Himalaya is degraded. Though tree planting has been 
widely promoted, its impact has, by and large, been poor largely because people's needs were 
ignored. Indeed, people’s priorities may not necessarily fall in line with environmental goals. 
The challenge is to overcome the weaknesses in people’s rehabilitation framework through 
scientific and policy interventions. Plantation of ecologically compatible and locally valued 
tree, shrubs and herbs/crops, amelioration of soil stresses through improved traditional 
technologies and involvement of people in implementation and monitoring can enable 
restoration/conservation of forest/meadow biodiversity and increase in carbon sequestration 
together with local socio-economic upliftment  (Maikhuri et al., 1997, 2000b; Rao et al., 
1999; Saxena et al 2001). Indeed, any strategy combining economic and environmental 
concerns will cost more compared to conventional tree plantations, but investment in the 
former is more secured. Introduction of ‘nurse species’ or ‘keystone species’ would enable 
accelerated recovery at reduced cost but will be appreciated by people only when they satisfy 
their immediate needs.  

 
Conclusion 
Climate change impacts are to be looked not in isolation but in conjunction with socio-economic 
issues within the wider framework of sustainable development. For improving national capacity to 
respond to potential opportunities and constraints related to climate change, the prime requirement is 
improving the knowledge on impacts, adaptations and mitigation. This can be achieved through 
coordinated programmes dealing with: (a) long term ecological research so as to identify impacts of 
climate change on biodiversity-ecosystem function relationships (b) evaluation of interaction of 
climate change with other global changes such as land use change and economic globalisation (c) 
exploration of use of biodiversity and associated goods and services for sustainable development.   
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PROSPECTS OF HORTICULTURE IN NORTH EASTERN REGION 
 

R.K. Yadav, D.S. Yadav, N. Rai and K.K. Patel 
Division of Horticulture, ICAR Research Complex for NEH Region, Umroi Road,  

Umiam-793 103 (Meghalaya) 
 
National Scenario 

The country is now in the third phase of agricultural development where it is paying more 
attention to agricultural diversification and productivity enhancement. For growth target of 8% of 
GDP, the agriculture has to grow by 4% and horticulture has to grow more than 7%. With 
contribution of 18.8% in total agriculture production and 52% in total agricultural export, horticulture 
has emerged as a prominent sector offering wide scope for diversification in agriculture. It has a vital 
scope in foreign exchange earning and employment generation. At present the area under total 
operational holdings in India is 1655 lakh hectares, out of which 157 lakh hectare area is under 
horticulture, which is around 9.5% of total area under agriculture. During 2000-2001, the horticultural 
production was about 152.5 million tonnes, out of which shares of fruits and vegetables were 45.4 
million tonnes and 93.9 million tones, respectively; however it was only 77 million tonnes during 
1987-88. The productivity level of most of the horticultural crops in the country is still low as 
compared to developed countries.  
 
Horticultural status of NE states 

The North-eastern region lying between 21.5o N - 29.5o N latitudes and 85.5o E - 97.3o E 
longitudes comprises of eight states - Assam, Arunachal Pradesh, Meghalaya, Manipur, Mizoram, 
Nagaland, Tripura and Sikkim. It has a total geographical area of 262180 Km2 which is nearly 8% of 
the total geographical area of the country with more than thirty one million population (Table 1). In 
the whole of NE region, about 35% area is plain and the remaining 65% area is under hills. Whereas 
in Assam, plains account 84.44% of its total geographical area and the remaining 15.56% area is 
under hills. Net sown area is highest in Assam (34.12%) followed by Tripura (23.48%); Arunachal 
Pradesh has lowest net sown area in the region. Cropping intensity is highest in Tripura (156.5%) 
followed by Manipur (152.1%), Mizoram (136.36%) and Assam (123.59%). About 0.5 million 
hectare area is under shifting cultivation in NE region. Out of 4.4 million hectare net sown area of the 
region, roughly 1.4 million hectare lies in hilly sub region and at least 1.3 million hectare suffer from 
serious soil erosion problem.  

 The total area under horticultural crops is around 822.5 thousand hectare which is around 
3.14% of the total geographical area of the region (Agril Research Data Book, ICAR-2002) and it 
gives total production of 6818.4 thousand tonnes. The region is characterized by difficult terrain, wide 
variability in slope and altitude, land tenure system and cultivation practices. The transport and 
communication system is poorly developed. As a result majority of the areas in the region still remain 
inaccessible. Majority of the population is dependent on agriculture, horticulture and allied land based 
activities. The agriculture production system in the region is mostly rainfed, monocropped and at 
subsistence level. Slash and burn agriculture is still predominantly practiced in almost all the states, 
except Sikkim, on steep slopes with reduced fallow cycle of 2 to 3 years as against 10-15 years in the 
past. The climatic condition in the region is diverse which varies from temperate to sub-tropical and 
tropical. The diverse agroclimatic conditions, varied soil type and abundance of rainfall offer 
immense scope for cultivation of different types of horticultural crops, including fruits, vegetables, 
flowers, plantation crops, tuber and rhizomatous crops and crops of medicinal and other economic 
values. The fruits grown in this region range from tropical and sub-tropical fruits like banana, papaya, 
pineapple and citrus to temperate fruits like apple, pear, peach, plum and even certain nut fruits. The 
region has rich diversity of different vegetable crops and both indigenous tropical vegetables and 
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temperate vegetables are grown to a considerable extent. The major vegetables grown in the regions 
are brinjal, cabbage, cauliflower, okra, onion, pea, potato, tomato, knol-khol, radish, carrot, French 
bean and different cucurbitaceous crops. Among the flowering plants special mention may be made 
about the orchids, about 600 species are reported in the region. The other commercial flowers of the 
region are marigold, tuberose, gladiolus and chrysanthemum. Tuber and rhizomatous crops like 
tapioca (cassava), sweet potato, dioscorea, colocasia, ginger and turmeric grow abundantly in the 
region, while plantation crops like tea have considerable impact on the economy of the Assam region, 
in particular. Later on other plantation crops like rubber and coffee, medicinal and aromatic oil 
yielding plants like Solanum spp., Dioscorea spp., Cymbopogon spp., Mentha spp., etc., have been 
considered suitable for certain areas of the region.  
 Apart from these, there are certain underutilized or lesser known horticultural crops which are 
grown at large scale in some or other parts of the region by tribals. These underutilized crops include 
passion fruit, kiwi fruit, chow-chow, parkia, sweet gourd (kakrol), etc. These crops are grown in such 
a large scale that they are not only consumed by tribals / people of the region but are also exported out 
side the region. 
 
Table 1: Socio-ecology of North Eastern states-1991 

Population State Geographi
cal Area 

(km2) 

Forest 
(%) 

Net 
sown 

area (%) 
Total Rural 

(%) 
Urban 

(%) 

Shedule 
tribes 

(%) 
Arunachal Pradesh 83,743 93.79 3.37 8,64,588 87.2 12.8 63.5 
Assam 78,439 25.67 32.4 2,24,14,322 88.9 11.1 12.8 
Manipur 22,327 27.23 6.33 18,37,149 72.5 27.5 34.4 
Meghalaya 22,429 41.72 9.64 17,74,778 81.4 18.6 85.5 
Mizoram 21,081 75.77 5.17 6,89,756 53.9 46.1 94.8 
Nagaland 16,579 56.11 14.63 12,09,546 82.8 17.2 87.7 
Sikkim 7,096 36.20 13.38 4,06,457 90.9 9.1 22.4 
Tripura 10,486 57.77 26.41 27,57,205 84.7 15.3 30.6 
Total NE states 2,62,180 - - 3,19,53,821 84.35 15.65 34.45 
India 32,87,300 (19.35) - 84,63,02,688 74.3 25.7 8.0 

Source: Basic statistics of North Eastern Region 2000, North Eastern Council, Shillong, Ministry of 
Home affairs, GOI. 
 
Bio-diversity of horticultural crops 
 The North Eastern region is considered to be the richest reservoir of genetic variability of 
large number of horticultural and plantation crops. The enormous diversity makes the region a gene 
pool for the varietal improvement but in spite of potentiality no worth mentioning development in the 
field of horticulture has taken place. It may be mentioned that in hill area particularly horticultural 
crop cultivation as an alternative to jhuming may prove to be a boon in the regional economy. In NEH 
region farming being the main stay of the people, development of horticulture will markedly improve 
the economy of the people. Establishment of orchards and planting of plantation crops on hill slopes 
will prevent soil erosion which may solve the problem of shifting cultivation and out migration of 
people to towns. 
 
Tropical/Subtropical fruits 
 Banana, pineapple and citrus constitute the major fruit crops followed by papaya, guava, litchi and 
jackfruit. The region has been described as one of the major centres of diversity for citrus, banana and 
mango, etc. Cultivation of mandarin is distributed in all across the North-East with Meghalaya leading 
the area. Assam lemon, a seedless lemon, is under cultivation to a considerable extent in the foot hills. 
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Systematic exploratory survey of mandarin orange showed that Citrus indica is one of the most 
primitive species of citrus available in the region. Other promising natives so for identified and 
commercialised are cytron (C. medica), sweet lime (C. lamittoides), sour orange (C. aurantium), 
sweet pumalo (C. grandis), sour pumelo (C. megaloxycarpa), Khasi paida (C. latipes), rough lemon 
(C. jambhiri), etc. 
 Mango is found growing wild in many parts of the region. Two species, i.e., M. sylvatica and 
M. chassina are found in Arunachal Pradesh. The main problem of mango cultivation in the region is 
the attack of mango root weevil (Stocnomechestus mangiferae). One dwarf type mango called March 
mango found in Tripura can be used for evolving dwarf and resistant varieties to stone weevil. 
 Pineapple cultivation in all the states of the region is done on slopes under rainfed conditions 
with two cultivars namely Giant Kew and Queen dominating the production. Tripura leads the area 
under Queen. 
 Banana another important fruit of the region is found growing wild at varying altitudes. The 
species like Musa balbiciana and M. acuminata growing abundantly in NE region are highly seedy 
and lack in good taste. Besides cultivated and wild species there exist a number of strains which 
requires improvement. One such variety locally known as ‘Bhim Kol’ (Musa balbiciana), though 
seed, has very soft pulp and is used as infant food in Assam. Another type grown in Sikkiim, called 
‘Gheo Kela’ (Butter banana) is orange or yellow coloured; its soft buttery pulp is highly productive 
and preferred by local people. 
 Besides the three important fruits as discussed above a number of other tropical and sub-
tropical fruits belonging to genus Artocarpous, Phyllanthus, Anona, Averrhoa, Persia, Aegle, Carrisa, 
Passiflora, Psidium, Litchi, etc., are found wild. The guava has already shown high promise in 
Meghalaya, Manipur and Nagaland. 
 The genetic resources of temperate fruits represent even more better picture in the north 
eastern region of India. A number of species belonging to genus Malus, Pyrus, Prunus, Rubus, Ribes, 
etc., are growing wild. M. baccata is found growing in Meghalaya, Manipur and Nagaland and M. 
sikkimensis in Sikkim. Prunus nepalensis and Prunus cerasoides which flower during November at 
Shillong are non deciduous and need improvement in their quality. 
 
Vegetable and tuber crops 
 NE region is well known for its rich genetic resources and variabilities for edible and non-
edible types of cucurbits. Rare edible cultivars include Momordica cochinchinensis, Momordica 
dioica, summer squash (Cucurbita pepo), etc. An array of vegetable and tuber crops are available in 
this region. The region abounds in cucurbitaceous vegetables like pumpkin, bottle gourd, ridge gourd, 
bitter gourd and cucumber, etc. The introduced cucurbit chow-chow (Schium edule) locally known as 
squash needs a special mention that after having introduced into this region the crop has acclimatised 
so well that every house in the city of Shillong besides Nagaland, Sikkim, etc., has a least a single 
plant of chow-chow. 
 Among the leguminous vegetables, rich diversity is available in Dolichos, Vigna, 
Psophocarpus and Phaseolus vulgaris (French bean). In the entire hill region of the north eastern 
India a wide variability is available. Variability of Dolichos lablab is present in whole of Tripura. 
Psophocarpous tetragonolobus (Winged bean) has been observed to be growing all along Indo-Burma 
region of Mizoram and Manipur. One underutilized legume-cum-tuber vegetable crop, known as 
Sohphlong (Vigna vexillata), is a wonderful vegetable crop which possesses edible pods as well as 
underground tubers.The vegetable offers great promise as ‘Soybean’ rival to combat the nutritional 
deficiencies in Indian sub-continent. 
 Among the solanaceae, the S. melongena (brinjal) is widely distributed in Bengal and Assam 
region extending upto Manipur. The botanical varieties namely, S. depressum and S. serpentinum are 
found widely in Manipur. In addition to cultivated brinjal an unidentified Solanum species related to 
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brinjal and similar to S. gilo Raddi having red tomato like fruits and another kind of brinjal with 
enlarged calyx almost covering the round fruits and intermediate in appearance between tomato & 
brinjal are found in the region. Besides brinjal, tomato, chillies and capsicum also hold great promise 
for cultivation and improvement. Among the tuber crops, an array of variability is present in colocasia 
and yams. 
 
Spices 
 Among the different spices crops that are grown in the region are ginger, turmeric, chillies 
and bay leaf. Though recently introduced, the region has a potential for commercial cultivation of 
black pepper, cumin, large cardamom, and saffron. Three commercial crops need mention in this 
respect viz. ginger, turmeric and large cardamom. A number of local cultivars exist in north eastern 
region. In case of turmeric the local variety ‘Lakadong’ grown mainly in Jawai area of Meghalaya has 
shown high curcumin content (7.45%) as compared to 6.7 and 7.2 in high yielding varieties like G.L. 
Puran and Daghi. 
 The large cardamom (Amomum subulatum Roxb.) is an important spice crop growing 
abundantly in Sikkim and in some parts of Arunachal Pradesh. The total annual production of dry 
capsules is to the tune of 4,000 tonnes from these states. Some other species like A. delabatum and A. 
aromaticum are also exist. A wild type of  Ammomum known as ‘Belak’ in Arunachal Pradesh has 
got very small sized seeds, although the capsules are large. If the astringency of its seeds could be 
reduced, it will find scope for cultivation. 
 
Ornamental 
 A vast treasure of ornamental plants and orchids exists in NE India. The important ornamental 
species that have now been adopted for cultivation include Bauhenia, Cassia, Calestemon, Erythrina, 
Jacatrenda, Magnolia, Rhodedendron, Myria, etc. Some of the shrubs and climbers like Azalia, 
Achenia, Baugainvellea, Camilio, Gardenia, Hibiscus, Jatropa, Narium, Thunbergia are colourful 
ornamentals. However among the flowering plants, special mention may be made about the orchids,  
which have both ornamental and medicinal value. Out of 1300 orchid species reported, about 600 
species occur in north eastern region alone. Plants of the epiphytes origin have great opportunities for 
development and growth of industries. Mention may be made of Vanda coerules (Blue Vanda), 
Renanthera imschootina, Paphiopedilum hirsutissimum, Dendrabium falconerii and Paphiopedilum 
fairicanum (The lady’s slipper) and symbidium, etc.  
 
Medicinal & aromatic plants 
 The NE Indian forest is an important repository for a large number of naturally occurring 
medicinal and aromatic plants with distinct photochemical, pharmaceutical, therapeutic and industrial 
properties. Six important genera viz. Coetus, Coptis, Dioscorea, Epecal, Rauroltia and Solanum have 
been identified for this purpose. Two important aromatic plants namely, agarwood (Aqualaria 
agallocha) and Java citronella (Cympogon winteri anus) have been exploited for commercial 
cultivation for extraction of essential oils by RRL, Jorhat. Similarly 3 endemic medicinal plant species 
namely Dioscorea floribunda, D. prazeri and Solanum khasianum have been recommended for 
cultivation for extraction of steroids. The four important orchid species namely Dendrobium 
paciflorum, D. nobile, Diplomeris hirsute and Paphiopedilum with potential for use in traditional 
medicines are now facing extinction in this region. The promising oil-yielding aromatic plants of NE 
India are Citronella, Lamongrass, agar wood, turpentine, cinnamon, mentha and Eucalyptus. There is 
a great scope for commercial cultivation of these aromatic plantation crops to derive a sizeble 
production of precious essential oils for industrial use. Some of the plant species that grow usually 
wild in the region and may be used as a potent of agarbati and other related perfumery products are 
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Juneperus macropoda, J. recurva, Rhododendrium anthopagon, etc. Several medicinal plants species 
with insecticidal properties have also been identified. 
 
Table 2: State wise area and production of fruits and vegetables in NE region 
       Area-000 ha, Production-000 t, Yield-t/ha 

Fruits Vegetables State Area production 
& yield 1996-97 1999-2000 1996-97 1999-2000 
A 28.9 44.1 16.7 16.9 
P 87.9 93.1 80.5 80.9 

Arunachal Pradesh 

Y 3.04 2.11 4.82 4.79 
A 102.9 106.1 223.2 255.9 
P 1229.0 1249.5 2074.1 3089.4 

Assam 

Y 11.94 11.78 9.29 12.07 
A 22.7 24.6 8.0 9.0 
P 111.0 118.1 53.2 60.8 

Manipur 

Y 4.89 4.8 6.65 6.76 
A 24.8 26.9 41.8 29.2 
P 239.0 223.3 412.2 252.9 

Meghalaya 

Y 9.64 8.30 9.86 8.66 
A 14.4 13.0 6.8 8.3 
P 66.0 40.7 49.6 56.3 

Mizoram 

Y 4.58 3.13 7.29 6.78 
A 13.6 19.4 19.3 20.9 
P 168.9 232.3 188.4 235.7 

Nagaland 

Y 12.42 11.97 9.76 11.13 
A 9.4 5.9 12.0 9.6 
P 12.5 8.6 54.0 43.0 

Sikkim 

Y 1.33 1.46 4.50 4.48 
A 32.3 30.4 32.0 18.4 
P 400.9 372.1 358.5 232.8 

Tripura 

Y 12.41 12.24 11.20 12.65 
A 249.0 270.4 359.80 367.9 
P 2315.2 2337.7 3270.50 4051.8 

NEH region 

Y 9.30 8.65 9.09 11.01 
A 3579.5 3796.8 5515.2 5993.0 
P 40458.4 45496.0 75074.6 90830.7 

India 

Y 11.30 11.98 13.61 15.16 
Source: Agril. Research Data Book ICAR, 2002 
 
Area, production and productivity of horticultural crops  

No systematic and accurate estimate of area and production of different horticultural crops in the 
North Eastern region is available. The estimates made by various sources also vary considerably. 
North Eastern Council generally compiles the data available from different sources. According to 
Agricultural Research Data Bank ICAR 2002, the area under various fruit crops was 270.4 thousand 
hectares and production was 2337.7 thousand tonnes with average productivity of 8.65 tonnes per 
hectare during 1999-2000. However, the total area under fruit crops in the country was 3796.8 
thousand hectares and total production was 45496.0 thousand tonnes with productivity of 11.98 
tonnes per hectare during the same year (Table 2). Similarly, the total area under vegetable crops in 



ENVIS Centre, GBPIHED          18 

the NE region was 367.9 thousand hectares and production was 4051.8 thousand tonnes with the 
productivity of 11.01 tonnes per hectare. While the area under vegetable crops in the country was 
5993.0 thousand hectares and production was 90830.7 thousand tonnes with productivity level of 
15.16 tonnes per hectare (Table 2). This shows that the productivity level of horticultural crops in the 
NE region is quite below the national productivity. 
 
Table 3: Crop wise area and production of fruit crops in NE region (1998-99) 

NE states India Crop 
Area 
(,000 

ha) 

Production 
(,000 tonnes) 

Productivity 
(t/ha) 

Area 
(,000 

ha) 

Production  
(,000 tonnes) 

Productivity 
(t/ha) 

Pineapple 47.4 519.8 11.0 74.2 1006 13.6 
Papaya 11.4 133.9 11.8 67.7 1582 23.4 
Mango 3.7 21.8 5.9 1402.0 9782 7.0 
Litchi 9.9 46.5 4.7 56.2 428.9 7.6 
Guava 6.4 59.7 9.3 151.3 1801.0 11.9 
Citrus 57.2 300.7 5.3 488.1 4575.0 9.4 
Banana 60.6 744.6 12.3 464.3 15073.0 32.5 
Apple 6.7 16.3 2.4 231.4 1380.0 6.0 
Other 45.7 434.9 9.5 699.0 6664.0 9.5 

Source: Agril. Research Data Book ICAR 2002 
 

Out of the total area under different fruit crops in the NE region, the maximum area, i.e., 
about 60.6 thousands hectare is under banana only. Area wise second most important crop is citrus, 
covering about 57.2 thousand hectares, while the pineapple occupies about 47.4 thousand hectares. 
Other important fruit crops of the region are papaya (11.4 thousand ha), litchi (9.9 thousand ha), apple 
(6.7 thousand ha), guava (6.4 thousand ha), mango (3.7 thousand ha), etc. (Table 3). No reliable 
estimate is available about the area under different vegetable crops but all the states of the region 
grow both tropical indigenous as well as exotic temperate vegetables to a limited scale. Out of total 
area under different vegetable crops, the maximum area of about 113.2 thousand hectares is under 
potato only. Potato is a very important cash crop of the entire region. Area wise second most 
important crop is cabbage, covering about 18.5 thousand hectares, while sweet potato occupies 17 
thousand hectares. Other important vegetable crops from area point of view are brinjal (12.5 thousand 
ha), cauliflower (12.5 thousand ha), onion (7.9 thousand ha), etc. (Table 4) 
 
Table 4: Crop wise area and production of vegetable crops in NE region  (1997-98) 
Crop NE states India 
 Area 

(,000 ha) 
Production 

(,000 
tonnes) 

Productivity 
(t/ha) 

Area 
(,000 ha) 

Production 
(,000 

tonnes) 

Productivity 
(t/ha) 

Potato  113.2 1048.3 9.26 1208.9 17652.3 14.6 
Cabbage  18.5 227.5 12.3 218.4 3861.7 17.7 
Sweet potato 17 70.4 4.1 128.8 1171.0 9.1 
Tapioca 7.8 55.6 7.1 264.3 6681.9 25.3 
Brinjal 12.5 187.7 15.0 434.2 6443.1 14.8 
Onion 7.9 18.1 2.3 338.5 3142.8 9.3 
Cauliflower 12.5 120 9.6 220.0 2474.0 11.3 
Source: Basic statistics of North Eastern Region 2000, North Eastern Council, Shillong, Ministry of 
Home affairs, GOI. 
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 Among spices maximum area is covered by chilli (29.7 thousand ha) followed by ginger (16.4 
thousand ha) and turmeric (13.6 thousand ha). Ginger is the main cash crop for the tribals of 
Meghalaya, Mizoram and Arunachal Pradesh. In addition Assam also contributes substantial amount 
of ginger and thus the production of green ginger in the region may be much more than the figures 
indicated in the estimates (Table 5). Among plantation crops coconut and arecanut are the major crops 
of the region. Area wise, arecanut covers maximum area i.e., about 86.1 thousand hectares followed 
by coconut, covering an area of about 28.8 thousand hectares. Apart from these, there are many other 
plantation crops like tea, coffee and rubber, cashew nut, walnut etc. which also cover a sizeable area 
in the region (Table 6). 

The state wise and commodity wise area and production of different fruit crops in different 
states are shown in Table 7. However, passion fruit is becoming popular in most of the North Eastern 
states due to its pleasant flavour and attractive natural colour and kiwi is becoming popular in Sikkim 
and Arunachal Pradesh due to its adaptability in these states.   

In case of vegetables Assam has maximum area under potato (75.3 thousand ha), cabbage 
(18.5 thousand ha), brinjal (12.5 thousand ha), sweet potato (9.4 thousand ha), onion (7.8 thousand 
ha) and cauliflower (12.5 thousand ha). Meghalaya has second largest acreage of potato (20.8 
thousand ha) after Assam (Table 8). 
 As far as spices are concerned Meghalaya is the leading state in case of ginger (7.4 thousand 
ha) followed by Arunachal Pradesh and Mizoram. While the Assam has maximum area of chilli (14.3 
thousand ha) followed by ginger and turmeric (Table 9). Sikkim is highly suitable for large cardamon. 
In case of plantation crops Assam has maximum area of arecanut (74.1 thousand ha) & coconut (19.7 
thousand ha) (Table 10). The data regarding ornamental crops is not available as it is confined to 
backyard of the houses and governmental institutions. However, in Assam, Sikkim and Manipur 
sizeable area under ornamental crops. 
 
Table 5: Crop wise area and production of spices in NE region (1997-98) 
 NE States India 
Crop Area 

(,000 ha) 
Production 

(,000 
tonnes) 

Productivity 
(t/ha) 

Area 
(,000 ha) 

Production 
(,000 

tonnes) 

Productivity 
(t/ha) 

Ginger 16.4 104.4 6.4 67.2 233.9 3.5 
Turmeric 13.6 20.8 1.5 124.6 487.4 3.9 
Chilli 29.7 23.5 0.8 831.5 821.8 0.98 
Source: National Horticulture Board, 2002-Year Book. 

 
Table 6: Area, production and productivity of plantation crops in NE states     (1997-98) 
Crop Area (,000 ha) Production (,000 tonnes) Productivity (t/ha) 
Coconut 28.8 20.0 0.7 
Arecanut 86.1 79.7 0.9 
Source: Directorate of Cashew nut Development, Ministry of Agriculture, GOI 
  

Considering the excellent climatic conditions, abundant rainfall and fertile soil (high organic 
content) of the region the productivity of different horticultural crops is quite low as compared to 
national productivity but horticulture bears the bright future in the region and it has every opportunity 
to be developed as valuable processed food product and produce export quality fruits, vegetables, 
flowers and other horticultural products. 
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Table 7: State-wise and commodity-wise area and production of fruits (1998-99) 
Area in 000’ha, production 000’t 

Fruits Arunachal 
Pradesh 

Assam Manipur Meghalaya Mizoram Nagaland Sikkim Tripura 

A 6.5 - - - 0.1 0.1 - - Apple 
P 16.0 - - - 0.1 0.2 - - 
A 3.4 41.9 1.4 5.2 3.2 1.5 - 4.0 Banana 
P 11.6 581.9 11.5 63 16.5 32.7 - 27.4 
A 8.0 14.4 1.3 7.5 8.8 1.9 6.8 8.5 Citrus 
P 20.8 114.9 6.3 35.6 33.5 26.1 6.0 57.5 
A 1.0 3.7 0.7 - 0.5 0.5 - - Guava 
P 2.6 47.6 2.4 - 3.5 3.6 - - 
A 0.6 4.0 - - 0.1 0.5 - 4.7 Litchi 
P 0.2 16.8 - - 0.4 2.5 - 26.6 
A 0.1 2.6 0.2 - 0.6 0.2 - - Mango 
P 0.1 17.2 1.0 - 3.0 0.5 - - 
A 0.6 7.3 1.9 0.5 0.3 0.3 - 0.5 Papaya 
P 2.6 108.5 10.3 4 3.2 2.6 - 2.7 
A 7.3 13.6 10.0 9.3 1.1 1.8 - 4.3 Pineapple 
P 30.2 209 69.8 80.4 7.8 60.0 - 36.5 
A 2.3 17.3 8.3 0.7 1.5 4.5 2.7 8.4 Others 
P 7.5 153.7 14.1 3.5 8.8 23.5 2.3 221.5 
A 29.8 104.8 23.8 23.2 16.2 11.3 9.5 30.4 Total 
P 91.6 1249.6 115.4 186.5 76.8 151.7 8.3 372.2 

 
Table 8: Vegetables & Tuber Crops in the N.E. region 1997-98 

`       Area in 000’ha, production 000’t,  
Vegetables/
Tuber crops 

 Arunachal 
Pradesh 

Assam Manipur Meghalaya Mizoram Nagaland Tripura All India 

A 4.5 75.3 3.2 20.8 0.7 3.8 4.9 1208.9 Potato 
P 33.3 671.9 16.9 200.5 3.7 30.7 91.3 17652.3 
A - 18.5 - - - - - 218.4 Cabbage 

(1995-96) P - 227.5 - - - - - 3861.7 
A - 9.4 0.0 5.2 0.6 0.7 1.1 128.8 Sweet 

potato P - 32.6 0.1 17.0 3.2 7.8 9.7 1171 
A - 2.5 - 4.0 0.5 0.8 - 264.3 Tapioca 
P - 11.7 - 21.1 7.0 15.8 - 6681.9 
A - 12.5 - - - - - 434.2 Brinjal 
P - 187.7 - - - - - 6443.1 
A - 7.8 - - - - 0.1 338.5 Onion 
P - 17.9 - - - - 0.2 3142.8 
A - 12.5 - - - - - 220.0 Cauliflower 
P - 120.0 - - - - - 2474.0 

Source: Basic Statistics of North Eastern region 2000 
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Table 9: State wise area and production of spices in NE region in the year 1997-98 
       Area-000’ha, Production-000’ t, Yield-kg/ha 
State Area, production 

& yield 
Ginger Turmeric  Chillies 

A 4.2 0.3 1.3 
P 32.1 1.0 1.6 

Arunachal Pradesh 

Y 7.7 3.3 1.2 
A - 10.1 14.3 
P - 7.0 9.5 

Assam 

Y - 0.7 6.6 
A 0.7 - 7.2 
P 1.2 - 4.3 

Manipur 

Y 1.7. - 0.6- 
A 7.4 1.4 1.8 
P 45.3 6.4 1.1 

Meghalaya 

Y 6.2 4.6 0.6 
A 2.6 0.4 2.8 
P 20.4 3.6 3.3 

Mizoram 

Y 7.9 9.0 1.2 
A 0.5 - 0.4 
P 0.4 - 2.7 

Nagaland 

Y 0.8 - 6.8 
A 1.0 1.4 1.9 
P 1.4 2.8 1.0 

Tripura 

Y 1.4 2.0 0.5 
A 16.4 13.6 29.7 
P 104.4 20.8 23.5 

NEH region 

Y 6.4 1.5 0.8 
A 67.2 1246 831.5 
P 233.9 487.4 821.8 

India 

Y 3.5 3.9 1.0 
      Source: Agril. Research Data Book ICAR, 2002 
 
Table 10: Fruit nuts in the NE region 1997-98 

Area in 000’ha, production 000’t, * Million nuts 
Fruits/Nuts  Arunachal 

Pradesh 
Assam Manipur Meghalaya Mizoram Nagaland Tripura 

A - 19.2 - - - - 9.1 Coconut 
P* - 126.9 - - - - 6.1 
A - 74.1 - 9.5 0.7 - 1.8 Arecanut 
P - 64.0 - 12.1 0.1 - 3.5 
A - - - - - - - Cashewnut 
P - - - - - - - 
A - - - - - - - Walnut 
P - - - - - - - 

Source: Basic Statistics of North Eastern Region, 2000 
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Status of Horticultural Research in NE Region 
Research Infrastructure 
The ICAR is carrying out horticulture research in the region through NEH Research Complex, 
Barapani (Meghalaya); National Research Centre for Orchids, Gangtok (Sikkim); Central Potato 
Research Station, Upper Shillong (Meghalaya) and Central Plantation Crops Research Institute 
Regional Station, Kahikuchi (Assam). In addtion Assam Agricultural University, Jorhat and its 
research stations are contributing to horticulture research and development in Assam. Further, 11 
Research Centers of All India Coordinated Research Projects on vegetables, potato, tuber crops, 
palms and betelvine located at AAU, Jorhat, Tinsukia and Kahikuchi are conducting multilocational 
trials for identifying promising cultivars for the region. Twelve Krishi Vigyan Kendras (KVKs) in the 
region and one Trainers Training Centre (TTC) in Meghalaya are providing research back-up support 
towards popularization of improved technology and development of skilled manpower for various 
horticultural programmes. 

Concerted research efforts have been made by research institutions to identify a large number 
of improved varieties and production technologies of fruits, vegetables and tuber crops including 
potato and plantation crops suitable for the region. 

Fruits Crops: Based on survey conducted in Meghalaya, Arunachal Pradesh, Mizoram, Sikkim and 
Assam to ascertain the status of orange orchards, a large number of economic citrus species were 
collected and analyzed for physio-chemical characteristics. Lucknow-49 and Allhabad Safeda were 
the suitable varieties of guava for mid hill situation. Agro-techniques for high density planting and 
fertilizer schedule for guava were standardized. Florodasun, TA-170 and Shan-e-Punjab were most 
suitable peach varieties for mid hills of Meghalaya.  

Vegetable and tuber crops: Three tomato varieties namely Manileima, Manikhamnu and Manithoibi 
were released by State Variety Release Committee, Manipur and found suitable for rice-based 
cropping system. Tomato varieties namely BT-2, Arka Alok, Arka Abha, and LE-79 were identified 
as bacterial wilt resistant varieties. Among the hybrids, the promising ones are Arka Vardhan, HOE 
303, Swaraksha, S-7610, Avinash-2 and Rocky. In brinjal, Pant Samrat and Arka Shirish and hybrid 
HOE 414 were the promising cultivars. Among the tuber crops, C-7 and TVM-293 in colocasia and S-
162, Sonipat-2, X-69 and S-30 in sweet potato have been identified high yielding and most suitable 
varieties for the region. Turmeric and ginger are high remunerative crops for the farmers. Turmeric 
variety Megha turmeric-1 (earlier known as RCT-1) and ginger variety Nadia were found suitable for 
the region.  

Potato: The CPRI Station in Meghalaya has developed a number of improved varieties and 
appropriate management practices. The productivity is fairly high particularly in Tripura (17.1 t/ha) 
and the state has achieved distinction in producing TPS on commercial scale. Kufri Khasi Garo and 
Kufri Jyoti have been recommended for main and autumn season crops for the region. Among the 
recently developed cultivars, Kufri Megha and Kufri Giriraj, resistant to late blight, are widely under 
cultivation. A number of improved cultural practices have also been developed for the region. 

Plantation crops: Research work has been undertaken by CPCRI Regional Station, Kahikuchi for 
development of improved cultivars of different plantation crops. A profitable coconut-arecanut based 
cropping system involving spices and fruit crops has been developed for the region. 

Biotechnology: Protocols have been developed for micro propagation of different citrus species used 
as rootstock for C. reticulata as well as Khasi mandarin. Successful and cheap acclimatization 
methods have been developed for acclimatizing micro propagated citrus plantlets.  
Apart from above there are other promising varieties of fruits, vegetables, spices, tuber and 
rhizomatous crops, plantation crops and ornamental crops which were tested in the region, found 
suitable and recommended for commercial cultivation (Table 11). 
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Table11: Promising horticultural crop varieties recommended for NE Region 
Vegetables  
Crop Varieties 
Brinjal PPC, KT-4, Pant Samrat, Pant Rituraj 
Cabbage Golden Acre, Pride of India, Pusa Mukta 
Cauliflower Snowball-16, Pusa Subhra, Pusa Snowball K-1, Pusa Himjyoti, Meghalaya Local 
Carrot Pusa Yamdagni, Nantes 
Radish Meghalaya Local 
French bean VL-Boni-1, Arka Komal 
Peas Arkel, Lincoln, PM-2, VL-3 
Tomato Arka Saurabh, Arka Alok, Arka Abha, Sel-1, Sel-2, Sel-3 
Capsicum California Wonder 
Chillies Pusa Jwala, K-2 
Okra Parbhani Kranti, Arka Anamika 
Cucumber Poinsette 
Hybrids 
Brinjal Pusa Hybrid 5&6 
Capsicum KT-1, Bharat, Hira 
Tomato Vaishali, Rupali, Avinash-2, Pusa Hybrid-2 
Carrot Hybrid-1 
Cauliflower Pusa Synthetic, Pusa Hybrid-2 
Cabbage Fuji, Sri Ganesh Gol 
Bottle gourd Pusa Meghdoot, Pusa Manjari 
Cucumber Pusa Sanyog 
Chilli Agni 
Fruits 
Crops Varieties 
Guava Allahabad Safeda, L-49 
Citrus Khasi mandarin, Assam lemon, Eureka, Kachai lemon, Lime 
Banana Jahaji, Barjahaji, Chenichampa, Malbhog, Sabri, Manohar, Kachkal 
Pineapple Kew, Queen 
Kiwi Allison, Abbor, Masty, Tamuri, Bruno 
Litchi Sahi, China, Bedana, Rose Scented 
Mango Amrapali (Tripura) 
Passion Fruit Kaveri, Local varieties of the region 
Spices 
Crops Varieties 
Ginger Nadia, China 
Turmeric Megha Turmeric-1 (RCT-1), Lakadang. 
Plantation crop  
Arecanut Mangla, Sumangla 
 
Major Constraints 
 Though the NE region has high potential for the development of horticultural crops, efforts 
have not been made to develop it as a commercial venture. Factors inhibiting horticultural 
development in the region are as follows: 
Shifting cultivation: 
 Shifting cultivation also known as jhuming is widely prevalent in North Eastern states of 
India. This jhuming cycle which extended to 15-20 years earlier has now been shortened to 2-3 years 
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because of increased population pressure on land, decrease in productivity leading to utilization of 
more area under jhuming. At present about 0.5 million hectare area is under shifting cultivation in 
whole NE region. This system has caused large-scale deforestation, soil degradation/erosion (removes 
nutrient rich top soil) and depletion of resource base. 

Poor cultivation practices and low yield 
 General neglect and non-adoption of scientific cultivation practices are the major constraints 
for poor return from most of the horticultural crops in this region. Despite conducive environment, the 
rate of production and growth of all horticultural crops are far below the all India average.  

Lack of desirable planting material 
 The disease free, true to type genuine planting material is absolutely lacking in a number of 
horticultural crops. It is imperative to produce disease free propagules. Screening of planting materials 
before its distribution is of utmost importance.  

Lack of marketing facilities 
 Due to lack of organized marketing structure in this region, farmers are getting low return 
compared to the other parts of India, whereas the middleman gets the profit at their expenses. Except 
the organized tea industry, almost all the commodities including specialized products like citronella 
oil the producers face considerable marketing problems. Due to thin primary markets and perishable 
nature of the products the farmers sell their produce at a throw away prices to the middleman without 
even getting the opportunity to display them. Transportation of perishable produces is perhaps the 
most serious constraints in the horticultural development of this region. 

Scarcity of trained manpower and extension support 
 Dearth of trained manpower and  low priority to horticulture in the development plans of 
states despite high potential are some of the factors responsible for ineffective extension programme. 
Unlike other states of India like Punjab, Himachal Pradesh, Haryana, etc., where the extension 
services are very efficient, the NE region on the other hand is lagging far behind in this aspect. To 
strengthen this wing not only trained manpower but determined extension activities with full 
government support are most urgently required.  

Land tenure system or land ownership system 
Land tenure or land ownership system and laws are somewhat peculiar in the NE region. The 

whole system fall under the following three broad categories; 
·  Lands owned by the villagers collectively 

·  Lands owned by the chiefs, who allot land among the individual households for shifting 
cultivation purposes, and 

·  Lands owned by individual families. 
Since horticultural crops have long gestation period and initial cost of establishment of 

orchard or plantation is high, it becomes almost impossible for the marginal farmers to go for such 
ventures without long-term credits from financial institutions like banks. Nationalized banks, do not 
find it a very favourable investment and are not sure about the recovery of loans because the land 
tenure system particularly in the tribal belts does not permit land mortgages in favour of lending 
banks. As the tribal farmers cannot ask for loans individually, intermediaries like District Councils or 
Village Council can take active part in securing loans for them. Apart from these difficulties, the 
farmers are not tuned to the idea of considering agriculture as a business proposition and are not 
accustomed to bank loans. From the available information the share of agriculture in most of the states 
is less than 10% of outstanding credit of the banks with exception to Assam and Tripura. Thus, until 
and unless this system is changed, the financial investment will not increase to the national level. 
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Problems of processing 
 For a region like this the success of fruits and vegetable growing is closely linked with the 
success of fruit processing units, because of poor marketing and transport facilities. The processing 
industry can help in sorting out the problem of proper disposal of perishable commodities. Till today, 
there are hardly any cold storage facilities available; few processing units exist but are not functioning 
up to the desired capacity. Use of appropriate pre and post harvest practices for horticultural crops is 
vital for the success of the crops and to provide good return to the growers. Unfortunately this is the 
weakest spot in the entire region. Value addition should be given top priority for the crops like ginger 
and turmeric. Production of oleoresin from ginger, turmeric and chilli using improved techniques as 
developed by CFTRI, Mysore needs to be tested in the region. 

Financial constraints 
 The high capital cost involved in establishing orchard/plantation and setting up of required 
infrastructure is a serious constraint in the expansion of area under horticultural crops. The situation 
becomes all the more difficult in view of the large number of small holdings.  

Less expenditure on research work 
 Investments for research on horticulture have always remained low when compared to the 
large number of crops it covers. This results in poor technological support. The extension system is 
also weak. The Department of Horticulture has been created in many states but, do not have adequate 
manpower and infrastructure to address the entire problem of horticulture. 

Absence of insurance facility 
 Risk management in horticultural crops is non-existent although crops like onion and potato 
are covered under the National Agriculture Insurance Scheme. There is a need to cover the risk in case 
of other horticultural crops in a different manner, perhaps on the basis of potential production 
coverage instead of average yield. This would encourage higher investment to achieve high 
productivity. 
 
The other major bottlenecks are as follows: - 
�  Inadequate thrust on conservation and exploitation of horticultural germplasm. 
�  Lack of funds and financial support from government for purchase of quality seeds/planting 

materials & other inputs. 
�  Remoteness of the region. 
�   High rainfall, soil erosion and high rate of leaching of nutrients. 
�  Heavy infestation of weeds, insect-pests and diseases. 
�  Lack of needed information. 
�  Lack of awareness about the potentiality of   horticultural crops as commercial crop. 
�  Lack of need based research as sustainable agricultural system/silvi-horti-pastoral system in the 

need of the hour. 
�  Weak data base. 

 
Future thrust 
1. Collection, characterization and conservation of germplasm: 

There is a need for extensive survey of the region and collection of all the germplasm 
available in the region. These germplasm should be characterized on morphological and molecular 
basis and conserved at one place. These germplasm should be utilized in strategic breeding 
programme involving high yielding national / exotic varieties. 
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2. Identification of area specific major horticultural crops: 
There is need to identify important horticultural crops for different areas of the region. The 

infrastructure facilities for commercial cultivation, marketing, export and processing / value addition 
for identified crop should be developed in that part of the region, for example, Khasi mandarin and 
ginger for Meghalaya, arecanut for Assam, Litchi and pineapple for Tripura, orchids for Sikkim etc. 
There is also need to identify the high yielding varieties and hybrids available in the country in 
selected crops for different agroclimatic zones of the region. 

3. Hi-tech horticulture: 
High-tech horticulture is the deployment of any technology, which is modern, less 

environment dependent, capital intensive and has the capacity to improve the productivity and quality 
of horticultural crops. Adoption of this technology in horticultural crops is necessary to ensure the 
nutritional security of future generation. Hi-tech horticulture includes micro propagation, micro 
irrigation, fertigation, protected cultivation (greenhouse / polyhouse cultivation), organic farming, 
mechanization and use of remote sensing. 

4. Infrastructure for horticulture: 
The basic infrastructure facilities like pre-cooling units, packing and grading shed, short and 

long term cold storage facilities, refrigerated containers, storage and phytosanitary facilities at mandi 
are lacking in the region. Therefore, there is urgent need to create basic infrastructure facilities to 
boost the horticulture in the region. 

5. Establishment of agricultural technology information centre (ATIC):  
There is need to establish ATIC in different states of the region. Information through internet 

connection, should be provided regarding demand, supply, price market outlook, knowledge of 
consumers’ preference, marketing channels and practices. 

6. Conduction of on-farm trials / frontline demonstration (FLD): 
The farmers of the region are not aware with the recent technologies of horticulture. 

Therefore, there is need to conduct demonstration / FLD as much as possible at farmers’ field in the 
identified crops to convince the farmers about the efficacy of measures in enhancing the productivity 
of identified crops. Apart from this the extension personnel should try to bring the maximum number 
of farmers to demonstration plots, organize farmers day, fair and yield competition, distribute leaflets 
/ bulletins to the farmers. 

7. Post harvest management and processing: 
The region is lacking in trained personnel with sound knowledge of post harvest management 

of produce. There is also a need for integrated research for post harvest handling, packaging, 
transportation, storage and quality control of perishable commodities. There is also a need to establish 
processing units to formulate value addition products of excess produce.  

8. Strengthening of horticultural farms and nurseries: 
The different horticultural farms and nurseries of the region which are meant for supply of 

disease free, healthy, true to type planting materials of fruits, vegetables and ornamental crops should 
be strengthened so as to meet the increasing demand for planting materials. The important rootstocks / 
mother tree stock should also be maintained at these horticultural farms/nurseries. 

9. Training to farmers/extension functionaries: 
Non-availability of trained manpower is one of the major problems of the region. As 

horticulture requires highly skilled personnel for grafting, pruning, orchard management and also for 
vegetables and ornamental plants. The farmer as well as extension functionaries should be given 
training from time to time regarding recent advances in horticulture. The entrepreneurship should also 
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be generated by providing training to entrepreneurs for overall development of horticulture in the 
region.  

10. Protected cultivation:  
The NE states are dominated by hilly areas thus they are highly suitable for protected/off 

season cultivation of high value vegetable crops like tomato and capsicum and flowers/ornamentals 
crops.  

11. Emphasis on organic farming: 
There is need for research on standardization of doses of different organic fertilizers like 

FYM, green manure, vermi-compost, neem cake, biofertilizers (Rhizobium, azotobactor, VAM), etc., 
in different crops. The emphasis should be given on the use of locally available organic materials.  

12. Research on under utilized crop: 
There is need for research on under utilized/lesser known horticultural crops for their 

commercialisation, because these crops are grown at very large scale, in the region. For example 
passion fruit which is grown in Mizoram at very large scale is becoming popular in other states also. 
Passion fruit is having export potential due to pleasant flavour and attractive natural colour of the 
juice.  

13. Crop diversification: 
While giving emphasis on one or two crops, the other crops should also be taken into account 

to make agriculture sustainable. For example, after ginger and turmeric, which are heavy nutrient 
feeder, leguminous vegetables like cowpea, pea, etc., should be grown to maintain the fertility of the 
soil. Similarly, agri-horti-suilvi-pastoral system or multistorey system and agroforestry will be more 
successful in hilly areas. 
 
The other points which may be taken in to consideration for developing the horticulture industry in 
the region are - 
¨  Introduction of export quality horticultural crops suitable for the region. For example kiwi fruit 

for Sikkim, black pepper for Assam, Meghalaya and Tripura, cashewnut for Tripura, Assam and 
Meghalaya.  

¨  Technology for the low cost hybrid vegetable seed production. 
¨  Production of quality seeds (conventional/hybrid) and planting materials. 
¨  Working out the dynamics of production constraints. 
¨  Revival of Khasi mandarin cultivation through refinement of rejuvenation practices. 
¨  Furtherance of research on development of models of multiple cropping including high-density 

cropping in fruit crops. 
¨  Production of true potato seeds (TPS). 
¨  Intensification of research on water management including drip system. 
¨  Improvement of shelf life and product diversification of banana, pineapple and litchi, citrus, 

tomato, capsicum, etc. 
¨  Development of floriculture and establishment of at least one model village of floriculture near 

urban center supported with modern sales center at near by city and linkage with APEDA for 
export. 

¨  Establishment of biotech unit (tissue culture lab) for production of disease free planting material 
in important crops like citrus, banana and ornamental crops etc. 

 
On the basis of area and production the major horticultural crops identified for the different states are 
given in Table 12. 
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Table 12: Major horticultural crops identified for different states 
 States   Horticultural crops  

Fruits Citrus , apple, walnut, banana, pear, plum , kiwi 
Vegetables Pea , beans, colocassia 

Arunachal 
Pradesh 

Spices Ginger, large cardamom, turmeric 
Fruits Banana, citrus, pineapple, jackfruit, guava, papaya 
Vegetables Potato, cabbage, sweet potato, brinjal, onion, cauliflower 
Spices Chilli, ginger, turmeric, black pepper 

Assam  

Plantation crops Arecanut, cashewnut, coconut 
Fruits Pineapple, citrus, banana, passion fruit 
Vegetables tomato,cabbage, cauliflower 

Manipur  

Spices Chilli, ginger, turmeric 
Fruits Pineapple, citrus, banana 
Vegetables Potato, cabbage, cauliflower, radish, French bean, tomato, 

capsicum 
Spices Ginger, turmeric 

Meghalaya  

Plantation crops Arecanut 
Fruits Citrus, banana, passion fruit 
Vegetables Chow-chow, cabbage, pumpkin, brinjal, beans 
Spices Ginger, turmeric, chilli 

Mizoram  

Plantation crops Arecanut 
Fruits Pineapple, banana, citrus, passion fruit 
Vegetables Colocasia, chow-chow, tapioca, potato, pea 

Nagaland  

Spices Garlic, chilli, ginger 
Fruits Citrus, kiwi fruit 
Vegetables Cabbage, French bean, chow-chow 

Sikkim 

Spices Large cardamom, chilli 
Fruits Citrus, pineapple, banana, jack fruit, mango, litchi 
Vegetables Potato, brinjal, sweet potato, beans, tomato 
Spices Chilli, ginger, black pepper 

Tripura 

Plantation crops Arecanut, coconut, cashewnut  
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BIODIVERSITY IN JAINTIA HILLS DISTRICT OF MEGHALAYA  
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 The Jaintia hills, one of the seven districts of Meghalaya, lies between latitude 25o5’N to 
25o4’N and longitude 91o51’E to 92o45’E. The district is bound by the state of Assam on the north and 
east, the East Khasi Hills on the west and Bangladesh in the south (Figure 1). The district covers an 
area of 3819 km2 constituting 17.03% of the total area of the state. The topography of the district is 
composed of undulating hilly landscapes dissected by numerous rivers and streams. On the northern 
and western borders, these hills take the form of tumbled ranges, running for the most part of north 
and south and ranging two to three thousand feet in height. 

 
Figure 1. Location map of study area 
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 Jaintia hills is a part of the Meghalaya plateau which composed of rocks belonging to the age 
group of Archean and tertiary period represented by granites, phyllite, gnessis, sandstone and 
limestone. The district is blessed with rich natural resources, both non-renewable and renewable 
including bioresources. Minerals such as coal, limestone, fireclay, phosphorite, etc., are found in 
abundance. Heavy and long monsoon is source of numerous streams and rivers, and support for 
growth of luxuriant forests rich in diverse flora and fauna. The water bodies of the area harbour many 
species of fishes, amphibians and numerous invertebrates. 
 The ecology of the area has been threatened by large scale environmental degradation caused 
by extensive deforestation, overexploitation of natural resources and other anthropogenic activities 
coupled with unprecedented rise in human population. During recent years unscientific coal mining in 
the area has futher aggravated the problem. As a result, soil erosion, scarcity of water, pollution of air, 
water and soil, reduced soil fertility and loss of biodiversity are some of the serious problems of the 
area (Das Gupta et. al., 2002). 
 

 
Figure 2: Coal mining areas in Meghalaya 

 
Coal deposits in Jaintia Hills 
 The Jaintial hills district of Meghalaya is a major coal producing area with an estimated coal 
reserve of about 40 million tones. Sutnga, Lakadong, Musiang-Lamare, Khilehriat, loksi, Ladrymbai, 
Rymbai, Byrwai, Chyrmang, Bapung, Jarain, Shkentalang, Lumshnong, Sakynphor etc. are the main 
coal bearing areas of the district. Areas under coal mining in Jaintia hills district are shown in Figure 
2. The coal seams varying from 30 to 212 cm in thickness occur imbedded in sedimentary rocks, 
sandstones and shale of the Eocene age (Guha Roy, 1992). The main characteristics of the coal found 
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in Jaintia hills are its low ash content, high volatile matter, high calorific value and comparatively 
high sulphur content. The coal is mostly sub-bituminous in character. The physical properties 
characterize the coal of Jaintia hills district as hard, lumpy bright and jointed except for the coal in 
Jarain which is both soft and hard in nature. Composition of the coal revealed by chemical analysis 
indicates moisture content between 0.4% to 9.2%, ash content between 1.3% to 24.7%, and sulphur 
content between 2.7% to 5.0%. The calorific value ranges from 5,694 to 8230 kilo calories/Kilogram 
(Directorate of Mineral Resources, 1985). 
 
Coal mining in Jaintia Hills 
 The mining activities in Jaintia hills district are small scale ventures controlled by individuals 
who own the land. Coal extraction is done by primitive surface mining method commonly known as 
‘rat-hole’ mining. In this method the land is, first cleared by cutting and removing the ground 
vegetation and then pits ranging from 5 to 100 m2 are dug into the ground to reach the coal seam. 
Thereafter, tunnels are made into the seam sideways to extract coal which is first brought into the pit 
by using a conical basket or a wheel barrow and then taken out and dumped on nearby un-mined area. 
Finally, the coal is carried by trucks to the larger dumping places near highways for its trade and 
transportation. Entire road sides in and around mining areas are used for piling of coal which is a 
major source of air, water and soil pollution. Off road movement of trucks and other vehicles in the 
area causes further damage to the ecology of the area. Hence, a large area of the land is spoiled and 
denuded of vegetal cover not only by mining but also by dumping and storage of coal and associated 
vehicular movement. 
 
Environmental implications of coal mining 
 Mining operation, undoubtedly has brought wealth and employment opportunity in the area, 
but simultaneously has lead to extensive environmental degradation and erosion of traditional values 
in the society. Environmental problems associated with mining have been felt severely because of the 
region’s fragile ecosystems and richness of biological and cultural diversity. The indiscriminate and 
unscientific mining and absence of post mining treatment and management of mined areas are making 
the fragile ecosystems more vulnerable to environmental degradation and leading to large scale land 
cover/land use changes. The current modus operandi of surface mining in the area generates huge 
quantity of mine spoil or overburden (consolidated and unconsolidated materials overlying the coal 
seam) in the form of gravels, rocks, sand, soil, etc., which are dumped over a large area adjacent to the 
mine pits. The dumping of overburden and coal destroys the surrounding vegetation and leads to 
severe soil and water pollution. Large scale denudation of forest cover, scarcity of water, pollution of 
air, water and soil, and degradation of agricultural lands are some of the conspicuous environmental 
implications of coal mining in Jaintia hills (Das Gupta et. al., 2002). 

Further, entire coal mining area of the Jaintia hills has become full of mine pits and caves. 
These open, unfilled pits are the places where surface water percolates and disappears. As a result, 
smaller streams and rivers of the area, which served as life lines for the people, are either completely 
disappearing from the face of the earth or becoming seasonal. Consequently, the area is facing acute 
shortage of clean drinking and irrigation water. Besides, a vast area has become physically disfigured 
due to haphazard dumping of overburden and mined coal, and caving in of the ground and subsistence 
of land. 

 
Rivers and streams in coal mining areas 
 Literature survey coupled with field visits revealed that a large number of rivers and streams 
drain the undulating landscape of the Jaintia hills district. Most of these rivers and streams flow 
towards south-east into the flood plains of Bangladesh. However, a few also flow towards northern 
side into the Brahmaputra valley (Figure 3). 
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Figuure 3: Rivers and streams in coal mining areas of Meghalaya 

  
The major water bodies in Jaintia hill district are Myntdu, Prang, Lukha and Lubha rivers 

which flow into the Bangladesh plain. River Myntdu originates near Jowai, the district headquarters, 
and flows towards Bangladesh where it is known by the name “Hari”. It surrounds Jowai town from 
three directions, i.e., East, West and South leaving open the North. River Lukha originates from 
Sutnga and flows towards Bangladesh plains. Prang river is called Seshympa river in the upper part of 
the area. This river joins Myntdu river in the south which together flow towards Bangladesh plain. 
River Lubha is located near river Lukha and flows through Sonapur village towards Bangladesh 
plains. In the eastern side of the district are tributaries of river Kopli namely, river Mynriang, river 
Umiurem and river Myntang. River Mynriang originates near Nongjing Elaka about 24 kms from 
Jowai and river Umiurem originates near Pasyih and Muthlong which are situated in the Western side 
of Shangpung about 32 kms from Jowai. Flowing through Nartiang to Mynso, river Myntang 
originates near Lalong village which is about 8 kms from Jowai. Besides these, river Umtarang also 
drains the eastern side of the district. These rivers flow towards Brahmaputra valley in Assam. River 
Kopli is the biggest river in Jaintia hill district. The river originates from the black mountains of Lum 
Bah-bo Bah-kong and flows northward into the Brahmaputra valley. This river demarcates Jaintia 
hills and North Cachar hills of Assam. 
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 Some other rivers in coal mining are Kmai-um and Rawaka of Rymbai, Thwai Kungor of 
Bapung, Brilakam of Myrsiang, and Mynsar of loksi. A few streams namely Wah Bapung of Bapung, 
Umthalan of Lakadong, Mynkien of Jarain, Saitpathi of Sutnga, and Metyngka of Rymbai are also 
located. The Wah Waikhyrwi (Um Roong) and Sarbang are the main rivers flowing through Sutnga 
area. Besides, there are a number of streams, which flow through narrow valleys. In Jarain 
Shkentalang area, streams flowing towards east are Um Laho, Thlumwi, and Um Pilang and towards 
south Umladkhur (Figure 3). 
 
Degradation of water quality due to coal mining 
 The water bodies of the area are the greatest victims of the coal mining. The water bodies are 
badly affected by contamination of Acid Mines Drainage (AMD) originating from mines and spoils, 
leaching of heavy metals, organic enrichment and silting by coal and sand particles. Pollution of the 
water is evidenced by the colour of the water which in most of the rivers and streams in the mining 
area varies from brownish to reddish orange. Low pH (between 2-3), high conductivity, high 
concentration of sulphates, iron and toxic heavy metals, low dissolved oxygen (DO) and high BOD 
are some of the physico-chemical and biological parameters which characterize the degradation of 
water quality. Observations on physico-chemical and biological characteristics of water are discussed 
below and summarized in Table 1. 
 
Colour: The colour of the water in mining area generally varies from brownish to reddish orange. 
Siltation of coal particles, sand, soil, etc., and contamination of AMD and formation of iron hydroxide 
are some of the major causes of change in water colour. 
 Formation of iron hydroxides [(Fe (OH)3] is mainly responsible for orange or red colour of 
water in the mining areas. Iron hydroxide is a yellowish insolube material commonly formed in water 
bodies of the coalfields. It is this material that stains streams and responsible for red to orange color of 
water. When elevated levels of iron are introduced into natural waters, the iron is oxidized and 
hydrolyzed, thereby forming precipitate of iron hydroxides. On the other hand, the water colour of 
Myntdu river which has been considered as control being located away from the mining area has been 
found clear with bluish tint. 
 
pH: The water in coal mining areas has been found highly acidic. The pH of streams and rivers varies 
between 2.31 to 4.01. However, pH of the Myntdu river was found to be 6.67. 
 
Silt and suspended solids: Solids such as fine particles of coal, sand, mud and other mineral particles 
were found deposited at the bottom of the water bodies. Besides, water was also found turbid and 
coloured due to suspended precipitates of iron hydroxides. Silt, fine sand, mud, coal dust and similar 
materials form a covering over the bottom and disrupt the benthic habitat. In addition they reduce the 
availability of oxygen and light for aquatic life. 
 
Dissolved Oxygen: Dissolved Oxygen (DO) in water is essential for sustaining higher forms of life in 
water bodies. It is an important parameter to assess water quality. Dissolved oxygen was found to be 
low in water bodies of coal mining areas, the lowest being 4.24 mg/L in river Rawaka and stream 
Metyngka of Rymbai. However, DO in water of river Myntdu was found 10.2 mg/L. 
 
Sulphate: The waters of the mining areas have been found containing sulphate concentration between 
78 to 168 mg/L. The high concentration of sulphates is mainly due to presence of iron sulphide in coal 
and rocks and its reaction with water and oxygen. Water of the unpolluted rivers and streams in 
Meghalaya contains usually very low concentration of sulphates as found in water of river Myntdu 
(3.66 mg/L). 
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Conductivity: Conductivity is the measure of the capacity of a solution to conduct electric current. It 
is a rapid measure of the total dissolved solids present in ionic form. In this study, the conductivity 
was found highest is stream Metyngka of Rymbai with 2.7 mMHOS and least in the control river 
Myntdu with 0.1 mMHOs. 
 As a result, the rivers, streams and springs which had supported extremely rich biodiversity 
and traditional agriculture, and were source of potable and irrigation water in the area have become 
unfit for human consumption. Further, there is an overall decline in agriculture productivity due to 
contamination of soil with coal particles, seepage of acid mines drainage and scarcity of water. The 
water of many rivers and streams have almost become devoid of aquatic life. 
 
Table 1: Physico-chemical properties of the water of some rivers of Jaintia Hills, Meghalaya 
S.N. Rivers/ 

Streams & 
Location 

Surrounding 
Area 

Colour of 
water 

pH DO 
(mg/L) 

Sulphate 
content 
(mg/L) 

Conductiv
ity 
(mMHOS) 

Remarks 

1. Waikhyrwi, 
Sutnga 

Coal mining 
area 

Brownish 3.96 5.94 78.69 DNA Polluted 

2. Rawaka, 
Rymbai 

Coal mining 
area 

Reddish 
brown 

2.31 4.24 166.5 1.35 Highly 
polluted 

3. Kmai-um, 
Rymbai 

Coal mining 
area 

Reddish 
brown 

2.66 5.84 144.0 0.74 Highly 
polluted 

4. Metyngka,  
Rymbai 

Coal mining 
area 

Reddish 
brown 

2.42 4.24 168.0 2.70 Highly 
polluted 

5. Um-
Mynkseh, 
Ladrymbai 

Coal mining 
area 

Brownish 
orange 

3.52 5.04 118.7 0.67 Polluted 

6. Thwai- 
Kungor, 
Bapung 

Coal mining 
area 

Brownish 4.01 5.68 82.87 0.18 Polluted 

7. Umkyrpon, 
Khliehriat 

Coal mining 
area 

Light 
Orange 

3.67 4.4 161.3 0.37  Polluted 

8. Myntdu, 
Jowai 

Away from 
Coal mining 
area 

Bluish 6.67 10.2 3.66 0.10 Clean 

NA-Data Not Available 
 
Causes of deterioration of water quality 
 Major causes of deterioration of water quality evidenced by above observations are AMD 
discharge, silting of bottom and organic enrichment which are described below: 
 
Acid Mine Drainage: Acid Mine Drainage (AMD) is the main source of water pollution in the coal 
mining areas. It is formed by a series of complex geochemical and microbial reactions that occur 
when water comes in contact with pyrite (iron sulfide) found in coal and exposed rocks of overburded. 
Iron sulfide in presence of oxygen, water and bacteria forms sulphuric acid, is referred to as AMD. 
The formation of AMD is summarized below with the help of a generalized chemical reaction 
(Johnson & Bradshaw, 1978): 
4 FeS2 + 15 O2 + 14 H2O = 4 Fe (OH)3¯  + 8 H2SO4 

Pyrite + Oxygen + Water = “Yellow precipitate” ¯  + Sulfuric Acid 
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In the process, iron hydroxide, a yellowish orange precipitate is also formed. The precipitate 
of iron hydroxide together with other contaminants causes turbidity and changes in colour of the water 
which reduces the penetration of light and affects the aquatic life. Extremely low pH condition in the 
water accelerates weathering and dissolution of silicate and other rock minerals, thereby causing the 
release of other elements such as aluminum, manganese, copper, cadmium etc. into the water. Hence, 
water contaminated with AMD is often coloured and turbid with suspended solids, highly acidic (low 
pH), and contain high concentration of dissolved metals and other elements. 
 
Silting: Deposition of silt at the bottom of the rivers and streams is another important problem in coal 
mining areas. Solids such as fine particles of coal, sand, mud and other mineral particles were found 
deposited at the bottom of the water bodies. Besides, water was also found turbid and coloured due to 
suspended precipitates of iron hydroxides. Silt fine sand, mud, coal dust and similar materials may be 
quite disruptive in streams as they destroy the benthic habitat and reduce availability of oxygen for 
benthic animals. 
 
Organic enrichment: Water bodies of the mining area appear to contain various types of organic 
matter which is evident by low Dissolved Oxygen (DO) and high Biochemical Oxygen Demand 
(BOD). Continuously increasing human population, lack of proper sanitation and a high 
anthropogenic pressures are responsible for different  types of organic pollution in water bodies of the 
area. The organic matters are oxygen demanding hence leading to low DO and high BOD levels in 
water. 
 
Impact of water pollution on aquatic life 
 Low pH, low DO, higher sulphate content and turbidity in water of coal mining areas are 
affecting the aquatic life. Study on benthic macroinvertebrates revealed presence of only a few 
tolerant species namely Chironomus larvae (Diptera), dragonfly larvae (Odonata) and water bugs 
(Hemiptera) in rivers and streams of the area. Analysis further revealed lower abundance and species 
diversity of macroinvertebrates. The presence of only a few tolerant species of benthic 
macroinvertebrates and the absence of most of the aquatic organisms particularly the sensitive species 
are most likely due to acidic water contaminated with AMD. Further, most of the river of the mining 
area lack commonly found aquatic organisms such as fish, frog and crustacean. 
 On the other hand, studies done on river Myntdu, which is away from the coal mining area 
revealed relatively higher abundance and species diversity of macroinvertebrates. The species present 
in the river include many sensitive species such as stonefly nymph (Plecoptera), mayfly nymph 
(Ephemeroptera), caddisfly (Tricoptera) along with tolerant species listed above. 
 The primary cause of degradation of water quality and the declining trend of biodiversity in 
the water bodies of the mining area is attributed mainly to the AMD, which makes water highly acidic 
and rich in heavy metal concentration (Pentreath, 1994). Low pH is directly injurious to many 
freshwater animals and has diverse biological effects including changes in abundance, biomass and 
diversity of invertebrates. Higher concentration of heavy metal in water impairs with the moral 
physiological functioning of the aquatic organisms, and leads to toxicity. The effects of AMD are the 
result of a combination of factors which are devastating to stream ecosystem by eliminating stream 
macroinvertebrates, fish community, and plant species. Water bodies not affected by Acid mine 
drainage support high diversity of insects belonging to orders Ephemeroptera (Mayflies), Plecoptera 
(Stoneflies) and Trecoptera (Caddisflies). Mayflies are one of the most sensitive group of aquatic 
insect to low ph. Acid mine drainage causes a reduction in the abundance and diversity of benthic 
macroinvertebrates. Sensitive species are eliminated even in moderately polluted water bodies (Weed 
& Rutschky, 1971). In severely polluted condition, tolerant organisms like earthworms (Tubificidae) 
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midge larvae (chironomidae) etc dominates and are present in abundance (Parsons, 1968; 
Miserendino, 2001). 
 Another important source of water pollution is the organic enrichment by various 
anthropogenic activities leading to lower dissolve oxygen and higher BOD in water bodies of the area. 
This further makes the ambient unfit for survival of many aquatic organisms. The presence of only a 
few tolerant species of macroinvertebrates in low abundance, and absence of other commonly found 
aquatic organisms such as fish, frog and crustaceans indicates diminishing life sustaining role of water 
in the area. 
 
Eco-restoration  
 Depletion of forest cover, pollution of air, water and soil, degradation of agricultural fields, 
and scarcity of water and other natural resources are some major environmental issues of the coal 
mining areas. The polluted water has contaminated the agricultural fields, reduced the agricultural 
productivity drestically, and forced the farmers to abandon the agricultural activity. Hence, mining 
operation has proved detrimental to the fragile ecosystems of the area, in general and diminished the 
life-sustaining role of water, in particular. There is an urgent need for reversing the trend and bring 
back the normal ecology of the area. Filling of mine pits, channeling of seepage water for checking 
AMD contamination of water bodies and crop fields, afforestation with native species, undertaking 
effective soil conservation and water resources management programmes are some of the measures 
that can mitigate the problem and restore the degraded ecology of the area. 
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Introduction 

The environment of which land is a vital component, acts as a highly sensitive system 
to provide the means of sustainability to all forms of life.  The Agenda 21 of Chapter 10 of 
the United Nations Conference on Environment and Development (UNCED), held at Rio de 
Janeiro in 1992, focused attention on planning and management of land resources, to make 
management economically and environmentally sustainable and socio-economically 
acceptable. Soil and land degradation are perhaps more important and less spectacular but 
widespread. Several writers have attributed the end of Mesopotamian Civilization as a result 
of salinization of Greek and Mayas and others to soil erosion (Hillel, 1991). 

There are many definitions of sustainability and are equally plentiful (Greenland, 1994), but 
the definition given by FAO (1991) is most relevant.  It states that “a system which involves the 
management and conservation of technological and institutional change in such a manner as to ensure 
the attainment and continued satisfaction of human needs for present and future generations. Such 
sustainable development (in agriculture, forestry and fisheries sector) conserve land, water, plant and 
animal genetic resources, and it is economically viable and socially acceptable”. Land use systems 
require constant monitoring and adaptation to maintain food security, minimize deforestation, 
conservation of biological diversity, reduction of green house gas emissions, protection of 
environments and enhancement of health and safety of human occupation to the changing social, 
economic and natural environments. Even we may change our pattern of consumption, land use 
practices and energy use to safeguard the environments. The sustainable land utilization of hills 
involves the management and conservation of natural resources (land, water and forest) to maintain 
the quality of environments for favour of the present and future households and communities’ needs.  

The beautiful tiny Himalayan state, Sikkim provides the snow capped mountain peaks, 
glaciers, transverse river valleys, cascading streams and rivers, lakes, floral and faunal diversity and 
richness within its narrow rugged mountainous terrain of roughly 64 km wide and 112 km long 
distances. Such biogeographical region is unique and unparallel, perhaps nowhere else in a similar 
situation on the earth. Terraced cultivated fields interspersed with streams along with bamboo and tree 
groves are the traditional hill agriculture confined to the elevations of 2000m. The high intensity of 
rainfall on steep hill slopes causes extensive soil erosion and landslides during rainy season. The 
increasing demographic pressure is resulting indiscriminate exploitation of precious natural land 
resources leading devastating ecological imbalances threatening their own means of survival through 
degradation of not only land but also biodiversity rich zone. Therefore, an attempt has been made to 
suggest land utilization for sustainable hill so as to increase the land productivity and restoration of 
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soil degradation and increase the quality of environments to preserve the natural beauty for our 
present and future generations. 
 
Geography and geology 

Sikkim is located between 27o 46’ and 28o 7’ 48” North latitude and between 88o 0’ 5” and 88o 
55’ 25” East longitude in the eastern Himalaya, bounded between three international borders of 
China, Bhutan and Nepal on the north, east and west sides, respectively and southern boundary by 
Darjeeling district of West Bengal State. Sikkim with geographical area of 7096 km2 is surrounded 
almost on all sides by steep mountain walls except in south it is open by Teesta river and high 
mountains of north are always covered under perpetual snow cover. Teesta and Rangeet are the major 
rivers, which originate from the glaciers and drain the water of the state. The altitudes vary from 
300m to 8586m and on the basis of physiography, the whole state can be divided into 6 physiographic 
zones; summits and ridges; side slope of hills, narrow valley, cliff and precipitous slope, zone of 
glacial drift and perpetual snow cover (Anonymous 1992a). 

The entire state is a young mountain system with highly folded and faulted rock strata at 
many places. The Daling group of rock is found in the central part of Sikkim and composed of 
phyllites, schists, slates and quartzites. The northern central part of West Sikkim chiefly made up of 
Darjeeling gneiss. The gneiss of South Sikkim is highly micaceous and frequently passes into mica-
schists. The younger Gondwana contains sandstone, shale, and carbonaceous shale with occasional 
thin coal bands. 
 
Climate and vegetation 

Climatically, Sikkim experiences variable temperature with scorching summer at the foothills 
to freezing chills in winter on high mountains. Rainfall occurs throughout the year and state as a 
whole gets 80-90% of the annual rainfall (except around 65% in north-east) during monsoon (May to 
September) (Anonymous, 1991). The mean annual rainfall varies from 840 to 5000mm with heavy 
precipitation of snow on the higher reaches and the Greater Himalayas. 

All the botanical zones from tropical to alpine are found in Sikkim due to its geographical 
position, climate and altitude. The vegetation of Sikkim has been distinguished into 6 forest zones 
based on altitudes (Khoshoo, 1992).  They are: 

1.  Tropical Evergreen Forests (up to 900m) 
2.   Sub-tropical Forests (900-1800m) 
3.   Temperate Forests (1800-2700m) 
4.   Sub-alpine Forests (2700-3500m) 
5.   Alpine vegetation (3500-4500m) 
6.  Alpine deserts (> 4500m) 

Sikkim is renowned for its Rhododendrons, and orchids and for high altitude Primulas, 
Meconopsis and Blue poppies. This state is veritable storehouse of medicinal and economically 
important plants. 
 
Land Use 

The land use pattern of Sikkim is strongly influenced by the elevation, climate and 
mountainous terrain, especially in the field of agriculture and forestry.  Forest is the main land use in 
the state and nearly 40% (reserve + private) of the geographical area is under varying forest densities 
cover followed by alpine barren land, snow and glaciers (Table 1). The cultivated land is 
approximately 11% of the total geographical area (776.74km2) and is confined to altitude less than 
2000m. Around 70% of the cultivated land (541.44ha) is terraced/semi-terraced and remaining is 
under fallow/scrub. 
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Land degradation 
Degraded lands include those lands whose condition has deteriorated to such an extent that it 

can not be put to any productive use as such, except current follows due to various constraints. The 
degraded lands of Sikkim mainly have resulted due to over exploitation of forest for fuel, timber and 
fodder, improper land use practices and infrastructure development. Theng (1991) in his review essay 
- Soil Science in the Tropics - the next 75 years’ addressed three soil related issues: forest resources 
and deforestation; degradation of soil resources and soil management as integral parts of sustainable 
land management.  Soil erosion is one of the major causes of soil degradation on steeply sloping lands 
devoid of vegetative cover and often subjected to landslides or landslips during rainy season (May to 
September). The total degraded land through erosion was estimated 3.8 lakh hectares, which reduced 
to 1.54 lakh hectares up to 1989-90, as a result of suitable conservation measures (Anonymous, 
1992b). The conservation measures are not keeping pace everywhere with land degradation due to 
heavy rainfall. The geological make up of surface as well as underlying rocks influence land 
degradation to a great extent on slopy lands. The north, eastern and western portions of state are made 
up of hard massive gneiss, which is comparatively more resistant to the weathering thus, denudation.  
Central and southern phyllites and schists are highly susceptible to weathering and prone to erosion 
and landslides.    

Lachen chu (Teesta) and Lachung chu originate at an elevation of about 5800m in North 
Sikkim and both join at Chungthang and give the major Teesta River, which drops to about 200m at 
Rangpo covering a total distance of 175km. The water of Teesta River is sky blue in colour upto 
Chungthang, further turns greyish and intensity increases as river moves southwards. The suspended 
sediment inflow of this river measured at Chungthang and Dikchu by the Central Water Commission 
(Government of India) is given in Table 2 for the mean of the data collected 10 and 14 years, 
respectively. It is evident that, the sedimentation of river water at Chungthang just down stream of the 
confluence of Lachen Chu and Lachung Chu was found to be between 0.119 (February) and 24.042 
ham (July), 50 km downward at Dikchu was between 0.482 and 148.353 ham and sedimentation rate 
increased tremendously. It is also evident that the coarse fraction increased as the river moved 
downward towards Singtam. The average annual suspended sediment inflow at Chungthang, 79.087 
ham appears to be quite low. The further increase of sedimentation load at Dikchu (497.156 ham) is 
the result of unstable banks on either side of Teesta that experience major landslides during the 
monsoon period and more than 94% of the total annual suspended sediment inflow occurred during 
the same period. 

Soil degradation by erosion is often non-reversible, particularly where a top fertile soil is 
replaced by a compact acid sub-soil, through adverse changes in physical, chemical and biological 
properties. The rate of soil degradation by different processes is generally increased by using land for 
whatever it is not capable of and unsuitable methods of soil and crop management. Consequently, soil 
degradation sets in resulting in widespread occurrence of sheet and gully erosion, and ultimately 
encroachment by Seeru (Imperata cylindrica) on highly eroded land. The net cultivated which was 
64,927 in 1976-77 increased 78,321 in 1980-81 and decreased to 63,254 in 1980-91 is the indicator of 
land degradation in Sikkim by increasing culturable wasteland (Anonymous 1996). The resource poor 
farmers and landless labourer were forced to cultivate lands during 1977-1980 that were too steep, too 
shallow, rocky and stony and by the methods that were ecologically unfriendly. Soil erosion even 
occurs on gradual terraces, non-cultivable land grazing land and in settlements. The construction and 
operation of roadways, urbanization and other infrastructure development activities cause 
disturbances of soil, vegetation, slope inclination and drainage patterns create further potential for 
accelerated erosion and increased sediment yield. Land slides adversely effect utility services such as 
roads, power generation, reservoirs, human settlements, trade, tourism and other developmental and 
economic activities parameters effecting on-site slope processes. These processes not only affect the 
land/soil but also cause loss of bio-diversity including base resource itself, and human life. 
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Restoration of land degradation 

The thermodynamics of soil system suggest that it is easier to degrade soil than to restore it, 
and degradation occurs at a far more rapid rate than reclamation. Understanding the processes, factors 
and causes of land degradation is a basic prerequisite towards successful restoration of the 
productivity of degraded lands. Knowing the category of soil degradation is an important stage to 
restore the soil quality and its productivity by preventing soil erosion, promoting high biological 
activity, increasing soil organic matter content and increasing rooting depth of plants. There are two 
approaches that have been used to reclaim degraded soils and intensify agricultural production from 
areas already under cultivation. 

1.  Engineering approaches 
2.  Ecological approaches 

 
Engineering approaches 

Engineering approaches are used in cases of extreme degradation, where other approaches are 
not possible or slow. Contour ridges, check dams and bench terraces involve high cost of construction 
and maintenance, which poor farmers cannot afford to invest. Ecological measures are more effective 
when used in combination with engineering techniques. By adopting terracing and protected 
waterways, the steep slope could be cultivated safely and profitably. Any small damages in terraces 
should be immediately repaired before it becomes worse. Many terrace areas have failed not because 
of design or construction, but owing to negligence in protection and maintenance. The terrace risers 
can be planted with local grasses to protect the soil loss and produce forage for cattle. The terrace 
outlets are well protected either sod-forming grasses or using a piece of rock or brick to form a check.  
Fords culverts and bridges are needed in large enough for crossing small streams, sediment, debris 
etc. to remove the water before it has a chance to concentrate and cause erosion. Slope stabilization 
includes re-vegetation and other engineering measures to control surface erosion on road cut and fill 
slope and waste and borrow areas. During construction of road, to avoid mass movement of soil, the 
best way is to place the culverts to the natural stream channel as closely as possible. Wattling and 
staking is a combination of mechanical stabilization and re-vegetation on road fill banks and similar 
areas of base slopes for building new roads in the hilly terrain. It helps to reduce the run-off and its 
velocity, barrier or buffer strip for controlling soil and conservation of moisture for stake growth. 
 
Ecological approaches 

The ecological approaches involve the manipulation of inherent soil processes to check the 
soil degradation. Practical method of controlling water erosion require that a cover be maintained over 
the soil at all times to break the erosive force of the rain. Farmers, foresters and pastoralists are users 
of land for production and sustained output of plant materials year after year depends on maintaining 
the quality and quantity of soil as a rooting medium and supporting the dynamics of the biological self 
renewed capacity of soil (Shaxson 1981). The objective of conservation is to work out how to satisfy 
people’s aesthetic and physical needs from the land without harming or destroying its capacity to go 
on satisfying those needs in the future (Shaxson et al., 1989). The ecological approaches to restore 
land degradation includes following objectives: 
i)  to stabilize slopes and control of sedimentation in the stream, 
ii)  to establish dense and diverse vegetative cover to provide ecological stability to the site and act as 

soil amendments, 
iii)  to ensure nutrient cycling and enrichment of soil, 
iv)  to fulfill fuel, fodder and other requirements of local people, and  
v)  to enhance the ameliorative value of the site. 

The main ecological approaches are described in brief for the sustainability of land. 
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Landscape stabilization 
Before restoration of degraded lands, the stabilization of landscape against erosion or slope 

failure is essential. It can be done through the grading of slopes before surface treatment and re-
vegetation or cut-off-ditches with a variety of terraces. With an effective vegetation cover, the 
establishment of plants may control gradients without supplemental mechanical measures in 
protecting the landscape against water erosion. Catastrophic events (such as land slides) cannot be 
altogether prevented, but management action can be implemented to reduce the frequency of events 
by preventing human occupation, economic development therein and planting of deep-rooted trees 
and/or shrubs on steep slopes. 
 
Maintenance of soil fertility for crop productivity  

The most serious effect of soil erosion results loss of most fertile top soil and exposure of 
infertile acid subsoil, decrease of plant available water capacity, degradation of soil structure, non 
uniform removal of soil surface and ultimately decrease of economic return on production. Soil 
conservation not only includes control of erosion, but also recognizes equally the importance of soil 
fertility maintenance. The management practices include the maintenance of soil fertility, soil quality 
and productivity. Almost 50% soil of the state has pH less than 5.5, where growth of the plant roots 
are restricted resulting low productivity due to aluminum toxicity. The field experiments conducted 
on acid soils gave the maximum yield of maize, wheat and soybean, when limestone rates were 1-2.5 
equivalent of exchangeable aluminum and soil pH raised around 5.5 (Patiram et al., 1991). A ready 
reckoner for quick appraisal of lime requirement to the acid soils of Sikkim is suggested to raise the 
pH 5.5 (Patiram, 1991). The limestone rates based on exchangeable aluminum cannot become popular 
in the hilly terrain of state, because here inputs are carried on the head to the distant fields. The field 
experiments on acid soils, gave the encouraging results that this problem can be overcome by furrow 
application of small doses of limestone (250 kg/ha) every year to achieve optimum productivity than a 
relatively higher dose once in three to four years (Patiram, 1994).  
 Organic matter in one form (cattle manure) or other is used in Sikkim to replenish the soil 
fertility for sustainable land management in maintaining soil quality through its effect on soil 
structure, water-holding capacity and nutrient supply. For low input system it is the only provider of 
nutrients and protection against nutrient loss. In general, organic matter is needed for the amendment 
of severely degraded land where conditions are limiting to establish the vegetative cover. The addition 
of organic matter to acid soil reduces the soluble and exchangeable aluminum temporarily by forming 
complexes with organic matter to provide favourable environments for plant growth in addition to 
improve the physical, chemical and biological properties of soil (Patiram, 1996). 

Soil fertility remains at an optimum level if regular doses of manure and fertilizers are added 
to it and soil pH adjusted to 5.5 to eliminate the aluminum toxicity. Multiple cropping, inter-cropping, 
relay cropping, inclusion of legumes in rotation, strip cropping etc. ensure better crop productivity, 
besides maintaining soil fertility. The optimization of the plant nutrient management for the 
productivity of agricultural systems should be conceived according to the system mobilizing natural 
resources in order to sustainably increase farmers’ output.  Plant nutrients in crop residues, litter from 
forests, cattle manure and domestic-waste composts comprise the working capital of plant nutrients 
because farmers can transfer and allocate those nutrient sources to a particular crop (e.g. ginger) in a 
crop rotation and to a particular plot (e.g. vegetables). The legumes in farming systems are essential to 
ensure and sustain agriculture with a moderate level of agricultural output. The integrated plant 
nutrient system (IPNS) promotes to increase the efficiency of applied chemical fertilizers by adopting 
the best time, method and source of application and utilizing sources other than chemical fertilizers 
such as organic manure, bio-fertilizers etc. to meet part of the nutrient needs of crops and cropping 
system (Prasad, 1997). IPNS is a step in the direction of sustainable agricultural development through 
necessary modification of the conventional technology to improve soil health. Efforts are needed for 
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its adaptability at farmers level, because in most of the cases in Sikkim farmers have the availability 
of organic manure.   
 
Afforestation and Agroforestry 

Forests, hydrologically and from the erosion control point of view, provide more protection 
due to closed system as long as they are maintained as forestlands. Even after cutting, re-growth of 
vegetation quickly restores any hydrological or erosion impacts to pre-harvest level, at least in the 
more humid zone. Open/degraded forestland + forest blank + scrubs in reserve forest and alpine scrub 
occupy 38% of the geographical area (2709km2) (Anonymous, 1994). In order to restore these areas 
an integrated approach is needed through afforestation to change the unpleasant look into pleasant 
view of the site. Restoration or afforestation makes the unproductive lands to productive by 
minimizing erosion and rebuilding of nutrient budget. In the initial stage severely eroded lands, 
require complete forest cover of local origin coupled with protection from grazing. The local 
perennial tall tufted grass species amliso (Thysanolaena agrostis) can reclaim and protect the 
degraded land, terrace risers, water ways, land between trees, and vulnerable points, provides fodder 
to animals in winter and spikes for brooms. 

Appropriate agro-forestry systems have the potential to check soil erosion, maintain soil 
organic matters and physical characteristics, augment nitrogen buildup through nitrogen fixing trees 
and promote efficient nutrient cycling. In Sikkim, agro-forestry is an integral part of the farming 
system, where trees are integrated extensively with crop and livestock production. Large cardamom 
with shade trees on hill slopes unsuitable for crop production is ecologically sustainable. The 
combination of trees, grasses, herbs and shrubs along with large cardamom plantation arrest the flow 
of water, reduce the risk of soil erosion and water pollution hazards. Besides this, fodder trees are 
extensively grown around the settlement, roadsides, on field bunds and small patches of land among 
the terraces serve as a lean fodder to animals. Bamboo thickets along the drainage channels on steep 
slope, grasses on terrace risers and on marginal land stabilize the soil against degradation and gives 
production from land occupied. The multistory homestead gardening and mandarin (Citrus reticulata 
Blanco) based cropping system possess the inherent capacity to arrest land denudation. All the 
existing systems optimize the positive interaction among components (trees/shrubs and crops/animals) 
to obtain a more diversified and/or more sustainable production from the available resources and 
physical environments that is possible under socio-economic conditions. The variation of climate due 
to altitude further provide ample scope for growing a variety of agricultural crops, multipurpose tree 
species and fruits of tropical to temperate climates in Sikkim for the effective utilization of land under 
agro-forestry for its sustainability. 
 
Proper land use planning 

The land use planning is the systematic assessment of physical, social and economic factors in 
such a way so as to encourage and assist land users in selecting options that increase their productivity 
with sustainability and meet the needs of society (FAO, 1993). The planning decisions may not 
always be scientific because of conflicts among sectoral interests, government policies and the 
priorities of landowners. Therefore, planning decisions for implementation should be based on 
compromisation among several interests without risking the principles of land capability, 
sustainability and environmental security for agriculture, forests, horticulture, grasslands, urban 
development, mining, infrastructure facilities, recreation and others. Suitable planning of land use 
with reference to the nature of land and needs of the community would provide maximum returns of 
optimum land resources. 

The planning of area development can be best tackled on a natural drainage unit called 
‘watersheds’ with a view to develop resources in such a manner so as to get maximum benefits to the 
people by maintaining ecological balance through continued long-term efforts and commitments for 
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example maintenance of infra-structure, protection and judicious use of land, water and forest 
resources to meet the continued demands, etc. In order to implement the land use planning at 
catchment for the hilly terrain of Sikkim should be based on following objectives: 

1.  Optimization of production from agriculture, forests, plantation (large cardamom), mixed 
farming systems and others on a sustained yield basis for self-sufficiency in basic needs. 

2.  Control of land degradation to their primary production potential. 
3.  Development of wasteland for profitable bio-mass production. 
4.  Exploitation of important mineral resources with proper planning for rehabilitation of mined 

areas. 
5.  Efficient utilization of perennial water resources by reducing run-off and sedimentation. 
6.  Provide the security for food, fodder, fibre, fuel, timber etc. 
7.  Protection of scenic beauty, natural vegetation, wildlife and birds of montane region for 

appreciation to next generation. 
8.  The modification of indigenous knowledge based on latest technical know-how by inter-

generational wisdom of local inhabitants of the region through native means to suit their 
conditions.  
In order to ensure optimum and proper utilization of land resources, State Land Use Board 

was constituted in 1984 to provide highest forum for policy, planning and coordination of all issues 
connected with healthy and scientific management of land resources.  Board is also taking initiative to 
create public awareness for environmental protection through support mobilization. The National 
Watershed Development Project for Rainfed Areas (NWDPRA) is being implemented on micro-
watershed basis (500-800ha) at 12 sites, covering total area of 7691 hectares through 4700 farming 
families being benefited during 8th Plan. During 9th Plan 30 new watersheds will be taken to 
implement the scheme with an area of 30,000 to 40,000 hectares. The department of Agriculture is 
implementing various programmes for watershed development with the aims and objectives of natural 
resource base development, sustainable farming systems, improving the standards of poor farmers and 
landless labourers and restoration of ecological balance. The forest department has taken to plant trees 
in the ecological fragile areas and located in the catchment of power projects and water supply 
schemes. Watersheds are also being treated under River Valley Projects in South and East districts 
and catchment area of Rangit hydroelectric project in South and West districts. Through Natural 
calamity scheme and other activities, priority is given to the treatment of landslide affected village 
holdings. Jhora (drainage) training works are carried out to prevent bank erosion and safe disposal of 
run-off in rainy season. Some slopy lands under watershed programmes with appropriate soil and 
water conservation practices have become quite productive taking into consideration economy and 
environmental risks. The preservation of natural ecosystems, scenic areas and wildlife habitat 
represent another dimension of many watershed projects. The preservation of some ecosystems, 
particularly those with threatened species, could be in the interest of ecology and society as a whole.  
In such instances, the importance of an ecosystem may not readily be evaluated on the basis of 
economics, but the expected benefits should be explicitly described in the appraisal. High quality 
water is usually associated with forested watershed that are well managed, having sparse human 
populations, few grazing animals and least soil erosion. According to established practice, climate, 
soil, land form, hydrology etc. of an area, the human intervention should be restricted to the choice of 
a crop, a livestock or a forest type. 
 
Diversification 

The research conducted in USA showed that less crop diversity can slow development 
resulting soil degradation, more losses to pests and adaptation of crops to pests by loosing resistant 
(Barneet et al., 1990). Diversification as a concept is based on agricultural organization developed 
over generations for future utilization. We are only reaffirming and transferring the advantage of this 
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system, in the face of our changing times. Diversification improves the mobilization of the diverse 
resources and production conditions available on the farm while improving the use and productivity 
of available labour, capital and skills. The diversification of the crops in crop sequence is a proven 
way of upgrading the efficiency of plant nutrition management to explore the nutrient requirement 
from different soil layers. Most of the nutrients consumed by livestock are returned via manure for 
nutrient cycling to field crops. The tree component for feed, fruit, fuel and timber as a component of 
diversification is important for livestock, human needs and shade for some crops (tea and large 
cardamom). The association of perennial crops and annual crops with relay cropping creates basic 
changes of water and plant nutrient availability as compared to pure, perennial crops, this combination 
modifies crop cycles, the competition for light and water between species and the demand for plant 
nutrients. Diversification empowers small-scale farmers, increasing their technical know-how and 
decision making capacity and promoting adequate changes in land use, crop rotations, interaction 
between forestry, livestock systems and cropping systems in support of sustainable development and 
an important component of risk management. Thus, diversification is a key component for necessary 
and sustainable progress of agricultural production in order to meet the growing demand while the 
size of farms is decreasing regularly with time. 
 
Alternate agriculture and holistic approach 

Sustainable agriculture is based on ongoing production to maintain equilibrium with the 
changing demands of the growing population in order to prevent further degradation of the resource 
base and problems of nutrient removal. The alternative agriculture integrates and takes advantage of 
naturally occurring beneficial relationships, such as those between pest and predator, and natural 
process of nitrogen fixation instead of chemically intensive methods to reduce the harmful off farm 
effects of production practices. The technology should be planned keeping in mind that its main 
beneficiaries are non-commercial subsistence or resource poor farmers in order to obtain higher yields 
on a sustainable basis. The development and transfer of technology can be divided into those which 
focus on problems of adoption (location constraints and incentives at the level of individual farmers 
and communities) and those which relate more to the sustainability of the technology transfer, 
particularly regarding institutional and infra-structural weakness. Okigbo (1991) emphasized the need 
for a system engineering approach of sustainability within a holistic management framework rather 
than a compartmentalized thinking. The holistic approach is often refereed to examine totalities the 
research priorities developed over the years. Catizzone (1994) suggested 15 basic points in 
formulating a holistic approach for the understanding of those basic points essential both to identify 
problems on the technical and scientific level and to solve them by research. Swift et al. (1994) 
opined that the goal of sustainability of agriculture can be achieved through participatory research 
which involves the full participation of the farmers as a part of inter-disciplinary team to identify the 
research problems jointly which can be reorient research needs to achieve the desired results. The goal 
depends on creative and innovative conservation, restoration and production practices that provide 
farmers with economically viable and environmentally sound alternatives or options in their farming 
systems (Parr et al., 1990). It poses major research questions for both natural social scientists and a 
multi-disciplinary framework for sustainable land management has yet to be agreed. The problem of 
soil degradation therefore calls for a holistic and multi-disciplinary solution to sustainable land use 
system for Sikkim hill terrain which are given below in brief:   
 
Horticulture 

The wide agro-climatic variation of Sikkim from sub-tropical to alpine provides scope for 
growing a large number of fruits like mandarin (orange), guava, mango, banana, avocado, peach, 
plum, pear, apple etc., all kinds of vegetables and flowers like orchids, gladiolus, ornamental and 
house plants. The lands that are not suitable for seasonal crops and lying barren and unproductive 
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could be covered with orchards to generate additional income for farmers without causing land 
degradation. The preliminary trials indicated that kiwi fruit (Actinida sp.) (Chinese goose berry) can 
be grown in the mid-altitude of the state. The hills between Melli and Namchi having low elevation 
and less rainfall, guava, aonla, pomegranate, mango, ber (Zizyphus sp.) etc. would be a profitable 
commodity, where failure of seasonal crop is a regular feature. Orange grown below 1500m is very 
much popular for its excellent quality, need orientation to promote the area and agro-techniques for 
production on sustained basis. Apple can come up well around 2500m with proper selection of 
planting material and disease control. The popular Rabi vegetables could be grown successfully at 
high hills above 2000m during summer. In some areas farmers have adopted this practice with the 
cooperation of Horticulture Department of the State Government through vegetable development 
programme. Sikkim is famous for orchids from sub-tropical to sub-alpine zone. To promote 
floriculture, three floriculture cooperative societies (Namchi, Turuk and Gangtok) have been 
established for the promotion of Cymbidium orchid and other commercial flowers. 

Among the commercial crops large cardamom (70% of world) and ginger is well adopted into 
the farming system of Sikkim. Large cardamom plantation is economically viable and ecologically 
sustainable agro-forestry system despite low average yield (around 200kg dry capsule/ha) on steeply 
slopy lands. This system is a major source of cash to supplement subsistence farming and has 
considerable unrealized potential (Patiram et al., 1996). The yield and sustainability of system can be 
increased considerably through maintaining optimum plant population ‘chirkhe’ and ‘furkey’ virus 
disease free high yielding cultivars, uprooting and burning/covering deep in soil diseased suckers, 
proper shade, curing techniques of capsules and marketing. The cultivation technique of ginger not 
only replenishes the nutrients removed but also has a positive effect on soil quality (Patiram et al. 
1995). There is a need to select the ginger rhizome rot resistant variety to get higher yield for the 
economically poor farmers’ cash crop that is the main constraint for production. 
 
Livestock-based farming 

Livestock forms an integral part of village life of Sikkim. The rearing of different species of 
animals (cattle, sheep and goat, yaks, pigs, poultry, etc.) is done for draught, milk and meat purposes 
and these animals also provide manure to meet the crops requirement of nutrients. The government is 
also providing the necessary inputs through its various departmental schemes for the development of 
livestock. The production of dairy cattle on small land holdings in the rural area in conjunction with 
primary agriculture production creates employment and contributes substantially to domestic income 
and obtaining better utilization of farm resources. Rabbits and goats are the possible alternative to pig 
production by making available food scraps, crop by-products as well low quality forages for meat 
production without competing with human food. In Sikkim plenty of grasses are available during the 
monsoon periods and scarcity only occurs in winter (November to March). Cultivation of fodder crops 
on agricultural lands is impractical due to constraints of land availability and other inputs. Here 
number of natural feed resources (tree leaves, grasses, shrubs and vines) is available. The only 
practical alternative is available to encourage the propagation and planting of fodder tree species and 
grasses on village waste and marginal lands, community grazing lands, out scrub between and around 
the farm boundary etc. under different afforestation programme for their lopping of leaves to meet the 
feed requirement during lean period. The leaf of some fodder trees is almost as nutritious as that of 
leguminous fodder crops and offers an added advantage of producing fuel wood as a by-product.  
Leguminous fodder trees (Albizia sp; Alnus nepalensis, and others) enrich the site through nitrogen 
fixation, which helps in effective soil and water conservation.   
 
Development in pre-urban areas 

Urbanization in Sikkim after 1975 is proceeding at a rate that is without historical precedent. 
Urban development is very beneficial for the overall development. 
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·  agricultural products need stimulate supra-regional marketing; 
·  supply of rural areas with higher quality goods and services; 
·  infrastructure necessary for the development of local resources to increase the agricultural 

productivity; 
·  job for rural sector migrants for the preservation of ecological viability. 

However, the development of cities are facing environmental problems within their 
boundaries and surrounding rural areas. These are: (a) city expansion on agriculture land and on slopy 
hills-ecologically not suitable; (b) use of stones for building materials through quarrying; (c) mass 
movement of soil during monsoon; (d) disposal of solid waste and land disposal of sewage water and 
effluents; (e) water pollution from agricultural chemicals as a result of intensive agriculture and 
horticulture and (f) conflicts between recreation, farmers and natural resource departments. All these 
problems require systems oriented research approach to identify the problems on the technical and 
scientific level. The development of cities has no limits, the technical personnel should not ignore the 
many existing interaction between urban rural areas. 
 
Development of sustainable hill farming 

The indigenous farming systems developed for the hill agriculture of Sikkim were also 
conservative. The increasing population pressure without modifying the system has resulted in a 
number of areas, serious soil degradation problems. The design of farming system is the need of hour 
that would permit continuous sustainable production and the same time well adapted to the 
requirements of farming community. Sound soil conservation and soil management practices should 
be an integral part of such farming system, to suit the specific location conditions of the varying 
elevations of Sikkim hills. The research on different farming systems for hills of north-eastern region 
is in progress since 1983 at ICAR Research Complex for NEH Region, Barapani, Meghalaya to assess 
the environmental impact of systems and their sustainability on steep slopes (Prasad, 1990). The eight 
years results revealed cropping system/livestock was economically viable and integration of livestock 
in the farming systems enhanced the income, provided manure for soil health and family labour 
utilization. In economic terms, there is great potential for the development of commercial production 
of tree and perennial crops (large cardamom, tea, coffee, black pepper etc.) on the slopes of tropical 
hills for export market.  
 
Infrastructure development 

The development of roads, power plants, schools, hospitals, and commercial centres are the 
basic need of the people for all round development. Large number of landslides occurs during rainy 
season particularly with the construction of large numbers of roads to meet the internal demands as 
well as defence. During road construction steep rocky hill slopes interspersed with more weathered 
rock or truncated weathering profiles, which is subjected to down slope movement by wash and creep, 
frequently disturbing the social and economic activities of the state. For the proper functioning of 
road, the long-term benefits of effective conservation can be realized with the coordinated approach of 
geologist, civil engineer, soil scientist, forester, geographer etc. in the initial period of the way of the 
road selection. The second requirement is to use hydroelectric power resources properly without 
inflicting serious human or environmental damage. A series of small projects, meeting the needs of 
the people and medium industries, offer Sikkim the best way to develop in a sustainable manner. 
 
Artisan manpower development 

In Sikkim, traditional handicrafts represent the physical manifestation of tradition, whose 
value transcends the economic and on the other hand, they hold the potential to create a vibrant rural 
economy. The Sikkim traditional crafts, which include beautifully hand-woven carpets, rugs and 
blankets and former is a combination of attractive rich colours and also quite popular in foreign 
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countries. There are also available Lepcha weaver bag, shawls, and jackets and delicately hand carved 
beautiful tables (choktsis), stools and screens of typical Sikkimese styles are manufactured by 
Bhutias. The different species of bamboo are used for baskets, mats, wine vessels, cooking utensils, 
house building, furniture, shoots as vegetables, water vessels etc. Institutional support has been 
instrumental in the revival and revitalization of traditional crafts through education, training and 
financial support. The indigenous handicrafts and handloom along with other rural development 
initiative would not only generate jobs, but also keep alive the land resources, its biodiversity for 
protection. 
 
Eco-tourism 

Sikkim has the congenial environments of tourism; they are rafting rivers, deep gorges, snow-
clad peaks, alpine pastures, hot springs, trekking routes, yak safari, rhododendrons, undisturbed 
forests, monasteries etc. and friendly, hospitable multi-coloured people. Within a matter of hours one 
can move from the sub-tropical heat of the lower valleys to the cold of the rugged mountain slopes up 
to perpetual snow. At higher elevations above 2000m eco-tourism is the other way to meet the 
people’s needs through alternative employment opportunities leaving the land in natural way to 
maintain the beauty of Sikkim. Sikkim government is providing facilities for the attraction of tourists 
in the state. Attention is needed to develop the moral duty of trekkers and tourists to make the 
environment pollution free to bury raw garbage (waste paper, card board, baskets, plastic wrapping 
and cup, water bottle, aluminum can etc.) or burn the inflammable items. Proper care is needed to 
check the burning of rhododendrons and junipers as firewood. There should be strict legislation for 
tourists to admire the beauty of nature’s gifts not to be uprooted or collect the colourful flowering 
herbs and medicinal plants of the alpine region. 
 
Table 1. Area of forest cover and land use (Anonymous 1994) 
Particulars Area (km2) % Geographical area 
1.  Cultivated land 776.74 10.95 
2.  Forest cover 2847.81 40.13 
Forest blank, scrub in Reserve forest and alpine scrub  836.59 11.79 
4.  Alpine pasture 433.00 6.10 
5.  Alpine barren and    
     Snow/glaciers 

2051.93 28.92 

6.  Built-up area 3.52 0.05 
7. Others (water bodies, dry river bed, land slide/rock outcrop) 146.41 2.06 

      Grand Total 7096.00 100.00 
 

Suggestions for sustainable land use 
1.  Multidisciplinary approach for identification of priorities to research and adoption of 

technologies for better utilization of land, maintenance of soil fertility and rehabilitation of 
degraded lands. 

2.  Behaviour of land systems in relation to various types of land use by human  societies in 
Sikkim hills effecting soil forming processes, degradation and problems of product quality. 

3.  Involvement of local population in identifying the problems of land resource, degradation, 
constraints and opportunities to change land use through research, extension and training for 
solution to their future generation’s survival. 

4.  Survey and complete inventory of the landscape, crop and non-crop plants, forests, wild 
animals, fish, domesticated animals, catchment areas etc. for the holistic approach to check 
the habitat degradation including soil. 

5.  Recognition of people who produce land resources to create interest for soil building. 
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6.  Development of eco-tourism as an alternative employment opportunity at higher elevation 
where land use and farming systems cannot provide quality of life and standard of living. 

7.  Identification of alternative means of achieving objectives of production as well as 
conservation in relation to questions of timing, scale, location and technology choice. 

 
Table 2. Average monthly suspended silt load in Teesta 
Months Chungthang (ham) Dikchu (ham) 
January 0.187 0.494 
February 0.119 0.482 
March 0.344 1.497 
April 0.853 11.820 
May 4.058 36.665 
June 20.323 92.375 
July 24.042 148.353 
August 15.720 132.256 
September 8.410 61.425 
October 2.056 10.000 
November 0.725 1.540 
December 2.239 1.184 

ham= hectare meter             
 

Table 3. Physiography of Sikkim 
Physiographical unit %  Area 
1.  Summit and ridge 4.50 
2.  Escarpments 5.76 
3.  Very steeply sloping (70%) 19.02 
4.  Steeply sloping (33-50%) 33.49 
5.  Moderately steep sloping (15-30%) 2.21 
6.  Valleys 1.22 
7.  Cliff and precipitous slope 12.20 
8.  Glacial drifts/moraines/boulders 3.59 
9.  Perpetual snow 14.01 
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Introduction 
 Lucerne (Medicago sativa L.) is one of the most important exotic fodder crops. It provides 
repeated cutting with a high tonnage of nutritive fodder, particularly during the period of scarcity. It 
can be grown both as a seasonal and perennial crop. Lucerne can supply green forage for three to five 
years continuously from the same field. The silage can be made from this crop with rich source of 
protein, calcium and vitamins. It has been observed that it has 3.2% digestible protein and 14.7% of 
total digestible nutrients before flowering and has moderatley high calcium and poor phosphorus 
(Lander, 1949). Other lucerne is high in carotene. This crop can be grown in high altitude area under 
rainfed condition. It is a cultivated crop and has been introduced in India from North-West 
Himalayas; the major Lucerne producing countries are USA, Canada, Argentina, Australia. In India it 
is generally grown in states  with assured irrigation facilities such as Punjab, Haryana, U.P. and Gujrat 
etc. The Objective of the present study is to evaluate and screen out the genotypes of Lucerne with 
superior quality and yield which can be used in future population-improved program in the crop. 
 
Material and Method 
 A germplasm comprising of 170 accessions has been introduced from USA. The accessions 
were grown in augmented black design (Federer, 1956) at National Bureau of Plant Genetic 
Resources, Regional Station, Bhowali (29o20o N Latitude, 79o30o E Longitude and Altitude of 1600 
msl), Nainital, Uttaranchal, in cold sub-humid-sub-temperate climate with temperature ranging from –
2.20+035oC. The experiment was conducted during 2000-2001. The soil of the experimental field was 
clay and stony, well drained with soil pH 5.6-7.5. Four local cheeks, i.e., NIC-3109, ASN/VKB-1109 
and NIC-3120 were used. Each accession was grown in three rows (1x1m2 plots). The plants were 
transplanted in the main field at row to row and plant to plant distances of 25cm and 10cm, 
respectively. Every twenty accessions were followed by one check to constitute a block. The 
fertilizers, irrigation, intercultural and plant protection measures were not followed for raising crop. 
The observations were made on five randomly selected plants from each accessions with checks for 
characters like plant height (cm), stem diameter (mm) and fresh weight of plant per plot (g). Total 
three cuttings were taken during the growth period. The genotypes were compared for their 
performance. 
 
Result and Discussion 
 The Lucerne germplasm exhibited a wide range of variation for the various characters studied 
(Table-1). Plant height ranged from 10.22 cm (EC-3752 89) to 107.66 cm (EC-375233) in an average 
of 58.22cm as compared to (65.65cm) in checks. The range of variation for fresh weight per plant was 
found 1.44g (EC-375157) to 177.77g (EC-375233) with an average population of 89.55g, as 
compared to check (58.77g). Stem diameter ranged from 1.01 mm (EC-375898) to 4.04mm (EC-
375233) with mean of 20.52mm as compared to check (2.83mm). Thus it appeared that there was high 
variability in the accessions for character of forage yield (Arora et.al., 1996). Therefore, the variability 
could be exploited for improvement of Lucerne based on mean performance accessions viz., EC-
375233, EC-375233, EC-375229, EC-375131 and SN-180 appeared as promising for higher plant 
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height, EC-375233, EC-375140, EC-375190 and EC-375228 for stem diameter, and EC-375233, EC-
375192, SN-170-A and EC-375339 for plant fresh weight. The accessions EC-375233 and 375229 
had high values for most of economic traits. Therefore, these genotypes can directly be used as 
parents in hybridization programme of Lucerne. Better performance of the genotypes in clay-loam 
soil and sub-temperate rainfed hills, indicated their suitability for introduction for lower to mid 
altitudes of rainfed Himalayas areas of Uttaranchal. 
 
Table 1 : Range of variability in Lucerne (Medicago sativa L.) for different traits in rain fed sub 
temperate hills of Uttaranchal 

Average value Range of 
variation 

germplasm 

Range of 
variation check 

Range of 
variation 
promising 
accessions 

Character 

Germp
lasm 

Check Min. Max. Min. Max. Min. Max. 

Promising accessions 

Plant 
height 
(cm.) 

58.22 65.65 10.22 107.77 50.11 102.33 102.63 107 Ec-375233, SN-
180A, EC-375192, 
EC-375229 

Stem 
diameter 
(mm.) 

121 2.83 1.01 4.04 1.83 3.8 3.81 4.04 EC-375233, EC-
375191, 375229 

Fresh 
weight/pl
ant (g.) 

89.55 58.77 1.44 77.77 40.11 143.44 143.55 177.77 SN-180A ec-375233, 
375228, EC-375190, 
EC-375140 

Fresh 
weight/ 
plot (g.) 

806.33 528.45 12.66 1600 91.00 1291.0 1292.66 1600 SN-180A EC-
375233, 375328, EC-
375190, EC- 375140 
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Introduction 
 Indian agriculture is predominantly oriented towards mixed farming in which animal 
husbandry plays a crucial role throughout the country. In Indian Himalaya (which constitutes about 
13% of the geographical area of India), pastures and meadows account for 11.4 m ha of area. In 
Himalayan states pastures and grasslands are located between 300-4500 m altitudinal zone traversing 
subtropical, temperate and alpine environment (Singh, 1996). Based on edaphic and microclimatic 
conditions, the pastures situated in high hills (above 3200 m altitude) can be categorized into sub-
alpine and alpine pastures, which remain snow-bound from November to April and are open for 
grazing to sheep, goats, yaks and horses from May to September. 
 In the hilly regions of Himachal Pradesh (H.P), which spreads over north-western Himalaya 
from 320 221 to 330 121 N-latitude and 750 471 to 790 41 E-longitude with an altitudinal variation of 
350–7000 m, sedentary, semi-migratory and migratory systems of livestock rearing are followed. In 
the lower hills (up to1523 m altitude) livestock rearing is sedentary, while on higher hills (up to 2472 
m altitude) it is semi-migratory. Gaddis and Gujjars are two major tribes in Himachal Pradesh, which 
follow the year round migratory system of animal rearing. Migratory pastoralism is very common 
practice among many other nomadic communities in other parts of Himalaya. Pastoralists rely on 
natural resources found on rangelands for their livelihoods. With time and increasing diversity of 
occupations, a considerable decline has been recorded in the number of pastoral nomads, but they still 
constitute a large proportion of Himalayan population. In H.P grasslands/pastures produce far below 
their potential and their carrying capacity is only 1.05 ACU (Adult Cattle Unit with an average body 
weight of 350 Kg)/ha/annum (Anonymous, 1995). Overgrazing has resulted in permanent damage to 
the vegetative cover leading to massive soil erosion and increase in barren land over a period of time 
in the state. The extremities of climate and poor vegetation have further added to the degradation 
process at an alarming rate.  
 Physical isolation has excluded the mountains and their population from development, 
resulting in political and economic marginalisation. Mountain people suffer from unemployment, 
poverty, poor health and insufficient sanitation. Pastoral communities are facing tremendous pressure 
on their livelihoods as a result of the deteriorating resource base and a shift towards intense market 
oriented agricultural economy, on one hand, and rapidly changing social structures on the other. 
Understanding of the socio-economic factors affecting production systems in the region is very 
limited. The current study aims at understanding the socio-economic milieu of nomadic graziers with 
a focus on forage production and utilization in an alpine ecosystem. 
 
Methodology 
 The study area, Thanpattan pasture, is located at an altitude of about 3450 m to 4365 m above 
m.s.l in Lahaul & Spiti (310 44’ 57”  to 330 42’ 54”  N-latitude and 760 56’ 29”  to 780 41’ 34”  E-
longitude) district of Himachal Pradesh in Indian Himalaya. The exploration was carried out during 
July-August, 1999 and 2000. This alpine pasture is the largest in the state having an area of about 
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4300 hectare The pasture is located approximately 32 Km north of Udaipur, on both sides of Miyar 
Nallah (rivulet), with an area demarcated to allow 16 flocks to graze on left bank and 10 flocks on the 
other side. The present study concentrated on the left bank. The 16 households owning the flocks 
were divided into four groups as suggested by the graziers to facilitate the information gathering and 
each flock belonged to two to three families. PRA methods as standardized by KRIBHCO (Krishak 
Bharti Cooperative Limited – an NGO working in India) were used to obtain the relevant information 
from graziers (Figure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Information generation through participatory approach using a focussed PRA 
 
The observations were recorded at following sites. 
Location Altitude (m) Household sites 
Doogi Druni 3560 Tentu, Churu Druni, Devi Druni and Doogi Druni 
Gumba 3745 Bhiali, Nikori Nallaha, Gumba and Gharatanu 
Bhaisgar 4010 Jampar, Kudnu, Bhaktoth and Bhaisgar 
Dali 4235 Khaitibu, Bakroth, Dali and Janpar 
 
 A list of the graziers present in the pasture was prepared and stratified into marginal, small, 
medium and large herders. The criteria for stratification were identified by the graziers themselves 
and are presented in Table 1. A total number of 38 graziers representing 23 families participated in 
different exercises. The information was gathered on ovine population, herd size, family size, 
education level, land holding, lambing (%), kidding (%) and role of women through focussed group 
discussion (FGD). The tools employed to gather the information on natural grasses, their preference, 
different categories of households, mapping of migratory route were matrix ranking, well being 
ranking and participatory mapping, respectively.  
 The data on herbage production, density and biomass were collected at the four sites 
mentioned above in participation with the nomads. At each site species density and biomass and 
herbage production were recorded in a unit area of 1.0 m2 and 6.0 m2, respectively, during 1999 and 
2000. This was replicated five times and averaged. Festuca gigantea the most dominant and preferred 
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grass species in the pasture was analysed for chemical composition by the method laid down by 
Association of Official Analytical Chemists (A.O.A.C.), 1990.  
 
Results 
Pasture utilization 
 The pasture under study is between altitudes of 3450 m to 4365 m above m.s.l in Lahaul & 
Spiti Distt. of Himachal Pradesh. In 1980 the Government of Himachal Pradesh took over the 
possession of the pastureland and distributed the land to Gaddis according to their previous grazing 
rights. The Department of Forests of the Government of Himachal Pradesh charges a grazing fee of 20 
paise per sheep and 40 paise per goat (one US $ is about 47 Rupees and one Rupee has 100 paise). 
Initially the local Thakur (King) owned the pastureland, whose forefather had distributed the land to 
these migratory graziers and had given pattas (titles or deeds regulating use and this bestowed only 
the grazing rights; the ownership of the land, however, remained with the King) and obtained the rent 
in cash or kind (one or two sheep/goats, known as tini) depending upon the size of the flock being 
grazed. The flocks grazing in the pasture belong to more than one family on both sides of the Miyar 
Nallah. About 15,000 sheep and goats graze every year for about two months in the pasture. There 
were 16 flocks on the left flank of Miyar Nallah and 10 flocks on right flank. Each of them has 
specified area for grazing. Two to three Gaddi families manage their flocks together. The families 
staying together like this were often found to be related to each other. These families generally have 
two settlements. One settlement is their permanent home, which is situated at lower altitudes on the 
migratory route, while the other one is situated in the alpine regions.  Rotational grazing is practiced 
in the pasture. The settlement is in a shed whose height is just enough to sit and there is enough space 
for only two persons to sleep. However 3-5 persons had to sleep there. It was interesting to observe a 
well-protected grove of about 120 Betula spp. trees amidst the alpine grasses whose wood the Gaddis 
say is only used to lit the pyre when some one dies. 
 On account of being the prime source of forage, grazing fulfills 100% herbage requirement of 
the migratory flocks. Duration of grazing and intensity of grazing appear to be the key factors in 
pasture use pattern. Grazing is done at Thanpattan from July to August. Gaddis, based upon their 
experiences allow the grazing for about one month at the lower elevation at Thanpattan and then move 
up to the adjoining area following a scheme of rotational grazing.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Sheep grazing the vegetation of Festuca 
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General vegetation 
 The climatic variation, physiography, topography and altitude has greatly influenced the 
vegetation of the area. It was observed during the exploration that Festuca gigantea “Neeru” 
dominated the pasture at higher altitude (Figure 2), while Cyperus “Bagarmuth” dominated the low-
lying areas. Sibbaldia “Trodu”, Phleum “Jawara”, Artemesia “Masreen” and Potentila “Muthi” were 
the other edible species observed. 

A perusal of the data presented in Table 2 reveals that Festuca was the most dominant 
species, having 75.8 plants m–2 with relative density of 31.1% and 100% frequency followed by 
Cyperus and Sibbaldia. The lowest density of 1.0 plants m-2 with a relative density of 0.4% and 50% 
frequency was observed in Phleum alpinum.  

 
Herbage production 
 Data pertaining to the herbage production and dry matter accumulation (Table 3) reveal that 
the highest fresh and dry biomass production was observed in Festuca with dry matter accumulation 
of 0.51 gm per plant. Lowest biomass production and dry matter accumulation was observed in 
Phleum and Cyperus. The data presented in table 4 reveal that the average herbage production varied 
from 262Kg ha-1 to 329Kg ha-1  (Fresh weight) at different sites, which corresponds to 87 and 116 Kg 
ha-1 dry biomass. Dry matter production has been observed to be only 94Kg ha-1 under very high 
grazing pressure (Table 4). The data reveal that the carrying capacity was found to be only 0.31 
ACU/ha for the grazing period of two months. 
 
Nutrient composition 
 The graziers perceived that Festuca is one of the most nutritious grass spp and the chemical 
analysis substantiated this (Table 5). Dry matter varied from 90-93%. Crude protein varied from 13.9-
16.2%, which is quite high.  
 
Livestock preference for grasses 

Matrix ranking was done using a ten point scoring method, where one was the most preferred and 
10 being the least preferred species. Palatability, availability and preference by animals were 
identified to be the key criteria for ranking by the graziers. Festuca has been rated as the most 
preferred species in terms of palatability, its contribution in increasing body weight and milk 
production (Table 6). According to Gaddis, Festuca is so nutritious that if a horse starts jumping from 
one side of an area and grazes on every jump, to the other side, there is an increase in body weight of 
the horse, by the time it reaches the other end. 
 
Social and economic profile 

The data on socio-economic indicators is presented in Table 7. The size of the family, which is an 
important socio-economic factor as well as an indicator of overall development revealed that the 
average family size was 6.8, and varied from 6.3 to 7.7 in different categories. The proportion of 
males in the families in different categories varied from 19-37%.  

The distribution according to education indicates that the majority of the grazier families was 
illiterate. Average literacy was 26% in the study area. The literacy percentage varied directly with the 
herd size. The lowest literacy rate of 20% was found in the marginal group and 21% of the families 
had no literate person. None of the women were found to be literate.  

All the households were found to possess some land as an operational farm holding at their native 
place. It was observed that the area of holding in all the categories was less than one hectare. The data 
reveal that the size of the land holding increased with the increase in flock size indicating a positive 
association between land holding and flock size. The marginal group possessed only 0.28 ha average 
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size land holding, while maximum land holding of 0.72 ha was with the large category. Average land 
holding across all categories was only 0.48 hectare. 

The tribal economy of the Gaddis is predominantly agro-pastoral. Livestock form the most 
important possession of the tribal population. The data on number of sheep and goats owned by the 
sample graziers reveal that the average size of flock was 237, out of which the number of sheep and 
goat was 128 and 109, respectively. Similarly the average size of flock size on marginal, small, 
medium and large holdings was 75, 180, 280 and 413, respectively. It was observed that lambing 
(found in sheep) and kidding (found in goats only) were less than 30.0% and 2.0%, respectively. 

Sale of wool and meat contributes significantly to the family income. Wool production per animal 
varied from 1.0 to 1.50 Kg/animal/annum in two shearing. The graziers sell about 15% of the animals 
each year for meat purpose. With the increase in herd size there was a substantial increase in their 
annual income. The lowest Per Capita farm income of Rs 1657/- per annum was found in the marginal 
group, while maximum Per Capita income of Rs 8,411/- was observed in large farm size. On an 
average Per Capita income of the graziers was observed to be about Rs 4483/-. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Migratory graziers enroute to Thanpattan 
 
Transhumance 
 Gaddis start their return journey from Thanpattan around 18th to 20th August. After moving 
for about 8-10 days they have to cross the Kali Chho Pass, which is at an elevation of about 4803 m 
above m.s.l. Badagran (Bharmour) is the first village, where Gaddis arrive after 6 to 8 days after 
crossing the Pass. They arrive at Aura around 5th September and stay here for about one month. Then 
they have to cross the Laes Pass (2650 m above m.s.l.) after which they stay at Janera for about 10 to 
12 days. From Janera Gaddis move to Samoon, where they stay up to March and thereafter they start 
moving back to Thanpattan (Figure 3). From Samoon to Bharmour the same route is followed and 
then instead of going via Kali Chho Pass they go via Chhobia Pass, which is at an elevation of 4966 m 
above m.s.l and to Surgani and thereafter follow the same route.   
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Migration route 
 The migratory route has been depicted in Figure 4. 

Thanpattan                Khanzar (1)              Chhalling (2)               Dali/Karpat (3)    

           Sakoli (4)               Kukumseri  (5)              Laes/Cheli (6)             Kali Chho    

Pass (7)              Bhansar (8)              Rema (9)               Lalnu              Chunzala (10) 

              Palani               Badagran (11)                Salipari                Ardi (12)             

Aura              Bhatog (13)              Danali                Rakh (14)                Jeedu  

            Mataroo              Laes Pass (15)              Bhoonal                 Gharoth (16) 

          Baithal              Daintha (17)              Morthu                Bherkhud (18)              

Dhara               Chachinala               Raja ka Talab (19)              Gangath                

Tahara                Janera (20)               Samoon  

Figure 4: Route followed by migratory graziers of Thanpattan 
 Migratory route…..…..…..…..…..…..…    
1. Khanzar 2. Chhalling 3. Karpat 4. Sakoli 5. Kukumseri 6. Laes/Cheli 7. Kali Chho Pass (4803 
m) 8. Bhansar 9. Rema 10. Chunzala 11. Badagran 12. Ardi 13.  Bhatog 14. Rakh 15. Laes Pass 
(2650 m) 16. Gharoth 17. Daintha 18. Bherkhud 19. Raja ka Talab 20. Janera 21. Chhobia pass 
(4966 m) 
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Discussion 
 In the Himalaya there are tribal groups who live by terrace cultivation at lower altitudes and 
move with their flocks of livestock to higher altitudes in search of pastures during summer (Lal, 
1974). The pastoral nomads inhabiting the Himalayan states practice horizontal and vertical migration 
due to snow cover at high elevation, which compels them to come down during winter and go up 
during summer and rainy season (Tyagi and Singh, 1988). The Gaddis are the most remarkable race 
in the hills. In features, manners, dress and dialect they differ essentially from rest of the population. 
They are of robust frame and survive exposure to all extreme weather conditions owing to the 
migratory life. The Gaddi family is patrilineal and patriarchal with the father heading the family and 
representing the family in all the social groups. Women play a significant role in the family and have 
the social status almost equal to men. Until last ten years some of the women used to accompany their 
flocks, but abduction of a woman a few years ago during migration have stopped them from 
accompanying their flocks. Sheep and goat farming is a hereditary occupation with these people, 
where the husbandry practices followed are most primitive. Poor literacy rate and education status and 
almost non-existent women’s education reflected their poor state of living and their capacity to 
acquire new knowledge and new technologies. The size of the land holding at their native place 
increased with the increase in flock size indicating a positive association between land holding and 
flock size. Herders decision to keep a given proportion of goats and sheep may have been a response 
to edging against risk rather than a driving force to raise profits (Koul, 1998). Poor status of the 
families is reflected in their poor standard of living and there is a poor response for adoption of new 
technologies. Despite little leisure to socialize, shepherds have to invest in social networking both 
among themselves as Gaddis and with outsiders to provide insurance against natural and economic 
risks. Sheep farming has been mainly confined to tribal farmers of Himachal Pradesh. Continuous and 
uncontrolled grazing has resulted in severe degradation of the productive pastures. The livestock 
trends suggest selective grazing and overstocking along grazing routes as the main reason for decline 
in the range health with hazards like soil erosion and weed invasion in Himalaya (Tyagi and Shankar, 
1988). Due to the high grazing pressure, palatable grasses and legumes do not get sufficient time for 
seed setting and dispersal. Meanwhile undesirable plant species, which are not grazed, get conducive 
conditions to thrive and set seed. This unchecked growth of weeds has led to their dominance in most 
of the pastures (Shankar and Singh, 1996) The adverse geographical conditions of the alpine areas and 
small land holdings at their native place have now forced the nomads to evolve new strategies for 
their survival. The information generated indicated that the average dry matter production of alpine 
pasture under natural conditions is quite low but the reverse is the case with regard to palatability of 
herbage mainly because of the typical characteristics of herbage species adapted to such agroclimatic 
conditions. Variation in the fresh weight and dry herbage production is the result of different species 
composition.  

Due to the climatic conditions prevalent in Himachal Pradesh transhumance is a necessary 
popular practice. Transhumance is a response to the ecological demands and mutual adjustments 
between herding to insure against specific seasonal risks and enhance preparedness against general 
uncertainty at different elevations. This shifting of grazing pressure permits the grasses to regenerate. 
The most vulnerable areas exposed to the Gaddi herders movements are the passes situated at higher 
levels. These are very difficult places with high wind velocity and sudden thunderstorms. Besides 
Kalichho and Chobia passes (used by the herders of Thanpattan), other passes like Rohtang (3978 m) 
Hampta (4270 m) and Kugti (5010 m) are used by the herders of Himachal Pradesh  (Koul, 1998). 
 
Problems (enumerated by the Gaddis) 
a) Herbage production in the pasture is constantly decreasing. Since last 20 years, biomass 

production has decreased by 20-30%. 
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b) Edible species are being replaced by noxious weeds and thereby the quality of herbage is 
deteriorating. 

c) The nomads face a lot of problems while migrating with their animals. They are trapped in 
snow, rains, piercing cold winds particularly on the higher reaches and on mountain passes 
resulting in many casualties. 

d) The sheep and goat rearing is a very low remunerative profession 
e) They face conflicts with the villagers on the migratory routes, while migrating their livestock. 
f) With the increasing diversity of occupations the number of pastoral nomads have declined 

considerably. 
g) Due to the extremities of climate, poor management and constant grazing, these areas have 

degraded at an alarming rate. 
h) Crossing the high altitude passes is very difficult. Some times due to heavy snowfall at the 

time of crossing the passes, there is risk of life. 
i) Lot of diseases occurs in animals during migration resulting in heavy causalities. 
j) Lack of communication, medical facilities discourages the younger generation to adopt this 

profession. 
k) In future if pastures are not protected, properly maintained and Gaddis do not get good returns 

for the byproducts of sheep and goats, most of Gaddis are afraid of abandoning this 
profession. 

Potential inteventions 
a) Steps should be taken to provide financial stability for their traditional livestock rearing 

practices by creating an effective marketing system. 
b) There is an urgent need for incentive to be given to the graziers of the tribal areas for higher 

education. 
c) State agencies should take up strategic programmes to develop these pastures/silvipastures 

along the traditional grazing routes. After development these pastures should be released for 
use in phases so that simultaneous vegetation recovery takes place. 

d) To create awakening about environmental damages due to misuse of natural endowments by 
demonstrating alternative scientific land use. Use of these pastures needs to be regulated so 
that their quality is not further eroded and degraded through overgrazing. 

e) Communication facilities, medical facilities and forage availability be ensured enroute. 
f) Socio-economic survey of pastoral communities should form an integral part of the 

programme in development and implementation of technologies. 
 
Conclusions 
 It may be concluded that although livestock rearing plays an important role in the economy of 
hilly regions, the pastoral communities are facing tremendous pressures on their livelihoods as a result 
of deteriorating resource base and rapidly changing social structures. Poor literacy rate and almost 
non-existent women’s education reflected their poor sate of living and their inability to acquire 
knowledge and new technologies. Herbage production in the pasture is constantly decreasing and 
noxious weeds are replacing edible grass species. Lack of communication, medical facilities, poor 
returns etc. discourages the young generation to adopt this profession. Therefore it is imperative to 
give incentives for their education, provide medical and communication facilities and expose them to 
the scientific management of their resources. Grassland/pasture management needs to be considered 
holistically, thus promoting the interaction between grassland, livestock and grazing communities. 
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Table 1. Categories of graziers according to herd size  
Category Herd size  Graziers (%) 
Marginal  <100 27 
Small  101-200 40 
Medium  201-300 20 
Large  >300 13 
 
Table 2. Density, relative density and frequency of different species  
Species  Density (plants-2) Relative density (%) Frequency (%) 
Festuca 75.8 31.1 100.0 
Cyperus 61.1 25.0 100.0 
Sibbaldia 47.2 19.3 25.0 
Potentila  41.5 17.0 50.0 
Artemisia 12.6 5.2 75.0 
Polygonum  4.9 2.0 75.0 
Phleum  1.0 0.4 50.0 
 
Table 3. Fresh and dry biomass of different species 

Species  Fresh wt. (Kg ha-1) Dry wt. (kg ha-1) Dry matter accumulation 
(g plant-1) 

Festuca 1303.0 385.0 0.51 
Cyperus 403.0 37.0 0.06 
Sibbaldia 188.0 76.0 0.16 
Potentila  186.0 56.0 0.14 
Artemisia 207.0 90.0 0.71 
Polygonum  29.0 13.0 0.27 
Phleum  2.50 0.50 0.14 
 
Table 4.  Herbage production and carrying capacity 
1. D.M yield (Kg/ha) 94.00 
2. Stocking density for the grazing period 

 Animal unit/ha 
 Sheep/ha 

 
1.67 
1.00 

3. Grazing pressure 
 Animal unit/ha 
 Sheep/ha 

 
1.67 
1.00 

4. Carrying capacity for the grazing period (ACU/ha) 0.31 
  
Table 5. Nutrient composition of Festuca 
Sites DM (%) CP (%) TA (%) NDF (%) EE (%)  ADF (%) 
I 93.3 13.9 8.3 60.9 3.6 39.3 
II 92.7 16.2 8.5 58.5 2.4 44.6 
II 90.2 15.5 6.6 55.7 2.6 44.3 
IV 92.3 15.2 7.7 52.8 3.0 40.0 
DM – Dry matter; CP – Crude protein; TA- Total ash; NDF- Neutral detergent fibre; EE – Ethyl ester; 
ADF- Acid detergent fibre 
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Table 6. Matrix scoring for grasses 
Criteria Festuca Cyperus  Sibbaldia  Phleum  Artemisia Potentila 
Most preferred 1 2 3 4 5 6 
Maximum spread 1 6 2 4 3 5 
Milk production 1 4 3 2 6 5 
Palatability 1 3 2 6 5 4 
Increase in body 
weight 

1 - - - - - 

Preferred by 
sheep/goat 

1 4 3 2 6 5 

 
Table 7. Socio-economic profile of the sample graziers 
Aspect Category Average 
 Marginal Small Medium Large  
Family size (No.) 6.0 7.2 7.7 6.3 6.8 

 
Education status  
Literacy (%) 

 
20 

 
25 

 
28 

 
30 

 
32 
 

Average land holding 
(ha) at native place 
 

0.21 0.36 0.64 0.72 0.48 

Ovine population 
 Sheep 
 Goats 

75 
47 
28 

180 
88 
92 

280 
157 
123 

413 
220 
193 

237 
128 
109 
 

Lambing (%) 
Kidding (%)  

28.8 
1.6 

27.9 
1.2 

28.3 
1.8 

29.2 
1.5 

28.6 
1.5 
 

Average wool (sheep) 
production/annum/  
family (Kg)  
 

59 110 196 275 160 

Average sale price 
(wool) (Rs) 
 

2065.00 3850.00 6860.00 9625.00 5600.00 

Average annual income 
from selling the animals 
(Rs) 
 

7850.00 18,900.00 29,400.00 43,365.00 24,885.00 

Total annual income 
(Rs) 

9940.00 22,750.00 36,260.00 52,990.00 30,485.00 
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BIOINDICATORS OF FOREST FLOOR DEGRADATION 
 

A.K. Bhat and J.A.Wani* 
Division of Environmental Sciences, Sher-e-Kashmir University of Agricultural Sciences and 

Technology of Kashmir, Shalimar, Srinagar-191 121 
 
 Microbial biomass responds immediately to alterations in soil ecosystem and thus its 
measurement is a viable tool for understanding and predicting long-term impact of deforestation 
(Powelson et al., 1987). Plants add energy to the soil system in the form of litter and root exudates 
which eventually are turned into soil microbial biomass that is a major pool responsible for nutrient 
cycling and for controlling amounts of nutrients available to plants (Ohtonen et al., 1999).  In forest 
environment, experiments have documented nutrient limitation of tree growth in boreal, temperate 
and tropical forests (Baker et al., 1994, Heilman et al., 1963) due to deforestation. Ecosystem that 
receive chronically low inputs of limiting nutrients in the form of litter eventually lead to low degree 
of nutrient cycling. The importance of biotic regulations of nutrient cycling has been demonstrated for 
temperate deciduous forests, coniferous forests and grassland (Reichle, et al., 1981). But in the last 
fifty years deforestation has accelerated in Jammu and Kashmir as a result poor Govt. control, lack of 
local awareness etc. (Anonymous, 2002). Consequently, the monitoring of environmental degradation 
might be improved by extensive study of soil biomass dynamics, which may provide early warning 
signals of ecological disturbances. (Hobbie and Melilo, 1984). An attempt has been made to assess the 
effect of deforestation on the change in nature of microbial biomass in terms of C and N.  
 
Materials and Methods 
 Six sites each of forest floor (F) and deforested soils (DF) area from pre -surveyed locations: 
Shankeracharya (S), Dachigam (D), Ganderbal (G), Kangan (K), Handwara (H) and Tangmarg (T) 
were selected for soil sampling (Table 1). Soil samples were taken from the humus layer through a 
depth of 3 cm to  20 cm intervals at 100 m2 quadrant. Soil samples were pooled for each quadrant and 
material was homogenized, not sieved and stored before analysis. Soil water was determined 
gravimetrically after drying sub-samples at 105oC for 12 h. For biomass analysis the soils were 
moistened immediately before analysis to a 250% water content of organic matter, which is reported 
to be optimal amount for microbial respiration in forest soil (Nordgren et al.1988) fumigated for 24 
hrs. With chloroform in vacuum desiccators. After fumigation, samples were incubated with 0.5 g 
fresh soil, placed in 1 litre airtight glass jar and incubated at 25± 1oC for a period of 60 days. Controls 
consisting of 20.5 g sub-soil samples were alongside the fumigated samples. Accumulation of CO2 
was assessed as absorbed in alkali. Biomass N was determined by extracting incubated samples by 2 
M KCL. Biomass-C and N was calculated by equation B= FC/Kc or KN, where B is total biomass of C 
and N, whereas Kc for biomass C was taken as 0.45 and for KN it was taken as 0.54 as fraction for 
respective biomass. 
 
Results and Discussion 
 Soil microbial biomass is an index of overall microbial activities in soil, which is small, but 
highly labile pool influenced by deforestation. Biomass-C changes were monitored over a period of 
60 days. Biomass-C changes over a period of 60 days was observed in the range 100-250, 40-750, 
210-877, 100-480, 150-650, 30-520, 175-812, 25-400, 200-910, 76-600, 210-765, 35-502 in the site 
SF, SDF, DF, DDF, KF, KDF, HF, HDF, TF and TDF respectively (Fig 1). Biomass C in all the 
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treatments were significantly different. In the present study peak amount of calculated biomass-C 
values obtained were for 13days only, which was in contrast to the observations made by Jenkinson 
and Powlson, (1976). Effect of chloroform seems to subside thereafter. Increased rate of biomass-C 
release was observed in early days of incubation. 
 In all deforested locations biomass-C has substantially declined between 37% to 50%. The 
contribution of biomass-C was in the range of 1.38 to 3.12%. Biomass-N level ranged from 31.25 mg 
kg-1 soil in Shankerachaya forest soil to 93.40 mg kg-1 soil in Dachigam forest soil whereas deforested 
soils have shown significant decrease. Biomass-N changes were monitored only up to 7 days period. 
Biomass-N in forest floors ranged from 31.25 to 93.40 mg kg-1 soil. 
 In all the sites deforested soil has lost biomass C and N substantially. The relation between 
soil organic carbon content (x) and biomass-C during 13 days period of incubation in 12 soil was as 
follows Y=0.02x – 2.26 (r-0.85) significant at 5% level. This phenomenon indicates that supply of 
organic matter from tree is generally larger because of the availability of litter. The small size of 
biomass-C in deforested soil may be due to the less production of soil microbes per unit of substrate 
or less longevity of biomass synthesis due to the absence of quantum of plant biomass, which was 
also observed by Jenkinson and Ladd (1987). Another reason for low biomass-C in deforested soil 
may be because of decrease in detritus during succession becoming recalcitrant to decomposition.   
 Ratio of Biomass-C to O.C (Table 2) is significantly higher in forest floors (1.03 – 1.95%) 
than in deforested soils (0.54-1.78%). Microbial Biomass contributes 4.92 to 8.92% to total N in 
forest floors whereas deforested soils contribution of Biomass-N is 2.85 to 7.77%. Forest clearing 
induces lower equilibrium of soil organic matter because of reduced organic input. Martin et al. 
(1991) has also observed decrease in organic C due to forest clearing which leads to changes in the 
magnitude of biological and physico-chemical properties of soil. The changes in soil pH between 
forest floors and deforested soils recorded a difference of 0.10 to 0.80 unit (Table 1). The pH of forest 
floor is affected by basic cations, which is influenced by litter composition. Binkley and Gardina 
(1998) have observed that % base saturation is commonly differed by more than 40%, hence affecting 
pH. 
 The above findings clearly reveal degradation of soils in future and reminds soils generally 
improve in suitability for supporting plant growth over a pedogenic time, at least for thousand or tens 
of thousand years (Van Breeman, 1993). Soil development typically includes accumulation of organic 
matter and nutrients, development of soil structure and sustained supplies of nutrients through a 
microbial activity. The matter and energy processed by earlier generation of plants and soil organisms 
results in a state of negative entropy which can benefit later generations. The long term view may also 
apply to shorter periods; available evidence show that within a decade trees can substantially alter 
soils, which is a short enough time to produce feed back effect on the fitness of trees 
 The rehabilitation and upgrading of the degraded forest soils and afforestation of barren area 
are colossal tasks (Fotidar, 1989). The environmental variable for humus and mineral soil layer are 
compared with altitudinal variations (Fig. 2). The thickness of humus layer across altitude did not 
show any positive correlation but deforestation has lead to significant reduction in humus layer from 
54.35% in Dachigam deforested soil to 74.36% in Kangan deforested soils and amount of organic-C 
decrease observed was 48.57% in Shankerachraya deforested soil to 48.51% in Dachigam deforested 
soil. The variations in the thickness of humus layer and consequently in the amount of organic-C 
override most of the variations in biomass-C and biomass – N. Calculation of biomass-C to biomass-
N ratios, which reflect the decomposability of litter (Kaye and Hart, 1997) showed the variation of 8 
to 10 indicating that C: N ratios stabilize in all the soils despite of resilience. Obviously problems can 
arise in afforestation because under nutrient deficient condition in pine forests particularly organic N 
(the main nitrogen pool) is bound in recalcitrant compounds shall be is inaccessible to plants 
(Nasholm et al. 1998). 
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 In the present study we have not determined the C to N ratio of detritus, which has effect on 
decomposability. But data suggest that the C: N ratio of detritus must have been higher than critical 
values for microbes, suggesting N limitation amongst decomposers. Plants and microbes are potential 
competitators for N (Kaye & Hart, 1997). Table 2 shows the estimate of soil microbial biomass and 
biomass-C as proportion of total organic carbon of all the soils. To estimate soil microbial biomass-C 
as proportional of total organic-C, each author has used an individual Kc factor. In the present work, 
Kc 0.45 was used to calculate amount of soil microbial biomass. It can be seen that the biomass C 
differ in the same manner as organic C of soil does. Morumoto (1984) had a similar observation. 
 
Table 1 : Site characteristics of forest floors 
Site Forest community Soil 

texture 
pH Organic 

carbon (%) 
Total N 

(ppm) 
Humus 

layer 
 (cm) 

Shankaracharya 
(F) 
Shankaracharya 
(DF) 

Black locust (Rubinia psedoacocia) 
Cyprus (Cupressus torulosa) 
Cedrus deodara 

Silty 
loam 

6.80 
 

7.10 

1.80 
 

1.40 

545 
 

540 

4.5 
 

1.2 

 
Dochigam (F) 
Dachigam (DF) 

 
Pinus walliachiana  
 

Fine 
loamy 

6.10 
 

6.90 

3.50 
 

1.80 

784 
 

784 

9.2 
 

4.2 
Ganderabal (F) 
Ganderbal (DF) 

Fir (Abies pindraw)  Silty 
clay 

7.00 
7.20 

1.97 
1.40 

737 
736 

8.46 
2.10 

Kangan (F) 
Kangan (DF) 

Pinus wallichiana 
Fir (Abies pindoow) 

Silty 
loam 

6.90 
7.10 

2.00 
1.50 

1400 
1400 

5.85 
1.50 

 
Handwara (F) 
Handwara (DF) 

 
Cedrus deodara 
Kail (pinus wallichiana) 
 

Loamy 6.20 
 

6.90 

3.10 
 

2.10 

1374 
 

1300 

10.4 
 

2.8 

 
Tangmarg (F) 
Tangmarg (DF) 

 
Kail (pinus wallichiana) 
Fir (Abies pindoow)  

Silty 
loam 

6.30 
 

6.00 

2.80 
 

1.60 

1478 
 

1450 

7.1 
 

1.6 
 
Table 2 : Estimated variable of biomass-C 
Biomass-C (mg kg-1 soil) 
        Treatments 

Biomass-C/organic (%) 

SF             200 1.03 
SDF            75 0.54 
DF            600 1.6 
DDF         210 1.31 
GF            325 178 
GDF         175 1.43 
KF            403 195 
KDF         170 1.13 
HF            410 1.39 
HDF         300 1.28 
TF            300 1.36 
TDF         150 1.19 
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Selected Abstracts 
 
Adhikari, B.S.; Babu, M.M.; Saklani, P.L. and Rawat, G.S. 2003. Medicinal trees of Uttaranchal 
state: Distribution, use pattern and prospects for conservation. The Indian Forester, 129(2): 243-
267. Herbarium Section, Department of Hobitat Ecology, Wildlife Institute of India, Dehradun, 
Uttaranchal. [BUFFER ZONE; CONSERVATION; MEDICINAL PLANT; SUB-ALPINE]  
 This paper deals with distribution and use pattern of medicinal trees in the State of Uttaranchal, 
India. Based on extensive literature survey, a list of 197 medicinal trees found in Uttaranchal has been 
appended. Their altitudinal distribution and parts used in various ailments have been given. 
Euphorbiaceae, Fabaceae, Moraceae and Rosaceae are the largest families having more than 10 species 
of medicinal trees. The medicinal trees in different ecological regions found in sub-tropical, warm 
temperate, cool-temperate, sub-alpine and alpine are 170, 64, 22, 10 and 4, respectively. The majar parts 
of used in various ailments are bark (118 species), leaves (78 species), fruits (65 species), root (42 
species) and seed (30 species). The diseases such as dysentery, fever, diarrhoea, rheumatism, wounds, 
cholera skin diseases, bronchitis, cough and asthma are the most frequent ailments. The prospects of in-
situ and ex-situ conservation of medicinal trees in Uttaranchal State have been discussed. 
 
Ambraseys, N. and Jackson, D. 2003. A note on early earthquakes in northern India and southern 
Tibet. Current Science, 84(4): 570-582. Department of Civil Engineering, Imperial College of Science, 
Technology and Medicine, London SW7 2BU, UK; Inst. f. Kultur Geschichte, University of Hamburg, 
D-20354, Germany. [EARTHQUAKES; LANDSLIDE; SEISMICITY]  
 The scientific contribution in this communication is threefold: (i) the presentation of new 
evidence or early, pre-19th century large earthquakes in the Himalaya, (ii) the preliminary interpretation 
of data that have been identified up to now and (iii) that currently no forecast for the timing and 
magnitude of future large events is possible. 
 
Awasthi, Anjali; Uniyal, Sanjay Kr and Rawat, Gopal S. 2003. Status and extraction patterns of 
Jurinea dolomiaea Boiss. (Dhoop) in and alpine meadow of Kumaun Himalaya (Uttaranchal). The 
Indian Forester, 129(5): 589-595. Wildlife Institute of India, Dehradun, Uttaranchal, India. [BIOMASS; 
CONSERVATION; FUEL-WOOD; MEDICINAL HERB; NATURAL HABITAT]  
 The status and distribution of Jurinea dolmiaea Boiss. (Dhoop) in different habitats has been 
assessed using stratified random sampling. Belt transects of 20x2m were laid to quantify the availability 
of Dhoop. Highest density (27,215 individuals/ha), frequency (86%) and biomass (1,687 kg/ha) were 
found in the undulating meadowss and least in the rocky habitats, where the density, frequency and 
biomass were 3,125 individuals/ha, 26% and 193 kg/ha respectively. Patterns and processes of Dhoop 
extraction by the local people are discussed in the light of conservation implications. 
 
Baruah, M.K.; Kotoky, P.; Baruah, J.; Borah, G.C. and Bora, P.K. 2003. Arsenic association and 
distribution in carbonaceous materials in northeastern India. Current Science, 85(2): 204-208. 
Department of Chemistry, NNS College, Titabar - 785630, India; Geoscience Division, Regional 
Research Laboratory (CSIR), Jorhat - 785006, India. [ENVIRONMENT; GROUND-WATER; 
ORGANIC MATTERS]  
 The present study on total arsenic distribution in carbonaceous materials across the four 
northeastern states of India warrants immediate continuous monitoring of the situation as it may cause a 
serious public-health concern to this heavily populated developping nation. Many studies on arsenic in 
India are already available, but to our knowledge data about this particular substrate, i.e. coal and 
bituminous matter, are not yet available. The study attributed predominant association of arsenic in the 
hydrogenated units of organic matter. However, association in the armatic units of organic matter is also 
observed. Both in situ and drifted nature of accumulation of arsenic is observed. The study revealed the 
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principal nature of accumulation of arsenic by the formation of organo-arsenic complexs and exhibited a 
regional enrichment trend from east to west, with average arsenic content of 95.12 mg/kg. Apart from 
creating a strong database on arsenic distribution pattern for this virgin northeastern region of India, the 
study provides an effective demonstration that arsenic association, concentration, distribution and post-
depositional mobility in carbonaceous matter can be used to construct a predictive model for a 
depositional geo-chemical set-up towards aquifer development, with optimum possible environmental 
risk. 
 
Bhandari, R.S.; Joshi, M.C.; Zaidi, S.M.H. and Rawat, J.M.S. 2003. Chemical control of cone 
worm, Dioryctria abietella, infesting cones of silver fir (Abies pindrow by systemic insecticides. The 
Indian Forester, 129(3): 401-406. Division of Forest Entomology, Forest Research Institute, Dehradun, 
India. [CHEMICAL CONTROL; INSECTICIDES; SEED; SILVER FIR]  
 Chemical control of cone and seed insect of Himalayan Silver fir (Abies pindrow Royle) was 
conducted by using systemic insecticides. Two methods were followed for insecticide application: (i) 
Drip line application in soil, and (ii) tree injection. Performance of monocrotophos @100ml per 20 cm 
gbh of a tree was found best, protecting 82.44% cones of Silver fir used as tree injection followed by 
drip line application in soil by thimet @ 100 g per 20 cm gbh where 75.76% cones were protected from 
the attack of cone worm, Dioryctria abietella. 
 
Bhandari, R.S.; Rawat, J.M.S.; Kumar, Vinod and Zaidi, S.M.H. 2003. Chemical control of 
coneworm, Dioryctria abietella denis and schiffermueller (Lepidoptera:Pyralidae) in seed 
production areas of Deodar (Cedrus deodara). The Indian Forester, 129(9): 1141-1146. Division of 
Forest Entomology, Forest Research Institute, Dehradun, India. [CHEMICAL CONTROL; 
ENVIRONMENTAL CONDITION; HIMALAYA; SEED PRODUCTION]  
 Chemical control experiments were conducted against the coneworm, Dioryctria abietella by 
following the soil application of thimet 10g and furadan 3g, and tree injections of phosphomidon 85 sl 
and monocrotophos 36 ec at different dosages of treatments including control in seed production area of 
Deodar in Kansar Range of Chakrata Forest Division, Uttaranchal. The post treatment observations 
revealed a significant decline in the incidence of infestation in the case of drip line application in soil of 
thimet 10g @ 100 grams per 20 cm girth and tree injection of monocrotophos 36 ec @ 100 ml per 20-
cm girth. 
 
Bhatia, S.B. 2003. Facies, fossils and correlation of Late Miocene fluvial sequences of the 
Himalayan foreland basin. Current Science, 84(8): 1002-1005. House No. 441, Sector - 6, Panchkula - 
134168, India. [FOSSIL; NEPAL; SANDSTONES]  
 The Late Miocene (7.9 Ma to 5.1 Ma) fluvial sequences of the Sivalik Group (Churia Group in 
Nepal) are characterized by the predominance of multistoried sandstones with subordinate overbank 
mudstones. Due to temporal and spatial variability and facies preferences of different organisms, precise 
cor-relation on a regional or interregional scale often poses problems. As part of the objectives of the 
bio-stratigraphy subgroup of the IGCP Project 449, this paper attempts to correlate these sequences in 
India and Nepal, spread over a distance of 700 km on the bases of molluscan, ostracode and charophyte 
assemblages which, though facies controlled, occur abundantly in overbank mudstones. 
 
Bhutani, Rajneesh; Pande, Kanchan and Desai, Nikhil 2003. Age of the Karakoram fault 
activation: 40Ar- 39Ar geochronological study of Shyok suture zone in northern Ladakh, India . 
Current Science, 84(11): 1454-1458. Planetary and Geo-Science Division, Physical Research 
Laboratory, Navrangpura, Ahmedabad 380009, India; Department of Earth Science, Pondicherry 
University, Kalapet, Pondicherry, India; Department of Geology, MS University of Baroda, Vadodara, 
India. [LADAKH; TECTONIC ZONE; TIBETAN PLATEAU]  
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 Shyok volcanics, from the Shyok suture zone in northern Ladakh, ranging from basalts to 
andesites are analysed for 40Ar- 30Ar isotopic systematics by step heating experiment. All samples, 
collected along the Nubra river, in the vicinity of Karakoram fault zone, yielded disturbed age spectra, 
reflecting subsequent tectono-thermal events. However, consistency in the pattern of the age spectra, 
particularly at the low temperature steps, indicate a strong tectono-thermal event between ~10 to ~20 Ma 
ago. Mica-segregate from a sheared granite of Karakoram fault zone near village Murgi has yielded an 
excellent plateau age of 13.9±0.1 Ma. This age of Karaokoram fault activation explains the consistent 
but disturbed age spectra of Shyok volcanics within the vicinity of the fault zone. The Karakoram fault 
activation in Shyok suture zone is therefore synchronous with the extensional tectonic regime within the 
Tibetan plateau. 
 
Bisht, Prabha; Sharma, V.K. and Uniyal, D.P. 2002. In-Vitro  clonal propagation of mature 
Eucalyptus F1 hybrid (E.Citriodora Hook. x E. Torelliana F.V. Muell.). Indian Journal of Forestry, 
25(4): 481-485. Division of Genetics and Tree Propagation, Forest Research Institute, Dehradun - 
248006 (Uttaranchal). [CLONAL PROPAGATION; ROOT FORMATION; TISSUE CULTURE]  
 Axillary shoot proliferation has been achieved in Eucalyptus F1 hybrid (E. citriodora Hook x E. 
torelliana F.V. Muell) using nodal segments as explant collected from 17-yeas old tree. Cultures were 
established on MS medium supplemented with BAP (1.5 mg/1) alongwith NAA (1.0 mg/1) and regular 
sub-culturing was carried out in BAP (1.0 mg/1). Best rooting was observed in 1/2 MS medium 
supplemented with IBA (0.5 mg/1). This method of in-vitro propagation will help in retaining the hybrid 
vigour of F1 hybrid of Eucalyptus which has the potential to produce 3 to 5 folds more volume of wood 
than the parent species. 
 
Bisht, Smita; Negi, Mridula and Negi, J.D.S. 2003. Seasonal nutrient variation in foliage and leaf 
litter and their conservation in Dalbergia sissoo ecosystems. The Indian Forester, 129(4): 457-468. 
Forest Ecology & Environment Division, Forest Research Institute, Dehradun, India. 
[CONSERVATION; LEAF LITTER; NUTRIENT CONTENT; SOIL FERTILITY]  
 Monthly foliage and leaf litter nutrient content (N,P,K, Ca and Mg) were studied along with leaf 
fall pattern to understand the nutrient conservation in natural and plantation ecosystems of Dalbergia 
sissoo. It was observed that elevated concentration of Nitrogen in foliage and leaf litter along with sandy 
soils and high percentage of nutrient withdrawal indicated suitability of site for D. sissoo. Manmade or 
natural disturbances may alter soil physico-chemical properties, especially enrichment of soil with clay, 
to create situations favourable for secondary successional species eliminating D. sissoo. 
 
Chandola, S. and Singh, S.K. 2003. Status and scope of medicinal plants in Bhagirathi valley of 
Garhwal, Uttaranchal conservation strategy. The Indian Forester, 129(8): 950-963. Conservator of 
Forests, Bhagirathi Circle, Muni-ki-Reti, Tehri Garhwal, Uttaranchal; Divisional Forest Officer, 
Narendranagar Forest Division, Tehri Garhwal, Uttaranchal. [BIOTIC PRESSURE; CLIMATIC 
ZONES; CONSERVATION STRATEGY; MEDICINAL PLANT; NATURAL RESOURCE]  
 Conservation of medicinal/aromatic plants and the environment will be possible only with the 
precondition that our political leadership and policy makers become alive to this problem and take some 
really strong decisions. Since the Forest Department has to play a major role in this initiative by virtue of 
being the dominant custodian of the natural resource of land and forest, it should be ready for a major 
attitudinal change in favour of an ecosystems approach to forestry. The public of Uttaranchal are the 
predominant stakeholders, and will have to assert themselves against the threat of grazing, pilferage and 
fire. Our scientists and NGOs also have to play a very important role in this strategy of in-situ and ex-
situ revival of medicinal plants. In addition to the others, the industry is expected to adopt a role that is 
beneficial to all stakeholders. The Bhagirathi valley is endowed with a rich wealth of medicinal and 
aromatic plants ranging from Sub Tropical to Alpine species. This invaluable resource is, however, 
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under serious threat from severe depletion due to grazing, pilferage, fire and social indiscretions in 
utilization. Eight mega centers for the conservation of medicinal plants have been suggested which need 
to be protected by establishment of MPCAs. This in-situ intervention needs to be closely dovetailed with 
ex-situ cultivation and conservation along with Eco Tourism as a major part of the strategy. In pursuance 
of this goal, seven medicinal plant gene repositories have been raised with over 200 important medicinal 
plant species. Other important issues closely related to the development of Uttaranchal as a herbal state 
are Research, for propagation and conservation, standardisation of herbal produce, the need for strong 
regulations against unlawful removal from the forests, patenting of traditional knowledge and 
formulations, and, last but not the least, the necessity to organize a transparent market. With proper 
planning and a concerted effort from all the stakeholders, specially the political leadership and the policy 
markers, Uttaranchal stands a fair chance of garnering a major share of the national and international 
market of medicinal and aromatic plants. 
 
Chandrashekhar, M.B.; Singh, Sarnam and Roy, P.S. 2003. Geospatial modelling techniques for 
rapid assessment of phytodiversity at landscape level in western Himalayas, Himachal Pradesh. 
Current Science, 84(5): 663-670. Indian Institute of Remote Sensing, 4, Kalidas Road, Dehradun - 
248001, India. [BIODIVERSITY CONSERVATION; LANDSCAPE; REMOTE SENSING]  
 The mountainous state of Himachal Pradesh is known for its vast natural wealth, including 
forests, alpine meadows, rivers and valleys endowed with a rich array of life forms. However, this 
biodiversity hot spot is under great peril owing to human-induced disturbance factors. The findings on 
spatial representation of the habitat at a scale which can be used for conservation planning and 
rehabilitation are lacking. In this study IRS-1D, LISS-III sensor data have been used to assess the 
vegetation coupling with RS and GIS techniques in the state. This communication presents an approach 
for rapid assessment of biodiversity at landscape level using satellite remote sensing, phytosociological 
data and knowledge base in geospatial model. The geospatial analyses at the landscape level reveal that 
most of the fertile valleys of the region are occupied by the human activities and possess very low bio-
richness. Inverse relationship has been observed with disturbance at landscape level vis-a-vis 
phytodiversity or richness of the vegetation type/habitat. 
 
Chauhan, K.C.; Uniyal, D.P. and Kanwar, M.S. 2002. Variation and association analysis among 
growth traits in half-sib progenies of Pinus roxburghii sarg. plus trees. The Indian Forester, 128(9): 
1009-1020. Department of Tree Improvement and Genetic Resources, Dr. Y.S. Parmar University of 
Horticulture and Forestry, Solan, Himachal Pradesh. [COLLAR DIAMETER; PINUS ROXBURGHII; 
SEEDLING]  
 To know the genetic worth of the plus trees and association among different traits, one year old 
half-sib progenies of 48 plus trees were evaluated at Nauni during the year, 2000. Highly significant 
variation in all the traits was noted except for number of stomata. Studies on genetic coefficient of 
variation, heritability and genetic advance showed that a large portion of phenotypic variability was 
genetic and highly heritable for the total chlorophyll content, needle diameter and needle cross-sectional 
area. High heritability estimates were accompanied with high genetic gain for total chlorophyll content 
and needle cross-sectional area, suggesting the additive gene control for the inheritance of these traits. 
Collar diameter showed positive and highly significant correlation with seedling height and needle 
length. 
 
Chauhan, N.S. 2003. Important medicinal and aromatic plants of Himachal Pradesh. The Indian 
Forester, 129(8): 979-998. Department of Forest Products, Dr. Y.S. Parmar University of Horticulture 
and Forestry, Nauni-Solan, Himachal Pradesh. [AGRO-CLIMATIC CONDITION; AROMATIC 
PLANTS; CONSERVATION; RURAL DEVELOPMENT]  
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 Himachal Pradesh, situated in the lap of the Western Himalayas, is considered a veritable 
emporium of medicinal and aromatic plants having diverse agro-climatic conditions ranging from semi-
tropical to temperate, alpine and culminating in to the cold desert region. Out of around 3,500 species 
more than 1,000 species have been documented as medicinal and aromatic for the state occurring in 
Shiwalik ranges temperate forests, valley areas, sub-alpine and alpine pastures (both moist and dry). 
Himachal Pradesh is the largest supplier of Atish, Salampanja, Dhoop, Kutki, Bankakri, Chora, 
Baruhaldi, Talispatra, Revendchini, Vach and Somlata in the country. The entire pressure is on the wild 
populations and only a few crops like Kuth, Kalazeera, Kesar, and Hops are cultivated in Lahaul-Spiti 
and Kinnaur. The present paper highlights 179 species of commercial importance for drugs and phyto-
pharmaceuticals; 32 species yielding essential oils; 16 species utilized for manufacturing of dhoop and 
incense; 30 species as source of phyto-chemicals; 40 species useful for tans and dyes and 42 species 
which can be used as potent substitute for exotic species, thereby discouraging their import and saving 
foreign exchange reserve. It is suggested that the herbal resources of the State should be scientifically 
documented, commercial cultivation initiated compiled with value addition for ushering in economic 
prosperity to the people of this hill state. 
 
Chauhan, Onkar S. 2003. Past 20,000-year history of Himalayan aridity: Evidence from oxygen 
isotope records in the Bay of Bengal. Current Science, 84(1): 90-93. National Institute of 
Oceanography, Dona Paula, Goa - 403004,India. [HIMALAYAN ARIDITY; MONSOON]  
 Late Quaternary climate history of the Himalayas is inferred from sea surface salinity (SSS) 
changes determined from the oxygen isotope in planktonic foraminifers, in a turbidity-free, 14C-dated 
core from the Bay of Bengal. The heaviest d18O incursion (-0.9 and - 0.44% for Globigerinoides ruber 
and G. sacculifer respectively) between 20 and 15 Ka BP. During the initial phase of deglaciation 
between 15 and 12.5 Ka BP, the climate was unstable. The deglaciation intensified after 12.5 Ka BP, and 
culminated at about 11 Ka BP with a fluvial pulse. The heavier concordant incursions of d18O in both the 
species indicate that Himalayan aridity and associated glaciation at 10.5 Ka BP was again enhanced to the 
magnitude of the Last Glacial Maxima. The beginning of Holocene (~9.5 Ka BP) is characterized by 
excessive lighter d18O values due to high fluvial discharge attributed to intensified monsoon regime that 
persisted throughout the Early Holocene. During Mid-Upper Holocene, the Himalayas experienced at 
least two significant episodes of aridity and intensified glaciation at 5-4.3 and ~2 Ka BP. 
 
Ghose, Dipankar; Kaul, Rahul and Saha, Goutam Kumar 2003. Status survey of the Blyth's 
tragopan in Blue Mountain National Park, Mizoram, India using call-count technique. Current 
Science, 84(1): 95-97. Department of Zoology, University of Calcutta, 35 Ballygunge Circular Road, 
Kolkata - 700019; World Pheasant Association, South Asia Office, S 56/1, DLF Phase III, Gurgoan, 
Haryana - 122002, India. [CONSERVATION MANAGEMENT; NATIONAL PARK; WILDLIFE]  
 The Blyth's tragopan Tragopan blythii is a vulnerable species and its status was investigated at 
the Blue Mountain National Park, Mizoram. Blyth's tragopans occur in steep slopes and cliff areas in the 
National Park. Call count of male tragopans was adopted to get an index of abundance of these birds. 
Estimates suggest a total of 38 birds in the study area. 
 
Ghosh, Prosenjit and Bhattacharya, S.K. 2003. Sudden warming spochs during 42 to 28 ky BP in 
the Himalayan region from stable isotope record of sediment column from a relict lake in Goting, 
Garhwal, North India . Current Science, 85(1): 60-67. Max-Planck-Institute for Biogeochemistry, 
Winzerlaer Str. 10, 07745 Jena, Germany; Physical Research Laboratory, Navarangpura, Ahmedabad 
380009, India. [GARHWAL HIMALAYA; HIGH ALTITUDE; SEDIMENTS] 
  18O/16O variations of the precipitation recorded in carbonate sediments of a high-altitude 
Himalayan lake have been investigated by analysing samples from a varve deposit in Goting, Garhwal 
Himalaya. 14C ages of four samples from different depths suggest that the sedimentation in the lake 
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started ~42 ky BP and continued till ~ 28 ky BP. Fluctuations in d18O values are interpreted in terms of 
water-source variations. A trend showing the enrichment of d18O values between 32 and 28 ka indicates 
slow cooling as one approaches the Last Glacial Maximum (LGM). There are six strong d18O excursions 
(depleted ratios) coinciding with low d13C values at around 40.2 38.2, 36.2, 34.2, 32.8 and 29.4 ky BP, 
denoting enhancement of the southwest monsoon. In addition, three positive shifts at around 40.7, 37.2 
and 35.2 ky BP were observed, which indicate weakening of the southwest monsoon. Fourier analysis of 
the d18O time series shows a significant ~740 year periodicity, similar to that reported in the Arabian Sea 
and the South China Sea. 
 
Goraya, G.S.; Jishtu, Vaneet; Kapoor, K.S. and Pal Mohinder 2003. Mass flowering of montane 
bamboos in Himachal Pradesh : Ushering in the new millenium. The Indian Forester, 129(8): 1013-
1020. Himchal Pradesh Forest Department, Shimla, Himachal Pradesh; Himalayan Forest Research 
Institute, Shimla, Himachal Pradesh; ICFRE, Dehradun, Uttaranchal. [SEEDLING; SOCIO-
ECONOMIC; SOIL CONSERVATION; SUBALPINE FOREST]  
 Montane bamboos are represented in the western-Himalayan State of Himachal Pradesh by two 
species, i.e., Arundinaria falcata and Arundinaria spathiflora. Both these species, having great 
ecological and local socio-economic significance, have gregariously flowered across the State during the 
year 2000 and 2001, respectively. This paper documents specie-wise extent of flowering of these 
bamboo species in the Sutlej catchment of the State. 
 
Guleria, Vipan; Nayital, R.K. and Gupta, B. 2002. Nutrient dynamics of grasses at different 
aspects under chir pine (Pinus roxburghii) stands in mid hills of Himalayas. Indian Journal of 
Forestry, 25(4): 469-471. Regional Horticulture and Forestry Research Station, Bhota, District 
Hamirpur (H.P.) - 176041. [BIOMASS; CHIR-PINE FOREST; GRASSLANDS]  
 Nitrogen, phosphorus and potassium increased up to September and declined afterwards in 
October. There was no much difference in nutrient of grasses under Chir-pine and open grassland. In 
below ground grass biomass lesser amount of nitrogen, phosphorus and potassium were recorded as 
compared to above ground biomass. Overall northern aspect recorded higher amount of N,P,K under 
tree and open grasslands. 
 
Gupta, Atul; Sehgal, R.N.; Thakur, I.K. and Panwar, Pankaj 2002. Variation in nucleic acids 
among Grewia optiva drummond population in Himachal Pradesh. Indian Journal of Forestry, 
25(3): 374-376. Department of Tree Improvement and Genetic Resources, Dr YS Parmar University of 
Horticulture and Forestry, Nauni, Solan (HP) 173230. [HIMACHAL PRADESH; NURSERY; PLANT 
POPULATION; SEEDLING]  
 Seeds of Grewia optiva were collected from four population of Himachal Pradesh. Seeds 
collected were sown in nursery. The leaves of the seedlings produced were analysed for DNA, RNA and 
amino acids for variation studies among four population. It was observed that maximum DNA content 
(72.02 mg/g) and RNA (211.2 mg/g) were present in leaves obtained from progeny of Kandaghat 
population whereas, amino acids content was highest (33.08 mg/g) in leaves obtained from progeny of 
Palampur population. 
 
Gupta, B.; Gupta, N.K. and Sharma, Kulwant Rai 2002. Herbage production under Pinus 
roxburghii sargent- A silvipastoral system in mid hills of Himachal Pradesh, India. Indian Journal 
of Forestry, 25(4): 424-427. College of Forestry, Dr. Y.S. Parmar University of Horticulture and 
Forestry, Nauni-Solan (HP) - 173230. [BIOMASS PRODUCTION; GRASSLAND; SEED 
GERMINATION; SILVI-PASTORAL]  
 In silvipastoral models the production of under growth is affected by over storey vegetation. In 
the present study the over storey pine trees have shown the conspicuous effect on the tiller formation 
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and biomass production of these grasslands by reducing illumination. This effect is more pronounced 
when pine-needle litter is present on the ground floor. 
 
Hajra, Aparajita; Rawat, G.S. and Tiwari, A.K.  2002. Population structure of the corridor forest 
between Rajaji and Corbett National Parks, Uttaranchal, India. Indian Journal of Forestry, 25(3): 
310-318. Wildlife Institute of India, P.B. 18, Chandrabani, Dehradun. [DENSITY; DIAMETER; 
NATIONAL PARK; POPULATION STRUCTURE; SEEDLING]  
 The population structure of the corridor forest was studied through density diameter 
relationships. The diameter distribution curves show that in most cases there is an equal representation 
of individuals in the intermediate girth classes. In many cases the old trees with higher girth at breast 
height (gbh) values are seen to be exceptionally less thus leading to the preponderance of intermediate 
aged stands. Shorea robusta, Anogeissus latifolius and, among the species under plantations,Tectona 
grandis and Dalbergia sissoo have very low seedling/sapling densities. Mallotus philippensis, which is 
actually an associate species of Shorea robusta, is gaining an increased dominance in almost all the 
communities and showed a good representation of individuals from the seedling level to mature trees in 
the corridor forests. Most of the old plantations, particularly those of Dalbergia sissoo had other species 
coming up thus indicating signs of natural regeneration and slow recovery towards mixed deciduous 
forest. 
 
Jha, Mohan 2003. Community based conservation and management of medicinal plants in India. 
The Indian Forester, 129(2): 187-197. Indian Council of Forestry Research & Education, Dehradun, 
Uttaranchal. [BIODIVERSITY; CONSERVATION; MEDICINAL PLANT; SUSTAINABLE 
MANAGEMENT]  
 India is one of the twelve centres of mega biodiversity areas of the world with two biodiversity 
hotspots viz, Western Ghat and Eastern Himalayas. As one amongst the top repositories of medicinal 
plants, India is one of the major sources of raw material for the global market. Unsustainable 
exploitation of medicinal plants has led to the extinction of many plants and many plants are on the 
verge of extinction. The local communities who are well known for their knowledge of the medicinal 
properties of various plant need to be involved in conservation and management of medicinal plants. 
Policy makers have realised the importance of community based conservation of the medicinal plants. 
Successful implementation of activities related to medicinal plants conservation and their sustainable 
utilization needs the involvement of local communities, especially women groups and provides scope of 
income, employment and empowerment of primary users of medicinal plants. Some of the works by 
Government and non-government organizations related to community based conservation are discussed 
in the paper. Experience of FRLHT, in five states of India, WWF work at Susala Gene Bank, Pragya 
project in three habitats of Himalayas and Medicinal and Aromatic Plants Program in Asia (MAPPA) 
are different experiences that constitute the pivotal role of community participation. The conservation 
and management of medicinal plant is possible through a suitably designed area specific participatory 
models. A community based medicinal plants conservation and sustainable utilisation programme, if 
designed appropriately, can ensure increased access to health resources to the rural poor, and create jobs 
and sustainable livelihoods. 
 
Joshi, S.C. 2003. Impact of forest fires on the regional climate. Current Science, 85(1): 41-45. G.B. 
Pant Institute of Himalayan Environment and Development, Garhwal Unit, P.Box 92, Srinagar 
(Garhwal) 246174, India. [CLIMATE CHANGE; CLIMATIC CONDITIONS; FOREST FIRE; 
GARHWAL HIMALAYA]  
 Forest fires of short- to medium-return intervals are quite common during summer seasons in 
Garhwal Himalaya. Despite the importance of forest fires as an important source of greenhouse gases 
and aerosols, no research till date has focused on the impact of forest fires on regional climate. This 
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article shows how forest fires of different severity, in terms of forest area burnt (1747.48 ha and 40, 195 
ha in 1996-1997 and 1999, respectively), modify the atmospheric CO2 concentrations and environmental 
variables such as temperature, solar radiation and relative humidity. These variables were measured for 
40 days from 10 April to 19 May during the year of 1996 and 1999 at Srinagar (Garhwal) using Binos 
100 gas analyser and an automatic weather station with datalogger. The year 1999 was charcterized by 
extensive fires in the Garhwal region during the said period, including that in the vicnity of the 
measurement site, whereas in 1996, fire (less extensive) was observed from Garhwal Himalaya, but not 
in the vicinity of the measurement site. The data indicate that forest fires, depending upon their severity, 
may have the potential to cause significant changes in the CO2 content and climatic elements, 
particularly solar radiation and temperature only in the short-term rather than in the long-term basis. The 
fire impacts vanished with the onset of rainfall in May. However, to obtain factual information on the 
long-term effect of these short-term fluctuations on regional and global climate, monitoring of these 
variables on long-term basis is needed. 
 
Kala, C.P.; Rao, K.S.; Maikhuri, R.K. and Negi, K.S. 2003. Comparative assessment of the Valley 
of Flowers National Park and its adjacent areas in Chamoli district of Uttaranchal . The Indian 
Forester, 129(9): 1085-1089. G.B. Pant Institute of Himalayan Environment and Development,Kosi-
Katarmal, Almora, Uttaranchal; National Bureau of Plant Genetic Resources, Regional Station, 
Bhowali, Uttaranchal. [BIODIVERSITY; CONSERVATION MANAGEMENT; GERMPLASM; 
NATIONAL PARK; NATURAL CONDITION]  
 An exploration trip was carried out in the Valley of Flowers National Park and its adjacent 
areas. The purpose of this study was to monitor the change in biodiversity over the years and collection 
of germplasm for long-term conservation. 
 
Khanduri, V.P.; Sharma, C.M.; Ghildiyal, S.K. and Puspwan, K.S. 2002. Forest composition in 
relation to socio-economic status of people at three high altitudinal villages of a part of Garhwal 
Himalayas. The Indian Forester, 128(12): 1335-1345. Department of Forestry, HNB Garhwal 
University, Srinagar, Garhwal, Uttaranchal. [BIOTIC PRESSURE; FIRE-WOOD; FODDER; 
GARHWAL HIMALAYA; SOCIO-ECONOMY]  
 The present study was conducted in the Kedarnath Forest Division, involving three high altitude 
villages to study the involvement of local inhabitants/villagers with the forest and their effect on forest 
composition and regeneration status. Investigation revealed that the average firewood and fodder 
requirement of the study area was 1093.35 kg/day/village and 4758.65 kg/day/village, respectively. 
Whole of this firewood is extracted from the adjacent forests. However, the fodder extracted from the 
forest was maximum 1211.14 kg/day at Sari village and minimum 838.24 kg/day at Makkumath village. 
The rate of exploitation of forest resources was verified by vegetation analysis where no regeneration 
has been recorded from all the adjacent forests of the selected villages. The total basal cover of all the 
species was highest (76.47 m2/ha) at Sari and lowest (46.94 m2/ha) at Krokhi village. The values are 
comparatively higher than the earlier reported values (5.61-59.39 m2/ha) for similar type of forest, again 
indicating the greater biotic pressure to the forest. Quercus leucotrichophora was found associated with 
Lyonia ovalifolia and Rhododendron arboreum in the study sites. 
 
Kumar, Aravind and Singh, Bhim 2002. Leaf growth-patterns in some dominant trees of a sub-
tropical forest of Uttaranchal (Garhwal) Himalaya. Indian Journal of Forestry, 25(4): 387-405. 
Department of Botany, Dr Shyma Prasad Mukherjee Govt. Degree College,(University of Allahabad), 
Phaphamau, Allahabad - 211013. [BROADLEAF FORESTS; LEAF FALL; LEAF GROWTH; SUB-
TROPICAL FOREST]  
 A sub-tropical foot-hill forest of Uttaranchal (Garhwal) Himalaya flourishing at the slopes along 
with left bank of river Ganga in District Pauri-Garhwal (opposite Rishikesh) is enriched by 45 species of 
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angiospermic trees. The trees of Bombax ceiba, Erythrina glabrescens, Haldina cordifolia, Holoptelea 
integrifolia, Mitragyna parvifolia, Shorea robusta and Toona ciliata constitute the upper canopy layer of 
the forest. Though the general morphology and crown architecture of all the individuals of each species 
were essentially alike, nevertheless, there were variations in leaf longevity, leaf growth rate, number of 
leaves and empty nodes per unit length rate of leaf fall and leaf flux rate in the individuals of the same 
species growing at different locations/elevations. Among the 13 tree species dominating the area, mean 
leaf longevity ranged between 105 to 237 days and the leaf duration between 185 to 365 days. During a 
year,maximum leaf-fall noticed in Mitragyna parvifolia (60.40%) and the minimum (5.17%) in Bombax 
ceiba. The trees of Bombax ceiba, Casearia elliptica, Cassia fistula, Haldina cordifolia, Holoptelea 
integrifolia, Mallotus phillippensis, Mitragyna parvifolia, Naringi crenulata and Shorea robusta 
exhibited intermittent leaf shedding. The number of leaves per unit length of 1.5 m varied from 26 
(Sapium insigne) to 304 (Holoptelea integrifolia). Leaf senescence was higher in Holoptelea integrifolia 
(69.69%) as against Sapium insigne (6.80%) which recorded the minimum value. Turnover rates of 
Haldina cordifolia, Holoptelea integrifolia, Mitragyna parvifolia and Naringi crenulata were around 
three, that of Bombax ceiba, Casearia elliptica, Mallotus philippensis, Shorea robusta and Syzygium 
cumini were around two and the same of Cassia fistula, Erythrina glabrescens, Sapium insigne and 
Toona ciliata was around one. 
 
Kumar, Ashok and Matharoo, A.K. 2003. Methodology to establish seed production area for 
improved seeds in Pinus kesiya. The Indian Forester, 129(3): 357-363. Rain Forest Research Institute, 
Deovan, Jorhat, Assam. [INDEX VALUE; SEED PRODUCTION; SHIFTING CULTIVATION]  
 A seed Production Area (SPA) of Pinus kesiya was established in the State of Manipur. Detailed 
description of the methodology, and the gain achieved after culling of the inferior tree are presented. The 
population retained in the SPA improved by 32.05, 20.80, 14.66 and 24.15 per cent, respectively, for 
average index value, height, clear bole height and girth and breast height. 
 
Kumar, Rohtash; Ghosh, Sumit K. and Sangode, Satish J. 2003. Mio-Pliocene sedimentation 
history in the northwestern part of the Himalayan Foreland Basin, India. Current Science, 84(8): 
1006-1013. Sedimentology Group, Wadia Institute of Himalayan Geology, 33, Gen. Mahadeo Singh 
Road, Dehradun 248001, India. [CLIMATIC CONDITIONS; MAIN BOUNDARY THRUST; 
SANDSTONES]  
 Two major events of sedimentation pattern and drainage organization at 10 Ma and 5 Ma with 
minor interspersed events are recognized in a 10-0.5 Ma succession of the Himalayan Foreland Basin 
(HFB). The first event commencing at around 10 Ma records the predominance of thick, multistoried, 
grey sheet sandstone over mudstone-dominated succession. The second event at around 5 Ma records 
the accumulation of estensive and thick conglomerate. These two events are related to tectonic activity 
along the Main Central Thrust and Main Boundary Thrust, respectively. Fluvial architecture of both the 
events suggests large river network, with high sediment flux and broad catchment area, which could 
either be provided by tectonically raised high relief and/or climatic change (high intensity rainfall). 
 
Lodhiyal, L.S.; Lodhiyal, Neelu; Singh, Sanjay K. and Koshiyari, R.S. 2002. Forest floor biomass, 
litter fall and nutrient return through litters of high density poplar plantations in tarai of Central 
Himalaya. Indian Journal of Forestry, 25(3): 291-303. Department of Forestry, Kumaun University, 
Nainital- 263002, Uttaranchal, India. [BIOMASS; CENTRAL HIMALAYA; LITTERFALL; 
PLANTATION]  
 This paper describes the litter dynamics and nutrient use efficiency of high density Poplar 
(Populus deltoides) plantations in 1 to 4 yrs-old stand growing in Tarai belt adjacent to the Central 
Himalayan mountain, India. Tree density was 666 trees ha-1 in each plantation. In the forest floor 
biomass, the contribution of partially and more decomposed litter component was highest throughout the 
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year. The total litter fall was 2.38-5.69 t ha-1 yr-1 and increased with increase in as of stand. Of which, 
leaf, wood and root litter accounted for 80.6-83.6,3.2 and 16.2 - 16.6%, respectively. However, the 
annual replacement of forest floor litters mass range from 93 (4-yr) to 96% (1-yr) with a turnover time 
1.04 - 1.07 year. The turnover rate of nutrients (NPK) was 0.83 to 0.92. It was decreased with increase 
in plantation age. The total amount of nutrient return to the soil through litter was 34-77 N, 4-9 P and 
20-47 K kg ha-1 yr-1. It was increased with increase in plantation age because of higher litter 
accumulation. The nutrient use efficiency (NUE) ranged from 70(1-yr) to 84(4-yr) for N, 580 (1-yr) to 
625 (4-yr) for P and 119 (3-yr) to 120 (4-yr) for K. 
 
Maikhuri, R.K.; Rao, K.S.; Chauhan, Kusum; Kandari,  L.S.; Prasad, P. and Rajasekaran, C. 
2003. Development of marketing of medicinal plants and other forest products-can it be a path 
way for effective management and conservation? The Indian Forester, 129(2): 169-178. G.B. Pant 
Institute of Himalayan Environment and Development, Garhwal Unit, Srinagar Garhwal, Uttaranchal; 
Sustainable Development of Rural Ecosystems Division, GBPIHED, Kosi-Katarmal, Almora, 
Uttaranchal. [CONSERVATION; ECONOMIC RESOURCE; HOUSEHOLD; MEDICINAL PLANT]  
 Since times immemorial, plants have served mankind by providing food, shelter, medicine, etc. 
In recent times the demand for Medicinal and Aromatic Plants (MAPs) has increased rapidly in the 
global market. Domestic sales are growing at a rate of 20% per annum, while the international market 
for herbal products is estimated to be growing 7% per annum. Due to rapidly increasing demand of 
MAPs, a number of species are known to have become rare, endangered, threatened and extinct. Every 
year thousands of tonnes of these plant resources are being exploited from the natural habitat either 
legally or illegally without fair benefits accruing to the local people. Indian Himalayan region is the 
storehouse for the MAPs, besides bearing the largest economic resource being tapped, but local 
communities get only a tiny fraction of the profits. It is historically a secretive trade and little is known 
about who collects, who trades, who profits and whether there is over-harvesting. It is established that 
the basic causes of unsustainable harvesting are ignorance, poverty and lack of alternative livelihood 
support systems accompanied by encroachments by outsiders. Sustainable harvest with proper buy-back 
gaurantee will provide considerable off-farm employment opportunities to the local inhabitants. 
Traditional and local communities are the true resource managers with deciding roles in the 
conservation, management,use and development of MAPs in the Himalayan region. The conservation 
and management of MAPs in their natural habitat require active involvement of the local communities at 
every step. Therefore, effective training and capacity building focused on domestication/cultivation and 
conservation, improved marketing systems and processing/semi processing, bio-prospecting and value 
addition locally are the appropriate short and long term solution to assure conservation and management 
and sustainable livelihoods to the local communities. 
 
Mishra, B.P.; Tripathi, R.S.; Tripathi, O.P. and Pandey, H.N. 2003. Effect of disturbance on the 
regeneration of four dominant and economically important woody species in a broad-leaved 
subtropical humid forest of Meghalaya, northeast India. Current Science, 84(11): 1449-1453. 
Department of Botany, School of Life Sciences, North-Eastern Hill University, Shillong - 793022, India. 
[BROAD-LEAVED; MEGHALAYA; SEEDLING; SUBTROPICAL HUMID FOREST]  
 Effect of disturbance was studied on the regeneration behaviour of four dominant woody 
species, viz., Casearia vareca Roxb., Eurya japonica Thunb., Psychotria symplocifolia Kurz. and 
Rhododendron arboreum Sm., of a sacred forest which represents a subtropical wet hill forest of 
Meghalaya in northeast India. About one third area of this forest is undisturbed or mildly disturbed 
(stand I), while two thirds of this area is moderately-to-highly disturbed (stand II). Tree density, light 
interception and canopy cover were markedly higher in stand I when compared to stand II. E. japonica 
and R. arboreum are heliophilic as depicted by their greater numbers of seedlings and saplings in stand 
II. On the contrary, C. vareca and P. symplocifolia showed higher density of seedlings and saplings in 
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stand I which indicates that these two species are sciophilic in nature. In all the species the percent of 
saplings that grew into trees was higher than the percentage of seedlings that developed into saplings. 
Sprouting behaviour of four species differed greatly in two stands. The average number of sprouts per 
stump was higher in stand II, which could be linked to greater availability of light in this stand. E. 
japonica showed greater coppicing potential than the other tree species. The coppicing in this species 
was better in stand II as compared to stand I. Analysis of variance showed a significant (P<0.05) 
decrease in number of sprouts of E. japonica and R. arboreum from stand II to stand I. 
 
Mishra, V.K.; Bhardwaj, D.R. and Shamet, G.S. 2003. Macropropagation of Ban Oak - Quercus 
Leucotrichophora camus, through stem cuttings. The Indian Forester, 129(9): 1109-1116. 
Department of Silviculture & Agroforestry, Dr. Y.S. Parmar University of Horticulture & Forestry, 
Nauni, Solan, H.P. [FOREST ECOSYSTEM; SEEDLING; STEM CUTTING]  
 Ban Oak (Quercus leucotrichohora Camus), a principal forest tree species of North-West 
Himalayan forest eco-system, was used to investigate the effect of chemical treatment, season donor 
plant and shoot position on rooting and primary root number, and subsequent survival of the rooted 
cuttings. The per cent rooting and primary root number improved markedly upon application of 
chemical treatment. Maximum per cent rooting (35.25) was recorded in the rainy season planted 
seedling cuttings treated with chemical formulation of 0.8% IBA+0.2% p-HBA + 5% sucrose + 5% 
captan. Irrespective of chemical treatment, season and position, seedling cuttings demonstrated 
significantly better per cent rooting and primary root number than tree cutting. Primary root number 
were more in lower portion of the shoot cuttings, while per cent rooting was higher in cuttings collected 
from the upper portion of the shoot. The seedling cuttings collected from upper portion of the shoot 
during rainy season displayed better survival than others. From the present study, it can be concluded 
that for achieving maximum rooting and survival of the rooted propagules, the cuttings should be 
collected during rainy season from the upper portion of the seedling shoot and treated with chemical 
formulation of 0.8% IBA+0.2% p-HBA+5% Sucrose+5% Captan. 
 
Naithani, H.B.; Mohinder, Pal and Lepcha, S.T.S. 2003. Gregarious flowering of Thamnocalamus 
spathiflorus and T. falconeri, bamboos from Uttaranchal, India. The Indian Forester, 129(4): 517-
526. Botany Division, Forest Research Institute, Dehradun, India. [CULTIVATION; FLOWERING 
PLANTS; SEEDLING]  
 Genus Thamnocalamus belongs to sub-family Bambusoideae. Three species viz. 
Thamnocalamus aristatus, T. falconeri and T. spathiflorus are known under this genus. This paper 
presents gregarious flowering in year 2002 of Thamnocalamus falconeri and T. spathiflorus from 
Uttaranchal, India. These species gregariously flowered after 28-33 years (T. falconeri) and 60 years. (T. 
spathiflorus). Another two species viz. Drepanostachyum falcatum and Chimonobambusa anceps have 
already completed their flowering cycle in 1998 and 2000 and 1978, respectively. A key to the 
identification of the species, sub-species and varieties under Thamnocalamus is also provided. 
 
Nautiyal, S.; Rao, K.S.; Maikhuri, R.K.; Negi, K.S. and Kala, C.P. 2002. Status of medicinal 
plants of way to Vashuki Tal in Mandakini Valley, Garhwal Himalaya, Uttaranchal. Journal of 
Non-Timber Forest Products, 9(3/4): 124-131. G.B. Pant Institute of Himalayan Environment and 
Development,Kosi-Katarmal, Almora, U.A. [CONSERVATION; GERMPLASM; MEDICINAL 
PLANT]  
 A status survey for economically useful plant species was carried out in the Mandakini Valley 
on way to Vashuki Tal, a sacred pilgrimage site situated at 4,052 m above sea level in Garhwal 
Himalaya. A total of 63 accessions of seed, vegetative propagule, twig and whole plant of medicinal and 
aromatic plant species were collected for further multiplication and germplasm conservation. The 
density of some important rare medicinal plants found here was compared with that in other valleys. The 
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variation in the density of these plants is discussed in view of their long term conservation and 
management in Himalayan region. 
 
Negi, J.D.S.; Chauhan, P.S. and Negi, Mridula 2003. Evidences of climate change and its impact 
on structure and function of forest ecosystems in and around Doon Valley. The Indian Forester, 
129(6): 757-769. Forest Ecology & Environment Division, Forest Research Institute, Dehradun, India. 
[BIOMASS; CLIMATE CHANGE; FOREST ECOSYSTEM; MICROCLIMATE]  
 Available data on meteorological observation, phytosociological  studies, population dynamics 
and biomass in moist Sal (Shorea robusta Gaertn. f.) forest of Doon Valley and adjacent dry deciduous 
forest are utilized to understand the structure and functioning of ecosystem. Seventy years mean 
maximum and mean minimum daily temperature and rainfall were analyzed for each five-year interval 
(1931-2000). It was observed that there is an increase of 0.5oC in mean maximum temperature and 
decline of 1.1oC in mean minimum temperature. However total rain (monsoon, June to October+local 
rains, November to May) has declined by 17% during seventy year of period, whereas the local rains has 
increased by 27% since 1981 onward. Fluctuations in temperature and rainfall have pronounced effect 
on the distribution of evergreen and deciduous tree species. Further, change in climatic pattern and 
microclimatic conditions as a result of deforestation have noticeable impact on forest decline. 
Atmospheric CO2 enrichment has put a positive response in enhancing productivity of these ecosystems. 
 
Negi, Pitamber Singh and Subramani, S.P. 2002. Ethnobotanical study in the village Chhitkul of 
Sangla valley, District Kinnaur, Himachal Pradesh. Journal of Non-Timber Forest Products, 9(3/4): 
113-120. Himalayan Forest Research Institute, Conifer Campus, Panthaghati, Shimla - 171009. 
[BIODIVERSITY CONSERVATION; EDIBLE PLANTS; FUEL-WOOD; NATURAL RESOURCE]  
 An ethnobotanical survey has been carried out in the tribal village Chhitkul, Sangla Valley of 
district Kinnaur, Himachal Pradesh, which resulted in the recording of 17 plant species of medicinal 
importance, 25 of edible and agricultural value, 14 of cultural and religious importance, and 22 species 
of fuel, fodder and timber values. The role of ethic tribals in the conservation, optimum utilization of 
natural resources has also been discussed. The details of ethnomedicinal plants are highlighted with their 
botanical & vernacular names, brief description and use. The plants of other importance are also 
tabulated along with vernacular names and parts used. 
 
Pal, Mohinder; Bakshi, Meena and Prakash, Rakesh 2003. Effect of coppicing height on shoot 
production capacity of different clones of Dalbergia sissoo Roxb. The Indian Forester, 129(4): 504-
508. Plant Physiology, Botany Division, Forest Research Institute,Dehradun, India. [COLLAR 
DIAMETER; DALBERGIA SISSOO; STEM CUTTING]  
 Different clones of Dalbergia sissoo were coppiced at two coppicing levels viz. 15 cm and 30 
cm to identify the best clone producing maximum number of shoots and the best height at which 
coppicing should be mede. Statistically significant differences were observed among different clones 
with the maximum number of shoots being produced in Clone 189 at 30 cm height while the minimum 
number of shoots were produced in Clone 86 at the same height. However, no correlation was observed 
between collar diameter and shoot regeneration capacity at 2 years of age in Darbergia sissoo clones. 
 
Pande, P.C. and Pande, H.C. 2002. An updated catalogue of ferns and ferns allies of Garhwal 
Himalaya. Indian Journal of Forestry, 25(4): 486-498. Department of Botany, S.S.J. Campus, Almora - 
263601, Uttaranchal, India. [FERNS; FLORA; GARHWAL HIMALAYA]  
 The present paper deals with 347 species of pteridophytes recorded from Garhwal Himalaya 
belonging to 86 genera and 39 families. The genera are arranged alphabetically with correct 
nomenclature. 
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Pandey, A.K. and Virdi, N.S. 2003. Microstructural and fluid inclusion constraints on the 
evolution of Jakhri Thrust Zone in the Satluj valley of NW Himalaya. Current Science, 84(10): 
1355-1364. Wadia Institute of Himalayan Geology, Dehradun 248001, India. [EARTHQUAKES 
ZONE; FLUID INCLUSION; LESSER HIMALAYA]  
 The regional structures, microstructure and fluid inclusion trail pattern have been employed to 
work out the evolution of the Jakhri Thrust Zone (JTZ) exposed in the Satluj valley of NW Himalaya. It 
is a NE-dipping, SW-propagating out-of-sequence thrust cutting across the folder Lesser Himalayan 
crystalline nappe and lies in the seismically active inner Lesser Himalaya zone. The recrystallization 
microstructure in the footwall quartzite suggests deformation in the lower green schist facies condition 
with a progressively decreasing finite strain away from the thrust. The microstructures and fluid 
inclusion trails (secondary) show analogous pattern and have formed during the same deformation event 
in the footwall. The Co2-H2O and H2O-NaCI fluid inclusions have been identified. The former has been 
re-equilibrated during the peak deformation whereas the latter has evolved and been re-equilibrated 
during exhumation. The isochores of CO2-H2O and H2O-NaCI inclusions suggest an isothermal 
exhumation path from a depth of 15-17 km, considering a lithostatic condition. These results suggest 
that the JTZ is a deep-seated thrust, probably a step imbrication on the main decollement fault. 
 
Pandey, Amit; Harsh, N.S.K. and Chandra, Suresh 2002. A new stem canker disease of poplar in 
Doon Valley. The Indian Forester, 128(9): 1033-1036. Forest Pathology Division, Forest Research 
Institute, Dehradun, India. [DOON VALLEY; PLANTATION; POPULUS DELTOIDES]  
 Three plantation sites with G-48 clone of Populus deltoides exhibited the occurrence of a new 
stem canker and sapwood stain disease in and around Doon valley. Ceratocystis sp. was identified as 
causal organism. Excessive water availability at the sites, insect vector and insolation injuries might 
have served as the infection courts for the disease. 
 
Porwal, M.C.; Sharma, Lalit and Roy, P.S. 2003. Stratification and mapping of Ephedra 
gerardiana Wall. in Poh (Lahul and Spiti) using remote sensing and GIS. Current Science, 84(2): 
208-212. Indian Institute of Remote Sensing, National Remote Sensing Agency, 4, Kalidas Road, P.B. 
No. 135, Dehradun - 248001, India. [HIGH ALTITUDE; LANDSCAPE; REMOTE SENSING; 
SATELLITE DATA]  
The somlata plant (Ephedra gerardiana Wall.) has acquired importance in Indian medicine because it 
yields alkaloids that are effective in the treatment of asthma and hay fever. Tincture of Ephedra is used 
for cardiac and circulatory stimulation. Its demand as medicine has intensified the pressure on 
landscapes bearing this species. This has necessitated biopropection and active planning to ensure safe 
conservation of the existing gene pool and sustainable utilization of this land resource. On account of its 
importance, an attempt has been made, using remote sensing and geographical information system to 
identify and map Ephedra-dominated sites. IRS 1C/1D LISS-III false colour composite has been used 
for stratification of E. gerardiana bearing landscape in the present study. Test sites were used to 
evaluate the mapping results and promising accuracy has been achieved. The study highlights the 
possibility of mapping E. gerardiana in complex terrain conditions. Through this study it is also 
emphasized that the methodology can be used for bioprospection of species in the whole Lahul and Spiti 
district. 
 
Pramanik, Avijit; Gaur, Rachna; Sehgal, Manvika and Johri, B.N. 2003. Oligophilic bacterial 
diversity of Leh soils and its characterization employing ARDRA. Current Science, 84(12): 1550-
1555. Department of Microbiology, G.B. Pant University of Agriculture and Technology, Pantnagar - 
263145, India. [DIVERSITY; NATURAL RESOURCE; NUTRIENT CONCENTRATION]  
 Oligophiles from uncultivated, mustard-, potato- and wheat-cultivated soil of Leh were studied. 
The substrate concentration of the standard plate count (SPC) medium was 1.75-0.0035% of facilitate 



ENVIS Centre, GBPIHED          80 

the growth of copiotrophs and oligophiles. The ratio of bacterial counts on 1/20th dilution to full 
strength SPC was 3.26 in uncultivated and 1.74, 1.83 and 2.7, in wheat-, mustard- and potato-cultivated 
soil, respectively. ARDRA pattern with HaeIII of 36 randomly picked isolates showed a dissimilarity 
coefficient of 3.0. Despite the nature of the soil, seven phylognetic groups were formed, which consisted 
of isolates from higher dilutions (1/20 and 1/100). Only three isolates recovered on normal SPC showed 
similarity with these isolates. This confirms that bacteria growing at higher dilutions are different. It is 
also clear that oligophiles are abundant in nature and the need is to develop methodologies to explore 
their existence. 
 
Pusalkar, Prashant; Kukreti, Pragyan; Uniyal, B.P. and Singh, D.K. 2002. Species hitherto 
unknown to Uttaranchal flora. Indian Journal of Forestry, 25(4): 479-480. Botanical Survey of India, 
Northern Circle, Dehradun. [FLORA; FLORISTIC DIVERSITY; GANGOTRI NATIONAL PARK; 
UTTARANCHAL]  
 Four taxa of flowering plants, viz. Aquilegia nivalis (Baker) Bruehl, Ranunculus palmatifidus 
H. Riedl (Ranunculaceae); Herniaria incana Lam. (Caryophyllaceae) and Polygonum polystachyum 
Wallich ex Meissn. var. griffithii  Hook. f. (Polygonaceae) have been recorded for the first time from 
Uttaranchal. Of these, Polygonum polystachyum Wallich ex Meissn. var. griffithii  Hook. f. is a new 
record for Northwest Himalaya as well. 
 
Rajesh, R.S. and Mishra, D.C. 2003. Admittance analysis and modelling of satellite gravity over 
Himalayas - Tibet and its seismogenic correlation. Current Science, 84(2): 224-230. National 
Geophysical Research Institute, Hyderabal-500007, India. [GRAVITY; HIGH DENSITY; SATELLITE 
DATA; SEISMOGENIC]  
 The averaged admittance function computed from six long-range profiles (1650 km) of the 
marged satellite free air anomaly across Himalayas and Tibet shows good fit for a regional 
compensation model with an effective elastic thickness of 50 km and depth of compensation as 70 km. 
This suggests that the crustal strength resides in the upper 50 km of the crust which represents the brittle 
part of the crust. The earthquake focal-depth distribution in this area suggests that most of the seismic 
activities are confined within the upper 50 km, confirming that this part of the earth's crust is brittle and 
inferring that the lower crust of 20 km is ductile in nature, which has been confirmed from 
magnetotelluric studies over Tibet. Modelling of Bouguer anomaly along 90oE longitude across 
Himalayas and Tibet, constrained from the results of INDEPTH seismic profiles across Tibet, suggests 
that the crustal thickness varies from 40 km under the Indo-Gangetic Plains to 70 km under the Indus 
Tsangpo Suture Zone (ITSZ) which remains almost flat at 70 km under the Tibet and reduces to 40 km 
north of Altyn Tagh Fault (ATF). The crustal section can be broadly divided into three layers of bulk 
densities (2700, 2800 and 2900 kg/mg3), with to low-density layers (2650 and 2690 kg/m3), at the base 
of the upper and middle crusts respectively, which are layers with low seismic velocities. 
 
Ramesh, K.R. and Khurana, D.K. 2003. Natural provenance variation in Populus alba Linn. from 
western Himalaya. The Indian Forester, 129(9): 1077-1084. Department of Tree Improvement and 
Genetic Resources, College of Forestry, Dr. Y.S. Parmar University of Horticulture and Forestry, Solan, 
Himachal Pradesh. [DIAMETER; LEAF AREA; TIMBER]  
 Natural variation studies were conducted in populus alba Linn. to determine the range of 
variation in Himachal Pradesh and Jammu & Kashmir States. The characters studied were height, 
diameter, and general shape at the base of the leaf blade, clear bole, taper and number of stomata. 
Analysis of co-variance showed significant differences for different provenances of P. alba Linn. for 
height, d.b.h., taper, clear bole, leaf area and number of stomata. Strong correlation was obtained 
between height and d.b.h. The species showed more genetic variation among the natural stands and 
needs genetic improvement. 
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Rawat, P.S.; Ginwal, H.S.; Singh, R.P. and Dubey, R.C. 2003. Vertical distribution of 
ectomycorrhizae in deodar and chir pine forests in relation to their soil characteristics. The Indian 
Forester, 129(5): 624-630. Department of Forestry, Kumaon University, Nainital, Uttaranchal. [CHIR-
PINE FOREST; NATURAL FOREST; ORGANIC MATTERS; SOIL MOISTURE]  
 Vertical distribution of ectomycorrhizae in natural forests of Deodar (Cedrus deodara) and Chir 
pine (Pinus roxburghii) of Central Himalayas has been studied in relation to soil properties at various 
soil depths (0-30 cm) soil moisture, pH, organic C. organic matter, total N and available P decreased 
along the soil depths in both of forest. Live, dead and total mycorrhizal counts were more in C. deodara 
and P. roxburghii. Highest numbers of mycorrhizae were recorded between 6-10 cm depth. Apparently, 
a drastic change in mycorrhizae counts were recorded at soil depth below 15 cm. Significantly, (P<0.01) 
a negative correlation was found between soil depth and mycorrhizal counts (live and dead) and that of 
positive correlation between live and dead ones. Moreover, a positive correlation between mycorrhizal 
counts and organic matter, total N available P was estimated. 
 
Rawat, R.B.S. and Sharma, Jagmohan 2003. Developing stakeholder based ecotourism in 
Uttaranchal, India. The Indian Forester, 129(3): 321-331. Chief Executive Officer, National Medicinal 
Plants Board, Department of ISM&H, Ministry of Health and Family Welfare, Government of India, 
New Delhi; Joint Director (Wildlife), Ministry of Environment & Forests, Govenment of India, New 
Delhi. [CONSERVATION; ECO-TOURISM; HIGH ALTITUDE; LANDSCAPE; UTTARANCHAL]  
 Ecotourism holds a great potential for conservation of fragile mountain ecology in the 
Himalayan State of Uttaranchal and can provide a fresh paradigm for development to the local 
communities. The scenic landscape, snow clad peaks and high altitude lakes, endemic flora and fauna, 
unique customs and practices, mythology and history and hospitable local communities, fetch 
Uttaranchal a hitherto untapped opportunity. Informed involvement of stakeholders is necessary to 
ensure wide-base sustainable ecotourism. Stakeholder participation can substantially augment the 
infrastructure for ecotourism, sharing the burden of the government. Creation of stakeholders, equipping 
them with the required skills, networking them, supporting the initiatives taken by them and 
emphasizing the conservation and development linkages, are important issues in developing stakeholder 
based ecotourism in Uttaranchal. 
 
Saini, B.C.; Singh, R.V. and Sharma, Peeyush 2002. Effect of stem cutting diameter on growth 
and survival of Salix clones in nursery under shallow water table conditions. Indian Journal of 
Forestry, 25(4): 411-414. Department of Soil Science, College of Agriculture, G.B. Pant University of 
Agriculture and Technology, Pantnagar- 263145, Distt. U.S. Nagar (Uttaranchal). [AGRO-FORESTRY; 
COLLAR DIAMETER; STEM CUTTING]  
 Effects of three Salix clones and four diameter classes on growth and survival of Salix species 
were evaluated under Tarai conditions of Pantnagar in a nursery experiment. Maximum collar diameters 
(2.07 cm; 2.18 cm) were recorded in S1 clone and D4 diameter class, resectively. Similarly maximum 
heights (258 cm; 233 cm) were observed in S3 clone and D4 diameter class, respectively. In comparison 
to Srinagar conditions, plant height was 1.6 to 2.2 times and collar diameter 2.0 to 2.9 times higher 
under Pantnagar conditions. Maximum survival under different diameter classes at Srinagar conditions 
ranged from 61 to 82% in comparison to 100% at Pantnagar. 
 
Samal, P.K.; Palni, L.M.S. and Agrawal, D.K. 2003. Ecology, ecological poverty and sustainable 
development in Central Himalayan region of India. Int. J. Sustain. Dev. World Ecol., 10(2003): 157-
168. G.B. Pant Institute of Himalayan Environment and Development,Kosi-Katarmal, Almora - 263643, 
Uttaranchal. [DEVELOPMENT; ECOLOGICAL POVERTY; ECOLOGY; INDIAN CENTRAL 
HIMALAYA; INDIGENOUS KNOWLEDGE; MOUNTAIN SPECIFICITIES]  
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 The people inhabiting the mountains of the Central Himalayan region of India are heavily 
dependent on their immediate natural resources for their survival. However, this resource-poor mountain 
ecosystem is greadually becoming unable to provide a minimum standard of living to its continually 
growing population. In this ecosystem, human population is doubling every 27-30 years, against the 
declining resource base, particularly forests. Forest are disappearing both quatitatively and qualitatively. 
Against the requirement of 18 ha of forest land to maintain production in 1 ha of cultivated land, the 
ratio of forest to cultivated land is only 1.33:1. The present production from grasslands supports 8 units 
of livestock, against the ideal 2 units, and the gap between the demand and deficit of fodder is more than 
5-fold. Loss of vegetative cover is resulting in drying up of water resources, compelling that women to 
walk longer distances to collect water. This ecological deterioration, apart from human growth and 
interference, is compounded by mountain specificities such as inaccessibility, fragility, marginality, 
diversity, niche and adaptability. The specificities manifest in isolation, distance, poor communication, 
limited mobility, etc., resulting in limited external linkages and replication of external experiences, and 
slow pace of development. They, therefore, restrict options for economic growth, effecting poverty and 
affecting the quality of life of the people of the region. Poverty, in this mountain ecosystem cannot be 
understood and assessed independent of ecological wealth and would better be termed as ecological 
poverty. The development efforts to be effective in alleviating poverty here, should take into account 
mountain specificities and incorporate options which have larger human dimensions, such as 
mechanisms for population control, socio-economic and cultural conditioning, indigenous knowledge 
systems of the local people and simple technologies that are already in practice or have potential and are 
based on least external inputs. 
 
Samal, P.K.; Shah, Anubha; Tiwari, Sushil; Mehra, Bhupendra and Agrawal, D.K. 2002. 
Indigenous animal health care practices in Indian Central Himalaya: Empirical evidences. Indian 
Journal of Traditional Knowledge, 2(1): 40-50. G.B. Pant Institute of Himalayan Environment and 
Development,Kosi-Katarmal, Almora - 263643, Uttaranchal. [INDIGENOUS ANIMAL HEALTH 
CARE; LIVESTOCK; TRADITIONAL KNOWLEDGE]  
 The Indian Central Himalaya supports about four million livestock population, which play a 
vital role in the livelihood of the native. In this remote ecosystem, where modern veterinary 
infrastructure is very poor both quantitatively and qualitatively, the locals have evolved indigenous 
health care practices to maintain their livestock population. The practices, based on locally available 
bioresources, are effective in healing diseases, do not have financial cost and are easily administrable. 
Through a survey covering eight settlements located within altitude ranging from 900 m to 1800 m in 
the region, an effort was made to document the indigenous animal health care practices interviewing 350 
knowledgeable respondents drawn from both the sexes. 
 
Samant, S.S. and Pal, Mohinder 2003. Diversity and conservation status of medicinal plants in 
Uttaranchal State. The Indian Forester, 129(9): 1090-1108. G.B. Pant Institute of Himalayan 
Environment and Development, Kosi-Katarmal, Almora, Uttaranchal; ICFRE, Dehradun. 
[CONSERVATION MANAGEMENT; CULTIVATION; MEDICINAL PLANT; PLANT 
DIVERSITY]  
 The Uttaranchal State is located in the Indian western Himalayan Region (IHR). Like other 
provinces of the IHR this region is also known for rich biodiversity. The rich plant diversity of the 
region has been in use since the Vedic Period. Most of the medicinal plants are being extracted for drug 
and pharmaceutical industries from wild populations. This has adversely affected the very existence of a 
number of plants of high commercial value. Further, with the increasing world demand and renewed 
global interest in traditional ethnopharmacy coupled with the increasing preference for natural 
substances in the health care system, the natural stock of medicinal plants of the State is under 
tremendous pressure. Majortity of the species are used in Ayurvedic, Unani and other traditional 
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systems of medicine and also in the plant based pharmaceutical industries. In view of the importance of 
medicinal plants of the region, it has become necessary to review the diversity and conservation status of 
medicinal plants of Uttaranchal State. The present study recorded 701 species of medicinal plants. Of 
these 138 species were trees, 135 species were shrubs, 421 species were herbs and 7 species were ferns. 
Among the families Asteraceae, Fabaceae, Lamiaceae, Apiaceae, and Orchidaceae and among the 
genera Euphorbia, Polygonum, Allium, Ficus, Berberis, Swertia and Cassia showed the maximum 
representation of the species. Sixty six families were monotypic. Whole plants (179 spp.), roots (120 
spp.), leaves (56 spp.), fruits (12 spp.), seeds (25 spp.) flowers (10 spp.) and combinations of different 
parts (299 spp.) were used for the treatment of various ailments. Maximum diversity of medicinal plants 
was distributed in the zone of <1800 m and gradually decreased with the increasing altitude. 178 species 
were native to the Himalayan region, 9 species were endemic and 104 species were near endemic. Seven 
species i.e., Saussurea costus(Endangered), Allium stracheyi, Berberis affinis, Dioscorea deltoidea, 
Nardostachys grandiflora, and Picrorhiza kurrooa (Vulnerable), and Pittosporum eriocarpum 
(Indeterminate) have been recorded in the Red Data Book of Indian Plants. Using new IUCN criteria 
these species along with others have been also categorized as Critically Endangered (18 spp.), 
Endangered (18 spp.), Vulnerable (22 spp.), Low Risk - NearThreatened (6 spp.) and Low Risk- Least 
Concern (1 species). In-situ and ex-situ conservation initiatives have been also highlighted. Based on the 
distribution and potential values medicinal plants have been prioritized for cultivation in different 
altitude zones. Further, appropriate action plan for the conservation and management of medicinal plants 
has been suggested. 
 
Sangode, S. J. and Kumar, Rohtash 2003. Magnetostratigraphic correlation of the Late Cenozoic 
fluvial sequences from NW Himalaya, India. Current Science, 84(8): 1014-1023. Palaeomagnetics 
Laboratory, Wadia Institute of Himalayan Geology, Dehradun - 248001, India. [ECOSYSTEM; 
FLUVIAL SEQUENCE; HIMALAYA; SANDSTONES]  
 In this study we have compiled and synthesized the published magnetic polarity data on Late 
Cenozoic sequences in the Indian sector, and discuss their utility for time stratigraphic inferences useful 
to constrain tectonic and climatic changes. We also discuss the use of magnetic fabrics over channel 
sandstones and rock magnetic ratios of the pedogenic horizons as correlation tools. It is observed that 
the magnetic polarity events (a) the base of long normal (C5n) at 10.95 Ma, (b) the base of C4n at 8.07 
Ma, (c) the base of C3n at 5.23 Ma, (d) the Gauss-Matuyama boundary (top of C2An) at 2.58 Ma, and 
(e) the Brunhes-Matuyama boundary (base of C1n at 0.78 Ma, are the most characteristic events so far 
reported in the Late Cenozoic Siwalik sequence. It is, therefore, necessary to make more detailed studies 
on palaeo-intensity,  in situ rock magnetic signals, and magnetic fabrics closely around these intervals to 
strengthen their application to basin-wide correlation. New data in the eastern part, and a more judicious 
density of magnetic polarity data in the central part of the Himalayan Foreland Basin (HFB) are required 
for a robust correlation of the Late Cenozoic stratigraphic units from Pakistan, NW India, through Nepal 
to the northeastern Indian sector. The sediment accumulation rates derived from a total of 56 sections 
throughout the Himalayan foreland indicate a notable rise during 10.8 to 9.5 Ma (deposition of Nagri 
sandstone) and records the largest fluctuations after 1.7 Ma (widespread occurrence of boulder conglo- 
merates). Magnetic fabrics provide high resolution information on hydrodynamic changes suitable for 
correlating the association of major channel sand-stones across the basin. The rock magnetic ratios 
contain information on dynamic pedogenic trans-formation of magnetic minerals with time, and are 
envisaged as a high resolution tool of basin-wide correlation for the pedofacies. Further, a use of 
magnetic susceptibility for basin-source modeling has been demonstrated. 
 
Sharma, Poonam; Thakur, Vidaya and Panwar, Pankaj 2002. Effect of seed size and storage 
temperature on germination of Toona ciliata seeds. Indian Journal of Forestry, 25(4): 420-423. 
Department of Tree Improvement and Genetic Resources, University of Horticulture and Forestry, 
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Nauni, Solan (H.P.) - 173230. [MOISTURE CONTENT; NATURAL CONDITION; SEED 
GERMINATION]  
 Study carried out to see the effect of size of seed and storage temperature on germination of 
Toona ciliata seeds reveals that the size of the seeds have no significant difference on germination. It 
was observed that seeds loose their germination when stored at room temperature (18-20oC) whereas, at 
low temperature (6-8oC) they maintained 90% germination up to one year. 
 
Sharma, Rajesh; Verma, Priti and Sachan, H.K. 2003. Strontium isotopic constraints for the 
origin of barite mineralization of Tons Valley, Lesser Himalaya. Current Science, 85(5): 653-656. 
Wadia Institute of Himalayan Geology, Dehradun 248001; P.G. Department of Geology, D.B.S. 
College, Dehradun 248001, India. [LESSER HIMALAYA; SANDSTONES]  
 Veins, pockets and lenticles of barite are found to be associated with Neo-Proterozoic Nagthat 
Formation in Tons Valley. The ralation of barite mineralization with the siliciclastic host rocks and its 
depositional characters favour a stratabound syngenetic origin for barite. However, late event of 
remobilization partly obliterates the primary features. The strontium isotope ratios of barite are 
presented here and the data have been used to understand the source and origin of barite. The obtained 
87Sr/86Sr ratios range from 0.720448±0.000034 to 0.728637±0.000039; these valuse rule out the 
possibility of involvement of mantle/magmatic source in the deposition of the Lesser Himalayan barite. 
Isotopic data reveal that strontium in barite is derived from the crustal source rocks and the local process 
like recrystallization has influenced this barite mineralization. 
 
Singh, Charan; Dhyani, S.K.; Kumar, Nirmal and Dhiman, R.C. 2003. Establishment and 
evaluation of Paulownia fortunei for biomass production on degraded bouldery riverbed lands in 
Doon Valley, India. The Indian Forester, 129(5): 578-588. Central Soil & Water Conservation 
Research & Training Institute, Dehradun, Uttaranchal. [BIOMASS PRODUCTION; COLLAR 
DIAMETER; DOON VALLEY; GROWTH CHARACTERISTICS]  
 An attempt has been made to explore the possibility for its establishment and evaluation on 
degraded bouldery riverbed lands in Doon valley. On the basis of survival, growth, timber volume and 
biomass production, it is possible to grow Paulownia fortunei on degraded lands of Doon valley. Linear 
and second degree polynomial relationships between plant age with individual growth character (viz. 
height, collar diameter, DBH or tree volume) were established for the species. Growth and volume 
production of the species was compared with that the China and Poplar from India. 
 
Singh, H.Birkumar; Sundriyal, R.C. and Sharma, E. 2003. Livestock grazing in the 
Khangchendzonga Biosphere Reserve of Sikkim Himalaya, India: Implications for management. 
The Indian Forester, 129(5): 611-623. G.B. Pant Institute of Himalayan Environment and Development, 
North East Unit, Itanagar, Arunachal Pradesh; G.B. Pant Institute of Himalayan Environment and 
Development, Sikkim Unit, P.O. Tadong, Gangtok, Sikkim. [BIOSPHERE RESERVE; BUFFER 
ZONE; FODDER; MANAGEMENT; SIKKIM HIMALAYA]  
 The Khangchendzonga Biosphere Reserve (KBR), with a total area of 1,784 km2 in core zone 
and 825.92 km2 in buffer zone, is a representative of Eastern Himalayan region due to its unique 
habitats, exhilarating thick forests, rich flora & fauna, and famous mountain ranges including those of 
massive Khangchendzonga, the third highest mountain peak in the world. Local communities, to meet 
their various needs, i.e. fuel, fodder, timber, wild edibles and medicinal plants, have traditionally been 
using the biosphere reserve. Animals for grazing visit the reserve area, and a large share of local 
economy is dependent on the animals and their products. This paper attempts to analyze livestock 
economy and grazing pattern and the carrying capacity of the biosphere reserve. The economy of the 
people at higher elevation was mainly/totally dependent on animals and their products. This dependence 
increases with increase in elevation. It was found that, barring a few areas which are extensively grazed, 
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the present level of grazing is within grazing limits of the reserve. However, there is an increasing trend 
of rearing more number of animals for meeting economic needs, that will certainly augment the grazing 
pressure in near future. It is highly desirable that the villages and other nearby areas should be planted 
with more fodder species, and community should be motivated for raising good quality animals to 
reduce pressure on KBR. At the same time the villagers should also be involved in decision-making for 
developing the grazing regulation and other management plans for the KBR area. 
 
Singh, K.K.; Kumar, S.; Rai, L.K. and Krishna, A.P. 2003. Rhododendrons conservation in the 
Sikkim Himalaya. Current Science, 85(5): 602-606. G.B. Pant Institute of Himalayan Environment and 
Development, Sikkim Unit, P.O. Tadong, Gangtok 737102, India. [CONSERVATION; FIRE-WOOD; 
GERMINATION; SIKKIM HIMALAYA]  
 Rhododendrons form a major plant group at upper temperate locations having a characteristic 
slow growth rate and sizable horticultural value. Asia is the homeland for rhododendrons and many 
species had been hunted out of the region during Bristish rule. About 98% of the Indian species are 
found in the Himalayan region, among which 72% are found in Sikkim. Due to human interference the 
natural populations of rhododendrons in the entire Himalaya are gradually diminishing. The major 
threats to rhododendrons are deforestation and unsustainable extraction for firewood and incense by 
local people. A set of rhododendrons which are classified as rare/endangered may be wiped out from the 
biota in the near future if proper conservation measures are not made. The present work incorporates 
biotechnological and conventional methods to counter the threat on survival of these plants. Studies on 
in vitro Rhododendron maddeni from the cotyledonary nodal segments, young leaves and stems, have 
yielded positive results. The goal of the work is to find out means of conservation through in vitro and 
ex situ mass propagation and restoration of rhododendron population in the wild. 
 
Soni, P.L.; Dayal, Rameshwar and Kumar, Vineet 2003. Environment friendly technologies for 
sustainable utilization of NWFPs. The Indian Forester, 129(7): 853-858. Chemistry Division, Forest 
Research Institute, Dehradun, India. [FOREST ECOSYSTEM; FOREST PRODUCT; NATURAL 
FOREST; PLANT BIOMASS]  
 Over exploitation of non-wood forest products (NWFPs) is threatening forest ecosystems in 
India. Harvesting NWFPs from threatened and endangered species has led to search of new alternatives. 
Thus there is an urgent need to find abundantly available and new substitutes as well as to develop 
simple and suitable technologies for sustainable utilization of NWFPs to save the environment. This 
paper describes some of the eco-frindly technologies/processes developed by Forest Research Institute, 
Dehradun in recent years from abundantly available forest/agro biomass. The new technologies will go a 
long way in saving the fragile ecosystem of the country. 
 
Srivastav, P.K.; Singh, Th S.; Singh, N.Ibohal and Thangavelu, K. 2002. Clonal propagation of 
Quercus griffithii Hook. & Thom. ex Miq. through air layering. Indian Journal of Forestry, 25(4): 
406-410. Regional Tasar Research Station, Mantripukhri, Imphal - 795002. [CLONAL 
PROPAGATION; ENVIRONMENTAL CONDITION; SEEDLING]  
 A breakthrough has been made in clonal propagation of Quercus griffithii Hook. & Thom. ex 
Miq. through air layering. IBA and NAA the two root inclucing hormones were used during May and 
July in 1988 and during June in 1999 and 2000 in three doses of 250,500 and 750 ppm for raising air 
layers. IBA 250 and NAA 500 ppm was found to be the best dose for induction of rooting (73.33-75%) 
followed by IBA 250, NAA 500 and NAA 750 ppm doses which induced as high as 62.5, 50.0 and 40.0 
per cent rooting, respectively. The most suitable season for raising air layers has been found to fall 
during June-July. As Q. griffithii is a hilly plant, air layerings transplanted in low lying (water logging) 
areas in Imphal Valley failed to survive. Hence care should be taken to transplant well rooted air 
layering in sloppy areas only. 
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Srivastava, A.K.; Misri, B. and Singh, B. 2003. Resource management in silvipastures in Shivaliks. 
The Indian Forester, 129(4): 446-456. Central Soil and Water Conservation Research and Training 
Institute, Dehradun, India; Head, Division of Crop Production, VPKAS, Almora, Uttaranchal; Regional 
Centre, Palampur, Himachal Pradesh. [ECOSYSTEM; NATURAL RESOURCE MANAGEMENT; 
SILVI-PASTORAL; SOIL EROSION]  
 Silvipasture is one of the major farm enterprises of hilly ecosystem. The region spreads across 
3.8 million ha in Jammu & Kashmir, Himachal Pradesh, Uttaranchal, Punjab and Haryana States in 
North-West Himalaya. More than 80% of the hills including Shivaliks are affected by soil erosion and 
land degradation, being highly fragile because of sub-tropical climate, steep slopes, heavy rainfall and 
shallow soil depth. Major causes of degradation could be due to natural factors, rising demands of 
fodder, poor management practices and policy factors. With livestock population far exceeding the 
carrying capacity, and severe degradation of pasturelands, there is a strong need for natural resource 
management in silvipastoral systems. Land degradation and productivity decline was found more 
acceptable to people in addition to erosion control. Silvipasture land use was recommended for land 
capability class IV, VI and VII lands. Staggered contour trenching in Kagra watersheds improved 
productivity due to better moisture regime and trapping os sediment. This reduced the soil erosion and 
improved productivity, survival of plants and output from silvipastoral system. Treatment with 
staggered contour trenches at 1 m vertical interval could create 227 to 424 m3/ha runoff retention and 
trapped 37 t/ha/yr silt in watersheds in Kangra. Fragility of ecosystem is assigned to severe decline in 
soil organic carbon in 5-15 cm layer (0.54%), compared to rich top soil (1.32% in 0-5 cm depth of soil). 
Thus, it is expected to impart sustainability and prosperity to Shivalik silvipasture ecosystem. 
 
Sundriyal, Manju and Sundriyal, R.C. 2003. Underutilized edible plants of the Sikkim Himalaya: 
Need for domestication. Current Science, 85(6): 731-736. G.B. Pant Institute of Himalayan 
Environment and Development, North East Unit, Vivek Vihar, Itanagar 791113, India. 
[AGROFORESTRY SYSTEM; CONSERVATION; FRUIT-YIELDING; NATURAL FOREST; 
SIKKIM HIMALAYA]  
 The Himalayan region is comprised of a large variety of wild-growing plants that are used for 
food and other subsistance needs by the local communities. The Sikkim Himalaya harbours as many as 
190 food plants that grow in wild habitats. The six most prominently used fruit species (i.e. Baccaurea 
sapida, Diploknema butyracea, Eriolobus indica, Spondias axillaris, Machilus edulis and Elaeagnus 
latifolia) that bear maximum pressure in natural habitats due to their higher demands by the locals, were 
investigated in details. Densities of all the species were low in the forest stands and fruit-collection 
procedure was highly erratic, threatening their survival in near future. The fruits were nutritionally rich 
and could be utilized for making by-products. The fruit yield per tree could easily compete with 
commercial fruit-yielding species. Therefore, such fruit trees deserve priority action for conservation in 
natural forest stands and domestication in farmers' fields. 
 
Uniyal, Kamla 2003. Arbuscular mycorrhizal association of Populus deltoides. The Indian Forester, 
129(4): 527-530. Forest Pathology Division, Forest Research Institute, Dehradun, India. [AGRO-
FORESTRY; DIVERSITY; FUNGI; SEEDLING]  
 Arbuscular mycorrhizal association was studied in Populus deltoides plantation in New Forest, 
Dehradun (Uttaranchal) during the year 1994 from Jan-Dec. The frequency of AM fungi varied during 
different months. Five mycorrhizal genera viz., 3 species of Acaulospora, 10 species of Glomus, 3 
species of Scutellospora, 3 species of Sclerocystis and 2 species of Gigaspora were found associated 
with P. deltoides. 
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Valdiya, K.S. 2003. Reactivation of Himalayan Frontal Fault: Implications. Current Science, 85(7): 
1031-1040. Jawaharlal Nehru Centre for Advanced Scientific Research, Banglore 560064, India. 
[EARTHQUAKE; LANDSLIDE; MAIN BOUNDARY THRUST]  
 Youngest of the five terrane-defining faults, the Himalayan Frontal Fault (HFF) is a series of 
reverse faults that demarcates the boundary of the Siwalik front of the Himalayan province with the 
alluvial expanse of the Indo-Gangetic Plains. Originated about 1.6 million years ago, it has truncated and 
attenuated the Siwalik domain. Over large tracts, it is either concealed under younger sediments or has 
as yet not reached the ground surface and is therefore a blind fault. The nature of this frontal fault varies 
along its length. Where the hidden ridges of the Indo-Gangetic basement impinge the Himalaya, the 
mountain front is ruptured and the HFF is repeatedly reactivated. In the sectors intervening these ridges, 
it is not expressed on the surface, but the ground of the adjoining Indo-Gangetic Plain is sinking, the 
rivers are shifting their courses and a large tract of the land is waterlogged and characterized by marshes 
or ponds and by strong seismicity. The northern part of the Indo-Gangetic Plains in the proximity of the 
ruptured mountain front is also experiencing buildup of tectonic stress. The HFF traces the frontal line 
of the detachment plane along which the Indian plate is sliding under the Himalaya and generating 
earthquakes. 
 
Zhang, D.D.; Li, S.H.; He, Y.Q. and Li, B.S. 2003. Human settlement of the last glaciation on the 
Tibetan plateau. Current Science, 84(5): 701-704. Department of Geography, Department of Earth 
Sciences, The University of Hong Kong, Pokfulam Road, Hong Kong, China; Cold and Arid Regions 
Environments and Engineering Research Institute, Chinese Academy of Science, Lanzhou, Qansu, 
China; Department of Geography, South China Normal University, Guangzhou, China. 
[GLACIATION; HUMAN SETTLEMENT; TIBETAN PLATEAU]  
 An archaeological site with 19 handprints and footprints of Homo sapiens and the remnant of a 
fireplace has been found on hot spring travertine at an elevation of 4200 m on the Tibetan plateau. The 
prints were pressed on soft travertine by humans. The age of the prints and fireplace is estimated to be 
around 20,000 years using the optically stimulated luminescence method. The result suggests that 
humans came to the plateau much earlier than was previously thought. This evidence of human 
settlement implies that the Tibetans occupy high plateau much earlier than the Andeans and the ice sheet 
did not cover the entire Tibetan plateau during the Last Glacial Maximum. 
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Forthcoming Events 
 
National Seminar on Role of fluids in the crystal evolution: special emphasis on 
the Himalayan magmatism, tectonism and metallogeny; 04-06 February 2004, 
Dehradun, India. Convener : Dr Rajesh Sharma (E-mail 
fluidsem04@rediffmail.com), Wadia Institute of Himalayan Geology, 33, General 
Mahadeo Singh Road 
Dehradun - 248 001, Uttaranchal. 
 
4th Congress on Role of geoscience in sustainable development of Hindu-Kush 
Himalayan region; 26-28 February 2004, Kathmandu, Nepal. Correspondence : 
Dr. R. M. Tuladhar, Convener (E-mail : rameshtula@hotmail.com);  Dr. Indra Raj 
Humagain, Co-convener (E-mail : ihumagain@wlink.com.np); Mr. Pratap Singh 
Tater, President; Mr. Rajendra Khanal, General Secretary, Nepal Geological 
Society, P. 0. Box. 23 1, Kathmandu, Nepal, Tel: 977-1-411396 (o) FAX: 977-1- 
414806 (o), E-mail: ngs@wlink.com.np    
 
International Workshop on Webometrics, informetrics, scientometrics, and 5th  
COLLNET meeting; 02-05 March 2004, Roorkee, India. Organizing Secretary : 
Yogendra Singh, Central Library, Indian Institute of Technology (IIT) Roorkee, 
Roorkee - 247667 Uttaranchal, India, Tel: +91-1332-285239, 277587, Fax: +91-
1332-277587, 273560 (E-mail yogi@iitr.ernet.in, rulib@iitr.ernet.in, 
r_kundra@yahoo.com) 
 
National Workshop on Conservation and sustainable utilization of lesser known 
tree species; Sponsored by Ministry of Environment and Forests, Government of 
India; 08-10 March 2004, Dehradun, India. Contact : Director, Forest Research 
Institute, Dehradun 248 006, Uttaranchal (E-mail : padam@icfre.org), Phone : 
+91 135 2755277, Fax : +91 135 2756865. 
 
19th HKT Workshop on Geo-science of Himalaya-Karakoram-Tibet; 10-12 July 
2004, Hokkaido University, Japan. Correspondence Address : Dr. ARITA, 
Kazunori (E-mail: arita@ep.sci.hokudai.ac.jp); Dr. TAKADA, Youichiro (E-mail: 
ytakada@ep.sci.hokudai.ac.jp), 19th HKT Affairs Office, Division of Earth and 
Planetary Sciences, Graduate School of Science, Hokkaido University, Kita-10 
Nishi-8, Sapporo 060-0810, Japan, Phone & Fax: +81-11-706-4636, Fax: +81-11-
746-0394 
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News & Views 
 
Rehab panel for old Tehri residents   

The Uttaranchal state government has constituted a sub committee which will rehabilitate 75 
families still living in old Tehri under adverse conditions. In spite of officials claiming earlier that the 
peope ousted from the Tehri area have been completely rehabilitated, many continue to live in the 
town. Either these people have not been adequately compensated or their compensations have not 
been cleared. The government has asked Tehri Hydro Development Corporation (THDC) to complete 
their work by the end of the year, however, the work can only be completed after the town is 
evacuated.   

THE STATESMAN: July 4, 2003 
 
Shillong identified as ‘eco-city’  

Meghalaya state capital and the biggest hill station in the country Shillong has been identified 
as one of the cities in the country under ‘Eco-city’ scheme of Central Pollution Control Board (CPCB) 
under Union Ministry of Environment and Forests. According to the state urban affairs minister, 
Shillong city will now be eligible for Central assistance in the form of 50% grant on cost of projects 
approved under the scheme for the environmental improvement of the city. A waste treatment plant 
set up a cost of Rs. 4.62 crore was already functioning in the city and two more schemes likely to get 
the green signal from CPCB.   

THE ASSAM TRIBUNE: July 4, 2003 
 
Tourism hits Ladakh ecosystem  

The opening up of the high altitude wetlands in the Changthang region of Ladakh for tourism 
is disturbing its extremely fragile ecosystem. Modernisation, development and sudden increase in 
tourism is breaking down the traditional management systems, affecting local culture and 
communities. Tourist activities are causing disturbance to the wildlife, degrading the pastures and 
adding to the pollution. According to a report by WWF-India, increasing activities of government 
agencies and development works are some other potential threats. The WWF-India is now trying to 
motivate the security forces, deployed in Ladakh, to retrain from conducting shooting exercises near 
the lake besides involving the Indo-Tibetan Border personnel in cleanliness campaigns.   

 THE HINDU: July 6, 2003 
 
Rs 30 crore plan for Jhelum catchments   

The Jammu and Kashmir government has formulated a comprehensive Rs 30 crore five-year 
plan for restoration of the degraded catchments area in the northern basis on the Jhelum river. The 
minister for forests and environment said that depleting water sources, silting-cum sedimentation of 
water bodies, dwindling forest cover and the resultant climate changes necessitated treatment of the 
Jhelum basin. 

 THE FINANCIAL EXPRESS: July 7, 2003 
 
Rare white sambhar spotted in Mizoram  

Forest department officials have spotted a rare species of white sambhar, believed to have 
become extinct in the Kolasib forest division of the state. According to the forest department, these 
animals were found nowhere else in the world and was believed to have become extinct in Mizoram 
due to excessive poaching and clearing of forest area. The state forest department had informed the 
Forest Research Institute, Dehradun, and wildlife experts were soon expected to undertake a detailed 
study of the matter.   

THE SENTINEL: July 10, 2003 
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Geologists predict doom for Darjeeling in 75 yrs  
Geologists examining frequent landslides in West Bengal’s Darjeeling hills fear that in about 

75 years the vagaries of nature could destroy most of this popular summer gateway. The forecast, 
made by GSI in a report, came as a rude blow to the state government, coming as it did after 24 
people were killed by landslides in the region this month.  

THE ASIAN AGE: July 17, 2003 
 
Kohima identified as earthquake-prone zone   

Scientists have identified Nagaland’s capital Kohima as one of the top twenty earthquake-
vulnerable zones in the country. Seminars would be conducted through NGOs and school children in 
all earthquake prone cities of the country to educate them on the dangers and also prepare them for 
any eventuality. Sources also lamented that in the capital town constructions do not follow prescribed 
norms and almost all the buildings constructed have the risk of collapsing.   

THE SENTINEL: July 17, 2003 
 
Arunachal objects to ban on hydel power project  

The Arunachal Pradesh government has raised serious objections against the environment and 
forest ministry for ignoring the detailed report of Subansiri power project, the country’s largest hydel 
power project, in the state. Expressing surprise over the unilateral decision of the ministry, the state 
government spokesman expressed that it would have serious repercussion among the peole in frontier 
state. The project could earn Rs 1,000 crores annually by harvesting its hydel power potential that is 
lying unused since independence.  

THE ASIAN AGE: July 21, 2003 
 
Meghalaya to go slow on uranium mining  

Meghalaya Government has decided to go slow on the issue of giving the green signal to the 
Uranium Corporation of India Limited (UCIL) to mine the highly radio-active uranium ore discovered 
in West Khasi Hills district. Keeping in view the opposition from various quarters to mining of 
uranium, the meeting opted for ‘deeper’ and ‘more careful’ study before taking any decision. The 
matter was referred to the Cabinet Committee on Economic Affairs to consider while the Mining and 
Geology Department was entrusted to elicit the opinion of a cross-section of the people.  

THE ASSAM TRIBUNE: July 24, 2003 
 
Uttaranchal pact with Canadian firm for hydro-electricity project   

A protocol of intent for steady technological improvements in the power sector in Uttaranchal 
has been signed between the state government and Canadian Commercial Corporation, a crown 
corporation company of the Government of Canada. The protocol provides for a project to develop 
the Bhairon Ghati Stage II hydro-electricity project with 240 MW capacity and to upgrade and extend 
on of the ongoing generation projects, namely, the Chilla Project.  

THE STATESMAN: July 27, 2003 
 
Hamirpur tops HIV list   

There are about 533 HIV infected and 144 full-blown AIDS cases in the state of Himachal 
Pradesh. Hamirpur district tops the list with 125 HIV-infected and 39 full-blown AIDS cases while 
Lahaul and Spiti has not recorded any HIV-infected or full-blown AIDS cases. The National AIDS 
Control Policy is planning to bring HIV-infected cases to zero by 2007. Voluntary counseling and 
testing centres have been set up and tele-counseling centres have also been set up at Mandi and 
Dharamshala.   

THE TRIBUNE: August 6, 2003 
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Fruit bowl shrinks in Himachal  
Solan, the fruit bowl of Himachal, may soon fall empty. The signs are ominous. The area 

under fruit cultivation has fallen from 12,000 hectares six years ago to 6,400 this year. With no 
market intervention scheme to bank on, and the prices plummeting to as low as 50 paise a kg, helpless 
farmers are threatening to dump the native pears and plums for more lucrative vegetables and 
mangoes. Farmers have given their verdict: if the government does not take some corrective steps, the 
Solan belt will turn its back on fruits forever, it is farewell to fuits.  

Neeraja Ganesh for INDIAN EXPRESS: August 8, 2003 
 
Mufti launches projects to restore Wullar  

The state government of Jammu & Kashmir has launched a Rs 179-crore project to restore 
Wullar, largest freshwater lake in Asia, situated about 35 km from Srinagar. The project envisages 
protection of the water body, frame a flood control policy and ensure a proper sewerage. The chief 
minister Mr. Mufti Mohammed Sayeed said efforts should be made to arrange foreign funding for the 
project. He emphasized that people of adjoining areas should be made aware of project and their 
participation sought for the implementation.  

THE STATESMAN: August 11, 2003 
 
Pests kill Lahaul valley willows  

Vast stretches of willow forests in the Lahaul valley of Himachal Pradesh are drying up as the 
trees planted more than a century ago are being destroyed by pests and the damage may be 
irreversible. The willow trees started degeneration rapidly five years ago and since then the experts 
have been stressing the need to plant fresh stock to keep the willow forest alive. According to the 
research carried out by Himalayan Forest Research Institute, in the past decade the willows had 
started drying up and more than 3,000 salix trees have already dried up in the valley due to various 
pests. The massive attack of aphids was the main cause of drying up of willows but global warming 
had increased their resistance to diseases and pest attacks. Other causes are the monoculture practiced 
by the locals for planting willows, very old planting stock, decrease in water flow, wrong planting 
sites, improper silviculture techniques, melting of glaciers and decrease in snowfall. 

 THE TRIBUNE: August 14, 2003 
 
NTPC to invest Rs 6,000 cr in Uttaranchal project   

The National Thermal Power Corporation (NTPC) would invest Rs 6,000 crore in its three 
new hydro-electric projects in Uttaranchal. The chief minister of the state expressed that the 
Memorandum of understanding (MoU) between Uttaranchal government and NTPC Hydro Ltd, was 
part of his dream to establish Uttaranchal as ‘power state’ so as to meet the growing power 
requirement. The proposed projects are 108 MW Lata-Topovan in Chamoli district, 520 MW 
Loharinag Pala in Uttarkashi district and 360 MW Tapovan-Vishnugad hydro power project in the 
Joshimath area of Chamoli district.   

BUSINESS STANDARD: August 19, 2003 
 
Splash of funds for Dehra lakes  

The Centre has sanctioned Rs 137 crore to maintain and beautify 25 lakes under the National 
Lake Conservation Plan. Over Rs 40 lakh has been allotted to maintain Nainital lake and making it 
free of pollution. According to Union minister for environment and forests, the Ganga Action Plan 
under NRCP has been extended to 11 towns of Uttaranchal. The state chief minister has said a 
Himalayan authority should be formed to conserve the Himalayan forestry and ecology and the 
progress of various ongoing programmes are being assessed.  

THE STATESMAN: August 31, 2003 
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Centre urged to review Mining Ministry’s stand over Nagas’ rights   
Nagaland Government has taken strong exception to the stand of the Union Ministry of Coal 

and Mines regarding Naga people’s right over ownership of land and its resources. The State 
Government has urged the Union Government to review the Action Taken Report (ATR) of  the 
Ministry on Sarkaria Commission’s recommendation on Centre-State relationship with special 
reference to Nagaland. The Chief Minister appealed to the Inter-State Council not to accept the ATR 
of the Ministry of Coal and Mines and review afresh the whole issue.   

THE SENTINEL: September 1, 2003 
 
Rs 15.71 crore for afforestation  

Himachal will spend Rs 15.71 crore on afforestaion during the current financial year and an 
area of 15,000 hectares will be brought under trees. According to Himachal Pradesh forest minister,  
20,600 km2 area of the state was covered with forests which is much less than the norms laid down in 
the National Forest Policy, 66% area of Himachal should be under forest, and every effort was being 
made to achieve this target. Despite a heavy demand for fire wood and timber, the state forest cover 
had increased by 1,859 km2. An integrated afforestation and eco-development programme had been 
initiated by Forest Development Agency, Dharamsala through which participatory approach will be 
ensured in the working of this programme and residents of each village will be involved in micro 
planning.    

THE TRIBUNE: September 3, 2004 
 
Tibetan antelope population increasing  

Several species of wildlife on the Tibetan plateau have shown an increase in the number over 
the past decade. This includes the most southt-after but severely threatened Tibetan Antelope or 
Chiru, whose wool is used to make the exotic shahtoosh. The study had been sponsored by the New 
York based Wildlife Conservation Society revealed that the increase in number of population of wild 
yak, wild ass or kiang, Tibetan gazelles along with Chiru antelopes. Illegal hunting of Tibetan 
antelopes and other wildlife species in the Chang Tang region of Tibetan plateau that had brought 
them to the brink of extinction about a decade ago. Among these, the most vulnerable was the Tibetan 
antelope, which yield the finest wool in the world which was smuggled into Kashmir for weaving into 
shahtoosh. Shahtoosh, now banned globally, is sold as mus as 15,000 dollars per shawl. 

  Aarti Dhar for THE HINDU: September 15, 2003 
 
Tribals demand political rights to govern themselves  

The Northeast Tribal Convention (NTC) has demanded that tribals be allowed the political 
rights to govern themselves and decide their own destiny without any delay or dilution. The 
convention organized by the North East Zonal Coordination Committee at Dimapur, demanded urgent 
recognition of constitutional expression to the demands of tribals to their longstanding aspiration. 
While observing the endless saga of human suffering in the socio-economic and cultural and 
psychological terms wherein tribals were subjected to systematic harassment and displacement from 
their homeland in the name of development projects. 

THE SENTINEL: September 17, 2003 
 

Almost half of HP in grip of typhus   
With cases of mystery fever having been reported in atleast five mojor districts of the state, 

almost half of Himachal Pradesh has fallen in the rip of the deadly disease, which has claimed 18 lives 
so far. While the Kasauli based Central Research Institute has cofirmed it’s Ricketssia, the Central 
Institute of Communicable Diseases has finally proclaimed the case of typhus which is aggravated 



ENVIS Bulletin : Himalayan Ecology 11(2), 2003         93         

from Ricketssia. Besided Shimla, the worst affected districts are Bilaspur, Solan, Hamirpur and 
Sirmaur.  

Dharmendra Ratul for INDIAN EXPRESS: September 23, 2003 
 
Mysterious bird phenomenon returns to Jatinga 
 The mysterious Jantinga phenomenon returned to haunt mankind and science as hundreds of 
birds got sucked to the ground at the Barail ragne while dozens of enthusiasts kept a vigil till birds 
flied away at the first ray of sunlight in the morning. The Jatinga, famous for the phenomenon of birds 
‘committing suicide’, is located on a spur of the Halflong ridge, the head-quarters of North Cachar 
Hills district of Assam. Here, the mist and fog throw a veil around the beautiful face of the damsel 
from September to November, during these late monsoon months, mysterious behaviour of birds takes 
place. Reneowned ornithologists have carried out reseaches on this topic, however, no single 
hypothesis comprehensively explains the Janting mystry till date. 

THE SENTINEL: September 27, 2003 
 
Landslides threaten Uttarkashi’s existence   

Varunvat, the hill mountain that overlooks the historic city of Uttarkashi in Uttaranchal has 
become the source of major slides that have already caused damage to public property worth crores of 
rupees. Hundreds of people have been rendered homeless, while others are having to be evacuated 
from areas that are increasingly under threat. Local residents fear that the slide could ring the death 
knell of a city that is as old as the Puranas. Stabilisation of the slopes and reconstruction could involve 
expenditure running into many crores of rupees.   

GARHWAL POST: September 28, 2003 
 
New gas reserve in Tripura to help power projects   

A new gas reserve has been found by Oil and Natural Gas Corporation (ONGC) in Khedabari 
village of West Tripura district heralding a new era for sustained supply of gas to several power 
projects including proposed 500 MW gas based power project at Monarchak and for other commercial 
purpose in the State. ONGC officials observe that nature of gas available in the State is of high quality 
containing 97% of Methane and the reserve is presumed to be of 40,000 crore cubic metre. At present 
with the modernized techniques and available infrastructure 40 lakh cubic metre gas is explored out of 
which 13 lakh cubic metre gas is used for generation of electricity.  

THE SENTINEL: October 17, 2003 
 
HP best in reproductive health: PFI   

Himachal Pradesh has been adjudged the best performing state by the Population Foundation 
India (PFI) in the field of reproductive health and family planning based on its achievements in term 
of decline in infant mortality and fertility rates and improvement in female literacy and school 
enrollment. Lahaul-Spiti is one of the three districts which have been selected as the best performing 
district on reproductive and children health programmes in the country.   

INDIAN EXPRESS: October 25, 2003 
Mysterious disease claims 60 in Arunachal   

An unidentified disease has claimed 60 lives in Lazu circle in Arunachal Pradesh’s Tirap 
district during past couple of months. Doctors suspects measles might be the cause, sources said,  
most of the victims were children. The most affected areas in the remote parts of specially Lazu, 
Longling, Syniu and Upper and Lower Kolan of the district. A district medical team including 
doctors, para-medics and nourishing staff from the district medical hospital had rushed to the affected 
areas to control the disease.   

THE SENTINEL: October 29, 2003 
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