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PREFACE

Sikkim, the 22nd state of the Indian union, is a small mountain state in eastern
Himalayas. Sikkim is a land of rich and varied scenic beauty, magnificent mountains,
eternal snows, dark forests, green fertile valleys, raging torrents and calm, placid
lakes. Her magnificent variety of flora and fauna are the naturalist’s dream; the steep
variations in elevation and rainfall give rise to a glorious multitude of species within
a comparatively limited area. The scenic grandeur of mighty snow-capped peaks. the
highest of which is the 28,162 feet Kanchanjunga on the Nepal-Sikkim border, has
been a symbol of romantic awe and wonder for the people. It is the world’s third
highest peak. Kanchanjunga has five satellite peaks: Jano, Kabru, Pandim, Narsim,
Simiolchu. Two principle mountain ranges are the Singilela and Chola which start
in the north and continue, following a more or less southerly direction. Between these
ranges are the principle rivers, the Rangit and the Teesta, forming the main channels
of drainage. These rivers are fed by the monsoon rains as well as by melting glaciers.

Sikkim lies in the Eastern Himalayas. Being a region which had its geophysical
uniqueness owing to its location and climate conditions, human inhabitation was
sparse. It was only in 1641 that it was given a political entity. The population
inhabiting this area were of Indo-Mongoloid, Tibetan or Nepalese origin. The population
of the region is rural and tribal. The influence of the Buddhism has created a unique
culture, different from other parts of the country. The tribals had little contact with
the other parts of the country. Agriculture through jhum cultivation besides animal
rearing formed their important occupation. The Lepchas and the Bhutias who came
from the regions of Tibet settled in Sikkim.

The present population of Sikkim is primarily composed of different races or
ethnic groups. They are the Lepchas, the Bhutia, the Nepali and the plainsmen. These
different ethnic groups have their distinct languages and cultural pattern. This
cultural diversity of the ethnic groups who have no common racial backgrounds has
become the central point of socio-economic and political problems in Sikkim. Over
centuries, the narrow fertile valleys of the inner Himalayas and the rugged hill tracts
of the greater Himalayas have been settled by the Tibeto-Burmese, Tibeto-Mongoloid
and Indo-Aryan races who have adjusted themselves to the rigorous climate of this



(viii)

state. Thus Sikkim has become a state of multi-racial inhabitants. The oldest
inhabitants are the Rongs or Lepchas who migrated via Assam to this mountain state.
Next came the Khampas from the Tibetan province of Kham, they are now commonly
known as Bhutias. The Limbus who are considered by some as belonging to Lhasa
gotra are believed to have migrated from Shigatse, Penam, Norpu, Giangtse etc of
- the Tsong province of Tibet. These Limbus and other Magar, Rai, Gurung, Murmi
etc are allied races and in fact belong to the Kirati sub-cultural stock of the Nepali
race who migrated to Sikkim from Nepal in the west.

English is the official language of Sikkim. The Lingua-franca is however Nepalese.
It closely resembles Hindi. The Lepcha language belongs to the Tibeto-Burman family.
The languages of the Bhutias, Limbu, Murmi, Magar, Khamba and Mewar also
belongs to it. High priority has been given to education. Education is free upto the
primary school level. While in the higher classes the fee is nominal, for girls education
is free up to class XI.

Sikkim is a land of villages. Agriculture is the main occupation of the people.
Agriculture has an history of its own in Sikkim. By and large, Sikkim’s wealth is
derived from agriculture and forests. The original inhabitants were not agriculturists.
They led a very primitive life. Gathering of wild roots, fruits, hunting and fishing
were their means of livelihood. When Bhutia people migrated to Sikkim they started
a semi pastoral economy and sedentary farming. They ploughed only the flat pieces
of land available here and there. Settled agriculture stepped into Sikkim only with
the arrival of Nepali immigrants. These sturdy, hardy, energetic and innovative
people cleared large tracts of woodlands and made the land fit for cultivation.

The book is an asset for all scholars, researchers, teachers, students and ofcourse,
the general readers.

— Shyamal Dutt



REPOSITORIES OF GENETIC
DIVERSITY

Introduction -

Assessment of biodiversity as well as its subsequent conservation remains a key
issue in the environmental conservation programme in the present times. The total
botanical appreciation of biota for a region is a basic requirement to inventorize,
classify and evaluate the germplasm of any area (Rai, 1996). Gene pools have co-
existed with humankind for centuries in different dimensions and entities.

In situ conservation of biodiversity has been possible in many ways and has
withstood the test of time. “Sacred groves” can be placed in this category. The “sacred
groves” are in fact the “reserve forests” of the local tribes/communities who maintain/
conserve these patches of woodlands in a religious faith. These act as natural gene
pool preserve and serve as an example of habitat preservation through community
participation (Gadgil and Vartak, 1975).

Sikkim, the smallest state of the country with a total geographical area of 7096
km? also harbours some such sacred/reverent areas with religious (mostly monasteries
or Gombas, vernacular) and/or historical background. However, these religiously
protected repositories of biodiversity have thus far received scant attention of explorers,
botanists and foresters. Kabi-Longchuk sacred grove in North Sikkim is one of the
many.

The people residing in the immediate proximity indeed have strong conviction on
its sanctity and relevance. Situated at an altitude of 1680 m amsl, Kabi grove
encompasses an approximate area of 140 ha and lies between 88° 36’ N latitude and
27° 24’E longitude. It is located at about 16 km north of Gangtok.
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Historical/Religious Background

Against an interesting Lepcha religious folklore and a historical backdrop the Kabi
area was declared and revered as a sacred patch. The folklore dates back to time
immemorial when the river Teesta and Rangeet supposedly originated following a
severe earthquake. Many lives were lost in the floods that ensued and forced the
Lepchas to seek refuge on the higher reaches of the mountains. Those who survived
the devastation initiated the tradition of worshipping each of the mountaintops where
they had sought refuge. These peaks were worshipped as “Saviour Mountains” and
Kabi is one among them. The prayers are to this date held on the full moon night
in the 9" month of the Lepcha Lunar calendar. Lepchas still continue to pray their
“Saviour Mountains” wherever they reside.

The historical part of the folklore is that in the year 1268 AD Punu Habum was
the Lepcha King and Thiekum Chek, an enlightened individual his patron, when
Sikkim (Sukhim) was attacked through the Chumbi valley on the Tibet border by
Khebrumsha. Punu Habum forced an accord with the invaders but Khebrumsha killed
him deceit. His claim to be the ruler of Sikkim raised suspicion and Thiekum Chek
through tantrism discovered this deceit. Khebrumsha confessed and was made to
swear that he would follow the Lepcha tradition as the ruler.

Thus was signed the “Blood-Brotherhood Treaty” at Kabi between the Lepchas and
Bhutias (then Tibetans) in 1268 AD and the patch of forest was declared as “sacred”.
Large stones as natural witnesses were placed (vernacularly known as Longchuk) in
Kabi scared grove during this celebration, which was known as Chyu-Slo-Nyeso. This
tradition was suddenly discontinued during 1969-70 following some unpleasant
happenings but was revived by the people after a short gap and is presently celebrated
as “Pang Labhsol” throughout the state annually. All the ethnic communities including
Nepalese join the celebrations while the entire Kabi-Longchuk sacred grove is
worshipped/revered till date (Late Shri La Tshering Lepcha, 1997. Pers. Commmun.).

Idea Behind Informal Approval of “Sacred Grove”

It is obvious that the ancient idea behind protecting a particular area/forest patch
by declaring it as sacred is unarguably based on the cultural, social, spiritual and
religious factors. Such a place was considered sacred because Gods/Goddesses and/
or other forces (good or evil) were believed to dwell there, and any kind of interference
within its premise could cause devastation of the community.

Threats to the Grove

The levels of biotic interference in Kabi-Longchuk were not alarming enough to
be labelled as major threats. Yet, a slow and gradual exploitation of the forest
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resources in this gene pool reserve was noticed during the study. The following
processes emerged as possible threats.

1.

Medicinal Plants Collection: This was the only intact gene pool reserve in the
immediate vicinity of Kabi. Kabi is a major large cardamom (Amomum
subulatum Roxb.) growing belt. Most elderly people and local traditional
medicine practitioners (Lamas and Bungthings) had easy access and collected
many plant species with remedial potency. If the collection process continued
to rise, it was ascertained to possess substantial threat of forcing the healing
plants to the very brink here.

Firewood Collection: Some of the families settled nearby were dependent on
the forests for their energy requirement. A part of this was collected from this
grove. Despite the high reverence for this forest and regulations attached, the
firewood collectors, who were mostly identified as non-locals, did not spare the
grove. This was another added challenge for the long-term survival of this
natural repository.

Collection of Wild Edibles: A number of wild edibles as condiments, vegetables
and fruits were in abundance in the grove. Locals were making collections even
during this survey. This process could adversely impact the rates of natural
regeneration of many species of plants that serve the double purpose of being
useful to man and some faunal species.

Fodder Collection: Continuous fodder collection was noticed as a prominent
threat. Most rural populace owned some grazing animal for which large
quantities of forage were harvested from this grove.

Ornamentals: Very often various plant species like Rhapidophora sp.,
Hymenophylllum sp., Hoya sp., Coelogyne sp., Cymbidium sp., Lycopodium sp.,
Michelia sp., Aeschynanthus sp. were collected by visitors for ornamental use
without the notice of the village elders. This could cause a drastic reduction
in their density and natural regeneration threatening their existence in the

area.

Vegetation of The Grove

The richness of this grove was evident from the large number of herb, shrub and
tree species (Table 1). Luxuriant growth of some species of trees and shrubs adorned
with dense epiphytic growth was also recorded, which included some very old trees.
The forest of the grove was dominated by the tree species like Michelia cathcartii,
Daphniphyllum sp., Viburnum erubescens, Castonopsis hystrix, Quercus sp., Prunus
nepalensis and ranged from 16 to 40 m in height. Presence of a considerable number
of shrub species also added to the diversity of forest composition of this grove.
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Predominant shrub species were Ardisia sp., Dichroa febrifuga, Clerodendrum sp.,
and Smilax sp. among others. Good natural regeneration was a noteworthy feature.

Ground cover herb species were equally rich. Many saprophytes, epiphytes and
woody climbers further added to the species variation of the grove. Epiphytic orchids
and lichens were also observed during the survey. Faunal species in this patch of
considerable density were not sighted but there was abundant avifauna. Indirect
evidence of presence of the Barking deer (Muntiacus muntjak) was recorded.

List of plant species recorded in the Kabi-Longchuk sacred grove, North

Sikkim

Botanical name | Family | Local name | Use / value
Tree species ’
Michelia cathcartii Magnoliaceae Titey champ (N) Timber
Nyssa javanica Cornaceae Lekh chilauney (N) Timber
Daphniphyllum Daphniphyllaceae Chandan (N) Aesthetic, religious
himalense
Quercus sp. Fagaceae Bantey (N) Timber
Castonopsis hystrix -do- Katus (N) Timber, edible seed
Viburnum erubescens Caprifoliaceae Asaray (N) Edible fruits
Prunus nepalensis Rosaceae Arupatay (N), Sado (B) Crude timber
Betula cylindrostachys | Betulaceae Saur (N), Taghyam(B) Leaf buds substitute

tea leaves
Machilus sp. Lauraceae Lali kawlo (N) Timber
Cinnamomum -do- Sisi (N) Leaves substitute Bay
impressinervium . leaf
C. obtusifolium -do- Bhalay linkauli (N) Bark used as

condiment
Spondias axillaris Anacardiaceae Lapsi (N) Edible fruits
Eruya sp. Theaceae Bilauney (N), Signam (B)
Shrub species
Daphne cannabina Thymeliaceae Argeli, kagatey (N) Hand made paper, and

) rope from bark
Ardisia sp. Myrsinaceae Damai phal (N) Edible fruits
Clerodendron sp. Verbenaceae
Smilax sp. Smilaceae Kukurdainey (N)
Dichroa febrifuga Hydrangeaceae Basak (N)
| Agapetes sp. Ericaceae

Ground cover herb species .
Urtica sp. Urticaceae Sisnu (N) Young foliage edible
Elatostema obtusum -do- Gagleto (N), Kenchelbee (B) | Young shoots edible
Pouzolzia sp. -do- Chipley (N) Terminal shoots edible
Sacropyramis sp. Melastomaceae
Calanthe sp. Orchidaceae Sunakhari (N) Prized ornamental
Asplenium sp. Asplenidceae Ooniewn (N)
Athyrium sp. Athyriaceae
Seleginella sp. Selaginellaceae
Hydrocotyl nepalensis | Umbelliferae Golpatay (N) Medicinal
Impatiens sp. Balsaminaceae
Curculigo capitulata Hypoxidaceae Dhotisaro (N) Fodder
Eupatorium sp. Compositae Banmara (N) Medicinal
Chlorophytum sp. Liliaceae
Hymenophyllum sp. Hymenophyllaceae
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Epiphytes
Rhapidophora sp. Araceae Kanchirna (N) Ornamental
Hymenophyllum sp. Hymenophyllaceae
Dendrobium sp. Orchidaceae Sunakhari (N) Ornamental
Coelogyne cristata Orchidaceae Sunakhari (N) Ornamental
Hoya sp. Asclepiadaceae i
Asplenium sp. Aspleniaceae Ooniewn (N)
Piper sp. Piperaceae Medicinal
Didymocarpus sp. Gesneriaceae
Climbers
Holboellia latifolia Lardizabalaceae Golta (N) Edible fruit
Piper sp. Piperaceae ___| Paan patey (N) Ornamental, edible
Vitis sp. Vitaceae
Rubia cordifolia Rubiaceae Majito (N) Dye, aesthetic

N = Nepali; B = Bhutia

Education and Awareness

This reverent patch of forestland formed a unique example of in situ conservation
of genetic resources with its own distinct floral and faunal strengths. Besides, such
groves in the high altitude areas are significantly important as they sustain the
natural streams as permanent/temporary irrigation and domestic consumption water
sources. This is apart from the immense ethno-scientific relevance.

However, the key for further success aimed towards future conservation of religiously
preserved patches under the present threats and circumstances lies in educating the
locals, planners and the political managers on the significance of such scared areas.
* Values and benefits of such reserves should be the crux of a campaign that would
develop a favourable perception and create newer attitude towards conservation.
Mass awareness programmes should, therefore, be a priority focusing on the cultural
and ethical practices vital for their livelihood.

Conclusion

Such religiously protected areas provide a comprehensive and rich ecological niche
as repositories of genetic diversity. Moreover, it is felt that there are tremendous
direct and indirect pressures at work on the groves threatening their existence. These
threats can be related to increasing prospects of tourism (tourism that lacks an in-
built conservation effort), higher demands for NTFPs, fuel wood collection, decrease
in the religious faiths along with fall in the commitment of the present generation
towards such natural sacred places, and lastly, the heavy burden of developmental
interventions that small states like Sikkim are prepared to undertake.

Little attention or apathy of administrators towards the deteriorating condition
of holy places and the groves add another dimension. But do these groves provide an
opportunity for joint management on experimental basis? Further detailed exploration
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of sacred groves in Sikkim is an immediate requirement to assess their composition,
various threat factors and conservation potential for their existence.

Such genepool reserves can definitely serve as icons of in situ conservation under
the prevailing times through a good mix of scientific measures and awareness building
efforts with the active involvement of the local community and the government.
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In Situ Mycorrhizal Dependency of Eupatorium Adenophorum Spreng
in Sikkim and Meghalaya

Eupatorium adenophorum locally called “Banmara” of “Kalijhar” in Nepali, is an
exotic plant species growing prolifically in Sikkim Himalaya and Meghalaya plateau.
It is the native species of tropical America. It has recently drawn worldwide attention
for its ever increasing potential weed mostly colonising cultivated lands, cardamom
based agroforestry systems, open degraded lands, jhoom fallow and natural forest
especially within the altitudinal range between 1000 - 8000 ft. msl. It has an interesting-
history of its own.

It is probable that the species was nowhere noted in Sikkim and Meghalaya hills
approximately 3 and 4 decades back respectively. In the Himalayan state of Sikkim
it probably started invading from southern via Doars and Assam valley, which in turn
migrated from Burma. Ever since its arrival, the species has acclimatized, spread and
colonized the region as noxious weed. The ability of the weed to grow luxuriantly in
diverse habitats most of which being harsh and nutrient-deficient is worth mentioning.

It is therefore speculated that the vigorous growth may be due to the association
of species with native symbiotic mycorrhizal fungi thus immobile nutrients viz, P, K,
Ca, N, Zn and water to the host (Read et al. 1976, Cooper and Tinker 1978, Rhodes
and Gerdemann 1978, Allen 1982, and Kothari et al. 1991). Therefore, present study
was aimed to investigate the mycorrhizal status of E. adenophorum under diverse
field conditions in Sikkim and Meghalaya.

Materials and Methods

Present investigation was carried out at 4 locations in Meghalaya and 7 sites in
Sikkim Himalaya (table 1). While the studies in Meghalaya was conducted in July
1991 and July 1992, it was carried out in June 1996 and June 1997 at sites in Sikkim
hills.
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Incidence of mycorrhizal infection of E, adenophorum growing at
various locations in Meghalaya and Sikkim hills.

Field locations Ali(:itu)lde Soil pH Avalil. Soil P (%) Mycorrhizal Infection
m, : (%)
Meghalaya (23°20" and 24° 1991 1992 1991 1992 1991 1992
15" N 91° 10" and 93° 80" E)
Upper Shillong 1726 5.46 5.41 0.021 0.020 93 94
4 Mile 1550 5.65 5.66 0.018 0.018 97 96
Bijni Complex 1500 5.59 5.56 0.021 0.020 94 © 92
Permanent Campus 1450 5.60 5.62 0.020 0.020 94 95
Siklkim (28° 728" & 27° 4’ 1996 1997 1996 1997 1996 1997
46" N, 85° 58" and 88 55’
26" E)
Tadong 1350 5.66 5.69 0.014 0.014 96 95
Lower Marchak 850 5.59 5.57 0.008 0.007 95 95
Setipool 850 5.77 5.81 0.008 0.008 97 99
Kabi 1500 5.66 5.52 0.014 0.014 96 97
Bitu 1500 5.69 5.62 0.014 0.013 96 96
Namnam 1600 6.11 6.05 0.016 0.016 93 95
Lower Rabong 1500 5.72 5.77 0.013 0.013 97 99
Damthang 2050 5.79 5.85 0.016 0.017 95 96

The plant roots and soil samples were collected randomly from each sites in 25
and 5 replicates respectively. The pooled root samples were washed thoroughly,
cleared and stained following the method of Koske and Gemma (1988). The mycorrhizal
infection incidence was determined using method suggested by Read et al. (1976). Soil
pH was determined using 1:5 soil: water suspension and available soil P was estimated
following method of Allen (1974) after the extraction using NaHCO, solution (Olsen
et al. 1954).

Results and Discussion

Incidence of mycorrhizal infection of E.adenophorum growing at various sites as
prolific weed species was remarkably high and was found to be >93%. It was recorded
as high as 99%. However, it was observed that the Eupatorium sp. in Sikkim Himalaya
showed more mycorrhizal infection than those growing in Meghalaya (table 1). High
mycorrhizal dependency of the species at all the sites investigated may be attributed
to the low soil P (below 0.002%) both in hilly terrains of Sikkim and Meghalaya.
Similar results were reported by Baylis (1967), Daft and Nicolson (1974) and Jensen
and Jacobsen (1980). Low availability of P may further be due to the low soil pH level.
The ameliorated growth of the weed species in P-deficient sites overgrowing other
compéting native weeds such as Galinsoga, Poa, Artemisia and Lantana sp. is attributed
in part to high mycorrhizal nature of the species. The exotic weed have an edge over
other weeds as it is a vigorous perennial shrub growing in dense clumps and flourishing
upto 10 feet tall thus depriving others of available light and space. Gradual depletion



304 Encyclopaedia of Sikkim

of available soil P caused by ever increasing anthropogenic activities in the fragile
ecosystems in this part of the country may directly or indirectly favour the further
spread of this weed. Therefore, it is likely that the species in the near future may
colonize more cultivated areas for which some effective control measures have to be
soon developed.

Sustainable Land Use Planning for The Sikkim Himalayas Perspectives
and Options

There are many definitions of sustainability and are equally plentiful (Greenland,
1994), but the definition given by FAO (1991) is most relevant. It statés 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 interspérsed 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 soil degradation
and increase the quality of environments to preserve the natural beauty for our
present and future generations.
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Geography and Geology

Sikkim is located between 27°46’ and 28° 7’ 48" North latitude and between 88°
0’ 5" and 88° 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 km? 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 northeast) 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) '

Subcortical Forests (900-1800m)

Temperate Forests (1800-2700m)
Sub-alpine Forests (2700-3500m)
Alpine vegetation (3500-4500m)

6. Alpine degerts (> 4500m)

o N
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Sikkim is ren;)wned 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 (776.74km?) 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. -

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 thhly 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
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measured at Chungthang and Dikchu by the Central Water Commission (Government
of India) is given in Table 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 biodiversity including
base resource itself, and human life.

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



308 Encyclopaedia of Sikkim

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
FEngineering 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
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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 fulfil 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.

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 maintenarnce 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
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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 hetter 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 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
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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 (2709km?) (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
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(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 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.

&

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
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being benefited during 8% Plan. During 9% 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 répresent
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 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 diversificatién 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.
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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
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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 subcortical to alpine provides
scope for growing a large number of fruits like mandarin (6range), 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 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 subcortical 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 hiéh 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
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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 hlstorlcal
precedent. Urban development is very beneficial for the overall development.

® 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;

e job for rural sector migrants for the preservation of ecological viability.
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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 northeastern
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
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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

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.

FEco-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 subcortical 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.
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Area of forest cover and land use (Anonymous 1994)

Particulars Area (km?) | % 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
Others (water bodies, dry river bed, land slide/rock 146.41 2.06

outcrop)

Grand Total 7096.00 100.00

Suggestions for Sustainable Land Use

1.

Multidisciplinary approach for identificatton of priorities to research and
adoption of technologies for better utilization of land, maintenance of soil
fertility and rehabilitation of degraded lands.

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.

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.

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.

Recognition of people who produce land resources to create interest for soil
building. ,
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
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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.
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. CIliff and precipitous slope 12.20
8. Glacial drifts/moraines/boulders 3.59
9. Perpetual snow 14.01




