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LAND HUSBANDRY FOR RESTORATION OF DEGRADATION IN 
NORTH EASTERN HILLS  

 
Patiram and Rajesh Kumar 

ICAR Research Complex for North Eastern Hills Region 
Umroi Road, Umiam - 793103, Meghalaya 

  
INTRODUCTION 

Land is the basis of life support systems, through production of biomass to provide food, 
fodder, fibre, fuel, timber, and other biotic materials for human uses, either directly or through animal 
husbandry including aquaculture and inland and coastal fishery. Land use is a kind of permanent or 
cyclic human interaction to satisfy the human needs, either material or spiritual or both from the 
complex of natural and artificial resources for the development. Present conditions of land in many 
areas of northeastern hills are the result of a combination of both its natural and genesis and human 
influences, which are still active. The human influences such as agriculture in Apatani plateau of 
Arunachal Pradesh, building of terraces for wheat cultivation by Monpas tribes of Arunachal Pradesh, 
terraced wet-rice cultivation by Angamis and Chakesang of Kohima district of Nagaland, and terraced 
agriculture in Sikkim hills may be the result of positive human action. The prevalence of shifting 
cultivation (jhum) is the result of human negligence or lack of knowledge and foresightness that 
resulted severely eroded hills without good vegetation. The concept of land husbandry is more 
acceptable to farmers to manage and improve the present use of land for production purposes on 
sustainable basis. Sustainable land management is an emerging concept, which seeks to assure the 
inter-generational equity of the land. Eswaran (1992) defined sustainable land management as "a 
system of technologies that aims to integrate ecological and socioeconomic principles in the 
management of land for agricultural and other uses to achieve inter-generational equity". In the 
northeastern hills (NEH) region, the farmer's immediate concern is crop yield improvement, diversity 
of crops, and enhancement of basic income to meet the individual needs. The basic social concept of 
sustainable management of land is based on balance among the different segments of the society as 
well as a balance between individual and institutional values. The land of this region is suffering from 
various kinds of land degradation as a result of different activities to meet the increasing demand of 
population for comfortable and luxury life. In this paper an attempt has been made to identify and 
quantify the land resources for sustainable land husbandry of the fragile and degraded mountain and 
hills of northeast hills of India. 
 
GEOGRAPHY AND GEOLOGY  

The North Eastern Hills (NEH) zone starts from Singalila range and covers all the seven sister 
states as well as Sikkim and Darjeeling hills of West Bengal. It lies between 21.50o and 29.50o N and 
85.5o - 97.5o E, representing a distinct agroclimatic area of our country. The great Himalayan range 
includes Sikkim, Darjeeling hills and eastern most border of Arunachal Pradesh. The north-eastern 
ranges, the spurs of great Himalayas, has two major sections- the Mishmi hills of Arunachal Pradesh 
and Patkai ranges run to the east and south of Assam along the Indo-Burma border. They are known 
under different names in different parts of Assam (Karbi Anglong and North Cachar hill districts), 
Arunachal Pradesh, Nagaland, Manipur, Mizoram and Tripura and are collectively called Purvachal 
(Purva, east and achal, mountain). The Meghalaya plateau is really an eastward extension of the 
massive block of peninsular India to the east of the great gap of Achaean terrain. Assam is surrounded 
by all hill states (excepting Sikkim). This region is surrounded by the international boundaries of 
China, Nepal, Bhutan, Bangladesh and Myanmar. Among the hill states of northeast, Arunachal 
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Pradesh has the maximum geographical area and Sikkim has the least, and both possess the 
continental climatic zones in this region. The northeastern geographical hill area comprises 75.3% 
(2,02,212 km2) of the total area of   2,74,942 km2 of northeastern region of our country  (Table 1). 
 
Table 1: Area and population of northeastern hill states-2001* 

State Geographical 
area (km2) 

Total population Decadal growth 
rate (%) 

Density 
(persons/km2) 

Arunachal Pradesh 83,743 1,091,117 26.21 13 
Manipur 22,327 2,388,634 30.02 107 
Meghalaya 22,429 2,306,069 29.94 103 
Mizoram 21,081 8,91058 29.18 43 
Nagaland 16,579 1,998.636 64.41 120 
Sikkim 7,096 540,493 32.98 76 
Tripura 10,486 3,191,168 15.74 304 
Total, NEH states 1,83,741 1,23,97,975 23.05 67 
India 32,87,300 1,027,015,247 21.35 312 
% Population of India 5.59 1.207    -    - 

* Data for Assam & W.B. hills not available 

 Morphologically northeastern hills are marked by the development of a series of ridges and 
valleys, terraces, scraps, several geomorphologic or planar surfaces at different elevations (15 to 5000 
m and above), etc. The North Eastern Hills Region has developed in-situ on different types of rocks of 
geological ages starting from Paleozoic to recent formation.  The old rocks are inter-layered with 
tertiary and quaternary formations. Disang, Barail, Surma, Tipam and Duptila series represent the 
rock formation in Nagaland, Manipur, Mizoram and Tripura. Both Jaintia and Disang series are 
overlain by very thin thick Barail series, which is of considerable economic importance as it contains 
thick seams of coal. Manipur valley soils have developed from the transported material formed from 
shale.  The North Eastern and Western portion of Sikkim is made up of hard massive gneiss rocks, 
and the gneiss of south Sikkim is highly micaceous, muscovite and biotic being present. The 
Himalayas rivers (Sikkim and Arunachal Pradesh) originate from the snow-clad mountains and alive 
hills in other states and primarily constitute Brahmaputra drainage basin.  

The climate of Arunachal Pradesh and Sikkim varies from sub-tropical to extreme alpine type 
and in other states, almost limited to subtropical to temperate. The major part of this region receives 
annual rainfall from 2000-4000 mm. The hill slopes facing south-western monsoon currents receive 
large amounts of rainfall than the enclosed valleys. All the botanical zones from tropical to alpine are 
found in these states due to its geographical situation, climate and altitude. These states are veritable 
storehouse of medicinal and economically important plants. Arunachal Pradesh and Sikkim are 
renowned for its Rhododendrons and orchids and for high altitude Primulas, Meconopsis and Blue 
poppies.  

 
LAND USE 

Through out the last millennium, a continued process of observation and innovation is 
maintained by the hill communities to evolve their economic activities and management strategies, 
primarily under conditions of undulated topographies, inaccessibility and isolation, and requirement to 
optimize production in the face of both risks and resources. Therefore, land use of NEH is the result 
of techniques and customs by different ethnic groups before their migrations as well as of their later 
adaptation to the location specific nature of soils and landscapes of settlement. The land use pattern of 
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NEH region 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 these states (Table 2) and they are 
under varying forest cover densities followed by alpine barren land, snow and glaciers. Excepting 
Sikkim and Tripura, all states had the forest cover above 70% of their respective geographical area. 
However, reserve forest area is below 60% of the reported area in most of the states except Arunachal 
Pradesh and Mizoram (above 70%). The net cultivated area varied widely from 3.37% (Arunachal 
Pradesh) to 26,41% (Tripura) and is approximately 6.8% of the total reported area of the states (Table 
2). 
 
Table 2: Land use pattern of northeastern hill states ('000 ha) (State of Forest Report 1999)a 

Land use Arunachal 
Pradesh 

Manipur Meghalaya Mizoram Nagaland Sikkim Tripura 

1.Geog. area 8374 2233 2243 2108 1658 710 1049 
2.Reporting area 5495 2211 2241 2109 1538 710 1059 
3. Forest 5154 

(93.79) 
602 

(27.23) 
935 

(41.72) 
1598 

(75.77) 
863 

(56.11) 
257 

(36.20) 
606 

(57.77) 
4.Misc. tree, crops &                   
groves 

44 
(0.80) 

24 
(0.09) 

159 
(7.09)) 

0 129 
(8.39) 

5 
(0.70) 

27 
(2.57) 

5.Not available for 
cultivation  

48 
(0.87) 

1445 
(65.36) 

244 
(10.89) 

65 
(3.08) 

61 
(3.97) 

270 
(38.02) 

133 
(12.68) 

6.Permanent pasture 
and grazing land  

N* N**  0 0 0 69 
(9.72) 

0 

7.Culturable waste 
land 

N* N**  473 
(21.11)) 

174 
(8.25) 

70 
(4.55) 

1 
(0.14) 

1 
(0.10) 

8.Fallow land except 
current fallow 

36 
(0.66) 

0 165 
(7.36) 

163 
(7.73) 

85 
(5.53) 

9 
(1.27) 

1 
(0.10) 

9.Current fallow 28 
(0.51) 

0 69 
(3.08) 

0 105 
(6.83) 

4 
(0.56) 

5 
(0.38 

10. Net sown area 185 
(3.37) 

140 
(6.33) 

216 
(9.64) 

109 
(5.17) 

225 
(14.63) 

95 
(13.38) 

277 
(26.41) 

N*  and N
**  included misc. tree crops and groves and non-agricultural uses, respectively; () indicates 

percentage. 
a Data for hill region of W.B. & Assam is not available. 
 
LAND DEGRADATION  

Degraded lands are those land, whose conditions has deteriorated to such an extent that it can 
not be put to any productive use, except current fallow, due to various constraints. Soil degradation is 
the reverse of soil health, resulting persistent decrease of soil potential productivity and loss of 
environmental regulatory capacity. The land has been degraded mainly due to over exploitation of 
forest for fuel, timber and fodder, shifting cultivation, improper land use practices, infrastructure 
development, land tenure systems of different ethnic tribes, and mining activities without proper 
changes in land management. In NEH, there are high percentage of area under wasteland due to 
shifting cultivation (Jhum) in Nagaland, Assam hills, Manipur, Meghalaya and Mizoram. In Sikkim 
and Darjeeling hills land degradation is caused by deforestation (Table 3). Land degradation occurs 
mainly due to human interference of the ecosystem not only to meet their actual demands but their 
greediness to achieve luxuriant livelihood by exploiting the nature's gifts. The existing 
community/private land system has been excessively exploited for survival and realization of short-
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term objective without taking care of soil health. The major cropland areas of hill agriculture are 
eroding faster than natural processes and have been significantly degraded. Visual and morphological 
observations in the field caused by degradation can be recognized by:  

1. Loss of top soil, 

2. Water erosion as indicated by rills, gullies, stones on the exposed soil surface, exposed 
roots, and uneven topsoil, 

3. Terrain deformation/mass movement, 

4. Acidification, and biological and chemical degradation as indicated by poor growth of 
crops,  

5. Physical degradation (crusting, hard pan, poor physical condition and water logging of 
foot hill lands), and 

6. Field domination by unproductive grassy vegetation/weeds. 
 
Table 3: Wasteland/degraded land in NEH (km2)  

Degraded 
land 

Arunachal 
Pradesh 

Assam* Manipur Meghalaya Mizoram Nagaland Sikkim Tripura West 
Bengal* 

Land with 
and without 
scrub 

3326.17 0 1.32 4190.63 0 1596.46 1073.11 286.87 14.40 

Shifting 
cultivation 

3088.08 8046.75 12014.06 2086.77 3761.25 5224.65 0 400.88 0 

Degraded 
forest 

1416.67 578.44 608.64 3612.11 310.45 1582.99 1060.57 588.18 44.60 

Degraded 
pasture 

2134.99 0 0 0 0 0 0 0 0.67 

Total 
degraded 
land 

8360.34 54.50 324.60 14.67 0 0 1435.90 0.11 10.92 

% of total 
geog. area 

18326.25 8679.69 12948.62 9904.38 4071.68 8404.10 3569.58 1276.03 69.62 

Total geog. 
area 

21.88 56.65 58.00 44.16 19.31 50.69 50.30 12.17 2.21 

Total geog. 
area 

83,743 15,322 22,327 22,429 21,081 16,579 7,096 10,486 3124 

Source: Wasteland Atlas of India, 2000 
* = North Cachar and Karbi Anglong districts of Assam and Darjeeling hill district of West Bengal. 
** = Includes area of waterlogged, plantation, sand inland, mining, barren rocky, steep sloping and 
snow/glaciers. 

The loss of top fertile soil from the hill agriculture has caused many farmers to abandon their 
traditionally cultivated lands and to move on to other marginal lands. The deterioration of soil 
quality/health is the joint result of the loss of soil fertility, biological degradation (decline of organic 
matter, biomass C, and decrease in activity and diversity of soil fauna), increase in erodibility and 
exposure of compact subsoil of poor physical-chemical properties.  

 The ecologically degraded lands include degraded forestlands, severely gullied and eroded 
lands, and areas affected by shifting cultivation. The second category of land degraded as a result of 
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human activities consists of mined lands; waterlogged areas and industrial wastelands.  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). Landslides during 
monsoon adversely effect utility services such as roads, power generation, reservoirs, human 
settlements, trade, tourism and other developmental and economic activity parameters effecting on-
site slope processes. This process not only affects the land/soil but also cause loss of bio-diversity 
including base resource itself, and human life.   

Deforestation and removal of natural vegetation for jhum: The deterioration in the productivity of 
the mountain environment has now been defined as a function of vegetative cover of uncultivated 
land. As per government policy, two-thirds of the hills should be under forest cover to prevent land 
degradation for the stability of fragile hill ecosystem. All the hill districts of Assam, Arunachal 
Pradesh, Manipur, Meghalaya, Mizoram and Nagaland had the forest cover more than 66% (Table 4).  
Forest ecosystems of hills are being threatened by a number of factors as follows:  

(a) Loss of forest lands to agriculture (mainly for shifting cultivation), industries, infrastructures 
and human settlements. 

(b) Loss of forestland due to multipurpose projects, construction of roads, transmission lines etc., 
quarrying and encroachments. 

(c) Degradation causes by illicit felling, lopping for fodder and fuel wood, overgrazing, removal 
of forest floor litter, forest fires, over felling, etc. 

(d) Population explosion and encroachment of forest land. 

Table 4: Forest cover (km2) of northeastern hills states (State of Forest Report, 2001) 

State Geog. 
area 

Forest 
cover 

Dense 
forest 

Open forest Scrub % Forest cover 
of Geog. area 

Arunachal Pradesh 83,743 68,045 53,932 14,113 141 81.25 
Manipur 22,327 16,926 5,710 11,216 190 75.81 
Meghalaya 22,429 15,584 5,681 9,903 259 69.48 
Mizoram 21,081 17,494 8,936 8,558 467 82.98 
Nagaland 16,579 13,345 5,393 7,952 47 80.49 
Sikkim 7,096 3,193 2,391 802 341 45.00 
Tripura 10,486 7,065 3,463 3,602 44 67.38 
Assam hills* 15,322 12,230 6,685 5,545 107 79.82 
W.B. hill (Darjeeling)  3.149 2,196 1,417 779 0 69.74 
NEH Total 202,212 156,078 93,608 62,470 1596 77.18 
India 3,287,263 675,538 416,809 258,729 47,318 20.55 
% of India  6.21 23.10 22.46 22.14 3.37 47.48 

* Includes North Cachar and Karbi Anglong districts of Assam   

The status of the change of the forest cover of northeastern region from 1987 to 2001 (Figure 
1) shows that in most of the states where Jhuming is practiced the forest cover tended to decline. In 
Tripura forest cover has the tendency to increase after 1997. Shifting cultivation (Jhum) is the single 
largest factor for the loss of forest cover in this region (State of Forest Report, 1997). The loss of soil 
under shifting agriculture has been reported in the tune of 5 to 83 t/ha depending upon crops grown 
and slope of the land (Prasad et al., 1986). The productivity of lands under shifting cultivation are 
directly dependent on the rest or fallow periods, during which such lands rebuild their store of organic 
matter, essential nutrient for remunerative agricultural yields predominantly stored in forest 
ecosystem rather than the soil. 
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Fig. 1. Changes in forest cover of NE hills

0

10000

20000

30000

40000

50000

60000

70000

80000

Ar
un

ac
ha

l P
r a

de
sh

M
an

ip
ur

M
eg

ha
la
ya

M
izo

ra
m

Nag
ala

nd

Sik
ki
m

Tr
ip

ur
a

Dar
je
el
in
g 

(W
.B

.)

As
sa

m
 h
ill

F
or

es
t c

ov
er

 (s
q.

 k
m

)

1987

1989

1991

1993

1995

1997

1999

2001

 

 Under the present system of unrestricted grazing of animals during seedling of broad-leaved 
trees are grazed or lopped frequently and die due to overgrazing and trampling. In this way 
overgrazing prevents the replacement of trees cut for timber and fuel wood. The deforestation, which 
includes the cutting of agricultural terraces on steeper and more marginal mountain slopes and jhum in 
north eastern hills, has led to a catastrophe in soil erosion and loss of productive land through 
accelerated landslide incidence. The deforestation of hill slopes has resulted increased sediment load 
of rivers emerging from the hill and mountains, causing the greater sedimentation load in 
Brahmaputra and its tributaries as compared to Ganges and local damage being proportionate to angle 
of slope.  
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Fig. 2. Decadal population growth in NEH states 



                                                                                                                             ENVIS Centre, GBPIHED 10 

Cultivation along the steep hill slopes with increasing population pressure: Most of the land 
belongs to VI and VII classes of land capability and being used for agricultural crops production 
along the slope. The population density in mountain areas has moved from low to very high and rate 
of population growth in NEH states was always higher than the national average (Fig. 2). The 
increased population in subsistence mountain society has led to: (a) reduced amount of land per 
family, (b) increased poverty, (c) massive deforestation, and (d) cultivating marginal infertile sloppy 
lands, which are the major causes of the degradation of land productivity. The loss of soil through 
runoff on such lands varied from 10.8 t/ha to as high as 62 t/ha depending upon land use for different 
types of agriculture (Prasad et al., 1986). The loss of topsoil reduces the inherent productivity of land 
through the loss of nutrients and degradation of the physical structure of the soil. It also increases the 
cost of food production.  

Due to cultivation of crops like potato and ginger for quick returns, the land resources are 
being intensively utilized unmindful of its long-tem implications along the slope under the jhum 
(closed burning of biomass on raised beds ‘bun’) in Khasi hills of Meghalaya. Under this system of 
cultivation, shallow hill soil gets eroded very fast and continues till the entire ridge becomes 
barren/wastelands. In such uplands, the soil productivity cannot be fully restored even by heavy 
applications of fertilizers and manures.  

Infrastructure development: The Chinese invasion in 1962 and its military presence on the 
Himalayan frontier prompted a massive road construction in great haste for military purposes, which 
outweighed concern for careful planning and sound engineering. After road construction, the 
extensive slope instability resulted in the production of enormous volume of debris, usually dumped 
on road and further down slope during heavy monsoon storms in the form of debris flows, rock falls, 
rockslides and mudflow. The annual debris production per linear kilometer of roadbed for specific 
roadways calculated for eastern Himalayas (Arunachal Pradesh) as 719 m3 (Valdia, 1987).  Thus 
debris causes destruction of downslide vegetation cover as well as the agricultural terraces of local 
subsistence farmers. It is assumed that landslides produced by road construction are responsible for 
increase of suspended load in the local head streams of the river Brahmaputra. Road development, air 
links and electronic communication together with spread of market economy and policy intervention 
have produced a major socio-economic impact, which includes greater accessibility of hither to 
remote forests for commercial logging, ease of movement of people both from the mountains to cities 
of the neighboring plains and from the plains to the mountains for exploitation of natural resources of 
the region. The spreading of urban and peripheral urban areas along with other infrastructures causes 
the shrinking of agricultural and forestlands. It has reduced the biomass production, buffering and 
transformation of soils as well as the biological gene reserve.    

Mining activities: Mining operation in Jaintia hills of Meghalaya are small-scale venture controlled 
by individuals who own the land. Coal extraction is done following primitive mining method 
commonly known as ‘rat hole’ miming. The mined coal is transported by trucks to the larger dumping 
places near the highways for its trade and transportation. The piling of coal on roadsides and in and 
around mining area causes the air, water, and soil pollution (Das Gupta et al., 2002).  In coal mining 
operation, only land is not spoiled but also degradation of vegetative cover occurs due to dumping and 
storage of coal and associated vehicular movement. The extensive surface excavation of sloping land 
not only damages the ecosystem within the periphery of mined area, but also sets a chain of ecological 
disturbances for down the watersheds. The water in the coal mining areas has been found highly 
acidic with low dissolved oxygen, high in sulphur and unpleasant colour (Table 5) as a result, the 
rivers, streams, and springs which had supported extremely rich biodiversity and traditional 
agriculture for the source of drinking water and irrigation have become unfit for human consumption. 
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Table 5: Physico-chemical properties of the some rivers water of Jaintia hills                
surrounding the coal mine areas of Meghalaya (Swer and Singh, 2003) 

Rivers/streams location Water 
colour 

pH DO 
(mg/L) 

Sulphate 
(mg/L) 

Conductivity 
(mMHOS) 

Remarks 

Waikhyrwi Sutnga Brownish 3.96 5.94 78.7 NA Polluted 
Rawaka Rymbai Reddish 

brownn 
2.31 4.24 166.5 1.35 Highly 

polluted 
Kmai-um Rymbai Reddish 

brown 
2.66 5.84 144.0 0.74 Highly 

polluted 
Metyngka Rymbai Reddish 

brown 
2.42 4.24 168.0 2.70 Highly 

polluted 
Um-Mynkseh Ladrymbai Brownish 

orange 
3.52 5.04 118.7 0.67 Polluted 

Thwai-Kungor Bapung Brownish 4.01 5.68 82.9 0.18 Polluted 
Umkrypon Light  3.67 4.40 161.3 0.37 Polluted 
Khliehriat Myntdu Jowai* Orange 

bluish 
6.67 10.20 3.66 0.10 Clean 

*Away from coal mine area, DO = dissolved oxygen 

Land tenure system. In most of north eastern hill states, land system is governed by traditions and 
customs. The land belongs either to the village or community/clan and everyone has an autonomous 
right to own land. It is very difficult to change the existing system because there is vested interest at 
stake such as chief having special right. In this tenancy system most of the cultivators have no land 
right. This has resulted the loss of soil productivity because tenants have the short-term linkage to that 
piece of land. Without ownership or security of tenure, farmers find it difficult to invest in 
conservation and to invest in new technologies. Most of the politician and political parties pay lip 
services to the ideal of good land husbandry and conservation of natural resource. In practice, they 
know that the reform of land tenure systems cannot get the support of village heads or community 
chiefs. In many instances, the tenants fail meet their basic consumption requirements as a result of 
land degradation and reduction in agricultural production.  
 
RESTORATION OF DEGRADED LAND 

Understanding the processes, factors and causes of land degradation is a basic prerequisite 
towards successful restoration of the productivity of degraded lands. The basic concept for restoring 
the degraded land is: 

1. exact knowledge about the actual condition of the problems, including causes and 
impact, 

2. monitoring of the problems to get an insight into temporal development whether 
stable, increasing or decreasing, and 

3. Restoration measures to conserve of nutrients in degraded lands. 

All forms of land/soil degradation have negative manifestation and disastrous consequences 
for fragile mountain and hill ecosystem of this region. The fragile and marginal lands degrade easily 
and have limited resilience to recover to original state. 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. 
Erosion may be controlled by maintaining soil infiltration rates at such a level as to allow excess 
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water drain rapidly through the profile, and by providing safe discharge of runoff water into natural 
waterways when rainfall exceeds infiltration (Lal, 1984). The prevention, conservation of resources 
and restoration of the productivity of degraded soils in the northeastern hills can be successfully 
restored by practices such as residue mulching, no tillage cultivation, mixed cropping, and crops 
which can provide good ground cover during early period of rain to protect the soil from surface 
erosion.  

Mechanical Approaches: Mechanical approaches are used in cases of extreme degradation, where 
other approaches are not possible or slow.  Mechanical measures use infrastructures to manipulate 
land surfaces and minimize, if not control, accelerated surface runoff, soil erosion, loss of nutrients 
and other degradative processes. These measures include: check dams (masonry, stone, loose rock, 
log check dams, etc.), level bench terraces, stone terracing, contour drains, contour ridges, contour 
bunds, earthen dam/reservoirs, gabion, stream channeling, etc., to absorb most of the surface water 
into the soil before reaching to streams. By adopting terracing and protected waterways, the steep 
slopes could be cultivated safely and profitably. Any small damages in terraces should be immediately 
repaired before it becomes worse. The terrace risers can be planted with local grasses to protect the 
soil loss and produce forage for cattle. The main drawback of the mechanical measures is the high 
cost of construction and maintenance. In this region, where engineering works are not compatible 
with the socio-economic condition of the community/farmers, they lose interest in maintaining these 
structures when project funds dry up or withdrawn. 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.  

Biological approaches: Contour ridges, check dams, and bench terraces involve high cost of 
construction and maintenance, which poor farmers cannot afford to invest. Vegetative practices not 
only protect soil but also have the economic benefits in terms of yield and production. Vegetation 
protects the soil from erosion by intercepting raindrops and absorbing their kinetic energy harmlessly. 
Biological measures are more effective when used in combination with engineering techniques. 
Vegetative cover protects the soil by following processes: 

·  Physical binding of soil by plant roots. 

·  Enrichment of soil nutrient reserves by recycling between roots, litter fall and soil. 

·  Improvement of soil infiltration along the dead and living root channels. 

·  Build up of soil organic matter for structural and moisture retention qualities. 

 Vegetative practices are the first line of defence against soil erosion by running water. Many 
terrace areas have failed not because of design or construction, but owing to negligence in protection 
and maintenance. Mechanical methods of soil conservation are acceptable to farmers where these are 
the part of traditional culture (e.g. terracing in Nagaland and Sikkim for the cultivation of irrigated 
rice). Slope stabilization includes re-vegetation and other engineering measures to control surface 
erosion on road cut and fill slope and waste and borrow areas.  

The vegetative approaches involve the manipulation of inherent soil processes to check the 
soil degradation. Practical methods of controlling water erosion require that a cover be maintained 
over the soil at all times to break the erosive force of the rain. These approaches include vegetative 
barriers on field boundaries, contour bunds and ridge, appropriate agroforestry practices, vegetative 
filter strips, live checks, etc., to promote in-situ moisture conservation with the objective of: 

i)  to stabilize slopes and control of sedimentation in the stream, 
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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. 

 For the reclamation and afforestation of any type of degraded/wastelands, the choice of 
species of grasses and other plants should be such that the demand for inputs is least and attention 
needed is negligible. They should have deep and large root systems preferably be hardy, fast growing 
and suckering. The trees should be coppicing, pollarding, and encouraging the growth of grasses and 
weeds under their canopy, besides being economically useful. The tree canopy and cushion formed by 
the grass absorb the force of raindrops and the root system holds the soil together to prevent the runoff 
and soil loss. Such species helps in buildup of lost top fertile soil. 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 there in and planting of deep-rooted trees 
and/or shrubs on steep slopes. 

Change of land tenure system: In the northeastern hills most of the land belongs to community, 
chiefs or headmen leaving the most population as tenants without any right, which discourages the 
farmers taking interest to build the soil resource. The Mizoram Government has taken the positive 
step in this direction by declaring all land belongs to government without affecting socio-economic 
structure of the society. The government has given the land depending on the duration of cultivation 
from temporary to permanent settlement. If the other state governments can take such type of steps 
with the existing systems, farmers would take interest for the restoration of soil degradation.  

Restoration of mined areas: Land after mining generally does not remain conductive to tree growth. 
In a progressive mining operation over a large area by an open cut, the surface covering has to be 
stripped and subsequently deposited. It is possible and it does cost money. The ecological 
rehabilitation can be attempted by using plant species of economic value to local population and also 
compatible to the degraded sites. Within the range of grasses, legumes, trees and shrubs, there are 
certain species that are more likely to survive in the initially poor soil conditions (Bradshaw and 
Chadwick, 1980). The selected plant species must have the following characteristics (Anonymous, 
1993). 

1. species capable of colonizing degraded sites, 

2. species capable of foxing atmospheric nitrogen as well as conserve the soil, 

3. species capable of producing fuel, fodder, fibre for local population, and 

4. species, which are of aesthetic value. 

Soil amendments for enhancing productivity: The decline of soil productivity to grow crops 
depends on the extent and severity of soil degradation, cultivation system that is being imposed and 
how the soil is being managed. The most serious effects of soil erosion are loss of fertile topsoil and 
exposure of infertile acid subsoil, decrease of plant available water capacity, degradation of soil 
structure and ultimately decrease of economic return on production.  Soil amendments are used to 
improve the physical, chemical and biological nature of degraded soil. These are: (1) the 
replenishment of plant nutrients depleted during cultivation, (2) the maintenance of soil physical 
condition (structure) by managing soil organic matter, (3) the suppression of weeds, pests, and 
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diseases, (4) the correction of soil acidity associated stress and (5) the control of soil erosion 
(Greenland, 1981). Soil restoration involves judicious land use and choice of appropriate soil and crop 
management systems to reverse degradative trends. Land use and management options are selected to 
alleviate specific soil and ecological constraints for achieving agricultural sustainability. Appropriate 
land use (as per land suitability assessment) and judicious soil nutrients and crop management (as per 
soil capability and crop requirements) would reverse the degradative trends by setting in motion soil 
resilience characteristics.  

 In most cases, soil acidification does not cause serious degradation until the pH falls below 
5.5. As soil becomes acid, CEC decreases and often AEC increases, which result in a reduced 
capacity to hold essential cations. Both symbiotic and non-symbiotic N fixation is reduced by 
acidification and many legume crops do not grow well under acid conditions. Under agronomic 
conditions, topsoil, which have been acidified, are readily ameliorated by the incorporation of lime in 
the plough layer, which results in the precipitation of toxic Al and Mn and enhanced level of Ca and 
Mg.  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 aluminium toxicity (Patiram et al., 1994).  

 Multiple cropping, mixed cropping, inter-cropping, relay cropping, inclusion of legumes in 
rotation, strip cropping, which provide good ground cover during the early period of rainy season, are 
also effective to ensure better crop productivity, besides maintaining soil fertility and erosion. 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 in a crop rotation and to a particular plot. 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) is a step in the direction of sustainable agricultural development through 
necessary modification of the conventional technology to improve soil health 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.  
This region is very much favourable for the agricultural development based on biomass production as 
a result of humid climate. Efforts are needed for its adaptability at farmers level, because in most of 
the cases farmers have the availability of organic manure and biomass available around the habitat 
with the limited purchasing power of households for fertilizers.   

 Soil organic matter (SOM) is the primary sink and source of plant nutrients in natural and 
managed terrestrial ecosystems. So, SOM is necessary prerequisite for the restoration of wasteland 
health and productivity. Carbon (C) in plants is derived principally from atmospheric CO2 and plays a 
major role in soil fertility and nutrient balances. Due to dominant role of C in biogeochemical cycles, 
loss of C stored in litter and soils via, e.g., burning in shifting agriculture and erosion is tantamount to 
loss of plant nutrients and soil fertility.  Soil organic matter plays key role in crop sustainability 
through interactions with soil chemical and physical properties in relation to nutrient release, action 
retention and soil structure.  It is directly or indirectly responsible to the soil physical environments 
suitable for the growth of crops. The benefit largely comes through its effect on soil aggregation 
which in turn influences soil incrustation, water infiltration, moisture retention, drainage, tilth, 
aeration, temperature, microbial activities, and root penetration (Allison, 1973). Application of 
organic manures also reduces phytotoxic level of Al resulting good crops productivity (Patiram, 
1996).   

Afforestation and Agroforestry: From the hydrological and erosion control point of view, forests 
provide more protection due to closed system as long as they are maintained. Open/degraded 
forestland + forest blank + scrubs in reserve forest and alpine scrub can be restored with an integrated 
approach through afforestation to change the unpleasant look into pleasant view of the site. 
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Restoration or afforestation makes the unproductive lands productive by minimizing erosion and 
rebuilding 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. 

Agroforestry is a combination of tree and crops, which offers viable alternative to arrest the 
degraded land. In the NEH region, tribal people are surviving directly or indirectly tree on based 
farming system. Agroforestry would also attract the community at large because the same patch of 
land is capable of supplying food and fodder to the farmer, timber and wood product to artisans for 
cottage industry. Agroforestry has a long tradition in this region, where grain crops, rhizomatous 
crops, pineapple, coffee, tea, spices and vegetables are being taken with a number of fruit and other 
trees such as pine, pear, plum, areca nut, mandarin, guava, coconut, jackfruit, banana, nitrogen fixing 
trees (mainly Alnus nepalensis and Schima wallichii) and fodder trees (Erithrina sp., Ficus sp., 
Bauhunia sp., Artocarpus lakooch, Litsaea polyantha, etc.) in the different agroclimatic zones. The 
land not suitable for agriculture due to high slope (50%) can be used for grasslands or forestry. 
Agroforestry has the advantage of better soil protection against erosion, tapping nutrients from 
different depths by shallow rooted agricultural crops and deep rooted tree crops.  

The agroforestry practices enhance the soil productivity by (i) pumping up of nutrients from 
subsoil by deep-rooted perennials, (ii) reduction in leaching losses through the capture of mobile 
nutrients by the well developed deep spreading root systems of perennials, (iii) maintenance of soil 
organic matter through the supply of above-and belowground litter and pruning of tree leaves and 
branches, (iv) addition of nitrogen through biological N-fixation by nitrogen fixture, (v) protection 
from soil erosion, and (vi) maintenance or improvement of soil physical properties. Appropriate 
agroforestry 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, where trees are integrated extensively with crop and livestock production. In NEH 
region, Nagas use the Alnus nepalensis for fertility rejuvenation of jhum land. Large cardamom with 
shade trees on hill slopes unsuitable for crop production, an integral part of the farming system in 
Sikkim, is ecologically sustainable (Patiram et al.1996). Thysanolina maximum can be planted on 
degraded lands for broom and fodder, and minor forest produce such as food, fibre, and medicine.  

Improvement of shifting agriculture: The bench terraces built by state governments under different 
schemes to settle the shifting cultivators could not be adopted permanently as they weathered out after 
the government subsidies are withdrawn. The three-tier system developed by the ICAR Research 
Complex for NEH region for sloppy hills (lower 1/3rd bench terraced for agriculture, middle 1/3rd for 
horti-pasture with grasses on contour bunds and remaining 1/3rd to agroforestry with contour bund) 
with flexibility according to specific needs (Borthakur et al., 1987) also met the same fate.  The short-
term fallow periods (3-5 years) of weedy species are not only resulting in poor soil fertility build up 
but also posing a major threat to the cropping phase due to build up of weed seed pool accompanied 
by low yield of crops taken. Rapid restoration and maintenance of soil productivity can be achieved 
by improved fallow with woody and herbaceous legumes with primary purpose of fixing N as a part 
of short fallow (2-3 years) to increase the accumulation of large quantities of N and to provide a 
residual effect to two or three subsequent crops. The main legumes of the genus Sesbania, Tephrosia, 
Leucaena, Mucuna, Centrosema, Pueraria, Crotolaria, Cajanus, Indigofera and Mimosa can be 
successfully used for the short fallow to rejuvenate the soil fertility lost during cropping (Sanchez, 
1999). In addition, such fallow systems may reduce the impact of weeds on crops. Herbaceous 
cultivated fallow species require less time for establishment and fertility restoration, but they do not 
provide the secondary products associated with woody species (such as wood for building and fuel). 
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However, planting an improved fallow is quite different from the traditional jhum and may not be 
culturally acceptable. 

The introduction of plantation and horticultural crops like rubber, coffee, tea, banana, citrus, 
black paper, cashew, spice trees, pineapple, etc., on jhum fields on sloppy hills are the promising 
alternatives. The locals without breaking their traditions can achieve this through a reasonable share 
of profits after processing and marketing.     

Proper land use planning on watershed basis: The planning of an 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 by maintaining ecological balance through continued long-
term efforts and commitments such as maintenance of infra-structure, protection and judicious use of 
land, water and forest resources to meet the continued demands, etc. Land use planning at catchment 
for the hilly terrains should have the 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 biomass 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 value addition of indigenous knowledge through technical know-how.   

The preservation of natural ecosystems, scenic areas and wildlife habitat represents another 
dimension of many watershed projects. As permitted by the climate, soil, landform, hydrology, etc., of 
an area, the human intervention should be restricted to the choice of a crop, a livestock or a forest 
type. Information on soil and related properties can be obtained from soil survey and geological 
information system (GIS) to delineate the soil and land suitability for different useful purposes 
depending upon the household and community needs for sustainable hill ecosystem. In case of highly 
degraded lands, a period of restriction may be required until the soil can recover. 

Horticulture : The wide agro-climate (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., varieties 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 popular 
Rabi vegetables could be grown successfully at high hills around and above 2000m during summer. 
Orchids are well distributed from sub-tropical to sub-alpine zone and can be exploited commercially 
along with other flowers to raise income of the people.  

Stall feeding of livestock: The cattle, on small land holdings in the rural area in conjunction with 
primary agriculture production, create employment and contribute substantially to domestic income. 
Plenty of grasses are available during the monsoon periods and scarcity only occurs in winter 
(November to March). The stall feeding of animal can check the environmental deterioration through 
1) rotational grazing; 2) survival of young tree seedlings; 3) non-creation of cattle track; 4) more and 
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sustained use of dung in cultivated land; 5) less livestock parasite load; 6) reduced damage to standing 
crops and terrace risers (Ives and Messerli, 1989). In the interest of effective feeding of livestock, the 
use of trees, which provide green leaf fodder during the dry season, should be part of the rehabilitation 
programme, which offers an added advantage of producing timber and fuel wood as a by-product. By 
adopting contour grass strips on mild sloping lands with fodder trees, farmers can maintain the live 
stock for milk and meat to generate the cash income and excreta for recycling the nutrients removed 
from the land.  

Farming system approach:  Farming system is a natural resource management unit operated by a 
farm household, and comprises the entire range of economic activities of the family members 
including on-farm agricultural activities as well as off-farm employment opportunities. Within an 
agro-ecological zone, several farming systems are found in the hills with variation in resource 
endowment, preferences, and socio-economic position of the specific family. 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 hills. The research on different farming systems for 
hills of north-eastern region at Barapani, Meghalaya on steep slopes revealed that cropping system 
and livestock were economically viable and integration of livestock in the farming systems enhanced 
the income, provided manure for soil health and family labour utilization (Prasad, 1990).  

Infrastructure development:  The development of roads, power plants, schools, hospitals, and 
commercial centers are the basic need for all round development. However road construction on steep 
rocky hill slopes causes landslides frequently disturbing the social and economic activities of the 
people. 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 stage of survey. The second requirement is to use hydroelectric power resources 
properly without inflicting serious human or environmental damage.  

Artisan manpower development: Traditional handicrafts represent the physical manifestation of 
tradition, whose value transcends the economy. 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 will help in the revival and revitalization of traditional crafts through 
education, training and financial support. The indigenous handicrafts and handloom along with other 
rural development initiatives would not only generate jobs, but also keep alive the land resources 
along with its biodiversity for protection. 

Eco-tourism: This region has the congenial environments of tourism. At higher elevations above 
2000 m eco-tourism is the other way to meet the peoples’ needs through alternative employment 
opportunities leaving the land in natural way to maintain the beauty of hills. State government is 
providing facilities for the attraction of tourists in these states.  

Organic farming: The people of this region are involved with organic manure oriented production. 
The organic market is special one, partly because premium prices are involved. Attention should be 
given to meet the requirements of a guarantee system that will ensure organic quality and allow 
consumers to develop their preferences for organic products with a feeling of trust. There is a plenty 
of export opportunities for such products from this region in the form of coffee, tea, spices, medicinal 
herbs, traditional agricultural and non-timber tree products and other subtropical and tropical 
products. The specific qualities may offer small farmers and indigenous people, particularly those 
working in marginal area, ways of increasing their income in an ecologically sound way. However, to 
unlock the opportunities of international trade in green, fair and high value products, it is very 
important for producers to find reliable partners who can take care of certification, financing, 
shipping, processing, marketing and distribution. It is well known that organic production may result 
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in lower yield. Therefore, growing number of consumers are prepared to pay premium prices because 
they know they are getting premium quality products in return. 
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INTRODUCTION 

  The crops, which are neither grown commercially on large scale nor traded widely, may be 
termed as underutilized horticultural crops (UUHC). These crops are cultivated, traded and consumed 
locally. The popularity of these horticultural crops varies from crop to crop and locality to locality, 
which however, can be enhanced to a greater extent through publicity. The underutilized horticultural 
crops (UUHC) have many merits. These are easier to grow and hardy in nature, producing a crop even 
under adverse soil and climatic conditions. Most of them are very rich sources of vitamins, minerals, 
and other nutrients such as carbohydrates, proteins and fats. Since, the underutilized horticultural 
crops have a long history of consumption, the local people are aware about their nutritional and 
medicinal properties. Moreover, these are cheap and readily available. The horticultural crops are 
contributing 3.14% of the total geographical area of the region. The region is one of the richest 
reservoirs of genetic variability and diversity of different horticultural crops, which exist in plant 
types, morphological and physiological variations, reactions to diseases and pests, adaptability and 
distribution.  
 
SCOPE OF UNDERUTILIZED HORTICULTURAL CROPS  

·  In North Eastern region, there are wastelands of different kinds viz. sand dunes, ravines, acidic 
soils, marshy and marginal lands, which are unfit for supporting cultivation of high input 
demanding crops. Such lands can easily be put to use for growing low input crops in order to 
diversify the present day agriculture, which is so inevitable in view of the increasing population 
pressure and fast depletion of natural resources as well as the growing and changing human needs 
in the region. 

·  The average productivity of the horticultural crops is just half of the national productivity. As 
grain farming is proving un-remunerative in the undulating topography of hilly tracts, which is 
deprived of irrigation facilities, despite government of India’s has been putting forth endeavuors 
to uplift the region, vast potential remains unexploited.  It becomes possible to exploit the 
untapped potential of the region through location specific horticulture and subsequently 
expanding the area under horticultural crops. Production of UUHC can also be increased through 
adoption of scientific technologies.  

·  Apart from nutritive value, underutilized horticultural crops are particularly more important for 
medicinal properties and famous for the retentive value in Ayurvedic medicine. Mostly people are 
familiar with the medicinal properties of locally grown horticultural crops.  

 
DIVERSIFICATION OF UNDERUTILIZED HORTICULTURAL CROP S: 
  North eastern region, being rich in plant diversity, has a very large number of non traditional 
or underutilized horticultural crops. Different agro-ecological/phyto-geographical regions hold rich 
diversity in both the cultivated and the wild horticultural crops. In view of its importance from the 
context of diversity conservation the region is one of the 18 hot-spots of the world. Diversity among 
UUHC in the region is discussed below: 
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Fruit Crops:  The North-East India is rich in fruit diversity and contains more than one-third of the 
country’s total diversity. Based on the areas and crops and their distribution, under utilized fruit crops 
of the region are given in Table 1.  
 
Table 1. Diversities of underutilized fruit crops 

Pyrus pashia Khasi & Jaintia hills (Meghalaya) 
Prunus nepaulensis Khasi hill (Meghalaya) 
Myrica fraquhariana Sibsagar (Dikho valley Assam), Naga hills, Khasi & Jaintia hill 

(Meghalaya) 

Passiflora edulis Meghalaya, Mizoram, Manipur, Nagaland and Sikkim 

Averrhoa carambola  Assam, Meghalaya and Tripura 
Dillenia indica Meghalaya and Assam 
Garcinia cowa Mizoram 
 Phyllanthus acidus Assam, Meghalaya, Manipur, Mizoram and Nagaland 
Elaegnus spp. North east frontier tracts, lower Assam and Meghalaya 
Docynia indica Khasi hill (Meghalaya) and Sikkim 
 
·   Pyrus pashia (Sho-shur):  It is a medium sized deciduous tree belongs to family Rosaceae. 

Flowers are white, 0.75-1 cm across when fully opened. Pedicels are 1.5-5 cm long when young 
bracts resemble the stipules, calyx tube almost 0.5 cm long, ovate acute, wolly within and petal 
ovate. Fruits are 1.5-4 cm across, globose, depressed at the top, some what rough with raised 
white specks, dark brown when ripe, endocarp having grit cells. Fruits are not of much edible 
value. Seedling are used as rootstock for pear and quince grafts.  

 
·  Docynia indica: Two species viz. Docynia indica and D. 

hookeriana, belong to family Rosaceae. It is a medium to tall 
deciduous tree with leaves ovate to oblong, lanceolate, 
acuminate, serrate and glabrous. Flowers are either solitary or 
arrange in facicales of 2-3. Fruits are acidic, greenish with red 
tinged and eaten both as fresh and in pickles as well as in jelly 
preparation. Sometimes, it is used as a rootstock for grafting of 
apple. The resultant grafts are semi-dwarf. 

 
·  Myrica farquhariana (Soh-phie-nam): It is a moderate sized 

and ever green tree, which belongs to family Myricaceae. It is 
quite common in Sibsagar (Dikho valley), Naga hills, Khasi hills 
and Jaintia hills. The leaves are lanceolate, ovate nearly entire or 
serrate, male spikes sometimes with male flowers at the top. 
Fruits are about 2.5 cm ellipsoidal or ovoid reddish or cheese 
colour at ripening. The ripe fruits are edible and used for making 
refreshing drink. The bark is used externally as stimulant for 
rheumatism and in the preparation of yellow dye.  

 
·   Passiflora edulis (Passion fruit): The northeastern region has a tremendous potential for the 

production of passion fruit. Recently, its cultivation has been extended to some areas of North-

Botanical name Distribution 
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eastern region like Mizoram, Manipur, Nagaland and Sikkim. 
It is locally called Sohbrab in Meghalaya. The purple passion 
fruit (P. edulis) is a woody perennial vine with robust climber. 
The stems, tendrils and leaves are clear green without any trace 
of reddish or pinkish colour. The fruit is round or oval, 3 to 5 
cm in diameter and deep purple when ripe. The yellow passion 
fruit (P. edulis f. flavicarpa) vine is much like that of the 
purple variety but is a more vigorous grower. It is 
distinguished by the suffusion of reddish, pinkish or purplish 
colour in stems, leaves and tendrils. Passion fruit juice can be boiled down to a syrup, which is 
used in making sauce, gelatin desserts, candy, ice cream, sharbat, cake icing, cake filling, etc. 
There is a preference for the purple variety as fresh fruit and the yellow one for juice-making.  

 
·   Averrhoa carambola (Carambola): It commonly called star-fruit 

and locally Soh Pyrshong, belongs to family Oxalidaceae. It is 
cultivated almost in all the states of North Eastern region. It is a 
slow-growing, short-trunked ever green tree with a much-
branched, bushy canopy that is broad and rounded. Mature trees 
seldom exceed 25-30 feet in height and 20-25 feet in spread. Fruits 
are ovate to ellipsoid, 6 to 13 cm in length, with 5 (rarely 4 or 6) 
prominent longitudinal ribs. Slices cut in cross-section are star 
shaped. The skin is thin, light to dark yellow and smooth with a 
waxy cuticle. The flesh is light yellow-to-yellow, translucent, crisp 
and very juicy without fiber. The fruit has a more or less oxalic 
acid odour and the flavour ranges from very sour to mildly sweet. 
Some times fruits contained more than 4% sugar.  

 
·  Dillenia indica (Elephant apple): It has originated from 

Indonesia and belongs to family Dilleniaceae. Locally, it is 
called Outenga and is found in Meghalaya, Assam and other 
parts of the region. Elephant apple is a spreading tree and has 
beautiful white fragrant flowers, toothed leaves and globose 
fruits with small brown seeds. The greenish-yellow fruit, which 
has a thick protective covering, is edible. Unripe fruits are 
cooked to make pickle and chutney. The juicy pulp is aromatic 
but very acidic. 

·  Garcinia cowa (Bhava): Bhava is a lesser known edible fruit 
of Mizoram, belongs to the family Clusiaceae. Locally called 
Chenkek, it is grown as a subsidiary crop in the orchard of 
citrus, banana and arecanut. Ripened fruit is unique as it is 
externally similar to tomato and internally to citrus because of 
the presence of juice sacs. Mizo people are fond of both 
unripened and ripened fruits as it is rich in vit C and sour in 
taste. Plant is a medium sized (3-5 m), evergreen having 
drooping branches and lanceolated leaves. Flowers are 
yellowish to pinkish, axillary, clustered, sometimes solitary with long pedicels. Fruits, develop 
through superior ovary, are globose, depressed at base end and corned with persistent stigma. 
Ripened fruits are pinkish red in colour and fruits are similar to tomato. 
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·  Phyllanthus acidus (Star aonla): It belongs to family 

Euphorbiaceae. This is an ornamental tree, 2-9 m in height with 
spreading, dense, bushy crown of thickish, rough, main 
branches. It is particularly found in Mizoram. Fruit is oblate with 
6 to 8 ribs and 1-2.5 cm wide; pale-yellow to nearly white when 
fully ripe; waxy, fleshy, crisp, juicy and highly acidic. For 
consumption, flesh is sliced from the stone, or the fruits are 
cooked and then pressed through a sieve to separate the stones. 

 
·  Elaegnus, spp (Miricatenga):  Two species of Elaegnus, viz E. 

latifolia and E. pyriformis belong to family  Elaegnaceae, locally 
called Soh-shang. It is quite common in Sibsagar (Dikho valley), 
Naga hills, Khasi hills and Jaintia hills. The fruits of E. latifolia 
are oblong in shape with dark pink in colour at the time of 
ripening, whereas, fruits of E. pyrifomis are pyriform in shape 
with slightly pointed at both the ends. The plants are straggling 
or scandent shrub in nature. It flowers during September-
December and after a month of flowering, the light pink 
coloured fruits are harvested. The fruits are perishable and can be stored for 3-5 days at room 
temperature. 
  

Vegetable Crops: A wide range of vegetable crops are grown in this region, which includes 
solanaceous vegetables, cucurbitaceous, okra, various kinds of beans, tubers & roots crops, spices, 
cole crops as well as some species of leafy vegetables.  Occurrence of their wild relatives is also a 
subject of potential exploitation towards the crop improvement. Diversities in underutilized vegetable 
crops are given in Table 2.  
 
Table 2. Diversities of underutilized vegetable crops 

Species Distribution 
Cyphomandra betacca Meghalaya and Sikkim 
C. minimum Syn. C. fastigiatum  Whole North eastern region 
Sechium edule  High hills of Meghalaya, Manipur, Mizoram, 

Nagaland, Sikkim and Darjeeling hills of West Bengal 
Momordica cochinchinensis  Assam, Meghalaya and Manipur  
Momordica dioca  Garo Hills of Meghalaya and Tripura 
Canavalia ensiformis  Meghalaya, Manipur and Nagaland 
Vicia faba  Manipur and Nagaland 
Psophocarpus tetragonolobus Tripura and Manipur 
Parkia roxburghii Meghalaya, Manipur and Nagaland 
Trichosanthus dioca Tropical areas of Assam and Tripura 
Coccinia grandis Assam  
Allium sativum Meghalaya and Tripura 
Flemingia vestita syn Maughania vestita Meghalaya  
Amorphophallus spp.  Meghalaya and Tripura 
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·  Cyphomandra betacca (Tree tomato): Tree tomato is a perennial 

shrub, grown as a backyard venture crop in Meghalaya and Sikkim 
(Thakur et al., 1988). It is popularly known as Sohbainon-dieng in 
Khasi. It is a small, tender 2-3 m tall tree, which bears prolifically 
egg shaped berries with pointed ends in cluster near the young 
shoots. The long-stalked, pendent fruit, borne singly, or in clusters 
of 3 to 12, is smooth, egg-shaped but pointed at both ends and 
capped with the persistent conical calyx. In size, it ranges from 5-
10 cm in length and 4-5 cm in width and in colour may be solid 
deep-purple, blood-red, orange or yellow, or red-and-yellow, and 
may have faint dark, longitudinal stripes. The inside pulp of the 
fruit is light orange and the seeds are black. Tree tomato is consumed as delicious chutney when 
raw or after roasting and peeling off the skin. It is liked by the people due to its unique flavour. 
Ripe tree tomatoes are merely cut in half length wise, sprinkled with sugar and served for eating 
by scooping out the flesh and pulp or the halves may be seasoned and grilled or baked for 15 
minutes for service as a vegetable.  

 
·  C. minimum Syn. C. fastigiatum (Bird-eye-chilli) : It is cultivated 

all across the NE region on a very limited scale. It is a shrubby 
perennial plant 2 to 6 feet in height. Branches are angular, usually 
enlarged and slightly purple at the nodes; petioles are medium; 
peduncles are slender, often in pairs and longer than the fruit; calyx 
is cup-shaped, seeds are small and flat numbering from ten to 
twenty-nine. The cuticle of the pericarp is uniformly striated and is 
distinct from other species. Taste is very pungent and the smell is 
characteristic. A powerful local stimulant with no narcotic effect, 
bird-eye-chilli is largely used in hot climates as a condiment and in 
agony of the intestines and stomach. For persons addicted to drink, 
it seems to be useful possibly by reducing the dilated blood-vessels and thus relieving chronic 
congestion. It can be used as chutney. If the throat is very sensitive it can be given in pill form.  

 
·  Sechium edule (Chow-Chow): A native of tropical 

America, Chow-Chow is a very popular vegetable in the 
region commonly called squash and grows abundantly 
without much care and attention in high hills of Meghalaya, 
Manipur, Mizoram, Nagaland and Sikkim (Rai et al., 2002). 
Chow-Chow produces large starchy edible roots in addition 
to fruits. It is a vigorous, scrambling, tuberous-rooted 
perennial plant, grown for its starchy, edible fruit and seeds. 
This climber can spread to fifty feet, producing huge tubers. 
It looks like a large, green pear, but having a number of deep 
folds in the skin. Some varieties have smooth skins, while others have dots of prickly spines on 
the surface. The flesh is crisp and white with a large white oval seed in the center. Chow-Chow is 
a fruit but most often used as a vegetable. It is often used in the place of potato. 

 
·  Momordica cochinchinesis and M. dioica (Kakrol kartoli): Both are widely distributed in 

Assam and Garo hills of Meghalaya (Ram et al., 2002). Both are high nutritional and medicinal 
with economic values. Their immature tender green fruits are cooked as vegetable. Young 
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leaves, flowers and seeds are also edible. Fruits are also used in ulcers, piles, sores and 
obstruction of liver and spleen. They possess several medicinal properties and are good for those 
suffering from cough and indigestion. The unripe fruits of both the crops act as appetizer and 
astringent. The seeds are used in chest problems and stimulate urinary discharge. Both can be 
identified as follows: 

 
 
 
 
 
 
 
 
 

 
Kakrol or sweet gourd            Kartoli or spine gourd 

 
 Momordica cochinchinensis  Momordica dioica  

Roots develop bigger tuber. Roots develop small tuber. 
Leaves are bigger Leaves are smaller. 
Flowers are large and white to light yellow in 
colour. 

Flowers small and yellow in colour. 

There are three small circular dots at the base 
of petals which are deep blue in colour. 

No circular dots exist on the base of 
petals. 

Anthesis occurs during early morning (3.30-
6.30 hours) and flowers take 72 hours to open. 

Anthesis occurs during evening 
(16.30-18.00 hours) and flowers 
take 7-22 minutes to open. 

Fruits are large and oblong. Fruits are small and round to oval. 
Individual fruit weight is around 60-80g and 
can attain upto 500g. 

Individual fruit weight is around 10-
15g and can attain upto 30 g. 

Fruit ripening starts from periphery to inner. Fruit ripening starts from inner to 
periphery. 

Fruit are light green to light yellow in colour. Fruits are dark green in colour. 
Tough spines occur on fruit. Smooth and false spines occur on 

fruit. 
It takes 26 days to reach edible maturity from 
days to bud formation. 

It takes 20 days to reach edible 
maturity from days to bud 
formation. 

Flowering and fruiting are short period. Flowering and fruiting continue for 
longer period. 

Source: Ram et al. (2002) 
 

·  Canavalia ensiformis (Jack bean): It belongs to family papilionaceae and cultivated on limited 
scale in the North Eastern region (CSIR, 1950). It is a bushy, semi-erect, annual herb, 2 m tall 
and the tips of its branches tend to twine under shade. Leaves are trifoliate and shortly hairy. 
Pods are sword shaped, 2-30 cm long and 2-2.5 cm broad. The pods are pendent, ribbed near 
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suture and 8 to 20 seeded. Seeds are white with a brownish 
hilum extending to half of its length. Young green pods are eaten 
as a cooked vegetable. The young leaves may be cooked and 
eaten as a potherb. The dried beans are good source of protein 
and starch, (27% protein and 42% starch, respectively) with a 
good balance of amino acids and some toxic alkaloids of non 
protein-nitrogen compounds like lectins, canavine, con-canavine, 
canaline, etc., which are heat labile and hydro soluble. The 
lectine reacts with the sugar components in intestinal cells 
causing a disruption in cell structure, which leads to 
abnormalities in nutrient absorption (Mello et al., 1985). 
However, the canavine is a major toxic factor, which is present 
to an extent of 2-3.5% of dry seed (Fearon and Bell, 1955), 
which also inhibits protein metabolism.  Sword bean is used for 
hiccups, vomiting, abdominal swelling, lumbago (lower back pain) due to kidney deficiency, 
asthma with sputum, etc.  

 
·  Vicia faba (Broad Bean): It is a cool-season crop in high altitude 

areas, grown on a limited extent in the north eastern region. 
Broad bean is an annual legume botanically known as Vicia faba 
L. Plants are erect annuals reaching 60-125 cm in height, very 
leafy with robust stems. The plant has compound leaves with 
toothed stipules at the base, and conspicuous white flowers with 
the wings smeared in black. The fruit is a pod, reaching 10 cm in 
a length and  pubescent. Seeds are 3 cm in length.  It is used as 
green-shell, the seeds removed from the pod before maturity, or 
as dry beans. It is the principal protein source for poor people in 
this region. The protein content of bean seeds is high, amounting 
to about 20-25%. It is a nitrogen fixing plant, and is not 
poisonous to humans in the conventional sense, but they cause favism in susceptible individuals, 
who have a genetically transmitted, male sex-linked deficiency to the enzyme glucose-6- 
phosphate dehydrogenase. The disease can cause death in severe cases.  

 
·  Psopocarpus tetragonolobus (Winged Bean): It is grown in 

the home gardens in Assam, Tripura and Meghalaya. A robust, 
climbing herbaceous perennial tree, it can attain 5 metres in 
height. The flowers are of different colour; it may be blue, 
white or purple. The pods are four sided with characteristic 
wings, and vary in length from 6-36 cm (upto 50 cm) 
containing 5-20 seeds in each pod (Sahoo et al. 2002). The 
globular shaped shining seeds may be white, yellow, brown, 
black or mottled and vary in weight from 0.06-0.5g each. All 
parts of the plant, i.e., seeds, flowers, leaves, pods and tuber-
like-roots are edible. The young tender pods can be stewed, 
boiled, fried, roasted or made into milk. The seeds contain 40% proteins and the roots contain 
about 20% proteins, which are supposed to be 10 times more than in potatoes or yams. Winged 
beans are also rich in carbohydrates and vitamin A (300 to 900 IU). Its tender leaves make good 
sauce and curry. Flowers have a sweet taste because of the nectar they contain. The tuber-like-roots 
are eaten after boiling or frying. The plant is a good fodder for cattle. 
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·  Parkia roxburghii (Tree Bean):  It is one of the most 

common multipurpose tree species of Mimosaceae family in 
the north eastern region of India, especially in Manipur and 
Mizoram. Locally called “Yongchak” in Manipur and 
Yontak” in Assam, its tree commonly grows in every 
household of hill region. Tree bean is a much-branched 
legume of medium height (10-12 m) with bipinnate leaves. 
The inflorescence head or capitulum’s arise terminally with 
clusters of yellowish white tiny flowers, hanging at the top 
of long stalks from the branches. The fruits in early stages 
are soft, tender and bright green in colour. They turn 
blackish when fully mature in March-April. Pods are formed 
in clusters of 10-15, each measuring 25-40 cm in length and 2-4 cm in breadth (Kumar et al., 
2002). The long tender pods of tree bean are most popular and delicious vegetable in Manipur, 
Assam, Nagaland, Tripura and Mizoram. Based on local preference, the pods are consumed at 
different stages of maturity, either fresh or processed. The tender and matured beans are used in 
various dishes. The beans, after scraping the out skin, are sliced into pieces for use indifferent 
chutney (Iromba) preparations. Matured flowers and young shoots are also used in curries and 
salad. The leaves are good source of fodder and green manure. The tree is also of immense use in 
local medicines. Decoction of bark, fruit skin and leaf is being used to control diarrhea and 
dysentery.   

 
·  Trichosanthes dioica (Parwal): Assam-Bengal region is 

considered as primary center of origin of parwal, which is also 
widely cultivated in Tripura. Botanically, the crop is dioecious 
in nature and strictly entomophilous. Flowers are white that 
open during early morning and close before sunset. 
Parthenocarpy has also been seen in parwal. Like other 
cucurbits, parwal is also rich in vitamins and minerals. The 
fruits are used in making curry and fries. The leaves and tender 
shoots are used for preparation of syrup for convalescents. It is 
easily digestable and good for maintaining healthy heart and 
brain. 

 
·  Coccnia grandis (Kundru):  It is widely grown in Assam 

and Tripura. Plants are slender and much branched 
climber. Flowers are dioecious, solitary in the leaf axils, 
rather large and long peduncled. Various parts of the plants 
are used in the indigenous system of medicine in both 
Ayurvedic and Unani practice. The plant is reported to 
reduce the amount of sugar in the urine and improve the 
general metabolism of patients suffering from diabetes. 
Some parts of the plants particularly the leaves and roots 
are used by the Ayurvedic and Unani practitioners in the 
treatment of conditions similar to diabetics when insulin treatment has failed. The cooked leaves 
are used externally in eruptions of the skin and also mixed with ghee are applied as ointment to 
sores. Boiled in ginger oil, they are applied externally in the treatment of ring worm, psoriasis, 
itch, etc. Tender fruits are used as vegetable and recommended for fever patient. 
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·  Allium sativum (Garlic): It is grown in Tripura, Nagaland, Mizoram 
and Manipur. Edible underground stem is the composite bulb made of 
several smaller bulbs called cloves and is surrounded by a thin white or 
pinkish sheath. An interesting genotype of garlic having 2-4 cloves, is 
found in a limited and sporadic manner in East Khasi hills of 
Meghalaya. 

·  Flemingia vestita syn Maughania vestita (Sohphlong): It is a weak climbing/trailing type, under 
ground tubers, distributed in the humid to sub tropical regions of NE India upto an elevation of 
1500 m (Sarma, 2001). It is consumed raw. The tubers of Flemingia vestita are rich in iron (2.64 
mg), phosphorous (64.06mg) and contain fair amount of protein (2.99 g), calcium (19.77) and 
carbohydrates (27.02g) (Sarma, 2001). 

 
·  Amorphophallus spp. (Elephant foot yam):  Elephant foot 

yam is widely grown in Tripura and Meghalaya of the 
northern eastern region. Plant is perennial, robust herb, with 
a big subterraneous depressed globose tuber and erect and 
solitary leaf. Leaf in adult plants is 1-2.5 cm diameter, 3-
partite, each part divided into numerous oblong segments. 
Flowering generally occurs between May and June when the 
corms are in 'dormant’ stage having shed all vegetative part 
at the end of the crop season (May to February). The exact 
conditions that trigger flowering in elephant foot have not 
been worked out. It is a good source of carbohydrates, rich in minerals and vitamin A & B. The 
corms of wild types contain crystals of calcium oxalate, on account of which they are highly 
irritant. In addition, glucose, glactose, rhamnose and xylose are also present as free sugars. It is 
grown for its corm and used as a vegetable. It is useful in stomach ache, a tonic recommended for 
piles and given as calcium, a restorative in dyspepsia and debility. Its root is used in boils and 
opthalmia and also as emmenagogue.  

 

CONSTRAINTS FOR THE DEVELOPMENT OF UNDERUTILIZED HO RTICULTURAL 
CROPS: The constraints are: 

·  Lack of awareness among the farming community about the nutritional and medicinal 
value of underutilized horticultural crops. 

·  Lack of researches. 
·  Lack of desirable seeds and planting material. 
·  Limited application of advance on-farm agrotechniques. 
·  Lack of application of innovative and novel technologies such as biotechnology, 

plasticulture for enhancement of productivity. 
·  Lack of about post harvest management practices. 
·  Limited and inadequate marketing supports & infrastructure facilities for 

transportation, storage and processing. 
·  Poor recognition of these crops in horticulture promotion programmes. 
·  Improper institutional arrangements and limited role played by financial institutions in 

setting up of agro industrial and horticulture based industrial units. 
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STRATEGIES FOR THE DEVELOPMENT OF UNDERUTILIZED HOR TICULTURAL 
CROPS: 

·  Afforestration and rejuvenation of degraded forests may be carried out with emphasis on 
supplementing and enriching biodiversity of edible food/horticultural crops. Joint forest 
management programmes should facilitate spread of ITK available with local communities on 
sustainable collection and use of various edible species. 

·  Domestication of potential wild species through homestead cultivation should be encouraged for 
avoiding over-exploitation from natural sources. Supports are required in terms of multiplication 
of planting materials and their distribution besides providing market access through \marketing 
network for perishables. 

·  Under-utilized horticultural crops are nutritionally rich and adapted to low input agriculture. More 
R & D efforts in these will add substantially to food security and nutrition vis-à-vis human 
welfare. 

·  Limited number of species needs to be targeted for detailed research and development in under-
utilized horticultural crops by national programmes focusing on their conservation and use. 
Research needs to be geared up both on species/crops important for subsistence farming and those 
exhibiting potential to become commodity crops. 

·  Under-utilized horticultural crops are mainly grown/managed under traditional farming systems 
by diverse ethnic communities. Increased focus to document indigenous knowledge is required 
such as through ethobotanical studies. Such emphasis will help tap value additions as much of 
native diversity is put to multipurpose uses. 

·  Strategies need to be worked out particularly at national and regional levels to develop and make 
available promising selections/varieties, overcoming constraints of production of good seed 
material, planting material, in-vitro/tissue cultured material etc. This would boost production, 
meeting local needs, promoting domestic markets and thereby, enhance income generation of 
small farming communities. 

·  Systematic local specific crop planning in accordance with agro-climatic suitability of the region 
need to be done. 

·  Rapid expansion of infrastructure facilities with priority on market development, transport and 
communication needs to be done. 

·  Special emphasis should be on export oriented production programmes and border trade involving 
high value produce such as mushroom, orchids and cut flowers, spices, fresh temperate fruits and 
off season vegetables, frozen fruit juice, concentrate etc. 

·  The yield and quality of these crops are poor which hamper the productivity. Hence, some criteria 
need to be developed for commercial exploitation of these crops. The criteria may be high 
productivity, market demand, freedom from serious insect-pest and diseases, easier post harvest 
management, high nutritive value and availability of production technology. Hence, special 
efforts are needed on the part of the research scientists to develop the suitable location specific 
package of practices of different horticultural crops including the development of superior 
varieties, and conservation of genetics resources.  

·  At the very onset, there is a necessity to make the farming community aware about the nutritional 
importance of unexploited horticultural crops, i.e., fruits, vegetables and medicinal plants 
(Sharma, 2003). For this, extension agents can organize special awareness camps/campaigns, 
exhibition, etc., at micro and macro level conveying theme of unexploited horticultural crops. 
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Similarly, use of mass media like radio, TV, news paper and other printed literature can play an 
effective role in creating awareness among the farmers. 

·  For proper exploitation and better economic returns from underutilized horticultural crops 
emphasis should be given on developing processing units in this area. It would also provide 
employment opportunities to the rural folk. 

·  Genetic erosion is very serious problem in non-traditional fruits and many land races will become 
extinct if these are not conserved soon. Likewise, efficient production technology and post harvest 
management are necessary to make the commercial cultivation of non-traditional horticultural 
crops feasible. The availability of non-traditional horticultural crops will go a long way in 
overcoming the malnutrition of the people living in these rural areas. 

 
CONCLUSION  
  The north eastern region is bestowed with the most congenial climatic conditions for the 
production of under-exploited horticultural crops. Besides this, quality seeds, varieties and hybrids of 
these horticultural crops could be produced and exported. The increase in area and production of these 
horticultural crops will not only provide nutritional security and save money on import but also export 
of fresh horticultural crops and seed in further expected to boost region economy. These horticultural 
crops also provide many fold employment opportunities in agro-based industries, packaging, storage, 
preservation, canning and transportation.  
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INTRODUCTION 

 Sikkim with its small total geographic area (TGA) of 7096 km2, lying within 270 04' to 28o 07' 
48" N latitude and 880 00' 58" to 880 55' 25" E longitude, is administratively divided in to 4 districts: 
North, East, West and South. North district is the largest in area and least populated. It is a completely 
land-locked upland area that opens only towards the "Dooars" in West Bengal at the end of the Teesta 
river basin, with variations in altitude ranging from 300 to 8586m amsl. Geographically, in fact, 
Sikkim Himalaya is the drainage basin of the mighty river Teesta, which is fed by numerous 
watersheds in the region. 

 Historically, the Lepchas, the tribal aborigines of Sikkim, called it "Mayel lee" or the 
paradise. With the arrival of other inhabitants it was addressed as "Be-Yul Demadzong" (Bhutia, 
hidden valley of rice) and "Sukhim" (Nepali, the new land). This land, unseen and unscarred for 
centuries, has only recently (last two decades or so) seen the processes of development (if we can call 
them so) and the accompanying confusion. The lower hills are vegetated with tropical-subtropical 
forests and the higher reaches are snow-clad round the year. The climate changes from subtropical to 
intolerable alpine/arctic as one gains altitude. Only about 11.3% of the TGA is under cultivation while 
forests cover about 36.5% and almost 25% is barren, rocky and inhabitable terrain. These landforms, 
being recent in origin, are fragile and susceptible to the forces of weathering and destabilizing actions 
of man. During the last three Census the state has revealed rapid increase in population and arable 
land up to 2000m, at places up to 4000m having altitude with 50-60% slope gradient. 

 Sikkim is a land of immense natural beauty, at places scenes simply leave one dumb found! 
The picturesque and magnificent Mt. Khangchendzonga (8586m) is the presiding deity, which towers 
above the entire region and embraces all in its lap. A range of peaks, more than 6000m in height, 
supports it and together they ensure copious rainfall for a majority of the year almost in the entire 
area, thus creating conditions most favourable for the growth, development, natural regeneration and 
evolution of flora and fauna. North Sikkim, biologically well endowed, is facing the most crucial 
period in recent times. There are two axes diverging from the Chungthang sub-division, North Sikkim 
- the Lachen axis and Lachung axis. The first of the five surveys, conducted between September 1994 
and September 1999, was confined to the Menshithang-Chhaten area specifically to the ammunition 
depot as a part of the Army Biodiversity Support Programme in September 1994. The second covered 
perhaps the most inaccessible settlements of North Sikkim, Muguthang in July 1995 while the other 
three were on both the axes right in to the Tibetan plateau in September 1996, May 1998 and 
September 1999. North Sikkim exhibits the wonderful feature of intrusion of the Tibetan plateau 
within its geographic limits, the only portion in India, making it an absolutely unique ecosystem. Like 
in the other mountain ecosystems, life of people in Sikkim was intrinsically inter-woven with the 
forests, be it daily subsistence requirement of edibles, medicines, energy and fodder or an occasional 
hunting instance.   
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 North Sikkim, floristically well endowed, had withstood the ravages of time being subjected 
to lesser human assaults. Diversity in the useful species distributed the biotic impact on the forests up 
to the sub-alpine region while the alpine or Greater Himalayas and the trans-Himalayan region 
revealed an altogether contrasting situation. In the latter, human influence on forests came into greater 
focus vis-à-vis impact on the vegetation through increased size of grazing animal population 
compounded with the needs of the transhumance. This had profound influence on the ecology as well 
as the socio-economics of the area.  

Area and location 

 The survey area was a part of the North district of Sikkim, located in the Chungthang sub-
division spread in an area of 3880 km2. Mainly, the Chungthang - Lachen - Thanggu - Muguthang - 
Thanggu - Tsho Lhamu and Chungthang - Lachung - Yumthang axes were followed. The area fell 
under mid hill temperate to alpine/arctic zones. The area was thinly populated because of inhospitable 
terrain that exhibited very steep slopes and high mountains with dense forests especially on the 
Lachen axis accompanied by rocky cliffs covered with snow and security restrictions, the area was 
strategically located with respect to Sikkim's geographical location towards China (Tibet Autonomous 
Region). There were definite pockets of civilian settlements right up to the International Boundary 
(IB). The altitudes in the surveyed area varied from 1800 to 6400m above mean sea level (amsl). 

ECOLOGY OF THE AREA 

Environmental observations 

 Small to large landslides were common sight until one reaches an altitude of c. 3875m amsl. 
These, probably, resulted from mass wasting caused by build up of excess moisture in the soil 
(kaolinite and illite rich) holding the massive boulders (Ahmad, 1991). Generally, the rains of 1995 
wrought havoc to the road structure of the state, especially of North Sikkim. The bridges that were 
blown away in July 1995 took a long time to be restored on a more or less permanent basis. On the 
Lachen axis certain pockets around Zema-I, Zema- III, Zema-IV, 7km from Younge along the Lachen 
chu bank (towards Thanggu), Yathang and Thanggu strong indicators of considerable biotic 
interference related to felling and logging of trees for energy and timber requirements were observed. 
Alternate sources of fuel were scarce. Some open patches with remains of once dense forests and 
subsequently not planted were noticed. At altitudes above c. 3030m amsl only transhumance was 
seen. Empty and full coal tar drums were lined along the roadsides at certain locations (2600-3100m), 
while toxic tar was seen seeping.  

 The extremely beautiful trek route from Thanggu (c.3875m) in the valleys surrounded by 
c.5000m+ rocky cliffs and at times on the rocks en route Muguthang (c.4550m) was often discoloured 
through wanton littering. The litter comprised polybags, tinfoil-lined sachets, glass and plastic bottles 
(broken included), and empty food cans. This trend was noticed right up to Muguthang. At 
Muguthang proper, certain patches were used as waste disposal sites of extremely injurious and toxic, 
non-biodegradable material like glass bottles, used tin cans, worn-out snow boots, plastics, aluminum-
lined sachets and the like. These non-biodegradables threatened the general ecology of the area. 
Similar observations were recorded at places used as the temporary shelters by the army units posted 
ahead of Yangdi nearing the Tibetan plateau and at some places en route Yumthang. 

 In the alpine region of Thanggu, evidences of very heavy late season snowfall were recorded. 
Avalanche-triggered vegetation damage was also noted. The tremendous pressure on tree species at 
these altitudes was a serious matter. There were exclusive hemlock (Tsuga sp.) forests in the range 
opposite Samthong towards Thanggu. These were selectively and systematically eliminated. Given 
the poor natural regeneration rates, this extremely fragile ecosystem may in the near future become a 
wasteland. To the best of our observation, the present army establishments did not use wood as energy 
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source but for the maintenance of their structures. There were significant number of labourers 
working for the General Reserve Engineering Force (GREF) and the villages in these regions were 
trans-humance. Large quantities of wood were stacked in each of the houses. Natural destruction was 
also an important contributor. The pressure on the high altitude vegetation, however, was highest at 
Thanggu.  

 The valley of Muguthang and its surrounding rocky cliffs and mountains were exposed to 
factors of constant strong wind, heavy to very heavy snow and glaciers. All three were good erosion 
agencies. The mountains surrounding the valley were severely eroded; rock outcrops, poor 
regeneration of the exclusive Juniperus sp., dwarf tree species and absence of other vegetation were 
the other features. Evidences of severe wind erosion were recorded. This loss of soil effected decrease 
of rangeland and natural medicinal herbs. Heavy snowfall, avalanches and landslides, the other 
common natural phenomena in these altitudes, caused loss of animal lives both wild and domestic 
apart from vegetation (Avasthe, 1996). 

Soils and drainage of the region 

 Physiographically the area can be divided into six zones i.e., (i) the valley area, which is 
classified as lower glacio-fluvial valley and characterized by coarse-loamy Typic Haplumbrepts and 
coarse-loamy over fragmental Typic Udicorthents kind of soil family associations, (ii) the very very 
steep side slope, moderately dissected with 40% forest cover characterized by coarse-loamy Typic 
Haplumbrepts and loamy-skeletal Typic Udorthents family association, (iii) very steep side slope (33-
50%), highly dissected with 20-40% forest cover characterized by coarse-loamy Pachic Haplumbrepts 
and fine-loamy Umbric Dystrochrepts, (iv) Periglaciated land, characterized by loamy-skeletal Lithic 
Cryorthents and coarse-loamy Cryumbrepts, (v) rocky cliffs, characterized by coarse-loamy Lithic 
Udorthents and solid rock, and (vi) very very steep side slope (50%), highly dissected with 20% forest 
cover, characterized by coarse-loamy Typic Hapludolls and loamy-skeletal Typic Udorthents 
(NBSS&LUP, 1992). 

 Generally, the survey area comprised steep hills, valleys and tableland plateau. The hill slopes 
were covered with dense vegetation of mixed conifers and broad-leaved forests while the valley 
consisted mainly of riverbank forests. The plateau, however, was a unique landform with vast 
stretches of bouldery to nearly plain areas with small undulation surrounded by mountains that 
reached altitudes of c.6000m amsl, revealing a desert-like appearance. The river Teesta originated 
from lake Tsho Lhamu in the plateau. The main rivers, flowing through the area, were Lhonak Chu, 
Lachen Chu and Lachung Chu. These rivers ultimately confluence to bring into being the Teesta at 
Chungthang along with many smaller tributaries, streams and waterfalls. 

Climate 

 The climate of Sikkim in general varies with increase in altitude. The survey area was no 
exception; with rapid increase in altitude the climate changed from mid-hill temperate to severely cold 
alpine desert. This part of Sikkim witnessed rain and snowfall of high intensity and quantum; the 
relative humidity was reportedly seldom lower than 70% and the temperatures ranged from 20oC 
(maximum) to 5oC (minimum). From May to September and December to March this area 
experienced maximum rain and snow. The summers were short and pleasant while the winters were 
often prolonged with post-season snowfall.  

 The only mode of mobility within North Sikkim, as in entire Sikkim, was by road and they 
were the worst effected during rains by way of landslides, soil subsidence and washing away of 
bridges. The middle hills had borne the major brunt of these rains and with progressive increase in 
altitude one witnessed gradual decrease, in intensity, quantum and duration.  
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Vegetation 

 The luxurious vegetation varied from midhill temperate to alpine zone with a dominance of 
broad-leaved species which changed to alpine as one moved up. The dominating tree species were 
Alnus nepalensis, Populus ciliata, Prunus cerasoides, Erythrina arborescens, Juglans regia, Quercus 
sp., Castonopsis tribuloides, Prunus nepalensis, Rhus succeedanea, Symplocos theifolia, Michelia sp., 
Terminalia myriocarpa, Quercus lineata, Acer sp., Abies densa, Zanthoxylum sp., Picea sp., 
Juniperus sp., Tsuga sp., Laryx grifithii, Salix sp., Betula sp., Sorbus sp., Rhododendron sp., etc. 
Common shrubs were Arundinaria sp. (bamboos), Edgeworthia gardneri, Maesa rugosa, Oxyspora 
paniculata, Rhus semialata, Hippophae salicifolia, Hydrangea sp., wild palms (Pandanus sp.), wild 
Musa sp. The ground flora was extremely rich and diverse. The forests were generally dense with low 
evidences of biotic interferences except the easily accessible ones.   

Forest types 

 The surveyed area revealed broad types of forests, such as (i) temperate broad-leaved forests, 
(ii) temperate conifer forests, (iii) sub-alpine scrubs, (iv) temperate grasslands and (v) alpine meadows 
or rangelands.  

(i) Temperate broad-leaved forests 

 These were not very extensive but existed in patches along the wet areas and revealed 
tendency to get mixed with scattered conifers like Tsuga sp. and Abies densa. The main tree species 
were Alnus nepalensis, Prunus cerasoides, Populus ciliata, Erythrina arborescens, Juglans regia, 
Quercus sp., Prunus nepalensis, Rhus succedanea, Symplocos theifolia, Michelia sp., Terminalia 
myriocarpa, Quercus lineata and Acer sp. Mingled with these tree species were many shrub like 
Hippophea salicifolia, Arundinaria sp., Edgeworthia gardneria, Maesa rugosa, Oxyspora paniculata, 
Rhus semialata, Berberis sp., Artemesia vulgaris, Rubus elipticus, Hydrangea sp., wild palms, Musa 
sp., Elaeaganus sp., Buddleja sp. and others.  

 An array of herbaceous flora was found associated with them, which included among others 
Anaphalis sp., Rumex sp., Satyrium sp., Correa nepalensis, Prunella sp., Valeriana sp., Potentilla sp., 
Impatiens sp., Corydalis sp., Selinum sp., Rubia sp., Galium sp., Urtica sp., Elsholtzia sp., Plantago 
sp., Halenia sp., Lycopodium sp., Geranium sp., Polygonum sp., Swertia sp., Hydrocotyl sp. and 
Drymaria cordata, etc. These were especially plenty and crowded areas of slight clearance forming a 
thick ground cover. Certain strong climbers such as Crawfordia sp., Clematis sp., and Schizandra sp. 
were also observed. The trees were covered thickly with lichens of both foliose and fruticose type. 
Some ferns were also noticed as epiphytes on tree trunks. On moist trunks there was thick moss cover 
too. These forests were found mainly nearby Chungthang, Lachen, Lachung and Yumthang. 

(ii) Temperate conifer forests 

 These forests were quite extensive and appeared concentrated over hill slopes. Silver fir 
(Abies densa) was the most dominant species. Amongst the fir forests, pockets of Indian willow 
(Larix sp.) with distinct lanky branches and pale green colour were recorded, either in pure patches or 
scattered.     

 Strong layer of shrubs comprised Hippophea sp., Salix sp., Viburnum sp., Artemesia vulgaris, 
wild palms, Rhododendrons, Berberis sp., Heracleum sp., Rosa sp., Arisaema sp., Aconogonum sp. 
and others. Herbaceous flora was well developed and consisted of Anaphalis sp., Corydalis sp., 
Rhodiola sp., Polygonatum sp, Epipogeum sp., Halenia sp., Urtica sp., Juncus sp., Pedicularis sp., 
Bistorta sp., Persicaria sp., Prunella sp., Plantago sp., Swertia sp., Rumex sp., Primula sp., Gentiana 
sp. etc.  There was a good representation of temperate climbers. 
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(iii) Temperate grasslands 

 Patches of grassy vegetation were observed among exposed steep rocky slopes. Tall grasses 
were the only plant representation in such areas. Factors other than strong winds such as chilling 
winters and fire may result in the development of such high altitude grasslands. In Yumthang valley, 
these grassy slopes were characteristic. 

(iv) Sub-alpine scrubs 

 Above the temperate conifer forest was the timberline at an altitude of 3900m amsl. The 
vegetation, which lacked tall tree species, exhibited dwarf shrubs and tall herbs growing in open 
clusters. These were observed along riverbanks, slopes and bouldery plains upto 4500m amsl. Very 
conspicuous sites were noticed above Yangdi, Giagong and near Gochung bridge. Rhododendrons 
were the naturally dominating species. Amongst others Salix sp., Gaultheria sp., Cotoneaster sp., 
Berberis sp., Juncus sp., Myricaria sp., Geranium sp., Pedicularis sp., Aster sp., Inula sp., Erigeron 
sp., Senecio sp., Berginia sp. and others were recorded. These species grew in random fashion 
mingling with the taller Rheum nobile, Saussurea sp., Heracleum sp., Ligularia sp., Aconitum sp., etc. 
The dwarf Juniperus sp. was the only most important conifer species. 

(v) Alpine meadows 

 These were the most remarkable vegetation features of North Sikkim beyond altitude 
c.4800m amsl on the geomorphologic landform of the Tibetan plateau. There was no tall vegetation 
and most were either cushionoid or rossetted. These were the modifications that they had undergone 
to adapt to the extremely hostile climate prevailing there as short photo periods, low to very low 
(cryic to pergillic regimes) temperatures and high velocity winds (40 -50 knots per hour). From a 
distance the landscape appeared dry, dull brown landmass but from close quarters, vegetation actually 
comprised of dry grasses, cushionoid growths of Gentiana sp., Cynanthus sp., Arenaria sp., Parnassia 
sp., Saxifraga sp., Sedum sp., Stellaria sp., Thylacospermum sp., tall plants of Urtica hyperborea and 
the like. Incidentally, the later appeared as the tallest in the plateau with its height of 30cm. This 
harmless looking plant protected its flowers by its own detlexed imbricate leaves. Gentiana sp., 
Delphinium sp., etc., added blue colour to the otherwise drab landscape. The soil was rocky and 
skeletal. In such surroundings, the spreading of four-leaved Phlomis rotata was an unforgettable 
sight! The abundance of Crassulaceae, Ranunculaceae, Gentianaceae and Asteraceae representatives 
made the plateau unique. In a 1m quadrate, 5-11 species were noticed in the plateau depending on the 
site surveyed (Haridasan, 1996). 

The flora 

 The flora studied in the surveys was particularly admirable in relation to its human utility. A 
number of families of flowering plants were represented in these hills that ranged from the primitive 
Rananculaceae to the most advanced Orchidaceae. The main families of species recorded include 
Rananculaceae, Crassulaceae, Gentianaceae, Apiaceae, Rosaceae, Asteraceae, Caryophyllaceae, 
Scrophulariaceae, Salicaceae, Ericaceae, Polygonaceae, Poaceae, Hypericaceae and others. These 
families of flowering plants were more abundant compared to others.  

Biotic and external interference 

 The vegetation of an area is manipulated by numerous factors that could be both natural 
and/or man-made. These manifest into modifications in the vegetation and flora to different extents. 
North Sikkim too was no exception. The major causes as identified were (i) natural - high intensity 
rainfall, landslides, heavy to very heavy snowfall and avalanches, (ii) biotic - human exploitation and 
grazing.    
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 High intensity and prolonged rainy season had, along with favourable temperatures, been one 
of the main factors that rendered conditions conducive for the most natural evolution of flora in North 
Sikkim, especially in the mid-hill to sub-alpine zones. But the high intensity rains in these fragile and 
relatively young mountains in the Himalayan range have amplified destabilizing effects on the entire 
ecosystem. The most natural impact of such prolonged rainy season was landslides that eliminated 
vegetation in small pockets and these exposures of the hill slopes favours only pioneering species to 
colonize. Thus, patches of secondary vegetation were recorded amidst natural vegetation (Haridasan, 
1996). 

 Ecology and economics are siblings although disputable ones, and exhibit a very strong link, 
more so in the mountain scenario. Human relations with nature date back to the origin of mankind, 
this is more apparent in the case of mountain life systems. The trans-humance population of the 
survey area moved about with their grazing animals and simultaneously collected medicinal herbs, 
aromatic plants, edibles and most significantly firewood, the only source of energy.  

The people 

 The Chungthang sub-division is smaller of the two in North Sikkim and has 5 revenue blocks 
with 3 forest blocks and special areas. In an area of 3880 km2, falling mostly under reserved forests, 
there was a population of approximately 7100 (Census, 1991). People, living in these areas, were 
largely tribal of Buddhist faith. Agriculture formed the main occupation of people of the area in 
randomly located patches along riverbanks while collection of wild edibles was significant. The 
micro-hydel power plants at Chhaten and Lachung provided domestic power supply. For cooking a 
part of the energy came in the form of LPG (liquefied petroleum gas) while the major source was 
derived from wood. Concomitantly, the low mean annual air temperature necessitated regular burning 
of wood for heating purposes. Obviously, this wood originated from the nearby forests. This part of 
Sikkim fell under the restricted area given its proximity to the international border and featured 
widespread presence of the defence forces.   

 The Chungthang-Lachung-Yumthang axis was opened for tourists only in 1993. The 
movement of foreign nationals was still highly restricted but the area has witnessed considerable 
inflow of domestic travellers over the short time of its accessibility particularly so in view of the 
limited tourism infrastructure. Since 2000 there has been further relaxation for the domestic tourists 
who visit the lake Gurudongmar with appropriate permits from the authorities. 

 There were 13 Buddhist families with a total population of 83,  living in stone built houses at 
Muguthang in 1996. The average number of children surviving/ever married woman was 5. But the 
'pipon' expressed concern over the low birth rate! Heads of these families had their origin in Khamba 
in Tibet. Till some 35 years ago these families lived six months at Muguthang and six months in Tibet 
until they finally immigrated. All the family heads were grazers as well as traders. They owned yaks, 
sheep and horses also. They possessed good knowledge of medicinal plants. Fifteen children attended 
a single-teacher-run government primary school. The well of residents had their wards in schools at 
Gangtok and Kurseong while a few attended colleges at Varanasi, Delhi, Bangalore and Himachal 
Pradesh. The villagers managed their affairs through a panchayat, locally called ‘dzumsa’  (a form of 
local self government) where the 12-member body elected its "head" designated as 'pipon' for a year's 
term (Avasthe, 1996). 

 The residents had no land ownership rights and paid a nominal royalty of Rs. 1.50 per yak and 
Rs. 0.50 per sheep to the State Forest Department. Except a few, the majority stayed at Muguthang for 
6-7 months. For this duration, the daily ration and other essentials were supposedly brought from 
Gangtok where they marketed the yak and sheep milk products. All their cargo was transported 
individually (yaks on hire cost Rs. 200 for 2 loads) while religious celebrations were a contributory 
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affair. No bank loan facility resulted in the residents borrowing cash from moneylenders in Gangtok.  
The cost of ration doubled by the time it reached Muguthang. Regular sources of income identified 
were sale of yak @ Rs. 4000-8000/yak and sheep @ Rs. 600-1000/sheep, their milk by-products, 
wool and fur. Animals were their only source of income with no other avenue for additional earnings 
(Avasthe, 1996). 

 Approximately 110 transhumance families lived between Samthong and Thanggu from April 
to November, when they migrated to lower altitudes. Their houses were wooden and energy 
generation came from wood. They have consumed large quantities of wood derived from 
Rhododendron sp., Betula sp., Tsuga sp., Sorbus sp., Abies densa, Juniperus sp. They owned large 
populations of grazing animals and have traditionally used these alpine meadows during summer.  
Professionally, these migrants were grazers who collected medicinal plants in sizeable quantities for 
supplementary income.   

Farming system 

Agriculture 

 The general topography was undulating at Muguthang. The soils were skeletal except for 
random hydro and aeolian deposits in the depressions where shallow loamy black soils were observed.  
One patch of land, about an acre in area, was used to grow potato, radish and raya saag (Brassica sp.) 
in one season April to October. The vegetables were grown using seeds produced from the previous 
season. Animal dung was used as manure. All cultural operations were manual and seeds were line 
sown. The cultivation was clean while animals were allowed to graze on the stubble. The remainder 
stubbles were neither ploughed under nor left on the surface. Insect-pests and diseases were thus far 
not recorded on field whereas potato did have the problem of stored grain pests. The sight of first rain-
bearing clouds heralded the sowing of seeds. 40-kg seeds yielded 160-280 kg of potato, while a total 
of 160-280 kg of radish was also obtained. Potato was stored deep in land for use during winters. 

 Much of the land on N-NW axis leading to Thanggu and N-NE axis to Yumthang from 
Chungthang was steep to very steep sloped under moderately dense to very dense forest cover, hence 
limited valley banks were cultivated with potato, pulses, vegetables, maize, phaphar (Fagopyrum sp.) 
and plantations of large cardamom (Ammoum subulatum Roxb.). 

Livestock 

 Of the 90 families in 1998 that resided at Thanggu alone, some 19 families owned yaks 
(range, 20-150 yaks per family) and sheep (some families had exclusively sheep, herd size, 400-500), 
goats (per family ranged from 5-20), horses or mules (4-12 per family) (Primary data). At Muguthang, 
yaks, sheep and horses were the animals owned. Sheep, left in open pastures during days for grazing 
and enclosed into stone-fenced barns during nights, were reared for milk (maximum yield of 1 kg per 
adult), wool and meat (sold @ Rs. 600-1000 per sheep). Horses were used for riding and 
transportation purposes. 

 But it was yak that shared a special relationship and performed a pivotal role in the life of the 
residents. Yak was a semi-domesticated animal that required minimum traditional maintenance. Yak, 
reportedly could survive hungry for almost 20 days in acute winters! The 1994-95, 1995-96 and 1997-
98 winters experienced some of the heaviest snowfalls in recent times that resulted in the death of 
almost 20-25 per cent of the yak population here. Yak, a multi-purpose animal yielded valuable 
products-milk (maximum 1 kg per animal), meat (200-300 kg per animal), fur, dung manure, hides 
and the like. If properly trained, yak was found to be the most reliable mode of transport and travel.  
There were about 800 yaks, which along-with 200 odd sheep and scores of wild ungulates formed a 
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formidable grazing population that exerted tremendous pressure on the meagre vegetation of 
Muguthang area. Prices of yak ranged from Rs. 4000-8000 per yak. 

 Yak could be used in toto. A kilogram (kg) of its milk yielded 0.25kg "churpi" (butter) from a 
"dhongmo" by the traditional process that involved the entire family. Lesser amount of ghee (clarified 
butter) was generated. This “churpi” and its smoke-dried form were relished and in great demand. 
Meat was also smoke-dried and preserved for winters. Inbreeding had caused a fall in the standards of 
yaks, thus, in the quality and quantity of the products. This was the major concern as the residents 
were heavily dependent on yaks. Blood of yak was man's last food in times of acute desire to survive! 

 Yak skin was tanned before use for purposes such as storage of ghee. All these products were 
marketed at Gangtok. The fur of yak from different parts of the animal were used for different 
purposes such as: belly fur for making tents, moulted fur for tents and ropes, tail was used as such 
during prayers, etc. Horns formed house decorative pieces (trophies) and chopped horns were used for 
salt and medicine drenching of the yaks. Every alternate year an offspring per animal was born 
through inbreeding. Breeding season extended from July to September and the newborn weaned till 
they could graze (Avasthe, 1996).   

 Yaks were diagnosed to suffer from foot and mouth disease, tempanitis, common diarrhoea, 
respiratory problem, poisoning, ringworm and fungal infections. Internal parasites such as flukes, 
tapeworms�  and external parasites like lice and ticks and faulty/mal-nutrition were common. Animal 
Husbandry Department of the State Government had put in appreciative efforts to reach FMD 
vaccinations and medicines to this difficult area with good efficacy.  Food shortage during snow was a 
cause of natural deaths here (Bhutia, P., 1996 Pers. Commun.). Grazing in open pastures was the 
normal feeding procedure among yaks, sheep and horses. Grazing in the open pastures was controlled, 
decided by community meetings where animals would graze on one pasture for a month and then 
moved to next in following months. 

 At Thanggu, seasonally, medicinal plants viz., Gentiana sp., kutki (Picrorhiza kurroa), bikh 
(Aconitum sp.), jatamansi (Nardostachys grandiflora jatamansi), panch angula (Orchis latifolia) were 
collected and marketed in 1998 at the following rates: Rs. 125/kg dry weight, Rs. 1600-1800 per 40 
kg d.w, Rs. 800-1200 per 40 kg d.w, Rs. 1400-1600 per 40 kg d.w. and Rs. 300-500 per kg d.w., 
respectively. Thanggu and surroundings were supposedly bestowed with about 80 medicinal plants. 
Interaction with Mr. Chewang Lama, Practitioner of Tibetan pharmacology revealed that Thalspi 
arvense L. and Rheum palmatum had become were rare. Another natural source exploited for income 
was Juniperus sp. (J. recurva, J. prostrata), which was marketed in sun-dried form to Kalimpong @ 
Rs. 35-40 per 40 kg d.w. for preparation of incense. The dried leaves with twigs were packaged and 
used as incense. 

Fauna 

 The area included the habitat of Snow leopard (Panthera uncia), Blue Sheep and Musk Deer, 
while the entire region served as the habitat of the Southern kiang (Equus kiang polydon), Great 
Tibetan sheep or nayan (Ovis ammon hodgsoni), Tibetan Gazelle (Procapra picticaudata), Bharal or 
Blue sheep (Pseudois nayaur), Red Panda (Ailurus fulgens), Red fox (Vulpes montana), Himalayan 
tahr (Hemitragus jemlahicus schaferi), Tibetan wolf (Canis lupus chanko), Himalayan mouse hare or 
pika (Ochotona royeli), Woolly hare (Lepus oiostolus), Himalayan marmot (Marmota caudata), 
Yellow-throated marten (Martes flavigula), Indian wild dog or dhole (Cuon alpinus), Himalayan 
Black bear (Selenarctos thibetanus), civets, etc. Recently the pugmarks of Himalayan Brown bear  
(Ursus arctos) have been re-recorded from here. Most of these animals are listed in the Schedule I of 
the Indian Wildlife (Protection) Act (1972). The area was also very rich in avifaunal diversity. 
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 In the surveys of the Department of Forest, Government of Sikkim (SFD) (Lachungpa C. 
1998, Pers. Commun.), WWF-India and others the following data on fauna was recorded: 

Snow leopard: 03 (SFD, 1992); 01 (Shah, 1994) 

Blue sheep: 18 (Shah, 1994); 101 + (State Forest Deptt.,1995)  

Great Tibetan sheep or Nayan: 17 (SFD, 1995); 29 (SFD and WWF-India, 1996)  

Tibetan gazelle: 58 (Shah, 1994); 33 (SFD, 1995) 

Southern kiang: 74 - 120 (Shah, 1994); 11 (SFD, 1995) 

Tibetan/Red fox: 09 (Shah, 1994); 02 (SFD, 1995) 

Tibetan wolf: 09 - 15 (1994); 12 - 30 (1995) (based on the interviews of Dokpas, tribal 
residents of the Tibetan plateau) 

Himalayan marmots: Many (SFD and WWF-INDIA, 1996), widespread throughout the area 

Snow pigeon: 08 - 14 (SFD and WWF-INDIA, 1996) 

Brahminy duck: 01 pair (SFD and WWF-INDIA, 1996) 

Himalayan Brown bear:  pugmarks photographed, 1996 

Himalayan Mouse hare: common throughout the plateau 

Lakes and rivers 

 The entire Sikkim serves as the catchment of the mighty river Teesta. There are over 150 
lakes of which the majority exist in North Sikkim. Many of them are located at altitudes above 4000m 
amsl and glacial in origin, which more than often are nesting and/or breeding sites of various resident 
(temporary and permanent) and migratory water fowl such as Brahminy/Ruddy Shelduck (Tadorna 
ferrugina), Black-necked crane (Podiceps nigricollis), pintail (Anas acuta), Barheaded goose (Anser 
indicus), Common teal (Anas crecca), Wigeon (Anas penelope), Gadwall (Anas strepera), Mallard 
(Anas platyrhynchos), Coot (Fulica atra), Shoveller (Anas clypeata), Common pochard (Aythya 
ferina), Scaup duck (Aythya marila), Garganey (Anas querquedula), etc.   

 More importantly, river Teesta originated in the plateau from Lake Tsho Lhamu at an altitude 
of above c.5000m. Some other important lakes are Gayum chhona, Gurudongmar, Chaprutsko and 
Chhomozumo chhoi. The river Teesta flows south from its origin and was joined by other rivers such 
as Lhonak chu, Rabom chu, rivulets and numerous water falls as it gains momentum and turbulence 
on the Lachen axis. The Lachung chu, also aided by many tributaries, is menacing by the time it 
reaches Chungthang where it confluences into Teesta (also known as Lachen chu). 
 
CONSERVATION CONCERNS 

 Significance of North Sikkim is its high diversity in both flora and fauna. Given the 
dependence of the human population on natural resources like forests, the threats/concern for the 
biological diversity here were both abiotic and biotic. 

(a) Abiotic 

 Main factors were natural and/or climatic. The Khangchendzonga range has profound 
influence over entire Sikkim especially on North Sikkim. As mentioned earlier, this region 
experiences high to very high rain (May to September) and snow (December to March) annually. 
Both trigger landslides and mass wasting and avalanches, respectively, causing considerable 
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decimation of both flora and fauna. In winter the grazing fauna, domestic and wild, face rather harsh 
conditions and elimination.  

(b) Biotic 

 The biotic pressure is mostly due to traditional life style and many peculiarities of the area, 
such as verticality and accompanying rapid variations in the vegetation. Most parameters mentioned 
below are strongly integrated in to the social fabric of the society at large in the area. 

(i) Grazing  

 The large herds of yak and sheep that were maintained did certainly exercise immense 
pressure on the limited rangeland in the plateau where they are generally grazed. The Tibetan plateau 
attracted wild ungulates such as kiangs, Great Tibetan sheep, Blue sheep, and Tibetan Gazelle from 
across the IB, especially during the lean period in the Tibet Autonomous Region. Limited grazing 
potential created an unhealthy inter-species competition, often leading to population decimation in 
large numbers particularly in winters, which could be termed as "natural culling"?  

(ii) Collections from wild 

1. NTFPs 

 Tender ferns, nettles, fresh bamboo shoots, certain rhizomes and tubers were 
collected for daily subsistence. Certain fruits, fodder leaves, honey, dyes, etc. on a need-basis 
were also gathered. However, the collection of the medicinal plants by the grazers and the 
Juniperus sp. as incense from the wild over a very long period of time was the major concern. 
Though the Department of Forests, Government of Sikkim undertook propagation of kutki 
(Picrorhiza kurroa), much remained to be done, particularly on the status of others medicinal 
plants and silver fir (Abies densa) in their natural habitats. 

2. Timber and fuel wood 

 Only recently constructed houses of the few effluent families in Lachen and Lachung 
were cement-concrete structures. The poor still survived in wooden houses with thatched 
roofs. Regular maintenance of these houses under the prevalent climatic conditions consumed 
timber species, even those of the military settlements though in lesser volumes. But it was the 
demand of elite species of Magnolias, Michelias and Silver fir in the towns of Mangan and 
Gangtok that lured people into illegal felling for cash gains.    

 The altitudes within this small gap of Sikkim varied from 300 to 8585m amsl and in 
the survey area from 1800 to 7000m, where the mesic to frigid/pergillic mean annual air 
temperature regimes for majority of the year ensured high-energy oriented life style. Regular 
burning of fire seemed inevitable in the houses of almost the entire tribal populace. Additional 
pressure came from the floating labour force of the General Reserve Engineering Force 
(GREF), who indulged in illegal collection of fuel wood. Main activity of GREF was 
construction and maintenance of roads in North Sikkim as in other parts and consumed large 
quantities fuel wood for road construction (melting tar coal/bitumen). 

(iii) Trade 

 Most of the illegal wildlife related activities in the area were because of demand from distant 
places, such as Gangtok in Sikkim and other places in India.  Most of the forests were categorized in 
the “reserved”, hence, all the felling of silver fir (Abies densa), Indian willow (Salix sp.), birch (Betula 
sp.), asare (Viburnum sp.), oak (Quercus sp.) and walnut (Juglans regia) or any other species lopped 
for fuel or timber was illegal. Collections of medicinal plants were made by grazers, which included 



                                                                                                                             ENVIS Centre, GBPIHED 40 

jatamansi (Nardostachys grandiflora jatamansi), kutki (Picrorhiza kurroa), panch angula (Orchis 
sp.), bikh (Aconitum sp.), Gentiana sp. Among others large quantities of dhupi (Juniperus sp.) and 
sunpati (Rhododendron sp.) were collected till the recent ban on all collections from the wild, by the 
Government of Sikkim. However, the effectiveness of the ban promulgated in these remote areas 
needs to be studied.  Clandestine exploitation certainly has been going on, given the remoteness, 
unfriendly terrain and inaccessibility of these areas. 

(iv) Tourism 

 The legal status of the study area from the Ministry of Home Affairs and Ministry of Defense 
was one of "restricted/protected area" until 1993 when it was thrown open to Indian citizens and later 
on to foreign nationals as well. The enchanting Yumthang valley on the N-NE axis was a prime 
destination. Annually, the area has witnessed an increase in visitors. The infrastructure remained to be 
developed to sustain tourism, especially the precarious road link and energy requirements. Unless 
tourism in these pristine areas, witnessing a boom presently, is “regulated within the carrying 
capacity” there lurks an imminent danger of early exhaustion.   

(v) Dilution of culture 

 This area had maintained many traditional systems as constituents of their social fabric. One 
most important was a form of ‘local self governance’. Under the name of ‘dzumsa’, a locally elected 
body headed by a ‘pipon’ strictly regulated the society at large, including violations of norms related 
to nature by imposing suitable penalties or punishments. Largely, the people followed the Buddhist 
faith and highly God-fearing leading a very simple life. In the older days, as an independent nation, 
they had strong trade and other links with Tibet. The heads of monasteries known as ‘Rimpochee’s’ 
were also from Tibet. After the 1962 war with China, these trade and religious links slowly 
disappeared. Religion was a strong constituent of the social fabric in this area. Merger of Sikkim with 
India altered the financial situation in entire Sikkim significantly. The people have become more 
materialistic. Living standards and life styles, over the last two and a half decades, have changed to 
less sustainable, leading to lavish consumption of timber species like silver fir (Abies densa), which 
was singled out for special onslaught. As a result, one witnessed denuded or thinly forested mountains 
on the N-NE axis till Lachung. Increase in population and fragmentation of families’ also amplified 
pressures on natural resources. Westernization of the present generation is probably a threat to the 
culture of the region.  

(vi) Erosion of genetic resource base 

 Exploitation of medicinal plant species, Juniperus sp. and some Rhododendron sp. for incense 
purposes reached commercialization levels until the ban on their collections from wild was carried 
out. A complete stoppage of these activities is ruled out, given the lure for money particularly for 
grazers. This practice had very old history while there was no documentation on the status of 
medicinal plants in the wild. The demands have risen with time and extractions were definitely 
beyond their natural regeneration capacities. If this practice has to continue more so because of the 
prevalence of Tibetan pharmacopoeia in the State, these essential medicinal plants used as ingredients 
in drugs need to be domesticated to keep pace with demands. Other than medicinal plants, 
exploitation of certain tree species like silver fir (Abies densa), Magnolia sp., and Michelia sp. too had 
attained commercial levels. Nevertheless, silver fir (Abies densa), which showed good self-
regeneration potential, needed to be properly tapped. The other group of plants that were an asset in 
the region was the rhododendrons.  

 An area of 43 km2 in Singba, known as the Singba Rhododendron Sanctuary, was a natural 
gene pool of rhododendrons where 36 species were recorded. Heavy rain, snow, landslides and 
avalanches along with human interference posed grave threat to the existence of rhododendrons in the 
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times to come. This area also revealed wild relatives of buckwheat (Fagopyrum sp.) and fenugreek 
(Heracleum sp.). Many species of beans have been cultivated in Sikkim for long; this region too was 
no exception. The traditional ‘Murli’ maize was in fact a sub-race of the most primitive of races of 
Indian maize - ‘Poorvi Botapa’ (Singh, 1977). Both races were cultivated in North Sikkim for very 
long (Singh, 1977) but the advent of new cultivars and hybrids, introduced in Sikkim over the last 
three decades, effected their gradual disappearance from the agricultural scenario of entire Sikkim.  

(vii) Role of defence agencies 

 Indian army has a strong and significant presence particularly so in North Sikkim given its 
strategic location with respect to China (Tibet). Their year round presence should be used to involve 
them in various conservation related efforts. Similarly, there was the presence of GREF personnel 
along with a sizeable labour force along with some Sikkim police personnel. These different agencies 
could be educated and utilized to generate database on information related to various aspects of 
nature. 
 
CONSERVATION MEASURES  

 There are various forces, both biotic and abiotic, working against the rich biological diversity 
in this area. Conservation measures are the demand of the hour; some viable conservation measures, 
to bear fruit, are discussed below:  

1. Identification of ‘hotspots’ within the survey area along with the threats posed to them.  

2. Identification of endangered/threatened/vulnerable species of flora and fauna, including 
cultivated crops.  

3. Provision for in situ and ex situ conservation of different species along with their habitats.  

4. Organization of alternative energy sources.  

5. Generation of database on medicinal plants status in the wild followed by domestication of 
commercially important plants to economically benefit locals.  

6. Creation of awareness among civilians and soldiers through a concerted education campaign 
involving them in conservation work.  

7. Conduct of research studies and surveys on threatened flora and fauna, beginning with red 
panda, snow leopard, Himalayan tahr, lesser cats, other mammals and rhododendrons, 
conifers, primulas, and others.  

8. Formulation of self-employment opportunities, training facilities that use local natural 
resources for the promotion of handloom and handicrafts as incentives towards sustainable 
harnessing of natural resources.  
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INTRODUCTION 

 The participatory natural resource management is currently recommended as a possible 
solution for the sustainable farming community development of the Indian central Himalaya. Among 
different community problems, the land and water resources have been under continuous changes 
since the past decades. In the present conditions, with the increase of jobless and landless families, the 
forest and agriculture land are fast being converted into dwellings and open grazing. Beside this, the 
higher rate of out migration of the landholders further increases the abandoned cultivated land in the 
region, including the studied Bhetagad watershed of Indian central Himalaya. This increase in the 
abandoned lands creates severs problems to in managing them for animal husbandry, timber 
requirement, controlling soil erosion and other natural disasters as well (Singh and Singh, 1987, 
Moughalu and Awonkunle, 1994 and Basavraj et al., 2000). Such land patches might be reclaimed 
through integrated land resource management and by active participation of community people as 
well. Studies on recovery of such degraded lands through suitable agroforestry, tea and horticultural 
species are therefore required. This study describes the nutrient status on steep non-arable lands in 
relation to elevation and farming practices and agroforestry species for enhancing the soil nutrients 
and crop productivity of this land resource.  

MATERIAL AND METHODS 

 All the studied sites lying between 1090-2060 m amsl, were located in the Bhetagad 
watershed (290, 50’ to 290, 55’ N and 790 02’ to 790, 30’, E), which is a micro watershed of Garur 
Ganga watershed, Indian central Himalaya. A landuse survey of the study watershed revealed that 
55.58% of the watershed area is covered by forest, 42.34% by agriculture/settlement and 2.08% by 
barren land (Joshi, 2002). Apart from the encroachments, the forest is also exploited for various 
purposes such as fuel wood, timber and leaf litter by the rural communities. The watershed had a 
warm temperate type of climate with distinct different seasons viz, spring, summer, monsoon, autumn 
and winter. Meteorological data showed that the area had a mean annual maximum temperature in 
June (360 C) and minimum in January (040 C) for the year 1999. The investigation was carried out on 
five categories of existing and three categories of intervened land systems located between the 
elevation ranges 1200-1400 m amsl (lower elevation) and 1600-1800 m amsl (upper elevation) (Table 
1&2). 

Plant species richness and vegetal cover 

 Species richness was analysed by counting the number of plant species in each study plot. For 
analyzing vegetal cover related parameters, such as plant density, basal area and crown canopy area, 
methods by Mishra (1968) were followed. Ten quadrates (50x50 cm size for grasses/herbs and 10x10 
m for trees) were laid at each site, including respective erosion plots. 

             Soil samples were collected from three-locations for each of the five categories of non-arable 
sites (existing sites) at 0-20 cm soil depth from March 1999 to September 2002 at an interval of six 
months, whereas nutrient pools for three agroforestry systems (intervened land systems) were 
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estimated an annual interval (in the month of September of 1999 and 2000). The Physico-chemical 
characteristics of the soil have been analysed following Jackson (1968). The soil moisture for all the 
land use was determined using soil moisture equipments (Trase system, USA) and computed mean for 
the year was calculated. Data were analyzed statistically following Snedecor and Cochran (1967).  

Table 1. Computed mean of soil characteristics for different landuses at two elevation of Bhetagad 
watershed (0-20 cm soil depth, n =6) 

Landuse Elevation 
 

Moisture 
(%) 

pH O.M. 
(%) 

O.C. 
(%) 

Total 
N (%) 

C:N 
ratio 

Available 
P (kg/ha) 

Available 
K (kg/ha) 

UE 34.42 
±2.42 

6.13 
±0.10 

4.60 
±0.32 

2.67 
±0.18 

0.20 
±0.02 

13.77 
±1.15 

18.51 
±1.45 

269 
±13 

Reserve 
forest 
(mixed) LE 33.20 

±3.35 
5.92 
±0.05 

5.37 
±0.32 

3.11 
±0.19 

0.15 
±0.01 

20.83 
±1.53 

18.52 
±1.35 

281 
±13 

UE 22.82 
±2.72 

6.06 
±0.05 

1.92 
±0.23 

1.09 
±0.12 

0.10 
±0.01 

10.78 
±0.70 

12.75 
±1.96 

200 
±12 

Open forest 

LE 26.82 
±3.72 

6.72 
±0.04 

2.49 
±0.21 

1.44 
±0.12 

0.11 
±0.01 

12.75 
±2.11 

22.35 
±1.91 

209 
±12 

UE 19.56 
±2.00 

6.19 
±0.07 

2.64 
±0.20 

1.53 
±0.11 

0.26 
±0.01 

5.81 
±0.31 

23.30 
±1.93 

281 
±11 

Agriculture 
terrace riser 

LE 23.33 
±1.90 

6.84 
±0.05 

2.88 
±0.26 

1.67 
±0.15 

0.24 
±0.02 

7.54 
±0.52 

22.94 
±1.89 

271 
±14 

UE 22.41 
±1.95 

6.26 
±0.04 

2.51 
±0.18 

1.50 
±0.11 

0.17 
±0.01 

8.85 
±0.42 

18.57 
±1.89 

259 
±10 

Grass land 

LE 24.20 
±3.48 

6.30 
±0.03 

2.64 
±0.26 

1.53 
±0.15 

0.15 
±0.01 

9.93 
±0.41 

20.98 
±1.82 

284 
±16 

Grazing land UE 11.58 
±1.40 

6.26 
±0.06 

1.17 
±011 

0.68 
±0.06 

0.08 
±0.01 

8.57 
±0.25 

124.35 
±2.11 

145 
±12 

 LE 14.32 
±3.08 

6.17 
±0.05 

1.32 
±0.18 

0.76 
±0.10 

0.08 
±0.01 

9.26 
±0.74 

121.71 
±2.07 

141 
±12 

Parameter          

Elevation  0.05 0.05 0.05 0.05 0.05 0.05 0.05 NS 
Landuse  0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Elevation x 
Landuse 

 NS 0.05 NS NS 0.05 0.05 0.05 0.05 

UE 5.55 0.14 0.62 0.35 0.05 3.85 11.83 99.60 LSD (0.05) 
 LE 8.90 0.13 0.71 0.41 0.03 5.52 11.28 104.00 

UE= Upper elevation, LE=Lower elevation, �  beneath each column P values associated with an 
analysis of variance (ANOVA) are given, with LSD values (P=0.05) when the interaction is 
significant, NS= Not Significant 

RESULTS AND DISCUSSION 

 All the studied non-arable existing lands had almost similar herbs species, but their 
dominance varied across the sites. Surface vegetal cover was higher (%) for upper elevation as 
compared to the lower elevation landuse system. Tree density, total tree basal area and crown cover 
were high in upper elevation for same type of forest. 
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Table 2. Annual variation in soil characteristics of different agroforestry systems of Bhetagad 
watershed  

Upper elevation Lower elevation Parameters Agro forestry type 
2000 2001 2002 2000 2001 2002 

Fodder plantation 8.9 
±2.1 

10.2 
±3.4 

10.3 
±1.8 

6.3 
±1.8 

8.4 
±2.9 

8.5 
±1.3 

Tea plantation 11.2 
±3.1 

13.4 
±2.2 

14.4 
±1.1 

9.4 
±1.3 

10.8 
±1 

11.1 
±0.8 

Soil moisture 
(%) 

Horticulture 10.2 
±1.8 

13.4 
±1.9 

13.9 
±1.2 

12.2 
±1.6 

14.8 
±1.4 

14.4 
±0.9 

Fodder plantation 0.88 
±0.06 

0.96 
±0.14 

0.98 
±0.09 

0.76 
±0.05 

0.89 
±0.09 

0.92 
±0.04 

Tea plantation 0.92 
±0.09 

1.05 
±0.11 

1.08 
±0.05 

0.81 
±0.04 

0.98 
±0.07 

1.01 
±0.02 

Organic 
Carbon (%) 

Horticulture 1.11 
±0.04 

1.18 
±0.08 

1.22 
±0.03 

1.15 
±0.02 

1.29 
±0.03 

1.31 
±0.03 

Fodder plantation 0.093 
±0.002 

0.098 
±0.008 

0.099 
±0.001 

0.09 
±0.001 

1.034 
±0.002 

1.052 
±0.001 

Tea plantation 0.122 
±0.014 

0.127 
±0.011 

0.131 
±0.01 

0.102 
±0.002 

0.111 
±0.002 

0.113 
±0.001 

Total-N (%) 

Horticulture 0.111 
±0.013 

0.118 
±0.013 

0.119 
±0.01 

0.109 
±0.003 

0.118 
±0.002 

0.121 
±0.001 

Fodder plantation 13.71 
±0.92 

15.84 
±1.12 

16.73 
±0.61 

11.52 
±0.88 

17.81 
±0.91 

18.57 
±0.67 

Tea plantation 27 
±1.09 

31 
±1.96 

28 
±1.11 

14.5 
±0.91 

19.9 
±0.71 

20.5 
±0.69 

Available P 
(kg ha-1) 

Horticulture 23 
±1.01 

27 
±2.07 

28.2 
±1.11 

22.5 
±0.91 

29.9 
±0.55 

31.5 
±0.38 

Fodder plantation 116 
±3 

122 
±4.1 

124 
±1.3 

110 
±2.0 

122 
±4.0 

127 
±1.5 

Tea plantation 119 
±2.2 

139 
±2.4 

141 
±1.8 

127.0 
±4.0 

140. 
±3.0 

141 
±2.0 

Available K 
(kg ha-1) 

Horticulture 112 
±2.6 

128 
±2.1 

132 
±1.6 

147 
±2.0 

160 
±4.0 

161 
±1.0 

 The soil moisture was higher in the upper elevation and in between different landuse 
categories; the reserve forest had higher value of soil moisture. This increased with the increasing of 
the surface vegetal cover, plant species richness, tree density and crown cover in different landuse 
categories. The soil pH of studied sites was acidic for reserve pine forest (5.90 - 6.13) and neutral for 
agriculture terrace riser (6.72 - 6.84) unit. The organic matter (4.60 - 5.71%) and organic carbon (2.67 
- 3.11%) were higher in reserve forest due to infinitesimal influences of indiscriminative activities. 
Total N (%) increased in agriculture terrace riser (0.24 - 0.26%), but a reverse trend was observed for 
pine forests and grazing land. This was due to the addition of FYM and inorganic fertilizer in 
agriculture land. The low total-N and high C: N ratio for the pine forests indicated low net rate of 
mineralisation in forest area (Table 1). These factors caused high accumulation of leaf litter 
throughout the year in partially decomposed category as a result of slow decomposition (Chaturvedi et 
al., 1988). Comparatively higher available P was recorded for grazing land (21.71 - 24.35 kg/ha) due 
to less grass biomass produced under intensive grazing causing less absorption of P from the soil, 
resulting in a build up of available P in grazing land and open pine forest. This attribute was also 
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observed by Singh (1999). The removal of grasses in a short span (every 15-20 days) from rain fed 
agriculture riser was the main cause of higher availability of the P. The available K was high at lower 
elevation (141 - 281 kg/ha) for all the studied sites.  

Management strategies  

 Due to high requirement of fodder, fuel wood and ground vegetal biomass for different uses 
in both the elevations, the inhabitants had no alternative options other than the existing practices. Thus 
in such circumstances, each elevation has a need to adopt alternative sustainable agroforestry options. 
These practices must be helpful to maintain the nutrient soil pools and water availability. These 
practices would be sufficiently fulfilling requirement of the good quality fodder. The forests and 
grazing sites showed lower soil moisture and nutrients. In case of the reserve forests and grassland 
soil, the ground cover, soil moisture and nutrient pool almost remained in good conditions. Thus the 
initiation of community forest with Alnus nepalenses, Dalbergia sissoo and Bauhinia Vahli, and other 
species may be an additional nutrient maintaining measure for the watershed. The tea cultivation and 
horticultural practices may also be helpful in maintaining the nutrient balance as well as income 
generation of the local community. Thus the community forestry, tea cultivation and horticultural 
practices in watershed may be profitable and ecologically sustainable. The aforesaid management 
strategies may help to maintain the soil nutrient pools and improve the economy of the inhabitants of 
the watershed.    

Tested agroforestry models for non-arable landuses    

 In the Bhetagad watershed the problems related to the poor crop productivity of mismanaged 
non-arable land can be compensated by initiating community forestry, tea plantation and horticultural 
trials, which would enhance better livelihood opportunities for the user groups. The main three soil 
improving and income generating trials, i.e., (i) fodder tree with nutritious grasses, (ii) tea cultivation 
with fodder trees, (iii) horticulture system were identified and selected for detailed evaluation. These 
agrofortestry practices were quite common in both the elevations. The Albiziza stipulata, Delbergia 
sissoo and Alnus napalensis are fast growing leguminous trees that are believed to increase the soil 
fertility levels. Besides, Grewia optiva and Quercus leucotrichphora are also important for satisfying 
the fodder, fuel and other uses. These species are also helpful in improving the soil moisture and 
nutrient pools.  

 A wide variation was recorded in soil moisture, soil pH and nutrient pools for all the three 
category of agro-forestry system in a land elevation range (1200-1400 m amsl) through out the 
investigation period from 1999 to 2001 (Figures1-5). In general, a slight variation in soil 
characteristics has been observed in between the elevation for same landuse system. The soil moisture 
and C/N ratio increased for upper elevation, whereas the nutrient content and pH value increased for 
lower elevation. The increase in soil moisture due to increase in the biomass and comparatively low 
temperature favoured these facts. The slight increase in soil nutrients pool in lower elevation, due to 
comparatively high temperature and high relative humidity, favoured high rate of nutrient 
mineralisation from decomposed and semi-decomposed organic residues/shadings. The lower increase 
in C/N ratio for upper elevation indicated low temperature, low relative humidity and high soil 
moisture favouring to high organic matter accumulation and low rate of nutrient mineralization. The 
fodder tree plantation showed higher increase in soil moisture and soil nutrient pool.  

 Introduction of fodder trees and grasses are more effective measures to improve the soil 
moisture and nutrient pools in both the elevations of the watershed. Even though the tea cultivation 
and horticultural practices are more income generating than the fodder species, nevertheless in the 
present circumstances the requirements of a good quality fodder species could not be replaced by 
other means. Further, the community forestry will also help on strengthening the community 
institutions and different developmental activities for extension of the programs.      
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Figure 1: Soil moisture (%) under different agroforestry systems at 1200-1400 masl in Bhetagad 
watershed 
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Figure 2: Soil organic carbon (%) under different agroforestry systems at 1200-1400 masl in 
Bhetagad watershed 
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Figure 3: Nitrogen (%) under different agroforestry systems at 1200-1400 masl in Bhetagad 
watershed 
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Figure 4: Phosphorus (Kg/ha) under different agroforestry systems at 1200-1400 masl in Bhetagad 
watershed 
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Figure 5: Potassium (kg/ha) under different agroforestry systems at 1200-1400 masl in Bhetagad 
watershed 

Tested fertility options for the arable land  

Bio-composting practices  

 The bio-composting practices are important tools for improving the soil moisture and nutrient 
pools of highly degraded area like agriculture land within the watershed. The bio-composting efforts 
may quickly enhance the nutrient status without losing more nutrients and also in improving the water 
adhering properties of the soil. Five types of composts were prepared by using soil, broad leaves, 
poultry wastes, vegetables, grasses and agriculture wastes, which could be easily collected from the 
farming systems. The nutrient pool of these composts was estimated through chemical analyses. The 
status of these compost materials showed the different composition of organic carbon, organic matter, 
total N, available P and K.   

 The chemical analysis of different composts showed that the broad-leaved with poultry wastes 
had narrow C/N ratio but had higher available P and K than the other composts. Such types of bio-
composting practices may be important measures for improving the soil fertility in different soil 
amending practices as well as other community land improvement. The C/N ratio is also good 
indicator for net carbon and nitrogen mineralisation. The available P and K also increased quite 
significantly in different composting systems (Table 3).  

Table 3. Nutrient status of different compost composition at Bhetagad watershed  

Compost 
type 

Organic matter 
(mg/g) 

Organic carbon 
(mg/g) 

Total N 
(mg/g) 

Available P 
(mg/g) 

Available K 
(mg/g) 

C:N ratio 

A 13.54±1.22 7.84±0.70 0.94±0.04 0.06±0.01 0.78±0.03 8.3±0.42 
B 19.32±1.81 11.20±1.05 2.12±0.02 0.34±0.02 1.21±0.02 5.2±0.50 
C 37.89±2.02 21.96±1.17 3.79±0.05 0.49±0.02 1.39±0.02 5.8±0.62 
D 32.41±1.78 18.79±1.03 2.93±0.03 0.36±0.01 1.27±0.02 6.4±0.044 
E 44.23±2.34 25.64±1.36 5.46±0.03 0.51±0.02 1.41±0.03 4.7±0.58 

A = soil (100%) 
B =Soil (60%) + grass weed residue (20%) + cow dung (20%) 
C = Soil (60%) + broad leaves litters (20%) + cow dung (20%) 
D = Soil (60%) + vegetal residue (20%) + poultry waste (20%) 
E = soil (60%) + broad leaves litter (20%) + poultry waste (20%) 

CONCLUSION  

 The forests, grazing lands and grasslands in Himalayan region are facing immense biotic 
pressure, because of removal of higher rate of biomass and timber. These landuses had great values 
for animal husbandry, timber requirement as well as controlling soil erosion and other natural 



ENVIS Bulletin : H imalayan Ecology 13(1), 2005 49 

disasters. However, landuses are now threatened by cultural practices, as observed in 14-280 slope in 
Bhetagad watershed. High pressure on these resources has reduced biomass cover and nutrient status; 
ultimately, the crop production is reduced. The agroforestry system and bio-composting practices help 
in high biomass production and in maintaining high nutrient status of these land resources. The 
agriculture riser soils are producing higher ground vegetation and higher nutrient concentration than 
the other landuses. Hence, grass production at agriculture terrace risers might be encouraged to 
maintain the fertility of the agricultural land and reducing the pressure in grazing and over-grazed 
patches within the watershed. Overall improvement on biomass through introduction of nitrogen 
fixing species and improved grasses compelled with location specific agroforestry could help on 
improving livelihood of the people. 
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INTRODUCTION 

 The impact of development on the surrounding environment is a natural consequence 
experienced the world over but in India it is more prominently reflected because corrective measures 
are seldom taken of simultaneously with execution of development project. This is evident all over the 
country, which has experienced accelerated rate of development after Independence in 1947. One 
such example is the Chandigarh Siwalik Hills (CSHs) lying between Ghaggar and Satluj rivers in 
northwest India constituting the Natural Hilly Ecosystem (NHE). Presently, the hills represent a 
highly dissected ‘badland’ topography (Singh, 1990a, 1995) created by numerous ephemeral streams 
of varied genetic types. Weathering and soil-water erosion in this semi-arid region have produced a 
variety of erosional and depositional land-form features (see Singh, 1990a, 2002).  

 Over the last five decades or so, CSHs have experienced high vicissitudes of environment and 
biodegradation because of the high impacts of developmental interventions which were witnessed 
more after 1966 when Punjab State was re-organized to demarcate the new State of Haryana and 
Chandigarh was accorded the status of Union Territory in order to serve as the capital of the two 
States of Punjab and Haryana in addition to being its own capital. Soon the City expanded 
tremendously and started transforming itself into conurbation and the soil-water erosion problems of 
CSHs multiplied manifold.  

 In recent years soil erosion and the landscape degradation studies attracted attention of a 
number of scientists outside India (Aniya, 1985, Sioli, 1985, Thornes, 1985, Endlicher, 1990, 
Boardman & Favis-Mortlock, 1993). In India, Kukal et al. (1991) and Kukal & Sur (1992) dealt with 
submontane Punjab area west of CSHs with soil-water erosion perspective. They suggested a number 
of remedial measures for the native people. Earlier, in the Siwalik region where large chunks of land 
in the hilly terrain are faced with high intensity soil-water erosion, Grewal et al. (1990) adopted and 
advocated what is popularly called Sukhomajri Model based on peoples participation in the 
programme in order to mitigate the economic sufferings of the local population. Mehta & Singh 
(1995) pointed out that water induced erosion in the NHE of the Inter State Chandigarh Region 
(ISCR) has contributed to the problems of land degradation over the years due to vegetal cover 
changes. Singh et al. (1984), while making a study of the Man and Forests Relationship in the central 
Himalaya, pointed out the dwindling forest cover of the region.  

 In the light of existing serious soil erosion problems in the NW Himalaya and the adjoining 
Siwalik region, the present study, to analyse the operative degradative features in CSHs was 
undertaken since these hills are directly bearing the brunt of highly accelerated development activities 
in Chandigarh and its two satellite towns of SAS Nagar and Panchkula. So far, very little work about 
soil erosion based on Remote Sensing methodology has been done in this region. Only a brief 
reference to soil loss due to water induced soil erosion has been made by Mehta & Singh (1995) who 
found that vegetation cover was the most crucial factor, which controlled soil erosion. The present 
emphasis is on the impact assessment of the development of an altogether new Conurbation of 
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Chandigarh. The analytical period spans over 25 years (1966-1991) after Chandigarh was re-
designated as composite capital.  
 
LOCATION, EXTENT AND PHYSIOGRAPHY 

 CSHs, located between 30º41.1´ - 31º1.7´ N. Lat. and 76º32.7´-76º54.5´E. Long, run parallel 
on the southern side of the Himalayan mountain. These face mainly the Punjab Plain between Satluj 
and Ghaggar rivers and are low-lying hills (Figures 1a, 1b). These have 302.5 km2 area with an 
additional 18.5 km2 of hillocks abutting the Satluj in the west but lying separated from the main chain 
of CSHs. Constituting the youngest part of the outer Himalayan zone, these hills are flanked by 
Punjab, part of Indo-Gangetic alluvial plains to the south and conspicuous longitudinal valleys, the 
duns and the lofty Himalayan mountains to the north. These hills dip to the south and southwest and 
their usual height ranges between 300-625 meters above mean sea level and the relative relief 
approximates 125-200 meters. (cf. Mukerjee 1979).  

 
Figure 1a. Location of Chandigarh Siwalik Hills (CSHs) 

 

 
Figure 1b. Physiography and extent of CSHs 
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 Structurally, the Siwalik hill tract is characterized by broad open folds, both longitudinal and 
transverse. In these hills, the choes (seasonal streams) descend into the valleys. Here, they often 
broaden themselves through lateral planation forming choe terraces and flood plain scrolls of fertile 
alluvium. The surrounding higher relief gradually got flattened due to high rate of erosion.  

Geology and Hydrology 

 CSHs are soft and friable. The composition of the Siwalik deposits shows that they are 
nothing else than alluvial deteritus derived from subaerial waste of the inner mountain ranges swept 
down by their numerous rivers and streams and deposited at the foot of the Himalaya (Wadia, 1919). 
The process started since the beginning of the mid-Miocene orogeny and the folding of the Siwalik 
hills occurred in the post Pliocene period (Puri, 1949). The Siwaliks are composed of clay, sand, 
sandrocks, poorly embedded sandstones and conglomerates. Structurally and constituent-wise, the 
CSHs are more prone to soil-water erosion.  

 The regimes of rivers Satluj and Ghaggar and the CSHs seasonal streams (choes) and their 
distributries have occupied and covered vast areas with alluvium containing clay, silt, fine to coarse 
sand, and gravel. The regional flow of water is from NE to SW following surface topography. The 
water table has steeper hydraulic gradient in the upper segment and gentle slope in the alluvial plains. 
Ground water flow pattern is different near the river, without any established pattern.  
 
OBSERVATIONS 

Soil Erosion  

 Soil erosion in Punjab Siwaliks especially Hoshiarpur District is nearly a century old problem 
(Glover, 1946, Gorrie, 1946). With the development of Chandigarh, there has been, by and large, 
adverse effect on vegetation of the adjoining Siwalik hills because of ever increasing demand for 
wood, fodder and masonary materials (sand and gravel). As a result, the process of soil erosion was 
accelerated. Heavy siltation of the famous Sukhna Lake of Chandigarh, within two decades of its 
construction, has attracted the attention of quite a many environmentalists and scientists (Singh, 
2003). Land degradation due to water inducted soil erosion is a serious problem in the Himalaya and 
the Siwaliks, which have experienced large scale deforestation. An illustrative example is of the 
central Himalaya (Singh et al., 1984).  

 There has been a large scale destruction of one time valuable and dominant timber species 
with the results that chirpine (Pinus roxburghii) and sal (Shorea robusta) forests were totally 
extirpated from CSHs. Same is the story of the dhak (Butea monosperma). About 50 years ago it grew 
well in Siwalik foot hills and piedmont plain. Along with the disappearance of forests there has been 
loss of fauna (especially bear and tigers) from foot-hill riverine tracts (Singh 1995, 2001).  
 
Table 1. Soil loss in sample area of the Chandigarh Siwalik hills 

Sr. No. Soil loss categories* (tons/ha/yr) Mean area** (ha) Total amount of soil loss (tons/yr)+ 
1. 25-165 1,169 29,255 
2. 165-300 1,194 197,010 
3. 300-400 2,121 636,300 
4. 400-600 10,311 4,124,400 
5. >600 1,938 1,162,000 

Total (Annual Soil Loss) 16,733 6,149,735 
*  As modified from Saha et al. (1991) 
** Calculated from Figure 3.  
+   Taking lower limit of soil loss category into amount.  
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Table 2. Soil loss as related to slope gradient and vegetation cover in the Chandigarh Siwalik hills.  

Sr. No. Soil loss* (tons/ha/yr) Slope gradient+ Vegetation cover 
1. 25-165 11º – 15º  Mixed dense forest 
2. 165-300 16º – 22º Mixed open forest 
3. 300-400 23º – 32º  Scrub with stunted trees  
4. 400-600 32º – 45º  Open degraded grassland  
5. >600 23º – 45º  No vegetation  

* As modified from Saha et al. (1991).  
+ Range determined on the basis of at least 10 readings. 

 In order to have a sharp focus on the phenomenon of soil erosion in CSHs, quantification has 
been done here from sample area, which lies north of Chandigarh but adjoining it. The observations 
are based on IRS-IA-LISS-2 digital data of Path-Row: 320-46 dated February 10, 1989. Soil loss rate 
was calculated following Saha et al. (1991) using Universal Soil Loss Equation (USLE). The results 
were correlated with observations based on ground surveys. Total calculated sample area of CSHs 
lying within the grid comes to 16,733 ha (167.33 km2). Data on soil loss are given in Tables 1-2 and 
represented in Figures 2-3, which bring out the following salient features:  

(i) More than half (10,311 ha) of the area in the grid is prone to 400-600 t/ha/yr soil loss (total 
4,124,400 t/yr). This is followed by 2,121 ha area in 300-400 t/ha/yr soil loss category (total 
636,300 t/yr) and in more than 600 t/ha/yr category, area is 1938 ha with total soil loss of 
1,162,000 t/yr (Table 1).  

(ii)  Medium to moderate soil loss (25-165 t/ha/yr and 165-300 t/ha/yr) categories constituted only 
14.2% (2,363 ha) of the total area indicating that sample area is under severe soil erosion.  

(iii)  Total annual soil loss for the entire grid in the CSHs is really gigantically high with average 
per hectare soil loss being 367.52 t/ha/yr and total loss being 6,149,735 t/yr, this being 
calculated for 16,733 ha area with lower limit of soil loss being taken into account.  

(iv) There is an evident relationship between slope gradient, vegetation cover and soil loss (Table 
2). In high (400-600 t/ha/yr) and very high (more than 600 t/ha/yr) soil loss categories the 
slope gradients are 30º - 45º and 23º - 45º, respectively, and the vegetation cover falls into 
open grassland and no vegetation categories.  

(v) Scrub zone with stunted trees and open grassland as well as no vegetation zone with 23º - 45º 
slope gradient is highly vulnerable to soil loss falling into 300 to more than 600 t/ha/yr 
categories. It is ‘mixed forest type’ with 11º - 15º and 16º - 22º slope gradient that shows the 
minimal to average soil loss in areas with dense and open crown densities.  

Evidently, the vegetation cover controlling soil loss turns out to be the significant factor for 
soil erosion. In the sample area of CSHs, by and large, the dense forests are on lower slope gradient 
while the higher slope gradient hills (25º - 45º) support only either the scrub-grass land vegetation or 
no vegetation at all.  

Often high frequency and heavy monsoonal downpours create high run off rate that carries 
away large volumes of soil to the tune of 6.15 million tons per annum from 167.33 km2 area of CSHs. 
This is alarming average rate of 367.5 t/ha/yr, i.e., 2.45 cm/yr of top soil that leads to a voluminous 
depletion of once organically rich soils of high energy environment. It may be pointed out that high 
energy environment is defined as an area possessing high relief where erosion processes, natural or 
man-made, are rapid. In other words, these processes are influenced by combination of elevation, 
slope angle and gravity (Ives, 1981).  



                                                                                                                             ENVIS Centre, GBPIHED 54 

 

Figure 2. Chandigarh Siwalik Hills: Soil Loss – 1989 (adopted from Mehta & Singh, 1995). 
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Figure 3. Illustrates highly dissected hill topography and some of the geomorphological features 

resultant to heavy erosion in CSHs (based on IRS 1A LISS-2, February 1, 1989). 

 
Figure 4. Depicts ‘badland’ topography of CSHs. Rills and gulleys are a common 

feature. In the foreground is a cultivable field on choe-terrace. 

 
Figure 5. Shows scrap hill faces of eroded hills as well as a gulley in the formation on left side. In 

the foreground is dense with wild vegetation and few cultivable fields on choe terraces. 
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In such a situation that frequently prevails in CSHs (Figures 3-5), there is very little 
infiltration of rain water. Minimum erosion intensity is observable mainly in piedmont and alluvial 
plain SW of CSHs and some pockets of choe valley lowlands. This is due to minimum slope gradient 
in these landscapes.  
 

CORRELATIVE DEGRADATIVE FACTORS GOVERNING SOIL EROS ION IN CSHs  

 Following correlative factors determine the rate and extent of soil erosion in CSHs:  

1. Erosivity (Rainfall): Potential of rainfall to cause erosion depends upon its direction, intensity, 
duration and amount. The annual amount of rainfall is distributed nearly uniformly over the entire 
Chandigarh Siwaliks. Total yearly rainfall (average 39.76 inch./101.00 cm) is not of much 
significance in accelerating soil erosion. In CSHs the rainfall is mainly caused by southern winds 
which strike against southern dip hill slopes with vigour while rain bearing winds are more parallel 
(rather than against as in case of southern hill slopes) to the northern slopes thus there is reduction in 
the splash force of rain drops and the resultant soil erosion. High variability of soil loss types 
shrouding southern slopes is not noticed on the northern slopes due to difference in topography and 
vegetal cover. This means thicker vegetal cover on northern slopes reduces the force of rain drops.  

 It is notable that on southern slope with little or no vegetation, kinetic force of rain drops 
causes splash erosion that is further accelerated by a combination of slope angle and gravity. This 
results in sheet erosion/sheet wash, soil creep (Figures 4-6), landslides and landslips.  

2. Erodibility: Soil erodibility of various soil scapes of Chandigarh Siwaliks is highly variable, very 
high for alluvial plains, high for river terraces, moderate for piedmont plains and the least for hills and 
valleys (Saha et al., 1991). However, when the soil erodibility of these soilscapes is compared to soil 
loss in CSHs, it bears an inverse relationship with erosion intensity because the erosion is the highest 
in the hills and valleys, moderate in piedmont plains and the least in alluvial plains. This indicates that 
soil erosion is directly correlated with vegetal cover and slope gradient.  

3. Topography: There is high variability in the rates of soil loss on the slopes south of the divide in 
CSHs and also there is some difference in the erosion intensities on the northern and southern slopes. 
This is due to the following geomorphic characteristics of the highly dissected hills of Chandigarh 
Siwaliks:  

a) Convex-concave hill slopes north of divide are very steep (32º-45º), while the concave slopes 
facing south and southwest are moderately steep to very steep (15º-45º). The steepness of the 
north facing slopes with more rapid and complete precipitation run off depicts perfection of 
drainage. According to Morgan (vide Kukal et al., 1991) concave slopes favour flow 
converging towards the base of the slopes, resulting in gulley formation (Figures 4 and 5).  

b) Lesser erosion due to low run off is also shown through contrast in drainage texture and 
drainage density between north/northeast and south/southwest facing slopes. Mean values of 
five readings (Table 1) show that the north/ northeast slopes have drainage texture of 15.40 
per km2 and drainage density of 134 km per km2 while respective figures for south/southwest 
facing slopes are 21.30 per km2  and 178 km per km2, contrastingly high indeed.  

c) The ratio of northern-southern slope lengths is 1:8 resulting quantitatively in more soil loss 
from southern slopes because of higher run off over larger catchment areas.  

d) A south facing slope is insolated more or less at right angles and consequently intensified 
during spring creating desertic conditions while on the northern slopes opposite conditions 
prevail when insolation is at low angle and less heat contributes to moisture conservation.  
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e) The northern slopes of the Siwalik hills are primarily scarp slopes whereas south and 
southwest trending slopes are traversed by deep choe valleys producing a variety of landform 
features such as cuestas, serrated knife-edge ridges, spurs, hogback ridges, scarp ringed hills, 
amphitheatrical basins, choe terraces and are highly dissected with rills and gulleys (Singh, 
1990a).  

It is now well known that climatological and physiographic processes like rainfall (average), 
insolation, soil and topography are natural processes and remain constant for an area over a long time 
period. It is the vegetal cover that keeps on changing rapidly at short intervals due to biotic 
interference (anthropogenic pressures). Therefore, it is on this account that the rate of soil loss is 
highly dependent on vegetation (see Figures 4-8).  

4. Vegetal Cover:  

a) Spatio-Temporal Changes: Studies (Singh 1990b, 1990c, 1995, 2001) have established 
that one time luxuriant subtropical forests of the Siwalik Hills with ample strands of chirpine 
and sal, have been almost totally extirpated from the area. Due to excessive logging for 
timber, grazing and cultivation, the thick forests of these hills and the adjoining piedmont 
plain have yielded place to scattered low height trees with xerophytes predominating and 70-
80% of the area of CSHs supports highly degraded tropical dry deciduous scrub vegetation 
(Singh 1995, 2001). Consequently, large scale denudation, landslips and gulley formation 
(Figures 3-5, 7-8) and mass wasting of substratum (Figure 6) became a common feature and 
the ‘badland’ topography of CSHs became too apparent.  

 Changes in the nature and extent of forest cover during the years 1964-66, 1983, 1988 
and 1991 have been monitored in detail by Mehta & Singh (1995) and Singh (2001) and they 
pointed out that:  

i. Area under forests in CSHs declined between the years 1966 and 1986.  

ii. Fortunately, the situation in CSHs improved during 1986-1988 with 16.30% increase 
in area under forests. As well as more than five fold increase was noticed in area 
under Dense Forests.  

iii.  During 1988-1991, CSHs showed further improvement as far as forests are 
concerned.  Area under forests increased by only 1.29%. Dense Forest* area 
increased by 2.81%, and Open Forest* and Non Forest area decreased by 3.5% and 
6.82%, respectively.  

iv. Although total forest area of CSHs decreased by 2.61% during 1986-1991, yet 
presently these hills support 92.43% forest area.  

                                                 
* According to the forest classification followed by Forest Survey of India Dense Forests have Crown Density of 
above 40% to 70%, Open Forests show Crown Density of 10-40%, Scrub Forests exhibit Crown Density below 
10%.  
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Figure 6. Showing mass-wasting of soil (soil creep) on clay-fine sand profile of the hill in CSHs. 

 
Figure 7. Shows heavy soil erosion on the steep slopes of hill faces, consequently this results into 

formation of rills and gulleys. In the foreground is the bed of Patiali Rao showing deposition 
of eroded soil.  

 
Figure 8. In the background are seen the hills with gentle to moderate slopes and different types of 

vegetation intensities on these hill faces. The result is varied degree of soil erosion. In the 
foreground is seen very steep scrap-faced hills and depositional choe-terraces which are used 
for cultivation.  
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Temporal change in the forest cover with respect to years 1966 and 1991 reveals a 
definite improvement in the quality of forest cover in the fact that Stable Forest constitutes 
45.94% of CSHs area and area under deforestation shows a definite decrease (32.94%) while 
area under afforestation/reforestation shows 161.36% increase in CSHs when compared to 
1966-1986 data. Unfortunately the Scrub Forest area showed a marked increase by 59.64% 
during 1988-1991. There has been a natural regeneration of forests over the last few years but 
the biotic interference, as at present, continues unabated. Thus natural regeneration is totally 
inadequate when viewed in the light of over all forest growth in the CSHs. It may be pointed 
out that the forests of CSHs are still to stabilize and reach a stage of yielding sizeable amounts 
of biomass. Only then, soil erosion in CSHs will achieve the minimal level. It goes without 
saying that due to adverse changes in forest cover in CSHs there has not only been the loss of 
rich biodiversity but also the loss of fertile top soil has been gigantic.  

b) Quality of Vegetation: It is simply clear that in CSHs, in the areas of highest erosion 
intensity (Figure 2), the dominant vegetation is herbaceous in character, being composed of 
grasses and herbaceous elements together with crown density of stunted trees below 10%. 
Grasses are dominant with Eulaliopsis binnata (bhabar) being quite frequent. The areas of 
moderate erosion intensity are characterized by scrub vegetation with stunted trees and the 
recent monoculture afforestion plantations of Eucalyptus.  

It is the grazing pressure and Eucalyptus plant-water demand aided by semi-arid 
conditions that accelerate erosion of loose clayey-sandy soils in CSHs. Low soil erosion 
intensity is observable in areas supporting mixed dense forests with khair (Acacia catechu) 
showing crown density above 40%. Here, it is the dense crown cover with thick under growth 
and abundant leaf litter that affords maximum canopy interception against ground 
evaporation, rain splash (multi storey canopy impedes the force of rain drops) and soil 
compaction caused by increase in soil density through decrease in pore space. Soil 
compaction is also caused by trampling by hooves of animals and dragging of logs during 
forest fellings.  

 Good vegetal cover ensures higher infiltration rates, increase in soil moisture 
retentive capacity and thereby simultaneous reduction in soil displacement and surface water 
flow yields. All these lead to minimizing soil loss.  

 Infiltration gets altered with vegetation cover and the change in subsurface flow can 
modulate surface flows that cause much soil erosion (Barrow, 1991). However, where rainfall 
is of long duration and intensive as in the case of CSHs during monsoon period, saturation 
may occur and the run off retarding effect of forest may decrease (Rieger, 1981).  

5. Land Management: Crop cultivation often with traditional ploughing and irrigation by diverting 
water from streams is practiced mainly in hill terraced fields or on small river terraces (Singh, 2001). 
On larger river terraces and choe valley lowlands cultivation with traditional wells or tube-wells is 
done with application of fertilizers, and even use of tractors to increase food production. Intensive 
cultivation promotes higher rate of soil erosion from river valley high or low terraces. Inhabitations 
are mainly located on the valley low lands where human activity accelerates soil erosion (Figure 8).  

 To control soil erosion and to store water for irrigation, few check dams (earthen or stony) 
have been constructed in CSHs during the last two decades or so. These are located mainly in and 
around valleys at few selected sites of small and deep gulleys for making water available for crop 
irrigation in lean periods. These small dams, however, play only a very minor role in soil conservation 
because (i) water easily changes its course to form new rills and gulleys owing to high soil erodibility 
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and fragile geology of the hills; (ii) with high rate of sedimentation the check dams soon spill over; 
and (iii) they cover an area, which is only negligible proportion of the entire eroded area. Thus, it is 
seen that in distribution of soil loss categories in the CSHs at particular time, land management has a 
considerable role to play.  

6. Socio-Economic Conditions: With rapid growth of Chandigarh Conurbation, there has been 
extensive deforestation in the CSHs in 1960s, 1970s and 1980s and in deforested hills the construction 
of roads deviated water run-off leading to more frequent landslides and activation of gulley erosion.  

 The local population of CSHs is confined to pockets of non-forested lands and is very poor 
because their land holdings are small. Non farming village population consists of labourers working in 
and around Chandigarh or those who keep animals for milk supply to the urban people. Usually, the 
cattle population is very high. There is frequent grazing by animals on the government forest lands. 
The CSHs forests are also under great pressure for day to day fuel and fodder supplies. Because of 
frequent failure of crops in the CSHs the farmers shift to animal husbandry. Small farmers keep cows, 
goats and sheep in large numbers. These are professional graziers commonly called the Gujjars.  

 All these activities contribute to continuous deterioration of forest land productivity. 
Loosening of soil through repeated or continuous grazing and upland destruction of vegetation leads 
to accelerated soil erosion.  

 Due to shortage of firewood in CSHs the cattle dung is dried for fuel. This deprives the soil of 
valuable manure thus affecting productivity. In addition, cyclic cultivation of wheat and paddy in 
choe valleys reduces the availability of wild fodder for cattle and thus their dependence on forest 
lands.  

 With heavy anthropogenic pressures, there is over all reduction in number of forest species, 
introduction of exotic species and continuous denudation leading to simplification of the structure of 
CSHs ecosystem. This has led to low yield of forest biomass affecting economy of hill people. Above 
all, Siwalik Hill slopes have become highly vulnerable to erosion resulting in loss in biomass 
productivity.  

7. Sedimentation: Studies undertaken in an experimental watershed near Chandigarh have 
demonstrated that burning of forests, felling of trees and overgrazing increased the peak discharge of 
run off by 69%, 34% and 32%, respectively, (Singh, 1981). However, there is local variation in run 
off, which is dependent upon the (i) nature of soil (porosity and solubility), (ii) development and type 
of vegetation (infiltration capacity), (iii) degree of surface slope and (iv) local climatic conditions. On 
an average 50% of the total rain in the Siwaliks ends in run off (Misra et al., 1978). The total rain in 
CSHs amounts to 35,255 ha m. (32,050 ha x 1.1 m annual rainfall), which is indicative of the fact that 
17,627.50 ha.m of water from these hills goes unutilized downstream carrying huge amounts of silt 
along with it. Due to higher run off, the accelerated pace of erosion in the catchment areas of seasonal 
streams (choes) indicates higher rate of sedimentation in the water reservoirs (e.g. Sukhna Lake in 
Chandigarh).  

The Streams of CSHs: Longitudinal profiles of five selected streams, namely Manakpur Choe, Sugh 
Rao, Jaintia Devi Ki Rao, Budhki and Siswan Nadis of the hill-foot plains were analysed by Singh 
(1994), which provides a generic view of the stream profiles of the bhabar tract. These streams 
present similarities in the fact that their bed profiles are generally planar or to some degree plano-
convex curves. The streams of the piedmont plain adjoining CSHs are the ephemeral streams of semi-
arid region where the volume of water decreases dowstream because of percolation and spread beyond 
stream margins or even evaporates to some extent. Silt deposition occurs when the volume of water in 
the streams decreases and whatever water flows cannot transport the load, giving planer or convex 
profile of the stream beds.  
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 It is significant to point out that seasonal streams exhibit high amount of water turbidity since 
the flow carries high volumes of eroded soil from CSHs. As an example Ghaggar demarcating the 
NHE of CSHs on eastern side, during rains carries in its waters from 2,500 – 5,000 ppm of sand, silt 
and clay as found out by the analysis of 200 samples of flowing water taken at different times during 
rainy season near Panchkula. Also, due to the rise in the stream beds of the piedmont and plain areas 
consequential to deposition of silt brought down from the Siwaliks over the centuries, flooding during 
rainy season is a normal feature year after year. Such inundation of agricultural lands along the 
margins of streams is beneficial to agriculture because as a result of minor floods there is deposition 
of fertile alluvium in the fields which makes them more productive. Also, moisture content of the soil 
is increased and in the non irrigated areas the prospects of raising good winter (rabi) crops become 
brighter.  

 Finally, human activity in the drainage basin of the seasonal streams of CSHs often 
aggravates floods due to obstruction in the free flow of water. Excessive logging in the catchment 
areas of the CSHs streams leads not only to increased soil erosion but also to increased water run off 
bringing in turn flash floods in the choe valley lowlands and the flood plains of Punjab. Since 1966, 
two major floods in 1988 and 1993, have been experienced in ISCR (Singh, 2000).  
 
DISCUSSION 

 In the preceding account the phenomenon of soil erosion in the NHE of CSHs in relation to its 
correlative degradative factors, has been assessed. Consequential to marked changes in the vegetal 
cover, there is quick run off and soil loss. Kayastha (1992) showed that as compared to grass land and 
forest land there is heavy run off and loss of soil from bareland.  

 The important factor as related to soil erosion in CSHs is the presence or absence and the 
quality of vegetal cover. This fact has amply been brought out in the earlier studies of Singh et al., 
(1984) for central Himalaya, Endlicher (1990) for central Chile, Aniya (1985) for Amahata river basin 
in Japan while Kukal et al., (1991), Kukal and Sur (1992) and Mehta and Singh (1995) concentrated 
their analysis on the Siwalik Hills in NW India. According to Thornes (1985) the vegetation provides 
an increase (i) in shade, in infiltration and hence soil moisture, and (ii) in nutrients from break down 
of litter as well as both the average height of the surface cover and its total mass increase 
exponentially. He emphasized that the ground litter and soil organic content increase more or less in 
parallel with biomass and are of greater interest because of their relation to soil erosion. Aniya (1985) 
suggested that slope gradient, aspect, slope plain-form, break of slope, elevation and vegetation are 
the most critical slide characteristics. Singh et al. (1984) pointed out that the dwindling forests in the 
central Himalayan region led to the once productive land surface becoming barren. Similar factors are 
operative in CSHs due to the growth of Chandigarh Conurbation in their close vicinity.  

 Discussing the ecological cause of landscape degradation in Central Chile, Endlicher (1990) 
pointed out that petrographic (rock)-pedological (soil), climatic, biogeographical aspects, and man’s 
interference are the triggering factors. In CSHs also anthropogenic factors have dominant role in 
accelerating the situation with regard to landslips/ landslides. Endlicher noted that in the absence of 
vegetation cover, the splashing of rain on the slopes with little vegetation causes downsplash and 
widespread shortening of the soil profiles and in addition, when the run off courses join, this causes 
linear dissection of the slopes and the regression of gulley heads. This is what is actually happening in 
CSHs on south and southwest hill faces.  

 The landscapes of the study area of CSHs is badly degraded as one proceeds westwards from 
Chandigarh to Ropar-Anandpur Sahib and Bhakra-Nangal dams. Sheet, rill and gulley erosion is the 
common feature of these hills. Kukal and Sur (1992) also reported similar soil erosion hazards of 
agricultural, pasture and forest lands over 236 ha of mixed watershed in the foot hills of lower 
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Siwaliks. Earlier, Kukal et al., (1991) analyzing various features of soil erosion concluded that in 
submontane Punjab depending upon the area location (i) high soil erodibility, slope steepness, slope 
length, convexo-concave, and concave slope patterns and sparse vegetation are the dominant factors 
governing erosion hazard, (ii) rill erosion is positively correlated with slope steepness whereas 
erodibility of the soil is strongly correlated with amount of silt and sand, (iii) in area with steeper 
slopes the lower segments were prone to more erosion because of high erodibility, and (iv) the slopes 
facing south-west are more prone to erosion than others because of more solar energy, less vegetation, 
and concave slope. Writer’s observations and the results for the sample area in CSHs as assessed on 
the basis of remote sensing photographs, clearly fall in line with the above results of Kukal et al. 
(1991).  

 Presently, the problem of soil erosion and sedimentation in CSHs streams is posing a 
challenge to the foresters and planners in Chandigarh as is clear from the fact that the rate of erosion 
in the catchment areas of the Himalayan rivers at present times, is five times higher than that of past 
40 million years of geologic times (Menard, 1963). The presently calculated loss of about 2.45 cm of 
top soil per year from catchment areas of CSHs streams is at a very severe rate when 0.1-0.2 cm per 
year loss is taken as “acceptable” according to Kirkby & Morgan (vide Barrow, 1991).  

 Our earlier studies (Mehta and Singh, 1995) clearly indicated that water induced soil erosion 
in the NHE of CSHs has contributed to the problem of land degradation leading to induction of 
changes in the ecosystem which have introduced or accelerated disorders in the availability of water, 
intensification of rate of soil erosion and transformation of dense forests into scrub forests as aided by 
anthropogenic pressures. Thornes (1985) had expressed that soil erosion studies reveal a serious lack 
of understanding of the relationship between processes, sediment yields and erosional landforms on 
one hand and vegetation cover on the other hand. There is a competition between erosion and 
vegetation growth through time and spatiality. The vegetation provides an increase in shade, in 
infiltration and hence in soil moisture and the nutrients from break down of leaf litter. Both the 
average height of the surface cover and its total mass increase exponentially while ground litter and 
soil organic content increase more or less parallel with biomass and are of greatest interest because of 
their relation to soil erosion (Thornes, 1985). As early as 1921, Bluntschi had observed that the forest 
and water act intrinsically together, depend on each other and are mutual expressions of one another 
(vide Sioli, 1985). Good percolation capacity of the soil under high forest cover reduces surface run 
off to practically zero and the dense canopies of high forests inhibit surface erosion (Sioli, 1985).  

 According to Jones (1993) the climate change (in CSHs occurring due to deforestation-mine) 
almost certainly has an impact on slope stability but also important and variable are (i) the important 
and variable role of human activity in generating instability, (ii) wide variety of factors that combine 
to influence slope stability over time and space, and (iii) extremely varied nature of slope instability 
itself which is often concealed by the use of simple umbrella term ‘landslide’. In the same year 
Boardman and Favis Mortick (1993) noted that recent increase in soil erosion in Britain is the result of 
continued intensification of farming and major land-use change. They also pointed out that 
introduction of erosion susceptible crops such as maize will increase erosion rates. These observations 
are in consonance with conditions in the NHE of CSHs where there is intensification of farming and 
major land use changes. Further, animal grazings greatly damage the vegetation. More so, the goats 
are prolific breeders, if confined to a locality then they might damage vegetation beyond growth 
capability (Joss et al. vide Barrow, 1991). The limited vegetal cover in CSHs is extremely 
overburdened.  

 In summation, it may be pointed that in CSHs the most important factor associated with soil 
erosion is the forest cover. The flow-diagram as depicted in figure 9 shows as to how the changes in 
vegetal cover due to biotic interference control the natural factors in the long run when some of their 
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properties get altered in short span of time due to anthropogenic pressures. In the NW Siwaliks soil 
erosion is aided by land use changes, intensification of agriculture and the cropping patterns which 
over the years have undergone a sea-change, in the CSHs in particular and Punjab Siwalik Hills in 
general. In the study area the pattern of agriculture is so similar to the adjoining Punjab plain area that 
the sustainable hill agriculture is a story of past. Because of agricultural activity taking place all the 
year round, there is frequent destabilization of the soil in the agricultural fields. All these activities/ 
factors lead to setting in motion of soil erosion processes even with low intensity rains, what to talk of 
heavy rains.  

 
Figure 9. Flow diagram depicting interaction of various degradational factors operative in CSHs 

(adopted from Mehta and Singh, 1995). 
 
CONCLUSIONS 

 Soil erosion is a serious problem in the NW Siwalik areas which are mostly untreated against 
erosion. On an average 50% of the total rain ends in run off (Misra et al., 1978). Various studies 
(Singh et al.,1990) have indicated that the NW Siwaliks of Punjab experience a severe soil erosion 
with the accepted average soil loss value of 80 t/ha/yr which is a very high figure though some ranges 
are vegetated too. Presently, clayey, sandy, gravelly soils of CSHs with sparse vegetation are the 
major factors for high rate of evaporation. These are aided by poor retentivity of soil moisture and 
correspondingly high run off of water in these hills. Water run off, infiltration capacity, soil 
displacement and moisture retentivity playing a key role in soil loss, have been found to be highly 
dependent on vegetal cover and leaf litter in CSHs. It is notable that the soil particles are given best 
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protection by the vegetation. All these changes have been brought about in the CSHs and the 
adjoining Punjab plain due to biotic interference and the changed pattern of land use taking place 
during the last 40-50 years.  

 Based on findings of different authors and years experience of field work in the CSHs of the 
author of this article, following suggestions may be useful in restoring the ecological balance of the 
low hill ecosystem around Chandigarh and in the adjoining Punjab-Haryana region:  

1. The simplest is putting in massive efforts for afforestion with wild native species, in particular 
Acacia catechu (katha), Shorea robusta (sal) and Pinus roxburghii (chil) with emphasis on 
agroforestry models in the Choe valleys without disturbing the way of life of hill native 
people. All forestry plans should supplement their income. Thin plantations of broad leaved 
forests of native species should allow animal grazing following silvi-pastoral models.  

2. Selective raising and up-keeping of domestic animals should be introduced in each agro-
pastoral ecosystem of inhabitation. Raising of too many goats must be stopped. Animal 
husbandry should not create any burden on the forest ecosystem.  

3. Building of large water reservoirs need to be adopted for the collection of run off water in 
catchment areas with emphasis on the preventive measures for minimizing their siltation. This 
water should be used for non rainy season irrigation of croplands.  

4. Excessive rainfall water should also be stored by inhabitants of the hilly agro-pastoral systems 
for their needs.  

5. On hill slopes where soil erosion is intense even field terracing will not be a practical 
solution. Here restricted cultivation following the hole drilling method as in case of Jhooming 
cultivation (by migratory tribal population of India) need to be adopted for the retension of 
mulch cover. Once over flow-water is checked by earthening of cultivated area boundaries, 
accumulation of humus will restore the soil fertility.  

6. In upcoming forest land, strip cuttings for fuel wood should be adopted with the co-operation 
of the village people whose entire sustenance is on the hill resources. Thus created self 
sustainable inhabitations will not be a burden on the forest ecosystem.  

Even the small scale soil reclamation and afforestation efforts in the CSHs will create the 
woodlands which will reduce subtropical isolation because of shade. The vegetations thus created will 
slow down the drying up processes in the low hills resulting in extension of vegetative period. 
Obviously, during rainy season, the impact of heavy rains will be reduced by up coming vegetation 
cover leading to gradual reduction in the rate of soil erosion in contrast to what is experienced 
presently. Once the forests of NW Siwaliks in general and CSHs in particular are restored to their 
pristine glory on the principals of sustainable development, soil erosion and the related factors of 
stream sedimentation and floods in the piedmont and plain areas will be a story of the past within next 
10-15 years.  
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the Indian Eastern Himalayas-a global biodiversity hot spot. The reserve supports rich floral and faunal 
species diversity. The virgin forest cover of this nature reserve has been considerably reduced, degraded 
and fragmented by clear-felling for human settlements, shifting agriculture and massive extraction of 
non-timber forest products (NTFPs), particularly Zalacca secunda, an endemic stemless rattan palm. 
There are 12 villages with a population of 4191 in the northwestern periphery and 13 villages with a 
population of 5147 in the southeastern periphery of the park. The core zone of the park has two major 
Lisu local settlements with a total of 43 households. The local people totally depend on the nature 
reserve for their livelihood. This article focuses on the human generated threats (due to immigration 
pressure and its consequences manifesting as clear-felling for settlements and agriculture, over 
harvesting of NTFPs, hunting and poaching of rare and endangered fauna, uncontrolled fishing in the 
river, etc.) to biological diversity in the nature reserve. For better management of Namdapha nature 
reserve, approaches like formation of biodiversity management committees in the fringe villages, 
creation of a buffer zone in the southeastern boundary of the park, resettlement of encroached 
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communities in the core zone, provision of alternative conservation options (substitutes for roofing and 
fuel wood) and development of more field staff for better patrolling are recommended. 
 
Arunkumar, M.C.  2005. The three questions: Tests of conformity (A study on Meitei Political 
Culture) . Anthropologist, 7(2): 85-93. Department of Anthropology, Manipur University, Imphal, India. 
[COLONIALISM; MANIPURI IDENTITY; NATION-BUILDING; P OLITICAL STATUS OF 
MANIPUR; MERGER ISSUE] 
 The political culture of Manipur is at a crossroad. Two opposite poles of conformists and 
deviants are operating in the culture. Because of these poles, the people are divided over various issues. 
The present paper examines the political stands of the Meiteis to three major issues: Merger of Manipur 
into India, Political status of Manipur, and Identity Issues. The Meitei is the dominant group in Manipur. 
The inconsistency of the people in their views and stand over the issues is obviously observed. This 
inconsistency is mainly due to the incomplete socialization of the people and it is the indication of the 
failure of the two poles. 
 
Bhan, Nirojini Bhat; Mahajan, Payal and Bhadwal, Bandana 2004. A comparative study of 
breast-feeding practices among Kashmiri Pandits and Dogras. Anthropologist, 6(4): 261-263. P.G. 
Department of Home Science, University of Jammu, Jammu 180 006, Jammu & Kashmir, India. 
[BREASTFEEDING; COLOSTRUM; PRE LACTEAL FEEDS; TOP FEEDING]  
 The present study was undertaken to investigate the breast feeding practices prevalent among 
Kashmiri Pandits and Dogra communities. The sample of the study consisted of 100 infants in the age 
group of 0-18 months, 50 infants from each community. Snowball sampling technique was used to 
select the sample. Interview schedule and observation method was used to collect the data. Results 
revealed that the incidence of breast-feeding was 100% in both the communities. Nursing was started on 
an average on the first day itself, after feeding the infants with pre-lacteal feeds. Plain boiled water in 
Kashmiri Pandits and honey in Dogras were prevalent as prelacteal feeds. Although breast-feeding was 
started on the first day, 90% mothers of both the communities discarded the initial milk (colostrums) as 
harmful and impure, so only a part of it was fed to the infants. Breast milk was supplemented with top 
milk (commonly, diluted cow's), by first or second day after birth, so mixed feeding pattern was 
common in both the communities. Mothers preferred “on demand” pattern for breast-feed and “on 
schedule” for top milk. So it is concluded that infant-feeding practices among the said communities are 
similar to some extent with variations in the pattern of feeding. 
 
Bisati, Shafia Nazir and Bhan, Nirojini Bhat 2005. Anthropometric measurements of Kashmiri 
Pandit Infants. Anthropologist, 7(2): 149-151. Institute of Home Science, University of Kashmir, 
Srinagar, Jammu and Kashmir, India; Department of Home Science, University of Jammu, Jammu 
Tawi, Jammu and Kashmir, India. [ANTHROPOMETRY; INFANT; MIGRANTS; VARIATION]  
 The present study was conducted to analyse anthropometric measurements of 75 Kashmiri 
Pandit infants between the ages of 0-18 months residing in migrant camps in Jammu, Jammu and 
Kashmir. Snowball sampling technique was used to select the sample. The anthropometric 
measurements viz, Length, Weight, Head circumference, Chest circumference and Mid arm 
circumference were recorded using standard techniques and compared with the ICMR standard. The 
anthropometric measurement i.e., Height, Weight and Mid arm circumference was higher where as 
Chest and Head circumference was similar to ICMR standard in case of girls but for boys all 
measurements were less then ICMR standard. Girls were both heavier and taller except in the age groups 
of 12-18 months. The high degree coefficient of correlation was found between height and weight in all 
age group except for 3-6 and 12-15 months of age groups where a low degree correlation was found. In 
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case of Head and Chest circumference a low degree correlation was found in all age groups except for 6-
9 months of age where a high degree positive correlation was found. 
 
Bisht, N.S.; Gera, Mohit; Sultan, Zafar and Gusain, M.S. 2005. Status of collection, cultivation 
and marketing of medicinal and aromatic plants in Pithoragarh, Uttaranchal . The Indian Forester, 
131(3): 346-357. Resource Survey and Management Division, Forest Research Institute, Dehradun, 
Uttaranchal, India. [AROMATIC PLANTS; CULTIVATION; MEDICINAL PLANT; 
UTTARANCHAL]  
 The status of collection, cultivation and marketing of medicinal and aromatic plants was studied 
in Pithoragarh District of Uttaranchal. The primary information was collected as per structured 
questionnaires from collectors/cultivators belonging to twelve villages spread over two blocks namely 
Munsiyari and Didihat. The important species being collected were observed to be Jhula, Reetha and 
Tejpat. The cultivators seem to be growing greater quantities of Atees, Gudhvach, Indrayan, jambo, 
Jatamansi, Kalajeera, Kutki, Pashanbhed, Reetha, Sameva and Tejpat. The most favoured market 
channel was observed to be producer Middlemen Trader Consumer which was being adopted by 50% 
collectors and 90% cultivators. The producer's share in consumer's rupee in case of collection varied 
between 45-76.47% for different species with an average of 56.22%. Similarly the producer's share in 
consumer's rupee for cultivated species varied between 32.67-89% with an average of 60.88%. The 
paper also discusses the recent changes introduced by Uttaranchal Govt. in marketing of these medicinal 
and aromatic plant species. 
 
Buhroo, A.A.; Chishti, M.Z. and Masoodi, M.Amin1 2004. Studies on the population dynamics of 
shot-hole borer Scolytus nitidus schedl (Coleoptera : Scolytidae). The Indian Forester, 130(12): 
1451-1458. Postgraduate Department of Zoology, University of Kashmir, Srinagar, Jammu & Kashmir; 
1S.K. University of Agricultural Sciences & Technology of Kashmir, Shalimar, Srinagar, J&K. [FRUIT 
TREE; POPULATION DYNAMICS; SEASONAL POPULATION] 
 Studies on the seasonal population trends of Scolytus nitidus on apple trees indicated adult 
emergence from middle of April to middle of October with two marked peaks of swarming in April-
May and in July. The adults generally appeared on wing during the day time. The emergence was 
maximum in the second fortnight of July. There was also a third partial generation but the third time 
swarming was not clearly demarcated in nature mainly due to the fact that all the individuals of second 
brood could not complete their development and the second swarming beetles emerged for a prolonged 
period overlapping with the third time emergence. The emergence period for one brood lasted for 87 
days. The peaks of beetle populations were found to be correlated with higher temperatures. The 
emergence started at a monthly maximum mean temperature of 22.5oC and minimum mean temperature 
of 8.3oC around the middle of April. 
 
Butola, Jitendra S. and Badola, Hemant K. 2004. Effect of pre-sowing treatment on seed 
germination and seedling vigour in Angelica glauca, a threatened medicinal herb. Current Science, 
87(6): 796-799. G.B. Pant Institute of Himalayan Environment and Development, Himachal Unit, 
Mohal-Kullu 175 126, India. [GERMINATION; MEDICINAL HERB; SEEDLING]  
 Angelica glauca (Apiaceae), endemic to the Himalayas, is an endangered medicinal plant for 
which ex situ cultivation has been recommended as a conservation strategy. However, seeds of this 
species show poor germination. Among the 14 pre-sowing treatments, KNO3 (150 mM) and NaHCIO3 
(30 min) significantly stimulated seed germination and reduced mean germination time under both 
laboratory and nursery trials, as well as developed seedling vigour under nursery conditions. 
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Chandola, S. 2005. Some rare and imperfectly known medicinal plant species of Uttaranchal. The 
Indian Forester, 131(3): 341-345. Chief Wildlife Warden, Uttaranchal, Dehradun. [CONSERVATION; 
MEDICINAL PLANT; RARE SPECIES; UTTARANCHAL]  
 Valuable species have been removed for so long and so intensively from the wild that they have 
come to the brink of extinction. The market forces, however have been so strong that substitutes have 
emerged to satisfy the demand, and over time the substitute has assumed the importance of the original 
drug. The present paper deals with correct identity of Akarkara (Anacyclas pyrethrum), Chirayta 
(Swertia chirata), Kuth (Saussurea costus), Salam Mishri (Eulophia dabia). Gentiana kurroo has been 
rediscovered after a lapse of 50 years. It is time now to educate ourselves and to adopt the latest benefits 
of modern science to retrieve the true herbs species from final annihilation. Serious Species Recovery 
Programmes need to be initiated for the highly threatened plants. 
 
Dolui, A.K.; Sharma, H.K.  1; Marein, Theresia Breen and Lalhriatpuii, Tc 2004. Folk herbal 
remedies from Meghalaya. Indian Journal of Traditional Knowledge, 3(4): 358-364. Department of 
Pharmaceutical Sciences, Post Box No. 59, Dibrugarh University, Dibrugarh, 786 002, Assam; 1Institute 
of Pharmacy, Assam Medical College, Dibrugarh, 786 002, Assam. [ETHNOMEDICINE; FOLK 
HERBAL REMEDIES; MEGHALAYA; TRADITIONAL MEDICINE]  
 Traditional methods of treatment using plants and animals are predominant in rural societies of 
Meghalaya, a north-eastern state of India. As a result of an ethno botanical survey conducted during 
1999-2002, information on 46 such plant species belonging to 44 genera and 34 families are presented. 
 
Ghildiyal, S.K. and Sharma, C.M. 2005. Effect of seed size and temperature treatments on 
germination of various seed sources of Pinus wallichiana and Pinus roxburghii from Garhwal 
Himalaya. The Indian Forester, 131(1): 56-65. Department of Forestry, HNB Garhwal University, 
Srinagar, Uttaranchal. [ENVIRONMENTAL CONDITION; GARHWAL HIMALAYA; SEED 
GERMINATION] 
 The present study was undertaken to find out the effect of Hydrogen peroxide on germination of 
various provenances of Pinus wallichiana and Pinus roxburghii, which has a significant affect on rate 
and average germination percentage. It has been observed that H2O2 treatment has reduced the 
germination period of these species appreciably down to 8 days and 10 days respectively. Therefore, 
seeds of these commercially important tree species should be pre-treated particularly with H2O2 1% v/v 
for 24 hours to obtain optimum germination. The large sized seeds in Pinus wallichiana (mean 
germination percentage, 54.66%) and medium sized seeds in Pinus roxburghii (mean germination 
percentage, 93.33%) have been recorded favourable for getting increased seed germination under 
laboratory conditions. 
 
Ghosh, P. and Dhyani, P.P. 2004. Temporal changes in soil microbial biomass and N-
mineralization in sole versus intercropped paddy and foxtail millet . International Journal of 
Ecology and Environmental Sciences, 30(3): 229-239. G.B. Pant Institute of Himalayan Environment 
and Development, Kosi-Katarmal, Almora 263 643, Uttaranchal, India. [FOXTAIL MILLET; 
INTERCROPPING; MICROBIAL BIOMASS; MINERAL-N; N-MINERALIZATION; PADDY; 
SOLE CROP]  
 Soil microbial biomass and N-transformation rates as well as their temporal variation across the 
cropping period were compared between sole and mixed cropping of paddy and foxtail millet. The 
experiment was laid out in a completely randomized block design with paddy sole crop (SC), foxtail 
millet SC and paddy-foxtail millet intercrops (IC) as treatments with three replicates. Paddy and foxtail 
millet seeds were sown in the ratio of 4:2, 3:3 and 2:4 in a substitutive design. Farmyard manure (FYM) 
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was applied at a rate of 1000 kg ha-1. Soil microbial biomass C, N, rates of N-mineralization and 
mineral-N in soil was measured at regular intervals during the cropping period. Other major soil 
parameters were also quantified along with plant growth parameters and Land Equivalent Ratio (LER). 
Results indicated significant differences in soil moisture, mineral-N content, rate of N-mineralization 
and microbial biomass N due to cropping pattern. There was significant temporal effect on soil moisture, 
mineral-N content, rate of N-mineralization, nitrification, Microbial biomass C, N and organic C. Rate 
of N-mineralization and nitrification was highest while mineral-N content was lowest in plots with 
intercropped ratio of 3:3 indicating efficient uptake of nutrients. The microbial biomass in soil declined 
during vigorous crop growth across all the treatments indicating N immobilized in microbes is an 
important source of N during the growth period. The nitrogen transformation rates were higher in the IC 
plots in comparison to SC plots. This was probably due to favourable interactions of the root systems. 
Plots planted to IC ratio of 3:3 showed 58% higher efficiency followed by 4:2 (56%) and 2:4 with 47% 
efficiency when compared to SC plots in terms of total dry matter production, indicating that spacing of 
crop species is important. The optimum spacing regime for the present study was intercropping ratio of 
3:3 where the available land was used most effectively to produce greatest yield. Our study showed that 
intercropping of paddy and foxtail millet was beneficial in terms of microbial biomass dynamics, N- 
transformation rates and LER. 
 
Gupta, R.K.; Khan, M.S.; Bali, Kamlesh; Monobrullah, Md and Bhagat, R.M. 2004. Predatory 
bugs of Zygogramma bicolorata Pallister: An exotic beetle for biological suppression of Parthenium 
hysterophorus L. Current Science, 87(7): 1005-1010. Biocontrol Laboratory, Division of Entomology, 
SK University of Agricultural Sciences and Technology, Jammu 180 002, India. [NATURAL 
ECOSYSTEM; PREDATORY BUGS; PREDATORY POTENTIAL]  
 Success of any biocontrol agent in a natural system is determined by biotic and abiotic factors 
over a period of time. We undertook in-depth investigation on the natural enemies associated with 
Zygogramma bicolorata Pallister (Coleoptera: Chrysomelidae), and exotic beetle introduced in India for 
biological suppression of Parthenium hysterophorus L. and report its predation by three species of 
predatory bugs, namely Andrallus spinidens Fab., Cantheoconidea furcellata Wolf and Sycanus 
pyrrhomelas Walker. While the former two pentatomid bugs fed upon grubs exclusively, the latter 
reduviid predated upon both grubs and adults. The appearance of these bugs followed a definite 
succession pattern coinciding with the availability of host stage in field conditions. A single adult bug of 
A spinidens and C. furcellata consumed on an average of 23±1.3 and 21±1.4 grubs respectively, whereas 
the assassin bug, S. pyrrhomelas consumed 12±0.9 grubs or 7.6±0.4 adults of this beetle per day. Our 
findings suggest that the foreseen consequences regarding the unlimited outbreak of this exotic beetle in 
the absence of a host, if completely destroyed, may not hold true, since the native natural enemies have 
started adopting this exotic beetle as a prey host in the natural ecosystem. 
 
Gupta, Rajesh and Rastogi, R.A1. 2004. Development and evaluation of geomorphological 
instanteous unit hydrograph (GIUH) model. Indian J. Soil Cons.,, 32(3): 188-193. People's Science 
Institute, Dehradun, Uttaranchal, India; 1Emeritus Fellow, Dept. of SWCE, G.B. Pant University of 
Agriculture & Technology, Pantnagar, Uttaranchal, India. [ARKI WATERSHED; DRHs; GIUH 
MODEL; UNIT HYDROGRAPH (UH)]  
 The hydrological data of Arki watershed of Satluj river catchment collected from the Divisional 
Forest Office (Hydrology Investigation Division), Shimla, Himachal Pradesh were analysed to develop 
conceptual hydrologic model. The geomorphologic instantaneous unit hydrograph (GIUH) was 
developed by GIUH model. The direct runoff hydrographs (DRHs) were developed by convolving 
effective rainfall values with one hour unit hydrograph (1-hr UH) derived by GIUH moder for 
evaluating prediction performance of the model. The qualitative performance based on visual 
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observations and peak reproduction, etc. and quantitative performance based on certain statistical 
measures such as coefficient of efficiency, absolute relative error in predicted peak flow rates and 
relative squared error were evaluated in order to test the validity and assess the applicability of the 
model. The average values of coefficient of efficiency, absolute relative error in predicted peak flow 
rates and relative squared error were found to be 0.9515, 9.5185(%) and 0.0244 respectively. Thus the 
GIUH model can be used for simulating the DRHs for Arki watershed. 
 
Gupta, Vikram and Bist, K.S. 2004. The 23 September 2003 Varunavat Parvat landslide in 
Uttarkashi township, Uttaranchal. Current Science, 87(11): 1600-1605. Wadia Institute of Himalayan 
Geology, 33, General Mahadeo Singh Road, Dehradun 248 001, Uttaranchal, India. [CRYSTALLINES; 
LANDSLIDE; LESSER HIMALAYA SEDIMENT; VARUNAVAT PARVAT] 
 Uttarkashi township, located on the right bank of the Bhaghirathi river, is known to have had a 
history of natural disasters, including the mass movement activities. A disastrous landslide in the area on 
the slopes of the Varunavat Parvat struck late in the night on 23 September 2003, immediately after the 
rainy season. The Varunavat landslide has been classified as a classical example of debris slide (debris 
slide in the crown portion, and rockfall and rockslide in the middle part). Both natural and human-
induced factors are responsible for this slide, however, the main triggering factor is the surface and 
groundwater. The present study lays the foundations for further work to link landslide activity to rainfall 
intensity duration trends so that stochastic relationships may by developed to assess high-risk areas 
around the slide zone. 
 
Joshi, B.K. 2004. Soil, water and nutrient conservation in deferent landuse system in mid hill of 
Indian Central Himalaya - A case study from Bhetagad Watershed. Journal of soil and Water 
Conservation, 3(3&4): 113-122. G.B. Pant Institute of Himalayan Environment and Development, Kosi-
Katarmal, Almora 263 643, Uttaranchal, India. [EROSION; LAND-USE; PRACTICES; WATERSHED 
AND CONSERVATION VALUES] 
 The paper describes the effect of rains on vegetal cover, different traditional practices and soil 
properties in the dry and monsoon period. Seven landuse systems i.e. open pine forests, tea plantation, 
rainfed agriculture, degraded land, grassland, recently restored site and a bare land were identified in the 
Bhetagad watershed of Central Himalaya (India). The study, conducted during 1st October 2001-30th 
September 2002, involved establishment of 20x5 = 100 m2 plots, which were located in the slope range 
between 14o-28o. Study revealed that the bare plot among all other land use system has produced 
maximum surface runoff of 68.18 mm and 85.95 mm and loss of 9.982 t/ha and 10.978 t/ha, during dry 
and monsoon period respectively. Also for the corresponding periods nutrient concentration was highest; 
O.M. (426.30 kg/ha and 510.80 kg/ha), total N (157.10 kg/ha and 171.40 kg/ha), total P (34.12 kg/ha 
and 39.52 kg/ha) and total K (34.12 kg/ha and 36.12 kg/ha) for the bare land, which was followed by 
open pine forest. The rainfed agriculture, terrace bonding, mature tea plantation and restored sites 
minimized the water, soil and nutrient losses and enhanced the importance of appropriate measures of 
the parameters, which retard the erosion process. 
 
Joshi, H.C. and Samant, S.S. 2004. Assessment of forest vegetation and conservation priorities of 
communities in part of Nanda Devi Biosphere Reserve, West Himalaya. Part I. International 
Journal of Sustainable Development and World Ecology, 11(3): 326-336. G.B. Pant Institute of 
Himalayan Environment and Development, Himachal Unit, Mohal-Kullu, Himachal Pradesh, India. 
[CONSERVATION VALUE; ENDEMISM; NATIVE SPECIES; PRIORITIZATION; STRUCTURE; 
COMPOSITION]  
 In most protected areas of the Indian Himalayan region site/habitat characteristics, community 
diversity and distribution patterns, vegetation composition (richness of native and endemic species), 
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structural patterns, economic importance of forest communities and community priorities have rarely 
been studied. Therefore, the present study has focused on these in the buffer zone of Nanda Devi 
Biosphere Reserve. Seventy-six woody species (tree: 24; shrubs: 52) and 13 forest communities have 
been recorded between 2300-3800m asl. Tree density ranged from 533-1220 ind ha-1, tree basal area 
from 14.68-80.28 m2ha-1 and shrub density from 1490-6695 ind ha-1. Mean density of trees was 
significantly lower in temperate forests in comparison to sub-alpine forests. Richness of trees ranged 
from 3-18 and shrubs from 5-29. Species diversity (H') of trees ranged from 0.45-2.08 and shrubs from 
0.90-3.14. In the temperature zone, species richness and altitude had significant positive correlations 
whereas in the sub-alpine zone the two variables were negatively correlated. The native species were 
high in the area (>65% species) and in communities (>70% species), and was highest for the Picea 
smithiana-Pinus wallichiana mixed community, whereas the maximum numbers of natives and endemic 
species were recorded in the Pinus wallichiana community. The density and richness of non-natives 
were found to be significantly lower in comparison to the natives. Economic importance and 
conservation value of the communities were assessed and communities priorized. Monitoring of the 
identified habitats, species, populations and communities, and development of appropriate strategies for 
their conservation and management are suggested. 
 
Joshi, Kirti; Harsh, N.S.K.; Rawat, P.S. and Shukla, A.N. 2004. Mycoflora associated with 
different seed sources of Pinus wallichiana. The Indian Forester, 130(12): 1410-1415. Forest 
Pathology Division, Forest Research Institute, Dehradun, Uttaranchal, India. [FUNGAL SPECIES; 
HIMACHAL PRADESH; MYCOFLORA; SEEDLING]  
 Seed samples from different sources of Pinus wallichiana from Himachal Pradesh and 
Uttaranchal were evaluated for the occurrence of seed mycoflora. A total of 13 fungi with 22 fungal 
species were isolated of which species of Aspergillus and Penicillium were dominant. Seed source Kufri 
(H.P.) reported maximum number of mycoflora i.e. 9 fungi, while in Sawat and Kharapathar (H.P.) only 
one fungus was recorded namely Aspergillus niger. 
 
Joshi, Mallickarjun and Tiwari, A.N.  2004. Quartz C-axes metastable phases in the metamorphic 
rocks of Almora Nappe: Evidence of pre-Himalayan signatures. Current Science, 87(7): 995-999. 
Department of Geology, Banaras Hindu University, Varanasi 221 005, India. [GEOLOGICAL MAP; 
LESSER HIMALAYA; METAMORPHIC ROCKS; PHYTOPLANKTON DENSITY] 
 The alternating sequence of metapelites and metapsammites exposed in the central part of the 
Almora Nappe is part of the Saryu Formation of the Almora Group1. These metamorphic rocks have 
escaped pervasive mylonitization that characterizes the Higher Himalayan Metamorphic Belt2-4, 
considered to be root zone of the Almora Nappe. These metamorphics do not show field or petrographic 
evidence of mylonitization. Lattice preferred orientation of quartz in these rocks suggests that they 
remained unaffected by shearing during the southward tectonic transport of the nappe from Higher 
Himalaya to Lesser Himalaya during the Himalayan orogeny. These unmylonitized rocks of Almora 
Nappe preserve Pre-Himalayan metamorphic signatures. 
 
Kala, C.P. 2004. Indigenous uses and structure of chir pine forest in Uttaranchal Himalaya, India. 
International Journal of Sustainable Development and World Ecology, 11(2): 205-210. G.B. Pant 
Institute of Himalayan Environment and Development, Kosi-Katarmal, Almora, Uttaranchal. 
[CONSERVATION; INDIGENOUS USES; LOCAL COMMUNITIES; UTTARANCHAL; 
CHIRPINE FOREST]  
 The various indigenous uses and structure of chir pine forests were studies in Uttaranchal state 
of the Indian Republic. A questionnaire survey was conducted in 50 villages of Uttaranchal to gather 
information on the indigenous uses of chir pine. For the study of community composition and structure 
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of chir pine forest, at least 15 quadrats of 10 x 10m were selected randomly across various localities, and 
the number of individuals, along with other dominant tree and shrub species, were enumerated in each 
quadrat. About 10 indigenous uses of chir pine were prominent in Uttaranchal. Besides resin, an 
important non-wood product, different parts of chir pine, such as cones, trunk, stems, wood, leaves and 
bark, were used by the local people. Chir pine is a subject of the folklore and mythology of indigenous 
cultures in Uttaranchal. Chir pine forest formed three major communities in Uttaranchal viz., sal-pine 
(Shorea robusta-Pinus roxburghii), pine pure stands and oak-pine (Quercus leucho-trichophora-Pinus 
roxburghii). These communities sustained various multiple-use trees and shrubs along with various 
edible mushrooms (e.g. Agaricus campestris, Morchella esculenta and Sparassis crispa). The results of 
this study are discussed in the light of chir pine conservation and management policies. 
 
Kant, Rama; Chakrabarty, S.; Dhyani, S.K.1; Mourya, G.S. and Upadhayay, R.K.2 2004. 
Mulberry (Morus Alba L.) as an agroforestry plant in Uttaranchal. The Indian Forester, 130(8): 
939-944. Regional Sericultural Research Station, Sahaspur, Dehradun, Uttaranchal, India; 1Central Soil 
& Water Conservation Research & Training Institute, Dehradun, Uttaranchal; 2IGNFA, New Forest, 
Dehradun, Uttaranchal, India. [AGRO-CLIMATIC CONDITION; AGROFORESTRY SYSTEM; 
ENVIRONMENTAL DEGRADATION; FODDER; FUEL-WOOD; WASTELAND]  
 Sericulture based agroforestry system has great potential to generate larger income in 
Uttaranchal with its hilly, valley and tarai conditions. It is a job oriented agro based industry, particularly 
for the below poverty line farmers. Uttaranchal has a long tradition of agroforestry that is widely 
practiced in all ecological and geographical regions. Farmers and land owners in different parts of 
Uttaranchal integrate a variety of woody perennials with the Mulberry crop and livestock production 
systems depending upon the agro-climatic conditions and local requirements. In addition to sericulture, 
Mulberry has a wide and diverse potential to protect the environment in varying agro-climatic 
conditions. It is perennial, deep rooted, widely adaptable with fast growing and determinate type of plant 
growth. It produces high biomass and foliage with rich in protein. Though it is medium sized tree but for 
intensive cultivation it is maintained as bushes of different sizes depending on suitability of the situation. 
Mulberry can be grown as a tree as well as in combination with agricultural crops (intercrop) to increase 
per unit area production as sericulture is a subsidiary crop in sub-tropical area. Mulberry plant is capable 
of meeting the present challenges of shortage of fuel wood, fodder, timber, unemployment, cottage 
industry, environmental degradation, protection and improvement of wastelands etc. 
 
Khan, M.A. and Shah, M.A. 2004. Hydrology and sediment loading of hokersar wetland 
sanctuary in the Kashmir Himalaya, India. The Indian Forester, 130(8): 899-910. Department of 
Environmental Sciences, S.K. University of Agriculture Science & Technology, Srinagar, Jammu & 
Kashmir. [ECOSYSTEM; SANCTUARY; SEDIMENTS; SOCIO-ECONOMY] 
 Hydrological characteristics and sedimentation loading in Hokersar wetland of Kashmir 
Himalaya was monitored from November 2000 to October 2001. The computed water budget showed a 
substantial (91%) input from various surface inflows and just 9% through precipitation. Major water 
discharge (67%) occurs through surface outlets, whilst, 33% is attributed to evapo-transpiration and 
other unaccounted for losses. Relatively low flushing rate (3.75 times/year) and high residence time 
(97.3 days) contribute to increased nutrient retention in the wetland. The inflow/outflow rates are closely 
linked to precipitation and water demand in the catchment. Annual sediment accumulation of 16,862.2 
metric tonnes (93% contributed by Doodganga Channel) accounts for gradual filling-in of the Kokersar 
wetland ecosystem. 
 
Khan, Z.S.; Khuroo, A.A. and Dar, G.H. 2004. Ethnomedicinal survey of Uri, Kashmir Himalaya. 
Indian Journal of Traditional Knowledge, 3(4): 351-357. Centre of Plant Taxonomy (COPT), University 
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of Kashmir, Srinagar 190 006, Jammu & Kashmir, India. [ETHNOMEDICINE; INDIGENOUS 
KNOWLEDGE; KASHMIR; MEDICINAL PLANTS] 
 In the contemporary global milieu, the documentation of the biological resources and the 
associated indigenous knowledge existing within a country has assumed highest priority. The present 
paper records ethnomedicinal value of 27 plant species belonging to 20 families, in vogue, from the 
study area. Each plant species included, contains information regarding crude drug preparation and its 
method of use. Such documentation would be helpful in terms of commercial production of drugs, 
readily accessible health care to larger population, sustainable use and above all, safeguard from bio-
piracy. 
 
Kishtwaria, Jatinder; Awasthi, Kumud; Talwar, Neeti ka; Rana, Aruna and Nayyar, Pooja 2004. 
An ergonomic assessment of women workers involved in tea plantation in Himachal Pradesh. 
Journal of Human Ecology, 16(3): 223-226. Department of Family Resource Management, College of 
Home Science, C.S.K.H.P.K.V., Palampur 176 062, Himachal Pradesh, India. [CARDIOVASCULAR 
STRESS; DRUDGERY; ERGONOMIC; PHYSICAL FITNESS INDEX]  
 The present study was conducted in Kangra district of Himachal Pradesh to study the socio-
personal, physical characteristics (n=80) and physiological workload (n=30) of respondents engaged in 
plucking tea leaves. Majority of the respondents were illiterate and belonged to scheduled caste and 
other backward classes. Majority of the respondents had ectomorph body with average physical fitness 
level. The average working heart rate values were upto acceptable limits whereas, the peak heart rate 
values (HR25-35 -110.93; 111.44; HR35-45 -106.22,110.58 beats/min.) were beyond acceptable limits. Both 
average and peak heart rate values were significantly related with elder age group, indicating work to be 
stressful especially with increase in age. Thus, it is recommended to generate awareness regarding faulty 
working habits and to develop women friendly technologies to improve efficiency and output of women 
workers. 
 
Kothiyal, Vimal; Khanduri, A.K. and Jain, V.K.  2005. Wood quality assessment of Populus 
deltoides clones from Haldwani, Uttaranchal. The Indian Forester, 131(1): 14-24. Timber Mechanics 
Discipline, Forest Products Division, Forest Research Institute, Dehradun, Uttaranchal, India. 
[CLONES; NATURAL FOREST; POPULUS DELTOIDES; TIMBER]  
 Strength properties of 12 clones of 10-years old Populus deltoides from single trees obtained 
from Haldwani (Uttaranchal), India are reported. The preliminary results on strength properties for 
screening the clones for timber indicated that at Haldwani, clone number 290/84 has the highest specific 
gravity and strength properties. Clone number 75/84 has the lowest values among all the 12 clones 
tested. 
 
Kotlia, B.S. and Sanwal, Jaishri 2004. Fauna and palaeoenvironment of a late quaternary fluvio-
lacustrine basin in Central Kumaun Himalaya. Current Science, 87(9): 1295-1299. Department of 
Geology, The Durham, Kumaun University, Nainital 263 002, Uttaranchal, India. [FAUNA; FOSSIL; 
GRASSLAND; KUMAUN HIMALAYA]  
 In recent years, vertebrate faunas recovered from the Late Quaternary lake deposits have 
become increasingly important, especially for phylogenetic relationship, evolutionary pattern, 
comparison with the recent counterparts, palaeoecology and palaeoenvironment. We describe the Late 
Quaternary fauna from a tectonically formed palaeolake basin at Dulam, Kumaun Central Himalaya. 
The age of the fossil horizon is estimated as ca. 30 ka BP. Murids and other faunal elements have been 
recovered from the Kumaun Himalaya. The large mammals are represented only by Bovidae, whereas 
the small ones are dominated by murid rodents. The bones have greater frequency compared to the teeth. 
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Based on the faunal components, four palaeocommunities are proposed. The savanna grassland 
community is represented by the large mammals, the lacustrine community by Cyprinidae fishes, 
ostracods and freshwater gastropods, the upland community by Soriculus and Mus, and semi-arid bush 
land community by Golunda and lizards. 
 
Kumar, Anil; Tiwari, Nilay and Tripathi, Saurabh  2004. Development of distribution hydrograph 
for estimation of direct run off from a hilly water shed in Uttaranchal. Indian J. Soil Cons.,, 32(3): 
206-211. Department of Soil and Water Conservation Engineering, G.B. Pant University of Agriculture 
and Technology, Pantnagar 263 145, Dist.- Udham Singh Nagar, Uttaranchal, India. [BASIN LAG; 
DISTRIBUTION HYDROGRAPH; EFFECTIVE RAINFALL; UNIT HYDRGRAPH] 
 A distribution hydrograph (DH) is developed for the Gagas sub-watershed of Ramganga river 
catchment in Uttaranchal. The distribution hydrograph is considered to be more stable than a unit 
hydrograph (UH) for modeling the rainfall-runoff response of a watershed particularly for computation 
of its lag time. Its shape may vary from one watershed to another, reflecting the difference in their runoff 
characteristics. The DH is preferable to UH for comparing the runoff characteristics of watersheds of 
different sizes. In this study several rainfall-runoff events have been used for synthesis of average DH 
and prediction of direct runoff hydrograph (DRH) for Gagas watershed. Various relationships have been 
developed between different hydrological parameters of rainfall-runoff transformation. 
 
Kumar, Vijay 1; Rai, S.P. 1 and Rathore, D.S. 2 2004. Land use mapping of Kandi belt of Jammu 
region. Journal of the Indian Society of Remote Sensing, 32(4): 323-328. 1National Institute of 
Hydrology, Western Himalayan Regional Centre, Satwari, Jammu 180 003; 2National Institute of 
Hydrology, Jalvigyan Bhawan, Roorkee 247 667, India. [LANDUSE MAPPING; REMOTE SENSING; 
SPECTRAL SIGNATURE]  
 Digital image processing on IRS-1C-LISS-III data acquired on October 13, 1998 has been 
carried out to map the land use classes in part of the Kandli belt, the submontane tract lying in the Outer 
Himalaya of Jammu region of Jammu and Kashmir. Supervised classification has been combined with 
rule-based classification to delineate various land use classes. The various categories of land use in the 
area recognized are forest, agriculture, riverbed, urban, fallow, wasteland and water. Forest is dominant 
along the upper boundary of the Kandi belt (along Siwalik) and on ridges, whereas, agriculture land is 
mainly along the lower boundary (along Sirowal) of the study area. 
 
Mahajan, Payal and Sharma, Neeru 2005. Awareness level of adolescent girls regarding 
HIV/AIDs (A comparative study of rural and urban ar eas of Jammu). Journal of Human Ecology, 
17(4): 313-314. Department of Home Science, University of Jammu, Jammu 180 006, Jammu & 
Kashmir, India; Correspondence Address: Payal Mahajan, F-6, Rani Park, Kachi Chawni, Jammu 180 
001, Jammu & Kashmir, India. [AIDS; HIV; REPRODUCTIVE SYSTEM; SEXUALLY 
TRANSMITTED DISEASES]  
 The present study was undertaken to determine the knowledge level of adolescents towards 
HIV/AIDS. This study has been conducted on 400 adolescent girls (200 adolescent girls were taken 
from rural areas and 200 adolescent girls from urban areas of Jammu). Random sample technique was 
used to select the sample. For data collection, questionnaire was used in which there were questions 
regarding HIV/AIDS. Chi-square values reveal that there is a significant difference in the knowledge 
level of adolescent girls of urban and rural areas of Jammu, regarding these issues. But urban adolescent 
girls have comparatively better knowledge regarding these issues than rural adolescent girls. 
Adolescents need to be taught about these body functions since ignorance perpetuates myths and mis- 
belief. School teachers play a key role in bringing about this desirable change and socially acceptable 
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approaches to sex education such as letter box approach may be used for providing scientific knowledge 
about sex and related issues.  
 
Mohan, Lalit 1; Sharma, R.M. 2 and Tak, P.C. 2 2005. Renuka watland: A newfound abode for 
migratory birds in Himachal Pradesh. The Indian Forester, 131(2): 163-169. 1Conservator of Forests, 
Wildlife (South) Shimla, Himachal Pradesh; 2Zoological Survey of India, High Altitude Zoology Field 
Station, Solan, Himachal Pradesh, India. [HIMACHAL PRADESH; MIGRATORY BIRDS; SOIL 
CONSERVATION; WILDLIFE]  
 Renuka lake, named after the Goddess Renuka ji, the mother of Lord Parashuram, is situated 
near Dadahu in Sirmour district of Himachal Pradesh. Since years, it has been receiving silt and debris 
from 22 nallas, which are all around the catchment of the lake, which is causing ecological deterioration, 
habitat degradation and eutrification, etc. The first author (LM) prepared an action plan during 1999-
2000 for the Eco-restoration of the lake. A major thrust was given to check silt and debris going into 
lake along with water by carrying out soil conservation and Bio-engineering works, construction of toe 
wall and filtration tank around the lake and chennalization of water to ensure that only clean water 
would enter the lake. Visual observations suggest that the rate of siltation has decreased and quality of 
water has improved as the migratory birds are visiting this lake since 1999-2000. The maximum number 
of birds i.e. 542 of 13 different species was recorded during 2003-2004. This is one of the indicators to 
show that habitat of this lake has improved. 
 
Mukhopadhyay, Rupak and Kshatriya, Gautam K. 2004. Distribution of blood groups among 
brahmins and rajputs of Himachal Pradesh. Anthropologist, 6(4): 293-294. Department of 
Anthropology, University of Delhi, Delhi 110 007, India. [BLOOD GROUPS; BRAHMIN; 
HIMACHAL PRADESH; RAJPUTS]  
 The present paper reports the distribution of A1A2BO and Rh(D) blood groups among the 
Brahmins and the Rajputs of Kasauli of Solan district, Himachal Pradesh. In both groups the frequency 
of blood group B is found to be the highest. Frequency of Rh(D) positive among Brahmins and Rajputs 
is above 90%. Inter-group differences for A1A2BO and Rh(D) blood groups are found to be statistically 
non-significant. 
 
Murry, Benrithung; Sachdeva, M.P. and Kalla, A.K. 2005. Estimates of Fertility and Mortality 
differentials among the Lotha Nagas of Nagaland. Anthropologist, 7(1): 45-52. Department of 
Anthropology, University of Delhi, Delhi 110 007, India. [FERTILITY RATES; LOTHA NAGAS; 
MORTALITY RATES; SOCIO CULTURE]  
 Data were collected from 546 ever married Lothas, a scheduled tribe population of Wokha 
district of Nagaland, with a view to understand their reproductive performance and the factors affecting 
fertility. The CBR, GFR, TFR and GRR of the Lothas are found to be 28.35, 192.05, 7.15 and 3.88, 
respectively. Variables such as education, use of BCM and age at menarche are not found to have 
contributed significantly to fertility. Socio-cultural factors seem to have played an important role in 
determining fertility. Of all deaths prenatal mortality was highest (56.62%) of what about 60% are found 
to be cases of induced abortion. The least fertile age group of the Lothas are found to be at greater 
generic risks to the prenates. It is also found that mortality decreased with proper vaccination and better 
income level. 
 
Negi, Chandra Singh and Nautiyal, Sunil 2005. Phyto-sociological studies of a traditional reserve 
forest - Thal Ke Dhar, Pithoragarh, Central Himalayas (India). The Indian Forester, 131(4): 519-
534. Department of Zoology, Government Post Graduate College, Pithoragarh, Uttaranchal; Institute of 
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Spatial Information Science, University of Tokyo, Japan. [BIODIVERSITY; PHYTOSOCIOLOGY; 
RESERVE FOREST; THAL KE DHAR]  
 Traditional reserve forests or sacred forests have in the recent years attracted the attention of 
conservation scientists as well as that of wildlife officials, for the reason that they are the last vestiges of 
forests which were once in their prime. They are the last remnants of the biodiversity and are zealously 
guarded by the common village folks, who safeguard these patches of greens, through their own sets of 
rules, in the form of taboos, religious sanctions and belief systems. Forest being no longer in possession 
of the villagers, sanction mechanisms have denigrated with the passage of time, as the villagers no 
longer perceive these forests as belonging to them. However inspite of the ordeal of the times, there are 
still few sacred forests, wherein these mechanisms are still enforced. Sacred forest of `Thal Ke Dhar' is 
one such forest. Phytosociological study in Thal Ke Dhar sacred forest has been carried out in view to 
understand the structure, regeneration potential and conservation status. 
 
Pande, P.C. and Pande, H.C.1 2004. Traditional usage of ‘Urad’ (Vigna mungo) in Kumaon 
Himalaya, Uttaranchal. Ethnobotany, 16(1&2): 96-98. Department of Botany, Kumaon University, 
S.S.J. Campus, Almora 263 601, Uttaranchal; 1Botanical Survey of India (NC), Dehradun 248 195, 
Uttaranchal, India. [“URAD” (VIGNA MUNGO); ETHNOBOTANY; TRADITIONAL 
UTILIZATION; UTTARANCHAL]  
 The present article describes the traditional uses of “Urad” by different communities residing in 
Kumaon Himalaya, Uttaranchal. The information provided here is based on personal interviews with the 
local people. Botanical description of the plant is given with vernacular name and usages. 
 
Pandey, Anjula 2004. Some observations on the use of Indigenous Knowledge (ITK) for 
preservation of fruit juices in Kumaon Himalayas. Ethnobotany, 16(1&2): 116-117. National Bureau 
of Plant Genetic Resources, Pusa Campus, New Delhi 110 012, India. [FRUIT JUICES; INDIGENOUS 
KNOWLEDGE; SMALL-SCALE INDUSTRY; VALUE ADDED PRODUCTS]  
 The present communication is an effort to report the use of Indigenous Technical Knowledge 
(ITK) for long term preservation and utilization of fruit juices from domesticated, semi-domesticated 
and wild plant species in Kumaon Himalayas. Small scale industries based on utilization of these plant 
products has opened new dimensions for employment generation in rural areas. However, thrust in this 
direction is required through active involvement of entrepreneurs and further R & D efforts. 
 
Parandial, A.K.; Kumar, Pankaj; Naithani, H.B. and Pokhriyal, T.C. 2005. Introduction of 
nitrogen fixing medicinal plants: A suitable alternative for the conservation of exposed sites in the 
Garhwal Himalayan Ecosystem. The Indian Forester, 131(3): 449-462. Plant Physiology, Botany 
Division, Forest Research Institute, Dehradun, Uttaranchal, India. [CONSERVATION; FLORISTIC 
ZONES; MEDICINAL PLANT; NITROGEN FIXING]  
 The Garhwal Himalayas are one of the richest floristic zones for the medicinal plants of Indian 
subcontinent. It provides matchless wealth of more than 300 rare and endangered species of medicinal 
plants having therapeutic properties. The over exploitation of these precious material from Himalayan 
forest ecosystem over last few decades have not only pushed these towards extinction but also enhanced 
the problem of soil erosion, land degradation and loss of biodiversity in the area. Introduction of 
nitrogen fixing plants may provide an important tool for the eco-restoration attempts in this area. 
Advocating nitrogen fixing plants having medicinal uses may provide wider acceptability among the 
local populace from economic as well as soil conservation point of view. The adoptability of indigenous 
species may be useful for planting and rejuvenating the degraded sites in different altitudinal zones of 
the Himalayan ecosystem. In the present article an attempt has been made to enumerate the existing 
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nitrogen fixing species of medicinal values at various altitudes for the conservation of degraded sites in 
Garhwal Himalayas. 
 
Rao, D. Rameshwar; Rai, Hakim and Kumar, J. Senthil 2004. Origin of oceanic plagiogranite in 
the Nidar ophiolitic sequence of eastern Ladakh, India. Current Science, 87(7): 999-1005. Wadia 
Institute of Himalayan Geology, 33 General Mahadeo Singh Road, Dehradun 248 001, Uttaranchal, 
India. [GEOCHEMICAL DATA; GRABBROIC ROCKS; LADAKH; NIDAR OPHIOLITIC 
SEQUENCE]  
 Occurrence of high-SiO2, low K2O leucocratic rocks, the ‘oceanic plagiogranite’ of Coleman 
and Peterman, within the basic and ultrabasic rocks of the ophiolites and modern oceanic settings, is of 
particular interest because of their extreme composition and controversial origin. Ophiolitic sequences 
are considered incomplete without these rocks. However, these rocks are not present in all the known 
ophiolite sequences in the world. The present study reports the occurrence of plagiogranite to the north 
of Kyun Tso, within the Nidar ophiolitic sequence of eastern Ladakh. Plagiogranites occur as intrusives 
within the gabbro, in the northern part of the ophiolitic sequence. Chemically, they are classified into 
tonalite and trondhjemite. They show nearly flat REE pattern and fractionation relation that are 
comparable with the host gabbro. The origin of these rocks is explained by fractional crystallization 
aided by filter-pressing processes of sub-alka-line tholeiitic magmas. 
 
Roy, Parth Sarathi1 and Behera, Mukunda Dev2 2005. Assessment of biological richness in 
different altitudinal zones in the Eastern Himalayas, Arunachal Pradesh, India. Current Science, 
88(2): 250-257. 1National Remote Sensing Agency, Balanagar, Hyderabad 500 037, India; 2Regional 
Remote Sensing Service Centre, Indian Space Research Organization, IIT Campus, Kharagpur 721 302, 
India. [ARUNACHAL PRADESH; BIODIVERSITY; REMOTE SENSING; SATTELLITE IMAGES] 
 This article evaluates an approach for biological richness assessment at landscape level using 
satellite remote sensing, phytosociological data and knowledge base in a GIS domain at a test site in the 
Eastern Himalayan region. An attempt is made to establish the relationship existing between biological 
richness and biotic disturbances across an altitudinal gradient, divided into six zones based on different 
vegetation types. Biological richness was determined as a function of ecosystem uniqueness, species 
diversity, biodiversity value, terrain complexity and disturbance index. Satellite images of IRS 1C/1D 
LISS III are used to stratify different vegetation types following a hybrid approach supplemented with 
biogeographic and altitude zone maps. The number of economically important species, medicinal 
species and endemic species decreases with altitude. High level of disturbance was observed across 
settlements and road networks and the area having simpler and easily accessible terrains. A declining 
trend in species richness and plant endemism is noticed with increase in altitude. Habitats with low 
disturbance, highly complex terrain, high degree of species richness, plant endemism and species 
uniqueness show high level of biological richness. In general, the disturbance decreased with increase in 
altitude, whereas biological richness shows a hump-shaped pattern for Arunachal Pradesh. It was 
observed that high biological richness and high disturbance occurred in lower altitudes, whereas high-
altitude areas showed low biological richness and low level of disturbance. The study demonstrates 
integration of remote sensing and GIS for landscape ecological modeling and thereby contributes to the 
understanding of biodiversity distribution in the Eastern Himalayas, Arunachal Pradesh. 
 
Saikia, S.K. and Das, D.N. 2004. ̀Aji gnui assonii' - a practice of organic hill farming among the 
Apatani tribe of eastern Himalaya. International Journal of Sustainable Development and World 
Ecology, 11(2): 211-217. Department of Zoology, Arunachal University, Rono Hills, Itanagar, India. 
[APATANI TRIBE; ORGANIC FARMING; RICE-FISH CULTURE ]  
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 Apatani, a hill tribe of Arunachal Pradesh, India, has been practicing rice fish culture 
traditionally for many decades. Their practice, locally termed aji gnui assonii, is free from the use of 
agro-chemicals and additional input of supplementary feed for fish. They basically follow the traditional 
agronomic practices for rice even in rice-fish combination pertaining to field preparation and 
maintenance. Field preparation starts in April, occasionally continues up to late May, and rice seedlings 
are planted in May-June. The strains of common carp are stocked at fry stage (3-5 cm), after just ten 
days of planting the rice and reared in the field for about 4 months in total. Sometimes they harvest fish 
partially from the field after an interval of 1.5 months. With multiple harvesting, only 200-300 kg ha-1 of 
fish are produced in each harvest whereas with final harvesting the production rate is 500 kg ha-1. The 
dykes of rice field are utilized for growing millet in June and are harvested during August-September. 
The system of such integrated farming is an organic practice, as well as sustainable in the sense that it is 
based solely on available natural resources in the ecosystem and also preserves the agro-biodiversity, 
enhancing multidimensional support to the tribal livelihood. 
 
Samati, H. 2004. Kitchen garden plants of Pnar tribe in Jaintia Hills. Ethnobotany, 16(1&2): 125-
130. Botanical Survey of India, Eastern Circle, Shillong 793 003, India. [JAINTIA HILLS; KITCHEN 
GARDEN; MEGHALAYA; PNAR] 
 Pnar tribe constitutes the largest tribal community in Jaintia Hills district. Their major 
occupations are agriculture and collection of forest resources. The community derives articles for edible 
purposes from these sources in sufficient quantities to sustain their daily life. To supplement this, they 
also regularly maintain kitchen gardens surrounding their houses to get fresh and urgently needed 
vegetables, species, fruits and other domestic articles. These plant resources are being grown from 
generation to generation and as such, constitute indigenous sources of germplasm. The paper reports 55 
taxa of kitchen garden plants documented during field visits in Jaintia Hills, eastern district of 
Meghalaya, with botanical notes about their local names, useful parts, uses, etc. 
 
Saroj, P.L. 1; Sharma, N.K.; Dadhwal, K.S. and Shrimali, S.S. 2004. Mango-toria based agri-horti 
model for degraded foothills of north-western Himalayan region. Indian J. Soil Cons., 32(3): 231-
234. Division of Plant Sciences, CSWCRTI, Dehradun 248 195, Uttaranchal, India; 1Central Institute for 
Arid Horticulture, Bikaner 334 006, Rajasthan, India. [AGRI-HORTI SYSTEM; DEGRADED 
LANDS; ECONOMICS; MANGO; TORIA] 
 The mango based agri-horti model was studied under gravely riverbed land in foothills of north-
western Himalayan region from 1995 to 1997. The perennial overstorey component ‘mango’ was 
managed by drip irrigation system while annual groundstorey component ‘toria’ was raised under 
rainfed conditions. At initial stage, overall growth of mango plants was not much influenced when toria 
was grown as an intercrop in comparison to sole plantation of mango. About 3.68 q ha-1 (average of 
1996 and 1997) grain yield of toria was obtained under gravely rainfed conditions. The yield of toria 
was highly influenced by distribution of rains during growing period. There was no significant effect of 
direction on the yield of toria but negative response was recorded at close proximity with tree canopy 
due to shade effect. There were significant differences in dry matter and grain yield of toria under 
varying topsoil depths, which increased with increasing depth of topsoil. The net income of about Rs. 
3000/- ha-1 annum-1 can be obtained by growing toria as intercrop with mango orchard under gravely 
rainfed conditions. The model needs long term testing for interaction effect among components and on 
site productivity. 
 
Sharma, Ajay; Verma, T.D. and Sood, Anil 2005. Some important insect pests of poplars in the 
western Himalayas and their management. The Indian Forester, 131(4): 553-562. Department of 
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Entomology & Apiculture, Dr. Y.S. Parmar University of Horticulture & Forestry, Nauni, Solan, 
Himachal Pradesh. [AGROFORESTRY SYSTEM; INSECTS; MANAGEMENT STRATEGIES]  
 Poplars hold an important place in the agroforestry systems because of their multiple use, fast 
growing nature and short rotation. They are being grown on large scale in the plains of northern India, 
valley area of Himachal Pradesh and Jammu & Kashmir. Different Poplar clones being grown on these 
areas are invariably attacked by a number of insect pests. Various insect species invade Poplar plant 
parts right from the nursery stage to the maturity of the crop. Some of the important insect pests 
infesting these trees include Apriona cinerea, Eucosma glaciata, Plagiodera versicolora etc. They not 
only affect the growth and render them unfit for proper utilization but also sometimes threat their 
survival. An account of insect pests associated with Poplars in western Himalayan region in respect of 
their incidence, nature and extent of damage and management strategies have been discussed in the text. 
 
Sharma, Neeru; Mahajan, Payal and Samkaria, Meenakshi 2004. Attitude of adolescents towards 
family life education (FLE): A comparative study of Jammu and Palampur. Anthropologist, 6(4): 
265-268. P.G. Department of Home Science, University of Jammu, Jammu 180 006, Jammu & 
Kashmir, India. [ADOLESCENTS; FAMILY LIFE EDUCATION; POPULATION EDUCATION; 
SEX EDUCATION PROGRAMME] 
 The present study was conducted to investigate the attitude of adolescents regarding issues in 
Family Life Education (FLE) as it appears in their curriculum, to assess their sources of information and 
to study and attitudes of adolescents in 2 different regions - Jammu (J&K) and Palampur (Himachal 
Pradesh). The 1st sample consisted to SCERT textbooks and 2nd sample was 40 adolescent boys and girls 
in each region from selected schools. Multi stage sampling technique was used. Data was collected with 
help of tools: content analysis of SCERT books of std-7th-10th and based on this a questionnaire was 
prepared. The results of the study show that most of ELE content are their science books they have. 
Majority of the adolescents were aware of the issues related to ELE in their textbooks. Few adolescents 
were either having false beliefs or no knowledge regarding the content present in their curriculum. 
Source of information regarding FLE were books, friends, parents and teachers. 
 
Sharma, Sandeep; Negi, P.S.; Thakur, K.S. and Kumar, Surinder 2004. Studies on vegetative 
propagation of Colutea nepalensis sims through shoot cuttings: A potential species for cold desert 
afforestation. The Indian Forester, 130(12): 1422-1431. Himalayan Forest Research Institute, Conifer 
Campus, Panthaghati, Shimla, Himachal Pradesh, India. [COLD DESERT; MASS PROPAGATION; 
ROOT FORMATION; STEM CUTTING] 
 Colutea nepalensis is an important shrub of cold desert areas. A study was conducted to 
examine vegetative propagation of this species through shoot cuttings. The cuttings were collected from 
Pooh area of Kinnaur District of Himachal Pradesh during spring and autumn seasons and treated with 
IBA and IBA in combination with thiamine for induction and growth of adventitious roots under 
intermittent mist in sterilized sand. Assessments on rooting, sprouting, root number, root length, shoot 
number and shoot length on the cuttings were conducted after 120-days of treatments. Of these, IBA 
treatments significantly promoted adventitious rooting in shoot cuttings collected during spring but in 
combination with thiamine failed to produce any synergetic effects on induction and growth of 
adventitious roots. The highest rooting in that season (96.67%) was obtained from cuttings treated with 
0.2% IBA + 0.05% Captan + 0.1% Sucrose. However, treatment of 0.1% IBA + 0.05% Captan+0.1% 
Sucrose is recommended as most economical treatment for mass propagation of Colutea nepalensis in 
mist chamber during spring season. 
 
Sharma, Sushma and Thakur, Nikhlesh 2005. Clenbuterol induced changes in rat gastrocnemius 
muscle after oral and intraperitoneal administration. Proc.of the National Academy of Sciences, 
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75B(1): 1-7. Department of Bio-Sciences, H.P. University, Summer Hill, Shimla 171 005, India. 
[ADRENOCEPTORS; BETA-AGONIST; CLENBUTEROL; DRY MUSCLE MASS; 
GASTROCNEMIUS; HYPERTROPHY; INTRAPERITONEAL]  
 Growth of muscle involves hypertrophy of its fibres which leads to an increase in size and 
weight of muscles. � 2-agonist clenbuterol when administered orally and intraperitoneally appear to 
improve muscular strength due to its potential role in increasing muscle mass which causes increase in 
body weight and at the same time results in cardiac hypertrophy. Growth of skeletal muscle and its 
enlargement resulting from regular exercise are due to an increase in the size of individual muscle fibers 
rather than to an increase in their number. General hypertrophy of constituent cells result from chronic 
exercises and excessive work load. It exerts its effect on skeletal muscle via � 2-adrenoceptors resulting 
in rapid increase in muscle mass. Oral and intraperitoneal administration of clenbuterol (5 mg kg-1day-1) 
to adult rats for two weeks resulted in their increased body weight and heart weight. Fiber diameter of 
gastrocnemius muscle increased progressively on different days showing muscle hypertrophy. Increased 
dry muscle mass and total protein content further supported its hypertrophy, which is largely responsible 
for the increase in live weight of animals. Increased heart weight suggests cardiac hypertrophy as well. 
Oral mode of clenbuterol treatment brought significant increase in fibre diameter of intermediate fibers 
when compared with intraperitoneal mode of administration thereby inferring that clenbuterol is more 
effective when given orally. 
 
Sharma, Y.K.; Singh, Harbans and Mehra, B.L. 2004. Hepatoprotective effect of few Ayurvedic 
herbs in patients receiving anti tuberculus treatment. Indian Journal of Traditional Knowledge, 3(4): 
391-396. P.G. Department of Kayachikitsa, RGGPG Ayurveda College, Paprola 176 115, Himachal 
Pradesh, India. [AYURVEDA; HEPATITIS; HEPATOPROTECTIVE ACTIVITY; TUBERCULOSIS]  
 Under the anti tuberculosis treatment (ATT) drug therapy, inclusion of a hepatoprotective drugs 
is not mandatory but in Indian scenario these are prescribed by most of the physicians. In present clinical 
trial three groups of patients receiving ant tuberculosis treatment have been studied to evaluate the 
hepatoprotective effect of few Ayurvedic herbs. The first group of 10 patients was given capsules Liv-
600 containing hydroalcoholic extract of Daruharidra (Berberis aristata) roots, Kakmachi (Solanum 
nigrum) whole plant, Ghritakumari (Aloe vera) ariel parts. Second group was given a standardized 
decoction of herb Bhumyamalaki (Phyllanthus fraternus). Third group was kept on ATT and a placebo 
starch capsule for equal duration. The trial was conducted for 12 weeks from initiation of ATT and liver 
functions were periodically evaluated to assess the hepatoprotective effect of drugs under trial. At the 
end of trial, Group first and second exhibited their hepatoprotective efficiency over the placebo. 
 
Sharma, Yogendra and Sharma, J.C. 2004. Effect of irrigation and nutrient regimes on moisture 
distribution pattern and available nutrients under young chir pine (Pinus Roxburghii) plantation 
in mid hill conditions of Himachal Pradesh. The Indian Forester, 130(8): 911-920. Department of 
Soil Science and Water Management, Dr. Y.S. Parmar University of Horticulture and Forestry, Nauni-
Solan, Himachal Pradesh. [BIOMASS; CHIRPINE; DISTRIBUTION PATTERN; HIMACHAL 
PRADESH]  
 A field experiment was conducted during May 2001 to May 2002 to study the effect of 
irrigation and nutrient regimes on soil moisture status, availability of nutrients and biomass in under 
young Chir pine (Pinus roxburghii) plantation. Nine treatment combinations comprising of three 
irrigation regimes and three nutrient regimes were tested. The study revealed that the higher irrigation 
(IR2) and nutrient (NR2) regimes and their interaction (IR2NR2) significantly increased the availability of 
N,P and K over control (IRoNRo). The availability of N,P and K decreased by 12.4-16.0, 4.07-5.18 and 
12.5-14.0 kg/ha, respectively in 0-15 cm depth during a period of six months and also decreased with 
depth. The plantation under dry irrigation regime (IRo) encountered severe moisture stress during 
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September to January and March to May and growth was adversely affected. The higher irrigation (IR2) 
and nutrient (NR2) regimes and their positive interaction (IR2NR2) effect registered 21.87, 24.77 and 
48.10 per cent higher above ground biomass over control. 
 
Silori, C.S.* 2004. Fuel wood collection and consumption pattern in the buffer zone of Nanda Devi 
Biosphere Reserve, western Himalaya, India. The Indian Forester, 130(10): 1186-1200. Wildlife 
Institute of India, Chandrabani, Dehradun, Uttaranchal, India; *Presently at: Gujarat Institute of Desert 
Ecology, Bhuj-Kachchh, Gujarat, India. [BUFFER ZONE; CLIMATIC CONDITIONS; 
CONSERVATION; FUEL-WOOD; NANDA DEVI BIOSPHERE RESERVE]  
 The article describes patterns of fuel wood collection and per capita daily consumption across 
seasons and altitudes in the buffer zone of Nanda Devi Biosphere Reserve, Western Himalayas. Three 
villages, located at different altitudes were monitored during 1994-1995 in order to identify fuel wood 
collection pattern during 1995-1996 to quantify fuel wood consumption patterns. Rate of fuel wood 
collection was found to be highest just before the onset of winter during September-October. With 
declining altitude, per capita daily and seasonal consumption of fuel wood also declined. Average per 
capita daily consumption was, however, substantially higher in the study villages when compared to 
other studies. At the household level there was a negative correlation between family size and per capita 
daily consumption of wood. Easy accessibility to fuel wood in the surrounding forests, cold climatic 
conditions and the lack of alternatives resources have been identified as the major factors for the higher 
consumption rates of fuel wood, especially in the higher altitude villages. The findings of the study have 
been concluded in the light of the sustainable use of wood fuel for the long-term conservation of the 
buffer zone forest. 
 
Silori, Chandra Shekhar 2004. Socio-economic and ecological consequences of the ban on 
adventure tourism in Nanda Devi Biosphere Reserve, western Himalaya. Biodiversity and 
Conservation, 13(12): 2237-2252. The Energy and Resources Institute (TERI), Darbari Seth Block, 
Habitat Place, Lodhi Road, New Delhi 110 001, India. [ADVENTURE TOURISM; BIOTIC 
PRESSURE; ECO-TOURISM; NANDA DEVI BIOSPHERE RESERVE; PEOPLE'S 
PARTICIPATION; SUSTAINABLE DEVELOPMENT]  
 Prior to 1982, the uncontrolled mountaineering activities to the Nanda Devi peak led to the 
heavy destruction of the biological resources of the region in the form of poaching of wild animals, tree 
felling by expedition parties, collection of medicinal herbs and accumulation of garbage. To curb the 
biotic interference, the area was declared as Nanda Devi National Park (NDNP) and adventure tourism 
was stopped in 1982. Further in 1988, an area of 2236.74km2 was designated as Nanda Devi Biosphere 
Reserve (NDBR) with an inner core zone (NDNP) surrounded by a buffer zone. A ban on tourism 
activities, followed by the designation of NDBR directly helped in a significant improvement in forest 
cover and density. The better status of wild animals, including rare and endangered species such as 
musk deer (Moschus chrysogaster) and blue sheep (Psuedois nayaur), is an indicator of such 
improvements. However, from a socio-economic point of view the loss of income from adventure 
tourism forced local people to migrate from the area, a phenomenon that was reflected in the human 
population trends, registering 15% decline between 1981 and 1991 and another 13% between 1991 and 
1996. In the absence of alternative income sources, marginal agriculture and animal husbandry became 
the major sources of income for the locals. Nonetheless, the low density of human population kept the 
level of biotic pressure under control in NDBR. Promotion of eco-tourism and natural resource based 
employment generation schemes are suggested to compensate for the economic loss to the local people 
and to maintain the biodiversity of NDBR. 
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Singh, Asha and Lakhanpal, T.N. 2005. Seasonal distribution of active ectomycorrhizal roots in 
natural forest of Pinus roxburghii. The Indian Forester, 131(4): 583-590. Faculty of Life Sciences, 
Department of Biosciences, H.P. University, Shimla, Himachal Pradesh. [NATURAL FOREST; 
PHYSICO-CHEMICAL PROPERTIES; SOIL MOISTURE]  
 The results of present study on ectomycorrhizal distribution and physico-chemical properties of 
three different soil layers of P. roxburghii forest have shown occurrence of more number of mycorrhizal 
roots during rainy season. The humus layer was observed to support more number of ectomycorrhizal 
roots. The nutrients (NPK) content in different soil layers were found to be higher during rainy season 
possibly due to occurrence of more number of active mycorrhizae. 
 
Singh, Dhan; Srivastava, R.K. and Khanduri, V.P. 2005. Marketing strategies and trade of 
medicinal plants in Uttaranchal: Present and future prospects. The Indian Forester, 131(3): 330-
340. Herbal Research & Development Institute, UCMF, 125 Old Nehru Colony, Dehradun; Silviculture 
Division, FRI, Dehradun; Forest Research Institute, Dehradun, Uttaranchal. [CONSERVATION; 
MEDICINAL PLANT; UTTARANCHAL]  
 Medicinal plants have attracted considerable interest in recent years. Commercial enterprises 
and local dwellers are regularly exploiting natural heritage of these medicinal plants. There is an urgent 
need of conservation of these valuable medicinal plants through cultivation. Poor marketing structure in 
the country is the primary challenge towards its promotion and cultivation. In Uttaranchal, attention has 
been given to conservation/cultivation and its open trading system by the government. The present paper 
highlights the cultivation and open trading aspects of medicinal plants in the state. 
 
Singh, J.N. 2004. Edaphic characteristics of woodland habitat of Nokrek Biosphere Reserve, 
Meghalaya and their relationship with its flora. The Indian Forester, 130(8): 921-938. Botanical 
Survey of India, Howrah, West Bengal, India. [CLIMATIC CONDITIONS; FLORA; MEGHALAYA; 
NOKREK BIOSPHERE RESERVE]  
 The present investigation deals with edaphic characteristics of woodland habitat of Nokrek 
Biosphere Reserve and their relationship with its flora. It is concluded from the results that majority of 
the soil types of the habitat possess high proportion of sands in their mechanical composition. Soils as a 
whole are acidic in reaction, poor in energy materials, available nitrogen and phosphorus, poor to 
moderate in water holding capacity, but highly conducive in porosity. It is further elucidated that soils 
contain high quantum of silica (93.2 percent) an inert element and against this element the integrating 
agents like energy materials (organic) and sesquioxides, ironoxide and liming materials (inorganic) are 
relatively low. The habitat receives maximum injury/damage from its jhum. The commencement of the 
jhum causes terrestrial media to lose their acquired characteristics rapidly and leave the flora/vegetations 
exposed to interact directly with soils inherent characteristics, which have been observed to be 
unconducive for their proper growth and development. Soils mechanical and physical characteristics are 
mainly responsible for the plant species distribution within the biosphere reserve than their chemical 
characteristics. 
 
Singh, Virendra; Lavania, S.K.; Sah, V.K. and Kumar, Shashi1 2005. Studies on the effect of date 
of fruit collection on seed germination and early seedling growth in Himalayan ash (Fraxinus 
micrantha Lingelsh). The Indian Forester, 131(1): 31-36. College of Forestry & Hill Agriculture 
G.B.P.U.A & T., Hill Campus, Ranichauri, Tehri Garhwal, Uttaranchal; 1Forest Research Institute, 
Dehradun, Uttaranchal. [MOISTURE CONTENT; SEED GERMINATION; VIGOUR INDEX]  
 The present study was conducted to find out the optimum time of seed (fruit) collection in 
Fraxinus micrantha. The fruits were collected at fortnightly interval. The results of the present study 
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revealed that the maximum germination of 44.50 per cent was found in treatment T3 (15th October 
collection or 180 days after anthesis) at a time when the fruit colour changed from green to grey orange. 
The moisture and dry weight/100 seed at this stage was 17.82 per cent and 1.40 g, respectively. The 
shoot length, root length, shoot dry weight and root dry weight of 45 days old seedlings were also found 
better in this treatment. Therefore, the seeds of this species should be collected in the second fortnight of 
October (180 days after anthesis) at a time when the fruit colour changed to grey orange for better 
germination, seedling growth and vigour index. 
 
Srivastava, S.K. and Sekar, K. Chandra 2004. Ethnomedicine of the Pin Valley National Park, 
Himachal Pradesh: Plants used in treating dysentery. Ethnobotany, 16(1&2): 62-63. Botanical 
Survey of India, Dehradun 248 195, Uttaranchal, India. [DYSENTERY; ETHNOMEDICINE; 
NATIONAL PARK; TRIBALS]  
 The paper describes ethno medicinal applications of 10 plant species by the tribals of Pin Valley 
National Park, Himachal Pradesh in treating dysentery. It forms the first ethno botanical report on their 
use in curing this ailment. Information on botanical name, family, local name, locality, mode of 
application and dosage is given. 
 
Sundriyal, Manju; Sundriyal, R.C. and Sharma, E. 2004. Dietary use of wild plant resources in 
the Sikkim Himalaya, India. Economic Botany, 58(4): 626-638. G.B. Pant Institute of Himalayan 
Environment and Development, North East Unit, Vivek Vihar, Itanagar 791113, Arunachal Pradesh, 
India. [DIETARY USES; SIKKIM HIMALAYA; SPECIES RICHNESS; TRADITIONAL FOOD 
DISHES; WILD EDIBLE PLANT] 
 The edible wild plants are greatly valued throughout the Himalayan region and serve as an 
important source of food for indigenous communities. This paper describes the botanical richness, 
elevational distribution and dietary use of the edible wild plant resources from the Sikkim Himalaya 
(Eastern Himalaya), many with promising potential. A total of 190 wild plant species have been 
screened from the Sikkim Himalaya, this derived from 143 genera and 78 families and accounting for 
nearly 15% of total edible wild plants resources of India. Of the total, 65% were edible for their fruits, 
22% for leaves/shoots, 7% for flowers and 3% for roots/rhizomes. Nearly 91 wild edible species were 
recorded from low-hills, 70 from mid-hills and 28 species from high-hill areas. Within Sikkim state, the 
North and East districts represent maximum diversity of edible wild plants due to the wilderness and 
inaccessibility to most of the habitats. An average rural family annually consumes nearly 8 types of 
edible wild plants, and a few species provide over five meals in a season. Selected plants also form a 
source of earning to a few families that sell them in local markets. It is suggested that the high diversity 
of edible plants needs to be conserved for future use. Some species may be grown in traditional 
agroforestry systems and on marginal lands of otherwise low agricultural value. Such measures may 
help protect wild plant resources in their natural habitats. 
 
Sundriyal, R.C. 2005. Medicinal plant cultivation and conservation in the Himalaya : An agenda 
for action. The Indian Forester, 131(3): 410-424. G.B. Pant Institute of Himalayan Environment & 
Development, North East Unit, Itanagar, Arunachal Pradesh. [AGRO-CLIMATIC ZONES; 
CONSERVATION; MEDICINAL PLANT]  
 This paper highlights strategy for large scale cultivation and long-term conservation of 
medicinal plants involving different stakeholders in the Himalaya. It is emphasized that the focus of the 
cultivation could be protection of endangered species and/or achieving the target of higher income by 
raising and cultivating market demanding species. The paper discusses selection of potential Medicinal 
and Aromatic Plants (MAPs) broadly recommended for the region and ways and means of 
domestication, value addition, product formulation, processing, conservation, infrastructure, and R&D 
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support desired for cultivation of medicinal plants. Designs for marketing and possible funding sources 
are also given. It is highlighted that if cultivation of MAPs is planned properly, it could emerge as a 
potential sector to support large number of people with high revenue generation. 
 
Tamuli, P. 1 and Saikia, R. 2004. Ethno-medico-botany of the Zeme tribe of North Cachar Hills 
district of Assam. Indian Journal of Traditional Knowledge, 3(4): 430-436. Division of Medicinal, 
Aromatic & Economic Plants, Regional Research Laboratory, Jorhat 785 006, Assam; 1Department of 
Botany, Darrang College, Tezpur, Assam. [ETHNO-MEDICINE; FOLK MEDICINES; HERBAL 
REMEDIES; ZEMES; ASSAM]  
 Folklore medicinal uses of 33 plant species belonging to 22 families for various ailments among 
the Zeme Nagas, one of the prominent ethnic tribes of North Cachar Hills district of Assam, India is 
reported. The study was undertaken during 1999-2000 covering the area of Zeme inhabiting villages of 
N.C. Hills district of Assam. 
 
Thakur, Vikram C. and Pandey, A.K. 2004. Late quaternary tectonic evolution of Dun in fault 
bend/propagated fold system, Garhwal Sub-Himalaya. Current Science, 87(11): 1567-1576. Wadia 
Institute of Himalayan Geology, Dehradun 248 001, Uttaranchal, Present address: National Geophysical 
Research Institute, Uppal Road, Hyderabad 500 007, India. [GARHWAL HIMALAYA; HIMALAYAN 
FRONTAL THRUST; MAIN BOUNDARY THRUST; SANDSTONES; TECTONIC EVOLUTION]  
 Two distinct styles and amplitudes of folding occur in Dun. In the northern part, the overturned 
Santaurgarh anticline with both limbs dipping steep to moderate was developed as fault propagated fold 
over the Santaurgarh Thrust (ST). The uplifted hanging wall of the ST constituted the dissected Siwalik, 
and the down-faulted footwall formed the pedimented Siwalik. To the South in the frontal range, the 
Siwalik strata were folded into Mohand anticline as fault-bend fold over the Himalayan Frontal Thrust 
(HFT). The uplifted terraces on the fore-limb of the anticline resulted due to displacement on the HFT in 
Holocene. The Bhauwala Thrust, Majhaun Fault and Asan Fault were formed as out-of-sequence thrusts 
within the Main Boundary Thrust-HFT wedge of folded Siwalik and overlying Dun gravels subsequent 
to ST. Extrapolation of earlier published OSL age data and our observations suggest initiation of HFT 
between 500 and 100 Ka; the ST was initiated in post-500 Ka and continued to propagate till post-40 
Ka. The Bhauwala Thrust was developed between 29 and 20 Ka, and the Asan fault post-dated 10 Ka. 
 
Tiwari, Lalit and Pande, P.C. 2004. Traditional veterinary practices in south-eastern part of 
Chamoli district, Uttaranchal . Indian Journal of Traditional Knowledge, 3(4): 397-406. Department 
of Botany, Kumaon University, S.S.J. Campus, Almora 263 601, Uttaranchal, India. 
[ETHNOVETERINARY MEDICINE; GARHWAL; CHAMOLI; UTTARANCHAL ] 
 Most of the people of south-eastern part of the Chamoli district, Uttaranchal live in remote areas 
and usually depend on the traditional medicines. The present investigation has brought to light some 
popular and frequently used prescription for domestic animals. In all, 72 plants important in ethno 
veterinary, their mode of preparations and applications to the diseases and disorders are given. 
 
Tiwari, R.K. and Lakshmi, S. Sri 2005. Some common and contrasting features of earthquake 
dynamics in major tectonic zones of Himalayas using nonlinear forecasting approach. Current 
Science, 88(4): 640-647. National Geophysical Research Institute, Hyderabad 500 007, India. 
[EARTHQUAKE; SEISMICITY; TECTONIC ZONE] 
 Although the Northeast, Western and Central Himalayas distinctly differ in their tectonic 
activities, this distinction is not examined from a dynamical perspective. The identification of dynamical 
pattern is, however, central for characterizing the appropriate models of seismic hazard analysis in such 
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critical tectonic regions. We examine here the temporal evolution of seismicity (M³ 4) of the Central 
Himalaya (CH), Western Himalaya (WH) and Northeast Himalayas (NEH) for the period 1960-2003 
using the modern nonlinear forecasting scheme to decipher the comparative determinism of underlying 
dynamical patterns, which may yield insight into earthquake processes. The nonlinear analyses of 
monthly resolution earthquake frequency time series suggest that earthquake processes in all three 
regions evolved on a high-dimensional chaotic plane, though with a contrasting predictive pattern. The 
predictive correlation analysis suggests that the available earthquake data of the NEH and WH can be 
predicted by more than 40-50%, whereas CH data only by 0-30%, implying that the earthquake 
dynamics in the NEH and WH are better ‘organized’ than in the CH. The significant distinction in the 
earthquake dynamical patters seems to be associated with the underlying seismo-tectonics of these three 
regions. These results may place significant constraints for developing criteria to test the models of 
Himalayan earthquakes on a more rigorous and quantitative basis. 
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Forthcoming Events 
 
International Symposium on Landslide Hazards in Orogenic Zones, from the Himalaya to 
Island Arcs in Asia. 25-26 September 2005, Kathmandu, Nepal. Contact : Dr. Vishnu Dangol – 
Convener, P.O. Box 5944, Kathmandu, Nepal (Tel/Fax: + 977 - 1 – 4479761, Email: 
symposium@nels.org.np) 

2nd Medical and Social Anthropology Seminar at ITTM: Fieldwork Experiences with Medical 
Pluralism in the Indian Himalayas. 10-12 June 2005, Kalimpong (West Bengal), India. Contact : 
International Trust for Traditional Medicine, Vijnana Niwas, Madhuban, Kalimpong 734 301, West 
Bengal, India (Tel: +91 3552 – 283506). 

International Conference on Optics & Optoelectronics. 12-15 December 2005, Dehradun 
(Uttaranchal), India. Contact : J.A.R Krishna Moorty, Chairman, Organizing Committee & Director, 
IRDE, Raipur Road, Dehradun-248008 (Uttaranchal), India (Tel:+91-135-2787169, 2787126; Fax: 
+91-135-2787128, 2787161; Email: krish@irde.res.in, convenor@icol2005.com). 

XV th NZ-USICON-2005: Live Workshop on Flexible Ureterorenoscopy & Laparoscopy, 22-24 
September 2005, Srinagar (Jammu & Kashmir), India. Contact : Dr. Muneer Khan. Chairman, 
Organizing Committee, Government Medical College, Srinagar (Fax: 0194-2451568; Email: 
drmuneer123@yahoo.com) 

Conference on Redesigning Sociology: Teaching and Research, 25-27 October 2005, University of 
Jammu, Jammu (Jammu & Kashmir), India. Contact : Dr. Abha Chauhan, Convener, 31 AISC, 
Reader, Department of Sociology, University of Jammu, Jammu 180 006, Jammu & Kashmir, India 
(Email : acju@rediffmail.com) 

Training course on Decision Support System for Water Resource Planning and Management, 
19-23 September 2005, Roorkee. Contact : Dr. S.K. Jain, National Institute of Hydrology, Roorkee 
247 667 (Uttaranchal), India (Tel: 01332 276417; Fax: 01332 272123; Email: skj@nih.ernet.in) 

XXVIII Annual Conference of Indian Botanical Society, 24-26 October 2005, Botanical Survey of 
India (Northern Circle), Dehradun (Uttaranchal), India. Contact : Prof. P.C. Thrived, Secretary, I.B.S., 
Department of Botany, University of Rajasthan, Jaipur 302 004 (Tel: 0141-2711654; Email: 
ptrivedi33@yahoo.com). 

Sedimentary basins of the Himalaya : Challenges for the future & XXII Convention of Indian 
Association of Sedimentologist, 21-23 December 2005, Dehradun. Contact : Dr. Sumit K. Ghosh, 
Convenor, Wadia Institute of Himalayan Geology, 33 Gen. Mahadeo Singh Road, Dehradun 248 001 
(Uttaranchal), India (Tel: 0135-2624806 Extn. 551; Email: skghosh@wihg.res.in) 

National Symposium on Advances in Magnetic Resonance and its Applications & 12th National 
Magnetic Resonance Society Meeting, 08-11 October 2005, Gulmarg (Kashmir). Contact : Director, 
Regional Research Laboratory, Canal Road, Jammu Tawi 180 001 (Jammu & Kashmir), India (Tel: 
0191-2546368, 2578923; Email: qazi_gn@yahoo.com) 
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NEWS & VIEWS  
 
 
BHEL to set up 600 MW hydro project in Arunachal  
 The Bharat Heavy Electricals Limited (BHEL) has secured an order for setting up the 600 
MW Kameng hydro electric project in Arunachal Pradesh. Located in West Kameng district the 
project is a run of the river scheme situated at the downstream of confluencing rivers, Bichom and 
Kameng. The Rs. 214 crore order has been placed by the North Eastern Electric Power Corporation 
Limited (NEEPCO). The project is slated for completion in four and a half years.   

THE SENTINEL : January 9, 2005 
 
Arsenic in ground water detected in Manipur   
 Based on a survey report, the Manipur Chief Minister states that the Kakching block water 
laced with arsenic content varying from 100 ppb to 499 ppb, which is alarmingly high. According to 
specification laid down by the World Health Organisation, if arsenic content in underground water 
reaches 50 ppb, then it is unsafe for human consumption and can be hazardous to the environment as 
well. The arsenic content of the underground water is also very high in Assam, Sikkim, Arunachal 
Pradesh, Meghalaya, Tripura and Mizoram.   

THE ASSAM TRIBUNE : January 11, 2005 
 
HIV prevention project launched in Manipur   
 ‘Project Orchid’, a 23-crore HIV prevention project was launched in Manipur, one of the 
worst hit states in the country. Inaugurating the project, State Governor expressed his appreciation and 
hoped that the new initiative would prevent the growth of the HIV epidemic in Manipur. Sources in 
Project Orchid said it would dispense HIV prevention service in Manipur and Nagaland, including 
comprehensive harm reduction for injector drug users and prevention interventions for commercial 
sex workers.  

THE SENTINEL : January 19, 2005 
 
Hill Tiwas quest to retain ethnic identity   
 There are about 97 Tiwa villages in Karbi Anglong district of Assam and in the East Khasi 
district of Meghalaya are distresses from identity crisis. According to a rough estimate made by the 
Tiwa Cultural Society, the number of Tiwas living in Karbi Anglong district is about 35 to 40 
thousand and in the East Khasi hills it is about 15 to 20 thousand. Though a great deal of confusion 
prevails about their identity because of the apparent similarity in their physical structures with the 
Karbis and Khasis, these hill Tiwas are trying to retain their ethnic identity with dedicated 
commitments. It is however, an irony of fate that geographical isolation and influence of 
developmental forces have forced some of them to changes their religion. These factors also forced 
some of them to identify themselves with the dominant tribes in their neighbourhood.  

THE ASSAM TRIBUNE : January 22, 2005 
 
Uttaranchal bags tourism award   
 Uttaranchal has bagged the Union Tourism Ministry’s National Tourism Award 2005 for the 
best performing state in the country. It has been noted that the State Government has endeavoured to 
develop tourism in a planned and integrated manner. Lauding the role of State Tourism Department, 
the Chief Minister Mr. N.D. Tiwari said it was a mater of pride for the newly created state. 

  THE HINDU : January 22, 2005 
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Eco-tourism has come of age in Sikkim   
 Sikkim has been chosen by the UNESCO as one of the sites for developing eco-tourism. This 
initiative is being worked out in collaboration with the Seattle-based Environment Coalition of South 
and Sikkim’s village communities. Nestled in the eastern Himalaya the state is home to immense 
biological diversity and a rich cultural heritage. Eco-tourism is designed to help conserve the state’s 
natural resources and to develop economic livelihood opportunities. Innovative participatory approach 
is the spirit of the project which will strengthen the capacities of local communities to conserve the 
unique natural and cultural heritage of the state. The tourism officials say that eco-tourism has a 
significant presence in the state and will be a key contributor to the future of sustainable tourism 
development efforts in the state.  

THE SENTINEL : January 23, 2005 
 
Uttaranchal to be a ‘herbal state’ soon   
 The Uttaranchal government has prepared a conservation, development and harvesting (CDH) 
plan to boost the cultivation of aromatic and medicinal plants in the hill state. According to the 
Additional Secretary of Horticulture, under this plan, each forest range would have a ‘conservation 
compartment’ earmarked for herbs, not to be disturbed by any other activities. Surrounding the 
conservation compartment there will be a development compartment which will have herbal nurseries 
and act as a buffer zone and the harvesting compartment will be outside the development 
compartment. He said 8 state-level herbal gardens had been set up in the state while some smaller 
gardens were also being developed with the help of local NGOs and institutes carrying on research on 
herbs.  

THE TIMES OF INDIA : January 26, 2005 
 
Pong wetlands home to 1.17 lakh migratory birds   
 Covering thousands of miles from trans-Himalayan region, nearly 1.17 lakh migratory birds 
of several species are roosting at verdant forests and grassy swamps of Pong Dam wetlands in Kangra 
district of Himachal Pradesh. Pong Dam wetlands, one of the largest man-made wetlands in northern 
India with suitable climatic conditions, rich biodiversity, and regulation of optimum water level, is 
known as a bird’s paradise, especially for migratory birds. The presence of gulls, a seashore species, 
at the wetlands also attracts the attention of ornithologists.   

Vishal Gulati for THE TRIBUNE : February 03, 2005 
 
Above 1,000 HIV positives in Mizoram   
 According to figures released by the Mizoram State Aids Control Society more than 1,000 
people were tested HIV positive since 1990 with a total population of less than 9 lakh in the state. In 
Aizwal, the capital city itself reported 800 cases, and most worrying part is that out of the total 
affected persons around 40% are women. Admitting the alarming increase of the epidemic in the 
region the Society has started a huge awareness campaign among the people in the remote parts of the 
state. Meanwhile, the United Nations has already sponsored the setting up of the country’s first 
permanent women counseling centres in the remote villages of Mizoram.  

 THE SENTINEL : February 05, 2005 
 
Naga women : status speaks  
 Although Nagaland has been a conflict zone for nearly 50 years and recorded highest 
population growth in the last decade, it ranks among the top states in India in terms of human 
development indices such as social capital, community ties and status of women. The Nagaland State 
Human Development Report published in association with the UNDP and the Government of India 
reveals that the state has higher rates of female literacy, school enrolment of girls, lower maternal 
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mortality rate and very high participation of women in service sectors. These indicate of the higher 
standing women in this north-eastern state as compared to that in the country as a whole.   

THE STATESMAN : February 12, 2005 
 
Uttaranchal overrules Govt, evicts Gujjars from Rajaji park    
 Despite clear cut orders from the Centre to halt eviction of forest-dwellers temporarily, in 
view of the proposed law to give propriety rights to them, Uttaranchal Government has hastened the 
process of evict Gujjars from the proposed Rajaji National Park. Sparking a protest, the Gujjars staged 
a Dharna at the gate of the proposed national park, forcing the forest officials to postpone their 
eviction campaign. Meanwhile, the Centre has decided to bring a legislation to give propriety rights to 
lakhs of forest-dwellers on the advice of the security agencies to end unrest and sense of 
discrimination against them, which has allegedly forced many of them to join the ranks of Naxalites. 

 S.M.A. Kazmi for INDIAN EXPRESS : February 14, 2005 
 
Arunachal hydel project may be scaled down on Chinese concern    
 The ambitious 11,000 MW Siang Upper project, which would have been the country’s largest 
power project and the world’s third largest is likely to be scaled down to around 5,000 MW, mainly 
due to environmental concern raised by China. The Chinese authorities have, meanwhile, taken up the 
issue of submergence of its territory with the Centre and subsequently National Hydroelectric Power 
Corporation (NHPC) is likely to review of the project size, according to the government officials. The 
Ministry of Environment and Forests provided the site clearance (Stage-I) for the Siang Upper project 
in December 2003. The clearance was subject to a reduction in the dam height to avoid submergence 
of Tuting Monastery and Dihang-Dibang biosphere reserve in Arunachal Pradesh.  

BUSINESS LINE : February 20, 2005 
 
Killer avalanches hit J&K, toll 60  
 At least 60 people were feared dead after a series of avalanches triggered by the heaviest 
snowfall in Jammu & Kashmir in 15 years hit the higher reaches of the state. Thirty five others are 
feared missing. Villages in Poonch, Doda and Udhampur districts of Jammu region were the worst-hit 
after avalanches and landslides caused house collapses. Avalanches have also submerged several 
houses in Qazigund area.  

HIDUSTAN TIMES : February 21, 2005 
 
NE forest area ‘second richest’ in world: WWF report   
 A report that bears tremendous significance to the North East, has recently confirmed that 
region’s forests as the ‘second richest in the world’. The new report ‘Biodiversity Assessment in the 
North Bank Landscape’ (NBL) has pointed out that the area – a plot which had 107 plant species 
within 200 m2 – is second only to the number of species recorded in Sumatra, Indonesia. According to 
the report, the NBL covers approximately 14,000 km2 of the Himalayan foothill region north of the 
Brahmaputra river, which includes parts of Assam, Arunachal Pradesh, North Bengal and Bhutan. The 
report prepared by the World Wildlife Fund (WWF) is based on a survey done in technical 
collaboration with the Centre for Biodiversity Management (CBM), Australia, with support from the 
Mac-Arthur Foundation and Smithsonian’s Centre for Research and Conservation.  

THE ASSAM TRIBUNE : February 24, 2005 
 
Mahila Manch opposes Falenda river project   
 The Mahila Manch and the Chetna Andolan expressed opposition on behalf of local villagers 
in Tehri district of Uttaranchal to the Falenda river project on the Bhilangana river. Opposing the 
privatization of the natural resources of Uttaranchal, they alleged that the government has planned 71 
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such projects on the rivers of the state, which are the misuse of state’s resources for the benefit of few 
people. The Manch is supporting the opposition to the dam, as the various projects being planned on 
the state’s rivers are damaging the precious resources of the state. They question the validity of 
development that involves the destruction of the villagers’ traditional holdings, sources of income and 
their life styles.  

GARHWAL POST : February 26, 2005 
 
Govt draws flak over Ladakh hydel projects delay  
 Two Members of Legislative Council (MLC), representing Ladakh region in the House of 
Jammu & Kashmir asked for attention towards two vital hydel power projects - Neemo Gazbo and 
Shutul to help the Ladakhis overcome the shortage of electricity. Speaking at the Governor’s address, 
the MLC said that it was a long-pending demand of the Ladakhi people that these 2 projects, each of 
which would generate 44 MW power on commissioning, should be completed at an earliest. The 
MLC has also expressed reservations over the prospects of the projects under the supervision of 
National Hydel Power Corporation (NHPC), which is in charge of the projects at present.  

KASHMIR TIMES : March 10, 2005 
 
Pheasant population declining in Himalayan region  
 Mr John Corder, a conservation-breeding expert from the World Pheasants Association, has 
expressed concern over the declining population of pheasants in the Himalayan region and called for 
effective steps to reverse the trend. While the species like the western tragopan was already on the 
verge of extinction, the cheer pheasant, monal and some others were top on the list of highly 
endangered ones. The breeding programme in Himachal Pradesh is being carried out under the 
guidance of Mr. Corder for past 2 years and he is exploring the suitable site in Kullu district for 
captive breeding of monal. However, the state wildlife department has been pursuing a breeding 
programme for the past 15 years lacking much success.   

Rakesh Lohumi for THE TRIBUNE : March 10, 2005 
 
Wool from 3-4 chirus goes into one shawl  
 Conservationists armed with photographs of killing of chiru over the years and said that there 
are plenty seizures in Tibet, Nepal and India to show that the chiru is killed for its wool. It is possible 
to make out if the wool was naturally shed or not and they believe not a single shawl has been woven 
from wool shed in the usual course. Wool from 3 to 4 chirus goes into one shawl, according to them. 
The chiru’s home is Tibet, where temperatures can dip to -38o C and a recent survey put the number 
of chiru migrating to Ladakh in summer at a mare 163, admits the Jammu & Kashmir forest 
department. Subsequently the option of farm the chiru for its wool or harvest hair shed naturally to 
meet the trade’s demands is not adequate.   

Chandrika Mago for THE TIMES OF INDIA : March 10, 2005 
 
Artificial dam : AUSSU fears catastrophe  
 Concerned over the unnatural accumulation of huge quantity of water in the Subansiri river in 
Arunachal Pradesh, All Upper Subansiri Students’ Union (AUSSU) has videographed the entire 
landslide zone and the swollen river to draw the attention of the authorities. An artificial dam created 
by huge landslides on last October that blocked the natural flow of the mighty Subansiri, has led to a 6 
km long pond, 2 km off Siyum, around 80 km from Daporijo, the headquarters of Upper Subansiri 
district. The Union apprehended that the artificial dam, if breached by heavy rainfall would spell 
doom for the villagers living downstream. It is alleged that the district administration and State 
Disaster Management Cell authorities had brushed off the development as natural phenomenon.  

 THE SENTINEL : March 12, 2005 
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Illegal mining leading to deforestation   
 Despite the ban imposed by the apex court on the all mining and quarrying activities in the 
state, illegal quarrying and mining has resulted in large-scale deforestation, landslides and flash floods 
in the past two years in Himachal Pradesh. The mining and quarrying has posed a serious threat to the 
existence of over three dozen irrigation and drinking water supply schemes. Official sources 
confirmed that in most of the cases the persons involved in these illegal mining because of political 
protection. The administration has become a silent spectator and officials are liberally granting them 
no objection certificates for extraction of stone, sand and other raw material.  

 THE TRIBUNE : March 14, 2005 
 
Uttaranchal tops in hydel projects  
 Uttaranchal tops the list of states in number of small hydro projects in India followed by 
Andhra Pradesh and Arunachal Pradesh. The state has set up 75 small hydro projects under the 
subsidization scheme of the Ministry of Non-conventional Energy Sources (MNES). The projects will 
generate 72.45 MW of electricity. In addition, 38 projects of about 26 MW are also being 
implemented. Small and mini hydel projects have the potential to provide energy in remote and hilly 
areas where extension of the grid system is uneconomical. The MNES currently provides incentives 
for detailed survey and investigation, detailed project report preparation, interest subsidy for 
commercial projects and capital subsidy for small hydro projects in the North-east and 
renovation/modernisation of old power stations and development of water mills etc.  

BUSINESS STANDARD : March 15, 2005 
 
Himachal drive to raise trout population   
 In a bid to save an endangered Himalayan fresh water fish, the Himachal Pradesh 
Government plans to raise its numbers by ten times in the next five years. The hill state is home to 
some of the major Himalayan rivers and their tributaries, besides natural and man-made reservoirs. 
The declining trout is found in some of the limpid rivers of the state. Experts say its numbers are 
shrinking fast due to environmental degradation and excessive fishing besides trout has died in large 
numbers in foreign-funded hatcheries. In renovation expansion plan of fish farms, the Centre has 
sanctioned a Rs. 2.12 crore pilot project for the promotion of cold water fisheries in the state.  

Baldev S Chauhan for BUSINESS STANDARD : March 25, 2005 
 
Pahari livestock faces extinction   
 The sturdy Pahari livestock, including cows and bullocks, which still remain pride of the hill 
farmers, faces extinction as the state’s Animal Husbandry Department is yet to make a gene pool to 
protect and promote the native breeds. The farmers in Himachal Pradesh said that the Pahari breed is 
getting extinct due to horticulture as the apple and vegetable growers have stopped keeping the Pahari 
cattle. They prefer a Jersey cow for milk rather than the Pahari cow and power tiller or tractors instead 
bullocks. The Pahari breed is also vanishing as the department is promoting the Jerysy, Holstein and 
Red Singhi breeds in the state under its livestock development policy.  

Kuldeep Chauhan for THE TRIBUNE : March 25, 2005 
 
Subansiri hydel project : a boon or bane?  
 It is reported that the draft agreement for Subansiri hydel project in Arunachal Pradesh will be 
executed soon between the state government and the National Hydroelectric Power Corporation 
(NHPC). The author noticed some clauses of the draft agreement may cause anxiety for the people of 
Assam. These includes the effect on the people living  downstream of the dam, different flow of river 
after construction of dam, rehabilitation and resettlement of the oustees from the project, 
responsibility of felling and removing trees, provision for compensatory afforestation, share of 
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produced power within the affected states, etc. Consequently the Assam’s ecology will definitely 
change after the construction of the dams and reservoirs upstream as plants, aquatic organisms, birds, 
animals and people have to face changes and adapt with the new environment. The author also views 
that the huge dams and reservoirs in Arunachal Pradesh and Assam are grate risks for the people of 
Assam. Apparently there would be development, employment and revenue generation, but the benefit 
will be more for others and nominal for the state. The environment and ecology will be seriously 
disturbed for all time to come.   

Dr. Binoy Kumar Das for THE ASSAM TRIBUNE : April 07, 2005 
 
A silent revolution in Uttaranchal hills   
 There is good news for poor farmers having small unirrigated land holdings in the hills of 
Uttaranchal as pilot efforts by the Himalayan Environmental Studies and Conservation Organisation 
(HESCO), the state department of science and technology and the local womenfolk have led to 
profitable cultivation of pulses and traditional coarse grains in several villages of Garhwal region that 
were having dismal agricultural production till two years ago. Showcasing the produce at a workshop 
held at Dehradun, the woman farmers proudly narrated how their domestic economies had witnessed 
an upward surge through cultivation of pulses. The director of the Science and Society Division also 
expressed happiness over the progress made in the field and hoped the womenfolk of Uttaranchal 
would make good money by supplying the highly nutritious pulses and coarse grains which were 
being recommended by doctors for good health.  

HINDUSTAN TIMES : April 24, 2005 
 
Eco-tourism in North East  
 The north-eastern (NE) states are very richly treated by monsoon every year for which tree 
covered hills, lush green enchanting tropical forests and blue rivers are very vibrant. These features 
have opened up the lucrative agenda of eco-tourism and generation of employment in NE states. It is 
an accepted fact that people of this region are far behind than the national mainstream in all respects. 
The author also views the lack of employment opportunities have given rise to various terrorists 
activities in the region. If eco-tourism is suitably developed, lakhs of unemployed youths will be 
engaged resulting income generation and less interest of unsocial activities in the coming years. It is 
commendable that the Sikkim is much ahead in this direction.  

Pranabjyoti Deka for THE ASSAM TRIBUNE : May 03, 2005 
 
Epidemic hits livestock   
 More than 500 buffaloes and 100 cattle died due to an epidemic in villages like Didambra, 
Nablaidisa, Longren, Mailoo and Pat of North Cachar Hills district of Assam during last fortnight. 
Sources said that the villages which are situated on the banks of river Langting are the worst affected 
by the epidemic. Poisoning of river water may be the cause of the epidemic. The villagers requested 
the authorities to send a team of experts in the area immediately to save their livestock, however, the 
veterinary department doctors are yet to reach the place till date.   

THE SENTINEL : May 06, 2005 
 
Melting glaciers may cause water shortage in HP   
 Scientists studying the Himalayan glaciers fear an acute shortage of natural drinking water in 
two basins located in Himachal Pradesh due to melting of glaciers owing various environmental 
reasons. The study was carried out in the Beas and Bapsa basins of the state from 1962 to 2001. 
Experts from the marine and water resources group of the Space Application Centre of Indian Space 
Research Organisation (ISRO), who actively involved in glacial behaviour studies for several years 
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state that the probe using remote sensing satellites and other methods have indicated rapid decline in 
glacial waters due to environmental reasons including the global warming.   

FINANCIAL EXPRESS : May 15, 2005 
 
Paying a costly price  
 The Naokuchia lake situated 24 km from Nainital in Uttaranchal has become second in the list 
of pollution in the region and is said to be a victim of the ‘myopic vision of administration’. 
Naokuchia Tal, the deepest (135ft) and most beautiful lake of the region with its most irregular shape 
and nine corners is only one in the entire central Himalayan having a natural lotus-biomass, now is 
one of the most polluted lake of the region. Recent findings of experts entrusted with the 
responsibility to test the waters of the lakes of this region at the reported project cost of Rs. 46 lakh 
under a scheme of national project for the conservation of lakes reveal this. Besides the biochemical 
oxygen demand indicative of the biodegradable matter in water phosphorous, fluoride and nitrogen 
contents are said to be increasing in the lake of which the water is supplied to the neighbouring 
villages without any treatment. A considerable reduction of water volume in the biomass area, the 
seeds of a fish called grass carp were put into it. Almost the entire biomass was consumed by this 
piscine-stock and for years there were no lotus plants to be seen.   

Rajshekhar Pant for SAHARA TIME : May 21, 2005 
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