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Introduction
Nearly 74 809 km2 area of India falls under 

cold deserts, of which about 35% is in Hi-
machal Pradesh (Anonymous 1993). Of the 
total area of cold desert, 25% of the area oc-
curs in Lahaul and Spiti division of the La-
haul-Spiti district. The Jahlmanal watershed 
falls within the Lahaul division, the Jahlma 
nala (the main stream of watershed) is one 
of  the  tributaries  of  the  River  Chandra-

Bhaga (Chenab). In the watershed, land use 
pattern has changed  from traditional  subsi-
stence  farming  to  high  yielding  variety  of 
cash crops, vegetables and fruits (Singh et al. 
1997, Oinam et al. 2005). These changes are 
primarily responsible for degrading the qua-
lity of environment and vegetation pattern in 
a system.  Among the prime land use com-
ponents, the forest cover in the watershed is 
under a tremendous change due to anthropo-
genic pressure since a last couple of decades 
(Vishvakarma et al.  2005a,  Vishvakarma et 
al. 2005b, Rawat 2006). The vegetation pat-
tern  in  the  watershed  mainly  include  dry 
temperate and alpine (Anonymous 1995, As-
wal & Goel 1989, Aswal & Mehrotra 1994). 
Forest  cover  is  very poor  in the watershed 
and  high  anthropogenic  pressures  are  ob-
served  in  relict  forest  patches.  A  century 
back, there were evidences of dense Junipe-
rus forests in the watershed area. However, 
due  to  illegal  harvesting  of  the  forests  for 
fuelwood,  timber  and  other  religious  pur-
poses (Rawat et al. 2006), there are now very 
few isolated and patchy pockets of Juniperus 
forests in the watershed (Anonymous 1995). 

Scant rainfall, massive snowfall, high wind 
velocity,  extreme  temperature  conditions 
from low to high, high UV radiation, intense 
solar  radiation  and  extremely  xeric  condi-

tions are the common features of the water-
shed similarly as cold desert. These climatic 
factors  determine and regulate the life  pro-
cess  and distribution pattern of the vegeta-
tion  (Watt  1981,  Dhar  et  al.  1994).  Gene-
rally,  an extreme cold climatic condition of 
the watershed is reflected in the existing ve-
getation  (Kuniyal  et  al.  2005,  Rawat  et  al. 
2006).  Vegetation  is  very  sparsely  distri-
buted  in  three  systems  (i.e.,  agroforestry, 
forestry and forest)  in the watershed.  How-
ever, most of the south facing slopes is de-
nuded. 

At present, nearly 7.9% area of the district 
Lahaul-Spiti is under scant forest cover (An-
onymous 1995). Scattered patches of Betula 
utilis and Pinus wallichiana on north-facing 
slopes,  and  Juniperus  macropoda patches 
occur  on  dry  south  facing  slopes.  Around 
settlements  willow  based  agroforestry  sys-
tems,  and willow and poplar plantation are 
found. These make up the basic cold desert 
vegetation  elements  of  the  Lahaul  valley 
(Rawat et al. 2006). An agro-ecosystem with 
willow  (Salix spp.)  based  agroforestry  and 
forestry  (willow  plantation;  hereafter  re-
ferred  as forestry in  the text)  are the main 
source of fuelwood and fodder in the Lahaul 
valley  (Singh  et  al.  1997,  Kuniyal  et  al. 
2002,  Kuniyal  et  al.  2004,  Vishvakarma et 
al. 2005a,  Vishvakarma et al. 2005b,  Rawat 
et al. 2006). There are two species of willow 
(Salix fragilis and S. alba) which are widely 
cultivated and 10 other wild shrub species of 
willow are also found in the valley (Aswal & 
Mehrotra 1994). 

A few studies have been conducted so far 
in  the  Lahaul  valley  related  to  indigenous 
knowledge  (Singh et  al.  1997),  ethno-bota-
nical  studies  of  the plant  taxa  (Sood et  al. 
2001),  fuelwood  production  and  multi-pur-
pose uses of the Seabuckthorn (Kuniyal et al. 
2002),  energy and monetary efficiencies  of 
introduced  cash  versus  traditional  crops 
(Kuniyal  et  al.  2004),  and  cultivation  pro-
spects of Saussurea costus and the causes of 
its decline in the Lahaul valley (Rawat et al. 
2004, Kuniyal et al. 2005). Studies have also 
been conducted on land use and land cover 
changes in the Jahlmanal watershed and tra-
ditional  kuhl irrigation  systems  and  water 
sharing mechanism through kuhl of the cold 
desert  in  the  Lahaul  valley  (Oinam  et  al. 
2005,  Vishvakarma  et  al.  2005a, 
Vishvakarma  et  al.  2005b).  Therefore, 
present study deals with vegetation analysis 
of natural forests,  agroforestry and forestry 
systems with following objectives: 
1. diversity,  distribution,  density,  basal area 

and importance value indices (IVI);
2. utilization pattern;
3. species richness;
4. vegetation  characteristics  and  conserva-

tion. 
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Relict vegetation in the Jahlmanal watershed is sparsely and scantily distri-
buted on forest land. Farmers maintain tree species (Salix spp., Populus spp., 
Hippophae rhamnoides)  on the boundaries  of  terraced  agriculture  fields  to 
meet the fodder and fuel wood requirements. Juniperus macropoda was found 
in relict forest patches in sparse and stunted conditions. The density of Salix 
fragilis was  3340  trees  ha-1 under  agroforestry  and  5520  trees  ha-1 under 
forestry. The density of J. macropoda was 4200 tree ha-1 in natural forest fol-
lowed by 700 tree ha-1 in agroforestry and 160 tree ha-1 in managed forestry 
systems. The agroforesty system of the watershed consists of 30% trees, 35% 
small  trees and 35% shrubs species.  Shrubs contributed the highest  density 
with 59.1% of the total, followed by density of trees (29.5%) and small trees 
(11.3%). Trees contributed highest basal area in all the three systems,  i.e., 
agroforestry, forestry and forest. The relict forest patches are subjected to de-
forestation due to anthropogenic pressure, hence in-situ and ex-situ conserva-
tion are required. Efforts  are needed for plantation of ecologically suitable 
multipurpose tree species with indigenous species in the watershed. Technolo-
gical  interventions  are  also  required to  improve  the quality  and  resistance 
against drought and climate change.

Keywords: Vegetation analysis, Agroforestry, Forestry, Forest, Watershed, La-
haul valley, Cold desert, Indian Himalaya
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Study area and climate

Geographical location
Jahlmanal watershed,  which is in the area 

of a proposed biosphere reserve, is a typical 
representative of the Lahaul valley. The wa-
tershed is situated almost in the centre of the 
valley. The watershed in the Lahaul valley is 
located at the bank of the Chandra-Bhaga or 
Chenab river  on the Keylong-Udaipur road 
(Fig. 1) and occupies approximately 33 km2. 
The  watershed  starts  at  the  confluence  of 
Jahlmanal  and Chandra-Bhaga  at  an eleva-
tion of 2723 m asl in the south and end at 
3600 m asl in the north. Agriculture is prac-
ticed up to 3400 m asl at Lindur village. The 
watershed has natural (forest and alpine pas-
tures)  and  human  dominated  (agriculture, 
horticulture,  agroforestry and  forestry)  sys-
tems,  which  represent  most  of  the  valley. 
Within  the  watershed,  there  is  a  great  di-
versity  of  land  use  due  to  topography and 
population. Because, there is an expansion of 
built-up  and  settlement  land  by  35.4%  in 
2001  as  compared  to  that  of  1991  due  to 
population  growth  within  the  watershed. 
During the last decade (1991~2001) the pop-
ulation increased by 87.3% in this watershed 
area  (Oinam  et  al.  2005).  In  general,  the 
steep slopes of the region were for forest or 
grassland  and  the  areas  with  gentle  slopes 
were extensively cultivated. 

Climate and vegetation zone
Climatically, the Lahaul valley is cold and 

arid  with  low  rainfall,  high  snowfall  and 
severe winters.  Broadly,  the valley has two 
seasons, short lived summers and prolonged 
severe  winter.  The  nearest  meteorological 
station  for  the  Jahlmanal  watershed  is  at 
Tandi, 12 km far from Jahlma at the conflu-
ence of the Chandra and Bhaga rivers at an 
altitude of 2846 m asl. On an average (1985 

to 2000) monthly highest maximum temper-
ature is 17.7o C in July and lowest is -3.5o C 
in  January  (Fig.  2).  Lowest  ever  recorded 
minimum temperature  is -28o C in  January 
1989. Average annual snowfall  is 485 mm. 
The months of February and March received 
more  than  50% of  the  snowfall.  However, 
smaller snowfall is common from December 
to April. Rainfall is scarce although showers 
occasionally occur May to September.  The 
annual average rainfall is 267 mm. 

Agriculture and vegetation
Agricultural activities are performed during 

the  short  summer  season  (May to  Septem-
ber). A few decades back, agricultural prac-
tices were mainly traditional with rich crop 
diversity  (Fagopyrum spp.,  Hordeum  him-
alayense, Saussurea costus, Inula recemosa), 
but recently people have turned towards in-
troduced cash crops such as potatoes,  peas 
and hops. These major cash crops have been 
a source of income under ensured irrigation 
through kuhls (water channels). In the water-
shed, the largest area of cultivated land was 
found  to  be  concentrated  between  2801 to 
3000  m  asl  in  the  villages  (Oinam  et  al. 
2005). This was due to availability of relat-
ively gentle terrain favourable for cultivation 
combined with the accessibility of irrigation 
facilities in this altitudinal range. Cash crops 
are exported and food items,  fuelwood and 
timber  are  imported  from adjacent  regions 
such as the Kullu valley. 

Salix spp. and  Populus spp. are important 
species in the agroforestry and forestry sys-
tems of the watershed. However, Hippophae 
rhamnoides was  found  in  dense  patches 
along the slopes in watershed area. J. macro-
poda was the dominated tree species in the 
forests  system on  the  slopes  of  watershed, 
which  remains  usually  dry.  Scrublands 
(grassland with tussocks of wild rose) are the 
important  land  cover  species  upon  which 
wildlife  and  domesticated  animals  survive 
(Rawat et al. 2006). 

Village systems 
Six revenue villages, Jahlma (3000 m asl), 

Haling  (2760  m asl),  Phura  (2880  m asl), 
Rapring (3040 m asl),  Gorma (2960 m asl) 
and Lindur (3330 m asl) are located in the 
watershed.  Settlements  in  the  watershed 
ranged from 2760 m in Haling to 3330 m in 
Lindur villages, whereas other villages fall in 
between Haling and Lindur (Fig. 1). Reven-
ue area under Gorma and Jahlma were nearly 
same, whereas the third largest village in the 
area was  Phura.  The other  three remaining 
villages, such as Rapring, Lindur and Haling, 
were  relatively  small  in  area  compared  to 
Gorma and Jahlma.  The number  of  house-
holds and people living therein were larger 
in Jahlma followed by Gorma. The total pop-
ulation increased from 839 in 1991 to 1571 
in  2001 with  an  annual  population  growth 
rate of 8.72% (Oinam et al. 2005). 

Forest and scrubland
The area under the forest  land and scrub-

land (grassland with patches of Rosa webbi-
ana,  Berberis  pseudumbelata and  Ribes 
grossularia) is vegetated beyond the highest 
altitude village Lindur; after that the area is 
totally barren with stony outcrops and snow 
bound  areas  which  remain  devoid  of  any 
shrubs. Here, land use practices cover more 
than 90% of the total area of the watershed 
(33  km2).  Vegetation  cover  in  the  natural 
forest  land was very sparse, and dominated 
by  J. macropoda. This species is occasion-
ally  associated  with  Crataegus  songarica 
and R. webbiana. From the imagery (Fig. 3a, 
Fig.  3b), it was observed that the extent of 
forest cover was reduced slightly during the 
period  1991-2001.  Scrublands are  also  im-
portant land cover in the watershed support-
ing wild  and domesticated grazing  animals 
(Oinam et  al.  2005).  The  colour  for  these 
scrublands  on  the  false  colour  composites 
(FCCs) was  represented by light  yellow or 
grey to dark brown. The decrease in the ve-
getation  cover  in  the  forest  and  scrubland 
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Fig.  1 -  Drainage system of the Jahlmanal 
watershed in the Lahaul valley.

Fig. 2 - Precipitation and temperature conditions in cold desert of the Lahaul valley.
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was mainly due to the excessive extraction 
of  forest  products.  However,  there  was  no 
substantial  change  in  forestland  and scrub-
land during the study period, as these lands 
now were controlled directly by the Govern-
ment. It is assumed in the Jahlmanal water-
shed that  the extraction of  forest  resources 
would  increase  considerably  in  the  future 
with  population growth  increases.  This  ex-
cessive  exploitation will  intensify the pres-
sure on the existing scant forest cover caus-
ing environmental  problems, such as forest 
resource depletion and land deterioration. 

Materials and Methods

Survey and sampling
The study of vegetation analysis was car-

ried out during the peak growing season us-
ing transects along altitudinal gradients and 
different  marked  features  of  topography. 
Three transects were laid down starting from 
a base of the slope to the end of the vegeta-
tion zone in each selected site. The transects 
were 200 m apart from each other. The quad-
rats (10x10 m2) were laid down for tree and 
shrubs  in  a  line  running  method  (Kershaw 
1973) along slopes with an interval of 10 m. 
Herbarium specimens  were  collected,  dried 
in a plant press and identified by a profes-
sional taxonomist  at  the Institute.  Diameter 
at  breast  height  (DBH) of tree species was 
measured at 1.37 m from ground level. How-
ever,  in  the  case  of  shrubs  diameter  was 
measured at 5 cm above ground level. Indi-
viduals of more than 5.0 cm diameter were 
considered as trees, individuals between 1.7 

cm to 5.0 cm diameter  were  considered as 
saplings  or  shrubs  (as  the  case  may  be  - 
Knight 1963). 

Data analysis 
Frequency,  density  and  abundance  were 

calculated  following  Curtis  &  McIntosh 
(1950). The abundance: frequency (A/F) ra-
tio was used to interpret distribution pattern 
of  species.  This  ratio  indicates  the  regular 
(<0.025),  random  (0.025-0.05)  and  conta-
gious (>0.05) distribution pattern (Curtis & 
Cottom 1956).  Basal  area,  relative  density, 
relative  frequency  and  relative  dominance 
were  calculated  following  Phillips  (1959) 
and the sum of the relative density, relative 
frequency  and  relative  dominance  was 
treated as importance value indices (IVI) for 
various species (Curtis 1959). Species rich-
ness,  dominance  concentration  (cd),  even-
ness and similarity index were also analysed. 
The species richness is the number of species 
per unit  area (Mac Arthur 1965,  Whittaker 
1975). Agroforestry, forestry and forest sys-
tem vegetation will be considered separately 
and  presented  separately.  Species  diversity 
(H´) was computed by the Shannon & Wein-
er 1963 information index as follows  (eqn. 
1): 

where,  Ni is the total density value for spe-
cies i and N is the sum of the density values 
of all the species in that site. 

Dominance  concentration  (cd)  was  deter-

mined  by  following  Simpson’s  formula 
(1949) where Ni and N were the same as for 
the  Shannon-Weiner  information  index  as 
follows (eqn. 2): 

Evenness  index  (J’)  was  determined  ac-
cording to Pielou (1966). 

The utilization patterns of various species 
were  studied  by  semi-structured  question-
naires; interviews held with the family head 
and experienced individuals. Data was ana-
lyzed statistically with SYSTAT, the data of 
three  systems  (agroforestry,  forestry, 
forests). The analysis of variance (α = 0.01) 
and  Fisher’s  Least  Significance  Difference 
(Snedecor  &  Cochran  1968)  were  used  to 
find  out  the  difference  in  species  richness, 
density and dominance concentration. 

Results

Vegetation analysis
The vegetation analysis was shown to have 

a contagious distribution pattern in the wa-
tershed. The farmers maintain tree species on 
the boundaries of terraced agriculture fields 
under low density. Salix fragilis, Hippophae  
rhamnoides, Populus nigra, Prunus cornuta,  
Prunus  armeniaca,  Prunus  avium,  Malus  
baccata and Crataegus songarica were im-
portant agroforestry plant species in the wa-
tershed.  Other  trees  and  shrubs  were  also 
found  under  agroforestry  and  forestry  sys-
tems.  Plantations of  multipurpose  tree  spe-
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Fig. 3 - Satellite im-
agery of Jahlmanal wa-
tershed (source: Oinam 
et al. 2005). (a) Taken 

on November 19, 1991 
at 1647 hours (IST), 

SAT-ID: IRS-1A, 
Data-ID: 52D14; (b) 

taken on November 13, 
2001 at 1126 hours 

(IST), SAT-ID: IRS-
1D, Data-ID: 52D14.
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cies were established around the village set-
tlements  to  protect  the villages  from snow 
slides and to meet fodder and fuelwood re-
quirements. 

Agroforestry system
In  the  agroforestry  system  of  Jahlmanal 

watershed,  20  species  were  found  (6  tree 
species, 7 small trees and 7 shrubs), which 
provide fodder, fuelwood and other require-
ments  to  the  farmers  (Tab.  1).  S.  fragilis 
(3340 trees ha-1) had the highest tree density, 
followed by Juniperus macropoda (700 trees 
ha-1),  P.  nigra (590  trees  ha-1),  Robinia  
pseudoacacia (180  trees  ha-1),  P.  cornuta 
(130 trees ha-1) and  Juglans regia (40 trees 
ha-1).  Similarly,  the importance value index 
(IVI) was highest for  S. fragilis (100.8) fol-
lowed  by  P.  nigra (20.4),  J.  macropoda 
(16.7),  R.  pseudoacacia (2.8),  P.  cornuta 
(2.6) and Juglans regia (2.0). Basal area was 
also  recorded  highest  for  S.  fragilis (961.8 
cm2/100m2),  P.  nigra (142.8  cm2/100  m2) 
and  R.  pseudoacacia (9.1 cm2/100 m2),  re-
spectively. 

Among the small trees, the highest density 
and  basal  area  were  for  Pyrus  malus (750 
trees  ha-1;  68.6  cm2/100  m2)  followed  by 
Prunus  communis (130  trees  ha-1;  26.5 
cm2/100 m2). Other species such as  M. bac-
cata, C. songarica, P. armeniaca and P. avi-
um had  very  poor  distribution  in  terms  of 
density  and basal  area.  Among the shrubs, 
the highest density, IVI, and basal area were 
recorded for H. rhamnoides (5110 bushes ha-

1; 58.2; 201.6 cm2/100 m2) followed by Rosa 
webbiana (3950  bushes  ha-1;  44.4;  5.3 
cm2/100 m2). H. rhamnoides was widely dis-
tributed  along  the  margins  of  agricultural 
fields  and  in  patches  along  the  grasslands 
and streams. 

In  the  watershed,  30%  trees,  35%  small 
trees and 35% shrubs species comprised the 
agroforestry  system.  Shrubs  contributed 
highest density (59.1% of the total) followed 
by  trees  (29.5%)  and  small  trees  (11.3%). 
The trees had highest basal area (73.6% of 
the  total);  there  was  not  much  difference 
between basal area of small trees and bushes. 
The IVI values were highest for trees (48.5% 

of total) in the agroforestry system followed 
by bushes and small trees (13.8%). 

Forestry
In the forestry systems a total of 15 species 

were found around settlements. Of these, 5 
were tree species, 6 small trees and 4 shrub 
species  (Tab.  2).  S.  fragilis was  the  most 
dominant  species  and  recorded  the  highest 
density  (5520  trees  ha-1)  followed  by  P. 
nigra (350 trees ha-1) and J. macropoda (160 
trees ha-1). The highest IVI values was recor-
ded  for  S.  fragilis (186.3)  followed  by  P. 
nigra (20.1), J. macropoda (6.0), P. cornuta 
(1.9) and R. pseudoacacia (1.1). Basal area, 
more  or  less,  has  also  shown  the  similar 
trend. 

Among the small trees, highest density was 
noticed for M. baccata (80 trees ha-1) and the 
lowest  for  C.  songarica and  Salix  acmo-
phylla. However, M. baccata had the highest 
IVI  and  basal  area (4.0;  15.4 cm2/100  m2) 
followed by P. communis (2.5; 12.6 cm2/100 
m2). Among the shrubs,  H. rhamnoides and 
R. webbiana were most important species in 
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Tab. 1 - Density, basal area, important value indices, abundance frequency ration, nature and utilization pattern of different plant species oc-
curred in agroforestry system in the Jahlmanal watershed, the Lahaul valley. (P) = planted species, (N) = naturally regenerating species, ( a) = 
Important value indices, (b)= abundance/frequency.

Groups Species Local 
name

Density 
ha-1

Basal Area
(cm2/100 m2) IVIa A/Fb Nature Uses

Trees Salix fragilis L. Beli 3340 961.8 100.8 0.1 P Fuel, fodder, small timber, 
chewing twig

Populus nigra L. Safeda 590 142.8 20.4 0.1 P Fuel, Timber
Robinia pseudoacacia L. Kikar 180 9.1 2.8 1.4 P Fuel, fodder
Juniperus macropoda Boiss. Shur 700 66.1 16.7 0.1 N Incense(Dhoop), Fuel
Prunus cornuta (Wall. ex Royle) 
Steudel

Kurun 130 11.2 2.6 1.0 N Fuel, fodder, fruit

Juglans regia L. Akhrot 40 14.6 2.0 0.5 P Fruit
Total - 4980 1205.4 145.3 3.1 - -

Small-trees Malus baccata (L.) Borkh. Leejho 70 13.9 2.8 0.4 N Fuel, fruit
Pyrus malus L. Seb 750 68.6 15.0 0.2 P Fruit
Prunus communis Huds. Plum 130 26.5 4.2 0.4 P Fruit
Prunus armeniaca L. Khumani 40 8.7 1.4 1.1 P Fruit
Prunus avium L. Chery 30 0.5 0.8 0.8 P Fruit
Crataegus songarica G. Koch Pingyat 50 4.8 0.9 5.6 N Fuel, Fodder
Salix acmophylla Boiss. Jangli 

beli
840 97.9 16.4 0.3 N Fuel, fodder, baskets

Total - 1910 220.9 41.4 8.8 - -
Shrubs Hippophae rhamnoides L. ssp. 

turkestanica Rousi
Sarla,
chharma

5110 201.6 58.2 0.2 N Fuel, ketchup, pickle

Rosa webbiana Wall ex. Royle Shyabala 3950 5.3 44.4 0.1 N Fuel, fencing
Berberis pseudumbelata Parker Kirmali 180 0.4 2.3 1.4 N Fuel, fencing, medicine
Lonicera quinquelocularis Hard-
wp.

Kharmu 310 1.5 4.3 0.6 N Fuel, fodder

Lonicera hypoleuca Decne Kharmu 140 1.2 1.2 16.7 N Fuel, fodder
Ribes grossularia L. Pilickcha 230 0.4 2.3 3.1 N Fuel, fencing
Cotoneaster microphylla Wall. ex 
Lindl.

Roktali 50 0.2 0.6 5.6 N Fuel, fodder

Total - 9970 210.6 113.3 27.6 - -
Grand total - - 16860 1636.9 300.0 39.6 - -
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terms  of  density,  IVI  and  basal  area.  In 
forestry,  trees  were  prominent  in  terms  of 
density, basal area and IVI occupying 61.5% 
of total density, 94.2% of total basal area and 
71.8% of total IVI, respectively. 

Forest
In the forest, a total 6 plant species were re-

corded, dominated by stunted  J. macropoda 
trees, the others being bushes (Tab. 3). The 
bushes  R.  webbiana,  Berberis  peudumbe-

lata, Cotoneaster microphylla, Ribes grossu-
laria and Juniperus communis were sparsely 
distributed. J.  macropoda had highest  den-
sity (4200 trees ha-1), IVI (205.9) and basal 
area (394.6 cm2/100 m2). Among the shrubs, 
R. webbiana was the most important species 
in terms of density, IVI and basal area. Other 
species were found poor in terms of distribu-
tion.  J. macropoda occupied 60.3% density 
of entire forest, 98.7% basal area and 68.6% 
IVI, whereas density, basal area and IVI for 

shrubs  were  39.7%,  1.3%  and  31.4%,  re-
spectively. 

Vegetation characteristics
Species  richness  was  higher  under  agro-

forestry  system  followed  by  forestry  and 
forest  (Tab.  4,  Tab.  5).  The  major  species 
under agroforestry and forestry were  S. fra-
gilis,  P. nigra and  H. rhamnoides,  whereas 
J. macropoda was in forests. The dominance 
concentration was recorded lowest for agro-
forestry system (0.2) and highest for  forest 
(0.5). Diversity index was highest for agro-
forestry system (2.0) and lowest for  J. ma-
cropoda forest  (1.0).  Evenness  was  higher 
under agroforestry system followed by forest 
and forestry. The species richness among the 
three  systems  were  significantly  different 
(F = 95.45;  P < 0.01).  The  species  richness 
was found declining with increase in eleva-
tion.  The density  (F = 60.20;  P < 0.01)  and 
dominance  concentration  (cd  –  F = 39.99; 
P < 0.01)  among  the  three  systems  was 
found significantly different. 

Discussion

Vegetation analysis
In  the  Jahlmanal  watershed,  the  farmers 

have  maintained tree  species  on edges  and 
boundaries of terraced agricultural fields un-
der low density. The agroforestry system has 
been developed to meet some parts of fod-
der,  fuelwood  and  minor  timber  require-
ments (Rawat et al. 2006). S. fragilis and P. 
nigra are the two most successful tree spe-
cies  in  the  cold  desert  environment,  hence 
they are maintained under this agroforestry 
system.  Vishvakarma  et  al.  (1998) in  their 
study of  indigenous  agroforestry  system in 
the Kullu valley found that the farmers main-
tained  Grewia oppositifolia in high  density 
to meet fodder, fuelwood and fibre require-
ments in temperate climatic conditions. Sim-
ilarly,  S. fragilis is the most successful tree 
species  in  the  Lahaul  valley  found  below 
3000 m altitude; above this altitude high tree 
mortality (55.2%) was found particularly in 
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Tab. 2 - Density, basal area, important value indices, abundance frequency ratio and nature 
of different plant species occurred in forestry in the Jahlmanal watershed, the Lahaul valley.  
(P) = planted species, (N) = naturally regenerating species.

Group Species Local 
name

Density
ha-1

Basal Area
(cm2/100 m2) IVI A/F Nature

Trees Salix fragilis L. Beli 5520 1588.4 186.3 0.1 P
Populus nigra L. Safeda 350 85.3 20.1 0.1 P
Robinia pseudoacacia L. Kikar 40 2.0 1.1 4.0 P
Juniperus macropoda 
Boiss.

Shur 160 15.0 6.0 0.4 N

Prunus cornuta (Wall. ex 
Royle) Steudel

Kurun 50 4.4 1.9 1.3 N

Total - 6120 1695.2 215.4 5.9 N
Small-
trees

Malus baccata (L.) Borkh. Leejho 80 15.4 4.0 0.5 N
Pyrus malus L. Seb 20 1.8 0.9 2.0 P
Prunus communis Huds. Plum 60 12.6 2.5 1.5 P
Prunus armeniaca L. Khumani 20 4.8 1.1 2.0 P
Crataegus songarica G. 
Koch

Pingyat 10 1.1 0.8 1.0 N

Salix acmophylla Boiss. Jangli beli 10 1.2 0.8 1.0 N
Total - 200 36.9 10.0 8.0 N

Shrubs Hippophae rhamnoides L. 
ssp. turkestanica Rousi

Sarla, 
Chharma

1660 65.5 31.0 0.5 N

Rosa webbiana Wall ex. 
Royle

Shyabala 1590 2.1 36.2 0.1 N

Berberis pseudumbelata 
Parker

Kirmali 150 0.4 2.7 3.8 N

Ribes grossularia L. Pilickcha 230 0.4 4.7 1.4 N
Total - 3630 68.4 74.6 5.8 N

Grand 
total

- - 9950 1800.6 300.0 19.7 -

Tab. 3 - Density, basal area, important value indices and abundance frequency ratio of dif-
ferent plant species occurred in the forest of Jahlmanal watershed, the Lahaul valley.

Group Species Local name Density 
ha-1

Basal Area
(cm2/100 m2) IVI A/F

Trees Juniperus macropoda Boiss. Shur 4200 394.6 205.9 0.2
Total - 4200 394.6 205.9 0.2

Shrubs Rosa webbiana Wall 
ex. Royle

Shyabala 2080 2.8 73.7 0.1

Berberis pseudumbelata 
Parker

Kirmali 210 0.5 5.7 2.7

Ribes grossularia L. Shyabala 30 0.1 1.7 1.4
Cotoneaster microphylla 
Wall. ex Lindl.

Roktali 240 1.1 7.5 1.3

Juniperus communis L. Path 200 0.6 5.5 2.5
Total - 2760 5.0 94.1 8.0

Grand total - - 6960 399.6 300.0 8.2

Tab. 4 - Characteristics of different vegeta-
tion  types  in  the  Jahlmanal  watershed,  the 
Lahaul valley.

Attributes Agro-
forestry Forestry Forest

Species 
richness

20.0 15.0 6.0

Dominance 
Concentration 
(CD)

0.2 0.4 0.5

Diversity 
Index (H')

2.0 1.4 1.0

Evenness 
Index (J’)

0.7 0.5 0.6
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Khoksar area (Rawat et al.  2006). Growing 
trees along the edges in the agricultural field 
is  an  age-old  practice  in  the Indian  Hima-
laya. There are a variety of multipurpose tree 
species grown and managed for subsistence 
requirement of local communities (Maikhuri 
et al. 2000, Vishvakarma et al. 1998) such as 
fuelwood,  timber,  fruits  and raw materials. 
The  most  important  aspect  of  the  agro-
forestry and forestry systems is lessening the 
anthropogenic  pressure  on  natural  forests 
(Rao  &  Maikhuri  1996,  Nautiyal  &  Negi 
1994, Vishvakarma et al. 1998). In the forest 
system only well adapted species such as  J.  
macropoda and R. webbiana can survive un-
der extremely xeric soil conditions of south 
facing  slopes.  J.  macropoda is  one  of  the 
most successful tree species on the south fa-
cing dry and xeric slopes (Aswal & Mehrotra 
1994).  The species richness in agroforestry 
systems  in  the  watershed  was  relatively 
higher  than  in  forest.  This  is  because  the 
farmers  maintained  these  plants  in  agro-
forestry, hence these plants fulfill the fodder 
and fuelwood requirements of the farmers. 

Among  the  small  trees,  Pyrus  malus 
(apple)  is  being  introduced  as  a  new cash 
crop.  S. acmophylla (a wild willow) natural 
grown under agroforestry system was main-
tained as a basic source of energy and raw 
material for making baskets. Therefore, these 
two  species  are  found  under  agroforestry 
system  with  relatively  higher  density. 
Among  the  shrubs,  H.  rhamnoides was 
found  relatively  higher  density  and  distri-
buted  along  the  margins  of  agricultural 
fields,  grasslands  and  along the  streams in 
the watershed. It has a nitrogen fixing ability 
through microbial  association helps in land 
restoration  (Rongsen  1992).  However,  R. 
webbiana,  forms  tussocks  in  degraded 
forests and grasslands. It was widely distri-
buted in the watershed except on stony out-
crops and snowbound areas. Tussocks of  R.  
webbiana hold soil,  check soil  erosion and 
survive under extreme climatic conditions of 
the cold desert.  H. rhamnoides was used as 

fuelwood,  making  agricultural  implements, 
and the fruits are used for juice and ketchup. 
R. webbiana used as a fencing material and 
fuelwood.  Regular  irrigation  through  kuhl 
promotes  natural regeneration of  local spe-
cies under agroforestry and forestry systems. 

The plantations of  S. fragilis and  P. nigra 
provides a major share of fuelwood require-
ment for domestic use and a large portion of 
green  fodder  during  winter  months.  Small 
trees like  P. malus, P. communis and P. ar-
meniaca are  planted  in  a  low  density  for 
their  edible  fruits  of  domestic  use.  All  the 
shrub species  under  plantations grow natu-
rally and are used as fuelwood, fodder and 
fencing materials. The relict patches  J. ma-
cropoda in  the  watershed  are  highly  de-
graded as a result of intensive wood, leaves 
removal and grazing animals.  J. macropoda 
tolerates the extremely xeric soils of the cold 
desert.  In  the  past,  Pinus  wallichiana was 
also  found  among  the  J.  macropoda trees 
(Harcourt 1870). In the lower part of the Pat-
tan valley in the Lahaul valley,  P. wallichi-
ana is still found with very low density. Ex-
cessive removals of the trees in the past have 
been a major cause of its elimination from 
the system.  J. macropoda has been a major 
timber  species  in  the  watershed  since  the 
past but nowadays it is almost distributed in 
the relict patches. Ecologically,  it is an im-
portant evergreen plant species in the region. 
So this species socio-culturally has become a 
part and parcel of a social system of the local 
communities. 

Vegetation characteristics
In  the  agroforestry  and  forestry  systems, 

several  indigenous plant species have rege-
nerated under natural conditions, besides the 
plantation of  S. fragilis,  P. nigra,  P. malus, 
P. communis and  P. armeniaca, whereas in 
forest only drought resistant species are sur-
vived. This was evident in reflecting species 
richness, evenness and diversity index of the 
agroforestry  and  forestry  as  compared  to 
forest. Species richness was highest at inter-

mediate level of pH in Norderney (North Sea 
Germany) and Baltic coast of Mecklenburg-
Vorpommern  in the north-eastern Germany 
from  Rostock  eastward  (Issermann  2005. 
This study supported the present study.  Sa-
xena & Singh (1982) recorded high species 
richness (4 to 22) and diversity (0.74 to 3.10) 
for the shrub layer in the Kumaun Himalaya, 
which  is  comparable  to  the  present  study. 
The values of dominance concentration (cd) 
were similar to those reported by  Whittaker 
(1965) and Risser & Rice (1971) for tempe-
rate  vegetation  (0.01  to  0.99).  Saxena  & 
Singh (1982), and Tiwari & Singh (1985) re-
ported the values of 0.11 to 1.00 for different 
forests in the Kumaun Himalaya. Species di-
versity  was  under  agroforestry  and  forest 
systems  are  comparable  with  values  gene-
rally  reported  for  temperate  forests  (Monk 
1967, Singh & Singh 1987). The species di-
versity  was  found  lower  than  reported  by 
Risser  &  Rice  (1971) which  ranged  from 
2.00 to 3.00 for temperate forest. The vege-
tation of the watershed was shown a sparse 
distribution pattern due to xeric climatic con-
ditions. There were considerable differences 
in the species composition of vegetation in 
the watershed. 

Conclusions
The  available  relict  forest  patches  in  the 

Jahlmanal watershed are degrading fast due 
to high anthropogenic pressures, hence in-s-
itu and ex-situ conservation measures are ur-
gently required. These patches are subjected 
to deforestation and fragmentation in many 
ways due to extraction of timber, fuelwood, 
fodder,  leaves and medicinal  plants,  etc. A 
systematic and scientific research is required 
for mass multiplication and revival of  Juni-
perus forests in the watershed. Efforts are ur-
gently  required  for  plantation  of  grasses, 
bushes (Seabuckthorn) and multipurpose tree 
species  (Salix spp.  and  Populus spp.)  with 
indigenous species, ecologically suitable for 
the xeric cold desert environment. Technolo-
gical  interventions are also required to  im-
prove  the  quality  and  resistance  against 
drought and climate change. The plants need 
to be distributed among the local people to 
plant these species in their own private land 
for  woods  and  leaves  based  requirements. 
Seed orchards and arboretum establishment 
is also suggested for mass multiplication of 
the existing valuable plant taxa. The utiliza-
tion pattern of a particular plant species also 
provides valuable information on the status, 
their use pattern and dependency of the local 
communities on plant species. 
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Tab. 5 - Comparative species richness, density, basal area and important value indices in the 
Jahlmanal watershed, the Lahaul valley.

Sector Groups No. of 
Species Density Basal area IVI

Agroforestry Tree 6 4980 1205.4 145.3
Small-tree 7 1910 220.9 41.4
Shrub 7 9940 210.6 113.3
Total 20 16860 1636.9 300.0

Forestry Tree 5 6120 1695.2 215.4
Small-tree 6 200 36.9 10.0
Shrub 4 3630 64.4 74.6
Total 20 9950 1800.6 300.0

Forest Tree 1 4200 394.6 205.9
Shrub 5 2760 5.0 94.1
Total 6 6960 399.6 300.0
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