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Fuelwood is only priceless and easy source of energy for the peoples of the mountain region. Little information is available

on availability of firewood resources, extraction, etc. Therefore, the present study was carried out to investigate fuelwood

diversity, preference, consumption and availability in the forests of Kais Wildlife Sanctuary. Thirty five species (22 trees

and 13 shrubs) were collected for fuel by the inhabitants. Total collection and species preference were highest for Cedrus

deodara, Picea smithiana, Pinus wallichiana, Alnus nitida, Aesculus indica and Berberis lycium, respectively. Per capita

consumption of fuel wood varied from 2.56 kg day!capita™! to 4.17 kg day'capita’! and average wood consumption was

recorded 3.55 kg day !capita™!.In addition to native species, some non-native species such as Ulmus villosa, Malus pumila,

Prunus cornuta, Celtis australis, etc. were used as fuel. The available stock of the species within the forest communities is

relatively low. It is observed that if the current trend of fuelwood consumption continues in the communities, there will be

shortage of fuelwood in future. Therefore, precise management of preferred species in forests and plantation in degraded,

barren and margin land would not only benefit local communities but also, help in conserving natural resource.
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Introduction

Since the time immemorial, the human kind has been
using plant resources to meet out their requirements
as fuelwood (220 m tonnes), fodder (250 m tonnes),
timber (12 million m3) and other forest products
(~1,700 m tonnes) annually from the natural habitats
which have resulted in depletion of forest resources
(Mukherjee, 1994; Tewari and Campbell, 1995). After
1980s overall fuelwood demand and consumption did
not increase at the rate estimated earlier, but demand
and consumption increased in rural areas (Arnold et
al.,2003). InIndia, ~200 million rural people live in
and around forests are fully dependent on forest
resources for their sustenance and livelihood (ICFRE,
2010). Usage patterns of forest resources have not
changed much in mountain regions, because of low
income, poor transportation, easy access and simple
use (Chettri et al., 2002). Per capita consumption of

wood (1.10-4.11 kg day!") in the Himalayan regions
is higher as compared to other parts of India (Straede
and Treue, 2006). In the Himalaya, above 2,000
m,altitude fuelwood consumption is 2-3 folds higher
as compared to low altitude (Bhatt and Sachen, 2004).
In the mountain wood is the predominant source of
energy for cooking, water and room heating, etc.
Forest resource degraded and depleted due to
exponential rise in demand caused by enormous
growth in human and livestock population. Exploitation
and unsustainable practices of preferred fuelwood
lead to vulnerability of resources (Sundriyal and
Sharma, 1996). Collection of the preferred species
affects their availability and status, which is causing
pressure on a particular group of plants. In the
Himalaya, studies on firewood consumption pattern
(Samant et al., 2000; Rawat et al., 2009; Bhatt and
Sachan, 2004; Kumar et al., 2008; Singh et al., 2010;
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Khuman et al., 2011; Rana et al., 2012; Sharma and
Samant, 2014; Negi and Maikhuri, 2016); energy
values of species (Negi and Todaria, 1993; Chettri
and Sharma, 2007; Bhatt et al., 2010; Negi and
Maikhuri, 2016) and firewood properties (Bhatt and
Todaria, 1992; Purohit and Nautiyal, 1987; Puri et al.,
1994; Bhatt and Tomar, 2002; Chhetri and Sharma,
2009; Nabi et al., 2017) have been carried out. It has
become a major challenge to developing countries set
equilibrium between forest resource use and
protection. In fragile Himalaya along with climate
change, this condition has become more challenging,
which leads to deforestation and soil erosion.
Therefore, it is pertinent to investigate fuelwood
extraction trend in order to understand the impact on
vegetation and develop strategy for sustainable
practice. Therefore, present paper focuses on
utilization pattern, annual collection, use pressure and
availability of fuel species occurring in the forests,
and suggests conservation strategies for Kais Wildlife
Sanctuary of the Himachal Pradesh, Northwestern
Himalaya.

Study Area

Present study has been conducted in Kais Wildlife
Sanctuary (KWLS) (31°59.6842 -32°03.5582 N
Latitudes and 77°09.0922 -77°12.7232 E Longitudes)
which is located in Pir-Panjal mountain ranges of
Lesser Himalaya of Kullu District in Himachal
Pradesh. Sanctuary covers 14.19km? area with an
altitudinal range, 2000-3850m, amsl. Geologically, the
area exposes rocks belonging to the Kullu and Rampur
Groups. Under lying rocks are Carb Phyllites, Platy
Limestone, Gneisses, Quartzites and Chloritic Phyllites
with minor schist bands (Sharma et al., 1986). The
soil is mainly silty loam in texture with light brown to
dark brown and slightly acidic in nature. In the
Sanctuary, pH of the soil ranged between 5.27-7.33
and Organic content, 1.24-7.67 %. Along the entire
altitudinal range, the Sanctuary supports temperate,
sub-alpine and alpine vegetation. The inhabitants
residing in the periphery, depend on the Sanctuary for
forest products. The Gujjars and peripheral villagers
have rights to graze their livestock inside the
Sanctuary. Due to over exploitation and habitat
degradation of the economically important floristic
diversity, the populations of many species have
decreased to a great extent.

Methodology

Survey and Selection of Villages

Six villages namely, Tondla, Dhara, Ghout, Sharan,
Farmeha and Chaunjal located in the surrounding
areas and dependent on the sanctuary for fuel wood
collection were investigated for the quantification and
utilization pattern of the fuel species. These villages
were located at a distance of approximately 0.5-2.0
km. After interviewing local people and conducting
surveys, it was observed that on an average two
individual per household collect fuel during the months
of March, April, November and December for about
90 days.

Sampling and Species ldentification

Surveys were conducted in the month of March, April,
November and December to quantify the fuel
resource. The fuel wood collection was brought in
bundles (bojha) to the villages by the inhabitants.
Twenty backload (bojhas) were sampled in each
village in each survey. Each species was segregated
from each backload based on local names and then
weighed using a spring balance (Samant et al., 2000).
Living samples (twig containing leaf and flower) of
each species were collected with the help of local
people, and were later identified with the help of flora
(Dhaliwal and Sharma, 1999; Singh and Rawat, 2000).
The data for fuel species were compiled for each
village.

Data Analysis

Species wise data for each village was analyzed for
mean collection, total collection per household per day
and per year, Probability of Use (PU) and Resource
Use Index (RUI) following Samant et al. (2000) and
the formulae used were as follows.

Total Species Collection Household! day™! (Cd)
= No. of individuals household-! responsible for

T
collection x Mean collection (A). Where, 4= N (T

= Total collection of the species in all the samples, N
= Number of samples).

i

N "Fipi
Probability of Use (PU)=",—— where, Fi is
2 Pi
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frequency of collection of a species in the i village
and Pi is population of the ih village.

Resource Use Index (RUI) = Total species
collection household-! year! x PU.

Fuel wood consumption per capita was calculated
using following formula.

Fuel wood consumption per capita (kg day™)

_ Total annual fuel wood collection of vilalge

Total population of village x 365

For the calculation of energy consumption per
capita, caloric value of the species gathered from the
secondary sources (Bhatt and Todaria, 1992; Purohit
and Nautiyal, 1987; Puri et al., 1994; Bhatt and Tomar,
2002; Nabi et al., 2017). Energy consumption per
capita was calculated using following formula.

Energy consumption per capita = consumption per
capita (kg day™!) x caloric value of the species

Similarity in fuelwood consumption among the villages
was determined using Sorenson’s Similarity Index
(Muller-Dombois and Ellenberg, 1974).

2C
A+B
C=amount of fuel collection common in villages (A
and B); A=collection of fuel in village A, and
B=collection of fuel in village B.

Similarity Index (SI) = x100 where

Phytosociological Analysis

A detailed phytosociologoical investigation was done

in the Sanctuary to understand the availability of fuel
resource. It was observed that inhabitants collect fuel
up to 2,800m altitude and within a distance of 2.0 km
from the villages. In every forest, plots (each of 0.25
ha) were selected and sampled covering different
habitats. Within each plot, 10 (10 x 10m) quadrats for
trees, seedlings and saplings, each and 20 (5x5m)
quadrats for shrubs were randomly laid. Number of
individuals of each species and diameter at breast
height (dbh, 1.37 m) for trees was recorded, based
on dbh, plants were categorized as tree (dbh > 10.1
cm), sapling (dbh 3.2-10.0 cm) and seedling (dbh <
3.2 cm) (Saxena and Singh, 1982). Density was
calculated for trees, saplings and seedlings. Relative
density, relative basal cover and relative frequency
were calculated only for trees. Importance Value
Index was calculated for each plot (IVI = relative
density + relative basal cover + relative frequency)
for the delineation of communities. Also abundance
and frequency of trees and shrubs were calculated
for the distribution pattern (abundance/frequency) of
the each firewood species.

Total 15 forest communities were identified
based on importance value index and relative density.
Density of each fuelwood species for each size class
(i.e., tree, sapling and seedling) were analyzed and
figured.

Results

Diversity of Fuel Resources

Thirty five species (22 trees and 13 shrubs) were
collected for fuel by the inhabitants. Maximum

Table 1: Human population and number of fuel species and quantum of fuel wood collection in the villages

Name of  Altitude Total House- Popula- No.of  Fuel Fuel  Energy Preferred species and consumption (%)
village (m)  popu- holds tion fuel wood  wood consum-
lation respon- species collec- consum-  tion
sible (kg ption (MJ day!
for house- (kg day! capita™)
collection hold!  capita™)
year!)

Farmeha 1780 201 35 70 25 6840 3.26 60.287  Berberis lycium & Alnus nitida- (34.74)
Sharan 1800 165 31 62 24 6489 3.34 60.120  Cedrus deodara & Pinus wallichiana (41.19)
Chaunjal 1850 55 8 16 24 6426 2.56 45914  Aesculus indica & Alnus nitida (44.54)
Dhara 1900 97 18 36 20 6813 3.46 61.283  Picea smithiana & Cedrus deodara (42.40)
Tondla 1950 235 48 96 26 6975 3.90 69.817  Cedrus deodara & Picea smithiana (41.68)
Ghout 2100 76 14 28 24 8268 4.17 70.652  Picea smithiana & Pinus wallichiana (56.43)




Table2: Diversity, Preference, Nativity, Part/s used and indigenous uses of the fuel species in Kais Wildlife Sanctuary

Taxa Preference Altitudinal Distribution  Nativity Part used Other uses
range (m)  pattern

Cedrus deodara G. Don* 1 2,000-2,800 Contagious  RegHimal Res, Lf, Wd, Cn, St Medicinal (Antihelminthic, rheumatism,
ulcers); Timber

Picea smithiana (Wall.) Boiss.* 2 2,000-2,900 Regular Reg Himal Res, Lf, Wd, Cn, St Timber

Pinus wallichiana A.B. Jacks.* 2,000-2,800 Random Reg Himal Res, Lf, Wd, Cn, St Timber

Alnus nitida (Spach) Endl.* 4 2,000-2,800 Contagious  Reg Himal Lf, St Medicinal (Cuts, wounds, stomachache);
Fuel

Aesculusindica Coleber. ex Camb. 5 2000-2,700 Random Reg Himal Fr, Lf, Wd Edible; Fodder

Berberis lycium Royle* 6 2,000-3,000 Random Reg Himal Rt, Fr Medicinal (Jaundice, eye disease); Edible;

Celtis australis L. 2,000-2,400 Contagious Europe As Lf, Rt, Bk Medicinal (Leprosy); Edible; Fodder

Temp Ind Or

Desmodium elegans DC*. 8 2,000-2,900 Contagious  Reg Himal Burma AP, Rt, Wd Medicinal (Epilepsy, carminatives); Fodder;
Religious

Sorbaria tomentosa (Lindl.) Rehder 9 2,000-2,800 Contagious  Reg Himal As Bor Wd, St Medicinal (Asthma); Agricultural tools

Indigofera heterantha Wall. ex Brandis 10 2,000-3,000 Contagious  Reg Himal Lf, Wd Medicinal (Diarrhoea, dysentery, cough,

veterinary urinary problem)

Sageretia thea (Osbeck) M.C.Johnst. 11 2,000-2,500 Random Ind Or Malaya Fr, Wd Edible; Agricultural tools

Viburnum mullaha Buch.-Ham. ex D.Don 12 2,000-3,000 Contagious Reg Himal Fr, Lf, Wd Fodder

Pistacia integerrima Stew. 13 2,000-2,400 Contagious Reg Himal Fr, Wd Medicinal (Cough, cold, antiscorpion, snake

Aegypt Persia bite)

Viburnum cotinifolium D.Don* 14 2,000-3,100 Contagious Reg Himal Fr, Wd, St Medicinal (Amenorrhoea); Edible;

Agricultural tools

Salix acutifolia Willd. 15 2,000-2,800 Random Europe As Bor Wd, Lf Fodder

Morus serrata Roxb.* 16 2,000-2,600 Random Reg Himal Fr, Lf Fodder; Edible

Rhus wallichii Hk. £.* 17 2,000-2,500 Regular Reg Himal St, Wd Agricultural tools

Ulmus villosa Brandis ex Gamble 18 2,000-2,700 Regular Europe As Bor Lf, Wd Fodder

Populus ciliata Wall. ex Royle 19 2,000-2,700 Contagious  Reg Himal Wd Timber

Rhus javanica Thunb.* 20 2,000-2,500 Random Reg Himal Fr, Wd Medicinal (Gastric problem, skin disease);

Edible

Juglans regia L.* 21 2,000-2,800 Contagious Reg Himal Bk, Lf, Fr Medicinal (Frost bite, rheumatism, sores of

toes, toothache); Edible; Timber; Religious

184!

JUDWDS YSUIS A2YS PUD DT ADYOUDIN



Firewood Species Diversity and Consumption Pattern in Kais Wildlife Sanctuary

1415

Fodder

Wd, Lf

Reg Himal

Regular

2,000-2,800
2,000-2,600
2,000-2,800

Lonicera quinquelocularis Hardw.

Fodder

Reg Himal Burma Lf, Wd

Random

23

Buddleja crispa Benth.

Medicinal (Scabies, rheumatism, arthritis);
Fodder; Agricultural tools; Walking stick

Fr, Wd, St

Reg Himal

Contagious

24

Cotoneaster bacillaris Wall. ex Lindl.

Medicinal (Burns, cuts, rheumatism,
wounds); Edible; Religious

Sd, Fr, St
Fodder

Reg Himal

2,000-2,500 Regular

25

Prinsepia utilis Royle

Wd, Lf

Reg Himal

Contagious

2,000-2,200
2,100-3,300

2,000-2,400

26
27

28

Quercus oblongata D. Don*

Medicinal (Rheumatism, ulcer); Timber

Res, Lf, Wd, Cn, St

Fr, Lf

Reg Himal

Regular

Abies pindrow Royle

Medicinal (Dysentery, indigestion, laxative);

Edible; Fodder
Edible; Fodder
Edible; Fodder

Fodder

Ind Occ

Contagious

Ficus palmata Forsk.

L£, Fr, Wd
Lf, Fr, Wd

Lf, Wd

Contagious  Europe As Bor

2,500-3,500
2,000-2,800

28

Prunus cornuta (Wall.ex Royle) Steud.

Reg Himal

30 Random

Pyrus pashia Buch.-Ham.ex D.Don

2,000-2,600
2,000-2,500

31

Malus pumila Mill.

Fodder; Edible

Fr, Wd, Lf

Reg Himal

Random

32
33

Cornus macrophylla Wall.

Medicinal (Diarrhoea, ophthalmia, wounds);

Edible; Fodder

Fodder

Lf, Fr, Wd

Oriens

Contagious

2,000-2,800

Rosa moschata Lindl.

Wd, St

Wwd

Random Reg Himal

2,000-3,200

34
35

Bulb, Bk

Endemic to Himalaya

Deutzia staminea R.Br. ex Wall.

Reg Himal
Leaf, Rh

Contagious

2,000-2,700

Bark, Fl

Betula alnoides Buch.-Ham. ex D.Don

Abbreviations used: AP

Wood,

Whole plant, Wd=

Rhizome, Rt=Root, Sd= Seed, St= Stem, Tu= Tuber, Wp=

= Fruit, Lf:

Flower, Fr:

Aerial part, Bb=

Cn= Cone and Res= Resin *

numbers of species (26 spp.; 19 Trees
and 7 shrubs) were used in Tondla village,
followed by Farmeha (25 spp.; 17 Trees
and 8 shrubs); Ghout and Sharan (24
spp., each; 15 Trees and 9 shrubs);
Chaunjal (24 spp.; 16 Trees and 8
shrubs) and Dhara (20 spp.; 14 Trees
and 6 shrubs) (Table 1). Picea
smithiana (Rai), Cedrus deodara
(Devdar), Pinus wallichiana (Kail),
Alnus nitida (Kosh), Aesculus indica
(Khanor), Berberis lycium (Kshambal),
Celtis australis (Khirk), Sorbaria
tomentosa (Chathain), Desmodium
elegans (Safed kathi), Indigofera
heterantha (Kali kathi), etc. were
mostly used as fuel.Out of total, 26
species were native and 14 were
endemic to the Himalayan region. Most
fuel species were also used for fodder,
timber, medicinal and agricultural
implements by the inhabitants (Table 2).

Extraction and Consumption Trends
of Fuel Species

The total collection among villages
varied from 6,426 to 8,268 kg house-
hold! year!. Maximum total collection
(8,268 kg household™! year!) was
recorded for Ghout village, followed by
Tondla (6975 kg household! year™),
Farmeha (6840 kg household! year™!),
Sharan (6489 kg household! year),
Dhara (6813 kg household! year!) and
Chaunjal (6426 kg household! year!)
villages. Among the species, the highest
collection was for Cedrus deodara
(1077.00 kg household! year),
followed by Picea smithiana (930.00
kg household! year!), Pinus
wallichiana (831.00 kg household™!
year)), Alnus nitida (561.00 kg
household! year!), desculus indica
(459.00 kg household! year™!), Berberis
Iycium (279.00 kg household™! year),
Desmodium elegans (324.00 kg
household™! year'') and Sorbaria
tomentosa (313.00kg household! year
1) (Table 4). The Similarity Index for
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Table 3: Similarity index of the villages on the basis of species quantum collection

Shauran Dhara Gaut Tondla Chaunjal Farmeh
Shauran -
Dhara 61.2991 -
Gaut 43.4466 66.6271 -
Tondla 72.1925 65.9269 56.9918 -
Chaunjal 37.0732 36.3018 32.1755 33.9825 -
Farmeh 45.2397 44.0343 31.1796 36.2215 44.7761 -

species extraction of different villages has been
presented in Table 3.

Per capita consumption of fuel wood varied from
2.56 kg day'capita”! to 4.17 kg day ! capita”! and
average wood consumption was recorded 3.55 kg
day ! capita!. The fuelwood consumption per capita
was maximum (4.17 kg day ! capita™') in Gout village,
followed by Tondla (3.90 kg day ' capita'), Dhara
(3.46 kg day ! capita™'), Sharan (3.34 kg day!
capita’!), Farmeha (3.26 kg day! capita™') and
Chaunjal (2.56 kg day ! capita') villages. Among the
species, the highest consumption per capita was for
Cedrus deodara (0.548 kg day ! capita™!) followed
by Picea smithiana (0.473 kg day~! capita™), Pinus
wallichiana (0.423 kg day ! capita™!), Alnus nitida
(0.286 kg day ! capita™!), Aesculus indica (0.234 kg
day ! capital), Desmodium elegans (0.165 kg
day ! capita™"), Sorbaria tomentosa (0.160 kg
day™! capita') and Berberis Iycium (0.142 kg
day ! capita!) (Table 4).

Energy consumption varied from 45.914 MJ
day ! capita' to 70.652 MJ day ! capita”' and average
wood consumption was recorded 63.081 MJ day!
capita!. The energy consumption per capita was
maximum (70.652 MJ day! capita™') in Gout village,
followed by Tondla (69.817 MJ day ! capita'), Dhara
(61.283 MJ day ! capita™!), Farmeha (60.287 MJ day~
I capita™!), Sharan (60.120 MJ day~! capita™!) and
Chaunjal (45.914 MJ day! capita™') villages. As a
source of energy, among the species, the highest
consumption was for Cedrus deodara (10.357 MJ
day~! capita™!), followed by Picea smithiana
(8.221MJ day ! capita™!), Pinus wallichiana (5.922
MIJ day! capita™!), Alnus nitida (5.743 MJ day!
capita™'), Aesculus indica (3.795 MJ day' capita™),
Desmodium elegans (3.548 MJ day ! capita!) and
Berberis lycium (2.726 MJ day! capita™'), and

Indigofera heterantha (2.716 MJ day! capita™')
(Table 4).

Probability of Use

Overall, the PU of'the fuel species ranged from 0.10-
0.61. Among the fuel species, PU was highest for
Pinus wallichiana (0.61), followed by Cedrus
deodara (0.60), Picea smithiana (0.52), Alnus
nitida (0.44) and Aesculus indica (0.40). The
remaining species showed relatively low values
(Table. 6). Among the villages, most preferred
species were Cedrus deodara, Picea smithiana and
Pinus wallichiana (0.70, each) in Tondla village,
Picea smithiana and Pinus wallichiana (0.90, each)
in Dhara, Picea smithiana and Pinus wallichiana
(0.85, each) in Ghout, Cedrus deodara (0.90) in
Sharan, Alnus nitida and Berberis lycium (0.85) in
Farmeha, and A/nus nitida (0.90) in Chaunjal (Table
4) villages.

Resource Use Index

Overall, the RUI of the fuel species ranged from 4.50-
792.00. Among the fuel species, RUI was highest for
Cedrus deodar (792.08), followed by Picea
smithiana (742.05), Pinus wallichiana (642.68),
Alnus nitida (404.03) and Aesculus indica (291.90).
The remaining species showed relatively low RUI
(Table 4). In villages, RUI was highest for Cedrus
deodara (1373.00) in Tondla, Picea smithiana
(1684.35), in Dhara, Picea smithiana and Pinus
wallichiana (1981.35, each) in Ghout, Cedrus
deodara (1814.40) in Sharan, Berberis lycium
(1040.00) in Farmeha and Alnus nitida (1255.50) in
Chaunjal villages (Table 4).

Status of Fuel Species Density

Indicators of the status and available stock of the
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Table 4: Mean collection, Probability of Use (PU), Resource Use Index (RUI) and Consumption of fuel species in the Kais
Wildlife Sanctuary

Taxa Local name Collection PU RUI Fuel wood Calorific Energy
consumption valueKJ/g consumption
kgh-ld! kghlyr-! (kg day! dry (KJ day!
capita’!) weight capita’!)
Abies pindrow* Tosh 0.87 39.0 0.17 20.25 0.020 21.20 424.00
Aesculus indica* Khanor 5.10 459.0 0.40 291.90 0.234 16.22 3795.48
Alnus nitida* Kohash 6.23 561.0 0.44 404.03 0.286 20.08 5742.88
Berberis lycium# Kashambl 3.72 279.0 0.36 231.48 0.142 19.20 2726.40
Betula alnoides* - 0.40 6.0 0.15 5.40 0.003 19.11 57.33
Buddleja crispa# - 1.00 45.0 0.17 25.35 0.023 14.06 323.38
Cedrus deodara* Deodar 11.97 1077.0 0.60 792.08 0.548 18.90 10357.2
Celtis australis* Kharik 3.13 187.5 0.34 145.69 0.095 16.81 1596.95
Cornus macrophylla# Karchhan 0.87 39.0 0.13 10.65 0.020 19.60 392.00
Cotoneaster bacillaris# Riunsh 1.37 61.5 0.20 24.60 0.031 19.30 598.30
Desmodium elegans# Shethikathi 3.60 324.0 0.33 114.30 0.165 21.50 3547.50
Deutzia staminea# - 0.90 67.5 0.10 8.10 0.034 19.40 659.60
Ficus palmata™® Fagra 1.10 16.5 0.20 19.80 0.008 16.99 135.92
Indigofera heterantha# Kalikathi 3.03 273.0 0.29 96.23 0.139 19.54 2716.06
Juglans regia* Akhrot 1.23 73.5 0.23 26.66 0.037 15.89 587.93
Lonicera quinquelocularis# 1.30 19.5 0.30 35.10 0.010 17.66 176.60
Morus serrata*® Chun 1.76 132.0 0.21 38.52 0.067 16.80 1125.60
Populus ciliata™* Poplar 0.83 37.5 0.23 34.88 0.019 18.56 352.64
Pistacia integerrima* Kakrsingi 2.10 31.5 0.35 66.15 0.016 17.35 277.60
Picea smithiana* Rai 10.33 930.0 0.52 742.05 0.473 17.38 8220.74
Pinus wallichiana* Kail 9.23 831.0 0.61 642.68 0.423 14.00 5922.00
Prinsepia utilis# Bekhal 1.52 136.5 0.21 24.03 0.069 18.90 1304.10
Prunus cornuta* Jamu 1.05 94.5 0.16 22.88 0.048 16.39 786.72
Malus pumila* Seb 0.80 72.0 0.13 12.53 0.037 16.54 611.98
Pyrus pashia* Shegal 1.04 78.0 0.16 15.84 0.040 17.39 695.60
Quercus oblongata* Ban 1.20 108.0 0.19 23.48 0.055 17.86 982.30
Rhus javanica* Titri 1.47 66.0 0.20 31.50 0.034 18.40 625.60
Rhus wallichii* Arkhar 1.73 78.0 0.22 36.30 0.040 18.70 7480
Rosa moschata# Kuza 0.60 9.0 0.15 8.10 0.005 19.50 97.50
Sageretia theatt Chahunsha 2.05 61.5 0.30 69.53 0.031 15.80 489.80
Salix acutifoliatt Beli 1.90 57.0 0.25 42.75 0.029 19.40 562.60
Sorbaria tomentosa# Chhatain 3.48 3135 0.30 111.30 0.160 15.72 2515.20
Ulmus villosa* Hambri 1.57 141.0 0.22 35.78 0.072 17.20 1238.40
Viburnum cotinifolium# Thalana 2.80 49.5 0.25 63.00 0.025 20.20 505.00
Viburnum mullaha # Thalana 2.84 213.0 0.23 69.21 0.108 20.20 2181.6

*= Tree and #=Shrub
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fuelwood species are biomass and density distribution
in different dbh classes within the communities.
Density of trees, saplings and seedlings of
communities were presented in Fig. 1 and shrubs
density in Table 5.

Among the preferred fuel species, Cedrus
deodara was represented in 5 sites, Picea smithiana
in 13 sites, Pinus wallichiana in 9 sites, Alnus nitida
in 2 sites, Aesculus indica in 8 sites, Berberis lycium
in 9 sites, Desmodium elegans in 19 sites, and
Sorbaria tomentosa in 28 sites in the forest
communities under utilizations. Among the species,
Ulmus wallichiana, Ficus palmata, Pistacia
integerrima, Cornus macrophylla, Betula alnoides,
and Sageretia thea were not represented in any of
the forest communities. Malus pumila, Pyrus pashia,
Quercus oblongataand Morus serrata were
collected from agroforestry system.

The Cedrus deodara was best represented in
Cedrus deodara-Picea smithiana mixed (230 trees
ha!, 210 saplings ha™!, 230 seedlings ha™') and Picea
smithiana-Cedrus deodar mixed (44 trees ha™!, 20
saplings ha™!, 88 seedlings ha ') communities; Picea
smithiana in Picea smithiana-Pinus wallichiana
mixed (340 treesha™!, 144 saplings ha™!, 137 seedlings
ha™!), Picea smithiana (247 trees ha™!, 124 saplings
ha™!, 166 seedlings ha') and Picea smithiana-Abies
pindrow mixed (180 trees ha™!, 30 saplings ha™!, 350
seedlings ha™!) communities; Pinus wallichiana in
Pinus wallichiana-Picea smithiana mixed (360 trees
ha™!, 100 saplings ha™!, 250 seedlings ha™') and Pinus
wallichiana (314 trees ha™!, 35 saplings ha™!, 15
seedlings ha™') communities; Alnus nitida in Alnus
nitida (450 trees ha!, 80 saplings ha™!, 40 seedlings
ha™!) and Alnus nitida-Aesculus indica-Picea
smithiana mixed (150 trees ha™!, 60 saplings ha™!, 30
seedlings ha™!) communities and Aesculus indica in
Aesculus indica (150 trees ha™') and Abies pindrow-
Picea smithiana mixed (50 trees ha™!, 10 saplings
ha™') communities. Among the shrubs, Berberis
lycium was best represented in Pinus wallichiana-
Picea smithiana mixed (400 Ind ha™"), Populus
ciliate-Prunus cornuta mixed (160 Ind ha™') and
Picea smithiana-Pinus wallichiana mixed (113 Ind
ha™") communities; Desmodium elegans in Pinus
wallichiana (750 Ind ha™'), Picea smithiana-Rhus
wallichii mixed (250 Ind ha™!) and Picea smithiana-
Pinus wallichiana mixed and Pinus wallichiana-

Picea smithiana mixed (150 Ind ha-!, each)
communities and Sorbaria tomentosa in Aesculus
indica (1050 Ind ha™"), Alnus nitida (620 Ind ha™!),
Populus ciliata (490 Ind ha') and Abies pindrow-
Juglans regia mixed (370 Ind ha'!) communities.

Distribution Pattern of Firewood Species

Analysis of distribution pattern of firewood species
indicated that 20% trees and 14.29% shrubs regular,
30% trees and 35.71% shrubs random, and 50% trees
and 50% shrubs had contagious distribution pattern in
the Sanctuary (Table 2).

Discussion

Firewood is the priceless and easy source of energy
to daily needs like culinary and rooms heating for the
rural people of the Himalaya. It is collected by the
inhabitants from all the accessible protected and
unprotected forests. Population growth and
developmental activities coupled with overexploitation
and habitat degradation have caused for the loss of
natural resources in the mountains. The present
attempt has been made to generate comprehensive
information on firewood extraction trend and
preference of inhabitants, species under use pressure,
and availability (regeneration status).Firewood
consumption among selected villages was 2.56 - 4.17
kg day ! capita”!, which showed high pressure on
forests of the Sanctuary and indicated the increasing
of deforestation. The present study revealed that, the
average firewood consumption (3.55 kg day!
capita™!) pattern was found to be considerably higher
than the values of firewood consumption from Western
Himalaya i.e.,1.5 kg day™! capita”! (Pandey and
Singh,1984), Garhwal Himalaya,1.49-3.14 kg day!
capita”! (Bhatt and Sachan, 2004; Singh et al., 2010),
Central Himalaya, 1.49 kg day ' capita~!; Southern
India, 1.632 kg day ' capita”! (Kumar and Sharma,
2009); South Asian countries, 1.9-2.2 kg day ™! capita™
'(Reddy, 1981); South-East Asian Countries, 1.92.2
kg day ! capita~! (Wijesinghe, 1984) and Himalayan
range of Nepal, 1.23 kg day! capita™! (Mahat et al.,
1987); lower than the Kumaun Himalaya, 5.09 kg day~
! capita™! (Samant et al., 2000); North Western
Himalaya, 4.37 kg day ! capita! (Rana et al., 2012)
and comparable with Western Himalaya, 3.56 kg day~
Icapita! (Kumar et al., 2008). Out of 35 fuel species,
only four species were collected from agroforestry
system by the inhabitants, showing that inhabitants
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Fig. 1: Current status of trees, saplings and seedlings in
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communities A= Abies pindrow; B=Abies pindrow-Picea
smithiana mixed; C= Abies pindrow-Juglans regia mixed;
D=Aesculus indica; E= Alnus nitida; F= Alnus nitida-Aesculus
indica-Picea smithiana mixed; G= Cedrus deodara-Picea
smithiana mixed; H=Juglans regia; 1=Picea smithiana;
J= Picea smithiana-Pinus wallichiana mixed; K=Picea
smithiana-Abies pindrow mixed; L=Picea smithiana-Rhus
wallichii mixed; M=Pinus wallichiana; N= Pinus
wallichiana-Picea smithiana-Rhus wallichii mixed; and
O= Populus ciliata community.

Abbreviations used: AP=Abies pindrow; AA=Acer
acuminatum; AC=Acer caesium; Al=Aesculus indica;
AN=Alnus nitida; CA=Celtis australis; CD=Cedrus
deodara; 1D=llex dipyrena; JR=Juglans regia; TB=Taxus
wallichiana; UV=Ulmus villosa; PW=Pinus wallichiana;
PS= Picea smithiana; PP=Pyrus pashia; PCr=Prunus
cornuta; PC=Populus ciliata; RJ=Rhus javanica;
RW=Rhus wallichii; SA=Salix acutifolia; QF=Quercus
floribunda; MS=Morus serrata; and TS=Toona serrata

have limited options for the fuelwood collection. This
may be due to less landholding and diversity of woody
species. Long and harsh winter conditions and
remoteness of villages force the inhabitants for more
collection of dried as well as green fuel wood from

forests. The RUI was highest for Cedrus deodara,
Picea smithiana, Pinus wallichiana, Alnus nitida
and Aesculus indica indicating high pressure on these
species. Wood quality such as high energy value, easy
ignition and smokeless fire of the species are the most
important contributing factors which determine the
preference. The wood of Quercus oblongata,
Cotoneaster bacillaris, Abies pindrow and Cedrus
deodara was highly preferred for high energy; Pinus
wallichiana, Cedrus deodara, Alnus nitida, and
Populus ciliata for the easy ignition and Quercus
oblongata, Picea smithiana, Sageretia thea,
Indigofera heterantha, Viburnum mullaha,
Desmodium elegans and Berberis lyceum for
smokeless fire. Out of the total collection, >40%
collection of top two preferred fuel species in the
villages clearly showed high pressure. The inhabitants
extract >74% of native species as fuel. Such practices
indirectly promote dominance of non-native species.
High RUI of Cedrus deodara, Picea smithiana,
Pinus wallichiana, Alnus nitida and Aesculus indica
indicated high preference and frequent use of these
species. Fuel wood preference of the villages was
dependent on the available forest types. All the
preferred species (except Picea smithiana) showed
contagious distribution in the sanctuary, which
indicated that these species occur in certain pockets
of the Sanctuary. Continuous exploitation of such
species for fuel and other purposes may lead their
population depletion. In spite of sufficient recruitment
in most of the highly preferred species, particularly
the high proportion of saplings, in Cedrus deodara
and Picea smithiana in the Cedrus deodara-Picea
smithiana mixed forest revealed that the species was
not being allowed to reach tree size. High preference
of some of the above species for fuel indicated high
pressure on these species. However, the density
distribution of the preferred fuel species in the
communities indicated their availability in the area,
but continuous exploitation of these species may lead
to decrease in population size to a great extent. The
preferred fuel species i.e., Cedrus deodara was
recorded in 5 plots, Picea smithiana in 13 plots, Pinus
wallichiana in 9 plots, Alnus nitida in 2 plots,
Aesculus indica in 8 plots and Berberis lycium in 9
plots out of the 45 plots studied in the forests under
utilizations. This showed that these resources were
very limited in the Sanctuary. High-density distribution
of the preferred fuel species such as Cedrus
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Table 5: Density (Ind ha™') of shrubs used as fuelwood in different forest communities of the Kais Wildlife Sanctuary

Species Community types

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Berberis lycium 3 - 30 - 50 43 3 44 117 53 10 15 400 -
Cotoneaster bacillaris 34 - - - 10 59 3 69 41 - - - 135 -
Desmodium elegans 18 - 100 - 140 - - 45 158 99 - 518 150 -
Viburnum mullaha 23 70 - - 250 86 43 - 48 87 270 9 70 60
Indigofera heterantha 15 50 - - 90 46 99 62 63 19 850 - 75 180
Lonicera angustifolia - 140 - 40 - 5 - 1 24 4 - - - 10
Lonicera quinquelocularis 2 20 10 - - 10 - - - - - 4 45 -
Prinsepia utilis - - - 10 - - - - - - - - 45 -
Rosa moschata 4 - - 30 30 - - - 118 - - - 40 -
Sageretia minutiflora - - - - - - - 3 - 6 - 52 - -
Sorbaria tomentosa 93 370 1050 620 680 286 17 122 178 258 330 469 80 490
Deutzia staminea 3 100 - - 140 48 3 - 9 57 30 - 520 10
Viburnum cotinifolium 127 - - - - - 250 20 - - - - 175 -

Abbreviation Used: 1=Abies pindrow; 2=Abies pindrow-Juglans regia mixed; 3=Aesculus indica; 4=Alnus nitida; 5=Alnus nitida-
Aesculus indica-Picea smithiana mixed; 6=Cedrus deodara-Picea smithiana mixed; 7=Juglans regia; 8=Picea smithiana; 9=Picea
smithiana-Pinus wallichiana mixed; 10=Picea smithiana-Abies pindrow mixed, 11=Picea smithiana-Rhus wallichii mixed; 12=Pinus
wallichiana; 13=Pinus wallichiana-Picea smithiana-Rhus wallichii mixed; and 14=Populus ciliata

deodara, Pinus wallichiana, Picea smithiana and
Desmodium elegans in most of the forest
communities indicated their availability in the area.
Low-density distribution of fuel species in the area
indicated their poor availability. High-density and low
RUI of fuel species indicated less preference of the
species. Low density of Morus serrata, Quercus
oblongata, Celtis australis, Prinsepia utilis and
Salix acutifolia indicated their poor availability. Non-
availability of Ulmus wallichiana, Ficus palmata,
Pistacia integerrima, Cornus macrophylla, Betula
alnoides and Sageratia thea in all the communities
indicated their restricted population in certain pockets
i.e., forest fringes, agricultural field borders and
marginal lands. Low density of the preferred species
indicated high anthropogenic pressure, which may lead
their extinction in near future and may be replaced by
the other less economically important species such
as Rosa spp., Rubus spp., Sorbaria tomentosa,
Indigofera heterantha, etc.

Conservation Implication

In the Himalayan region, main cause of deforestation
is extensive use of fuelwood and fodder as a major
energy source (Bhatt and Sachan, 2004; Samant et

al., 2000, 2006, 2007). People use forest resources
based on their knowledge, experience and response
of use patterns of fuel resource. The present trends
of fuelwood collection in the Sanctuary revealed that
the residents perceived their resource base with
accessibility. However, the status of existing resources
showed that resource availability was sufficient and
sensitive to current levels of firewood use. Multiple
uses of preferred species also enhanced the use
pressure, therefore, require proper management to
sustain present and future requirements of firewood.
The inhabitants are fully dependent on the firewood
to meet their energy demand/firewood requirement
on the Sanctuary forests. They fulfill their requirement
by collecting dead wood, illegal lopping and felling of
green trees. Firewood is most preferred source of
energy in the mountains due to its availability and cost
free resource. It is to be noted that if the current
trend of firewood consumption continues from the
forest communities, the composition of these
communities may be changed, leading to the shortage
of firewood in future. Therefore, immediate actions
are required to improve availability of fuel species by
controlled grazing, reforestation, afforestation, etc.
During the survey, it was observed that the inhabitant
exploit fuel resources beyond the need. Therefore,
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the need base extraction would help in reducing the
pressure in natural forests. The inhabitants need to
be encouraged for the restoration of degraded, barren
and margin lands through plantations of highly
preferred species. Such practices would help in
reducing pressure on the preferred species (Samant
et al., 2000). All the villages are electrified and only
few household have cooking gas as an alternate source
of energy. The severe winters i.e., from November
to March force the inhabitants for the collection of
fuel species as these species are used for heating
water; cooking food and warming houses. Awareness
amongst people about less wasteful practice of
firewood collection and consumption (Pant & Singh,
1987) use of energy efficient Chullas (cooking stove),
cookware, and alternative energy sources like solar
energy are urgently required. Therefore, increasing
the green cover through plantation of preferred species
in the degraded forests and degraded, barren and
margin lands with active involvement of local
communities, NGOs, self-help groups and protected
area managers is essential. Such successful attempts
would not only benefit local inhabitants but, also help
in conserving natural resources, ultimately increasing
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