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SUMMARY

Wood attributes such as calorific values, wood density, moisture and ash content of 66 woody
(12 subtropical and 54 temperate) species from temperate and sub-tropical natural forest of
Mamlay Watershed, Sikkim, India, were examined and used for estimating a fuel wood value
index (FVI). The rankings as fuel wood by the local community and by their wood attributes
of a sub-set were compared. Among the species highly valued by the local people, Castanopsis
tribuloides, Quercus lineata and Q. lamellose showed high FVI values; Eurya acuminata, and
Cinnamomum impressinervium with moderate preference scores also had lower FVI values.
Andromeda elliptica and Engelhardtia sp. were ranked lower by local people than was expected
on the basis of their FVIs. Both the FVI value and community preference should be used in
assessing species’ value for afforestation and management.

Key words: Sikkim, fuel wood value index, revegetation.

INTRODUCTION

In many mountainous areas, fuel wood coming from the natural forest is the
only source of energy available to poor people (Purohit and Nautiyal 1987,
Thapa and Weber 1990). It is simple to collect and use (Eckholm et al. 1984,
Blaikie 1985), and other commercial sources of energy are beyond their reach
due to difficulties of access, high prices and limited supply (Sharma ef al. 1992).
Most of the mature tropical forests have been lost during the past century, often
due to unsustainable levels and ways of exploitation (Brown and Lugo 1982,
Brown et al. 1991, Thapa and Weber 1990, WRI and IIED 1987). In the
Himalayas, depletion of forest resources has directly aggravated the pressures on
rural livelihoods through shortage of fuel wood (Thapa and Weber 1990).
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Sikkim has been meeting and satisfying the fuel wood resources need of
majority of the population, but evidence of a decline in forest species number
and composition is emerging. The substantial increase in population and
irrational use of natural resources have resulted in lowering of the forests’
quality and fuel shortages; as a result, people have started using less valued
species as fuel wood (Sundriyal and Sharma 1996). The selective use of a few
valued species have resulted in a steady decrease in the stocking of many of the
preferred fuel wood species in the natural forest (Sharma et al. 1992). Accounts
of the wood properties for many of the widely used fuel wood tree and shrubs
in other parts of the Himalaya are available (Krishna and Ramaswamy 1932,
Singh and Khanduja 1984, Singh et al. 1984, Purohit and Nautiyal 1987).
However there has been little effort to assess the fuel wood characters of forest
species from the Sikkim Himalaya. The assessment of wood characters is
important in order to select useful species for revegetating the wastelands and
degraded forests to meet future fuel requirements. In hilly regions, watersheds
are regarded as functional units for sustainable management of resources, so the
present study was located in the Mamlay watershed which is representative of the
eastern Himalaya (Sharma et al. 1998). It focused on 20 commonly preferred
species and listed them according to the preference ranking of the local
community. The wood properties of 12 sub-tropical and 44 temperate species
were screened and compared with the 20 preferred fuel wood species in order
to identify those with a high potential for use as fuel wood and recommended
them for use in reafforesting degraded land in the area.

THE MAMLAY WATERSHED

The Mamlay watershed is located in the south district of Sikkim state (27°10”8"
to 27°14”16’'N and 88°19”53” to 88°24”43’ E) having an area of 30.14 km?. The
watershed has an altitudinal range of 300-2650 m above m.s.l. and includes 34
villages covering 62% area under agriculture, 12% under forest, 5% pasture
land, 3% barren land and 18% under cultural wasteland (Sharma er al. 1992).
The forest under investigation forms the north-east and north-west boundary of
the watershed, is at a higher altitude than all agricultural land and, therefore, is
of significant importance for the stability of the area (Sundriyal and Sharma
1996).

Two important forest types were recognized, namely (i) sub-tropical natural
forest and (ii) temperate natural forest (Sharma et al. 1992, Sundriyal et al.
1994, Sundriyal and Sharma 1996). Sub-tropical natural forest is located at
lower elevations of 400-1050 m and the temperate natural forest at 1050-2650
m above m.sl. The sub-tropical forest is dominated by Shorea robusta,
Castanopsis indica, Castanopsis tribuloides and Schima wallichii. The details of
vegetation of this forest are already available (Sundriyal et al. 1994). The two
most dominant canopy tree species are Quercus lamellosa and Castanopsis
tribuloides in the temperate forest and two sub-canopy species are Eurya
acuminata and Symplocos theifolia. Information on the vegetation structure and
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anthropogenic pressure of this temperate forest has been presented by Sundriyal
and Sharma (1996).

MATERIALS AND METHODS

Matrix ranking on the preference of fuel wood species by the local community
was done using a Participatory Rural Appraisal (PRA) technique (Pretty et al.
1995, Jain et al. 1999) in which the highest scores were associated with the
highest preference, and vice versa (Jain et al. 1999). The exercise was conducted
with a group of 20-30 individuals in an informal gathering. A trained person
from the research group facilitated the villagers in the exercise. Villagers were
asked to list the fuel wood species they use in their daily chores. The listed
species were arranged in the first column as well as along the first row of a
matrix box. People were asked to compare two given species at a time for their
preference. The preferred species were noted and the number of time a species
was preferred was summed to get its score. The score information was checked
with four old villagers for its authentication.

The wood attributes — energy value, moisture and ash content, wood density
and biomass:ash ratio — of 66 woody (12 subtropical and 54 temperate —
including 14 of the 20 species chosen by the local people) species were
determined using methods given by Anderson and Ingram (1993). Wood samples
from branches measuring more than 12 cm diameter were collected and brought
to laboratory within 24 hrs in airtight polybags.

e The fresh weight of the samples were taken;

* they were then dried in a hot air oven at 70° C for 24 hours; their dry weights
were recorded after the samples showed constant weight.

» These dry and fresh weights were used to calculate moisture content.

» The biomass-ash ratio was calculated by dividing dry weight by ash weight.

» The dried sample were used to determine volume by the water displacement
methods.

* The dried samples were milled in an electric grinder and passed through 2 cm
mesh sieve. The ash content was determined by burning a weight amount in
a muffle furnace at 550 C for 3 hrs.

* Energy (calorific) values were estimated using an oxygen bomb calorimeter
following the method given by Leith (1975).

* A Fuel wood Value Index (FVI) was estimated using energy value, wood
density, ash content and moisture content and applying the formulae developed
by Purohit and Nautiyal (1987).

Calorific value (kJ/g) x density (g/cm3)

FVI =
Ash content (g/g) x Moisture content (g/g)
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RESULTS
Species preference

Among the 20 widely used fuel wood tree species, Quercus lamellosa ranked
first according to preference of the local people with the highest score of 19,
followed by Q. lineata and Castanopsis tribuloides (Table 1). Interestingly, no
sign of Q. lamellosa extraction from the forest was recorded whereas C. indica,
C. tribuloides and Schima wallichii from the subtropical forest and Michelia
exelsa and Engelhardtia sp. from the temperate forest showed irregular diameter
class structures — probably a result of illicit extraction (Sundriyal et al. 1994,
Sundriyal and Sharma 1996). In the preference hierarchy, the least preferred
species were Rhus succedanea, R. semialata, and Dendrocalamus sp. suggesting
poor fuel wood quality.

Fuel wood characteristics

The fuel wood characteristics of the 12 tropical and 54 temperate tree species
are given in Table 2.

Our results for calorific value were below the bottom end of the range (9.03
kl/g in Eriobotrya petiolata) that had been reported by earlier workers from

TABLE 1

Matrix ranking scores and preference ranking of 20 widely used fuel wood
species from the Mamlay Watershed, Sikkim.

Botanical name Local name Rank Score FVI

Quercus lamellosa Smith. Buk I 19 3860.7
Quercus lineata Blume. Phalant II 18 3539.6
Castanopsis tribuloides A.DC. Musre katus 11 17 1469.1
Eurya acuminata DC. Jhingun v 15 1358.6
Drypetes lancifolia Pax. & K. Hoffm. Hare v 15 -

Unidentified Kande A\ 13 -

Viburnum sp. Asare v 13 -

Cinnamomum impressinerium Meissn. Sisi VI 12 982.8
Andromeda elliptica Sieb.& Zucc. Angeri VI 12 3933.8
Leucosceptrum canum Sm. Ghurpis VII 10 1027.8
Symplocos theifolia Don. Kharane VIII 9 713.4
Maesa chisia Don. Bilaune IX 8 429.9
Jambosa sp. Ambakey IX 8 -

Schima wallichii Choisy. Chilalune X 6 889.6
Albizzia procera Benth. Seto siris XI 5 291.6
Macaranga pustulata King. Malata XII 4 672.6
Engelhardtia sp. Aule mahuwa XII1 3 1883.0
Rhus succedanea Linn. Rani bhalayo XIv 2 594.8
Rhus semialata Murr. Bhakimlo XV 1 693.1
Dendrocalamus sp. Bans XVI 0 -
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Garwal Himalaya and other parts of the Central Himalaya (Nautiyal and Purohit
1988, Purohit and Nautiyal 1987). Engelhardtia sp. among the sub-tropical and
Rhododendron arboreum among the temperate species, ranked highest in
calorific value, but R. arboreum had the lower ash and moisture content.
Engelhardtia sp. was followed by Schima wallichii, Castanopsis hystrix and Acer
oblongum.

Moisture content varied from 33% (Rhus semialata) a temperate forest
species to 64% (Schima wallichii) in a sub-tropical species.

Many of the sub-tropical species had wood density below 0.6 g.cm™; Schima
wallichii was exceptional with a density of over 0.8 g/cm®. The wood of
Symingtonia populnea was the densest (0.89) among the temperate species
followed by Quercus lamellosa, Castanopsis tribuloides and Machilus
gammieana.

Ash contents were >1% on most of the species (85%) and only about 15%
species showed <1% ash content; even these 15% showed lower ash contents
compared to those given in reports by earlier workers (Natutiyal and Purohit
1988, Purohit and Nautiyal 1987).

Among the temperate species, Prunus nepaulensis showed the highest
biomass/ash ratio (422) followed by Rhododendron arboreum (191),
Andromeda elliptica (122) and Quercus lineata (108) due to their low ash
contents. For the rest of the species, the ratio remained below 100.

The majority of the temperate species possessed high energy value and high
density as reported by Purohit and Nautiyal (1987). In general, woods having
high calorific values, high density, low ash and low moisture contents are good
fuel wood species, although Acer campbellii, Machilus gammieana, Schima
wallichii and Macaranga pustulata, all of which show high calorific values, high
density and low moisture, are not so promising due to their high ash content.
Among the 66 species, only 11 species, all from the temperate forest, with
comparatively high calorific values, high density, low moisture and low ash
contents had Fuel wood Value Indices over 2000. Among these, Rhododendron
arboreum showed the highest FVI followed by Prunus nepaulensis, Symingtonia
populnea, Andromeda elliptica, Quercus lamellosa and Q. lineata.

The field survey and participatory inventory data revealed that the Mamlay
community prefers fuel wood with high wood density and which burns for a
long time with constant heat. They realised that the woods with lesser amount
of ash contents are better in quality.

The results of a stepwise regression analysis of community preference scores
against the wood characters revealed that among the six characters, two of them
showed significant partial regression coetficients. Wood density and ash content
together explained 75% of the variation (Table 3).

DISCUSSION
The Mamlay watershed forest is under increasing biotic pressure with high fuel

wood demand (Sundriyal er al. 1994). Eurya acuminata, Viburnum sp.
Cinnamomum impressinervium with moderate preference scores are commonly
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TABLE 3

Step-wise Regression analysis showing relationship between
people’s score and other wood attributes.

Dependent Variable SCORE
R = 0.907 R-Square = 0.823

Effect Coef- Std Std Tol. DF F P(2 Tail)
ficient Error Coef

1 Constant

2 ENERGYVALUE  -0.486 0.350 -0.247 0.62369 1 1.929 0.198
3 MOISTURE 0.222 0.149 0.224 0.87562 1 2.234 0.169
4 BIOMASSASH 0.043 0.054 0.225 0.24239 1 0.627 0.449
5 DENSITY 27.137 6.931 0.625 0.77174 1 15.331 0.004
6 ASH -2.430 2.233 -0.341 0.19971 1 1.184 0.305

R = 0.865 R-Square = 0.749

Effect Coefficient Std Error DF F P(2 TaiD)
1 Constant -0.749 5.293

5 DENSITY 27.937 7.107 1 15.451 0.002
6 ASH -2.501 1.165 1 4.608 0.053

used even though their FVI suggest only moderate quality (Table 2). It is curious
that Rhododendron arboreum , having the highest FVI is not used by the
community in the Mamlay watershed even though it is extensively used
elsewhere in Sikkim where the availability of alternative fuel wood species are
limited (Chettri 2000). This could be due to a combination of availability of
other alternative species in the area and custom — possibly related to religious
practices. Though widely used fuel wood species such as Castanopsis tribuloides
and Eurya acuminata are still abundant in the Mamlay watershed (Sundriyal and
Sharma 1996), others such as Quercus spp., Castanopsis spp. and Schima
wallichii are under pressure

Farmers® preference scores for Castanopsis tribuloides, Quercus lineata and
Q. lamellosa were matched with high FVIs. It is evident from the regression that
people’s preference is associated with density and ash content. From the
interviews, it emerged that a compact and heavy wood with low ash content
when burnt that was easy to collect and split into pieces, was thought to make
the best fuel wood. This could be the explanation why their preference scores
were lower than expected for Engelherdtia spicata and Andromeda elliptica. Our
observation revealed that Engelherdtia spicata has a low wood density, is
comparatively light due to its porous structure and gives off noxious fumes.
Andromeda elliptica is difficult to cut and split into pieces due to its fibrous,
interlocked wood structure.
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The data on the FVI indicate that it is extremely sensitive to low moisture and
ash content; this, coupled with the regression analysis that suggests users’
preference is mainly associated with high density, indicate that the FVI alone is
an imprecise guide to fuel wood quality.

High extraction pressure, attributed to a rising sustained demand for fuel
wood, has caused deforestation and accelerated the soil erosion process; in turn
this has further reduced soil fertility and productivity (Rai and Sharma 1998).
Effective forest management and conservation practices cannot be implemented
as adequate fuel alternatives are not available in the area. The development of
alternative fuel supplies [for example from plantations and subsidized supplies
of kerosene and liquified petroleum gas (LPG)], coupled with the adoption of
an improved code of environmental conservation ethics by both the community
and the responsible authorities, could help to solve the problem of forest
degradation. Initiation of conservation activities among the communities with
participatory monitoring of resources and wildlife would strengthen conservation
in the area.

A proper management strategy for the restoration of these forests using high
quality fuel wood species is necessary. Forest managers should take the initiative
in afforestation with the help of villagers by providing them saplings of high
quality fuel wood species. The FVI tool along with participatory preference
listing may be useful in choosing species as there are likely to be some location-
or community-specific preferences, as observed for Rhododendron arboreum.
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