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ABSTRACT

Wood specific gravity (WSG) is an important attribute for biomass estimation of forest trees. It is an important
factor in converting forest volume into biomass. However, a number of factors like climatic condition, geographic
location, management practice, age of tree, location of sample collection etc. may affect WSG. In India, forests
have been classified into 6 major groups, 16 groups and other sub groups on the basis of climatic, edaphic and
successional variations. A number of studies conducted on above ground biomass and carbon stock using non-
destructive method used global, regional or reported WSG leading to inaccuracies in biomass estimation. The
present paper is a comprehensive review on methodology of wood specific gravity estimation, wood specific
gravity values of a number of species reported from different forest groups of India. A total of 88 critical research
papers and reports for last 20 years were found meeting the aims, were collected from relevant sources.
Methodology for determining WSG is discussed for accurate estimation. Comparative analysis of common
species distributed in different forest groups does not show a generalized trend for WSG, as the same forest
group does not exhibit similar WSG in tree species. However, it is evident that juvenility effect has greater
bearing on wood specific gravity variation than climate. Analysis of data shows a greater bearing of edaphic
factor on WSG, than the climatic factor. It is suggested that for estimation of biomass, habitat specific WSG is
ideal to attain accuracy.

Key words: Above ground biomass, forest groups, wood specific gravity, carbon stock, wood core, wood density,

functional trait, non-destructive method.

INTRODUCTION

To generate carbon credits under the Reducing
Emission from deforestation and forest Degradation
program (REDD+), accurate estimates of forest
carbon stocks are required (Ramananantoandro et al.
2015). Above ground biomass (AGB) is an essential
aspect of studies of carbon stocks and to study the
effects of deforestation and carbon sequestration in
relation to global carbon balance (Ketterings et al.
2001). It is also useful for comparing structural and
functional attributes of forest ecosystems across a
wide range of environmental conditions (Brown et
al. 1999). Tropical forest ecosystems play important
role in global carbon balance by storing
approximately half of the world’s living terrestrial
biomass (Salunkhe et al. 2014). Carbon estimation
by non-destructive method is one of the well founded
practices in place of destructive method. A number
of studies conducted for estimation of AGB by non-
destructive method mostly used measurable tree

parameters like diameter, height and wood specific
gravity (WSG) along with allometric equation
(general and species specific) (Brown and Lugo
1984, Chave et al. 2001, Clark et al. 2001, Cummings
et al. 2002, Baker et al. 2004, Malhi et al. 2004,
Nascimento and Laurance 2004, Segura and
Kanninen 2005, Salunkhe et al. 2014, 2016, Raha et
al. 2020).

Although the choice of allometric model remains
the most common source of error in biomass
estimation (Chave et al. 2005, 2014), possible errors
in the choice of wood specific gravity (WSG)
measurements should not be ignored, as it is the
second best predictor of a tree’s biomass (Chave et
al. 2004, 2005, Molto et al. 2013, Chave et al. 2014).
WSG is defined as the density of oven dry wood
relative to the density of water whereas wood density
is the weight per volume, which includes the weight
of water contained by the wood (Gao et al. 2017).
Plant functional traits are the important determinants
of survival and fitness and wood density is one of
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the key traits which is linked to mechanical stability,
growth rates and drought and shade-tolerance
strategies (Ogle et al. 2014). WSG has become a
common subject in recent years as plant biologists
look for broad-spectrum functional traits and assess
their ecological and evolutionary significance
(Muller-Landau 2004, Chave et al. 2006, King et al.
2006, Van Gelder et al. 2006, Swenson and Enquist
2007).

Wood density is a crucial feature associated with
many aspects of a plant’s ecology since it reflects a
plant’s carbon expenditure in its water conducting
tissues relative to the size of the stem (Chave et al.
2009), including life history strategy, functional
physiology, mechanical properties and architecture
(Poorter et al. 2003, Santiago et al. 2004, King et al.
2006, Van Gelder et al. 2006). Although growth rate
is negatively correlated with wood density (Enquist
et al. 1999, Roderick 2000, Muller-Landau 2004,
King et al. 2005), but the survival and life span of
trees are positively correlated (Muller-Landau 2004).

WSG is an important factor in converting forest
volume data into biomass (Fearnside 1997). It is a
direct reflection of the amount of carbon present in
the forest as biomass (Woodcock and Shier 2003)
and it is strongly correlated with carbon density per
unit volume, making it useful in estimating
ecosystem carbon storage and fluxes (Fearnside
1997, Mani and Parthasarathy 2007). However, a
number of factors like climatic condition, location
and management practices may cause the WSG
variation (Ketterings et al. 2001). Further, the
location of the wood sample within a tree, the
geographic range of the tree species and site
conditions of trees can also cause variation in wood
specific gravity (Keduolhouvonuo and Kumar 2017).

Many studies have shown high intra-community
variance in wood density (Borchert 1994, Woodcock
2000, ter Steege and Hammond 2001) as a result of
niche partitioning (Borchert 1994) and strategies
adopted in life cycle (Muller-Landau 2004).
Significant variations in WSG have been linked to
precipitation, temperature (Wiemann and Williamson
2002, Mani and Parthasarathy 2007, Swenson and
Enquist 2007) and altitude gradients (Chave et al.
2006, Swenson and Enquist 2007) at diverse macro-
environmental scales.

A large number of forest types occur in India due

to climatic and edaphic variations. Therefore, almost
all possible forest communities ranging from alpine
to very dry forests find places in India. Accurate
assessment of terrestrial standing biomass of trees
largely depends upon the accuracy of WSG of forest
trees. A number of researchers have estimated above
ground biomass without considering the regional and
site specific variations of the WSG (Ahmedin et al.
2013, Salunkhe et al. 2014, 2016, Raha et al. 2020).
So far, only few attempts have been made to assess
WSG of different forest tree species in different forest
types in India (Mani and Parthasarathy 2007, Sheikh
et al. 2011, Chaturvedi and Raghubanshi 2013).
Therefore, the data available on carbon flux at
national level is liable to be inaccurate. The present
paper aims to provide a comprehensive account of
WSG of some tree species documented from different
forest groups of India, and methods used for
estimating wood specific gravity of forest trees. The
data for WSG for tree species for tree species from
different forests and environment will be increase
the accuracy of biomass estimates in India.

METHODS

In order to review and acquire information from
existing research on forest type and their WSG, a
literature search was carried out for the work reported
in past two decades during January 2020 to February
2020 using Web of Science, Google scholar citation,
Research Gate, offline journals, book chapters, and
Government of India scientific reports.

The methodology followed for search of literature
consists of (a) generation of keywords such as wood
specific gravity, above ground biomass, types of
forest, wood characteristics of tree species, physical
properties of wood, allometric model etc. (b) search
for literature on online using various sites (Google
scholar citation, Web of science, journal’s site),
offline journals and book chapters from libraries (c)
collection of main findings and highlighting them in
review (d) interpretation of highlighted findings.

Further to collect more research articles focusing
WSG in different Indian forest ecosystems; we also
used positive and negative correlation between
location and WSG, species diversity and species wise
WSG estimation. The objective was to find most
suitable or relevant published data for various
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locations in different states and different forest
groups of India. We have also collected cross-
referenced research articles which are relevant to
study. Total 88 critical research articles were found
meeting the aims and objectives of study. Since
studies pertaining to the aims of the present paper
are sporadic and not all the aspects are included in
different papers available for Indian forest types, at
places data are deficient and given as such.

Main emphasis is given for WSG in different
forest groups, e.g., moist tropical, dry tropical,
montane subtropical and montane temperate forests.
It is worth mentioning that this review principally
highlights the recent state of knowledge with the help
of literature review instead of focusing on any data
analysis or any statistical information.

RESULTS

Forest groups in India

According to Champion and Seth (1968), there are
six major forest groups found in India which contain
16 groups (Fig. 1) and other sub-groups with
characteristic features, and all forests subgroups
contain varying species composition. Table 1
incorporates major groups and groups of forests in
India, along with respective forest cover, abundant
species and number of species reported in each group.
This is the most exhaustive classification for forests
in India that includes almost all climatic, edaphic
and successional vegetations. Forest communities of
India are highly diversified and inhabit a variety of
plants. The total forest cover of the country (Fig 2),
as per current assessment is 7,12,249 sq km which
18 21.67% of the total geographic area of the country.
In terms of canopy density classes, area covered by
very dense forest is 99,278 sq km (3.02%),
moderately dense forest is 3,08,472 sq km (9.39%)
and open forest is 3,04,499 sq km (9.26%). Very
dense and moderately dense forests constitute over
57% of the total forest cover of the country (FSI
2019).

Methods adopted for determining wood specific
gravity in India

In natural forest ecosystems, the estimation of
accumulated biomass is an important parameter for
assessing carbon flux, carbon sequestration potential

of'the forests and sustainable utilization. Generalized
WSGs, either national or regional have been used
for volume equations, leading to inaccuracies.
Ramananantoandro et al (2015) had reported
variation of 5 Mg/ha carbon when they have used
habitat specific WSG data in place of data available
in the international literature. Therefore, accuracy
in estimation method of biomass and carbon stock
largely depends upon the WSG of trees and habitat
characteristics.

In India, mainly two methods have been followed
for estimating WSG. They are - Maximum moisture
content method (Smith 1954) and method provided
by forest products laboratory (USDA 1952).

a) Method by forest product laboratory (USDA 1952)
D

Specific gravity =¥,

where D is the weight of dried sample in g; and V is
the volume of fresh sample in cubic centimeters.
Volume can be calculated by Water displacement
method which follows Pythagorean Theorem or
mathematically volume is calculated by dimensional
method i.e.

DL

V= 4

where, D is the mean diameter of wood sample and
L=total length of sample. Dry weight can be obtained
by the same sample by drying it in oven at 103+2°C
until constant weight is obtained.

b) Maximum moisture content method by Smith
(1954)

This is a simple technique to obtain specific gravity
on the basis of green volume by only determining
the weight of water saturated samples and the weight
of oven dried samples. Dry weight can be obtained
by the same sample by drying it in oven at 103+2°C
until constant weight is obtained.

1
G, =
f ME!]—ME+ 1
Mﬂ' GS'G

™

: M, .
Where G, is the WSG based on gross volume, is

the weight of water saturated samples

Special issue on ‘Forest dynamics under anthropogenic disturbances and global climate change’



Int. J. Ecol. Env. Sci.

WSG - a factor for biomass estimation

Pati et al

146

(S107) IS4 99In0S,, “(8961) YIRS pue uoiduwieyo uo paseg

qnios ourde A1 "9
sa10ads agaoyd pue sisuajedau

1€ Snujy ‘WnalogJae uoipuspopoyy ‘sdrdads snasand) esjaaxa snuld 191 0 6£86 qnios aurd[e-1sIoN G| qniog auld|y ‘TA
saroads snatang) pue
Sy eljoj1dIedswas snasanQ ‘s|aaxa snuld ‘Moapuld salqy “esusp salqy 0 0I'T 0686 1sa105 ourdjeqng ‘| 152105 durdjeqng A
eUBIYIIWS S3IQY PUE BIBPO3p SNIP3D
< ‘moupuid salqy ‘s|9oxe snuld ‘eljoyidiedswas snaiand) 0 0 00001 159103 dyerodwoy A1p ueAe[ewIp "¢
BS|99Xa Snuld PUe I|0}I[eAO BIUOAT ‘Wnajogie
961 uoapuspopoyy ‘nybungxoa snuid ‘eqoydoydrnoons) snaiand - L9°0 L9°0 99°8¢ 1S210] ojerodwa) jstow ueAeewry ‘g |
sa10ads eI[aYdI\ PUR BULINE| 1S910J
L9 S090]dwAg ‘sa1oads snaangd) ‘sardads sisdoueise) ‘sisusjedau snujy 0 0 0000I 15910 9yeradwo) Jom SuBjUO "] ojerdduid) SUBJUOIA ‘A

15010J U021319A9 AIp [eordonqgng "0
sisusuiddijiyd snojejAl PUe BIjOJIRAO BIUOAT ‘Wnalogie

991 uospuapopoyy ‘esoydoydljodns| snasend ‘Nybingxol snuld - 0T €€°9  S9T6 152105 dutd [eordongng "6
sisuajedau snujy pue 1sa105 [eordon
0€ 1 sardads snasand) AISay snuid ‘sa10ads sisdoueise)d ‘Hydljem ewiyos S9'€ 1681 ¥ LL 15210 [[1Yy paAed[-peoiq [eotdon gng °§ -qQns QUBIUOIA “TII
WN22021P WNIYIueD pue BSOIUaWO] BUWAId
69 ‘e1joyne| snssiabouy ‘wnuejuow wnibAzAS ‘erewe eizIgY  9$°S 0 ¥rve 18910§ U231510Ad AIp [eordoiy /.
WN92093p WNIYIURD pue eleulq eiyoImpIeH
10¢ ‘elUalaIms UOJAX0I0IYD ‘esewe eIzIqly ‘eljojiie] snssiafouy  8STT  TI°€1 T1€SL ysa103 uroyy [edrdory, -9

uojAxouejaw sosAdsoiq pue
Snu1|109 snyluesis|D ‘ewdadsouow eang ‘eluslsims UojAxoojyd
‘elojinred elwaoSI196R] ‘BI1pURWIOIND BaUURT ‘Ble|nuald

[LS  elfeulwlal ‘eljojye| snssiabouy ‘eisnqos ealoys ‘sipuelfeucjal  10% €91 9€'I8 189105 snonproap A1p [edrdory 'g  1saxof [esrdon A1 ‘1
00ssIs eIflagjeq pue eqje seladifay
201 ‘SI[RUIDIO BIUUBDIAY “eydo]|ebe el1eda00x3 ‘Bullew BIUUJIAY  86°S I¥'9 198 3s010] dwems pue [BIONIT ‘§

edieoo)Ax eljAx
pue sisuauiddijiyd smojein ‘elojjinied eiwsossiabe ‘erejnaiued
elleulwla] ‘“edljapuewolod eauue ‘snuljjod snyiuelsia|) ‘eljojire|

I1S  snssiafouy ‘ere|nuald eljeulwlal ‘sipuelh euo1dal ‘eisnqod ealoys  S6°'L  16'€T $I1°8L 1$010J Snonproap jstowr [eordoly, *¢
11Y21][em ewIyoS pue sipue.ah euo1dal
S8  ‘ere|nuald eljeulwlal ‘sardads sisdoueise) ‘erejnolued eljeulwlal 6%, CTOLT  6VSL 1S910J UQISIdAQ-TWAS [edrdol], *7
uIwnd wnibAzAg pue
8y sa10ads eadoH ‘erenuane ewaudl ‘ebnlia) vI8Y2I8|yds ‘BII0IP BAIO  £7'8 'S $1°98 1S910J U00I319A9-1oM [eordoa], "1 3s010] [eo1doa] ISIOIN ‘|
=PIYRUIPI
sardads AWIN ODAN OSAN
Jo "oN £S9193dS 1S90 JUBPUNQY 4%, UI BI.IB JIA0D }SII0] sdno.an sdnoug aoleq

1S910§ 9pew UBA - JININ pue u1duo 201ddod Jo 1s210F [eIeN - 0D AN ‘UISLIO PIds JO 1S210] [BIJBN
- OSAN) dnoi3 19103 oL Ul PayNUIPI sa10ads Jo Joquunu pue Jsa10J sSnonprodp Aip [eordor) pue 31s910f snonprodp istow [eordon ur soroads
1S910J JuEpuUNge ‘I9A0J BAIR }5910J 93eIu0d1ad asim dnoid moy) (896 1) YIS pue uordwey)) uo paseq 1sa10j uerpu] Jo sdnoid 3sa10y Jofejy 1 9[qeL

Special issue on ‘Forest dynamics under anthropogenic disturbances and global climate change’



48 (2): 143-164 Pati et al: WSG - a factor for biomass estimation 147

Figure 1. Forest types of India based on Champion and Seth (1968). Source (Reddy et al. 2011).
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Figure 2. Forest cover map of India (Forest Survey of India 2019).
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. . ) G.,.
“ is the weight of oven dried samples, ““is the

specific gravity of wood substance comprising the
cell walls and usually 1.53 is adopted.

Historically, wood samples were taken as disks
from the lower portion of bole by cutting the trees,
however, most recently small increment borer
samples are used as a representative of whole tree
for WSG estimation. Detailed sampling design and
methods used for WSG estimation in India is given
in Table 2.

WSG estimation

We observed no clear relationship between WSG of
the same trees recorded from different forest groups
and climatic conditions, therefore, we suggest using
habitat-specific WSG value for biomass estimation.
Determining wood specific gravity using the disc
sampling method is an old method that involves the
destruction of a whole tree or a group of trees. The
increment borer method of wood sampling is a simple
and convenient way for wood sampling. Only a small
sample of tree wood is taken without causing much
damage to tree. If the core extends from the pith to
the bark, it will provide a full wood sample. Larger
diameter borers (12 mm) are better for core sampling
as they cause less compaction, area to volume ratio
is less, and larger samples are easy to handle
(Williamson and Wiemann 2010). WSG value can
be influenced by factors such as age class, tree height,
number of sampling trees, and pith to bark variation.
To reduce age related variance, samples from various
girth classes should be collected and mean WSG
value would be considered for the species. To reduce
variation due to height, wood samples are required
from different vertical profile of each tree (da Pascoa
et al. 2020) (Fig. 3). Depending on the forest type,
sampling 30-60 trees is adequate to stabilize the
coefficient of variation in WSG (Savannah
woodland- 29, Evergreen dry forest- 37, Rain forest-
41, Semi-deciduous forest — 46 and Seasonally
deciduous forest 46) (da Pascoa et al. 2020).
However, Cornelissen et al. (2003) suggest minimum
5 healthy and straight individual trees for sampling
(Williamson and Wiemann 2010). Njana et al. (2016)
opined more than 30 samples to minimize
uncertainties and to make unbiased estimates.
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Figure 3. Schematic diagram of wood sampling
location along the vertical gradient. HT denotes
the total tree height, HC denotes the commercial
tree height, and DHB denotes the diameter at
breast height (1.3 m above ground) (da Pascoa et
al. 2020).

Cores that range from pith to bark have the most
accurate estimates of WSG because it incorporates
all radial variation (Wiemann and Williamson 2013)
However, obtaining a core sample of pith to bark for
larger diameter trees, denser wood trees and trees
with hollow or rotten centers is not always feasible.
In such cases approximation method can be used
(Williamson and Wiemann 2010, Wiemann and
Williamson 2013). It requires a tree core sample of
distance of 1/3 of the radius or 1/6 of DBH from
bark to pith. However, it is preferable method only
if tree cross section is symmetrical and pattern of
WSG with distance from pith to bark is linear. If
radial variance is unknown, a complete pith to bark
core is divided into parts and area-weighted mean of
segments are taken to determine the average WSG
for an individual tree (Muler-Landau 2004).

Misconception between wood specific gravity and
wood density

The specific gravity of wood is defined as the density
of wood relative to the density of water (which is
1.000 g cm™ at 4.4°C). Therefore, WSG is unit less.
Wood density, on the other hand, is the weight of a
sample of wood per volume, which includes the
weight of water held by the wood at any moisture
content level. It is only equal to WSG at 0% moisture
content and it has a unit of g cm?. Foresters
standardized some specific gravity measurements to
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enable comparisons within and across species, all of
which are based on the oven dry (101-105°C) mass
of the wood, since the moisture content of wood can
differ greatly. According to Williamson and Wiemann
(2010), 3 types of WSG had been identified. They
are:

Basic WSG = oven dry mass / green

volume / density of water

Air dry WSG = oven dry mass / air dry

volume at specified moisture content /

density of water

Oven dry WSG = oven dry mass / oven

dry volume / density of water.
However, they have reported oven dry WSG as actual
WSG because mass and volume of wood sample is
determined at same state. On the basis of these types,
WSG values of tree species studied by authors in
India are mostly mistaken (Table 3).

Variation in WSG values in Indian forest
ecosystems

Forest group classification by Champion and Seth
(1968) is based on climatic, edaphic and successional
vegetations. Therefore, many species are common
to some forest groups. However, it is concerning that
the WSG of all species (especially dominant species
as given in Table 1) found in various forest groups
has not yet been recorded. As a result, we are not
able to study the source of variation for most of the
species across different forest groups of India.
However, we have included all of the species that
were recorded from various forest groups in our study
to observe the significant source of variation and the
factor that has more impact on WSG variation (Table
4).

We have tried to find out the highest variation in
our analysis because it demonstrates the usefulness
of data and greatest error in biomass calculation if
they are considered. We found that Azadirachta
indica (0.57) and Mallotus phillippensis (0.51) have
highest variation in WSG values amongst all reported
forest types for mature trees. However, it is the bare
minimum for Myrica esculenta (0.05) and
Anacardium occidentale (0.07). For WSG value of
mature trees across different forest types Azadirachta
indica (0.57) shows maximum difference, while
Chloroxylon swietenia (0.03) and Delonix regia
(0.03) has minimum variation. Tectona grandis (0.41)

Table 3. Misconceptions concerning the terms “wood
specific gravity” and actual terminology
according to the method used in Indian studies

S. Reference Terminology Actual

No. used terminology
according to the
methods used
1 Chaturvedi and WSG WD
Raghubanshi (2013)

2 Chaturvedi et al. WSG WD
(2012)

3 Jothivel (2016) WSG Basic WSG

4 Chaturvedi et al. WSG WD
(2010)

5 Tambatetal. (2019) WSG Basic WSG

6  Chaturvedi and WSG WD
Raghubanshi (2015)

7  Chaturvedi et al. WSG WD
(2011)

8 Tamangetal. (2019) WSG Basic WSG
Raphy et al. (2011)  Ovendry WSGOvendry WSG

10 Shanavas and Kumar Ovendry WSGOvendry WSG
(2003)

11 Sundarapandian et al. Basic WSG  Basic WSG
(2014)

12 Mani and WSG Basic WSG
Parthasarathy (2007)

13 Sheikh et al. (2011) WSG Basic WSG

14 Mahato et al. (2019) WSG Basic WSG

15 Kumar et al. (2012) WSG Basic WSG

16 Sheikh et al. (2020) WSG Basic WSG

17 Keduolhouvonuo WSG Basic WSG

and Kumar (2017)

18 Rai and Proctor (1986) WSG WD

19  Gupta et al. (2017) WSG Basic WSG

20 Meetei et al. (2015) WD WD

21 Devietal. (2013) WSG Basic WSG

22  Wani et al. (2014) WSG Basic WSG

23 Kanawjia et al. (2013) WSG Basic WSG

24 Hegdeetal. (2014) WSG WD

25 Sunny et al. (2019)  WSG Basic WSG

26 Sharma et al. (2019) WSG Basic WSG

has maximum WSG variation for mature species
within same forest group, while it is minimum in
Mangifera indica (0.01). Comparing WSG value of
trees at juvenile stage with respective mature trees
from all reported forest groups, Chloroxylon
swietenia (0.35) shows highest difference while it is
lowest in Lannea coromandelica (0.21). Comparison
amongst mature trees with trees at juvenile stage for
same forest group shows that, Chloroxylon swietenia
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Table 5. Maximum difference of wood specific
gravity value of the species reported from same
forest group, different forest group and juvenile
trees.

Name of species 1 2 3 4 5
0.20 0.18 0.20 0.30 0.18

Acacia auriculiformis A.
Cunn.ex Benth

Acacia catechu (L.f) Wild. 0.10 0.10 - 0.29 0.18
Aegle marmelos (L.) Corr. 0.205 0.205 - - -
Albizia chinensis (Osbeck) Merril 0.13 0.13 - - -
Albizia lebbek Benth 0.39 0.32 0.39 - -
Albizia odoratissima (L.f.) Benth 0.20 0.20 0.05 0.34 0.19
Albizia procera (Roxb.) Benth. 023 0.23 - - -
Anacardium occidentale L. 0.07 0.06 0.07 - -
Anogeissus latifolia (Roxb.ex DC.) 0.31 0.31 - 0.30 0.14
Wall.ex Guill. & Perr.
Artocarpus heterophyllus Lam. 0.25 0.19 0.25 - -
Azadirachta indica A.Juss 0.57 0.57 0.31 0.26 0.11
Bombax ceiba L. 0.08 0.08 - - -
Cassia fistula L. 0.20 0.20 0.11 0.30 0.13
Ceiba pentandra L. 0.10 0.10 0.10 - -
Chloroxylon swietenia DC 0.13 0.03 0.13 0.35 0.32
Dalbergia sissoo Roxb.ex DC 0.12 0.12 - - -
Delonix regia (Bojer ex Hook.) Raf. 0.40 0.03 0.40 - -
Emblica officinalis Gaertner. 0.17 0.17 0.17 0.25 0.13
Ficus religiosa L. 0.16 0.16 - - -
Grevillea robusta A.Cunn.ex R.Br.  0.40 0.40 0.16 - -
Lannea coromandelica (Houtt.) 0.10 0.10 0.10 0.21 0.27
Merr. L.
Mallotus phillippensis Lam. 0.51 0.51 0.07 - -
Mangifera indica L. 0.30 0.30 0.01 - -
Melia azedarach L. 0.11 0.11 - - -
Memecylon umbellatum Burm.f. 0.30 0.30 0.15 - -
Moringa oleifera Lam. 0.27 0.27 - - -
Myrica esculenta Buch.-Ham. 0.05 0.05 0.03 - -
Ex D. Don
Pinus roxburghii Sargent 0.25 0.25 0.09 - -
Pongamia pinnata (L.) Pierre 0.45 0.45 0.35 - -
Quercus leucotrichophora A. Camus 0.14 0.12 0.14 - -
Syzygium cuminii (L) Skeeks 0.36 0.36 0.23 - -
Tectona grandis L.f. 0.41 0.17 0.41 0.33 0.15
Terminalia bellerica (Gaertn.) Roxb. 0.11 0.06 0.11 - -
Toona ciliata M.Roem. 0.09 0.09 - - -

1 - maximum difference in reported WSG value of
mature species across all forest groups,

2 - maximum difference in reported WSG value of
mature species between different forest groups,

3 - maximum difference in reported WSG value of
mature species within same forest group,

4 - maximum difference between WSG value of
mature trees with trees at juvenile stage, and

5 - maximum difference between WSG value of
juvenile trees from their mature trees from same
forest groups.

(0.32) has maximum difference in WSG value and it
is minimum in Azadirachta indica (0.11) (Table 5).

DISCUSSION

In India, a number of studies (Salunkhe et al. 2014,
2016, Raha et al. 2020) conducted for biomass
estimation have not considered habitat specific WSG
value for each species. They have used WSG or wood
density value from regional, or global wood density
data base (Zanne et al. 2009) or from studies of
different authors and neglected the effect of WSG
value in biomass estimation. WSG is the primary
variable for the estimation of biomass in order to
assess carbon stock (Kanawjia et al. 2013). However,
Zanne et al. (2009) database, like many others, is a
metafile compiled from many contributors whose
methodologies for WSG determinations are likely
to differ (Williamson and Wiemann 2010) and whose
trees may not be representative of the local flora
(Wiemann and Williamson 2013). It was previously
reported that use of such repositories (Zanne et al.
2009) can lead to an over estimation of WSG of
approximately 16% for the species community and
carbon stock up to 5 Mg/ha (Ramananantoandro et
al. 2015).

Most common error in biomass estimation is the
choice of inappropriate method for WSG estimation.
A number of studies have not considered the pith to
bark variation, tree height variation (Mani and
Parthsarathy 2007, Sheikh et al. 2011, Chaturvedi
and Raghubanshi 2015, Mahato et al. 2019, Tamang
etal. 2019). However, some of them have considered
the age class variation and sampled 3 trees of
different girth classes/species (Sheikh et al. 2011,
Kanawjia et al. 2013, Jothivel 2016, Tamang et al.
2019). It is already reported that WSG increases from
pith to bark (Wiemann and Williamson 1988, Fimbel
and Sjaastad 1994), decreases from pith to bark,
constant from pith to bark (Wiemann and Williamson
2012), decreases from pith then increases to bark
(Schiiller et al. 3013), increases from pith then
decreases to bark (Wiemann and Williamson 2012).
Also the WSG value varies with variation in tree
height (Beaudoin et al. 1992, Gartner et al. 2002, da
Péscoa et al. 2020) and age class (Chaturvedi and
Raghubanshi 2015).

Special issue on ‘Forest dynamics under anthropogenic disturbances and global climate change’



160

Pati et al: WSG - a factor for biomass estimation

Int. J. Ecol. Env. Sci.

Another error in biomass estimation by many
workers in India is the use of wood density as WSG.
Here the source of error comes from oven drying
wood. Oven drying requires 101-105 °C temperature
because wood contains bound water in addition to
free water and all bound water cannot be driven off
at less than 100 °C temperature (Williamson and
Wiemann 2010). WSG and wood density calculation
use two moisture content states i.e. one for mass (in
the numerator) and one for volume (in the
denominator). Wood volume varies according to the
moisture content because wood shrinks as it dries
(Williamson and Wiemann 2010). Shrinkage from
green to oven dry varies from about 4% (in Tectona
grandis) to 20% (in African ebony, Diospyros sp.)
(Forest product laboratory, 1999). WSG value
changes with moisture leading to inaccuracies in
biomass estimation. Conceptually, only oven dries
WSG is the true where mass and volume are
determined with wood in the same state. However,
basic WSG closely corresponds to an ecological trait
because it is the dry biomass in a unit volume of
green wood (Williamson and Wiemann 2010).

Gupta et al. (2017) reported an alternative
sampling method for WSG estimation which states
that primary and secondary branch sections can be
used for WSG estimation avoiding core sampling or
cutting the whole tree. They also reported a linear
relationship in WSG of primary and secondary
branches. However, it was previously reported that,
branch wood is extremely variable and its relation
to trunk wood is species specific and often individual
specific (Okai et al. 2004, Van Gelder et al. 2006,
Swenson and Enquist 2008, Patino et al. 2009). It’s
unlikely to reflect the variety found in tree trunks.
Furthermore, juvenile wood in young branches and
tension/ compression wood in older branches may
have a significant impact on the WSG of branch
wood. Obtaining ‘clean’ branch samples can be
difficult, and it varies with species, individual trees,
and branches (Williamson and Wiemann 2010).

Comparative analyses of common species
distributed in different forest groups do not show a
generalized trend for WSG. However, on the basis
of values of WSG of same species distributed in
different forest groups, WSG in general, tends to be
higher in Himalayan moist temperate forests except
a few variations. It appears that physiological dryness

(cold condition) may be one of the factors for higher
WSG as compared to the physical dryness. However,
it is not a hard and fast rule as in a few cases some
trees species in tropical moist forest have been
reported to possess higher WSG.

Result of the present study envisages that forest
group has no bearing on WSG value of trees.
Comparing the maximum difference in WSG values
found from same forest group and other forest groups,
we found that about 50% of the tree species reported
from the same forest group show more variation than
respective tree species reported from other forest
groups and vice versa. However, by comparing
maximum difference in WSG values of juvenile trees
with maximum difference in WSG value of mature
trees across all forest groups, we found that juvenility
has greater bearing on WSG variation than climate
(Table 5). Similar age related effects on WSG has
been reported by Chaturvedi et al. (2012) in tropical
dry deciduous forest of central India.

Kanawjia et al. (2013) found higher WSG in
shrubs than trees. They suggested that shrubs, being
smaller woody plants, have lower moisture content
than trees, resulting in higher specific gravity in shrub
species. However, Martinez-Cabrera et al. (2009) did
not observe differences in wood density in two
groups of 65 shrub species and 135 tree species in
Argentina, Mexico and the USA did not show any
difference in wood density value.

Impact of climatic conditions of WSG has been
reported in Brazilian forests (Fearnside 1997).
However, in our study we found that WSG values of
trees found in same climatic condition do not show
similar or nearly similar WSG value. Further, the
location of the wood sample within a tree, the
geographic range of the tree species and site
conditions of trees can also cause variation in wood
specific gravity (Keduolhouvonuo and Kumar 2017).
Variation in WSG of a species distributed in hilly
terrains and tropical and subtropical areas, have been
attributed to change in soil fertility, rainfall,
seasonality and temperature (Sheikh et al.
2011).They reported that the average WSG of upper
elevations is 9.6% greater than that at lower elevation
which may be due to variation in mean annual
rainfall. A positive correlation between WSG and
precipitation was reported by Mani and Parthasarathy
(2007). They have considered coastal site and inland
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site for their study to reveal the effect of precipitation
on WSG value. Study showed higher mean WSG at
coastal sites where precipitation was 33.4% higher
than the inland site. Also the temperature was 1°C
higher in inland site than coastal site, which may be
another factor for WSG variation. WSG increases
with increase in altitudes (Culmsee et al. 2010) on
account of low soil moisture and nutrients (Mahato
etal. 2019). According to Gupta et al. (2017), WSG
varies significantly among species and sampling
locations within the individuals of species. Hegde et
al. (2014) studied different physical properties of
wood in some tropical tree species of south India
and reported that low ash content may be a reason
for low WSG value. Shanavas and Kumar (2003)
studied fuel wood characteristics of trees and
reported that presence of lignin and other denser
fractions enhance wood density and may be a cause
of inter-specific variations.

CONCLUSION

A large variation in WSG value is observed in
different forest groups due to different chemical and
physical properties of soil, variation in precipitation,
change in climatic condition, change in elevation,
change in geographical location, variation in
temperature and variation in light. However, no direct
relationship was found with climatic conditions.
Species wise variations in WSG values are observed
in same forest group may be due to the change in
location. As a result, using such species specific WSG
data available at local, regional and global
repositories is not suitable and may result in
significant biomass estimation inaccuracies.
Although the review provides WSG of different tree
species in all the Indian forest groups at a place, we
suggest that habitat-specific WSG is the only way to
be used for biomass estimation with accuracy.
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