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Abstract | In the recent past much of the stress has been given to the tree allometrics, above and below ground
biomass and carbon sequestration databases to support the verification and development of greenhouse gas
inventories under land use, land use change forestry (LULUCEF). In this regard, empirical data of particular
species for a specific forest ecosystem is of utmost importance. In the present study volume and biomass
allometric of naturally growing Cedrus deodara tree in dry temperate regions of Himalaya has been developed
from the empirical data collected from four different locations with three sites each as representative of its
naturally growing area. Destructive sampling including excavation of roots was carried for overall 60 trees. The
results revealed generic equations for above ground biomass and volume. However, statistical analysis pointed
out several significant differences in biomass allocation among C. deodara tree due to stand characteristics,
highlighting the role and importance of microenvironment in regional and national forest inventories. The
study provides a comprehensive tool for estimating volume and biomass, thereby resulting in an accurate
assessment of carbon sequestration and stocking in cedar dominated forest ecosystem in the region.
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Introduction matter are dependent on these estimates. A better

understanding of terrestrial carbon dynamics, and the

he need for estimating tree volume, biomass, and

carbon stocks is of utmost importance not only
in the commercial exploitation of timber but also
in the global carbon cycle. Especially in the context
of climate change these estimations with sufficient
accuracy are pre-requisite for assessing the dynamics
of carbon storage in particular ecosystems (Correia
et al., 2010). All the carbon sequestration projects
that deal with the accrual and long-term carbon
sequestration estimation in vegetation and soil organic

valuable information and evidence generated by these
project help in addressing the physical, natural, social
and economic aspects of climate change in a more

realistic way (Levy et al., 2004).

Tree allometry establishes quantitative relations
between some key dimensions
of trees (usually fairly easy to measure) and other
properties (often more difficult to assess). To the
extent, these statistical relations established on the

characteristic
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basis of detailed measurements on a small sample
of typical trees, hold for other individuals, they
permit extrapolations and estimations of a host
of dendrometric quantities on the basis of a single (or
at most a few) measurements (Cutini et al., 2013).

The study of allometry is extremely important in
dealing with measurements and data analysis in the
practice of forestry. The allometry studies the relative
size of organs or parts of organisms whereas; tree
allometry narrows the definition to applications
involving measurements of the growth or size of
trees. Allometric relationships are often estimating
difficult tree measurement, such as volume, from an
easily measured attribute such as diameter at breast
height (DBH). The use of allometry is widespread
in forestry and forest ecology. In order to develop
an allometric relationship there must be a strong
relationship and an ability to quantify this relationship
between the parts of the subject measured and the
other quantities of interest (Smith and Brand, 1983).
In addition, when developing these equation(s),
growth/ increase in parameters like age, species, site
location, etc. must be considered. Once all these
guidelines are met, a tempt to develop an allometric
equation should be made (Avery and Bukhart, 2002).
Use of allometric equations or models is the indirect
methods of assessing the tree biomass (Acosta et al.,
2002; Figueroa et al., 2010; Zainis et al., 2005). This
allometry is developed for entire stand/tree population
by estimating the tree dimensions and biomass and
applying regression techniques through destructive
sampling (Navar, 2010; Birdsey et al., 2013).

Allometric equations have been an important source
for estimating biomass and carbon stocks (C stocks)
of different tree species (Navar, 2010). In the past
many allometric relationships have been developed
for estimating the total aboveground biomass of
a different species or group of species of temperate
forests of the world (Aguirre and Jiménez, 2011), or
the allocation of biomass and carbon in all individual

components as well as in entire trees (Ruiz-Peinado
et al., 2011; Rodriguez et al., 2012).

Cedrus deodara (Deodar/Cedar) grows best in
mountainous forests, butitis also distributed in various
habitats of temperate regions in Himalaya. It strives
best at elevational range of 1700-3000 m in western
regions and at 1300-3300 m in the eastern regions
with less dry climate. Its growth is better in alpine

lithosols type of soil. In Pakistan deodar/cedar tree
exhibits significant cover percentage in dry and moist
temperate forests; ultimate contributing in primary
productivity and C stocking of these ecosystems.
Under the climatic change scenario when assessments
of C stocks in different forests is becoming need of
the day, the role of allometric equations in calculating
the C stocks at species level cannot be denied.

The present study was designed after realizing the
need of developing allometric equations for C.
deodara to estimation of volume, biomass and C
stocks dominated forest ecosystem of Pakistan. So
development of the volume and biomass equations for
the C. deodara growing in natural temperate forests
of the Himalaya region in Pakistan was the main
objective of the study. The other objective of the study
was to integrate and disseminate the information of
deodar (the national tree of the country) growing in
these inaccessible difficult tracts. For this purpose,
the Biomass Expansion factors (BEFs) were also
developed to be used in vast scale or regional studies
as well as in forest inventories.

Materials and Methods

Study area

The study was carried in four different stands of the
mixed dry temperate coniferous forest of Chilas
Forest Division, Himalaya, Pakistan namely Thore,
Hudur, Botogah and Babusar (Figure 1). There is the
difference in tree density, composition and structure
of these natural stands. The tree density latitude,
percentage among the mixture of species, latitude and
longitude of the stand have been showed in Table 1.
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Figure 1: Location of the sampling sites in the study area
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Table 1: Location, tree density, latitude and longitude of
the study sites.

Loca- Stand Tree Density %  Latitude Longitude
tion density of Deo-
ha'  darha

Thore 1 96 39
1I 88 20
111 75 67
Hudur 1 63 36
11 69 42
111 75 40
Batogah I 76 44
11 88 32

111 89 11
Babusar I 95 62
11 98 59
III 89 57

41.46 35°23'56”N 73°52°57°E
23.17 35°21'51’N 73°50°09’E
35.37 35°20'48”’N 73°49'117E
57.14 35°37°27°N 73°55°07’E
60.86 35°38'50’N 73°56'09’E
53.33 35°39°34’N 73°54'03"E
57.88 35°19'15”"N 73°57°46"E
36.36 35°20°08"N 73°58'32"E

12.35 35°21°05”N 73°59°56"E
65.26 35°15°57"N
85.50 35°13'59"N
64.04 35°12'33"N

74°05°04’E
74°07°09E
74°09°02"E

'The elevational range of the study sites varies between
1700-3800m. The soil is loamy and fairly deep at gentle
to moderate slopes. Generally fertile soil is porous
and liable to rain water erosion at low vegetation
cover sites. The average rainfall is 176.53mm (Shiekh,
1993). Most of the precipitation is received in a period
between December to May. The climate of the area
is mostly dry temperate. The winter temperature goes
below to freezing point (-4.44°C), although in the
summer the highest temperature is up to 36.66°C
(Shiekh, 1993). In the high elevations, winter season
is chilling and harsh while the summer is mild. The
Deodar (C. deodara) grows in association with Kail
(Pinus wallichiana), Fir (Abies pindrow) and Spruce
(Picea smithiana) at higher elevations. On the other
side at lower altitudes it has association of Chilgoza
(Pinus gerardiana), Toot (Morus alba) and Oak (Quercus
ilex), Juniper (Juniperous macropoda) (Igbal, 2001).

Data collection

A destructive sampling technique was adopted in this
study. Before harvesting the trees, their height and
the diameter at breast height (DBH) were measured.
These measurements were carried out in all the
sample sites at each stand. The truly representative
trees for height and DBH of the plot were selected
for harvesting. These trees were in the (DBH) range
of 10 to 50 cm.

Over all 60 trees, 15 in each location and 5 in each
stand were selected for harvesting to gather the data
regarding volume, biomass, and basic wood density

(BWD) and biomass expansion factors (BEF).
Once the trees were harvested they were separated
into stump, stem portion and all the living and
dead branches. Later on all the branches were also
separated from the main stem. After harvesting the
trees, all the dimensions including (DBH, stem height
(length from base of the tree to the base of the crown)
and total height (length from the base of the trees
to the top of the crown) were re-measured to avoid
errors. Additionally, the taperness (Form factor ‘F’) of
the tree was determined by measuring the diameter
from base to the top of the tree keeping the gap of
1m. Basic wood density and oven dried weight was
determined by taking a subsample. For this purpose, a
disc shaped samples of wood from butt portion (base)
at DBH point and at half height of the main stem
were logged to bring to the laboratory.

Division of the each component of tree was carried
out as: (a) Twigs and needles biomass: having
diameter 1-3 cm): (b) branches and sub branches
having diameter > 3 cm); (¢) main stem. A portable
digital balance was used to determine the fresh
weight of all the components including branches,
sub-branches, and needles right in the field. Later on,
a sample of each component was brought to graduate
student’s laboratory of the department of Forestry
and Range Management, Arid Agriculture University
Rawalpindi Pakistan for oven drying at 85°C till a
constant weight has been achieved. The normal time
taken by the samples in attaining the constant weight
was 4-6 days approximately. Then finally the ratio
from dry-to-fresh weight and the dry weight were
calculated for each biomass component.

Assessment of the stem volume and biomass
'The volume of the stem was estimated by the help of
the following formula (Philip, 1994):

Stem volume (m’) = n/4xd’x hxf .....(Eq.1)

Where; “n” having value 3.1415,“d” denotes the DBH,
“h”is the length of the stem of tree in meters and “f”is
the average taperness in the main stem or form factor.

The average basic wood density (BWD) was used to
determine the stem biomass. The BWD was estimated
from the wood samples taken from harvested trees.
The stem biomass was derived by using following
formula:

Stem Biomass (Kg)=Stem Volume (m’)/WD(kg/m’)...(Eq.2)

September 2020 | Volume 33 | Issue 3 | Page 500

e o .
Dol Links
GResearchers



OPEN 8ACCESS

Biomass equations of C.deodara.

'The photosynthesis biomass that includes the biomass
of all the tree components including branches, sub
branches, twigs and needles was derived considering
the dry to green weight ratio and multiplying it with
total green weight. Finally, the sum of the biomass of
the entire component resulted in total aboveground
biomass.

Table 2: Regression Coefficient of reduced Major Axis
(RMA) for height and diameter at breast height (DBH)
by using log transformation. Regression expression used
was In(H)=In(a)+b In(D). Coefficient of determination,
Standard error (SE), root mean square errors and
regressions probs. have also represented.

Loca- Ln(a)a b SE In(a) SE(b) R? RMSE Prob
tions

Thore  0.43 1.59 0.54 0.2 0.08 0.79 0.08 0.01
Hudur 2.94 19.4 -0.0006 0.19 0.04 0.0004 0.05 0.42
Botogah 2.29 9.44 0.14 0.19 0.04 0.22 0.04 0.02
Babusar 2.01 7.48 0.11 0.14 0.05 0.07 0.09 0.04

Height-Diameter (H-D) model and basic wood density
Basic wood density (BWD; kg m™), which can be
obtained by dividing the dry biomass (kg) of the
wood sample with its volume (m?). For this purpose,
wood samples taken from the stem portion were used
to calculate BWD. Oven dried volume of the sample
was measured mathematically, and oven dried weight
of samples was attained by weighing after oven drying
at 85°C till constant weight.

An average BWD value of each harvested tree was
determined. In order to develop the non-linear H-D
models log transformation of both H and D was
carried. The investigations were also carried out to
know how the forest structure and number of trees
ha (tree density) affects the height curves. Statistical
comparison for the allometry of different stands was

tested by applying analysis of covariance (ANCOVA).

Volume and biomass a//omez‘ry
In order to derive the volume equation, following
formula was used:

V=a(D’H) ....(Eq.3)

Where; D represents the DBH (cm), @ is the scaling
coefficient and H is the total height (m).

Assuming, both D and H are not independent
variable and are subject to measurement errors and

«

natural variation (Kaitaniemi, 2004). To get the “a
the scaling coefficient in Equation 2; a regression
model with reduced major axis (RMA) was taken
under consideration leaving the ordinary least squares

(OLS) regression.

We selected adopted linear relation approach for
volume prediction because this approach has been
used at global level in most of the countries (Alberti
et al., 2005). Moreover, this approach has now been
in use for national and regional forest inventories at
global level (Tabachhi and Gasparini, 2011). In this
study, the volume equation which was converted
into linear form was compared with one given in the
working plan of the Chilas forest division. Later was
derived from the volume table of C. deodara given in
working plan (Igbal, 2001). Generally, power function
mathematical models are in vogue for biomass
estimations in forestry; therefore, we adopted the
same (after considering the initial checks of fit) for
biomass allocation (Zianis et al., 2005):

Y=4X...(Eq.4)

Where;

Y is representative of total biomass of the tree (kg)
or the biomass of any individual component, X is the
value of variable (may be DBH and H) while a and
b are the coefficients. The DBH generally used as
predictor variable of a single tree dimension. In this
study DBH was used as 1% tree dimension variable for
estimating tree biomass. Additionally, the influence
of H (tree height) as 2™ independent variable was
also investigated. As a standard, the values of 4 and
b coeflicients are determined by using a linear model

which was developed after the log-transformation of
Xand Y (Zianis and Mencuccini 2004):

LnY=Ina+binX...... (Eq.5)

This transformation can be used only for the case
when standard deviation (SD) of Y increases at any
X (Ketterings et al., 2001). If it is the case, more
accurate values of Y will be attained at lower rather
than high values of X (Zar, 1996). In the present
study, transformation of the data was carried out
to determine values for In 2 and 4 (Zianis and
Mencuccini, 2004). Moreover, as a pre-requisite of
the regression model, the homoscedasticity of the
transformed data was retrieved by log transformation
(Zianis and Mencuccini, 2004).
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Table 3: Estimated Values of the volume and biomass in each location. Note: Figure in parenthesis representing

(standard deviation), RMA = linear regression (equation No: 5) reduced major axis and NL= non-linear regression.

Item Components Parameters Locations
Thore Hudur Botogah  Babusar
Volume (m® ha')  Stem Volume (GoGB, 2001) V=0.041(D?H)-0.40 111.1(0.9) 310(6.7)  252(6.2) 181.5(0.9)
Stem Volume (Current study)  V=0.038(D’H) 112.9(0.9) 300.1(6.7) 254.0(6.2) 181.9(0.9)
Biomass (Mg ha?') Aboveground RMA 108.9(0.9) 237.5(9.2) 193(3.3) 149(0.8)
NL 1145(0.9) 236.9(9.2) 193 (3.4) 154.9 (0.9)
o RMA 789(0.8) 169.1(2.7) 139 (3.4)  104.9 (0.5)
NL 85.9(0.8) 160.1(2.9) 134(42) 119.4 (0.5)
Stem + branches RMA 92.3(0.8) 216.1(3.2) 173 (4.4) 124.6(0.9)
NL 99.9(0.7) 204.7 (3.4) 165.6 (42) 131.3 (0.8)
Twigs & leaves RMA 17.70.2)  261(0.6) 22(04)  29.4(0.1)
NL 17.2(0.1) 19.7(0.4) 21.6(0.2) 27.3(0.2)

However,both the Equation 4 and 5 are not statistically
identicalbutmathematicallythelogtransformeddatais
equalinboth.Tobeveryrational,whenIn Ywasbrought
to its original scale, a systematic biased is produced.
Moreover, many protocols have been proposed to
get rid of bias in logarithmic regression estimates
(Kaitaniemi, 2004; Zianis and Mencuccini, 2004).

The Log transformation (Equation 5) was first
carried out to get the estimated scaling coefficients.
Additionally, to incorporate the uncertainties
regarding X variable, RMA regression analysis was
performed in this case. Later, assuming as additive
error the Gauss-Newton iterative method was used to
calculate the scaling coefficients (Payandeh 1981). It
was supposed that the additive property was ensured
by nonlinear procedure (Parresol, 1999). A relative
difference (RD) was applied to check the performance
of each model in determining value of biomass:

RD= [y-5)] ... (Eq. 6)
Where;

y represents actual variables of volume or biomass;
and y denotes the predicted variable of volume or
biomass. The coefficient of determination (R?) and
root mean squared error (RMSE) were also calculated.
Statistical software R version 2.13.1 (R Development
Core Team, 2011), an improved “lmodel2” package
uploaded was used to perform all statistics on the
data.

Root sampling

The stump portion of the 2 trees was excavated
at each study sites in selected location of Chilas
Forest Division, to determine root biomass. More

excavations were not performed at each site due
to some regulatory constraints as well as laborious
work in this terrain. It was assumed that the roots
covered the same mean horizontal area as crown of
the tree, neglecting differences in natural overlap. The
stump of the selected trees was removed by digging
soil around the tree stump to the depth of roots
maximum penetration. In the case of C. deodara it
was approximately 1.5m. The collection of the roots
was carried out as per depth and soil horizon. At
each depth (with difference of 20cm), roots were cut
with cutter and axe, collected, washed and oven dried
at Arid Agriculture University Laboratory. Finally,
diameter was measured with digital calliper and roots
were categorised as: (i) fine roots having diameter
between 0-2 cmy; (ii) coarse roots having diameter > 2
c) and (iii) the taproot.

In the field, portable digital scale was used to determine
green/fresh weight of the roots. Some representative
samples of the components were oven dried at 85°C till
the constant weight after bringing them to laboratory.
Later on, the ratio between fresh and dry weight was
also determined. Finally, the multiplication of dry
and fresh weight with the total fresh weight of the
components resulted in total biomass.

Biomass expansion factors (BEFs)

BEFs of the above ground components were also
calculated to cope with the limited sampling of the
roots. This was achieved by the mathematical division
of the value of total aboveground biomass with the
value of stem volume and biomass (Gracia et al., 2002).
The data of overall 8 trees was used in deriving the
root shoot ratio (RSR) and root biomass ratio (RBR).
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'This data was collected from the excavation of the
stumps and root of these trees till the depth of 1.5m.
'The RSR was attained by the mathematical division of
the root biomass with the total aboveground biomass
while the division of the root biomass with the total
above and belowground biomass resulted in value of

RBR.
Results and Discussion

The relationship between height-diameter and basic wood
density

'The data revealed that BWD of C. deodara was 572
+ 9 kg m in the entire forest stand. The one way
ANCOVA showed that there was non-significant
difference in BWD among the sites and also there
was non-significant correlation with D and H.
Additionally, the one way ANCOVA also pointed
out that height did not affected BWD as it was not
significantly varied with H. But power function of log
transformed data of all the sites showed significant
effect (p<0.01, ANCOVA) on H-D relationship. For
instance, structural types in the Hudur and Botogah
study sites also indicated significant effect (p<0.05,
ANCOVA) on H-D relationship. Due to this reason,
separate H-D equations were calculated after taking
log of both H and D for each sites and structural type
(Table 2). For the log transformed data the Thore
sites, predicted highly correlated H and D; while the
Babusar and Botogah represented lower correlations
because of the lowest co-efficient of determination
(R?) values. On the other side, both of these variables
showed statistically significant correlation. The
worst results were showed by Hudur site (Table 2).
'The reason of this may be effect of natural seeding
stand structure and the local pressure.

The allometric equations

The ANCOVA indicated the volume estimates neither
affected by site nor by the structural type. However,
for the entire sites a general volume equation was
developed. The following form of equation was taken

by RMA linear model II (n=60, R?=0.98, p=0.01):
V=0.038(D°H)....... (Eq.7)

Where;

V represents volume (m?), D is the diameter at breast
height (m) and height of the tree is denoted by H (m).
'The measured volume results of each stand sampled

in this study has been presented in (Table 3). The

goodness-of-fit statistics performed for volume and
biomass (n=60 trees) data from the residual analysis
for entire location and sites is presented in Table
4. 'The study also pointed out if H is removed from
linear equation then it results in reduced accuracy of

volume prediction (n=60, R?=0.91, p=0.01):
V=0.76(D%)....... (Eq.8)

The value of D in Equation 8 was 52.49% on average
basis. It was also noticed increase in D value of all
component's biomass resulted in an increased SD
(Figure 2). The log transformation of the entire data
was also performed as par Equation 5. All the biomass
components and sites did not show any significant
(ANCOVA, p<0.01) interactions, except for the
biomass of twigsand needles (photosynthetic biomass).
Also the Hudur and Botogah study locations did not
showed any interactions of biomass components and
structural type (ANCOVA, p<0.05). Due to this
reason, all biomass components from entire sites data
were predicted using generalized equations excluding
twigs and needles (Photosynthetic components).
The photosynthesis components of each site and
structural type were modelled separately (Table 5).
Consequent upon the limited root sampling the total
above and below ground biomass was excluded from
the analysis.

Sid. Dev mation (SD) ol biomas (Ko inee-1)
B

1
40
-
-
=0 -
o = T T T T T T T
-1 10 -] 20 = e 1= &0 45 50 5
Diameter (D) cm

Figure 2: Relationship of diameter and standard devia-
tion of biomass (Kg tree-1) at each 5cm interval

'The non-linear Gauss-Newton iterative procedure was
tollowed to estimate nonlinear regression coeficients.
For this purpose, Equation 4 was used to obtained
input coefficients and results have been presented in
(Table 5). Good estimates were resulted from both
the approaches. Both the approaches resulted in less
RD values on average basis (< 31%), even excluding
the component of biomass (Table 4). For the entire
data, measured biomass was underestimated by linear
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regression, while the non- linear regressions resulted
in overestimates for the measured biomass, taking into
account either particular component biomass or the
total aboveground biomass. Regardless of relatively
small variation in the biomass estimates, the lower
RMSE brought up more accuracy with the nonlinear
method than the linear method. The addition of H in
all the equations did not resulted with any eftect on

increasing R? and decreasing RMSE.

Table 4: Statistics of the residual analysis of Volume
(n=60) using Linear (RMA) and Non Linear procedure.

Components  Parameter Datalimit R> RMSE RD
Volume GoGB,2001 Allsites 0.97 62.50 0.08
Present study Allsites  0.98 55.53 0.08
AGB RMA Allsites 0.97 97.20 0.16
NL 0.92 96.57 0.19
Twigs and leaves RMA Thore 0.71 439 0.19
biomass NL 0.90 3.90 0.4
RMA Hudur 0.63 11.70 0.17
NL 0.69 16.39 0.32
RMA Botogah 0.96 2.49  0.14
NL 0.84 2.79 0.17
RMA Babusar 0.86 5.19 0.12
NL 0.96 494 0.15
Stem biomass RMA Allsites  0.91 76.99 0.24
NL 0.87 70.84 0.26
Stem and RMA Allsites  0.92 87.93 0.21
branch biomass N, 091 88.14 0.20

The root sampling

The highest contribution in root biomass was
exhibited by tap root (56.4 %). The second highest
contribution (23.3 %) was from coarse roots while
fine roots and hypogeal stump contributed (9.7 %)
and (10.6 %) respectively. A range of 0.10 to 0.44
(average 0.24 + 0.04) was showed by RSR while the
RBR showed a range of 0.09 to 0.40 (average 0.19 =
0.01). However, no significant correlation was found
between RSR and D or between RBR and D. On
the other side both showed decreasing trend with
increasing D.

Biomass expansion factor (BEF)

BEF for the total aboveground biomass was calculated
from the nonlinear equations of biomass and linear
Equation 7 of volume. Based on stem biomass, the
BEF values were found in the range of 1.39 to 1.44
(average * standard error: 1.49 + 0.09) while based on

stem volume it ranged between and from 0.79 to 1.04
(average + standard error: 0.89 + 0.04).

'The BWD of the C. deodara determined in this study
closely resembles the value reported in the literature
(Shiekh, 1993). Comparatively lower heighted trees
in Thore site were found and they showed satisfactory
correlation between H and DBH. It is already reported
that that C deodara shows slow height growth in the
habitat where it is enjoying limited natural resources
and competition with associated species (Champion
et al., 1965). The normal ranges of height attain by C.
deodara 45 to 60m but in these habitats it can only
grow up to 50m (Shiekh, 1993). Therefore, it is can
be accepted that C. deodara would show relatively
inaccurate low H-DBH function due to low height
growth pattern, especially in tall trees where height
will culminate earlier than diameter. This is also
consistent with Ryan et al. (1997). Moreover, in the
Botogah site the stand structure and applied forestry
operations are most likely affecting tree height curves
as predicted from low values of R?. Currently natural
seeding is resulting in good regeneration and as a
result uniform growth patterns in stand trees can be
seen, in spite of the growth in diameter of individual
trees. ‘This may be the reason due to which non-
significant correlations were found in H-DBH. It is
suggested that as explanatory variable in allometric
equations the reliability of H in C. deodara should be
carefully evaluated.

The results indicated that volume allometry closely
resembles with that given in the working plan of
the Chilas Forest Division, dry temperate forest of
Pakistan (Igbal, 2001) which were derived after
continuous forest inventory. The volume equations
developed in this study can also be used for obtaining
more comprehensive data for preparation of volume
and biomass table in future and also for estimating
regional C stocks under climate change scenario.

‘Thelowerrather than high values of D can provide more
precise measurement of biomass (Figure 2). However,
more variability in biomass values has been explained
by diameter. In comparison to the previous studies on
conifers, incorporation of H in biomass equation has
resulted in non-significant improvement in variance
of the biomass model (Correia et al., 2010; Ruiz-
Peinado et al., 2011). Same had been reported by the
high correlation between D and H (multicollinearity;
(Ketterings etal.,2001; Zianis and Mencuccini, 2003).
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Table 5: Linear reduced major axis and non-linear procedure based Regression coefficients for biomass components

and DBH.
Variables Parameter n Ln(a)
Above ground biomass L (RMA) 45 -3.34
NL 45 -
Twigs and leaves biomass L (RMA) 45 -3.81
NL 45 -
Thore L (RMA) 15 -4.55
NL 15 -
Hudur L (RMA) 15 -10.99
NL 15 -
Botogah L (RMA) 15 -5.449
NL 15 -
Babusar L (RMA) 15 -4.019
NL 15 -
Stem biomass L (RMA) 45 -3.640
NL 45 -
Stem plus branch biomass L (RMA) 45 -3.38
NL 45 -

'The lower explanatory power of H that D in this study
resulted due to the low correlation between D and H.
However, the linear equation of volume in the study get
improved with incorporation of H (Equation 7); this
indicates that choosing linear or power function (the
mathematical function) for the allometries of volume
and biomass is of utmost importance with respect to
selection and inclusion of variable predictors of the
tree dimension such as /.

The application of the linear method for estimation
of biomass using log transformed data (Equation 4)
was better than that of nonlinear regression method
but both the approaches showed relatively small
differences. However, a systematic bias in biomass
retrieval was produced by linear method; for instance,
a small differences were also noticed by (Beauchamp
and Olson, 1973) both for measured and uncorrected
estimates. The current study findings are also consistent
with their results.

Insensitivity was shown by the resulted total above
ground biomass of the present study to stand density
and structure. A universal exponent was derived and
proposed for tree level by (West etal.,1999) in universal
structural model for the vascular network and then
applied by (Anfodillo et al., 2006). So in this study
using linear and non- linear equation of aboveground
biomass, b exponent resembling universal exponent

was also derived (b=8/3).

a b R? SEIn (a) SE(b)
0.034 2.69 097 0.21 0.09
0.052 2.52 = 0.025 0.11
0.022 2.27 0.88 0.32 0.10
0.009 2.53 = 0.006 0.18
0.0094 2.54 0.72 0.54 0.23
0.0011 3.1 = 0.001 0.35
0.00001 4.19 0.64 1.14 0.42
0.0000001 5.42 = 0.00000 0.84
0.004303 2.68 0.96 0.50 0.19
0.01059 2.44 = 0.01143 0.30
0.01799 2.49 0.87 0.33 0.11
0.009570 2.64 = 0.00611 0.179
0.029 2.70 0.91 0.28 0.30
0.092 2.39 = 0.039 0.119
0.022 2.819 0.93 0.29 0.09
0.045 2.60 = 0.014 0.104

Twigs and needles representing photosynthetic
biomass differ significantly in all the sites. This was
resulted inclusively because of the varied crown shapes,
availability of light and space in all the sites. While
calibrating the canopy photosynthesis models, this
finding need to be accurately calibrated in future studies.
'The high contribution in crown biomass occurring in C
deodara in these sites has been verified by this study and
resulting in high production of cones.

The RSR mean value (0.24) is consistent with other
conifer values reported in many studies (Levy et al.,
2004; Vande Walle et al., 2005). In Portuguese pine
stands Correia et al. (2010) found RSR value equal to
(0.30) and later IPCC (2003) reported as (0.32). The
present value of C. deodara is 100% equal to the value
of stone pine stands in Spain (Ruiz-Peinado et al.,
2011; Cutini et al., 2013). The importance of tap root
system in C. deodara has been pointed out by this study
and is consistent with the (Frattegiani et al., 1993).
He investigated the taproot functions in conifers as an
escape from competition with understory vegetation
especially during early phase of rotation.

Conclusions and Recommendations

Accurate estimations and allometry of volume and
biomass is the key to successful and comprehensive
studies which target not only carbon as well as
nutrient cycling and global change by involving
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forest inventories. This study revealed different
stand characteristics are bringing variations in
biomass allocation in C. deodara growing naturally in
temperate regions of the Himalaya Mountains, which
had not been addressed earlier. Moreover, the study
has given emphasis that in calibrating biomass, the
stand dependent factor and equations have much
importance. On the other side, this study resulted
in development of not only generalized allometric
equations for calculation of volume and biomass
as well as biomass and carbon factors for naturally
growing C. deodara in temperate regions. Lastly, the
allometry and carbon factors developed in this study
can be integrated and extended for the available data
of this region in south Asia.
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