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Abstract
The present investigation was conducted on a 22 year old Elm plantation 
established at Wadura campus of SKUAST-Kashmir. Four diameter classes 
viz., D1 (5-10 cm), D2 (10-15 cm), D3 (15-20 cm) and D4 (>20 cm) were 
stratified from the plantation and 24 trees (6 from each diameter class) were 
randomly selected and felled in the year 2015. The growth parameters of the 
trees increased with increase in the diameter class. The maximum height, dbh, 
basal area and stem volume were 14.98m, 23.77 cm, 0.044m2 and 0.400 m3, 
respectively. Biomass per tree of all tree components viz., stem, branches, 
foliage and roots showed significant increase with increase in the diameter 
of the trees. The total biomass, carbon stock and carbon dioxide equivalent 
increased from lower to higher diameter classes. The highest values observed 
for these parameters were 475.54 kg/tree (fresh), 148.59 kg/tree and 543.82 kg/
tree, respectively under D4 diameter class. The biomass allocation coefficient 
of branch and root (BACb and BACr) attained higher values in lower diameter 
classes. The maximum and minimum values of these coefficients were 0.158 
and 0.085; 0.298 and 0.278, respectively under D1 and D4 diameter classes. 
The size of trees did not produce significant effect on the biomass allocation 
coefficient of foliage (BACf). The diameter of the trees produced non-significant 
difference in the growth efficiency (GE) of different tree components.
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Introduction
Ulmus wallichiana, the Himalayan Elm, is a fast 
growing tree species which grows in Himalayas from 
Kashmir to Uttarakhand between the elevations of 
900 to 3000m amsl. The Himalayan Elm grows to 

a height of about 30m, with a broad crown having 
several ascending branches. The bark of the trunk 
is vertically furrowed and grayish brown in colour. 
Before the introduction of populous deltoides, it was 
the most cultivated tree species of the Kashmir valley 
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having multifarious uses viz., light construction, 
fuelwood, packing cases, furniture and fodder for 
cattle (Phartyal et al., 2003).  
Ever increasing atmospheric CO2 concentration and 
its management is a serious concern confronting 
the world today. The concentration of CO2 in the 
atmosphere can be reduced either by limiting 
emissions or by taking CO2 out from the atmosphere 
and stored in the terrestrial, oceanic or aquatic 
ecosystems. Forestry practices have the significant 
potential to considerably reduce the global flux 
CO2 into the atmosphere. In the past forestry 
plantations only had a small contribution to the 
total balance of terrestrial carbon but they have 
been recognized to play a more significant role in 
the future mitigation of climate change on account 
of their potential to absorb and store carbon  
(Canadell et al., 2007). According to FAO, the 
world’s forest plantation accounted for less than 7% 
or 264 million ha of total forest area, in which 78% 
are productive and 22% are protective. The world’s 
forests are estimated to store 289 gigatonnes (Gt) 
of carbon (C) in their biomass alone and on account 
of deforestation the annual decrease in the carbon 
storage was about 0.5 Gt during the period 2005-
2010 (FAO, 2010).  The total carbon storage in 
forest plantations now-a-days is about 11.8 Gt with 
an increase of 0.178 Gt per year. Furthermore, the 
United Nations Framework Convention on Climate 
Change has recognized the significance of plantation 
forestry as a greenhouse gas mitigation option, as 
well as the need to monitor, preserve, and enhance 
terrestrial carbon stocks (Updegraff et al., 2004). 
Due to fast growth and better silvicultural practices 
and management, plantation forestry has an edge 
over natural forests. Projections of the International 
Centre for Research in Agroforestry suggest that 
significant funds could potentially be available 
to finance sustainable rural development and 
adaptation to climate change, as the carbon market 
may exceed US $1 trillion by 2025 (ICRAF, 2009). 

Material and Methods
The study was carried out on a 22- year old plantation 
of Elm located at an altitude of 1510 m amsl in the 
Faculty of Agriculture, SKUAST-K, Wadura, Sopore 
(J&K). The plantation falls in the temperate zone 
and lies at 34o3 0N latitude and 74o5 0E longitude. 

The trees in the plantation were stratified into four 
diameter classes i.e., D1: 5-10 cm, D2: 10-15 cm, D3: 
15-20 cm and D4: >20 cm. Twenty four trees were 
randomly selected from the plantation (six from each 
diameter class) and harvested during the year 2015 
for biomass and carbon estimation. These trees were 
measured for their growth parameters using standard 
biometric methods. The allocation of biomass to 
different tree components, growth efficiency, carbon 
stock and carbon dioxide equivalent were estimated 
as follows:
Stem biomass (Bs) (kg): The main stem of each tree 
was cut into logs of different lengths. Fresh weight of 
these logs was recorded with the help of mechanical 
weighing balance and summed up to give stem 
biomass. Sample discs from each log were taken 
for dry weight determination.
Branch biomass (Bb) (kg): Branches from each tree 
were cut and weighed in the field for estimation of 
branch biomass. The branch samples were collected 
from the trees for dry weight   determination.
Foliage biomass (Bf) (kg): The foliage biomass 
was estimated by collecting the foliage from each 
felled tree and weighing in the field. The samples 
of foliage from the trees were taken for estimation 
of dry matter.
Root biomass (Br) (kg): The root biomass was 
calculated by using simple default value of 25% (for 
hardwood species) of the above ground biomass as 
recommended by IPCC (2006). 
Total tree biomass (Bt) (kg): The total tree biomass 
was calculated as the sum of stem, branch, foliage 
and root biomass.
Biomass allocation coefficients (BACs): Biomass 
allocation coefficients were calculated as the ratio 
between a particular biomass component increment 
and stem biomass increment.
Growth efficiency (GE): Growth efficiency was 
estimated as the ratio of relevant biomass component 
increment to standing foliage biomass.
Carbon stock (kg): The biomass value was 
converted to carbon stock using 0.5 default value  
(IPCC, 2006).
Carbon dioxide equivalent (CO2e) (kg): The carbon 
dioxide equivalent was calculated as per the 
following equation:  

Carbon dioxide equivalent = Carbon stock × 3.66
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Statistical Analysis
The data collected was subjected to statistical 
analysis using general linear model procedure of 
SPSS Statistic version (17.0).

Results and Discussion 
The growth parameters of the trees increased 
with increase in the diameter class (Table-1). The 
maximum values recorded for height, dbh, basal area 
and stem volume were 14.98 m, 23.77 cm, 0.005 m2 
and 0.400 m3 under diameter class D4 and minimum 
07.67 m, 08.08 cm, 0.044 m2 and 0.027 m3 under D1 
class, respectively. These results are in conformity 
with the findings of Bohre et al., (2013) and Arifin et 
al., (2008). This can be attributed to more absorption 
of nutrients and light by the dominant trees present 
in the plantation. Yeboah et al., (2014) found strong 
correlation between dbh and total main stem volume 
of the trees. Also, Islam and Masoodi (2007) reported 
strong positive correlation between dbh, height 
and stem volume in Elm. The pattern of biomass 
allocation in different tree components, carbon 
stock and carbon dioxide equivalent are depicted in 
the Table-2 and 3. The critical appraisal of the data 
revealed that stem biomass gradually increased with 
increase in the size of trees attaining highest values 
of 368.28 kg/tree (fresh) and 212.22 kg/tree (dry) in 
D4 diameter class. The lowest values of 23.50 kg/
tree (fresh) and 12.37 kg/tree (dry) were recorded 
under diameter class D1. The results corroborate 
the observations of Wagay (2012) and Mitra et al. 
(2011). The branch biomass also showed perpetual 
increase with the increase in diameter of trees. The 
maximum branch biomass of 34.95 kg/tree (fresh) 
and 18.98 kg/tree (dry) was produced by diameter 
class D4 whereas, the minimum of 03.34 kg/tree 
(fresh) and 01.98 kg/tree (dry) was observed under 
D1 diameter class. The branch biomass depends 
on the average number of branches on the trees. 

These results are in agreement with the findings of 
Pande et al., (1987) and Singh et al., (1994). There 
was an increase in foliage biomass from lower to 
higher diameter classes recording highest values 
of 16.20 kg/tree (fresh) and 6.54 kg/tree (dry) for 
diameter class D4. The reason for such a pattern 
is the occurrence of more number of branches in 
the large sized trees than the smaller ones. Similar 
results have been obtained by Wagay (2012) in 
Populus deltoides. The root biomass was found 
to increase with increase in the diameter of the 
trees. The maximum and minimum root biomass 
of 105.11 kg/tree (fresh) and 07.07 kg/tree (fresh) 
were observed under diameter classes D4 and D1, 
respectively.  This is in conformity with the results 
of Saralach (1994) in Eucalyptus. These results of 
biomass are also well supported by Morhart et al., 
(2013) who reported strong correlation between 
dry weight of different tree components and dbh in 
a poplar clone.
The total dry biomass, carbon stock and carbon 
dioxide equivalent increased from lower to higher 
diameter classes. The highest values for these 
parameters were 297.17 kg/tree, 148.59 kg/tree and 
543.82 kg/tree, respectively under D4 diameter class 
and the lowest values of 18.57 kg/tree, 09.29 kg/tree 
and 33.99 kg/tree, respectively under D1 diameter 
class. This increased production of biomass and 
storage of carbon can be explained by the increased 
absorption of light, water and nutrients by the large 
trees. Our findings corroborate with results of Wagay 
(2012) in Populus deltoides and Wani et al., (2014) 
in Ulmus wallichiana.
The biomass allocation coefficients of branch and 
root (BACb and BACr) attained higher values in 
lower diameter classes (Table-4). The maximum and 
minimum values of these coefficients were 0.158 and 
0.085; 0.298 and 0.278, respectively under D1 and 
D4 diameter classes. This trend can be explained by 

Table 1: Growth parameters of 22 year old Ulmus wallichiana trees. 

Diameter class Height dbh Basal area Stem volume
(cm) (m) (cm) (m2) (m3)

D1 (5-10) 07.67 08.08 0.005 0.027
D2 (10-15) 11.25 13.06 0.013 0.093
D3 (15-20) 13.57 16.95 0.023 0.187
D4 (>20) 14.98 23.77 0.044 0.400
CD (0.05) 1.52 1.78 0.004 0.064
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Table 3: Pattern of biomass (dry) allocation to different tree components of 22 year old Ulmus 
wallichiana in different diameter classes.

Diameter Stem Branch Foliage Root Total tree Carbon CO2e
class biomass biomass biomass biomass biomass stock (kg/tree)
(cm) (dry)  (dry)  (dry)  (dry)  (dry)  (kg/tree)
 (kg/tree) (kg/tree) (kg/tree) (kg/tree) (kg/tree)

D1 (5-10) 12.37 01.98 0.51 03.71 18.57 09.29 33.99
D2(10-15) 42.47 05.29 1.51 12.25 61.52 30.78 112.66
D3 (15-20) 75.65 10.83 3.35 22.46 112.29 56.14 205.46
D4 (>20) 212.22 18.98 6.54 59.43 297.17 148.59 543.82
CD(0.05) 31.54 04.66 01.52 09.08 46.04 23.02 84.26

CO2 e = Carbon dioxide equivalent

the increase in the stem biomass increment from 
lower diameter to higher diameter classes. The size 
of trees did not produce significant effect on the 
biomass allocation coefficient of foliage (BACf). This 
insignificant difference can be ascribed to higher 
foliage increments in the large trees.  Irrespective of 
size of the trees, the biomass allocation coefficients 
followed the order BACr > BACb > BACf. Wagay 
(2012) also found more allocation of biomass in roots 
as compared to branches and leaves in Populus 
deltoides. Moreover, Pathak et al., (2015) and 
Sharma et al., (2014) reported variation in biomass 
allocation to different components in some species 
of bamboo.

The diameter of the trees produced insignificant 
difference in the growth efficiency (GE) of different 
tree components (Table-4). Kaufman and Ryan 
(1986) pointed out that suppressed and overtopped 
trees can reach GE values almost as high as the 
dominant individuals, mainly because they tend to 
maintain smaller mass of foliage relative to the stem. 
Irrespective of the diameter class, the highest growth 
efficiency was observed in stem (1.473) followed by 
roots (0.421) and branches (0.169). This trend can 
be attributed to more allocation of biomass in stem 
followed by roots and branches.

Table 2: Pattern of biomass (fresh) allocation to different tree components of 22 year old Ulmus 
wallichiana in different diameter classes.

Diameter Stem Branch Foliage Root Total tree
class biomass  biomass  biomass biomass  biomass
(cm) (fresh) (fresh) (fresh) (fresh) (fresh)
 (kg/tree) (kg/tree) (kg/tree) (kg/tree) (kg/tree)

D1 (5-10) 23.50 03.34 01.45 07.07 35.36
D2 (10-15) 79.48 09.27 04.07 23.20 116.02
D3 (15-20) 137.33 19.68 08.75 41.44 207.20
D4 (>20) 369.28 34.95 16.20 105.11 475.54
CD (0.05) 56.44 08.40 03.70 16.44 89.08
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Table 4: Biomass allocation coefficients and growth efficiency of different tree 
components of 22 year old Ulmus wallichiana in different diameter classes

Diameter class BACb BACf BACr GEs GEb GEr
(cm)

D1 (5-10) 0.158 0.040 0.298 1.261 0.192 0.373
D2 (10-15) 0.127 0.035 0.289 1.416 0.178 0.408
D3 (15-20) 0.138 0.043 0.295 1.134 0.149 0.332
D4 (>20) 0.085 0.030 0.278 2.084 0.158 0.572
Mean 0.127 0.037 0.290 1.473 0.169 0.421
CD (0.05) 0.032 NS 0.010 NS NS NS

BACb, BACf and BACr = Biomass allocation coefficients of branches, foliage and roots
GEs, GEb and GEr = Growth efficiency of stem, branches and roots
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