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Abstract

The growing stock analysis of a forest helps in estimation of biomass and total assets of any forest areas.
Present study was carried out during 2017-18 in Kushmi Sal Forest near Gorakhpur, Uttar Pradesh. The
whole forest is a best example of plantation forest mainly dominated by Shorea robusta and Tectona
grandis with other associate species like Syzygium cumini, Terminalia arjuna, Albizia lebbeck, Dalbergia
sissoo, Eucalyptus sp., Madhuca indica, Azadirachta indica, and Bombax ceiba in certain part in patches
or in scattered form. Present research is an attempt in this direction to quantify the height class wise and
diameter class wise growing stock of Kushmi forest. The total area of Kushmi forest is 3207.10 ha
(Tilkonia forest range) comprises total number of forest tree 580480. The maximum number of tree was
found of species Shorea robusta (402560) followed by Tectona grandis (80640) whereas the least trees
species was found to be Bombax ceiba (5052). The height of different species is ranged between 8-45
meters while diameter of the different species ranged between 0.10-2.10 m. Majority of the stock have
diameter in the range of 60 to 180 cm. Maximum numbers (173329) of tree belongs to diameter range
90-120 cm followed bydiameter range 60-90 cm while minimum numbers (4480) of stock have diameter
range less than 30 cm. Comparatively high diameter trees belong to Madhuca indica, Tectona grandis,
Shorea robusta, Syzygium cumini and Bombax cieba while short height recorded in, Azadirachta indica,
Albizia lebbeck, Eucalyptus sp., Dalbergia sissoo and Terminalia arjuna.
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Introduction

Forest play important role in mitigation and adaptation of climate change. Forest is one of the
potential energy sources which actively caters to the mitigation and adaptation of climate
change (Pathak et al. 2016) 221, Forest sequesters and acts as largest reservoir of carbon than
any other terrestrial ecosystem, has attracted much interest as a mitigation approach (ISFR,
2017). Ecologists are more interested in potential function of forest and carbon sequestration
and storage (Chapin et al. 2000, Tilman et al. 2001, Srivastava & Vellend 2005, Kirby &
Potvin 2007) [6:2%.161 Carbon in the system moves between the four major reservoirs: fossil and
geological formations, the atmosphere, the oceans and terrestrial ecosystem including forest
(Melillo et al., 1993) 7 and (Siegenthalar and Sarmiento 1993). The forest biomasses
represent the largest terrestrial carbon sink and account for approximately 90% of all leaving
terrestrial biomass.

The precise information on growing stock which is the measure of the tree wealth includes
distribution of stem in different diameter class, volume, biomass, and carbon stock within
forest areas is required for strategic planning of forestry sector at various levels. Growing
stock is considered as an important indicator of forest wealth and productivity and can be
estimated through forest inventory. Estimates of carbon stock are generally carried out by
external measurements such as stem diameter and sometimes height, to total tree biomass.
Vegetation analysis is a key factor in determining the structure of any ecosystem and one of
the important factors in determining the species content of the area (Khesoh and Kumar, 2017)
(14, The Quantification of above ground biomass (AGB) is an essential aspect of studies of
carbon stocks and effects of deforestations and carbon sequestration on global carbon balance
(Ketterings et al. 2001) 21, The calculation of growing stock has assumed greater importance
as it provides a key input for deriving the amount of carbon sequestered in the forests. Keeping
in mind, present study was carried out to estimate the total growing stock under different
height class and diameter class in different forest tree species in Sal dominated Kushmi forest
of Gorakhpur. The composition of tree species found in study are Shorea robusta, Tectona
grandis, Syzygium cumini, Terminalia arjuna, Dalbergia sissoo, Albizia lebbeck, Eucalyptus,
Madhuca indica, Azadirachta indica, and Bombax ceiba etc.
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Materials and methods

Site Description

The present investigation entitled “Estimation of Growing
stocks, Biomass and Carbon stock of Kushmi Sal Forest of
Gorakhpur U.P.” was conducted in Kusmi Forest Division of
Gorakhpur district Uttar Pradesh, during the 2017-18. The
area situated at between 26 ° 35 to 27° 17 N latitude and 83°
13 to 83°35 E longitude and 78 m above asl. Kushmi Forest is
nestled amidst a scenic landscape full of lofty Sal trees. The
forest of Gorakhpur division mainly comprises of dense Sal
tress. The forest area of division remains unchanged 15276.60
ha notified under section 5 division. Gorakhpur 152.40 ha,
Tilkonia 3207.10 ha, Banki 3679.60 ha, Campeargang
3161.10 ha, Farenda 5076.40 ha land have per section. In
1932 government has taken under these areas and started re-
plantation in the whole forest areas. The re-plantation method
complete in the whole Forest areas in 1934.

Climate

Kushmi Forest is located near Gorakhpur in the eastern part of
state Uttar Pradesh and has tropical to sub-tropical climate
with extremes of summer and winter. The climate is humid to
sub humid influenced some extent by the north and the
existence of Tarai swamps. During winter months especially
December to January temperature drops down to as low as 2
to 5° ¢ while in summer temperature above 40 to 48° c. hot
scorching winds commonly known as “Loo” is regular feather
during the summer whereas there may be and occasionally
spell of frost during the winter. The annual rainfall is 1380
mm mostly during the south west monsoon i.e. mid June to
September with of few occasional showers during winter
months.

Biophysical Measurements of the tree species

The height and diameter at breast height (DBH) are the two
main biophysical measurements which were measured for
each tree sample. Biophysical measurement of different
species was recorded by selecting tree by transect line laid in
the study area. The data pertaining to height and diameter
were recorded in class wise with the help of Ravi altimeter.
Diameters at breast height (1.37m) above the ground level of
sampled tree were measured during the study using measuring
tape.

Result and discussion

Growing stock

Kushmi forest is a kind of sal dominated plantation forest.
The data pertaining to numbers of the trees in each species
presented in tablel and figurel shows that maximum number
(402560) of trees are of Shorea robusta, followed by Tectona
grandis (80640) and Syzygium cumini (45440) and the
minimum (5052) was of Bambax ceiba.

Tree height

Perusal of data in table 1 and figure 1 shows that the height of
the trees varies greatly in different species and ranged
between 10 to 50 meters. Majority of the stock have height in
the range of 20 to 45 meters. Maximum numbers (237374) of
tree belongs to height range 40-45 meter followed by height
range 35-40 meter while minimum numbers (770) of stock
have height range 10-27 meters. Comparatively taller trees
belong to Tectona grandis, Shorea robusta and Terminalia
arjuna while short height recorded in Madhuca indica,
Azadirachta indica and Syzygium cumini. Height variation in
many species is their hereditary character assisted with crown
shape and competition of light for photosynthesis brings about
tallness or short posture. Generally height of the tree has
positive correlation with diameter of the tree.

Table 1: Growing stock in different height class and species of Kushmi forest.

Species Height class wise growing stock
5-10 (m)[10-15 (m)|15-20 (m)|20-25 (m)|25-30 (m)|30-35 (m)|35-40 (m)|40-45 (m)|>45m| Total |Cont. (%)
Shorea robusta 0 0 315 1790 2760 15780 94710 | 205465 (81740402560 69.6
Tectona grandis 0 0 0 670 1520 12014 35070 21512 | 9854 | 80640 13.9
Syzygium cumini 0 0 560 1528 7025 16260 18090 1977 0 |[45440 7.8
Terminalia arjuna 0 0 0 960 1720 2180 2910 3550 | 148012800 2.2
Albizia lebbeck 0 0 0 380 960 2790 1890 1020 0 | 7040 1.2
Dalbergia sissoo 0 210 560 1120 1330 2530 1985 1060 | 165 | 8960 1.5
Eucalyptus sp. 0 0 0 0 0 680 1060 2790 | 620 | 5120 0.8
Madhuca indica 0 0 980 1920 2875 1250 0 0 0 | 7025 1.2
Azadirachta indica 0 560 1520 2550 1213 0 0 0 0 | 5843 1
Bambax ceiba 0 0 670 1120 1480 1402 380 0 0 | 5052 0.8
Total 0 770 4605 12038 20853 54886 | 156095 | 237374 [93859/580480[ 100
45.00 = Avg. Height (m)
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Fig 1: The average height of tree of each species.
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Tree diameter

Perusal of data in table 2 and figure 2 shows that the diameter
of the trees varies greatly in different species and ranged
between 20 t0210 cm. Majority of the stock have diameter in
the range of 60 to 180 cm. Maximum numbers (173329) of
tree belongs to diameter range 90-120 cm followed
bydiameter range 60-90 cm while minimum numbers (4480)
of stock have diameter range less than 30 cm. Comparatively

high diameter trees belong to Madhuca indica, Tectona
grandis, Shorea robusta, Syzygium cumini and Bombax cieba
while short height recorded in, Azadirachta indica, Albizia
lebbeck, Eucalyptus sp., Dalbergia sissoo and Terminalia
arjuna. Higher diameter in many species is a kind of
adaptation to overcome load burden of branch as well main
stem on base portion while lesser diameter is due to lower
load of braches as well as leafy crown in many species.

Table 2: Growing stock in different diameter class and species of Kushmi forest.

Species Diameter class wise (cm) growing stock Total
P <30 | 30-60 | 60-90 | 90-120 | 120-150 | 150-180 | 180-210 | >210cm
Shorea robusta 1920 | 27520 | 113920 | 126720 | 67200 44800 14720 5760 402560
Tectona grandis 1280 | 9600 | 25600 23040 11520 6400 1920 1280 80640
Syzygium cumini 0 4480 | 12160 13440 5120 5760 3200 1280 45440
Terminalia arjuna 0 640 4480 1920 2560 3200 0 0 12800
Albizia lebbeck 0 0 1920 2560 1280 1280 0 0 7040
Dalbergia sissoo 1280 | 4480 3200 0 0 0 0 0 8960
Eucalyptus sp. 0 0 0 1920 1920 1280 0 0 5120
Madhuca indica 0 0 360 1060 2145 1502 1305 653 7025
Azadirachta indica 0 45 540 1160 1975 1280 843 0 5843
Bambax ceiba 0 70 450 1509 1760 865 290 108 5052
Total 4480 | 46835 | 162630 | 173329 | 95480 66367 22278 9081 580480
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Fig 2: The average diameter (m) of each tree species
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Fig 3: Map of the study area (Kushmi Forest Division, Gorakhpur)
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Conclusion

Analysis of present study conclude that Kushmi forest
division is dominated by Sal tree and the growing stock are of
older age group having height variation ranged between 20-45
meters and diameter ranged between 30 -210 cm. The study
reflects that there high growing stock concern with higher

diameter

and height coupled with shortage of new

regeneration in the forest area.

Acknowledgment

The authors are grateful to the DFO, Kushmi forest division
and College of Forestry, Sam Higginbottom University of
Agriculture Technology and Sciences, (Formerly Allahabad
Agriculture Institute), Prayagraj (Allahabad) for providing all
necessary helps and facilities during the course of experiment
and valuable comments of anonymous reviewers to improve
this manuscript.

References

1.

10.

11.

12.

13.

Borah N, Garkoti SC. Tree Species composition,
diversity, and regeneration patterns in undisturbed and
disturbed forests of Barak Valley, South Assam, India.
International Journal of Ecology and Environmental
Sciences. 2011; 37(3):131-141.

Brown S, lverson LR. Biomass estimates for tropical
forests. World Resource Review. 1992; 4:366-384.
Brown S, Gillespie AJR, Lugo AE. Biomass estimation
methods for tropical forests with application to forest
inventory data. Forest Science. 1997; 35:881-902.

Brown SL, Schroeder P, Kern JS. Spatial distribution of
biomass in forest of the eastern USA. Forest Ecology and
Management. 1999; 123:81-90.

Cannell M. Forest and the Global Carbon Cycle in the
Past, Present and Future. European Forest Institute
Report No 2, Finland, 1995.

Chapin Il FS, Zavaleta ES, Eviner VT, Naylor RL,
Vitousek PM, Reynolds HL et al. Consequences of
changing biodiversity. Nature. 2000; 405:234-242.
Chaturvedi RK, Raghubanshi RK, Singh JS. Carbon
density and accumulation in woody species of tropical
dry forest in India. Forest Ecology and Management.
2011; 262(8):1576 1588.

Christopher. Regeneration and plant diversity of natural
and planted Sal (Shorea robusta Gaertn. F.) forests in the
Terai Bhabhar of Sohagibarwa Wildlife Sanctuary, India.
Journal of American Science. 2014; 6(3):32-45.

Dixon RK, Brown S, Houghton RA, Solomon AM,
Trexler MC, Wisniewski J. Carbon pools and flux of
global forest ecosystems. Science. 1994; 263:185-190.
Ganeshaiah N. An Alternative Approach to Biodiversity
Evaluation: Case Study in the Lower Menkong Basin.
Doctoral Dissertation, University of Edinburgh, 2003.
Hunter RA. Aboveground forest biomass and the global
carbon balance. Global Change Biology. 2001; 11:945-
958.

Janan Gupta SR, Kumar R, Singh G. Carbon
sequestration in the Grevillea robusta plantation on a
reclaimed sodic soil at Karnal in Northern India.
International Journal of Ecology and Environmental
Sciences. 2009; 36(1):75-86.

Ketterings QM, Coe R, Van Noordwijk M, Ambagau Y,
Palm CA. Reducing uncertainty in the use of allometric
biomass equations for predicting above ground tree
biomass in mixed secondary forest. Forest Ecology and
Management. 2001; 146:199-209.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

~ 3563~

Khesoh Petekhrienuo, Hemant Kumar. Species diversity
and community structure of trees and shrubs of Japfi
mountain, Kohima: Nagaland. International Journal of
Forestry and Crop Improvement. 2017; 8(2):97-105.
Khanduri JIN, Kumar RN, Kumar RB, Sajish PR. Tree
species diversity and soil nutrient status in three sites of
tropical dry deciduous forest of western India. Tropical
Ecology. 2008; 51(2):273-279.

Kirby KR, Potvin C. Variation in carbon storage
amongtree species: Implication for management of small
scale carbonsink project. Forest Ecology and
Management. 2007; 246:208-221.

Kraenzel Castillo A, Moore T, Potvin C. Carbon storage
of harvested-age teak plantations, Panama. Forest
Ecology and Management. 2002; 173:213-225.
Malimbwi KS, Bhat DM, Ravindranath NH. Biomass
estimation equations for tropical deciduous and evergreen
forests. International Journal of Agricultural Resources
Governance and Ecology. 1999; 4(1):81-92.

Markewich, Buell. Carbon Cycling in Teak Plantations in
Comparison with Seasonally Dry Tropical Forests in
Thailand. In: Dr Juan A. Blanco (Ed.), 2005, 209-230.
Forest Ecosystems — Morethan Just Trees. Proceedings of
the 7th Silvicultural Seminar: Silviculture for commercial
plantations, University. Bangkhen Campus, Bangkok
(Thailand), ISBN: 978-953-51-0202-1

Melillo EI, Mackenzie JA. The use of a best-fit allometric
model to estimate aboveground biomass accumulation
and distribution in an age series of teak (Tectona grandis
L.f.) plantations at Gambari Forest Reserve, Oyo State,
Nigeria. Tropical Ecology. 1993; 49(2):259-270.

Negi Bahuguna VK, Sharma DC. Biomass production
and distribution of nutrients in 20 years old teak (Tectona
grandis) and gamar (Gmelina arborea) plantation, 2002.
Pathak P, Hemant Kumar, Kumari G, Halliru Bilyaminu.
Biomass production potential in different species of
bamboo in central Uttar Pradesh, The Ecoscan. 2016;
10(1-2):41-43.

Ravindranath NH. Somashekhar BS, Gadgil M. Carbon
flow in India forests. Climatic Change. 1997; 35:297-
320.

Richter DD, Markewitz D, Dunsomb JK, Wells CG,
Stuanes A, Allen HL et al. Carbon cycling in a loblobby
pine forest: Implication for the missing carbon sink and
for the concept of soil. In;. W.W. McFee& J.L. Kelly
(eds.) Carbon Forms and Function in Forest Soils. Soil
Science Society of America, Madison, WI, 1995, 223-
251.

Schroeder P. Carbon storage potential of short rotation
tropical tree plantations. Forest Ecology and Management
1992; 50:31-41.

Sharma CM, Baduni NP, Gairola S, Ghildiyal SK, Suyal
S. Tree diversity and carbon stocks of some major forest
types of Garhwal Himalaya, India. Forest Ecology and
Management. 2010; 260:2170-2179.

Singh, Toky. Species structure, dry matter dynamics and
carbon flux of a dry tropical forest in India. Annals of
Botany. 2005; 68:263-273.

Singh L, Singh JS. Importance of short-lived components
of a dry tropical forest for biomass production and
nutrient cycling. Journal of Vegetation Science. 1993;
4:681- 686.

Srivastava D, Vellend M. Biodiversity-ecosystem
function research: is it relevant to conservation? Annual



Journal of Pharmacognosy and Phytochemistry

Review of Ecology, Evolution and Systematics. 2005;
36:267-294.

30. Tan K, Piao S, Peng C, Fang J. Satellite based estimation
of biomass carbon stock for northeast China’s forest,
Forest Ecology and Management. 2007; 240(1-3):114-
121.

31. UNFCCC. (United Nations Framework Convention on
Climate Change), Conference of the Parties. Eleventh
Session.  2005. FCCC/CP/2005/1.2  Available at:
http://cdm.unfccc.int/.

~ 3564 ~



