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Carbon Sequestration potential of Melia dubia progenies
and plantations with varied spatial geometries at different

age gradations in South Gujarat
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ABSTRACT: : We evaluated Melia dubia for carbon sequestration potential under two
different studies. First studies comprised of 17 open pollinated progenies planted at 3 %3 m and
the second one was plantations of same species at 2%2, 3x2, 3x3 and 4 X2 m spatial geometries
under randomized block design. The progeny evaluation study revealed that at the age of 5
years, progeny GJ09 produced maximum biomass (95.61 t/ha) with average maximum
productivity of 19.12 t/ha/year, carbon stocks and carbon sequestration to tune of 48.76 t/ha
and 178.95 t/ha, respectively. Further, progeny GJ09 showed carbon stock and carbon
sequestration rate of 9.75 t/ha/vear and 35.79 t/ha/vear; respectively. The spatial geometry
evaluation studies deduced that there was significant variation in biomass productivity, carbon
stock and carbon sequestration among individuals under different spatial geometries.
Although, at the age of 5-years, the individual tree biomass, carbon stock and carbon
sequestration was maximum under 4 X2 m spacing. However, at the 5-years of age, owing to the
maximum tree per hectare 2x2 m spatial configuration provided highest biomass (20.29
t/ha/year), carbon stocks (10.35 t/ha/vear) and carbon sequestration potential (24.94
t/ha/vear). These studies revealed that M. dubia being fast growing species has great potential
Jor carbon sequestration. The progenies with higher sequestration rate can be utilized for
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further planation programmes.

1. INTRODUCTION

Carbon sequestration is the long-term storage or
removal of that CO, in geological, biological, or ocean
sinks. Climate change certainly is one of the most
demanding environmental challenges being witnessed
in world today. The speedy increase in atmospheric
carbon dioxide (CO2) and other greenhouse gases due
to human activities such as industrialization, fossil
fuel combustion, and deforestation has led to
momentous changes in global climate systems. The
increasing concentration of atmospheric carbon
dioxide is a primary driver of global warming. Among
the various strategies proposed to mitigate climate
change, carbon sequestration has appeared as a vital
natural answer. Manmade plantations, agroforests and
forest ecosystems play a vital role in this process by
acting as natural carbon sinks (Lal, 2008; Thakur et al.,
2011; Panwar et al., 2022). This capacity to capture
and store carbon helps offset emissions produced by
human activities.

The Intergovernmental Panel on Climate Change
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(IPCC) has underlined the importance of forests and
tree-based ecosystems in mitigating climate change by
enhancing carbon sequestration (FAO, 2020; IPCC,
2022). Sustainable forest management, afforestation,
and reforestation initiatives are therefore widely
recommended as practical and cost-effective
strategies to reduce atmospheric carbon levels. Urban
forestry and agroforestry systems also contribute
significantly to carbon sequestration. Agroforestry
practices, which integrate trees with agricultural crops
or livestock systems, enhance carbon storage while
simultaneously improving soil productivity and
agricultural sustainability (Bhusara et al., 2016).
These integrated systems are increasingly recognized
as important strategies for climate-smart agriculture.
Globally, governments and international
organizations are promoting tree-based climate
solutions through various environmental programs
and policies. Initiatives such as afforestation,
reforestation, and forest conservation are increasingly
emphasized as part of climate mitigation strategies.
Organizations such as the United Nations
Environment Programme and the Food and
Agriculture Organization advocate for sustainable
forest management and restoration of degraded
landscapes to increase carbon sequestration capacity
(UNEP, 2021). These initiatives not only help mitigate
climate change but also contribute to achieving



sustainable development goals related to biodiversity
conservation, poverty reduction, and environmental
protection. Carbon sequestration by trees is a vital
natural process that plays a key role in mitigating
climate change and maintaining ecological balance
(Lunaetal., 2016; UNEPA, 2023).

India's nationally determined contribution (NDC), to
sequester an additional 2.5 to 3-billion-ton carbon
dioxide (CO,) equivalent by 2030 under the Paris
Climate agreement, can be achieved by integrating
trees in multiple land uses (Ruchika, 2019). In this
direction, many industrially important fast growing
species are already popular among the farmers and are
integrated either under agroforestry or as sole
plantations. These species provide a sustainable
alternative to low-carbon land use systems, offering
high yields of renewable woody biomass along with
multiple ecosystem benefits (Luna ef al., 2009, 2011,
2014; Panwar et al., 2022; Jinger et al., 2024). Still we
need to look for indigenous multipurpose tree species
which could be utilized in wood based industries on
one hand and have high carbon sequestration potential
in shorter period leading to achieve NDC at national
level sustainable development goals globally. One
such species is Melia dubia. This species has already
explored for its multipurpose potential (Sinha et al.,
2019; Sukhadiya et al., 2021; Malek et al., 2024) and
is being cultivated as potential agroforestry ideotype
(Bhusara et al., 2018; Thakur ef al., 2018; Mohanty et
al., 2019). Its potential for carbon sequestration has
not been explored much so far. Therefore, the present
study intended to put forth the carbon sequestration
potential different progenies and plantations done at
varying spatial geometries in southern Gujarat.

2. MATERIALSAND METHODS
Edapho-climatic conditions of site

The investigation was carried out at the College of
Forestry, Navsari Agricultural University, Navsari
(20.95N latitude, 75.90E longitude with an altitude of
10 m amsl), Gujarat, India, during 2014-2019. Climate
of area is characterized humid and warm with
monsoon rainfall of around 1500 mm (June-
September), moderately cold in winter (November-
February) and fairly hot and humid in summer
(March-May). Soils of experimental site is deep black
originated from old alluvium of basaltic material,
taxonomically placed under the group of Ustochrepts,
sub group of verti Ustochrepts, sub order of orchrepts
and order of inceptisols, characterized by clay, deep,
moderately drained with good water holding capacity.
The soil cracks heavily on drying and expands on
wetting and predominant clay mineral found to be
montmorillonite. Soil pH and average available
nitrogen, phosphorus, potassium, and organic carbon
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of experimental site was 225.79 kg ha”, 32.81 kg ha,
310.34kgha’, 7.67 and 0.87%, respectively.

Experimental details

The study-1 was conducted in randomized block
design with 17 open pollinated Melia dubia Cav.
progenies as treatments with three replications (three
individuals in each replication). The seeds of 16
families were supplied by Division of Genetics and
Tree Improvement, Forest Research Institute
Dehradun, Uttarakhand, India and family named GJ09
was local source (collected from Northern most tip of
Western Ghats), which were collected from South
Gujarat, India. Planting was carried out in January,
2014 at 3x3 m spacing with boundary row to avoid
edge effect.

The study-2 was comprised of Melia dubia plantations
at with spatial geometries of 2x2,3%2,3x3 and 4x2 m.
Both the experiments managed following normal tree
management practices. No additional fertilizer
(organic or inorganic) was applied throughout the
period and trees were allowed to natural pruning after
2" year onwards.

Above ground biomass

The tree height and diameter at breast height (DBH; at
1.37 cm above ground) were recorded (from 1¥to 5"
years of age) periodically following standard methods
in each replication (3 tree/replication in progeny
evaluation and 5 trees per replication in spatial
geometry evaluation) of each family. Standing tree
fresh biomass was calculated following regression
equations B=0.0299(HD?)+7.48 (Thakur et al., 2021),
Where, B =total tree fresh biomass, H=height (m) of
the tree and D= DBH (cm). Estimated fresh biomass
was converted to dry mass i.e. 50 per cent of the fresh
biomass (Laxmaietal., 2021).

Belowground Biomass

Below ground biomass (BGB) of the tree includes live
root biomass, excluding fine roots and was calculated
using 0.26 factor of root: shoot ratio (Ravindranath
and Ostwald, 2008).

BGB (tha')=AGB (tha™) x 0.26
Total Biomass (TB)

Sum of AGB and BGB gives total biomass (TB) of the
tree (Ravindranath and Ostwald, 2008).

TB(tha')=AGB (tha")+BGB (tha")
Carbon stock and carbon sequestration

Then biomass was converted to total carbon stock by
multiplying factor of 0.51 (Dury ef al., 2002) and
carbon sequestration by multiplying the carbon stock
by factor of3.67 (Van-Kooten, 1999).

Statistical analysis

The data generated were subjected to the statistical



analysis following randomized block design (RBD)
and ANOVA was constructed. Further, Duncan's
multiple range test (DMRT) was used to compare the
sets of means of each treatment following Sheoran
(n.d.). OPSTAT - Online Statistical Analysis Tools.
CCS HAU, Hisar. http://14.139.232.173/opstat/
default.asp.

3. RESULTS AND DISCUSSION

Carbon Sequestration potential of Melia dubia
progenies
Biomass productivity

The results indicated that biomass production (kg/tree
and ton/ha; dry weight basis) varied significantly
(p<0.05) amongst the 17 progenies (Table 1). In the 17,
2" and 3" year the maximum biomass production (9.05,
24.3 and 37.00 kg/tree and 10.05,27.00 and 41.10 t/ha,
respectively) was put up by progeny number 259. At the
age of two years, biomass production (21.83 kg/tree and
24.25 t/ha) by progeny 260 was at par with that of 259.
Atthe age of 4 years, highest biomass production (53.85
kg/tree and 59.83 t/ha) was of progeny GJ09, which
however was statistically at par with progeny 260.
However, at the age of 5 years (Table 1), GJ09 put up
maximum biomass (86.06 kg/tree and 95.61 t/ha) with
average maximum productivity of 17.21 kg/tree/year
and 19.12 t/ha/year (Fig. la and b). The minimum
biomass production and productivity was of progeny
270 atthe age of 5 years.
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Carbon stock and carbon sequestration

The results expressed that carbon stocks varied
significantly among the progenies and the age
gradations (Table 2). Among the 17 progenies, 259
progeny acquired maximum carbon stock amounting
to 4.61, 12.39 and 18.87 kg/tree and 5.13, 13.77 and
20.96 t/ha from 1"to 3" year of age. At 2™ year progeny
260 had at par carbon stock with 259. Progeny GJ09
showed highest carbon stock amounting to 27.47 and
43.89 kg/tree and 30.51 and 48.76 t/ha at 4" and 5"
year, respectively. However, at 4" year progeny 260
was at par with GJ09 (Table 2). Minimum carbon
stocks were of family 270 at 5 years of age.

Further, owing to maximum carbon stock, progeny
259 sequestered maximum carbon of 16.94,45.49 and
69.25 kg/tree and 18.82, 50.53 and 76.94 t/ha at age of
1%, 2" and 3" year (Table 3). However, at 4" and 5"
year, the maximum carbon sequestration (100.80 and
161.07 kg/tree and 111.99 and 178.95 t/ha) was of
GJ09. Progeny 260 sequestered statistically at par
carbon to that of GJ09. Progeny 270 sequestered
minimum carbon at the age of 5 years.

Carbon stock and carbon sequestration potential

The results pinned out that the carbon stock and
carbon sequestration potential of M. dubia progenies
varied significantly at the age of 5 years (Fig. 2 and 3).
Maximum carbon stock (8.78 kg/tree/year and
9.75 t/ha/year) and carbon sequestration (32.21
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Figure 1. Variation in a) per tree [SE(m)+1.26] and b) per hectare biomass productivity [SE(m)+1.40] by M. dubia progenies in South
Gujarat, means with different superscript letter in each bar indicate significant difference (p<0.05) according to Duncan's Multiple

Range Test
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Figure 2. Variation in individual tree carbon stocks
[SE(m)+0.64] and carbon sequestration [SE(m)+2.36] by M.
dubia progenies in South Gujarat, means with different
superscript letter in each bar indicate significant difference
(p<0.05) according to Duncan's Multiple Range Test
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Figure 3. Variation in carbon stocks [SE(m)+0.72] and carbon
sequestration [SE(m)+2.62] by M. dubia progenies in South
Gujarat, means with different superscript letter in each bar
indicate significant difference (p<0.05) according to Duncan's
Multiple Range Test
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kg/tree/year and 35.79 t/ha/year) potential was of
progeny Gj09.

Progeny 260 showed statistically at par carbon stock
(7.32 kg/tree/year and 8.13 t/ha/year) and carbon
sequestration potential (26.87 kg/tree/year and 29.85
t/ha/year) to progeny Gj09. Minimum carbon stock
and carbon sequestration rate was of progeny 270 (Fig.
2 and 3).

Carbon sequestration potential of M. dubia under
spatial geometries

The results expressed that biomass production and
productivity of M. dubia differed significantly (p<0.05)
under different spatial configurations (Table 4). At 1-
year of age, maximum individual tree biomass (7.39
kg/tree), carbon stock (7.77 kg/tree) and carbon
sequestration (13.84 kg/tree) was maximum in 3x2 m
spaced plantations. In 2™, 3" and 4" years of age
maximum per tree biomass (15.90, 26.10 and 37.24 kg),
carbon stock (8.11, 13.31 and 18.99 kg) and carbon
sequestration (29.76, 48.85 and 69.70 kg) was recorded
under 3x3 m planting geometry (Table 4). At 5 years' age
of trees in 4x4 m spatial geometry provided highest
biomass, carbon stock and carbon sequestration to the
tune 0of 53.30,27.18 and 99.77 kg/tree, respectively.
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Owing to maximum number of trees under 2x2 m
spaced plantations (table 4), from 1" till 5" year of age,
provided significantly highest biomass (18.07, 25.42,
41.23, 69.09 and 101.46 t/ha), carbon stocks (9.21,
12.97, 21.03, 35.24 and 51.75 t/ha) and carbon
sequestration (33.82, 47.59, 77.16, 29.31 and 189.91
t/ha). The data in figure 4a and 5a pinned out that the
individual tree biomass productivity, carbon stock and
carbon sequestration potential amounting to 10.66,
5.44 and 9.95 kg/tree was under 4x2 m spatial
configuration. However, as a results of maximum tree
stocking per hectare, 2x2 m spaced plantations
provided highest biomass productivity (20.29
t/ha/year), carbon stocks (10.35 t/ha/year) and carbon
sequestration potential to the tune of 24.94 t/ha/year
(Fig.4b and 5b).

The variation in growth and productivity of tree
species varies from location to location due to edapho-
climatic attributes and genetic worth of material
(Lodhiyal et al., 2002; Luna et al. 2009; Luna et al.
2011, Thakur et al. 2023). The productivity of M.
dubia in the present study is comparable with that
reported in some of the released varieties of M.
composita(Kumar et al., 2017).
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Figure 4. Variation in per tree [SE(m)* 0.45] and per hectare biomass [SE(m)+ 0.76] productivity of M. dubia at the age 5 years under
different spatial geometries in South Gujarat, means with different superscript letter in each bar indicate significant difference (p<0.05)

according to Duncan's Multiple Range Test
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Table 4. Variation in biomass production, carbon stock and carbon sequestration of M. dubia under different spatial geometries in South Gujarat
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Means with different superscript letter in the same column indicate significant difference (p<0.05) according to Duncan's Multiple Range Test

Jinger et al. (2025) have
reported carbon stocks of
16.39 t/ha to 58.30 t/ha, and
carbon sequestration to the
tune of 60.20 t/ha and 214.20
t/hain sole M. dubia plantation
and under agroforestry (M.
dubiatLemon grass) systems
in central Gujarat India at the
age of 5 years spaced at 3 x 3
m. These findings are in
congruity with our range
carbon sequestration at same
spacing and age in M. dubia
germplasm and spatial
geometry study plantations.
Kumar et al. (2024), in dry
zone of Karnataka, India,
reported the carbon stocks of
40.10 to 118.80 t/ha and
biomass CO, 147.10 375.90
t/ha to of different M. dubia
progenies at the age of 6 to 7-
year-old plantations spaced at
5 x5 m. The carbon stock and
carbon sequestration of some
progenies at the age of 5 years
in the present study fall within
the range reported by these
workers. Singh et al. (2022)
have also reported carbon
stock of 10.96 t/ha and
Carbon dioxide sequestration
amounting to 40.17 t/ha from
2-year-old M. dubia which are
in accordance with that
provide by some progenies
and spatial geometry
evaluations in our study.
Similar individual tree range
of carbon sequestration from
M. dubia (at 5 x 4 m spacing)
at different age gradation (1 to
3 years) have been reported by
Choudhury et al. (2025).

The plantation spacing is
known to influence growth and
morphology of individual trees
as well as quantity and quality
of wood produced. Narrower
spacing decrease individual
growth and increase tree
mortality through excessive
intraspecific competition
(Akers et al., 2013; Thakur et



al., 2024). Conversely though wider planting spacing
favor diameter/girth growth, enhances stem taper
substantially. Higher stem taper values tend to reduce
merchantable volume of individual trees at a particular
diameter at breast height. It has been reported that at
stand level, volume increases with narrower planting
plans to a reasonable levels (Cardoso ef al., 2013) and
hence the biomass. The biomass production and
productivity in present study has been recorded to be
higher in narrower spacing/highest tree density which is
inagreement with these findings.

The analysis of teak spacing studies revealed negative
coordination for planting spacing, volume production,
basal area and other wood characters which increase
with increased plantation spacing (Perez-Cordero and
Kanninen, 2003). Similarly, teak height and DBH
(diameter at breast height) at age of 14 years was
significantly lower in spacing of 2x2 m compared
spacing regimes of 3x3 m and 4x4 m (Eliakimu et al.,
2015). Similar growth behavior was exhibited by M.
dubia for present study, which might have contributed
by microsite differences for height, as it is sensitive to
differences in site quality. Reduced competition in
wider planting spacing results in attaining higher
DBH/GBH, which may be attributed to effective use
of more growing space for crown and root
development (Eliakimu et al., 2015). The higher
individual stem biomass has been reported with widest
plantation spacing, which is in line with results of
several other studies (Zhang et al., 2013; Eliakimu et
al., 2015) and hence the carbon stocks and carbon
sequestration was higher.

4. CONCLUSION

The results indicated that among 17 progenies, GJ09
produced maximum biomass and average maximum
productivity, carbon stocks and carbon sequestration
at the age of 5 years. Progeny GJ09 had carbon stock
and carbon sequestration rate. This progeny can be
further taken up for plantation programmes for higher
sequestration rate. Further, there was significant
variation in biomass productivity, carbon stock and
carbon sequestration among individuals under
different spatial geometries. At the age of 5-years, the
individual tree biomass, carbon stock and carbon
sequestration was maximum under 4X2 m spacing,
nonetheless, owing to the maximum tree per hectare,
2x2 m spatial configuration yielded maximum
biomass, carbon stocks and carbon sequestration
potential. Hence, M. dubia has great potential for
carbon sequestration.

References
Akers, M.K., Kane M., Zhao D., Teskey R.O. and Daniels R.F. 2013.
Effects of planting density and cultural intensity on stand and

crown attributes of mid-rotation loblolly pine plantations.
Forest Ecology and Management 310: 468-475.

67

Bhusara, J.B., Dobriyal, M.J., Thakur, N.S., Sondarva, R.L. and
Prajapati, D.H. 2018. Growth and yield performance of green
gram under Melia composita plantations. Journal of
Pharmacognosy and Phytochemistry 7(3): 1490-1494.

Bhusara, J.B., Thakur, N.S. and Hegde, H.T. 2016. Biological yield
and carbon sequestration in prominent traditional
agroforestry systems in Valsad District, Gujarat, India.
Indian Journal of Ecology 43(1): 318-320.

Cardoso, D.J., Lacerda, A.E.B., Rosot, M.A.D., Garrastazu, M.C.
and Lima, R.T. 2013. Influence of spacing regimes on the
development of loblolly pine (Pinus taeda) in southern
Brazil. Forest Ecology and Management 310: 761-769.

Choudhury, B.U., Singh, N.R., Handa, A K., Yadav, A., Anuragi, H.,
Uthappa, A.R., Kumar, D., Arunachalam, A. and Jinger, D.
2025. Root architecture and carbon sequestration potential of
fast-growing agroforestry tree species in semi-arid Central
India. Frontiers in Agronomy 7:1597122.

Dury, S.J., Polgalse, P.J. and Vercose, T. 2002. Greenhouse
Resource Kit for Private Forest Growers. Commonwealth
Department of Agriculture, Fisheries and Forestry, Canberra.
Australia, IV, 95 p.

Eliakimu, Z., Tumaini, R., Chamshama, S.A.O., Iddi, S. and
Malimbwi, R.E. 2015. Effect of spacing regimes on growth,
yield, and wood properties of Tectona grandis at Longuza
Forest plantation, Tanzania. International Journal of
Forestry Research1D 469760: 1-6.

Food and Agriculture Organization (2020). Global Forest
Resources Assessment 2020. FAO, Rome.

Intergovernmental Panel on Climate Change (2022). Climate
Change 2022: Mitigation of Climate Change. Cambridge
University Press.

Jinger, D., Kakade, V.D., Kaushal, R., Bhatnagar, P.R., Ghosh, A.,
Mahawer, S.K., Dinesh, D., Singh, G., Akula, C., Venkatesh,
P.,Meena, V.S., Roy, T., Islam, S., Kumar, D., Uthappa, A.R.,
Chavan, S.B., Pradhan, A., Kumar, R., Kaledhonkar, M.J.
and Madhu, M. 2025. Nature-based solutions for enhancing
CO, sequestration and rehabilitating degraded lands through
silvo-aromatic system and soil moisture conservation
techniques. Journal of Environmental Management 380:
124904.

Kumar, A., Shrivastava Savita P., Sharma, S., Dobhal, S., Rana, A.
and Kuma,r R. 2017. Development of high yielding varieties
of Melia dubia Cav. (Syn. Melia composita Benth.). Indian
Forester 143(11):1203-1206.

Kumar, M.B., Praveen, Verma Rinku, Hanumanthappa D.C.,
Mahadeva Murthy M., Madappa Savitha, Raghu, H. B., Rao,
G.E. and Yogesh T.C. 2024. Evaluation of carbon
sequestration potential of different Melia germplasms in
eastern dry zone of Karnataka, India. Journal of Advances in
Biology & Biotechnology 27 (11):1507-18.

Lal, R. 2008. Carbon sequestration. Philosophical Transactions of
the Royal Society B: Biological Sciences.

Luna, R K., Thakur, N.S. and Kumar, V. 2014. Prediction models for
biomass, volume, carbon stock and carbon dioxide removal
for Eucalyptus hybrid plantations in Punjab. Journal of Tree
Sciences 33(1):49-53.

Luna, R K., Thakur, N.S. and Kumar, V. 2011. Growth performance
of twelve new clones of poplar in Punjab, India. Indian
Journal of Ecology, 38 (Special Issue): 107-109.

Luna, R.K., Thakur, N.S. Gunaga, R.P. and Kumar, V. 2016.
Biomass, carbon stock and carbon dioxide removal across
different girth classes of eucalyptus species in Punjab:
Implication for eucalyptus plantations. Journal Tree Sciences
35(1): 13-20.



Luna, R.K., Thakur, N.S. and Kumar, V. 2009. Performance of
clonal Eucalyptus in different agro-climatic zones in Punjab,
India. Indian Forester 135(11): 1455-1464.

Malek, S.S., Thakur, N.S., Patel, V.R., Gunaga, R.P., Hegde, H.T.
and Garde, Y.A. 2024. Provenance and seasonal variations in
proximate and cell wall composition of Melia dubia leaf
fodder from Satpura and Sahyadri mountain ranges, India.
Agroforestry Systems 98:1859-1872.

Mohanty, S., Thakur, N.S., Gunaga, R.P. and Gajbhiye, N. 2019.
Influence of Melia dubia Cav. spatial geometries on growth,
herbage yield and essential oil constituents of Cymbopogon
martinii (Roxb.) Wats. Journal of Essential Oil Bearing
Plants 22(3): 630-648.

Panwar, P., Mahalingappa, D.G., Kaushal, R., Bhardwaj, D.R.,
Chakravarty, S., Shukla, G., Thakur, N.S., et al. 2022.
Biomass production and carbon sequestration potential of
different agroforestry systems in India: A Critical Review.
Forests 13:1274.

Perez-Cordero, L.D. and Kanninen, M. 2003. Heartwood, sapwood
and bark content, and wood dry density of young and mature
teak (7ectona grandis) trees grown in Costa Rica. Silva
Fennica37(1):45-54.

Ravindranath, N.H. and Ostwald, M. 2008. Methods for estimating
above-ground biomass. In N. H. Ravindranath & M. Ostwald
(Eds.), Carbon inventory methods: Handbook for greenhouse
gas inventory, carbon mitigation and roundwood production
projects (Advances in Global Change Research, Vol. 29) (pp.
113-147). Springer, Dordrecht.

Ruchika, S. 2019. People Are Key to India's Carbon Sequestration
Vision. 2019. Available online: https://indiaclimatedialogue.
net/2019/07/19/people-are-key-to-indias-carbon-
sequestration-vision/ (accessed on 10 March 2026).

Sheoran, O.P. (n.d.). OPSTAT - Online Statistical Analysis Tools.
CCSHAU, Hisar. http://14.139.232.173/opstat/default.asp.

Singh, B.K., Tomar, A., Khan, F.A. and Kumari, B. 2022. Growth,
biomass and carbon sequestration of fast-growing tree
species under high-density plantation in Prayagraj, Uttar
Pradesh, India. Current Science 122(5): 618-622.

Sinha, S.K., Chaudhari, P.A., Thakur,N.S., Jha, S K., Patel, D.P. and
Dhaka, R.K. 2019. Melia dubia Cav. wood properties vary

with age and influence the pulp and paper quality.
International Wood Products Journal 10(4): 139-148.

68

Sukhadiya, M.L., Thakur, N.S., Patel, V.R., Gunaga, R.P., Kharadi,
V.B., Tyagi, K.K. and Singh, S. 2021. Provenance variations
in proximate principles, mineral matter, total phenols and
phytochemicals of Melia dubia drupes: an unexplored
alternate livestock feed stock. Journal of Forestry Research
32(1): 119-131.

Thakur, N.S., Gupta, N.K. and Gupta, B. 2011. Biomass, carbon
stocks and CO, removal by shrubs under different
agroforestry systems in Western Himalaya. Indian Journal of
Ecology38(1):14-17.

Thakur, N.S., Hegde, H.T., Chauhan, R.S., Gunaga, R.P., Kumar, A.,
Bhusara, J.B. and Bhuva, D.C. 2023. Growth, productivity,
and genetic variability of some Melia dubia Cav. open
pollinated families in Gujarat, India. Indian Journal of
Ecology 50(5): 1294-1301.

Thakur, N.S., Hegde, H.T., Chauhan, R.S., Gunaga, R.P., Kumar, A.,
Bhuva, D.C. and Sondarva, R.L. 2023b. Growth and
productivity of Melia Dubia Cav. under varying spatial
configurations and age gradations. /ndian Forester
149(9):922-929.

Thakur, N.S., Jilariya, D.J., Gunaga, R.P. and Singh, S. 2018.
Positive allelospoly of Melia dubia Cav. spatial geometry
improve quantitative and qualitative attributes of Aloe vera
L. Industrial Crops and Products 119:162-171.

Thakur, N.S., Gunaga, R.P., Hegde, H.T., Chauhan, R.S., Bhuva,
D.C. and Bhusara, J.B. 2021. Development of biomass and
volume models of Melia dubia Cav. for early establishment.
Indian Journal of Ecology 48(3): 698-701.

United Nations Environment Programme (UNEP). 2021. Forests
and Climate Change. UNEP Report.

United States Environmental Protection Agency (UEPA). 2023.
Carbon Sequestration in Forests.

Van-Kooten, G.C. 1999. Economic dynamics of tree planting for
carbon uptake on marginal agricultural lands. Paper
presented at the Canadian Resources and Environmental
Economics Study Group Conference, October 2-3.
Edmonton, Alberta.

Zhang, J., Ritchie, M.W., Maguire, D.A. and Oliver, W.W. 2013.
Thinning ponderosa pine (Pinus ponderosa) stands reduces
mortality while maintaining stand productivity. Canadian
Journal of Forest Research43:311-320.



	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74

