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ABSTRACT

The present investigation, has been carried out on the largest experimental farm of DKS College of Agriculture
and Research Station, Bhatapara, i.e. a sub campus of Agriculture University (IGKV), Raipur i.e.. The total
area of farm land is 684.60 ha, but only the research farm land (304.41 ha) has been considered under the
study. Identification, counting and classification (Slow-Medium-Fast) along with GBH has been recorded
from the experimental field but only medium growing trees. The DBH, Age, CAI, MAI, etc. has been
calculated through the published equations. Total Biomass (AGB + BGB) and Total Carbon been calculated
through the Stem Dry weight, Stem Carbon, Tree volume, Current Annual Increment (CAI), Foliage Dry
Weight, Foliage Carbon, Branch Dry Weight, Branch Carbon, Root Dry Weight, Root Carbon.The biomass
accumulated in terms of Stem Dry weight, Foliage Dry Weight, Branch Dry Weight and Root Dry Weight,
respectively, 37.14%, 7.61%, 24.66%, and 30.59%. The CO2Fix 3.2 Model predict the total biomass and total
carbon over the 30 years’ simulation period. The total biomass over the simulation period, ranging from
6.56 to 14.89 Mg DM ha–¹ and rate of biomass change was amounting 0.28 Mg DM ha–¹ year–¹. The annual
carbon sequestration rate was estimated as 0.18 Mg C ha–¹ year–¹, over the period of simulation with the
range from 3.49 to 9.02 Mg C ha–¹. These results underscore the role of tree species in long-term carbon
storage and climate change mitigation, with 8 trees/ha.
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Introduction

The total area under the world forest is 31% of total
land area, i.e.4.06 billion hectare (ha). It’s translates
to around 0.52 hectares per person, while forest dis-
tribution varies greatly between locations and popu-
lations (FAO, 2020). The Chhattisgarh state covers

4.1% Country area, which is 1,35,192 square kilome-
ters geographical area, with around 59,816 square
kilometres, categorized under wooded land or 44.25
% of  total area of the Chhattisgarh state. According
to FSI (2021), Chhattisgarh has the fourth most for-
est cover in the country. As a result, land use based
on trees techniques may feasible options to storage
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of atmospheric carbon to their cost effectiveness,
environmental association, potential for
uptakecarbon and social advantages (Chandra and
Bhardwaj, 2018).

Blocking of Carbon by photosynthesis in plants
and the principal source of carbon in ecosystems is
contributed to soil by litteras above and below
ground (Warembourg and Paul, 1977). Undisturbed
ecosystems of forest are often extremely productive,
accumulating more biomass and carbon per unit
area than agriculture (Devagiri et al., 2013). Also,
17.4% GHG emission shared by forests of total emis-
sions of GHG (IPCC, 2007b). The centre global nego-
tiations stage reports that the forests are under the
United Nations Convention on Climate Change
(UNFCCC) Framework, the IPCC has recognised
the’carbon sink’ as a huge opportunity that is pro-
vided by forests (Sahu et al., 2017).

Estimating, biomass of forest and its distribution
is critical for understanding many dimensions of dy-
namic ecosystem and forest ecology since it pro-
vides the foundation for productivity determining,
flow of energy and chemical composition in mineral
cycle. Biomass measurements are required to deter-
mine the biological flux and storage items in the eco-
system. (Schwank and Schreuder, 1974). In order to
replacement of fossil fuels and boost carbon storage,
more research is required on the complete cycle of C
for all significant species in India as well as manage-
ment strategies for sustainable biomass production
(Kaul et al., 2010).

Agro-forestry techniques must take responsibility
for mitigating and adapting in order to realize po-
tential of resolving different aspects of the present
and future global climate (Gupta et al., 2017). Con-
sidering the amount of land now used for agricul-
ture, the people who rely on land for their liveli-
hoods and the necessity of combining environmen-
tal services with food production (Garrity, 2004).
Agroforestry offers a potential solution to avoid and
reduce climate change. According to Watson et al.
(2000), agroforestry has the ability to absorb carbon
and contribute to efforts on mitigation of climate
change.

The amount of 24% of gases (GHG) as emissions
due to continuous land-use changes  and the global
production atagricultural system under a 22.2 mil-
lion km2 area. The global population expands from
roughly 7.6 to 10 billion people by 2050 due to
thegreenhouse gas (GHG) emissions; it will put
pressure on global food consumption significantly

by 50 percent by 2050 (FAO, 2017).
Many researchers, scientists, and environmental

professionals from around the country and around
the world have focused on various aspects of se-
questration and locking of carbon in India’s forestry
as well as agroforestry systems. However, no such
work has been done in the Chhattisgarh plains. As a
result, this work will be extremely valuable to scien-
tists, academics, and environmental specialists for
future research into carbon banking, carbon stock,
and other topics. These efforts will also aid with dis-
trict-level, zone-level, and country-level carbon
credit estimates.

Materials and Methodology

The study Area

Under Chhattisgarh Plains Zone (CPZ), the DKS
Agriculture college and Research Station
(DKSCARS), Bhatapara, Chhattisgarh is the largest
research farm area (684.60 ha) of IGKV, Raipur, was
area under study. The location of the study area is
81° 59’30"E longitude and 21°43’27"N latitude.

The area of the experimental farm is scattered in
nearby villages viz. Khapradeeh, Alesur, Rajadhar,
Borsi, Hi-Tech Nursery, Mudhipar, Kodhapara,
Beejabhat, Gogiya, Sendri, Beejradeeh, Kalmeedeeh,
Kukda, Khairee, Hasda, Surkhi with area 83.56 ha,
82.08 ha, 5.38 ha, 53.52 ha, 14.97 ha, 64.9 ha, 53.52 ha,
30.48 ha, 72.66 ha, 6.19 ha, 70.94 ha, 10.9 ha, 47.6 ha,
10.93 ha, 70.53 ha, 21.39 ha respectively. Total Area,
under the experimental farm is 684.60 ha and the
area under study was 304.41 ha.

The trees are classified in three groups (i) slow (ii)
medium and (iii) fast growing trees according to
their growing habitat and wood density (Ajit et al.,
2013). Only the medium growing tree has been con-
sidered under the study. Many of the medium
growing trees found on the field but the trees count-
ing was less than 10, not considered under the
study. The medium growing trees were found in
more than 10 and considered under the study. Total
number of trees in medium growing was 2566 in
304.41 ha, i.e. 8.43 trees ha-1. The girth (at 137 cm)
been collected for identified medium growing
plants. The GBH of the tree less than 20 cm has not
been considered under the counting.

The formula for DBH (Diameter at Breast Height)
calculation has been suggested below:

DBH(m) = GBH (m) / (3.14); GBH = Girth on
Breast Height
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Description of CO2FIX v.3.1Model

Namburs and Schelhaas (2002) described the CO2
FIX v 3.1. It is a model development tool for count-
ing/calculating the standing total biomass and total
carbon as well. The model was part of CASFOR II
project (Masera et al., 2003 and Schelhaas et al.,
2004). In the developed model estimates the sepa-
rate and total biomass similarly carbon stock per
hectare scale, using time of one-year. The module,
biomass uses net volume annual increment to calcu-
late the biomass and carbon stock compartments.
Turnover and harvest factors control the flux of all
the factors. Also, the model includes, soil module
called YASOO (Liski et al., 2005), which considers
quality of initial litter and decomposition based on
climate effect. The Litter enters under the soil mod-
ule depends upon its size and shapes then separated
in several types of organic chemicals.

Parameterization on the tree cohorts

The individual species-wise equations on Stem vol-
ume, in available the Report of Forest Survey of In-
dia (2009). Stem volume (m3/tree) for the individual
species has been calculated through the equation
using DBH found in the survey and the clubbed in a
single value for medium growing trees. The
equationis given below: -

Results and Discussion

Biomass and Soil carbon simulation by CO2 FIX

The 30-year simulation results that tree biomass
(AGB and BGB) increases from 6.56 to 14.89
MgDMha-1 and rate of biomass change was amount-
ing 0.28 Mg DMha–¹ year–¹.  Similarly, Biomass car-
bon increased and ranging from 3.15 to 7.15 MgCha-

1. The soil carbon increases from 0.34 to 1.57 MgCha-

1 in the 30-year simulation. Combining biomass and
soil carbon, the total carbon storage is projected to
increase from 3.49 Mg Cha-1 to 8.71 MgCha-1. The
estimated rate of biomass is 0.28 MgDM ha-1year-1,
Biomass carbon and soil carbon is, 0.10 MgCha-

1year-1, 0.13 MgCha-1year-1over the simulated period.
The total amount of Biomass, Biomass Carbon,

Soil Carbon has been calculated on total 2566 trees
recorded in 304.41 ha (8.43 trees ha-1) found in exist-
ing ecosystem. Total biomass of tree as above
ground as well as below ground (MgDM) for
baseline 1996.93 MgDM to simulation period
4532.67 Mg DM, Soil carbon (Mg C) ranging from
103.50 Mg C baseline to 477.92 Mg C simulation.
The Biomass carbon ranging from 958.89 Mg C to
2176.53 MgC, Total biomass carbon + soil carbon
(Mg C) ranging from 1062.39 Mg C to 2651.41 MgC.
The net carbon sequestered was 1589.02 Mg C and
annual carbon sequestration potential by medium-
growing trees of over the 30 years of simulation pe-

Table 1. Identified medium growing trees at experimental area.

S.No. Common name Scientific name Number of Trees Remark

1. Amla Phyllanthus emblica 162 Medium
2. Bel Aegle marmelos 85 Growing Trees
3. Sitaphal Annona squamosa 75
4. Ganga Imli Pithecellobium dulce 25
5. Guava Psidium guajava. 865
6. Imli Tamarindus indica 17
7. Jamun Syzygium cumini 35
8. Karanj Millettia pinnata 27
9. Khamar Gmelina arborea 53
10. Karanj Millettia pinnata 27
11. Khamar Gmelina arborea 53
12. Lemon Citrus spp. 90
13. Mango Mangifera Indica 490
14. Neem Azadirachta indica 415
15. Ramphal Annona reticulata 15
16. Riya/Karhi Prosopis cineraria 45
17. Sagon/Teak Tectona grandis 54
18. Saptparni Alstonia scholaris 33
Total 2566
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riod was expected 52.97 MgC year-1 on existing
number of trees.
1(per ha amount *total area under the study)

Singh et al. (2011) reported result on the same way,
the Soil of agriculture under the Indo Gangetic
plains (IGPs), on average, the top 1 m soil depth,
contains 12.4-22.6 Mgha-1 of carbonas organic mat-
ter. Pandey et al. (2015,a) have reported that the bio-
mass of tree accumulation was 120.11 t ha-1in
AGBand 79.89 t ha-1 Soil Carbon component.  The
entire period of simulation contains 1.9Mg Cha-

1year-1 on 825 trees/ha (approximately) for Oak. Ajit
et al. (2013) reported 37.95, 6.14 and 6.20 respec-
tively, trees per hectare on farmer’s field at district
level. The baseline biomass ranges from 2.45 - 2.88
Mg DM ha-1in tree components and total biomass
(tree + crop component) ranging 11.14 - 25.97 Mg
DM ha-1in total three districts.

The amount of Stem, Foliage, Branch, Root and
Total Biomass (Dry Weight)  showing in Mg DM
and    Total carbon in Mg C for 8 trees per ha from
baseline to 30 year simulation period.

After, 100-years simulation period the prediction
of Biomass was 56.69 - 369.63 Mg C ha-1 (Pandey et.
al., 2015, b). only stem dry weight increased over the
simulation period, but the root dry weight, branch
dry weight and foliage dry weight initially de-
creased because the first year is last year of age of
the existing trees. Almost, Similar result showing in
total carbon over the simulation period.

These changes suggest enhanced carbon seques-
tration, driven by improved tree growth and soil
management.The present study underscores the

Table 4. Biomass and Carbon calculation in the medium-growing species over the base line

Number of Observed trees(8 trees/ha) Total accumulation1

Total biomass of tree (MgDM ha-1) Baseline Biomass 6.56 1996.93
Simulated 14.89 4532.67

Carbon (Soil)(Mg Cha-1) Baseline Carbon 0.34 103.50
Simulated 1.57 477.92

Carbon (Biomass)(Mg Cha-1) Baseline Carbon 3.15 958.89
Simulated 7.15 2176.53

Total carbon (biomass + soil) (MgC ha-1) Baseline Carbon 3.49 1062.39
Simulated 8.71 2651.41

Net carbon sequestered by medium-growing sequestered Carbon 5.22 1589.02
trees of after 30 years simulation period.
(Mg C ha-1)
Annual carbon sequestration potential of 0.17 52.97
medium-growing trees (Estimated)
(Mg Cha-1 year-1)

Table 2. Parameters (Input) used in the CO2FIX model.

Model Cohorts Medium growing trees

No of tree ha-1 8
Year of rotation 30
Age Starting, estimated on 2024 18
Average DBH 28
Wood density Mg DM/m3 0.65
Carbon content (% dry weight) 48
Foliage turnover rate 1
Branch turnover rate 1
Root turnover rate 1
Allocation of Product for thinning harvest
Log wood  Stem 0.8
Slash  Stem 0.2
Log wood Branch 0.8
Slash Branch 0.2
Slash Foliage 1
Soil slash Foliage 0.8

Table 3. Current Annual Increment (CAI) of the stem
volume (m3/ha /year)

Year (Age) CAI (m3/ha/year) of identified
medium-growing trees

0 0
5 0.087567319
10 0.117664573
15 0.166473706
20 0.240475622
25 0.33433072
30 0.484927933
35 0.680633481
40 0.872679483
45 0.914142026
50 0.622631157
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import role of forestry and agro-forestry system in
carbon sequestration efforts. By employing scientific
methodologies for tree identification, classification,
and age estimation, researchers aim to quantify the
potential for storage of carbon indifferent trees in
Baloda Bazar district. The CO2FIX model emerges
as a crucial tool for predicting future carbon seques-
tration over various time scales, guided by detailed
inputs on tree characteristics, growth rates, and en-
vironmental factors. This approach not only sup-
ports sustainable land management practices but
also suggest the strategies to mitigateglobal climate
change through enhancing carbon stocks in forest
ecosystems.
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