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Abstract

Aim:
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Interpretation:

Key words:

 The study was aimed to find the carbon sequestration 
potential of trees in agriculture land-use system and to 
assess the carbon locking efficiency through biomass in 
trees. 

 Tree biomass was quantified using non-
destructive methods. Carbon concentration in plants was 
computed using muffle furnace as suggested in combustion 
method.

 The contribution of trees in agriculture land-use 
-1system was 11.68 mg ha  biomass. It comprised of 9.06 mg 

-1 -1ha  and 2.62 mg ha  in aboveground and below ground 
biomass, respectively.The regression coefficients for all 
selected models were statistically significant, which showed 
strong correlation of aboveground biomass with 
dendrometric variables.

 Biomass pattern clearly reflects that more 
carbon is allocated to above ground components than 
belowground components. The enormous contribution of 
trees in agriculture land use system clearly amplifies its use 
for bioenergy. The best fit regression models (Allometric 
equations) for dominant tree species (Mangifera indica) are 
cost-effective method to estimate biomass and carbon in 
existing land use.

 Allometric equations, Biomass, Carbon 
sequestration, Carbon stock, Carbon dioxide equivalent 
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Introduction

Biomass play a critical role in global carbon cycle as 
growing plants remove carbon dioxide from the atmosphere 
through photosynthetic activity and have potential to sequester 
carbon, thus, form an important climate change mitigation option 
(Kumar and Singh, 2003). Land-use system like agriculture can 
sequester varying amount of atmospheric carbon that 
significantly influence organic carbon dynamics and carbon flux 
of the soil (Tian et al., 2002). The total biomass carbon on 
agricultural land is 11.08 Pg C and average biomass carbon is 5t 

-1C ha  globally, excluding the contribution of trees to biomass 
carbon on agricultural land (Zomer et al., 2016).

Trees are considered to be the major part of global carbon 
sink, which involves minimum cost due to natural process of 
photosynthesis. Tree growth attributes are decisive components 
of biomass productivity and, hence, the carbon content (Newaj et 
al., 2007). Consequently, agriculture land use systems have 
potential to sequester carbon through enhanced growth of trees 
and shrubs present in its landscape. Biomass being a promising 
renewable energy option that provides more environmentally 
sustainable option to fossil resources by decreasing the net flux of 
greenhouse gasses in the atmosphere. Quantification of biomass 
is essential for estimation of carbon stocks and assessing the 
effects of carbon sequestration on global carbon balance (Singh 
et al., 2020). The biomass carbon stock of a land use system 
depends greatly on its diameter, structure, age, density and 
intensity of canopy management. 

The allometric models predict the aboveground biomass 
(AGB) and biomass carbon (C) stock through non-destructive 
methods. These have not been developed for arable landuse 
system in sub-tropics of Jammu region. Also, the allometric 
models based on DBH, height and total biomass were framed for 
estimating biomass and carbon for Mangifera indica which was 
pre-dominant species in the present land-use system. Allometric 
models are used to measure individual tree parameters such as 
diameter at breast height (dbh) and total tree height (ht) from 
inventories to estimate volume and above ground (AGB). The 
literature on carbon sequestration potential of different land-use 
systems in kandi belt of Jammu region is largely scarce in spite of 
conservation agriculture practiced in the region. The present 
study is, an attempt to quantify and estimate the potential of trees 
for carbon sequestration growing under agriculture land-use of 
kandi areas of Jammu sub-tropics.

Materials and Methods

Geographical description of experimental site: The present 
study was carried out in sub-montane regions of outer Himalayas 
fringing shivalik hills; popularly known as bhabar or kandi. The 
experimental area was selected in sub-tropics of J&K state 
covering three districts, namely Jammu, Samba and Kathua 

o owhich is situated between longitude 74  21’ to 75  45’ E and 
olatitude 32° 22’ to 32  55’ N. The study area is characterized by 10-

30 km wide sloping belt interspersed with typically sub-tropical 
drier climate offering limited facility to agriculture as major part of 
this zone is under small dry hillocks and gentle slopes having tree 
cover with species such as Mangifera indica, Butea 
monosperma, Dalbergia sissoo, Zizyphus etc., beset with gorges 
and ravines made up of boulder mass. . 

Experimental set up: In all, 15 sample plots were laid across the 
study area covering all three districts viz., Jammu, Samba and 
Kathua. The above-ground biomass was assessed using 
quadrate size 10 m x 10 m (0.01 ha). Non-destructive methods 
were used for above ground and below ground biomass 
assessment. For assessment of belowground biomass, root-
shoot ratios as suggested by Mokany et al. (2006) were also used 
besides non-destructive methods which suggest that when above 

-1ground biomass is <20 mg ha  then the ratio of belowground to 
aboveground biomass shall be 0.56 on dry matter basis. Similarly, 

-1when above ground biomass is > 20 mg ha  then the ratio of 
belowground to aboveground biomass shall be 0.28.

All trees falling in the sample plot were enumerated and 
their diameter at breast height (DBH) was measured using tree 
callipers and height with ‘Ravi’ altimeter. Subsequently, the stem 
volume of trees was calculated by using basal area, height and 
form factor. For standing trees, form factor of 0.5 was taken 
irrespective of taper or form as suggested by Butterfield and 
Espinoza (1995). The volume of wood was calculated as per 
method given by Chaturvedi and Khanna (1982). Fresh weight of 
branches and leaves was calculated. Irrespective of size and 
length, the total number of branches were counted on each of the 
sample tree and were categorized into three parts viz., lower, 
middle and upper. The dry weight of branches was determined by 
using the formula given by Chidumaya (1990).

Carbon stocks in plants: Carbon concentration coefficients 
were determined in roots, stem, and leaves of plants using muffle 
furnace as per method of Negi et al. (2003). The oven dried plant 
components (roots, stem, and leaves) were burnt in electric 
furnace at 400°C temperature for two hours, ash content 
(inorganic elements in the form of oxides) left after burning was 
weighed and carbon was calculated by using the following 
equation:

Carbon% = 100-(Ash weight+molecular weight of O  (53.3) 2

                      in C H O6 12 6

Carbon stock in different plant component and the 
proportion of stem wood used as long-lived wood products was 
obtained by the formula given by Wang and Feng (1995). 

Long-lived carbon storage = carbon mass in stem wood x 42 % 
stem wood put for long term locking.

V. Mahajan et al.: Carbon sequestration, agriculture, land-use system trees
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It was summarized that short-lived biomass (branches) 
can be used as fuel by the locals. Thus, the weight of biomass fuel 
equals the total biomass weight minus the long-lived stem wood 
weight. The heat released per unit weight of biomass was taken 

19 -1as 18 10  J ton (Wang and Feng, 1995).

Heat from biomass combustion = [Biomass – (stem wood weight x 
9 -10.42)] x 18 x 10  J ton .

-1Carbon storage from coal substitution (mg ha ) was 
simulated on the basis of thermal efficiency of biomass which was 
only 60% of the fossil fuels (Wang and Feng, 1995). The heat 

6released from combustion of unit weight was taken as 25x10  
-1Joules ton  and the carbon content of coal is 70%, then 

The estimated carbon stock was converted into CO  2

equivalent by multiplying the carbon stock of 3.67 (AACM, 1997) 
for calculating CO  assimilation by biomass.The data obtained 2

were subjected to statistical analysis by SPSS-16, GRETL and 
OPSTAT.

Allometeric models: Allometric models for estimating the 
aboveground biomass and carbon were developed based on 
direct measurements. Diameter at breast height (DBH) and 

2height were taken as independent variables. Based on R , 
2adjusted R  and akaike information criterion (AIC), models were 

estimated for Mangifera indica due to its pre-dominance in the 
study area.Mangifera indica was the dominant species in the area 

3 -1having frequency of 86.7% and volume of 53.88 m ha . AIC were 
used to estimate the quality of each model, relative to other 
model. AIC provided a mean for model selection. Allometric 
models based on diameter at breast height (DBH), height and 
total biomass were framed for estimating of aboveground 
biomass and carbon. Two equations were proposed to assess the 
biomass based on DBH × height and five equations for 

2assessment of carbon based on DBH × height.

Results and Discussion

The basal area of all trees in a given land area describes 
the degree to which an area is occupied by trees. The data 
presented in Table 1 evinced that 12 tree species were 
encountered in agricultural fields with Mangifera indica as most 
dominant species with highest frequency (86.7%) followed by 
Buteamono sperma (46.7%). The lower tree diversity may be due 
to critical approach of landholders to grow trees required for their 
primary requirements only. The purpose for retaining different 
woody species depends on benefits they render to the farmers. 
The lowest frequency (6.7%) was observed in Cordia dichotoma. 
Density which represents the strength of species in a community 

-1was highest in Mangifera indica (2.33 trees ha ) followed by 

-1Albizia lebbek (0.80 trees ha ). The lowest density (0.2 trees) was 
3recorded for Cordia dichotoma. The maximum volume (53.88 m  

-1ha ) was recorded for Mangifera indica and the lowest volume 
3 -1(0.06 m  ha ) was recorded for Psidium guajava. The mean 

3 -1volume for trees in agriculture land-use system was 5.82 m  ha . 
The species-wise aboveground biomass and belowground 
biomass along with corresponding carbon stocks (aboveground 
and belowground) and carbon sequestered by the species is 
presented in Table 2. 

The data presented in Table 2 evinced that trees in 
-1agriculture land-use system had contributed 11.68 mg ha  

-1 -1biomass (9.06 mg ha  and 2.61 mg ha  for aboveground biomass 
and belowground biomass, respectively).The biomass content of 
leaf, stem, branch wood, roots and bark depends upon number of 
factors, viz., site quality of region, growth pattern of tree species, 
type of soil on which trees are present, tree age, cultural 
practices, intercultural operations and moisture availability 

-1(Sarangle et al., 2018). The highest biomass (55.84 mg ha ) and 
-1carbon stock (23.25 Mg ha ) was recorded in Mangifera indica 

whereas the lowest was recorded in Zizyphus maurtiana. Further, 
the contribution of aboveground tree biomass was 77.63% and 
22.37% for belowground biomass of tree component. Similar 
results were also reported by Mahajan et al. (2018) for Mangifera 
indica under agroforestry systems. Also, the contribution of 
carbon stock was 80.45% and 19.55%, respectively, for 
aboveground and belowground carbon stock. Biomass pattern 
clearly reflects that more carbon is allocated to above ground 
components than below ground components. These results are in 
conformity with the results obtained earlier by Jha (2005), 
Chauhan et al. (2009), Chandran et al. (2009) and Singh and 
Lodhiyal (2009).

The cumulative long lived carbon storage from trees in 
-1agriculture land-use system was found 0.59 mg ha . Further, the 

amount of carbon dioxide absorption (CO e) by woody biomass in 2
-1agriculture land-use system was 18.83 mg ha . The maximum 

-1CO e was found in Mangifera indica (85.34 mg ha ) and the 2
-1minimum was observed in Psidium guajava (14.31 mg ha ). Similar 

results were also reported by Sarangle et al. (2018). The heat 
from biomass combustion in agriculture land-use system was 

-1 781.07 mg ha highest, the lowest was recorded in recorded in 
-1Cordiadi chotoma (70.77 mg ha ).

-1 -1Trees contributed 11.68 mg ha  biomass (9.06 mg ha  
-1and 2.61 mg ha  for aboveground biomass and belowground 

biomass, respectively). The enormous contribution of trees in 
agriculture land use system clearly amplifies its use for bioenergy.

-1 The average 196.82 Giga J ha heat shall be generated 
from biomass combustion of trees which can effectively substitute 

-1 6.83 mg ha carbon storage from conventional fossil fuels (coal). 
The recent guidelines underline the importance of quantifying 
woody biomass and carbon stocks on croplands in arable 

Carbon storage from 
=coal substitution

Heat of biomass combustion × 0.60 × 0.70
918 × 10
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Table 1 : Growth and yield parameters under different tree species

2 -1 -1 3 -1Species DBH (m) Height (m) Basal area (m  ha ) Density (Tree ha ) Frequency (%) Volume (m  ha )

Acacia nilotica 0.16±0.08 3.1±1.02 2.37±0.84 0.4 20 1.03
Albizia lebbek 0.08±0.03 2.05±0.72 1.12±0.31 0.8 33.3 0.27
Bauhinia purpurea 0.11±0.06 3.4±0.57 0.19±0.05 0.33 40 0.44
Butea monosperma 0.26±0.09 5.1±1.48 0.48±0.14 0.73 46.7 9.07
Cassia fistula 0.08±0.03 3.64±0.96 0.06±0.02 0.13 13.3 0.06
Cordia dichotoma 0.14±0.04 3.32±1.17 1.19±0.24 0.2 6.7 0.69
Dalbergia sissoo 0.17±0.06 4.86±1.41 1.08±0.21 0.27 33.3 2.59
Emblica officinalis 0.09±0.03 3.18±0.91 0.07±0.03 0.4 26.7 0.2
Mangifera indica 1.46±0.62 4.6±1.07 2.34±1.07 2.33 86.7 53.88
Melia azadirachta 0.24±0.07 3.05±0.84 1.65±0.38 0.67 13.3 1.38
Psidium guajava 0.05±0.02 2.35±0.69 0.11±0.03 0.53 33.3 0.06
Zizyphus maurtiana 0.12±0.04 2.89±0.73 0.71±0.19 0.6 26.7 0.21
Average 0.25 3.46 0.95 0.62 — 5.82

Table 2 : Tree species in relation to biomass, carbon stock, carbon dioxide equivalent, long-lived carbon storage and carbon stock from coal substitution 
under arable land use.

-1 -1Species           Biomass (mg ha )      Carbon stock (mg ha ) CO e Long-lived Heat from Carbon storage 2

-1(mg ha ) carbon biomass from coal 
Above Below Total Above Below Total

storage combustion substitution      
ground ground ground ground -1 -1(mg ha ) (Giga Joules (mg ha )  

-1ha )

Acacia nilotica 5.01 1.44 6.46 2.13 0.53 2.66 9.77 0.14 110.3 1.85
Albizia lebbek 3.41 0.98 4.4 1.47 0.36 1.83 6.72 0.03 78.04 1.31
Bauhinia purpurea 9.69 2.79 12.47 4.19 1.02 5.21 19.12 0.05 222.34 3.74
Butea monosperma 6.85 1.97 8.82 2.99 0.72 3.71 13.61 0.8 125.94 2.12
Cassia fistula 5.18 1.49 6.68 2.25 0.54 2.79 10.25 0.01 119.82 2.01
Cordia dichotoma 3.16 0.91 4.07 1.37 0.33 1.71 6.26 0.06 70.77 1.19
Dalbergia sissoo 8.31 2.39 10.71 3.58 0.87 4.46 16.36 0.42 175.26 2.94
Emblica officinalis 3.23 0.93 4.17 1.39 0.34 1.73 6.34 0.03 73.76 1.24
Mangifera indica 43.35 12.49 55.84 18.7 4.56 23.25 85.34 5.37 781.07 13.12
Melia azadirachta 7.11 2.05 9.16 3.07 0.75 3.81 14 0.1 160.75 2.70
Psidium guajava 1.39 0.4 1.78 0.6 0.15 0.75 14.31 0.004 165.36 2.78
Zizyphus maurtiana 12.06 3.47 15.54 5.22 1.27 6.49 23.83 0.03 278.48 4.68
Average 9.06 2.61 11.68 3.91 0.95 4.87 18.83 0.59 196.82 3.31

V. Mahajan et al.: Carbon sequestration, agriculture, land-use system trees

landscapes. However, the pervasive presence of trees in arable 
landscape is mostly ignored (Zomer et al., 2016).

Biomass (Allometric) equations : The results for predominant 
tree (Mangifera indica) is presented in Table 3. Among the two 
models for estimating aboveground biomass, the best fit model 

DBH*Heightwas based on DBH × Height (Biomass = 2.586× 1.466 ) 
2 having adjusted R = 0.7116 AIC = 40.376 as compared to model 

2 DBH2×Heightbased on DBH × Height (Biomass = 3.941× 0.877 ) having 
2 R = 0.6518 AIC = 46.029. The model was highly significant. For 

assessment of carbon, the best allometric equation was (Carbon 
Total Biomass 2 stock = “0.744× 0.997 ) having R = 0.9998 and AIC = 

“198.32 with highly significant model (model 3).

The best fit model for assessment of carbon based on 

2 DBH and height was based on DBH×Height (Model 6) having R = 
0.7092 AIC = 40.450. The coefficients for all selected models 
were statistically highly significant which showed strong 
correlation of aboveground biomass with dendrometric variables. 
Naiket al. (2019) also reported different models for predicting of 
biomass and carbon stock in mango. They also reported that 
criteria selected for best fitted model had the lowest Akaike 
information criteria, lowest root mean square error (RMSE) and 

2highest adjusted R .

Basuki et al. (2009) opined that the biomass and 
distribution among components of woody plants are also affected 
by many factors including plant architecture and morphology, 
age, climatic and edaphic factors and tree management 
practices. The allometric equations for each species vary strongly 
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different for different tree species within the same land-use 
system. However, under same land use, the regression 
(allometric) equation(s) differed among different tree species. 
This may be attributed to differences in the wood density of  
species, floristic composition, and growth behaviour of the 
species (Abola et al., 2005). However, studies by Nam et al. 
(2016) also developed allometric equations for aboveground and 
belowground biomass estimations in an evergreen forest in 
Vietnam. He reported accuracy up to 27% of above ground 
biomass, indicating greater accuracy of local models at plot level.

The contribution of trees in arable land-use system is 
enormous. The contribution of trees in the present study to carbon 
pool of arable land-use was 80.45% and 19.55%, respectively, for 
aboveground and belowground carbon stock. Also, the best-fit 
regression model for aboveground biomass and carbon were 
based on combinations of diameter at breast height (DBH), and 
height as independent variables. These variables are easy to 
measure accurately in the field. Hence, it can be concluded that 
the models developed in the present study accurately estimate 
aboveground biomass and carbon for Mangifera indica which 
was pre-dominant species in the area.
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