
Biosaintifika 12 (1) (2020): 111-118         p-ISSN 2085-191X | e-ISSN 2338-7610 

Journal of Biology & Biology Education  https://journal.unnes.ac.id/nju/index.php/biosaintifika  

111 

 

Potentials of Carbon Stored in Plant Biomass at Little Farmers 

Grassland Cisarua, West Bandung Regency  

Annas Dwitri Malik
1,2

, Komang Yoga Zso Zsa Dewa
3
, Parikesit

2,3
, Susanti Withaningsih

2,3
,
  

Ratna Wingit
4 

1Graduate Program of Sustainability Science, Universitas Padjadjaran, Indonesia 
2Center for Environment and Sustainability Science Universitas Padjadjaran, Indonesia 

3Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Padjadjaran, Indonesia 
4PT Bio Farma (Persero), Bandung, Indonesia 

*Email: annas.dm27@gmail.com 

Submitted: 21 January 2020. Revised: 11 February 2020. Accepted: 20 March 2020 

Abstract. Alternatives of vegetations to store carbon need to be encouraged considering that forests are threatened by widespread destruc-

tions. One such vegetation is grasslands which have the potential for carbon storage and to reduce CO2 concentration in the atmosphere. At 

present, many enterprises have designed grasslands for animal feed. Grassland at Little Farmers, Cisarua, West Bandung was established 

for many purposes, i.e. recreation, education, and animal feed. The purpose of this research was to study the potential of carbon stock in 

grassland vegetation at this location. Based on RaCSA method, the tree biomass was determined by nondestructive collection of density and 

basal area of trees, then calculated by an allometric equation. The ground cover biomass was determined by destructive collection of grass 

and roots. Total measured biomass was multiplied by 46% to obtain carbon storage. Based on the results, the potential of carbon stock in 

Little Farmers grassland is 6,506.23 kg/m2 with the potential for carbon storage below the ground (0.129 kg / m2) was slightly higher than 

the carbon stored above the ground  (0.101 kg / m2). Carbon stored in ground cover had been proven to be lower than woody plants (6,506 

kg / m2). This study has pioneered in finding the carbon stocks potential of a man-made grassland, so it provides basis of an alternative land 

use that can be encouraged for carbon sequestration. For many enterprises, this study will aid in the conduct and management planning of 

grasslands with regards to ecosystem services preservation, such as carbon sequestration. 
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INTRODUCTION 

 Plants have the ability to absorb CO2 from the at-

mosphere through the process of photosynthesis 

(Acharya et al., 2012). CO2 and H2O are converted to 

O2, and food reserves in the form of carbohydrates that 

are needed for plant’s metabolic processes. These food 

reserves are stored in plants in a certain amount so that 

they can be expressed as biomass. Given that CO2 is 

the highest contributor to greenhouse gases (IPCC, 

2006), the role of plants in absorbing carbon (carbon 

sequestration) is needed to reduce carbon emissions in 

the atmosphere. 

At present, forests are the areas with the highest 

carbon storage in terrestrial ecosystems because in 

primary and old secondary forests there are mature 

trees. Carbon, which is the result of the conversion of 

CO2 in the atmosphere, will be partially stored in tree 

biomass. Biomass is consisted of organic materials 

both living and dead in aboveground and belowground 

(Agostini et al., 2014). Carbon and biomass can be 

corellated to basal area of trees, hence a direct meas-

urement of bole diameter of trees and application of 

allometric equation is adequate to measure the carbon 

stocks (Balderas Torres & Lovett, 2013). The more 

basal area and diameter indicated the more biomass 

(Solomon et al., 2017) resulted in the more carbon stor-

age (Atsbha et al., 2019). 

However, forest destruction, climate change, and 

global warming cause a decrease in forest area, which 

means that they can reduce the forests’ potential which 

is expected to store carbon at least 10 times greater 

than other types of vegetation. (Masripatin et al., 2010). 

A similar situation also happens in Indonesia. At the 

moment, carbon stored in primary highland forests in 

Indonesia is 103.16 tons/ ha. With the continued forest 

destruction, in 2015 to 2016 the deforestation was 0.63 

million hectares and in 2017, the extent of deforestation 

stood at 0.48 million hectares with the most significant 

deforestation occurred in secondary forests both in and 
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outside of the Forest Area (Ministry of Environment 

and Forestry Republic of Indonesia, 2018). 

With this widespread forest destruction, other types 

of vegetation to store carbon need to be encouraged. 

One such vegetation is grasslands which have the po-

tential for carbon storage to reduce CO2’s concentration 

in the atmosphere (Acharya et al., 2012). About 3.5 

billion hectares of land cover in the world are grass-

lands, representing 26 percent of all land in the world 

and 70 percent of all agricultural land in the world, and 

containing about 20 percent of belowground carbon of 

all the landmasses in the world (Conant, 2010). Tropi-

cal grasslands cover 15% of the earth's land surface and 

are complex landscapes where grasses, herbs, shrubs 

and trees co-exist in dynamic equilibrium  (Schmidt et 

al., 2010). CO2 in the atmosphere is assimilated by 

green plants through photosynthesis, metabolism pro-

cesses, and sequestration of some of that carbon in 

form of biomass and soil organic carbon which in turn 

can contribute to provide the ability of environmental 

and economic benefits in the grasslands where they 

exist (Follett & Reed, 2010). Unlike carbon stored in 

forests, grasslands are dominated by herbaceous vege-

tation, so that aboveground vegetation of grasslands are 

contributed to a small proportion of the total ecosystem 

carbon pools (Ontl & Janowiak, 2017). Even though 

the estimated rates of carbon sequestration per unit area 

in grasslands are lower than in agricultural land, se-

questration potential of grasslands is comparable to that 

of croplands because of its large portion of coverage in 

the terrestrial ecosystems. (Conant, 2010).  

The terrestrial soil has the potential twice as much 

carbon storage potential as the atmosphere, and photo-

synthesis plays an important role in assimilation of 

carbon in the plant’s structures (Kell, 2012), especially 

roots (Carol Adair et al., 2009) which in turn produce 

most of soil carbon. This may indicate that loss of 

aboveground foliage caused by moderate grazing could 

be replaced by the rapid nutrition acquiring that was 

done by root growth (Carol Adair et al., 2009). The 

plant production could be affected by different grazing 

strategies which in turn may also regulate the formation 

of carbon soil. (W. Chen et al., 2015). An uncontrolled 

grazing management can lead to change in above-

ground production and might affect little to the soil 

carbon change, because a heavy consumption and res-

piration of cattles would be accompanied by microbes 

respiration during degradation and the formation of soil 

carbon would not be available anyway (Pinero & Pa-

ruelo, 2010). This type of continuous heavy grazing 

would be detrimental to the growth of the herbaceous 

plants which in turn may lead to the depletion of 

aboveground and soil carbon stocks (Atsbha et al., 

2019). Because of these issues, we could find that a 

heavy grazing mechanism has many negative impacts 

to the potential of carbon stocks and aboveground veg-

etation has a great contribution to the carbon sequestra-

tion potentials. Based on research of (Atsbha et al., 

2019), grazing lands with more aboveground vegeta-

tion have more contribution to carbon stocks potential 

of the carbon soil than communal heavy grazing lands 

which have less aboveground vegetation. Thereby, this 

grazing mechanism has advantages to avoid land deg-

radation and desertification problems. (Pulido et al., 

2018). Therefore, an effective grassland management 

can potentially return carbon released from the soil and 

become carbon sequences (Ghosh & Mahanta, 2014) 

A non-permanent grassland is cultivated for various 

purposes. It is generally used for animal feed (grazing 

area). At present, many enterprises have designed man-

made grasslands for this purpose. Besides being used as 

a grazing area, man-made grasslands also have the 

ecosystem service values, one of which is the potential 

for carbon storage. However, there is still lack of in-

formation of carbon stored in grasslands since the po-

tential of natural forests in carbon sequestration is still 

considered as the best. Therefore, there is a need to find 

the potentials of grasslands as an alternative vegetation 

for carbon storage, so that, its potential in carbon se-

questration can be encouraged.   

In addition to recreational and educational purposes, 

the site of the study, Little Farmers Cisarua, West Ban-

dung Regency, was built for the maintenance of the 

grassland ecosystem. Furthermore, this area also had a 

role in the ecosystem services as a regulatory service. 

Ecosystems in an area of 7 ha can be categorized as a 

type of man-made grassland ecosystem that is dominat-

ed by stretches of Elephant Grass (Pennisetum pur-

pureum) and interspersed by Eucalyptus (Eucalyptus 

spp.) as plants that play a role in storing carbon stocks 

in nature. Research on the calculation of carbon stored 

in plants at the Little Farmers area was needed to be 

carried out in order to determine the potential carbon 

stored in plants at the area. The purpose of this study 

was to find potentials of carbon stored in woody vege-

tation and ground cover biomass at Little Farmers 

grassland. By conducting this study, for researchers, we 

could provide a basis of an alternative land use for 

carbon sequestration by investigate its potential in car-

bon storage since the carbon storage data for managed 

grasslands are still inadequate. Moreover, for many 

enterprises, this study will aid in the implementation 

and management planning of grasslands with regards to 
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ecosystem services preservation, such as carbon se-

questration. 

METHODS 

The Determination of Sample Plots 

Based on RaCSA (Rapid Carbon Stock Appraisal) 

method (Hairiah et al., 2011), the determination of 

sample plots was undertaken by assuming an area of 

land as a research plot. All individual trees were meas-

ured in one area of Little Farmers grassland. Then for 

the sampling of grass plants and roots, 30 sub-plots of 1 

m x 1 m were placed randomly. Little Farmers had an 

area of 73,005.13 m
2
 or around 7 hectares. The re-

searchers conducted a particular delineation in the 

grassland area, establishing that the area of sampling 

was 47,706 m
2
 or around 4.7 hectares. The delineated 

area is shown in Figure 1. 

 

 
Figure 1. Sample Plots Distribution 

 

The Measurement of Tree Biomass 

The measurement of tree biomass was done non-

destructively by recording the local name and scientific 

name of each tree. Then the diameter of the trunk 

(about 1.3 meters from the ground) and the height of 

each individual tree were noted on the observation 

sheet (Hairiah et al., 2011). The method to measure tree 

trunk diameters is shown in Figure 2.  

 

 
Figure 2. Schematics on how to determine the height 

measurements of tree trunks with irregular shapes 

(Weyerhauser & Tennigkeit, 2000). 

 

The Measurement of Cover Ground Biomass 

(Grasses) 

The measurements of ground cover biomass were 

carried out destructively. The undergrowth taken as 

samples were all herbaceous plants and grasses. The 

sampling of the ground cover was carried out by taking 

the plant’s above ground parts (Figure 3) and then 

weighed. The only part of the plant that was taken was 

the grass that was left or that was not pruned for animal 

feed needed in Little Farmers, which was about 15 - 30 

cm from the ground. After that, around 100 – 300 

grams of plant samples were taken. If only a small 

amount of biomass was obtained (<100 g), then all of it 

was dried in an oven at 80° C for 2 x 24 hours until the 

sample did not contain water. The dry weight of the 

biomass sub-sample that was taken was then noted 

down in the observation sheet (Hairiah et al., 2011). 

 

 
Figure 3. The sample of the ground cover which are 

the grasses’ above ground parts 

   

The Measurement of Root Biomass 

The measurement of root biomass was done de-

structively. The roots of the grass samples were sepa-

rated from the leaves and stems as shown in Figure 4. 

After that, around 100 – 300 grams of root samples 

were taken. If only a small amount of biomass was 

obtained (<100 g), then all of it was dried in an oven at 

80° C for 2 x 24 hours until the sample did not contain 

water. The dry weight of the biomass sub-sample was 

then noted down in the observation sheet (Hairiah et 

al., 2011). 

 

 
Figure 4. The result of leaves’ and roots’ separation 
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The Tree Biomass Analysis 

The collected parameters to obtain tree biomass 

consisted of stem diameter, tree height and density of 

wood. The density of wood for each tree species was 

obtained from the Global Wood Density Database 

compiled by Zanne et al. (2009). All parameters were 

analyzed using allometric equations developed by 

Chave et al. (2005).  

 

 
 

with: 

Biomass = aboveground tree biomass (kg / individual 

of tree) 

D = diameter of tree trunk (cm) 

H = tree height (m) 

π = wood density (g / cm) 

 

To obtain a measurement of carbon stored in trees, 

all tree biomass obtained from the allometric calcula-

tions was converted to units of tons. The size of carbon 

storage in all tree species in Little Farmers grassland 

area was obtained by adding up the carbon stored in all 

individual trees and then converting it into tons. Then 

the size of the biomass was divided by the total area of 

Little Farmers grasslands (4.77 hectares), so that the 

potential for carbon storage per hectare was obtained 

for all tree species.  

 

The Cover Ground and Root Biomass Analysis 

The collected parameters to measure ground cover 

biomass and roots were calculated and analyzed using 

the formula of total dry weight per sub plot area (1 m
2
) 

(Hairiah et al., 2011) : 

 

 
 

with: 

D = Dry weight 

W = Wet weight 

 

The Analysis of Carbon Storage per Unit Area 

To measure the carbon stored in Little Farmers 

grassland, the total biomass in the field was multiplied 

by the installed value of 46%. This figure was taken 

because the carbon content was 46% of the biomass or 

necromass. The formula to calculate this is as follows 

(Hairiah & Rahayu, 2007). 

 

 

RESULTS AND DISCUSSION 

The Average Carbon Stored in Tree Biomass 

The composition of tree species in the Little Farm-

ers grassland consisted of 13 species and 244 individu-

als. The species that had the highest density or number 

of individuals was Eucalyptus (Eucalyptus spp.) with 

145 individuals. Based on the measurement results, the 

potential for carbon storage in each tree species is 

shown in Table 1. 

Furthermore, we serve a comparison between the 

carbon storage potential of five tree species with the 

highest density in Figure 5, they are Eucalyptus spp., 

Melaleuca leucadendra, Pometia pinnata, Ceiba pen-

tandra, and Artocarpus heterophyllus.  

Based on the graph in Figure 5, the highest carbon 

stock was in Eucalyptus (Eucalyptus spp.) with a car-

bon storage potential of 6.71 tons / ha. Eucalyptus be-

longs to a group of fast-growing trees (Amazonas et al., 

2018), so that the growth of biomass over time takes 

place faster than Ceiba pentandra and Artocarpus het-

erophyllus. Furthermore, almost all individual trees of 

Eucalyptus had a large base area, indicated by the di-

ameter of the trunk ranging from 20 - 60 cm. The dif-

ference of carbon stored in Eucalyptus with other tree 

species was very significant, with the other four species 

having a carbon storage potential of less than 1 ton per 

hectare. This was heavily influenced by the number of 

individuals per hectare or the density of the Eucalyptus 

in the area. The obtained potential carbon storage of 

trees in the area was 6.51 tons / ha (Figure 6).  

According to Yuliasmara et al. (2009), geometrical-

ly, tree biomass has a relationship that is parallel to the 

diameter, the density, and the height of the tree. Based 

on the result of the study, the biomass was found to be 

positively correlated to the carbon storage similar to a 

research by He et al. (2013).  

One of many possible causes for such difference in 

the carbon storage pattern among species is the plant’s 

physiological characteristics. As reported by 

Rindyastuti et al. (2018), there was a very strong corre-

lation between the total of chlorophyll content and 

carbon storage which showed that the chlorophyll was 

an important factor in plant productivity. Plantations of 

fast-growing, exotic species accumulate more carbon 

than those of native species; plantations sequester more 

carbon in the plant biomass than naturally recovered 

vegetation, and carbon allocation patterns change with 

the tree species and stand age (Y. Chen et al., 2015). 

Therefore, Eucalyptus plantation may potentially facili-

tate ecological services, such as carbon sequestration.  
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Table 1.  Potentials of carbon storage of each tree species 

Species 

Biomass 

(kg/area) 

Biomass 

(tons/ area) 

Biomass 

(tons/ha) 

Carbon 

(tons/ha) 

Eucalyptus (Eucalyptus sp.) 64018.594 64.019 13.421 6.174 

Weeping Paperbag (Melaleuca leucadendra) 782.036 0.782 0.164 0.075 

Matoa (Pometia pinnata) 663.996 0.664 0.139 0.064 

Venture Kapok (Ceiba pentandra) 606.492 0.606 0.127 0.058 

Jackfruit (Artocarpus heterophyllus) 198.173 0.198 0.042 0.019 

Guava (Psidium guajava) 194.419 0.194 0.041 0.019 

Damar (Agathis dammara) 220.757 0.221 0.046 0.021 

Pine (Pinus merkusii) 266.027 0.266 0.056 0.026 

Acacia (Acacia mangium) 189.553 0.190 0.040 0.018 

Candlenut (Aleurites mollucanus) 223.375 0.223 0.047 0.022 

Jenitri (Elaeocarpus ganitrus) 149.672 0.150 0.031 0.014 

Jamaican Cherry (Muntingia calabura) 102.053 0.102 0.021 0.010 

Sea Mango (Cerbera manghas) 11.935 0.012 0.003 0.001 

 

 
Figure 5. Comparison of carbon storage potential in five tree species with the highest density 

 

 
Figure 6. Potentials of Carbon Stored in Tree Biomass per Unit Area 
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The Average Biomass Stored in Ground Cover 

(Grasses) 

Grass age and management may affect the amount 

of carbon storage. The longer the grass is allowed to 

grow, the greater the potential for carbon storage. Usu-

ally, grasslands that used for grazing purpose can 

change aboveground biomass production in two ways, 

i.e., modify the vegetation composition and directly 

degrade the plant production with high utilization (W. 

Chen et al., 2015). The potential for grazed or mowed 

grassland carbon storage will be reduced when grass 

pruning is done because of the reduction in the bio-

mass. The age of grass up to pruning varies depending 

on the level of animal feed needs.  

Grass pruning at Little Farmers was done every 3 

months or when it was almost flowering season and 

grass height was more than 3 m. The yield of grass for 

every pruning reached almost 3 tons of biomass. 

Above ground biomass consists of leaves and stems. 

Carbon stored in aboveground biomass will continue to 

increase with the increase of the age of planting. How-

ever, along with the routine pruning which was done 

every 3 months, there was a certain amount of carbon 

that was "harvested". To reduce the inaccuracy in 

measuring the potential for carbon storage in above-

ground biomass, only the parts of grasses which were 

not pruned were measured. The results of carbon 

measurements above and below ground level are 

shown in Table 2.  

Based on Table 2, it can be seen that the potential 

for carbon storage of grasslands based on the results of 

ground cover biomass measurements above and below 

ground level was 0.229 kg / m
2
. Carbon stored below 

the soil surface (0.129 kg / m2) was slightly higher than 

the carbon stored above ground level (0.101 kg / m
2
). 

According to (Acharya et al., 2012), carbon stored in 

subsurface biomass can be higher because root biomass 

will increase as grassland ages. Root biomass below 

the surface of the soil does not experience significant 

disturbance both in grazed grassland and mowed grass-

land unless ground breaking is carried out resulting in 

soil disturbance.  

The average carbon stock of 0.229 kg / m
2
 in the 

Little Farmers grassland was permanently stored. This 

aboveground biomass carbon has a relatively short age 

due to removal, cattle feeds, fire, and deteriotation with 

age (Ontl & Janowiak, 2017). Given that the age of the 

grass planting cycle at Little Farmers was very short 

due to a short grass pruning period (every 3 months), 

carbon stock measurements were undertaken on uncut 

part of grasses. The grass biomass that was remain 

uncut will increase with age, but will alleviate when 

grassland’s age has exceeded one year because the 

ability of photosynthesis of grass will weaken with the 

increasing age in consequence of reduced stomatal 

conductance (Acharya et al., 2012) 

Climatically, rainfall affects the amount of above-

ground biomass. Based on the results of research by  

Dinc et al. (2017) in Northwest Turkey, areas affected 

by higher rainfall will have higher amount of above-

ground biomass (1.87 tons / ha and 1.57 tons / ha re-

spectively). In addition, according to the research, the 

temperature also affects the amount of grassland bio-

mass. Temperature determines the long or the short 

period of vegetation and this affects the amount of 

biomass above and below the soil surface. 

 

The Average Carbon Stored in Each Carbon Pool 

There were differences in the contribution of carbon 

stocks in each carbon pool (tree biomass, cover ground 

biomass, and root biomass) at the study site. The total 

amount of carbon stored in all carbon pool at the study 

site is shown in the graph in Figure 7. 

 

 
Figure 7. Average Carbon Stored on Each Carbon 

Pool 

 

From Figure 7, it can be seen that the carbon stock 

in trees was the highest with 6,506 kg/m
2
, significantly 

different from the carbon stock in both belowground 

and aboveground biomass of ground cover (0.129 kg 

/m
2
 and 0.101 kg/m

2
 respectively). So that, potentials 

of carbon stock in Little Farmers grassland is 6,506.23 

kg/m
2
. Carbon stored in woody plants such as trees can 

certainly be higher than herbaceous plants or non-

woody plants because they had a higher wood density, 

height, and base area. This comparison was attributed 

to the fact that trees can produce more carbon carbon 

sequestration than ground cover because of its ability 

to accumulate more organic matter from the atmos-

phere and from the soil. (Cleveland et al., 2011). How-

ever, grass, herbs, and other understorey have a short 

to reach the reproductive stage, resulting in producing 

and growing new individuals abundantly (Murdjoko et 

al., 2016). Therefore, on a very large scale, grasslands 

can be considered in carbon accounting because graz-

ings are now spreading all over the world. 
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Table 2. Measurement of Biomass and Carbon Stored in Ground Cover 

  Biomass (g) Biomass (kg) Carbon (kg) Carbon (kg/m
2
) Total Carbon (kg/m

2
) 

Total K (AGB) 6565.135 6.565 3.020 0.101 
0.229 

Total K (BGB) 8391.517 8.392 3.860 0.129 

Note : K = Dry Weight Biomass; AGB = Aboveground Biomass; BGB = Belowground Biomass 

 

The research of carbon stocks potentials of man-

made grasslands is hardly found in Indonesia, whereas 

many enterprises which established this type of vegeta-

tion as the result of their social responsibility are 

spreading in many locations. Encouraging this study 

might urgently needed in the recent condition of dis-

turbed natural vegetation, i.e. forests. For researchers, 

this study showed a basis of an alternative land use that 

can be encouraged for carbon sequestration and for 

many enterprises this study will aid in the conduct and 

management planning of grasslands with regards to 

ecosystem services preservation, such as carbon seques-

tration. 

CONCLUSION 

Based on the results of the study, it can be conclud-

ed that the potential of carbon stock in Little Farmers 

grassland is 6,506.23 kg/m
2
 with the potential for car-

bon storage below the surface of the ground (0.129 kg / 

m
2
) was slightly higher than the carbon stored above the 

surface of the ground (0.101 kg / m
2
). Carbon stocks in 

ground cover had been proven to be lower than woody 

plants (6,506 kg / m
2
). Although carbon stocks in Little 

Farmers tend to be low due to the very short age of 

grass planting, the potential for carbon storage in the 

grassland can be increased through making some varia-

tions in the age of the grass planting cycle into a num-

ber of grass plots.  
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