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ABSTRACT

Allometric model for biomass estimation have been reported in cacao plant derived from seed, while there
is still limited study specifically for those from vegetative multiplication technique. This study aimed to
formulate a simple and non-destructive model for estimating biomass and carbon stock of top grafting
young cacao plants. A total of 54 samples of 2-3 years old cacao plants originating from SUL1, SUL2, MCC02
and MCC01 clones were randomly selected from 18 locations in South Sulawesi and Central Sulawesi
Province of Indonesia, from January to August 2019. Measurements were taken at the stem/branches/
twigs circumference as predictor variables and plant biomass/dry weight (g) as predicted variable. The
result showed that among 23 developed models, there were 4 models selected as indicated by the high
correlation coefficient (R2), namely model of stem circumference at 10 cm, 20 cm, 10+20 cm and 10+20+30
cm. Among four selected model, the chosen model was a stem circumference at 20 cm (SC20) model because
it had the highest value of R2 and also involved only single predictor variable so that the model formed was
simple and more efficient to apply. There was a close relationship (R2 = 0.914) between the results of carbon
stock based on actual biomass and Sc20 model derived biomass.
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Introduction

Cacao is one of Indonesia’s leading plantation com-
modities (Ditjenbun, 2016) which is introduced
from tropical Amazon forest (Wood and Lass, 1985).
This commodity has diverse functions either for
food, beverage or cosmetics industries (Lima et al.,
2011). In 2019, Indonesia’s position as a cacao pro-
ducer declined and ranked on the 4th position
(ICCO, 2019) after being top 3 in 2018 (ICCO, 2018).
The total area of cacao plantation in Indonesia

reached 1,683,868 ha in 2018 with a total production
for about 596,477 tons (BPS, 2018). Cacao is widely
cultivated in Indonesia both monoculture and
mixed cropping within agroforestry system.

Beside its economic value, cacao also has an envi-
ronmental function as a carbon storage. The balance
of carbon between the atmosphere and land is a big
issue to be maintained for sustainability of environ-
ment. Carbon in form of CO2 is absorbed by plants
from the air and piled up in the body as carbon
stores. Wessel (1985) reported that the rate of carbon
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fixation of cacao plants at optimal conditions can
reach 7.5 mg CO2 per 1 dm2 leaf area. Abdoellah
(2008) also reported that cacao plant is able to ab-
sorb 80,000 kg of CO2 per ha per year and also re-
lease back in the amount of 63,000 kg of CO2 per ha
per year. In addition to respiration, the released of
carbon from plant can be happened because of plant
burning activities (Yusuf et al., 2014). Maintaining
the amount of carbon deposited on land including
plant biomass, is one form of environmental ser-
vices at the global level (Monde, 2009).

The measurement of carbon stock in plants can
be done by various approaches with similar main
principle, i.e referred to plant biomass. The amount
of C stored in plant biomass can explain the level of
CO2 uptake from the atmosphere by the plant. The
formula for calculating carbon storage of cocoa
plants is plant biomass multiplied by 0.46 and ex-
pressed in kg or g units (IPCC 2006). In general,
plant biomass is measured using the destructive
method (Tackenberg, 2007), i.e. weighing the dry
weight of entire plant body (Cornelissen et al., 2003).
The lack of destructive method is the limitation to
apply at time series measurements (De Swart et al.,
2004). This method is also less efficient when ap-
plied in big size plants, a high amounts and chal-
lenging land conditions.

An alternative for estimating plant biomass is a
non-destructive approach using allometric model.
Schmildt et al., (2017) once reported the use of allo-
metric equations to determine cacao leaf area. Previ-
ous studies reported the use of allometric equations
for estimating plant dry weight from its tree size,
either diameter or height (Sutaryo, 2009).
Yuliasmara et al., (2009) have arranged an allomet-
ric model for biomass estimation of cocoa plants
derived from generative propagation, i.e plant bio-
mass (g) = 0.208 x D1.98, with the D is the diameter
value at a plant height of 130 cm. The model is no
longer suitable to be applied to cacao plants derived
from vegetative propagation technique. This condi-
tion is due to the limitations of the allometric
method namely its very specific nature (Sutaryo,
2009). Therefore, new allometric models for plants
from vegetative propagation technique are needed.

One of the most common vegetative propagation
techniques applied in cocoa is top grafting. Top
grafting is the vegetative propagation techniques
which aim to combine the superior characteristics of
both scion and rootstock through cambium fusion
(Zakariyya and Yuliasmara, 2015). Cacao originated

from top grafting technique has different plant per-
formance compared to generative ones, such as the
shorter plant height and also shorter jorquette
branching height. Therefore, this study aimed to
develop an allometric model of biomass to estimate
biomass as an input for carbon stock calculation in
top grafting young cacao.

Materials and Methods

This experiment was carried out from January to
August 2019. The observation object was top graft-
ing young cacao plants from 4 clones, namely SUL1,
SUL2, MCC02 and MCC01. Cacao sampling was
carried out at 18 locations spread across the prov-
inces of South Sulawesi and Central Sulawesi, Indo-
nesia. At each location, 3 plants were selected with
a random age ranging from 2 to 3 years, so that in
total there were 54 cacao plants observed.

The predictor variable used in this experiment
was the circumference of the stem/ branches/twigs.
The measurement of those predictors used a roll
meter. The measurement was repeated every 10 cm
starting from a height of 10 cm above ground level
(agl) to 130 cm agl, referring to SNI 7724: 11. At a
height of 10 cm and 20 cm, circumference measure-
ments were still carried out on the main stem, but at
subsequent heights (30 cm to 130 cm) measure-
ments were made on branches or twigs and were
expressed as the accumulation of branches/twigs
circumferences. Researchers also noted the number
of branches/twigs formed in every 10 cm plant
height. After this measurement, plant roots were
dug and the entire plants removed from the soil.
Plants were cleaned, size reduced, and then packed
prior to transfer to the laboratory for drying and
weighing. The drying was carried out in oven at 75
ºC for 3 days and then weighed. The mean value of
the plant dry weight and its partition in every 10 cm
were depicted in Table 1.

The formulation of model to estimate cacao plant
biomass used a simple linear regression analysis
with the plant dry weight as dependent variable (Y)
and stem/branches/twigs circumference as inde-
pendent variable (X). There were 13 models ob-
tained from a single predictor variable of circumfer-
ence of stem/branches/twigs. In addition, there
were 10 alternative models built based on the sum
of multiple predictor variables, so that in total there
were 23 model tested. The best model was selected
based on the highest correlation coefficient (R2).
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Model with a high R2 was considered as a feasible
model to estimate dependent variables (Mattjik and
Sumertajaya, 2013). The carbon stock was calculated
referred to IPCC (2006), i.e., plant biomass multi-
plied by 0.46 and expressed in kg or g units. Simple
linear regression analysis was performed in MS Ex-
cel.

Result and Discussion

Plant biomass could be measured through various
methods, i.e direct harvesting methods in the field
(Ogawa 1977), tree volume and wood density ap-
proaches (Brown et al., 1984) and allometric ap-
proaches (Purwanto et al., 2012). The allometric ap-
proach displayed the relationship that occur harmo-
niously and proportionally between plant parts
(Parresol, 1999). The advantage of allometric ap-
proach was easy to apply and suited for time series
observations (De Swart, 2004). Previous studies by
Martin et al., (1998) showed an allometric approach
to determine the relationship between trunk diam-
eter, wood volume and tree biomass, or even carbon
storage. Other studies also confirmed that plant bio-
mass could be estimated by stem diameter
(Ketterings et al., 2001; McMahon and Kromauer,
1976). Present study constructed 23 allometric mod-
els from 23 predictor variables, i.e 13 single predic-
tor models and 10 multiple predictor model (Table
2). The model was showed as matematicalequition

and equipped with its R2, P value and standard of
deviation. The construction of model used a simple
linear regression analysis that showed a varied rela-
tionship between plant biomass and predictors.

Models with single predictor of stem/branches/
twigs circumference at a height of  50 cm above
ground level categorized as inferior models, indi-
cated by the low R2 and insignificant P value. While
model with a single predictor of stem/branches cir-
cumference at a height of 10 cm (SC10) and 20 cm
(SC20) showed to be feasible models because pf its
high R2. For the multiple predictor class, all models
have a significant P value because they constructed
from 4 types of single predictor that previously also
reported to have significant P value. The best two
selected models in multiple predictor class were
model with a stem circumference of 10+20 cm
(SC10+20) and a stem circumference of 10+20+30
cm (SC10+20+30) because of its high R2 value.

Among four selected models (Figure 1), the best
model was chosen with consideration not only R2

but also the easiness of application. The higher R2

indicated the closer the relationship between two
regressed variables, and vice versa (Sembiring,
1995). Models that were composed of a single pre-
dictor variable were easier to apply than multiple
variables, because of time and energy efficiency
consuming during the observation. The simplest
model but still had a high R2 value is a SC20 model.

Biomass estimation become an important issue
because of its role as an input for carbon stock calcu-
lation. Carbon stores was defined as the amount of
carbon stored in the plant body. The carbon stock on
cacao plant was assumed to be 0.47 of the entire
plant dry weight (IPCC, 2006). By having SC20
model to estimate biomass, we could also calculate
the carbon stock of top grafting cocoa plant. Our
result showed that there was a close relationship
(R2=0.914) between the actual biomass and SC20
model derived biomass and similar pattern was
shown in term of carbon deposits (Figure 2). The
increase of cocoa plant biomass was followed by the
increase of plant carbon stock.

In addition, the increase of plant carbon storage
could occur with the increasing of plant age
(Stephenson et al., 2014; Yuliasmara et al., 2009).
Carbon stock in cacao plantation with plant age less
than 3 years old was only 0.45 tons per ha, whereas
in plants aged 7 years and more than 12 years their
carbon deposits had increased to be 1.23 tons per ha
and 2.08 tons per ha, respectively (Monde, 2009).

Table 1. The mean value of dry weight and its propor-
tion of top grafting young cocoa plant

Plant part Partition Dry Dry weight
(cm above weight proportion

ground level) (g) (%)

Crown 10 159.07 7.98
20 151.01 7.57
30 125.81 6.31
40 100.34 5.03
50 95.84 4.81
60 90.43 4.53
70 85.48 4.29
80 84.43 4.23
90 81.89 4.11
100 66.30 3.32
110 72.82 3.65
120 63.22 3.17
130 61.88 3.10

>130 365.30 18.32
Root 390.40 19.58
Total 1994.22 100.00
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Table 2. Mathematical equations produced by simple linear regression analysis between actual measurement of plant
dry weight and stem/branch/twig circumference

Stem/branch/twig Mathematical equation P value R2 SE
circumference (cm above
ground level)
Single predictor

10 y = 156.76x-2739.4 0.000 0.884t 7.85
20 y = 161.99x-3093.8 0.000 0.914t 6.89
30 y = 48.568x-995 0.000 0.775 3.63
40 y = 23.615x-51.729 0.000 0.595 2.70
50 y = -458x+2345.6 0.681 0.025 3.42
60 y = -4.58x+2293.4 0.095 0.023 3.21
70 y = -3.9257x+2243.9 0.562 0.021 3.11
80 y = -3.435x+2197.2 0.222 0.024 3.32
90 y = -3.435x+2172.5 0.275 0.026 3.41
100 y = -3.0533x+2117.5 0.476 0.027 3.81
110 y = -3.8664x+2108.09 0.914 0.049 2.36
120 y = -31.47x + 2072.4 0.995 0.037 2.21
130 y = -4.1264x+2026.2 0.415 0.038 2.86
Multiple predictor
10+20 y = 81.088x - 3000.5 0.000 0.915t 3.426
10+30 y = 39.037x-1584.5 0.000 0.886 2.339
10+40 y = 21.738x-542.55 0.000 0.804 2.112
20 +30 y = 39.171x-1644.6 0.000 0.896 2.321
20 +40 y = 22.006x-600.15 0.000 0.830 2.089
30+40 y = 18.557x-747.16 0.000 0.800 1.431
10+20 +30 y = 32.257x-1974.9 0.000 0.914t 1.665
10+20 +40 y = 20.029x-970 0.000 0.874 1.685
20 +30+40 y = 17.078x-1063.8 0.000 0.878 1.187
10+20 +30+40 y = 15.658x-281.6 0.000 0.897 1.013

Note: t in the end of R2 value showed the selected model. P value and standard of error (SE) were produced from PASW
Statistic 18, while mathematical equation and coefficient of regression (R2) were produced from linear regression analysis
in MS Excel.

Fig. 1. The linear regression scatter chart that showed mathematical equation and coefficient of regression of 4
selected models, i.e stem circumference at 10 cm, 20 cm, 10+20 cm and 10+20+30 cm.
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The amount of carbon stored in a land was also af-
fected by the biodiversity and complexity of ecosys-
tems. The ability of plants to accumulate and dis-
tribute photosynthetic carbon could also determine
carbon inputs in an ecosystem (Kerdkankaew,
2003). Complex ecosystems with higher plant
biodiversity had a higher carbon deposits compared
to man-made ecosystems that were generally mo-
noculture with low biodiversity. It was consistent
with the results of Monde (2009) which reported
that carbon storage of natural forests, cacao-
agroforesty land (cacao age > 12 years) and cacao
monoculture land (cacao age > 12 years) were 16.03
tons per ha, 3.37 tons per ha and 2.08 tons per ha,
respectively. Calculation of carbon deposits was
aintial step to support the big program such as re-
ducing emissions from deforestation and forest deg-
radation (REDD) (Raty et al., 2011). The success of
terrestial carbon stock mapping program highly
depended on the availability of accurate and reli-
able allometric models for estimating biomass
(Chave et al., 2014). Thus, model formulation spe-
cific for top grafting young cocoa was worthy and
helpful for the carbon mapping program.

Conclusion

A simple and feasible model to estimate plant biom-
ass of top grafting young cocoa was comes from a
single predictor, i.e a stem circumference at 20 cm
(SC20), with following equation, y = 161.99x-3093.8
(R2 = 0.914 and Pvalue = <0.01). This predictor was
chosen as the simplest biomass estimator model for
top grafting young (2-3 years) cacao plants origi-
nated from 4 clones, namely SUL 1, SUL 2, MCC02

and MCC01. There was also a close relationship be-
tween the result of SC20 model derived biomass
and its actual biomass, so do carbon stock.

Acknowledgement

The authors would like to thank the Ministry of Re-
search, Technology and Higher Education, the Re-
public of Indonesia and Indonesia Endowment
Fund for Education (LPDP).

References

Alif, J.R., Soekmadi, R., and Santoso, N. 2016. Perencanaan
program interpretasiling kunganse
bagaistrategipengem bangane kowisata di TWA
Kawah Ijen. Risalah Kebijakan Pertanian and
Lingkungan. 3 : 153-161.

Abdoellah, S. 2008. CO2 absorption-emission balance in
cocoa plantation. Prosiding Simposium Kakao. 2008:
15-18.

BPS. 2018. Statistik Kakao Indonesia 2018. Badan Pusat
Statistik (BPS), Jakarta, Indonesia.

Brown, S., Gillespie, A.J.R. and Lugo, A.E. 1984. Biomass
estimation methods for tropical forests with appli-
cations to forest inventory data. Forest Science. 35:
881-902.

BSNI. 2011. SNI 7724:2011: Pengukuran dan
penghitungancadangankarbon - pengukuranla
panganuntuk penaksirancadangan karbonhutan.
Badan Standardisasi Nasional Indonesia (BSNI),
Jakarta, Indonesia.

Chave , J., Réjou-Méchain, M., Búrquez, A., Chidumayo,
E., Colgan, M.S., Delitti, W.B.C., Duque, A., Eid, T.,
Fearnside, P.M., Goodman, R.C., Henry, M.,
Martínez-Yrízar, A., Mugasha, W.A., Muller-
Landau, H.C., Mencuccini, M., Nelson, B.W.,

Fig. 2. The comparison of plant biomass and carbon stock obtained from actual measurement and modelling calcula-
tion by using selected model of stem circumference at 20 cm above soil ground.
Note: PB actual – plant biomass actual, PBmodel – plant biomass model, CSactual – Carbon stock actual,
CSmodel – carbon stock model.



1514 Eco. Env. & Cons. 26 (4) : 2020

Ngomanda, A., Nogueira, E.M., Ortiz-Malavassi, E.,
Pélissier, R., Ploton, P., Ryan, C.M., Saldarriaga, J.G.
and Vieilledent, G. 2014. Improved allometric mod-
els to estimate the aboveground biomass of tropical
trees. Global Change Biology. 20 : 3177-3190.

Cornelissen, J.H.C., Lavorel, S., Garnier, E., Díaz, S.,
Buchmann, N. and Gurvich, D.E. 2003. A handbook
of protocols for standardised and easy measurement
of plant functional traits worldwide. Australian Jour-
nal of Botany. 51 : 335-380.

De Swart, E.A.M., Groenwold, R., Kanne, H.J., Stam, P.,
Marcelis, L.F.M. and Voorrips, R.E. 2004. Non-de-
structive estimation of leaf area for different plant
ages and accessions of Capsicum annuum L. Journal
of Horticultural Sciences and Biotechnology. 79: 764-770.

Ditjenbun. 2016. Statistik Perkebunan Kakao Indonesia
2014-2016. In Subiyantoro, M.E. and Arianto, Y., eds.
Direktorat Jenderal Perkebunan (Ditjenbun),
Jakarta, Indonesia.

ICCO.  2019. Quarterly bulletin of cocoa statistics vol. xlv,
no.3. International Cocoa Organization (ICCO),
online. Retrieved from https://www.icco.org/
Production_QBCS%20XLV% 20No.%203.pdf

ICCO. 2018. Quarterly bulletin of cocoa statistics. Interna-
tional Cocoa Organization (ICCO), online. Retrieved
from https://www.icco.org/about-us/icco-news/
398-quarterly-bulletin-of-cocoa-statistics-november-
2018.html

IPCC. 2006. PIPCC Guidelines for National Green House
Gas Inventories. Intergoverment Panel on Climate
Change (IPCC), IGES Press, Japan.

Kerdkankaew, S., Jesada, L. and Khummongkol, P. 2003.
CO2 uptake and water use efficiency in field grown
Azadiractasiamensis and Pterocarpus macrocarpus in
early and late Winter. Chiang Mai University Journal
Natural Science. 30 : 113-121

Ketterings, Q.M., Coe, T., Noordwijk, V.M., Ambagau, Y.,
Palm, C.A. 2001. Reducing uncertainty in the use of
allometric biomass equations for predicting above-
ground tree biomass in mixed secondary forests.
Forest Ecology and Management. 146 : 199-209.

Lima, L.J.R., Almeida, M.H., Nout, R.M.J. and Zwietering,
M.H. 2011. Theobroma cacao L., “the food of the
gods”: quality determinants of commercial cocoa
beans, with particular reference to the impact of fer-
mentation. Critical Reviews in Food Science and Nutri-
tion. 51 : 731-761.

Martin, J.G., Kloeppel, B.D., Schaefer, T.L., Kimbler, D.L.
and Nutly, M.S.G. 1998. Aboveground biomass and
nitrogen allocation of ten deciduous Southern Ap-
palachian tree species. J For Res. 28 : 1648-1659.

Mattjik, A.A., and Sumertajaya, I.M. 2013. Perancangan
Percobaandengan Aplikasi SAS and Minitab Jilid I.
IPB Press, Bogor, Indonesia.

McMahon, T.A. and Kromauer, R.E. 1976. Tree structures:
deducing the principles of mechanical design. Jour-
nal of Theoretical Biology. 59: 443-466.

Monde, A. 2009. Degradasistokkarbon (C)
akibatalihgunalahanhutanmenjadilahankakao di
DAS Nopu, Sulawesi Tengah. Journal Agroland. 16 :
110-117

Ogawa, H. 1977. Principle and Methods of Estimating
Primary Production in Forest. In Kira, T., ed. Pri-
mary Productivity of Japanese Forest: Productivity
of Terrestrial Communities, JIBP synthesis. Univer-
sity of Tokyo Press, Tokyo, Japan.

Parresol, B.R. 1999. Assessing tree and stand biomass: a
review with examples and critical comparisons. For
Sci. 45 : 573-593.

Purwanto, R.H., Rohman, Maryudi, A., Yuwono, T.,
Permadi, D.B. and Sanjaya, M. 2012. Potensibiomasa
dan simpanankarbonjenis-jenistanamanberkayu di
hutanrakyat Desa Nglanggeran, Gunungkidul,
Daerah Istimewa Yogyakarta. JurnalIlmu Kehutanan.
6: 129-141.

Raty, M., Kankare, V., Xiaowei, Y., Holopainen, M.,
Kantola, T., Hyyppa, J. and Viitala, R. 2011. Tree
biomass estimation using ALS features. Silvi Laser.
16-20.

Schimidlt, E.R., Trevisan, E., Belique, M. and Schmildt, O.
2017. Allometric models for determining leaf area in
the ‘PH-16’ cocoa tree in the shade and in full sun.
Revista Agro@mbiente On-line. 11 : 47-55.

Sembiring, R.K. 1995. Analisisregresi. ITB Press, Bandung,
Indonesia.

Stephenson, N.L., Das, A.J., Condit, R., Russo, S.E., Baker,
P.J. and Beckman, N.G. 2014. Rate of tree carbon
accumulation increases continuously with tree size.
Nature. 507: 90-93.

Sutaryo, D. 2009. Penghitungan Biomassa Sebuah
Pengantaruntuk Studi Karbon dan Perdagangan
Karbon. Wetlands International Indonesia
Programme, Bogor, Indonesia.

Tackenberg, O. 2007. A new method for non-destructive
measurement of biomass, growth rates, vertical bio-
mass distribution and dry matter content based on
digital image analysis. Ann Bot. 99 : 777–783.

Wessel, M. 1985. Shade and Nutrition. In: Wood G.A.R. and
Lass, R.A., eds. Cocoa 4th Edition. Longman Group
Ltd, London, United Kingdom.

Wood, G.A.R. and Lass, R.A. 1985. Cocoa 4thEdition.
Longman Group Ltd, London, United Kingdom.

Yuliasmara, F., Prawoto, A. and Adi, W.A. 2009. Carbon
stock in different ages and plantation system of co-
coa: allometric approach. Pelita Perkebunan. 25: 86-
100.

Yusuf, M., Sulistyawati, E. and Suhaya, Y. 2014.
Distribusibiomassa di atas and
bawahpermukaandarisurian (Toonasinensis Roem.).
J Matematika & Sains. 19 : 69-75.

Zakariyya, F. and Yuliasmara, F. 2015. Top grafting per-
formance of some cocoa (Theobroma cacao L.) clones
as affected by scion budwood number. Pelita
Perkebunan. 31: 163-174.


