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Abstract
Identification of the type of branching architecture will be one for the
considerations in determining specific spacing recommendations for cocoa plantation. The research was conducted at Kaliwining Experimental Station, Indonesian
Coffee and Cocoa Research Institute. The aim of this study was to investigate
of branching angle characteristics of cocoa clones that can be used in determining
planting space in cocoa farms. This research usied a completely randomized block
design (RCBD) consisting of 21 genotypes as treatments. Each treatment was
repeated three times and each replication consisted of three sample plants. Parameters
observed were branch angle and the type of branching. Branch angle is the angle
formed by the outermost primary branch and was measured using a protractor.
The results showed that each genotype had a different angle on the primary
branch, while the secondary and tertiary branch angles did not shown any significant
difference. The results of the analysis showed that of the 21 genotypes tested,
ICCRI 03, BAL 209, and KW 411 showed horizontal branching type; Sulawesi 01
and Sulawesi 03 showed vertical branching type, while the other 16 genotypes
had intermediate branching types. Cocoa clones with a vertical branching type can
be planted in denser spacing compared to cocoa clones with a horizontal branching
type. The population per hectare of clones with vertical branching type can be
increased 3 to 4 times when compared to clones with horizontal branching type.
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INTRODUCTION
Cocoa production in Indonesia decreased
every year (Ditjenbun, 2019). In addition to
many old cocoa trees, one of the causes of
the decline in cocoa production is limited
productive land (Fahmid et al., 2018). Increasing
cocoa production can be done through
extensification and or intensification. The
intensification program that can be carried
out in limited land is to increase the optimum
population of cocoa trees so as to increase
productivity in units of area. Number of trees

in the unit area of land is affected by the
planting spacing (Olufemi et al., 2020). In
general, cocoa plantation in Indonesia uses
a planting distance of 3 m x 3 m or 4 m x 2 m,
consequenly that in one hectare cocoa plantation consists of approximately 1100 trees
(Puslitkoka, 2015). The use of spacing is
considered to be re-evaluated to optimize
cocoa productivity per hectare. Efforts to
increase cocoa productivity can be achieved
by increasing the population of cocoa plants
per hectare using a high-density population
(HDP) system (Maharaj et al., 2003). Successful
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implementation of HDP can be achieved if
the optimum spacing between cocoa plants
is recoqnized. The spacing between cocoa
plants affects the competition for cocoa plant
growth factors such as water, nutrients, and
light. In addition to this, planting spacing
that are too dense also affect the increase
in disease attacks due to fungal attacks
because the microclimate environment of
cocoa plantations is too humid. Therefore
for HDP cocoa plantations, a cocoa genotype with dwarf growth is required (Souza
et al., 2009). Specifications for optimum
cacao spacing can be identified based on the
type of branching of each cocoa genotype.
Genetics and environment are factors
that influence plant architecture such as plant
branching (Cai et al., 2016), while the genetic
factors are controlled by many genes (MauroHerrera & Doust, 2016). Two parameters
that determine the role of branching type on
light competition are the angle of branching
and the length of branches formed by
plants (Valladares & Niinemets, 2007). In
Indonesia, many superior cocoa clones
have been released, but the recommendation
for planting distance still uses a standard
spacing of 3 m x 3 m. The use of spacing
is indeed recommended for cocoa cultivation in general, but to increase cocoa
productivity per unit area can be done by
increasing the population of cocoa trees.
The classification of clones with upright
branching types needs to be done as a basis
for grouping the types of cocoa clones
that have the potential for the development
of high dense population of cocoa cultivation. The aim of this study was to obtain
information on the branching angle characteristics of cocoa clones that can be used
in determining planting spacing in cocoa
farms.
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MATERIALS AND METHODS
The research was conducted at Kaliwining
Experimental Station, of Indonesian Coffee
and Cocoa Research Institute (ICCRI) in
Jember, East Java, Indonesia. The research
used a completely randomized block design
(RCBD) consisting of 21 cocoa clones as
treatments planted in 2015 with 3 m x 3 m
planting spacing. Each treatment was repeated
three times and each replication consisted
of three sample plants. The observations
parameter were carried out on the branching
type of cacao trees from 21 cocoa clones
grafting using plagiotropic budwood. Shade trees
in this location used seedless Leucaena sp.
with 3 m x 3 m planting spacing.
Determination of the branching character
of cocoa plants was carried out referring to
Susilo (2017) as a qualitative method by
observing the branching type directly. The
branching types of cocoa trees are divided
into two, vertical branching if the average
branching is moving upwards and horizontal
if the average branching is going sideways
(Figure 1). Engels (1980) sugests a quantitative method by observing the branching
type directly. This method estimates the
branching character by determining the angle
between opposite branches on the primary
branch using a protractor. If there is no
branch with a center line, then draw an
imaginary line to estimate the angles of the
other branches. Primary branches are
branches that grow from an upright trunk.
If the angle is less than 90 degrees, then
the branching type of the plant is upright.
If the angle is more than 90 degrees but less
than 135 degrees, then the type of tree
branching is intermediate and if the angle
is more than 135 degrees then the branching
type is pendulous. In this study, quantitative
observations were carried out by observing
directly the angle of the primary, secondary
and tertiary branches.
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Figure 1.
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Visualization of branching type based on primary branch angle (a) vertical (about 45o), (b) intermediate
(about 90o), and (c) horizontal (about 120o)

Horizontal reach of the optimum primary branch of cocoa can be estimated using
the Cosine function, with the input of the
angle primary branch and the length of primary branch which is determined to be 1.50 m.
If the angle of the primary branch =  and
the length of the primary branch is 1.50 m,
then the horizontal reach of the primary
branch (x)
= 1.50 cos
Data analysis was carried out by inference
analysis by comparing whether there were
differences between the branching angles
in each branching order or not between
branches of different types of plant architecture. If the branching angle data obtained
are normality tested using Shapiro–Wilk
analysis and homogeneity using Levene’s
Test, then a One-Way Anova analysis is
performed for each tree architecture comparison, whereas if the data is abnormal,
then a Kruskal-Wallis analysis is performed.
To see the average of which tree architecture
is different from the others, the Tukey post-hoc
test was carried out. The level of confidence
used in all the above analyzes is 95%. After
statistical analysis, data processing was
carried out by representing the assumptions

of the tree architecture in the form of images
based on the type of architecture that has been
found.

RESULTS AND DISCUSSION
Branching of a plant is one of the variables that determine the production of an
individual or population of cocoa plants
(Meneses-Buitrago et al., 2019). Meanwhile,
branching characters such as branching
angle and branching type are important to
study to support plant production. The results
of observations on the primary angle of
branching formed by each clone showed
significant differences (Table 1). The larger
the primary angle formed by each clone, the
closer it is to the horizontal type of branching.
Clones with upright branching types have
potentially to be used in the composition of
denser cropping system >1100 plants.ha-1.
The upright branching types reduce the
planting distance where the overlap between
branches can be narrowed and eventually
the population can be highes (Govindaraj &
Jancirani, 2017). Secondary and tertiary
branches were formed after the primary
branches. The 21 cocoa genotypes tested for
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the formation of secondary and tertiary
branches were relatively the same (Table 1).
Secondary and tertiary branches affect production in relation to the number of branches
formed. The more branches formed the more
surface area for the flower grows to produce
fruits. The clones with the largest primary
branch angle were BAL 209 and ICCRI 03, while
Sulawesi 01 had the smallest primary branch
angle among the observed cocoa clones.

is not resistant to force stress so as to
provide a flatter/horizontal visual plant
architecture (Eisner et al., 2002). Therefore,
the differences in tree architecture may be
influenced by differences in branch strength
of each genotypes. This difference in branch
strength can be influenced by differences
in size, density, constituent structure, while
the branch bending factor are the presence
of leaves, branches, flowers, fruits, or external
factors (Shahbazi et al., 2015; James, 2003;
Eisner et al., 2002). In cocoa cultivation ideally in one production area it is advisable
to plant more than one genotype of cocoa,
because cocoa trees have a low self-pollination rate, especially for bulk cocoa (Lanaud
et al., 2017). Based on the results of the
evaluation of the type of cocoa branching
from each evaluated cocoa clone, it can also
be used as a reference in determining the
composition of clones in cocoa production
based on the branching type group, such as
plants with vertical branching types. It is
better if vertical branches type is placed in
one group to get the optimum population

Based on the distribution of the primary
branching angle data from 21 cocoa clones
tested, they were grouped into three classes
or types of branching, namely vertical (45o–
75o), intermediate (75o–105o), and horizontal
(105o–180o) (Table 2). ICCRI 03, KW 411,
and BAL 209 were classified as genotypes
that had a horizontal branching architecture
type. Sulawesi 01 and Sulawesi 03 were classified as genotypes that had a vertical branching architecture type, whereas the others had
an intermediate branching type. The formation of branches in a plant is influenced by
force stress in the area after the branch collar
which can cause branch bending if the part
Table 1. Branch angles of 21 genotypes of cocoa
Clones
BAL 209
CRIOLLO
ICCRI 03
ICCRI 09
JTC 24
KW 411
KW 516
KW 564
KW 606
KW 618
KW 635
KW 733
KW 820
KW 821
KW 822
PA 191
SCA 6
SCA 12
SPA 9
Sulawesi 01
Sulawesi 03
Note:
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Branches angle (o)
Primary
1 35 .0 0
80.00
125.83
86.67
98.33
108.33
101.33
84.67
91.00
87.00
80.00
85.83
88.33
93.33
88.33
93.33
96.67
99.17
85.00
68.33
74.17

a
bc
ab
abc
abc
abc
abc
abc
abc
abc
bc
abc
abc
abc
abc
abc
abc
abc
abc
c
bc

Secondary
1 06 .6 7
76.67
1 02 .5 0
90.00
96.67
93.33
92.33
90.33
85.00
1 05 .0 0
78.33
1 20 .0 0
85.67
93.33
86.67
1 00 .8 3
92.50
1 04 .1 7
80.00
80.83
98.33

a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

Tertiary
1 03 .3 3
73.33
82.50
1 10 .0 0
90.00
86.67
1 01 .0 0
1 00 .0 0
72.33
97.67
76.67
92.50
1 10 .0 0
90.00
83.33
1 07 .5 0
99.17
1 25 .8 3
81.67
1 09 .1 7
82.50

a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

The numbers in the same column and followed by the same letters are not significantly different based on the Tukey’s test at a
95% confidence level.
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Table 2. Classification of branching type by primary branching angle on 21 cocoa genotypes
Clone
ICCRI 03
SCA 6
SCA 12
JTC 24
KW 411
BAL 209
PA 191
KW 516
KW 606
KW 821
ICCRI 09
KW 733
Sulawesi 01
Sulawesi 03
KW 618
KW 635
KW 564
SPA 9
KW 820
CRIOLLO
KW 822

Primary
branch angle

Branching type
(Susilo, 2017)

Branching type
(Engels et al., 1980)

Branching type
based on primary
angle class distribution

1 25 .8 3
96.67
99.17
98.33
1 08 .3 3
1 35 .0 0
93.33
1 01 .3 3
91.00
93.33
86.67
85.83
68.33
74.17
87.00
80.00
84.67
85.00
88.33
80.00
88.33

Horizontal
Horizontal
Horizontal
Horizontal
Horizontal
Horizontal
Vertical
Vertical
Vertical
Vertical
Vertical
Vertical
Vertical
Vertical
Vertical
Vertical
Vertical
Vertical
Vertical
Vertical
Vertical

Intermedia te
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Upright
Upright
Upright
Upright
Upright
Upright
Upright
Upright
Upright
Upright
Upright

Horizontal
Intermedia te
Intermedia te
Intermedia te
Horizontal
Horizontal
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Vertical
Vertical
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Intermedia te
Intermedia te

on the available land area, by pay attention
to the level of cross-pollination of each genotype. Plant architecture is defined as threedimensional organization of the plant body,
includes the branching pattern, as well as
the size, shape and position of leaves and
flowers. Plant architecture has long been the
only criterion for systematic and taxonomic
classification, and, even today, it is the best
means of identifying a plant species. Nonetheless it is also major agronomic importance which strongly influence the suitability
of a plant for cultivation, yield and efficiency
in harvesting (Reinhardt & Kuhlemeier,
2002).
Based on the data analysis regarding the
architectural differences of cocoa plants in
21 cocoa clones, visualization of the architectural types of vertical, intermediate, and
horizontal cacao plants can be estimated.
Visualization estimates are based on branch
bending and primary branch angle differences.
A visual estimate of the type of tree architecture can be seen in Figure 1. Based on the
illustration of the branches formed, it can

be estimated how many optimum cocoa trees
can be planted per hectare. Determination
of the optimum number of trees in addition
to using the primary angle of the plant also
considers the length of the primary branch
formed. Ideally the length of the primary
branch in cocoa is determined to be 1.50 m
from the base of the stem formed at the
formation of pruning (Puslitkoka, 2015).
Therefore when the primary angle formed
is maximum (180o) then the maximum reach
of the primary branch is 1.50 m.
Differences in the characteristic of
branching type in cocoa genotypes can be
considered in providing recommendations
for optimal plant spacing. According to
Valdhini & Aini (2017), variations in spacing
must be considered because spacing is one
of the factors that affect the quality and
quantity of plants. Plants with a wide canopy
type retquire a larger spacing than plants with
a vertical branching type. Using primary
branching angle data, it is possible to estimate
the optimum spacing and population per
hectare for cocoa plants (Table 3). The
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Table 3. Estimation of optimum cocoa population based on primary branch angle
Primary branch angle (o)

Branching
classification

Primary
branch reach
horizontally (m)

Plant
space (m)

Estimated
cocoa trees
per ha

45
60
75
90
12 0
18 0

vertical
vertical
intermediate
intermediate
horizontal
horizontal

0.57
0.75
0.91
1.06
1.30
1.50

1.15
1.50
1.83
2.12
2.60
3.00

75 00
44 00
29 00
22 00
14 00
11 00

Note : * = rounding off population.

greater the angle of the primary branch, the
less the population of cocoa plants per hectare.
For cocoa clones that have vertical branching
type the population per hectare can be increased
more or less up to four times compared to
the population of clones that have horizontaly
branching types. Meanwhile clones with intermediate branching types, the population
per hectare can be doubled.
In standard cocoa cultivation, it is not
possible to only use information based on
the branching characteristics. However, it is
also necessary to consider other aspects such
as leaf distribution and crown shape which
are directly related to light transmission, CO2
exchange and related to other cultivation
input factors. Plants with a wide canopy
arrangement require a wide spacing while
plants with a high crown arrangement require
a narrower spacing. The expression of the
main components of plant architecture that
determine the shape of the crown and distribution of leaves will affect the transmission
of light, CO2 exchange, and rainwater between
the parts above the ground. The expression
of the main components of tree architecture
determines the shape of the canopy and the
distribution of leaves affects the transmission
of light, CO2 exchange and rainwater between
the above-ground parts of the plant (Murniati,
2010).
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CONCLUSIONS
The different types of branching of
cocoa plants are determined by the magnitude of the angle of primary branch, however they are not influenced by the magnitude of the angle of the secondary and tertiary
branches. ICCRI 03, BAL 209, and KW 411
have horizontal branching types, while
Sulawesi 01 and Sulawesi 03 have vertical
branching types. Cocoa clones with a vertical branching type can be planted using
closer spacing than cocoa clones with a
horizontal branching type. The population
per hectare of clones with vertical branching
type can be increased 3 to 4 times compared
to clones with horizontal branching type.
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