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Abstract

Cocoa is an important global commodity and a source of income for millions
of farmers in around the world. Nevertheless, yields is often still far from their
potential. This study aims to evaluate the relationship between production space
capacity and flower cushion status on pod production. The study was conducted
at Kaliwining Experimental Station, Indonesian Coffee and Cocoa Research Institute,
Jember, at an altitude of 45 m above sea level (a climate type D according to the
Schmidt & Ferguson classification) and flat topography. The cocoa plant originated
from top grafting seedlings with the age of six years. Design of experiment was
randomized as a complete block design (RCBD) single factor consisting of seven
clones as treatment with three replications. Each plot consisted of five sample
plants. The parameter was observed involve branching type, branch surface area,
flower cushion distance, flower cushion density, number of flower cushions, number
of pods per flower cushion, number of pods per tree, and pod characteristics
include pod length, pod girth, and pod weight. The results showed that all cocoa
clones had production capacity with an average 490-635 flower cushions spread
across the entire branch surface. The increase of pod weight was significantly
influenced by length, girth, number of pods per flower cushion, and flower cushion
distance.
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INTRODUCTION
Cocoa is an important global commodity

and a source of income by the million’s farmers
in around the world (Vasquez-García et al.,
2022). Cocoa (Theobroma cacao L.) is a
tropical tree classified in the Malvaceae family,
growth under shade, and cultivated for its
fruits, called pods, and its seeds are used
to row material for chocolate and cosmetics
industries (Alverson et al., 1999; Wibaux
et al., 2024). Countries such as Côte d'Ivoire,
Ghana, Indonesia, Ecuador and Cameroon
contributed more than 70% of the world’s

cocoa supply (Mendoza-Meneses et al.,
2023).

Cocoa has good economic prospects,
as domestic demand for cocoa continues to
increase. However, cocoa production has
not been able to meet domestic consump-
tion requirements, as indicated by persis-
tently high volume of imports, which
reached approximately 340,000 tons (BPS,
2023). In many cases, cocoa production in
smallholders is still far from its expected
potential. One contributing factor is that
production space is still not being fully utilized.
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Cocoa is cauliflorous plant, which
flowering and fruiting occurs throughout the
trunk (cauliflory) and branches (ramiflory)
(Young, 1994). The cocoa flower is arranged
by 5 free white sepals, 5 free yellow petals,
10 stamens forming 2 circles with a steril
outer circle (staminode), and white pistil
(Smith 1992; Susilo 2015; Martinez et al.,
2017). The cocoa pod is elongated with a
grooved surface, the color of pod is determined
by the type of clone, and each pod contains
20-60 seeds with pulp (Doar´e et al., 2020;
Mendoza-Meneses et al., 2023).

Branches are an as a place for important
part that serve cocoa pod production. Cocoa
flowers and pods develop on an organ called
flower cushion, which is found on the entire
surface of the branches (Wibaux et al.,
2025). Study on branch and flower cushions
as main components of production space
were still limited. Previous research has been
focused on quality and methods of increasing
yields without considering the potential of
production space. The aim of this study was
to evaluate the relationship between produc-
tion space capacity and flower cushion status
on pod production. The results were expected
to provide information related to cocoa pro-
duction capacity in various clones, which will
be useful in future cocoa cultivation manage-
ment and development.

MATERIAL AND METHODS

The study was conducted at Kaliwining
Experimental Station, Indonesian Coffee and
Cocoa Research Institute (ICCRI), Jember,
at an altitude of 45 m above sea level (a climate
type D according to the Schmidt & Ferguson
classification) with Inceptisol soil and flat
topography (Erwiyono, 2005; Sari & Susilo,
2015). The cocoa plant originated by top
grafting seedling with the age of six years.
Design of experiment was a randomized
complete block design (RCBD) single factor
consisting of seven clones as treatment with
three replications. The treatment used to 7
cocoa clones that were established by Ministry
of Agriculture of the Republic of Indonesia
(Table 1) Each plot consisted of five sample
plants.

Branching type was determined by the
angel between opposite branches on the primary
branch using protractor, according to classi-
fication by Setyawan et al., (2021):

- Vertical (45-75o)
- Intermediate (75-105o), and
- Horizontal (105-180o).

Observation on pod was conducted
every month from January to June 2025.
Observation was conducted at each branch
category:

Table 1. List of 7 cocoa clones that used to research and their characteristics
Accession number * Clones Origin* Characteristics*
KW 30 ICCRI 03 DR 2 x Sca Pod is rounded, and the young

one is light red
KW 617 ICCRI 09 TSH x Sulawesi 1 Pod is elliptical, and the young

one is dark red
M45 MCC 02 Exploration in Pod is rounded and elliptical, and

South Sulawesi the young one is dark red
KW 516 Monika 1 Exploration in Pod is elliptical, and the young

North Sumatera one is light green
KW 562 Monika 2 Exploration in North Pod is oblong, and the young

Sumatera one is dark green
KW 162 Sulawesi  1 Exploration in Pod is oblong, and the young

Sulawesi area one is dark red
KW 163 Sulawesi 2 Exploration in Pod is elliptical, and the young

Sulawesi area one is light red
*)Susilo et al., 2020; Al-Afandi et al., 2023; Kepmentan 2024.
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- Small (girth = 5-15 cm)
- Medium (girth = 15-25 cm), and
- Large (girth > 15 cm).

Each branch was taken 30 cm as a
sample to observe the flower cushio. The
parameter was observed involve branching
type, branch surface area, flower cushion
distance, flower cushion density, number
of flower cushions, number of pods per
flower cushion, number of pods per tree,
and pod characteristics include pod length,
pod girth, and pod weight.

RESULT AND DISCUSSION

Performance of Cocoa

The cocoa plant originated by top graft-
ing seedling had a short main stem and rela-
tively low productive branches (Figure 1).
This was most advantageous due to facili-
tating maintenance and harvesting activities

(Ainum et al., 2024). Top grafting was
known to accelerate early production by
reducing the juvenile phase (Daouda et al.,
2018; N’zi et al., 2023).

Branching type was determined by the
magnitude of the angel of the primary branch
or branch that immediately growth from the
main stem (Setyawan et al., 2021). The results
of observations showed that each clone had
a significant difference. Monika 2, Sulawesi 1,
and Sulawesi 2 were classified as clones that
had a vertical branching architecture type.
ICCRI 09, MCC 02, and Monika 1 were
classified as clones that had a intermediate
branching type with degree of angle range
75-105o. ICCRI 03 had a degree of angle more
than 105o, so that it classified as a horizontal
branching type (Table 2). Genetics was a
major factor that contribute in determining
the architecture of cocoa (Cai et al., 2016).

Branching type was predicted to influence
the width of the cocoa canopy. The vertical
branching type could forms a slimmer canopy

   

  

Figure 1. Performance of cocoa clones; A). ICCRI 03, B). ICCRI 09, C). MCC 02, D). Monika 1,
E). Monika 2, F). Sulawesi 1, and G). Sulawesi 2
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than the intermediate and horizontal type, so
that the space of growth required tends to be
smaller and potentially to increase the popu-
lation per hectare through planting distance
arrangements (Setyawan et al., 2021). In
addition, cocoa clones with canopy that was
not too wide (standard 3 m x 3 m) allows
sunlight penetration, thereby creating optimal
microclimate conditions for cocoa growth
and development (Zakariyya, 2016).

Production Space Capacity

Branches were major component that
contributing in determining cocoa produc-
tion. Branch surface area was an indication
potential space production, due to the fact
that flowering and fruiting accurs on the
entire branches (Swanson et al., 2008;
Meneses-Buitrago et al., 2019). It was pre-
dicted that an increase in branch widht will
result in higher number of flower cushions.
The results of observations showed that no
significant differences on the seven clones
in branch surface area and number of flower
cushions.

Flower cushion was a spot on the stem
where the flower grows, originally from the
site of a leaf stalk (Hancock & Flowler,
1994). As the flowers develop continuously
in the same position, it gradually becomes
thickened (Wibaux et al., 2025). There were
no significant difference in the distance be-
tween flower cusions on each clone, with
an average distance of 5.6 cm (Table 3).

According to Martono (2016), it was known
that the distance of flower cushions was
around 5 to 10 cm.

The number of flower cushions per tree
was no significant difference on each clone.
According to the results of observations, its
were estimated that there were around 490-
635 flower cushions per tree (Table 3).
Wibaux et al. (2025) reported that cocoa
was originated by top grafting has about 490-
635 flower cushions per tree. The number
of flower cushions is not constant, it can
change due to pruning management factors
(Uchoi et al., 2018). The flower cushions
were scattered across every branch category,
with the most scattered on the small
branches. It was suspected that the small
branches had a greater number compared
to the large or medium branches (Table 4).

The flower cushions on the cocoa trunk
and branches were arranged in a specific
formation. The formations of the flower
cushions follow the pattern of the leaves
(Figure 2). The pattern of  leaves was different
on trunk and branches (Hallé et al., 1978).
The arrangement of leaves on the trunk
forms a spiral pattern with a formula of 3/8,
while on the branches the arrangement of
leaves forms two rows with a formula of 1/2
(Hall, 1914). In top grafted cocoa, production
was focused only on plagiotropic branches,
so that the flower cushions were arranged in
two rows or alternate distichous phyllotaxy
(Wibaux et al., 2025).

Table 2. Classification of branching type on 7 cocoa clones
Clones Branch angle (°) Branching type
ICCRI 03 108.47 a Horizontal
ICCRI 09 75.25 b Intermediate
MCC 02 76.43 b Intermediate
Monika 1 80.63 b Intermediate
Monika 2 74.00 b Vertical
Sulawesi 1 57.72 c Vertical
Sulawesi 2 73.10 bc Vertical
Note: Number with the same letter within column are not significantly different according to HSD-Tukey test (p < 0.05). *)Setyawan

et al., 2021.
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Flower cushion density was measured
by the number of flower cushion per unit
area of branch in 100 cm2. There were signifi-
cant difference among branches and among
clones; however, no significant interaction
was observed between branch and clone
(Table 5). The average flower cushion density

on small, medium, and large branches was
3.68/100 cm2, 2.32/100 cm2, and1.53/100
cm2 respectively. The small branches
showed the highest density, presumably due
to the shorter distance between rows of
flower cushions, which results in a denser
appearance.

Figure 2.  Formation of flower cuhions on plagiotropic branches

Table  4. Distribution of flower cushions on each branch category

Clones
Branch category

Total
Small Medium Large

ICCRI 03 379.13 115.18 48.83 543.14 a
ICCRI 09 407.39 110.46 21.12 538.97 a
MCC 02 489.30 121.36 24.44 635.10 a
Monika 1 368.46 103.48 35.51 507.45 a
Monika 2 331.71 104.73 54.82 491.27 a
Sulawesi 1 362.42 108.29 34.28 504.99 a
Sulawesi 2 436.13 119.15 63.95 619.68 a
Average 396.36 a 111.81 b 40.42 c 595.35
Note: Number with the same letter within column and row are not significantly different according to HSD-Tukey test (p < 0.05).

Branch category according to girth: small (5-15 cm), medium (15-25 cm) and large (>25 cm).

Table 3. Production space capacity of cocoa clones
Clones BSA (cm2) FCD (cm) NFC NPFC NPT
ICCRI 03 17746.73 a 4.82 a 543.14 a 1.73 a 12.89 a
ICCRI 09 17875.54 a 5.38 a 538.97 a 1.23 b 23.93 a
MCC 02 20135.40 a 5.49 a 635.10 a 1.22 b 21.45 a
Monika 1 18810.41 a 5.33 a 507.45 a 1.34 b 21.35 a
Monika 2 16150.47 a 5.39 a 491.27 a 1.28 b 19.07 a
Sulawesi  1 17411.16 a 5.60 a 504.99 a 1.30 b 22.90 a
Sulawesi 2 19347.06 a 4.74 a 619.68 a 1.76 a 28.68 a
Average 17411.16 5.60 504.99 1.30 21.47
Note: Number with the same letter within column are not significantly different according to HSD-Tukey test (p < 0.05). *)Setyawan

et al., 2021. BSA = branch surface area, FCD = flower cushion distance, NFC = number of flower cushion, NPFC = number of
pods per flower cushion, NPT = Number of pods per tree.
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In general, only 1-2 pods that was
produced on flower cushion (Thifany et al.,
2020). The results of observations showed
there were significant differences between
clones in their ability to produce pod per
flower cushion. Genetic effects were clearly
observed in determining pod number.
Sulawesi 2 and ICCRI 03 were known
had a potential to produce more pod on
flower cushion than ICCRI 09, MCC 02,
Monika 1, Monika 2, dan Sulawesi 1 (Table 3).
In some cases, Sulawesi 2 and ICCRI 03
can produce more than 2 pods on flower
cushion (Figure 3).

Cocoa Pod Performance

The number of pods produced per
flower cushion was assumed to influence
pod characteristics. The results showed that
there were significant differences between
clones in the variables of pod length, girth,
and weight. The Sulawesi 2 and ICCRI 03,
which had the potential to produce more than
one pod per flower cushion, had relatively
smaller pod dimensions than the other clones
(Table 6). This indicates that the more pods
produced in a flower cushion, the smaller
the size of the pods. Glendinning (1963)

Figure 2. Number of pods per flower cushion: one pod on MCC 02 (A) and Monika 1 (B) and
multiple pods on Sulawesi 2 (C) and ICCRI 03 (D).

A B

C D

Table 5. Flower cushion density on each branch category

Clones
Branch category (number/100 cm2)

Avg. of branch
Small Medium Large

ICCRI 03 3.67 2.51 1.76 2.65 ab
ICCRI 09 4.00 2.49 1.52 2.67 ab
MCC 02 3.77 2.25 1.35 2.46 ab
Monika 1 3.19 2.16 1.48 2.27 b
Monika 2 3.32 2.10 1.63 2.35 ab
Sulawesi  1 3.68 2.27 1.34 2.43 ab
Sulawesi 2 4,11 2.46 1.63 2.73 a
Avg. of clones 3.68  a 2.32  b 1.53  c ( - )
Note: Number with the same letter within column and row are not significantly different according to HSD-Tukey test (p < 0.05).

Branch category according to girth: small (5-15 cm), medium (15-25 cm) and large (>25 cm).
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found that pod size tends to be negatively
correlated with the number of pods. In other
words, cocoa with smaller pods will produce
more pods to maximize production capacity.

The development of cocoa pods from
tiny pod to ripe pod usually takes 5-6 months.
Pod development happens slowly during the
early 40 days, then very rapidly until day
75, then it slows down again, followed by
embryo development and fat accumulation
in the beans (Yusianto & Firmanto, 2015).
There were variations in the shape, surface
texture, and color of pods depending on the
type of clone. They were usually oval and
elongated. When cocoa ripens, most pods
change color on the skin (Biehl et al., 1989).
Generally, cocoa with green pods will turn
yellow when ripe, while cocoa with red pods
will turn orange when ripe (Hancock &
Flowler, 1994). The color of the cocoa pod
skin is influenced by pigment content such
as anthocyanins, flavonols, and chlorophyll
(Tee et al., 2021)

The results of observations showed that
the ICCRI 09, Sulawesi 1, Sulawesi 2, and
MCC 02 had red young pod skins that
turned orange or yellowish red when ripe,
while the Monika 1 and Monika 2 had green
young pod skins that turned yellow when
ripe. ICCRI 03 has mottled green and red
pods, which turn yellow or yellow-orange
when ripe (Figure 4).

Relationship Between Variables

The results of the correlation analysis
showed that there was a strong and signifi-
cant relationship between branch surface area
and the number of flower cushions (r =
0.740**). This indicates that an increase in
branch surface area tends to be followed by
an increase in the number of flower cushions.
A greater number of flower cushions was
predicted to increase production capacity.

The branch surface area and the number
of flower cushions on each clone had no

Figure 4.   Performance of young and ripe pods on 7 clones

Table 6. Pod performance on cocoa clones
Clones Pod length (cm) Pod girth (cm) Pod weight (g)
ICCRI 03 18.33 ef 24.91 b 432.39 c
ICCRI 09 21.57 bc 30.77 a 742.03 ab
MCC 02 19.89 de 29.84 a 681.15 ab
Monika 1 22.53 ab 31.14 a 791.50 a
Monika 2 23.22 a 29.58 a 732.62 ab
Sulawesi 1 20.80 cd 26.94 b 624.46 b
Sulawesi 2 18.03 f 25.28 b 435.11 c
Average 20.62 28.35 634.18
Note: Number with the same letter within column are not significantly different according to HSD-Tukey test (p < 0.05).
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significant relationship with the number of
pods produced (Table 7). It was suspected
that not all flower cushions were actively
producing. Previous studies have reported
that only about 34-45% of flower suchions
actively produced flowers and less than 10%
of flower cushions were able to produce
pods (Thifany et al., 2020; Wibaux et al.,
2025).

The flowering of cocoa was influenced
by various factors such as nutrition, hormones,
shade, and microclimate conditions, especially
rainfall, temperature, and sunlight intensity
(Chailakhyan & Krikorian, 1975; Wibaux et al.,
2025). However, only some of the flowers
were able to develop. It was found that less
than 5% of the flowers were successfully
fertilized and only 10% of the buds have
the potential to develop into cocoa pods
(Falque et al., 1995).

Pod weight a significant positive correla-
tion with flower cushion distance (r = 0.450*),
pod length (r = 0.910**), and pod girth (r =
0.953**), as well as had a negative corre-
lation with the number of pods per cushion
(r = -0.744**). These results indicate that an
increase in pod weight tends to be followed
by an increase in flower cushion distance,
pod length, and pod girth. Flower cushion
distance that is not too close together provides
optimal space for cocoa pod development.
The number of pods per cushion had the

potential to reduce pod weight, which is suspected
to be related to assimilation competition
bertween pods within a single cushion.

The stepwise regression analysis was
used to determine the variables that had a
significant direct effect on the result (Nasri
et al., 2014).). In this case, pod weight was
the main component of cocoa yield. There
were two variables that had a direct effect
on pod weight, namely pod length and pod
girth. The regression equation obtained was
Y = -1004.746** + 35.597 LP** + 30.534
PI** (R2 = 0.970**). The value of R2 = 0.970
indicates that these two variales were able
to influence production by 97%. According
to the regression equation results, it was found
that pod weight increased when pod length
and pod girth increased. All these results can
be used as a basis for increasing production
through cultivation management and cocoa
development activities in the future.

CONCLUSION

Cocoa had a production capacity with
an average of 490-635 flower cushions spread
across the entire surface of the branch. The
increase of pod weight was significantly
influenced by the pod length, pod girth, num-
ber of pods per flower cushion, and flower
cushion distance.

Table 7. Correlation between branch surface area, flower cushion, and pod
 BSA FCD NFC NPFC NTP PL PG PW

BSA 1
FCD -0.280 ns 1
NFC 0 .740 * * -0 .443 * 1
NPFC 0.004 ns -0 .678 * * -0 .030 ns 1
N P T 0.017 ns 0.073 ns 0.066 ns -0 ,134 ns 1
P L -0 .037 ns 0 .449 * -0 .255 ns -0 ,635 * * -0.119 ns 1
PG 0 .185 ns 0 .413 ns 0 .083 ns -0 .725 * * 0.074 ns 0 .798 * * 1
P W 0 .148 ns 0 .450 * -0 .014 ns -0 .744 * * -0.023 ns 0 .910 * * 0 .953 * * 1
Notes: ns = non-significant, * = significant at P < 0.05, ** = significant at P <0.01; BSA = branch surface area, FCD = flower cushion

distance, NFC = number of flower cushion, NPFC = number of pods per flower cushion, NPT = number of pods per tree, PL =
pod length, PG = pod girth, and PW = pod weight.
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