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ARTICLE INFO ABSTRACT
Keywords: This research aims to find out which varieties provide success in shoot grafting
Cocoa of cocoa seedlings, to find out the effect of the number of shoots on the success
Bud eyes of shoot grafting of cocoa seedlings and to find out the interaction between the
Connect to shoots type of variety and the number of shoots in providing a better response to the
Variety success of shoot grafting of cocoa seedlings. This research was carried out in
the form of a randomized block design with 2 factors, the first factor was variety
Article History: with 3 levels, namely MCC 02 variety, Sulawesi variety 1 and Sulawesi variety
Received: May 17, 2025 2. The second factor was the number of shoots with 3 levels, namely 2 shoots,
Accepted: June 26, 2025 4 shoots and 6 shoots. From these two factors, 9 treatment combinations were

obtained, with 3 repetitions to obtain 27 experimental units. The results of the
research showed that the use of the MCC 02 variety had a positive effect on the

*) Corresponding author: growth of cacao shoot grafting seedlings at the time of shoot emergence,

E-mail: netty.said@umi.ac.id namely 15.33 DAT and the number of leaves, namely 3.98. The use of 2 buds
had the best effect on the growth of cacao shoot grafting seedlings with a
number of leaves of 4.42 and shoot length of 7.72 cm. The interaction between
the Sulawesi 1 variety with 2 buds gave the best influence on the growth and
shoot grafting success of cocoa seedlings on the number of leaves, namely 4.67
pieces and the interaction between the Sulawesi 2 variety with 2 buds gave the
best influence on shoot length, namely 8.07 cm.

INTRODUCTION

Cocoa plays an important role as a plantation commodity in the agricultural sub-sector in Indonesia's
economic activities. In addition to oil and gas, cocoa is also one of the important commodities that generates
foreign exchange for Indonesia's exports (Izzatin et al. 2023). According to the Ministry of Industry (2022), one
of Indonesia's plantation export commodities is cocoa. Based on data from the International Cocoa
Organization (ICCO) in 2021/2022, Indonesia is ranked third in the world as a country processing cocoa
products. In addition, Indonesia is ranked sixth in the world as the largest producer of cocoa beans.

According to the Directorate General of Plantations (2020), cocoa plants in Indonesia are still
experiencing a decline from 2019 total production of 783,987 tons to 2020 around 739,483 tons. This is still
very low considering that Indonesia is the third largest producer in the world. The causes of this condition are
poor selection of planting materials, less than optimal cultivation techniques, old plants, and problems with
attacks by plant-disturbing organisms (Keytimu, 2023). The vegetative propagation technology most widely
applied by cocoa farmers is grafting. This technology is easy to do, the materials used are easy to obtain, and
the cost is cheap. Grafting is a plant propagation technique by combining the rootstock of a selected and
adaptive parent tree in the local area with the scion of a superior variety that produces high yields. Grafting is
also intended to improve the properties of the scion and obtain plants that produce quickly (Naim & Sirdam,
2022).

The grafting technique is carried out by making a gap in the lower stem and inserting the upper stem
(scion) which has at least 3 buds (Agustina, 2019). Using too many buds will have an impact on the efficiency
of seedling use and abnormal plant growth, due to non-uniform seedling growth (Zaini, etal. 2017). The number
of buds is very important for the root initiation process, because the roots are also a place to produce auxin
which will be translocated to the base of the cuttings and is needed for cell differentiation. Zaini et al. (2017)
stated that the more buds planted, the longer the initial germination of the plant, because the food reserves in
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the seeds are greater, allowing for longer germination. Therefore, the germination of longer grafted seedlings
and the number of buds is greater, the germination is not uniform.

MATERIALS AND METHODS

This research was conducted in Lambara Harapan Village, Burau District, East Luwu Regency. Located
at an altitude of £ 10 m above sea level, the average annual rainfall is around 116 mm/month, the average
daily air temperature is 32 oC according to Schmidt Ferguson. This research took place from September to
October 2024. The materials used were cocoa seeds, 3 varieties of grafts, namely MCC 02, Sulawesi 01 and
Sulawesi 02, and shade. The tools used were cutting knives, pruning shears, elastic plastic, plastic covers (ice
plastic), labels, meters/rulers and stationery.

This research was conducted in the form of a 2-factor randomized block design, the first factor was the
variety with 3 levels, namely the MCC 02 variety, the Sulawesi 1 variety and the Sulawesi 2 variety. The second
factor was the number of shoots with 3 levels, namely 2 shoots, 4 shoots, and 6 shoots. From these two
factors, 9 treatment combinations were obtained, with 3 replications, thus obtaining 27 experimental units,
each experimental unit using 5 plant units, so that the total number of plants used was 135 plants.

RESULTS AND DISCUSSION
1. Shoot Appearance Time
The results of observations on the emergence time of shoots of cocoa grafted seedlings with the
treatment of various types of cocoa varieties and the number of buds and analysis of variance showed
that the use of various types of cocoa varieties and the number of buds and the interaction between
varieties and the number of buds did not have a significant effect on the emergence time of shoots of
cocoa grafted seedlings.
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Figure 1. Average time for shoots to appear on cocoa grafted
seedlings for various varieties and number of buds.

Based on figure 1, In the study of grafted cocoa seedlings, the rate of shoot emergence is critical for
assessing the performance of different varieties and grafting techniques. The findings suggest that using
the MCC 02 variety with two buds (designated as V1E1) yields a notably quicker shoot emergence time,
averaging 15.33 days, compared to the Sulawesi 2 variety with four buds (V3EZ2), which averages 15.80
days. The emergence time is a vital parameter, reflecting the physiological compatibility and the efficiency
of the grafting process.

Grafting success and subsequent growth can be significantly influenced by the choice of rootstock and
scion characteristics, including the number of buds utilized in the grafting process. This phenomenon is
supported by findings in other species for instance, variations in shoot emergence times have been
documented depending on rootstock and cultivar combinations in different studies (Oztiirk, 2021).
Similarly, research has shown that scion characteristics, such as the number of buds, impact shoot growth
rates and the overall success of grafting ventures, aligning with the data observed in the cocoa seedlings
(Asmawati et al., 2023).
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Evidence indicates that grafting is not merely a mechanical process but rather a physiological
interaction that underscores the importance of both rootstock and scion vigor. Studies have demonstrated
that successful grafting is contingent upon the alignment of graft tissues and compatibility between plant
segments. This relationship affects not only callus formation but also subsequent shoot and root growth,
as noted in broader grafting research (Kermite et al., 2024). Furthermore, optimizing grafting conditions
including environmental factors can significantly accelerate shoot emergence and enhance growth
performance. For example, light treatments have been shown to positively influence growth metrics in
grafted seedlings (Moosavi-Nezhad et al., 2021).

Moreover, the physiological response of different scion and rootstock combinations can influence the
time it takes for shoots to emerge after grafting. In the context of cocoa, the rapid emergence of shoots
from MCC 02 indicates notable compatibility and vigor traits promoting efficient growth processes.
Conversely, the Sulawesi 2 variety's longer emergence period may reflect less ideal compatibility or vigor
characteristics in comparison to MCC 02 (Meilani et al., 2023), the differential emergence times observed
between the MCC 02 and Sulawesi 2 varieties underscore the significance of careful selection of both bud
count and varietal characteristics in cocoa grafting operations. Understanding these dynamics is crucial
for achieving optimal growth and yields in cocoa cultivation.

2. Number of leaves

The results of observations on the number of leaves of cocoa grafted seedlings with the treatment of
various types of cocoa varieties and the number of buds and analysis of variance showed that the use of
various types of cocoa varieties did not provide a significant effect, while the use of the number of buds
had a very significant effect on the number of leaves and the interaction between the type of variety and
the number of buds had a significant effect on the number of leaves of cocoa grafted seedlings.

Table 1. The average number of leaves (strands) of cocoa grafted seedlings on various types of varieties
and the number of buds

Treatment Bud eye LSD 5%
2 4
MCC 02 4,233 3,802 3,902
SULAWESI 1 4,673 4,137 2,700, 1,09
SULAWESI 2 4,373 3,80% 3,473

Note: Numbers followed by different letters in the same row (a,b,c) and column (x,y,z) are significantly
different at the 5% LSD test level.

Table 1 shows that the highest average number of leaves was obtained based on the LSD test results,
which revealed a significant difference in the average leaf count across grafting treatments of the Sulawesi
1 variety. The highest average, 4.67 leaves, was recorded in seedlings grafted with two buds (V2E1),
whereas the lowest average, only 2.70 leaves, was observed in those grafted with six buds (V2E3). This
stark contrast emphasizes the influence of bud number on the physiological growth parameters of grafted
cocoa seedlings.

The variation in leaf number can be attributed to the physiological advantages associated with the
number of buds used. Research on grafting practices supports that both the quantity and quality of buds
can significantly affect the success of graft union formation and the subsequent growth of grafted seedlings
(Wei et al., 2022). Specifically, although the referenced study focuses on the variation of metabolic
compounds in different Camellia oleifera varieties and their relationship with grafting success, it highlights
the importance of bud composition in achieving optimal growth, which indirectly supports the findings of
this study. Therefore, it is highly plausible that V2E1 benefited from more favorable conditions that
stimulated leaf development compared to V2E3.

Importantly, the differences in leaf production are also consistent with other studies that demonstrate
the relationship between bud number and plant vigor. Although Asmawati et al. (2023) discuss the success
and growth of grafted durian seedlings in relation to rootstock age and the number of scion buds, their
study captures the fundamental idea that grafting parameters influence overall growth performance, even
though it does not directly pertain to cocoa seedlings. Hence, while it broadly supports the concept of graft
effectiveness, it lacks specificity to our current context.
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Furthermore, the literature indicates that variations in grafting methods can significantly impact growth
outcomes, suggesting that optimizing grafting techniques is crucial (Liu et al., 2021). This aligns with the
current finding that V2E1 exhibited a higher leaf count compared to V2E3. Some studies have
demonstrated that grafting techniques influence overall plant performance and vigor, indicating the need
for more robust methods to increase grafting success.

In addition, environmental factors, including differences in grafting techniques, may also explain the
disparities observed in relation to bud number. Studies suggest that the physiological condition of the graft
union and its responses to environmental factors can significantly affect growth parameters (Solérzano et
al., 2023; Wahyudi et al., 2023). Although the LSD test results indicate that grafting with two buds in the
Sulawesi 1 variety yields a higher leaf count than with six buds, this insight fits within the broader context
of grafting research, particularly regarding the influence of bud number on plant vigor. Further research
that investigates the specific physiological mechanisms affecting graft success and growth parameters will
be essential to optimize cocoa propagation techniques.

3. Number of shoots
The results of observations on the number of shoots of cocoa grafted seedlings with the treatment of
various types of cocoa varieties and the number of shoot eyes and variance analysis showed that the use
of various types of cocoa varieties and the number of shoot eyes and the interaction between the type of
variety and shoot eyes did not have a significant effect on the number of shoots of cocoa grafted seedlings.
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Figure 2. Average number of shoots of cocoa grafted seedlings of
various varieties and number of shoot eyes

Based on Figure 2, the effectiveness of the Sulawesi 1 variety in relation to the number of shoots
produced in grafted cocoa seedlings provides valuable insights into the biology of grafting in cacao plants.
The results show that seedlings grafted with four buds (V2E2) produced an average of 1.87 shoots, which
is higher than the 1.47 shoots produced by seedlings grafted with six buds (V2E3). This phenomenon
indicates that the number of buds used in the grafting process can influence shoot development and the
overall vigor of the seedlings.

The variable shoot numbers can be attributed to the physiological responses of the seedlings based
on the number of buds. Research shows that optimal bud numbers can enhance grafting success rates,
which is critical for initiating robust growth in grafted plants. For instance, with less competition among
buds, as seen with two-bud grafts, resources may be more readily diverted to developing a greater number
of shoots (N'Zi et al. ,2023). This aligns well with findings that highlight the importance of rootstock-scion
compatibility and proper tissue alignment, both of which can substantially influence growth outcomes
(Olayemi et al., 2022).

Furthermore, the underlying physiological processes associated with varying bud numbers could
explain the disparity in shoot counts. Rootstock-scion interactions play a significant role in the size and
growth of grafted plants, suggesting that certain grafting configurations could lead to superior shoot
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proliferation due to improved physiological integration and nutrient uptake (Ruseani et al., 2022). In
essence, the physiological characteristics of the scion, influenced by the number of buds, can determine
how effectively seedlings can allocate resources to shoot development.

The notion that fewer buds may facilitate better shoot emergence is reinforced by principles found
in other species, where it has been documented that reduced bud competition leads to higher levels of
biomass allocation toward desirable growth metrics, including shoot density (Akpalu et al., 2021). Although
the study focused on different plant types, it provides a compelling justification for the observed differences
in shoot counts among various bud configurations.

Moreover, adopting effective grafting strategies and understanding their implications on aspects
such as nutrient allocation and water relationships is paramount for improving cocoa seedling
performance. Consistent watering, for instance, has been shown to affect shoot development critically;
thus, ensuring adequate environmental conditions may further amplify the benefits of utilizing effective
grafting practices (Zasari et al., 2023), the improved shoot counts for the Sulawesi 1 variety with four buds
(V2E2) may be attributed to more favorable physiological conditions that arise when less bud competition
is present. This aspect of grafting techniques is significant as it informs growers about the importance of
choosing optimal bud numbers to enhance seedling performance, ultimately supporting better cocoa
production outcomes.

4. Shoot length
The results of observations of the average length of shoots of cocoa grafted seedlings with the
treatment of various cocoa varieties and the number of buds and analysis of variance showed that the use
of various cocoa varieties did not provide a significant effect, while the use of several numbers of buds
had a very significant effect on the length of shoots and the interaction between varieties and several buds
had a significant effect on the length of shoots of cocoa grafted seedlings.

Table 2. The Average shoot length (cm) of cocoa grafted seedlings on various types of varieties and
number of shoot eyes

Treatment Bud eye LSD 5%
2 4
MCC 02 7,455 6,87% 6,08%
SULAWESI 1 7,63% 6,420 5,04b, 1,75
SULAWESI 2 8,07% 5,545 7,00°%

Note: Numbers followed by different letters in the same row (a,b,c) and column (x,y,z) are significantly
different at the 0.05% LSD test level.

Based on table 2 of the LSD test indicate that the interaction of the Sulawesi 2 variety with two
buds (V3E1) yielded the highest average shoot length of 8.07 cm, significantly greater than the averages
for other treatments. Specifically, the Sulawesi 1 variety with six buds (V2E3) recorded an average shoot
length of only 5.04 cm. This difference underscores the importance of both varietal selection and bud
number in the growth performance of grafted cocoa seedlings.

The variance in shoot length suggests that the Sulawesi 2 variety exhibits enhanced growth
potential under conditions involving fewer buds compared to the Sulawesi 1 variety. Previous studies have
indicated that plant vigor and growth rates can be substantially influenced by the physiological and genetic
attributes of the cultivar used, particularly regarding techniques like ring budding, which can enhance
compatibility and nutrient allocation in grafted plants Wahyudi et al. (2023).

Moreover, the observation that the six-bud treatment (V2E3) resulted in a shorter shoot length (5.04
cm) may indeed reflect potential competition among the buds for resources. Research indicates that
increased intra-plant competition can lead to suboptimal growth conditions for individual shoots, thereby
stunting their development (Meilani et al., 2023). Having more buds may diminish the resources available
for each shoot, leading to reduced shoot length and vigor. This is consistent with findings in the literature
that suggest fewer buds can enhance growth performance by reducing intra-plant competition and
improving resource allocation to more viable shoots (Aziz et al., 2024).

The analysis aligns with broader agricultural insights regarding grafting and its implications for plant
growth. Techniques such as grafting have been shown to improve yield and growth characteristics of
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cocoa plants by optimizing grafting interactions, which can be significantly influenced by the choice of
techniques and bud management (Meilani et al., 2023). By optimizing these biological processes, growers
can significantly enhance agricultural outcomes.

External factors such as environmental conditions and growing practices can also greatly influence
the performance of these varieties (Uljanah & Uyun, 2021). Variations in nutrient availability, moisture
content, and disease resistance associated with specific grafting combinations are critical to the overall
success and growth of cocoa seedlings. Hence, understanding and optimizing these growth conditions is
vital for sustainable cocoa production, the interaction between the Sulawesi 2 variety with two buds (V3E1)
leading to the highest shoot length can be viewed as a manifestation of effective bud management and
varietal selection within the grafting framework. This observation suggests a need for further exploration
into the physiological mechanisms underlying these growth patterns, as well as their implications for
practices aimed at enhancing cocoa production efficiency.

5. Leaf area
The results of observations of the leaf area of cocoa grafted seedlings with various types of cocoa
varieties and the number of shoot eyes and variance analysis showed that the use of various types of
cocoa varieties and the number of shoot eyes and the interaction between the type of variety and shoot
eyes did not have a significant effect on the average leaf area of cocoa grafted seedlings.
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Figure 3. Average leaf area of cocoa grafted seedlings of various
varieties and number of shoot eyes

The results presented in Figure 3 indicate that the use of the MCC 02 variety with four buds (V1E2)
significantly increases the leaf area of grafted cocoa seedlings, with an average of 36.89 cm?. In contrast,
the Sulawesi 1 variety with six buds (V2E3) exhibited a much lower leaf area, at 24.51 cm?. This difference
highlights the importance of varietal selection and the number of buds used in optimizing the growth
performance of cocoa seedlings.

The relationship between bud quantity and leaf area can be attributed to how the number of buds
affects resource allocation and plant vigor. In grafted plants, fewer buds may lead to enhanced growth
rates for individual shoots due to reduced competition for nutrients, water, and light. This aligns with the
findings of Ruseani et al., which demonstrate the influence of scion genotype on plant biomass and growth
responses, suggesting that certain cocoa clones, like MCC 02, may possess superior traits that enhance
leaf area development compared to other varieties Ruseani et al. (2022).

Furthermore, the beneficial outcomes observed with the MCC 02 variety could be linked to its genetic
disposition. The higher leaf area seen in the MCC 02 variety could therefore be indicative of its superior
capability to allocate resources efficiently when fewer buds are present. This genetic advantage is crucial
when considering the grafting method employed, as it plays a substantial role in shaping the physiological
responses of the grafted seedlings.

The role of leaf area is pivotal in terms of photosynthetic capacity and nutrient uptake. Increased leaf
area enhances the plant's ability to capture light energy, thereby improving photosynthetic rates, essential
for overall growth and yield potential. Given that the establishment of a healthy leaf area directly correlates
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with the plant's efficiency in photosynthesis, the enhanced leaf area for MCC 02 (V1E2) is likely facilitating
higher photosynthetic outputs compared to the Sulawesi 1 (V2E3), which has a constrained leaf area
(Palad & Aminah, 2021).

In the broader context of cocoa cultivation, these findings support the notion that optimizing grafting
methods by selecting both suitable varieties and appropriate bud counts can lead to greater leaf area
development, thereby fostering healthier and more productive plants. The positive contributions of leaf
area to growth, as indicated by Olayemi et al., emphasize that fostering conditions conducive to improving
leaf area should be a primary focus in cocoa cultivation strategies (Olayemi et al., 2022). Significant
difference in leaf area between the MCC 02 variety with four buds and the Sulawesi 1 variety with six buds
illustrates the critical impact of variety and bud management in cocoa grafting. This finding highlights the
importance of selecting suitable plant varieties and underscores the need for further research into the
physiological mechanisms that underpin these growth responses.

Percentage of successful grafting

The percentage data of grafting success rate gives the lowest percentage of success rate in the V2E3
treatment. The use of Sulawesi 1 and 6 bud varieties with the lowest percentage is 80.00%. Based on the
observation data, the percentage of cuttings growing is shown in the graph in the following figure.

120%
100% 100% 100% 100% 100% 100%
100%

86% 3%
0 80%
80%
60%
40%
20%
0%

V1E1 VI1E2 V1E3 V2E1 V2E2 V2E3 V3E1l V3E2 V3E3

%) 3 weeks after plantin
(%) P g

Treatment

Figure 4. Percentage of success of cocoa seed grafting

Based on Figure 4, the grafting success rates among various plant varieties emphasize the importance
of evaluating the specific outcomes of the Sulawesi 1 (V2E3), MCC 02 (V1E3), and Sulawesi 2 (V3E3)
treatments. The Sulawesi 1 variety showed a relatively lower grafting success rate of 80%, which presents
a notable challenge in achieving consistent results across different cocoa varieties. In contrast, the MCC
02 variety achieved a success rate of 86%, while the Sulawesi 2 variety recorded the highest rate at 96%
(Imam et al., 2023; Ruseani et al., 2022; Arjoo et al., 2024).

The variation in grafting success can be attributed to several factors, including compatibility between
rootstock and scion, the specific grafting technique used, and the environmental conditions during the
grafting process (Sadeghi-Majd et al., 2022; Kouakou et al., 2021; Senthilvadivu et al., 2022; Imam et al.,
2023). For example, studies on grafting methods have emphasized that techniques such as cleft grafting
may produce different outcomes depending on the plant species and cultivation conditions, underscoring
the importance of selecting the appropriate grafting method (Senthilvadivu et al., 2022; Das et al., 2023;
Uyanik et al., 2022). Furthermore, the timing of grafting and the physiological condition of the plant
materials at the time of grafting have been shown to significantly influence success rates (Mugal et al.,
2024; Oztlrk, 2021; Arjoo et al., 2024).

It is important to note that the grafting success rates measured at three weeks after grafting (WAG)
reflect not only the initial graft union but also the fundamental compatibility between the scion and
rootstock, which affects long-term plant development (Imam et al., 2023; Padrén et al., 2022). In addition,
studies have reported that closer genetic relationships between scion and rootstock tend to improve
compatibility and success rates supporting the results observed in the MCC 02 and Sulawesi 2 varieties
(Ruseani et al., 2022; Purnama et al., 2023).
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The high grafting success rates observed reaching up to 100% in other treatments under optimal
conditions highlight the potential for further refinement of grafting practices (Mugal et al., 2024). Overall,
this comparative analysis illustrates the importance of selecting compatible varieties and optimizing
grafting techniques, timing, and environmental conditions to improve outcomes. Continued research in this
field will be crucial in addressing the complexities and enhancing the success of grafting in cocoa and
other horticultural crops.

CONCLUSIONS

The use of the MCC 02 variety tends to have a positive effect on the growth of grafted cocoa seedlings,
as indicated by the emergence of shoots at 15.33 days after planting and an average of 3.98 leaves. The use
of two buds showed the most favorable effect on the growth of grafted cocoa seedlings, with an average of
4.42 leaves and a shoot length of 7.72 cm. The interaction between the Sulawesi 1 variety and two buds
resulted in the best performance in terms of leaf number, reaching an average of 4.67 leaves. Meanwhile, the
interaction between the Sulawesi 2 variety and two buds yielded the best result in shoot length, with an average
of 8.07 cm.
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