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Abstract. Rubiyo, Dewi YA, Imran, Salim A, Baharudin, Indrawanto C, Ratule MT. 2020. Evaluation of yield and pest and disease 
resistance of cocoa clones in Kolaka District, Southeast Sulawesi, Indonesia. Biodiversitas 21: 5698-5607. Cocoa is one of the main 
plantation commodities in Indonesia. It is an important source of foreign exchange and employment. Currently, Indonesian cocoa 
production and productivity, including in Southeast Sulawesi, are declining due to pests and diseases. In addition, there is a lack of high-
quality and high-yielding clones. This study aimed to evaluate the quality of cocoa clones and resistance to cocoa pod borer (CPB) and 

cocoa pod rot (CPR) disease caused by the fungus Phytophthora palmivora. The study tested 12 cocoa clones, which included four high-
yielding clones. The research location was in Lambandia Subdistrict, Kolaka District, Southeast Sulawesi Province, Indonesia. Clonal 
planting material was propagated by grafting in 2010. The study used a randomized block design and the treatments consisted of 20 
plants of each cocoa clone with three replications. The clones were evaluated from 2018 to 2019. The observed variables included 
resistance to CPB and CPR. The results of the study based on the quality component showed that the clones MT, M04, and M01 had the 
highest average weight per one dry bean of 1.55 g, 1.64 g, and 1.24 g, respectively. Beans produced by clones MT, M01, and M04 had 
an average fat content of 53.36%, 52.72%, and 50.76%, respectively. Observations of the average number of pods with CPR showed 
that the lowest rate of attack (about 6%) was in BAL 209 and PT. Ladongi clones, with attack intensities of 20% and 18%, respectively; 

therefore, these clones were classified as resistant to CPR. Evaluation of the level of resistance to attack by CPB pests found two 
resistant clones, PT. Ladongi and Sulawesi 2, with light levels of attack on beans. 

Keywords: Clones, cocoa, quality, yield, pest and disease resistance 

Abbreviations: CPB: cocoa pod borer, CPR: cocoa pod rot, RBD: randomized block design 

INTRODUCTION 

Indonesia is in the top three cocoa bean exporting 

countries in the world after Cote D’Ivoire and Ghana; it 

contributes about 14.7% to the world cocoa production 

(Campos Vega et al. 2018). Cocoa farming in Indonesia 
plays a crucial role as a source of foreign exchange and 

employment opportunities as well as income for farmers; 

however, the cocoa acreage is declining. The total area 

under cocoa cultivation in Indonesia was 1.72 million 

hectares in 2016, which decreased to 1.658 million hectares 

in 2017, although it slightly increased in 2018 to 1.678 

million hectares (DGEC 2019). Indonesian cocoa 

production recorded in world trade has significantly 

declined from 440 thousand tons in 2011 to 270 thousand 

tons in 2017 (ICCO 2019). 

The development of cocoa farming in Indonesia faces 

several problems. For instance, the low quality of cocoa 
beans is a major problem for processors. In addition, dry 

cocoa beans are not generally fermented, although this 

process is necessary to develop flavor (Afoakwa et al. 

2014; Kongor et al. 2016) and color (Afoakwa et al. 2014; 

Hastuti et al. 2019), as well as to add value to sundried 

cocoa beans (Apriyanto 2016; Apriyanto et al. 2016). The 

total polyphenolic content of fermented cocoa from 

Indonesia is low (Gu et al. 2013). Cocoa productivity 

varies greatly between regions in Indonesia and tends to be 

lower than its potential productivity (Witjaksono and 
Asmin 2016; Rubiyo and Dewi 2018); Indonesia’s 

productivity has remained the lowest among the prominent 

cocoa-producing countries (Glorya and Nugraha 2019). 

Losses due to infection with black pod disease in cocoa 

plantations are between 20-25% per year (Adeniyi 2019). 

Cocoa pod rot (CPR) caused by Phytophthora palmivora is 

found in Africa, America, and Asia, including in Indonesia, 

Malaysia, and Papua New Guinea (Acebo-Guerrero et al. 

2012; Ali et al. 2017; Akrofi et al. 2017; Ling et al. 2017; 

Ndoungue et al. 2018; Chang et al. 2020). 

Poor harvests are also experienced in Southeast 

Sulawesi where cocoa plantations tend to produce low-
quality cocoa beans and their productivity is less than 650 

kg ha-1 due to an inadequate cultivation system and attack 

by the cocoa pod borer (CPB) Conopomorpha cramerella 

Snellen (Rubiyo and Siswanto 2012; Ruf and Yaddang 

2014), as well as P. palmivora causing CPR (Dewi et al. 

2020; Chang et al. 2020). These pests can reduce 
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production by up to 30% and cause damage to about 10% 

of the crop (Acebo-Guerrero et al. 2012). Cocoa bean 

losses in Ladongi, Southeast Sulawesi can reach 50% due 

to the main pest and diseases (McMahon et al. 2010a) so 

that the average cocoa production in Southeast Sulawesi is 

now 690 kg/ha/year, a decrease of 37% from the 1,100 

kg/ha/year in previous years.  

To resolve the problem of low productivity of cocoa 

requires technological improvements, such as high-yielding 

clones with high productivity (Rubiyo and Siswanto 2012; 
Witjaksono and Asmin 2016), pest and disease 

management (Daymond et al. 2017), fertilization (Abdulai 

et al 2020), and pruning management (Tothmihaly and 

Verina 2017; Effendy et al 2019). Planting resistant clones 

is a promising strategy (McMahon et al. 2010b; Adu-

Acheampong et al. (2015) although it is difficult to find 

cocoa clones fully resistant to CPB (Niogret 2020). The 

selection process requires adequate knowledge of 

environmental and genetic factors and a reliable process for 

screening for resistance, for example, the leaf disc and 

detached pod tests (Efombagn 2011). Cultivation of 
resistant clones is the most beneficial way of controlling 

diseases because it is environmentally friendly (Ling et al. 

2017). Availability of information on the yield of pest-and 

disease-resistant cocoa is important, so that farmers can 

easily select and plant clones with resistance to pests and 

diseases while maintaining optimal productivity. 

This study aims to obtain basic information for cocoa 

growers on resistance of cocoa clones to CPR disease due 

to P. palmivora infection and CPB in Southeast Sulawesi. 

This study also identified high-yielding and high-quality 

clones, resistant to the main pests and diseases, that can be 
adopted by cocoa farmers, in particular in the Southeast 

Sulawesi region. 

MATERIALS AND METHODS 

Cocoa quality evaluation 

This study selected genetic material by exploring the 

results of a previous study of individual parent trees based 

on 79 cocoa clones conducted from 1998 to 2010. Eight 

clones were selected based on yield parameters. The eight 

selected clones and four national high-yielding clones, used 

as a comparison in 2010-2014, were tested in Lambandia 

Village, Lambandia Subdistrict, Kolaka District, Southeast 

Sulawesi Province, Indonesia. The total study area was one 
hectare.  

Evaluation of quality and resistance was carried out in 

2018-2019; as a comparison, the four national high-

yielding clones, ICCRI 03, ICCRI 04, Sulawesi 1, and 

Sulawesi 2, were also tested, so that the total number of 

clones assessed was 12. The study used a randomized block 

design with treatments consisting of the 12 cocoa clones 

(the four national high yielding clones and the eight cocoa 

clones selected for yield parameters) with three replications 

and each treatment consisting of 20 plants.  

The planting material used in the study was a three-
year-old clonal cocoa plant from continuous propagation. 

The rootstock used cocoa beans from farmers' plants with 

12 clones of entres, namely Sulawesi 1, Sulawesi 2, ICCRI 

03, ICCRI 04, KKM 22, PT. Ladongi, M04, Amirudin, 

Lambandia 01, BAL 209, and MT. The equipment used 

included counters, plastic bags, gauges, and other 

supporting tools. The parameters measured included (1) 

number of beans/fruit, (2) wet weight per fruit, (3) weight 

of wet beans per fruit, (4) weight of dry beans per fruit, (5) 

level of shell or yield of peeled beans, (6) bean yield, (7) 

number of beans per 100 grams, (8) weight of 100 beans, (9) 

average weight per dry bean, and (10) cocoa butter content. 
Water content was expressed as a percentage of weight 

per equal weight and calculated as: 

 

  ………………………………….. (1) 

 

and waste content and foreign matter content were 

expressed by percentage weight per weight and calculated as: 

 

 ……………………………….….… (2) 

 

Where; M0: sample weight (g), M1: weight of empty 

glass/ empty cup (g), and M2: weight of glass/cup and dirt (g) 

 
Broken bean content was expressed as percentage of 

weight per weight (equation 3): 

 

  ……………………………….….. (3) 

 

Where; M0: sample weight (g), M1: weight of glass/ 

empty cup (g), and M2: weight of glass/cup and broken 

beans (g). 

The experimental results were stated with the number 

of beans counted in 100 g of the test sample as follows: 

the number of beans (x) until 85 were grade AA; the 

number of beans (x) until 100 were grade A; the number of 
beans (x) until 110 were grade B; the number of beans (x) 

until 120 were grade C; and the number of beans (x) > 120 

were grade S. 

 

The broken bean content in each category was 

expressed as percentage of beans using the equation 

 

  ……………………………….……. (4) 

 

where M0: the number of beans in test sample (300 cocoa 

beans) and M1: each of broken bean. 

  

Dry bean weight (g) was obtained using an analytical 
scale with equation 5 (Sulistyowati and Sulisyowaty 1993):

  

   (5) 

 

Yield (%) was calculated using equation 6 (Sulistyowati 

and Santosa 1992): 

 

  ……… (6) 
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The physical and chemical qualities (e.g., fat content) of 

cocoa beans were analyzed at the end of the observations. 

The population of grafted productive plants was chosen 

from three-year-old plants that were fruiting. The 

population of plant samples consisted of 108 trees planted 

at a spacing of 3 × 3 m. Ten samples were taken from each 

of the 12 clones and replicated three times so that the 

observations were based on 360 samples. 

Evaluation of resistance to cocoa pod borer  

The second experiment evaluated the level of cocoa 
plant resistance based on pest attacks on the 12 clones. 

Observations of CPB attacks were made on 100 fruit 

samples per replicate for each treatment/clone. 

Observations of CPB attack on beans was carried out 

during the harvest cycle. All ripe fruit was split open and 

CPB damage was assessed. Each clone was replicated three 

times, so each treatment/clone required 300 cocoa pods for 

observations. The observed parameters of CPB attacks 

were as follows.  

The proportion (%) of sticky beans caused by CPB: 

Based on the percentage of sticky beans, plant responses 
were classified into light (sticky beans <20%), moderate 

(20-50% sticky beans), and heavy (>50% sticky beans) 

(Azhar et al. 1995).  

The percentage of CPB pest attacks:  

The attack percentage was calculated using equation 7 

(Sulistyowati et al. 2005): 

 ……………………………. (7) 

Where; P: % of fruit attacked, a: number of fruit 
attacked by CPB/tree, and b: number of fruit not attacked 

by CPB/tree. 

Lim (1982) categorized CPB attack of cocoa plants as 

heavy (54%), moderate (34%), and light (12%) attacks. 

The scores for the damage intensity categories were 1 if X 

> 54%, 3 if 12% < X < 54%, and 5 if X < 12%. 

The number of entry holes and the number of exit holes 

of CPB larvae were observed on the sample trees. The 

sample size was 10%, 20% and 30% of the total tree 

population. Observations were made on the number of CPB 

entry/exit holes and the total number of fruits per tree. 

Cocoa pods with traces of entry or exit holes were assumed 
to be affected by CPB. 

 ………………….………...... (8) 

Where; P: % CPB attacks, a: the number of fruit with 

entrance/exit holes/tree, and b: the number of fruit/tree. 

Evaluation of resistance to cocoa pod rot disease 

The resistance to CPR disease of side-grafted cocoa 

was assessed from disease intensity. The total number of 

samples consisted of 12 clones replicated three times, and 
each treatment consisted of 20 clonal plants. The 

observations started six days after inoculation with the 

scoring of the severity of symptoms on the surface of tested 

cocoa fruits and disease intensity index (DII). Observations 

were made every day but ceased if there were cocoa pods 

or plants that died due to P. palmivora infection. Spot 

symptoms were detected with the disease symptom scoring 

parameter according to a modification of Fry’s (1982) 

method shown in Table 1. The disease intensity value was 

used to classify plants into five categories (Table 2). 

From the score data, the disease index was determined 

using equation 9:  

  …………………………. (9) 

Where; DI: disease intensity, N: the number of scored 

plants, V: score i, and Z: the highest score value. 

RESULTS AND DISCUSSION 

Cocoa quality evaluation  

Weight of harvested fruit 
The results showed that the fruits of clones K12 and K2 

were significantly heavier than those of the other clones 

(Table 3). Based on the fruit growing on the cocoa tree, the 

heaviest fruit is on the trunk position. The level of fruit 

maturity is indicated by physiological changes consisting 

of changes in skin color, aroma, and hardness of cocoa 

pods. The important factors during the fruit ripening 

process are the changes in moisture content, weight, and 

size of the beans. Rojas et al. (2020) suggested that the 

weight of fruit, number of seeds, and fruit color and 

firmness could be used as harvest indicators while fruit size 
was not recommended as an indicator of ripeness. During 

physiological ripening, translocation of nutrients in the 

beans will stop. Based on the location of the growing pods 

on the tree, the largest cocoa pods were on the trunk and 

the smallest on secondary branches. This was possibly 

because the ability to access nutrients for pod development 

is greater on the trunk than on tree branches.  

 
Table 1. Spot symptom score for Phytophthora palmivora 
infection, according to Fry (1982). 
 

Score Attacks Symptoms 

0 Healthy 0% infected 
1 Very light < 5% infected leaves/fruits. 
2 Light 5-10% infected leaves/fruits, chlorosis, 

necrotic, no fallen leaves, lenticel swelling 
3 Moderate 10-25% infected leaves/fruits, chlorosis, 

necrotic, fallen leaves, lenticel swelling 
4 Rather 

heavy  
25-50% infected leaves/fruits, chlorosis, 
necrotic, fallen leaves, lenticel swelling 

5 Heavy 50-75% infected leaves/fruits, chlorosis, 
necrotic, fallen leaves, lenticel swelling 

6 Very 
heavy 

>75% infected leaves/fruits, chlorosis, necrotic, 
fallen leaves, lenticel swelling, dead beanlings 

 
 
Table 2. Classification of cocoa plant resistance to Phytophthora 
palmivora 
 

Category Disease intensity (%) 

Resistant 0-30 

Rather resistant 31-50 

Moderate 51-65 
Rather susceptible 66-80 
Susceptible 81-100 
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Table 3. The average weight of harvested fruit, shell content, yield, average number of beans per 100 gram and weight per 100 beans of 
cocoa clones in the study site 

 

Clone 

Observed variables 

Average weight of 

harvested fruit (grams) 

Cocoa shell 

content (%) 

Yield 

(%) 

Average number of 

beans/100 grams 

Average weight/100 

beans (grams) 

K1 (Sulawesi 1) 370.32 e 12 b 17.37 99 f 110.29 c 

K2 (M01) 636.34 b 12 b 29.99 100 f 101.08 d 

K3 (ICCRI 03) 303.31 g 18 a 22.17 150 a 77.63 e 
K4 (ICCRI 04) 286.78 g 18 a 22.74 141 b 80.11 e 
K5 (PT. Ladongi) 331.02 f 6 c 18.55 106 e 95.61 d 

K6 (M04) 573.40 c 10 b 26.98 83 g 123.65 b 
K7 (Amirudin) 394.14 e 10 b 21.92 130 c 81.97 e 
K8 (Sulawesi 2) 403.15 e 21 a 16.23 107 e 95.86 d 
K9 (Lambadia 01) 398.20 e 12 b 19.16 100 f 92.50 d 
K10 (BAL 209) 333.83 f 6 c 20.52 117 d 86.56 e 
K11 (KKM 22) 466.90 d 10 b 22.10 114 d 85.50 e 
K12 (MT) 861.43 a 12 b 26.55 76 h 144.16 a 
Average 446.57 12.25 22.02 110.25 97.91 

Standard deviation 167.75 4.63 4.12 21.86 19.70 

Note: The numbers followed by the same letter in each column are not significantly different according to the Scott-Knott test at the 5% 
significance level 

 
 
 

Shell content of dry cocoa beans 

The results of the assessment of dry cocoa shell content 

(Table 3) show that the M01 clone produced the highest 

yield of peeled nibs, while the Sulawesi 2 clone had the 
lowest yield. Variance analysis of the yield of peeled nibs 

showed that the clones could be classified into six groups 

based on the physical quality and nib content of the bean 

and the bean coat yield. The K2 clone had the highest shell 

content of 23.1% and K8 had the lowest. Shell content of 

unfermented beans ranges from 12.8% to 25.1% depending 

on the length of pod storage (Afoakwa et al. 2011). The 

chocolate food industry requires a bean coat that falls off 

easily but is strong enough to prevent breaking; therefore, 

beans need proper handling. During the fermentation 

process, the pulp carbohydrates are broken down (Lefeber 
et al. 2011). In this study, prior to drying cocoa beans at the 

research location, the beans were fermented. The 

fermentation technique and time are essential determinants 

of cocoa bean quality, especially flavor (Kongor et al. 2016; 

Sudibyo 2017). The longer the fermentation process, the 

more optimal the decomposition process will be, so that 

less pulp remains on the shell and the nib content decreases.  

Apart from the drying process, fermentation is also 

considered a crucial step in cocoa bean production 

(Afoakwa et al. 2011a, b; Gu et al. 2013; Giacometti et al. 

2015). One of the purposes of fermentation is to reduce the 

moisture content of cocoa beans and improve the quality of 
cocoa products; however, implementation at the farmer 

level is still low. Hence, training and advice are 

indispensable to enhance farmers’ knowledge and capacity 

to improve cocoa quality. The provision of facilities and 

infrastructure also plays an important role, for instance, 

installation of cocoa bean fermentation units to produce 

beans with better value for making cocoa paste, cocoa 

butter, cocoa powder for chocolate drinks, chocolate ice 

cream, and other products (Juniaty et al. 2012). 

The high shell content in cocoa is determined by the 

planting material and processing method (fermentation and 

washing). Processing without fermentation results in a 

large amount of pulp adhering to the bean coat due to the 
lack of decomposition of carbohydrates in the pulp. Cocoa 

shell is the remaining content of the ripe cocoa fruit after 

processing, which is generally 67-76% of the whole fruit 

(Oddoye et al. 2013). The cocoa beans consist of a nib 

protected by the shell. The cocoa shell content is calculated 

based on the ratio of shell weight to the total weight of 

cocoa beans (shell + nibs) at a moisture content of 7-7.5%. 

The typical standard for cocoa shell content is between 11-

13%, but the value of the hull grade generally depends on 

consumer demand. Cocoa beans with high skin content tend 

to be stronger or less brittle when stacked in a warehouse, so 
they can be stored for a longer time. If the shell content is 

too low, the cocoa beans will lose weight during storage. 

The general requirements for exported cocoa beans are the 

size of the beans, the degree of dryness, and the level of 

foreign matter contamination. Quelal-Vásconez et al. 

(2020) mentioned five quality attributes for cocoa beans, 

four for chocolate, and two for cocoa powders. Bean size is 

expressed as the number of beans per 100 grams of dry 

cocoa beans; it can be categorized into three levels (Quelal-

Vásconez et al. 2020). However, in Indonesia, the quality 

classification based on beans size has 5 grades (INS 2002). 

As shown in Table 3, the average bean yield can be 
categorized into six groups from A to F. The results show 

that K8 and K1 had the highest bean yield. The yield of K9 

beans was different from the other groups and K10. K7, 

K11, K3, and K4 had similar bean yields, while the yield of 

K12 beans was the same as that of K6, whereas K2 had the 

lowest bean yield and was grouped separately from the 

other groups.  
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Number of beans per 100 grams 

The results for quality based on the average number of 

dry cocoa beans per 100 grams showed that the clone with 

the highest number of beans per 100 grams was K3 (ICCRI 

03) with an average of 150 beans per 100 grams, followed by 

K4 and K7 which had 141 beans per grams and 130 beans per 

grams, respectively. On the other hand, K12 produced only 

76 beans per 100 grams, the fewest among the clones 

studied (Table 3).  

Based on the results of further tests, clones K3, K4, and 
K7 were significantly different from the others in the 

average number of beans. K10 had a similar number of 

beans per 100 grams as K11, with the average number of 

beans per 100 grams being 117 and 114, respectively, 

while K8 and K5 also had similar numbers of beans per 

100 grams, with 107 and 106 beans, respectively. K2, K9, 

and K1 also had a similar yield in the number of beans per 

100 grams. K6 with an average of 83 beans per 100 grams 

was grouped separately from the other groups, as also was 

K12 with an average of 76 beans per 100 grams. As can be 

seen from Table 3, the average number of beans per 100 
grams and the average weight of 100 fresh beans appear to 

be negatively correlated, with the smaller the number of 

beans per 100 grams and the heavier the weight per 100 beans.  

The number of beans in 100 g, moisture level, and the 

cut test are often used as quality indicators of cocoa from 

different regions of cultivation, which might produce cocoa 

of varying quality (Hashimoto 2017). The size of the cocoa 

bean is the physical characteristic determining the fat yield. 

The fat yield from larger cocoa beans is higher; therefore, 

bean size is highly important for yield. The fat yield also 

steadily decreases as pod storage time increases (Afoakwa 
et al. 2011b). Cocoa bean size was expressed as the number 

of beans (beans account) per 100 grams of sample taken 

randomly at a moisture content of 7-7.5%, which is the 

standard set by the Indonesian National Standard Agency.  

The average size of beans of export quality is between 

1.0-1.2 grams or equivalent to 85-100 beans per 100 grams. 

In this study, based on the weight of 100 beans, the 12 

clones could be separated into five groups. K12 (MT) had 

the highest weight for 100 beans compared to the other 

clones. Furthermore, the average weight of 100 beans was 

123.65 g for K6 and 110.29 g for K1, while K2, K8, K5, 

and K9 had similar weights. In addition, K10, K11, K7, 
K4, and K3 had comparable weights. The regulation of 

quality standards for cocoa beans generally varies between 

countries, with country-specific standardization and quality 

control. Each exported cocoa bean must meet the 

applicable standards of the quality control system. Good 

quality cocoa beans will result in good quality products 

(Owosu 2010) considering that optimal results are obtained 

from fully fermented cocoa beans as the raw material. Teye 

et al. (2019) underlined the variability in the quality of 

cocoa beans from different countries due to the differences 

in the main processing techniques, particularly 
fermentation and drying. 

Wet bean weight and dry bean weight per fruit 

The Scott-Knott test results in Table 4 show that there 

are three distinct significantly different groups among the 

12 clones. The wet bean weight of K5, K9, K11, and K2 

were similar. Clones K3, K1, K8, K10, K4, and K7 were 

comparable, with the last two clones with the lowest wet 

weights. The results for average dry bean weight showed 

different trends since they could be used to categorize the 

12 clones into four different groups. K12, K6, and K9 

produced the highest dry weights while K11 and K5 

produced the second highest. Furthermore, bean dry weight 

was comparable for K1, K7, K8, K3, and K10, and K2 and 

K4 produced beans with the lowest dry weight. Dry bean 

weight makes a significant contribution to the yield and 
economic value of cocoa (Deepa et al. 2019). Both gross 

and net weight of Indonesian cocoa beans is higher than 

those of beans from Papua New Guinea and China where 

several aspects influenced bean weight (Gu et al. 2013). 

The evaluation of the average dry weight of cocoa 

beans showed variation between clones. There was a 

carrying capacity between families of rootstocks on the 

vigor of stem growth, but this did not affect the quality of 

yield of stems on cocoa clones. They greatly affected the 

number of beans per fruit and the weight of the beans. The 

yield data were a reflection of the quality evaluation in the 
first harvest season. The clones used in this study are 

among those recommended by the Indonesian Ministry of 

Agriculture, and they are well adapted to the agro-climatic 

conditions in Southeast Sulawesi due to the side-grafting 

technology. The K12 clone had the highest quality of dry 

bean at 40.66% compared to the other clones so that it has 

the potential for producing a bean weight of >1 g. This 

percentage is in line with the Indonesian National Standard 

(INS) requirements for exports. According to Susilo et al. 

(2006), several recommended cocoa clones have the 

potential for improvement in cultivation under more 
optimal environmental conditions, for example in regions 

with a wet climate.  

Weight of one dry bean and fat content of cocoa 

The K6 (M04) clone had the highest average weight for 

one dry bean among all clones, followed by MT and PT. 

Ladongi, while Sulawesi 2 had the lowest average (Table 

4). These results show that the cocoa clones generally 

produced a bean with a dry weight of above 1 gram. ICCRI 

3 and the four national cocoa clones yielded beans with a 

dry weight of <1 g; this may be due to the possibility that 

the clones did not produce optimal fruit so that the beans 

were less pithy. ICCRI 3 and 4 clones are suitable for 
cultivation under the agro-ecosystem conditions in 

Southeast Sulawesi; therefore, it is necessary to carry out 

further observations in the next fertilization period. The 

Sulawesi 1 clone recommended for the Sulawesi region 

produced beans of the lowest weight (0.52 g). 

The weight of cocoa beans from the Sulawesi 2 clone 

was less than that from previous studies in other locations. 

It is possible that nutrients and climatic conditions affected 

the quality of the beans produced. In general, the clones 

that produced the highest dry bean weight were MO4 (1.64 

g) and MT (1.55 g). Both clones were the result of local 
cocoa exploration. It is expected that these cocoa clones 

would provide consistency in yield and bean quality and 

resistance to major pests and diseases so that they have the 

potential to be released as new high-yielding clones. 
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Table 4. The physical and chemical characteristics of cocoa bean produced by 12 clones in the study site 
 

Clones Wet bean weight/pod 

(grams) 

Dry bean weight/pod 

(grams) 

Weight of one dry 

bean (grams) 

Fat content (%) 

K1 (Sulawesi 1) 111.72 c 31.91 a 1.33 a 50.92 
K2 (M01) 128.31 b 25.73 d 1.24 a 52.72 
K3 (ICCRI 03) 119.20 c 30.43 c 0.87 b 50.70 
K4 (ICCRI 04) 92.41 c 22.04 d 0.88 a 51.75 
K5 (PT. Ladongi) 138.44 b 33.18 b 1.36 a 49.90 

K6 (M04) 163.89 a 38.85 a 1.64 a 50.76 
K7 (Amirudin) 110.54 c 30.75 c 0.96 b 51.52 
K8 (Sulawesi 2) 110.81 c 30.50 c 0.52 b 52.16 
K9 (Lambadia 01) 132.38 b 38.36 a 1.08 b 49.29 
K10 (BAL 209) 106.63 c 26.71 d 1.02 b 49.02 
K11 (KKM 22) 132.06 b 34.20 b 1.14 b 32.90 
K12 (MT) 169.90 a 40.66 a 1.55 a 53.36 
Average 126.36 31.94 1.13 49.58 

Standard deviation 23.01 5.57 0.31 5.41 

Note: The numbers followed by the same letter in each column are not significantly different according to the Scott-Knott test at the 5% 
significance level 
 

 

 

Based on the results of tests for bean quality, K12 

(MT), K5  (PT. Ladongi), K1 (Sulawesi 1), and K2 (M01) 

were still classified in the same group, with the exception 

of K6 (M04), that produced a bean with the average weight 

>1 g. Several clones, such as K6 (M04), K12 (MT), K5 

(PT. Ladongi), K1 (Sulawesi 1), and K2 (M01), produced a 

bean with an average weight of >1 g (Table 4). These 

clones have the yield, physical attributes, and the potential 

to meet the selection criteria for obtaining new high-

yielding clone material. However, these potential 
advantages require further study and examination of other 

characteristics. The analysis showed a potential fat content 

of >53.36% in the MT clone developed from local cocoa 

exploration, while KKM 22 had the second-highest fat 

content of 53.29%. In addition to having the highest fat 

content in beans, the MT cocoa clone also produced a fairly 

high bean dry weight of 1.55 g. KKM 22 also produced a 

high bean dry weight of 1.14 g. 

The national high-yielding clones used as the controls 

were Sulawesi 1, ICCRI 3, and ICCRI 4 clones, which had 

a fat content of 50.92%, 50.70%, and 51.75%, respectively. 
Therefore, the KKM 22 and MT clones have the capacity 

to become new high-yielding clones. These clones provide 

essential genetic material for cocoa breeding, and can be 

used as parent clones for high-fat traits and good bean 

quality in cross-breeding programs to produce new clones. 

The results of the analysis of the quality components of 

each clone were generally highly diverse, and not all clones 

had good quality or resistance components. There were 

three major groups based on the quality component (Figure 1). 

Resistance to cocoa pod borer  

Percentage of sticky beans and CPB attack  

Based on the percentage of sticky beans, the observed 
clones were classified into three groups. The highest 

percentage of sticky beans (60.6%) was observed in K2 

(M01) from group A. The imago population in the cocoa 

pods of K2 was also larger; therefore, the attack level was 

determined as heavy for this clone. In contrast, Sulawesi 2, 

in group C with K5 (PT. Ladongi), had the smallest 

percentage of sticky beans (16.1%). The attack level for 

these two clones was in the light category. The clones in 

group B had a moderate level of attack, with the percentage 

of sticky beans between 22.8% and 33.3% (Table 5). 

The number of CPB larvae exit holes was variable 

across the 12 clones (Table 5). M01 and MT clones had the 

largest number of exit holes (6 exit holes), while PT. 

Ladongi, Amirudin, and Sulawesi 2 had the smallest 
number. Therefore, the number of exit holes appeared to be 

influenced by clone. 

 

 

 

 
 
Figure 1. Cluster analysis results for 12 cocoa clones based on 
quality components 
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Table 5. Measures indicating the level of cocoa pod borer (CPB) attack on the 12 clones in the study site 
 

Clones Sticky beans (%) Attack level 
Average CPB-

attacked beans (%) 
Attack level 

K12 (MT) 38.23 b Moderate 38.00 b Moderate 
K2 (M01) 60.60 a Heavy 61.30 a Heavy 
K1 (Sulawesi 1) 32.35 b Moderate 31.71 b Moderate 
K6 (M04) 30.76 b Moderate 25.30 b Moderate 

K9 (Lambadia 01) 33.33 b Moderate 33.00 b Moderate 
K10 (BAL 209) 28.12 b Moderate 25.00 b Moderate 
K11 (KKM 22) 27.27 b Moderate 28.33 b Moderate 
K3 (ICCRI 03) 22.85 b Moderate 19.00 b Moderate 
K4 (ICCRI 04) 25.00 b Moderate 19.70 b Moderate 
K7 (Amirudin) 23.68 b Moderate 22.71 b Moderate 
K8 (Sulawesi 2) 16.13 c Light 16.00 b Moderate 
K5 (PT. Ladongi) 17.64 c Light 18.30 b Moderate 
Average 29.66  28.20  

Standard deviation 11.65  12.36  

Note: The numbers followed by the same letter in each column are not significantly different according to the Scott-Knott test at the 5% 
significance level 
 

 
 

The 12 clones used in this study can be classified into 

two groups based on the CPB larval attack rate. K2 (M01) 

had the highest percentage of damaged beans (61.3%), and 

its attack level was categorized as heavy, whereas the 

damage to beans in other clones was only 16-38% and was, 
therefore, the level of attack was moderate. However, the 

evaluation of quality characteristics and resistance to this 

disease is a pilot process to obtain resistant cocoa clones; 

therefore, further efforts and research are still required to 

identify more efficient and effective clones for cocoa 

production based on selection criteria for resistance.  

The analysis of quality and characteristics of the cocoa 

pods showed differences in trichome density. The number 

of tannin granules distributed in the mesocarp layer and the 

sclerotic layer of the cocoa pods differed between clones 

and showed differences in response to CPB attack. It can 
be used as a criterion for selecting for CPB resistance 

(Susilo et al. 2007). Damage to cocoa beans due to CPB 

attack is 2-3 months before harvest or during the infestation 

process of CPB eggs on the fruit. Susilo et al. (2009) stated 

that the fluctuations in the imago population did not affect 

the level of plant resistance because the percentage of 

sticky beans was higher. In this case, the dynamics of the 

CPB population in the field affected CPB attack of fruit. 

This phenomenon can be influenced by biotic and abiotic 

factors in the research environment; therefore, the 

assumption was that it was not influenced by genetic 

differences in CPB.  

Number of entry and exit holes of CPB larvae 

The variance analysis showed a significant difference 

between clones in the number of entry holes of CPB larvae. 

Based on the results, the 12 clones could be categorized 

into two different groups. K3, K4, K5, K6, K7, K8, K9, 

K10, and K11 were grouped together as having similar 

numbers of CPB larvae entry holes. Based on the number 

of CPB larvae exit holes, the clones could also be 

differentiated into two groups. K12 (MT), K2 (M01), K1 

(Sulawesi 1), K6 (M04), and K9 (Lambandia 01) had 

similar numbers of exit holes, and were significantly 

different from K4 (ICCRI 04), K10 (BAL 209), K11 

(KKM 22), K3 (ICCRI 03), K8 (Sulawesi 2), K7 

(Amirudin), and K5 (PT. Ladongi) (Table 6). The 

percentage of CPB larvae exit holes in K12 (MT) 

illustrated the yield loss due to CPB attack, which caused a 
reduction in the number of healthy beans (Day 1989). 

Thus, this grouping is in line with pod rot disease 

resistance. 

K12 (MT) had the highest average percentage (6%) of 

CPB larvae exit holes The ratio of the number of CPB 

larvae exit holes to the number of entry holes differed 

between the clones. This variation was associated with 

differences in the resistance response to CPB attack (Adu-

Acheampong et al. 2015). The CPB larvae exit holes: entry 

holes ratio indicates the rate of larval movement to exit 

from the pods. Thus, clones that have a lower ratio are 
expected to be able to suppress the movement of larvae out 

of the fruit. Frequent harvesting and breaking pods into 

small pieces after harvesting are possible ways to disrupt 

the life cycle of CPB (Lim 1992; Saripah and Alias 2016). 

The average percentage of larval exit holes varied 

considerably between clones and was 2-6%. Nevertheless, 

based on this range of values, the maximum limit for the 

selection criteria is unknown. 

There were differences in fruit characteristics between 

cocoa clones indicating a varied resistance response to CPB 

(Susilo et al. 2007). The clones displaying a relatively low 

number of larval entry holes had a moderately high density 
of trichome tissue and a large number of tannin granules. 

Based on these two characteristics, it was assumed that 

trichomes function in the antixenosis mechanism by 

inhibiting the egg-laying process, while tannin granules 

play a role in the antibiotic mechanism in the mesocarp 

layer. Differences in lignification of the sclerotic layer of 

fruit have also been reported to differ between moderate 

and susceptible clones. The CPB-resistant clones exhibited 

a higher rate of sclerotic layer lignification and greater 

primary groove thickness than moderately resistant clones 

and susceptible clones (Susilo 2009). 
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Table 6. Average number of cocoa pod borer (CPB) larvae entry 
and exit holes in the study site 

 

Clones 

Number of 

entry holes of 

CPB larvae 

Number of exit 

holes of CPB 

larvae 

K12 (MT) 8a 6a 
K2 (M01) 8a 6a 

K1 (Sulawesi 1) 6b 5a 
K6 (M04) 5b 4a 
K9 (Lambadia 01) 5b 4a 
K10 (BAL 209) 5b 3b 
K11 (KKM 22) 5b 3b 
K3 (ICCRI 03) 4b 3b 
K4 (ICCRI 04) 4b 4b 
K7 (Amirudin) 3b 2b 
K8 (Sulawesi 2) 3b 2b 

K5 (PT. Ladongi) 3b 2b 
Average 4.92 3.67 
Standard deviation 1.73 1.44 

Note: The numbers followed by the same letter in each column 
are not significantly different according to the Scott-Knott test at 
the 5% significance level. 
 
 
 
Table 7. Results for the test on resistance to cocoa pod rot (CPR) 
disease in the 12 clones in the study site 

 

Clones 

Observed variables 

Description 
Average 

no. of rotten 

fruits 

Intensity 

 (%) 

K1 (Sulawesi 1) 12 b 50 Rather resistant 

K2 (M01) 12 b 100 Susceptible 
K3 (ICCRI 03) 18 a 75 Rather resistant 
K4 (ICCRI 04) 18 a 70 Rather resistant 
K5 (PT. Ladongi) 6 c 18 Resistant 
K6 (M04) 10 b 70 Rather resistant 
K7 (Amirudin) 10 b 100 Susceptible 
K8 (Sulawesi 2) 21 a 60 Moderate 
K9 (Lambadia 01) 12 b 40 Rather resistant 
K10 (BAL 209) 6 c 20 Resistant 

K11 (KKM 22) 10 b 45 Rather resistant 
K12 (MT) 12 b 100 Susceptible 
Average 12.25 62.33  
Standard deviation 4.63 29.00  

Note: The numbers followed by the same letter in the column are 
not significantly different according to the Scott-Knott test at the 
5% significance level 
 
 
 

Susilo (2009) reported results for the effect of fruit 

development on performance characteristics of these traits 

using the same clone types. The preference for laying egg 

and the number of visits varied depending on host plants. 

The most recently introduced host plants are likely 

preferred by CFB (Niogret 2020). Pests (butterfly pests) 

usually lay eggs on young cocoa pods aged 2-3 months. 

This was also found to be the case in K12 with the rate of 

entry holes of CPB larvae at 8% as reported by Indrayani 

(2008) for trichome tissue in the antixenosis mechanism for 
pest resistance. Cocoa clones with high-quality beans, a fat 

content of more than 50%, and resistance to pests and 

diseases can be used as material for clonal propagation by 

local farmers while awaiting the release of new high-

yielding clones. 

Resistance to cocoa pod rot disease 

Based on the results of further Scott-Knott tests for 

CPR resistance, three different groups could be identified 

among the 12 clones. K8, K3, and K4 produced the highest 

number of rotten fruit compared to the other clones. K9, 

K12, K1, K2, K11, K7, and K6 produced a substantial 

number of rotten fruits while K10 and K5 had the smallest 
number of rotten fruit compared to the other clones (Table 

7).  

This result was slightly different from that of McMahon 

et al. (2015) who found both M01 and ICCRI 04 to be 

susceptible clones with a higher incidence of disease. Dewi 

et al. (2020) found five very resistant clones of Sulawesi 

while Chang et al. (2020) categorized 50 cocoa genotypes 

in Malaysia into four groups based on the tolerance level. 

P. palmivora is a pathogen of many plant species in 

tropical and temperate regions. In cocoa, it attacks leaves, 

stems, shoots, flowers, and fruit at various ages. However, 
young fruit is the most sensitive and susceptible to 

pathogen attack and infection (Akrofi et al. 2015; Ling et 

al. 2017) because young pods are thought to contain less 

carbohydrate (Ling et al. 2017). The most intense damage 

from infection occurs during the two months before the 

fruits are ripe. Fruit infection at this stage can cause total 

loss because pathogens can easily enter the ovule layer of 

the developing green fruit through the skin of the fruit 

(http://www.oardc.ohw-state-edu/cocoa/blackpod.htm). 

Phytophthora infection may increase in soils with high 

levels of moisture (Akrofi et al. 2015). According to Ali et 
al. (2017), increasing frequency and pore size will increase 

the level of cocoa plant susceptibility.  

Cocoa plant spacing adjustment (Acebo-Guerrero et al. 

2012), garden and crop sanitation such as weed control, 

pruning (Armengot et al. 2020), frequent harvests (Adeniyi 

2019; Armengot et al. 2020), use of microorganisms 

(bacteria) such as Pseudomonas putida (Akrofi et al. 2017), 

P. aeruginosa and Chryseobacterium proteolyticum 

(Alsultan et al. 2019) as biological control agents, use of 

fungicides (Acebo-Guerrero et al. 2012; Ndoungue et al. 

2018), spraying interval management (Martjin ten Hoopen 

et al. 2012), trunk injection using phosphonate (McMahon 
et al. 2010b), and frequent removal of diseased pods 

(Armengot et al. 2020) are some of the crucial measures for 

controlling the disease. Covering cocoa pods with 

degradable plastic sleeves was found to control 

Phytophthora pod rot (Rosmana et al. 2010). Farmers’ 

knowledge of cocoa pod growth will be beneficial to 

implement disease management (Martjin ten Hoopen et al. 

2012). 

The efforts to control diseases involve not only paying 

attention to the pathogen, but also considering the 

environment and host plants. Among the most influential 
environmental factors in disease control are rainfall, 

humidity, and temperature. They can be manipulated 

through cultivation practices (culture techniques) to inhibit 

the rate of disease progression. Suppression of the initial 
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state of the disease can also be achieved by using resistant 

clones, together with sanitation and canopy management. 

CPR disease is very difficult to control because 

pathogens can generally survive as mycelium and 

chlamydospores (resistant spores with thick walls) in 

infected plant material, such as roots, stems, flowers, leaves 

(Acebo-Guerrero 2012; Ali et al. 2017), and fruit (Edy et 

al. 2019), or in the soil (Acebo-Guerrero 2012; Adeniyi 

2019). P. palmivora is found in various cocoa centers in 

Indonesia, and resistance to CPR disease is mostly 
influenced by the action of additive genes on the proportion 

of dominant genes relative to recessive genes in parents. 
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