The Precentage Level of Damage to Cacao Fruit Caused by Fusarium in Jayapura, Papua








INTRODUCTION 
Cocoa fruit is produced from the cocoa plant (Theobroma cacao), which is a plant that is not native to the Papua province, introduced to the public so that it can produce cacao fruit. In general, cocoa pods are sold outside Papua province. Currently, the food industry using cocoa as a complementary ingredient has begun to develop in Jayapura. As a complement to food production, cocoa must have requirements in terms of quality and quantity so that supply and demand are sufficient. The good qualities of cacao fruit include the absence of black spots as a sign of fungal infection. 
Various types of fungi cause cacao fruit to become damaged, including Fusarium, Aspergillus, Mucor, and Rhizopus (Tanati et al., 2021) and the most famous is Phythoptora as an endophytic fungus of cacao plants(Simamora et al., 2021). At the start of the cocoa pods infected with herbal medicine, they have an appearance similar to the formation of thread-shaped white spots and will then show damage according to the character of the fungus that infects them. This will be a problem in preventing damage to the cocoa pods. Each fungus has its own way of handling it, if handled correctly it will result in the cacao fruit harvest decreasing in quantity and quality. A survey regarding the level of damage to cacao fruit in Jayapura district, Papua Province was carried out in 2020, stating that the intensity of fruit rot attacks in Yapsi district was 93.33% (Manwan et al., 2022), this was the focus of sampling. The cocoa fruit plants planted by the community come from clone mcc 002, which is a superior cocoa variety and is resistant to fruit rot disease (Pusat Penelitian Kopi & Kakao Indonesia, 2022). In reality, it can still be attacked by fungi that cause damaged and rotten cocoa pods. the fungus that causes damage to cocoa pods has been identified molecularly and stated to be a fungus of the fusarium type and it was found that there were four isolates that caused damage to cocoa pods, namely isolates SP4.1, SP4.2, SP3.1 and SP6.1(Gunaedi et al., 2024). Four isolates were then re-infected with fresh and healthy cocoa pods from the MCC002 variant. The precentage level of damage was observed from the length of the black spot and the width of the black spot that was formed after being infected by the injection method in the hole made with a drill bit, as well as the shape of the damage to the cacao fruit in the vertical and longitudinal sections.
MATERIALs AND METHODS 
Study area 
[image: ](Figure 1). Location of Yapsi District, Jayapura Resident, Province of Papua, Indonesia, sampling area of infected and healthy cacao

Materials.
Fresh cocoa fruit that has not been infected with fungus from clone Mcc02 taken from Yapsi district, Jayapura Regency, Papua Province. Meanwhile, Fusarium fungus isolates SP4.1, SP4.2, SP3.1 and SP6.1 were isolated from infected cocoa pods from smallholder cocoa plantations in the Yapsi district.
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Figure 1.Hyphae and microconidia from Fusarium isolate cause damage to cacao fruit
The medium used to rejuvenate is Potato Dextrose Agar medium / PDA  (Oxoid CMO139), while to multiply fungal spores using Potato Dextrose Broth medium/ PDB (Oxoid CM092).
Procedurs
Inoculation of Fusarium isolates SP4.1, SP4.2, SP3.1 and SP6.1 into fresh cocoa pods was carried out using injection. The injection is carried out after the surface of the cocoa fruit has been hollowed out using a drill with a 5mm drill bit. After drilling, the hole in the cocoa pod is covered with sterile cotton and injected with 1 ml of fungal spore suspension with a spore content of 108/ml.
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Figure 2. Cacao fruit after being injected with Fusarium isolates culture suspension
 Determination of the amount of spore content in each ml was carried out using the Plate Count Agar method with PDA medium with a series of dilutions up to 108. Observations were carried out after an incubation period of seven days and measurements were carried out for five days by measuring the length and width of the black spots indicating infection that formed. After completing five days of measurements, the cocoa pods appeared to be covered in black spots by the Fusarium. Infected cocoa pods are split vertically and horizontally to see the condition of the fungal infection on the inside of the cocoa pod, namely the seeds and pulp of each infected cocoa pod.
Data analysis
Measurement data from each sample at each time interval, as seen from the length and width of the infection level divided by the length and width of each fruit sample infected by the Fusarium isolate:
(Fusarium infection length/fruit length) x 100% and (Fusarium infection width/fruit width) x 100%
Data analysis by SPSS IBM version 26
RESULTS AND DISCUSSION

RESULTS
1.The percentage level of damage caused by Fusarium seen infected spots from length and width dimension of the cacao fruit. 
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Figure 3. Percentage of length of Fusarium isolates infection in cacao fruit
In the figure 3 it is shown that damage to cacao fruit caused by isolates SP4.1, SP4.2, SP3 and SP4 from the genus Fusarium appears to show differences in the percentage level of spread of fungal colonies on cocoa fruit in terms of the length of distribution. The Fusarium SP4.2 isolate appeared to spread faster from the first to the fourth day than the other three isolates, 
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Figure 4. The Percentage of Fusarium isolates infection width in cacao fruit 
Judging from the width of the distribution of Fusarium isolate fungus colonies on cocoa pods, it appears that the colonies of isolates SP4.1 and SP4.2 on the third to fourth day were wider in distribution than the other two isolates as seen the figure 4.

2.Longitudinal and vertical section of cocoa damage due to Fusarium isolates infection 
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Figure 5. Damage to cocoa pods after being infected with Fusarium isolates in the intact fruit position, longitudinal and 
vertical sections. Notes (a) pod/shell, (b) epicarp (c) mesocarp, (d) endocarp (e) seed and (f) mucilage/pulp 
DISCUSSION
Figure 5 shows that the Fusarium SP4.1 fungus isolate on the seventh day has covered the entire cacao fruit, and in longitudinal sections, it appears that the fungal infection has penetrated the epicarp, mesocarp, and endocarp tissue, and the seeds are visible, although still a little, as well as in the mucilage/pulp of the cacao fruit. Damage to various types of tropical fruit (Abeywickrama et al., 2023) and vegetable plants caused by Fusarium is economically significant(Rani et al., 2017). The effects of fungal growth can occur after harvest (Pratiwi, 2016). Each cocoa variety shows its own advantages (Farhanandi & Indah, 2022). Under normal conditions without exposure to cocoa fruit-destroying fungi, it will certainly produce abundant healthy fruit production(Saripah et al., 2020). Various cocoa fruit variants, if tested in vitro with the method of separating the fruit from the plant and infected with cocoa fruit-destroying fungi, will certainly respond with damage to the fruit with varying speeds and levels of damage, as researchers do(Zulfitri et al., 2019). Damage to cocoa fruit can be caused by Phytophtora sp fungi(Puig, 2023). Or Fusarium, various cocoa fruit variants, if tested in vitro with the method of separating the fruit from the plant and infecting it with cocoa fruit-destroying fungi, will certainly respond with damage to the fruit(Subroto et al., 2023). Damage to cocoa fruit by filamentous fungi is influenced by climate change(Delgado-Ospina et al., 2021). In Papua New Guinea  (Perrine-walker, 2020), in Sulawesi Utara, Gorontalo, and Jawa Timur  (Motulo et al., 2020), and carried out in vitro at Unibraw Malang (Pratama et al., 2017). Fusarium spreads through the roots and spreads throughout the plant (Rosmana et al., 2013).While the cause of rot in cocoa fruit has been studied in the Philippines (Paguntalan et al., 2022) and Papua Indonesia(Gunaedi et al., 2024). Symptoms of fruit rot disease are characterized by the presence of black spots on the outer skin of the fruit, which will turn black and cover the white hyphae fungus with fungi identified as the types Aspergillus aculeatus, Fusarium sp, Mucor sp, and Rhizopus sp (Tanati et al., 2021). In Colombia, the cacao fruit-destroying fungus from the species Monilophthora roreri (Cif. And Par.) is not well known but causes significant losses. (Cubillos, 2020). The problem of damage to cacao fruit by fungus is very detrimental in the Ivory Coast, West Africa. 2.5 km2 of the 10 km2 of cacao plantation land, the fruit is attacked by a fungus that destroys the cacao fruit. (Zokou Oro et al., 2020). In addition, in Nigeria, a fungus that destroys cacao fruit causes losses of almost 30-90% of the harvest (Adeniyi, 2019). The appearance of cacao fruit infected with fungus varies, some displaying black and grayish white colors depending on the type of fungus that infects it(Asman et al., 2018). Fusarium can infect the cacao fruit when it is harvested. (Zakaria, 2023). The conclusion that can be drawn. The level of damage to the cacao fruit of the MCC002 variant after being infected with Fusarium fungi isolates SP4.1, SP4.2, SP3.1, and SP6.1 showed varying rates of spread after seven days of incubation and five days of observation, both in terms of the length of infection and the width of infection of the fungal isolates infected in the cacao fruit. Likewise, when viewed from the longitudinal and vertical cross-sections, it appears that the infection has reached the endocarp, so that the cacao fruit is no longer suitable for consumption. Fusarium fungi come from the soil and have the ability to infect cacao fruit that has been harvested, and have the potential to infect cacao fruit of various variants if post-harvest management is not considered. The novelty of this research are First documentation of Fusarium spp. as a pathogen on cocoa pods in Papua, pathogenicity confirmed through controlled infection and progressive damage measurement, demonstrating that Fusarium can reach cocoa beans, not just the pod surface, and adds new insight into cocoa disease management in under-researched tropical areas.
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