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Abstract

Cocoa is an important commodity of the world, with demands increasing every year. Indonesia is the third
largest cocoa producer in the world and continues to increase its production. One of the factors limiting the
production of cocoa is an infectious disease Vascular Streak Dieback (VSD), caused by Ceratobasidium
theobromae. VSD disease can cause yield losses up to 50%, and severe infections cause the death of cocoa plants.
This research was conducted using a survey method, isolation and identification of endophytic fungi based on
morphological characters that were based on fungi identification book, as well as testing the ability of the fungi
to stimulate germination of cacao seeds in vitro. The study was able to isolate and identify six isolates of
endophytic fungi, namely Paecilomyces sp isolates EP1, EP3, EP6, and EP8, Cladosporium sp. and Nigrospora
sp. Paecilomyces sp. isolate EP1 was endophytic fungus which had the ability to stimulate the germination of
cacao seeds by 100%, followed by Nigrospora sp. (90%). Presumably, the endophytic fungi produced hormones
to stimulate the process of cacao seed germination. One isolate of Aspergillus sp. can not be categorized as an
endophytic fungus of cocoa plant. Endophytic fungus Paecilomyces sp isolate EP1 is promising to be used as an
alternative environmentally friendly VSD disease control agent.
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Introduction
Cocoa is an agriculture commodity which has the
international market, so that cocoa-producing
countries seek to increase cocoa production to meet
the needs of the world. Indonesia is currently the
third largest exporter of cocoa in the world,
suppliying about 13% of world cocoa production
(Binam et al., 2008; ICCO, 2013; Ibiremo et al.,
2014). Indonesia national cocoa productivity is still
relatively low (854 kg/ha) but can potentially be
(Southeast

Department, 2013). Malaysian cocoa productivity

improved Sulawesi ~ Agriculture
reached 1,500 — 1,800 kg/ha (Azhar and Lee, 2004;
Dormon et al., 2004), while Papua New Guinea cocoa

productivity was 1,200 kg/ha (CABI, 2016).

Cocoa productivity in Southeast Sulawesi, Indonesia
was declined from 869 kg/ha in 2014 to 733.8 kg/ha
in 2015 (Disbun Sultra, 2015). Extensive cocoa
plantations in Southeast Sulawesi are dominated by
smallholders, covering an area of 255,350 ha, with
cocoa production in 2014 amounted to 161,514 tons
(Disbun Sultra, 2015), and in 2015 decreased to
133,708 tons.

The decreases in cocoa production and productivity in
Southeast Sulawesi had an impact on national cocoa
production and productivity. This was due to the
Southeast Sulawesi’s cocoa cropping area was 251,730
ha, ranked second after Central Sulawesi’s of 284,125
ha (Director General of Plantation, 2014). Southeast
Sulawesi has been designated as a national cocoa
region through the decision of the Minister of
Agriculture No: 46/Kpts/PD.3000/1/2015. Many
factors causing low production of cocoa, among
others was vascular streak dieback (VSD) disease of
Ceratobasidium theobromae (Rosmana et al., 2010;
Samuel et al., 2011). VSD disease can cause yield
losses by 40% - 50%, and even can be deadly to
productive cocoa crops (Guest and Keane, 2007;
Halimah and Sri-Sukamto, 2007; Rosmana et al.,

2010; Samuel et al., 2012; Rosmana et al., 2014).

Mc Mohan et al. (2010) reported that VSD has
infected cocoa plant since 1980, in the District
Ladongi, Ease Kolaka, Indonesia. Similarly, it has also

been found in 1989 in Kolaka (Askindo, 2008).

2017

Reports from the Department of Crops and
Horticulture in Southeast Sulawesi (2013) noted the
total VSD infected area of 634.8 ha. Taufik et al.
(2015) reported that the prevalence of VSD in the
centers of cocoa cropping areas in South Konawe
(50.42%), Konawe (44.58%), Ease Kolaka (32.72%),
North Kolaka (35.81%) and Muna (49.10 %).

Given the level of yield losses incurred by the VSD
disease is potentially high, it is necessary to control
the disease infections, one of them is by using
endophytic fungi. Endophytic fungus is a fungus that
lives and infect plant tissue but do not cause disease
symptoms (Clay, 1992), but has activities against

pathogen infection in plant tissues.

Hanada et al. (2010) and Daeley et al. (2009)
reported some endophytic fungi on cocoa crops,
namely six isolates of the genus Trichoderm,
Pestalotiopsis, Curvularia, Tolypocladium and
Fusarium which have activities against pathogen
infection. Wahab et al. (2016) reported that the
endophytic fungus Trichoderma asperellum can be
combined with other biological agents to control the
VSD on cocoa crops. Amin et al. (2014) found six
genera of fungi endofiit Curvularia sp., Fusarium sp.,
Colletotrichum sp., Geotrichum sp., Aspergillus sp.,
and Gliocladium sp. which could potentially be used
as biological control to control the VSD disease. VSD
control with endophytic fungi is a new strategy to
inhibit the growth of pathogenic VSD. Colonization in
healthy plant tissues or the ability to produce
mycotoxins, enzymes and antibiotics are ways to fight
infectious pathogens in plant tissues (Simarmata and
Rumilla, 2007). Therefore, the purpose of the
research was to isolate, identify and test the ability of
endophytic fungi to stimulate cocoa seed germination

in vitro.

Materials and methods

Sample collection

Sampling was carried out at the Experimental Field,
Sub Cocoa Station, Plantation Office of Southeast
Sulawesi Province, at District Konda, South Konawe.
Cocoa tree selected was cocoa tree that was VSD

asymptomatic and VSD symptomatic,
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with an attack rate of > 40% but still productive.
Healthy leaf and petiole samples were put into plastic

sample bags to be taken to Laboratoium.

Isolation of endophytic fungi

Isolation of endophytic fungi was conducted following
the procedure of Asniah et al. (2014). Leaf and petiole
samples were washed using running water for + 5
minutes, then cut into pieces with a size of + 1-2 cm.
Surface sterilization was done by inserting pieces of
leaf and petiole, in sequence, into a 70% alcohol for 1
minute, NaOCl solution for 1 minute, then rinsed with

sterile distilled water three times, each for 1 minute.

The samples were then dried on sterile filter paper.
The pieces of leaf and petiole were finally grown in
three-point method on potato dextrose agar medium
(PDA) and incubated for 3-7 days.

Stimulation test for cocoa seed germination and
identification of endophytic fungi

The stimulation test was performed by growing 10
cocoa seeds that have been sterilized in a 9 cm petri
dish that had been overgrown by endophytic fungus
colonies of potential isolates. Furthermore, cocoa
seed was incubated and germination process was

observed for one week.

Table 1. Endophytic fungi isolated from cocoa plants.

2017

If cocoa seeds normally germinated on candidate
isolates of endophytic fungus then these isolates were
classified as endophytic fungi. Conversely, if the
germination was inhibited, or the cocoa seeds become
rotten or drying, then the isolates were not
endophytic fungi (Asniah et al., 2014). Furthermore,
endophytic fungi were identified with the aid of the
Identification Book of Barnett and Hunter (1988).

The observed variables were the percentage of cocoa
seed germination on fungal isolates, carried out by
observing the germination process and counting the
normally germinated seeds. The measure used the
formula of Wilia et al. (2011), namely: DK =

Percentage of germination (%)

A =Number ofnormally garminated seads

A
I = — X o/
DE B 100 % B = MNumber of observed seads

Results and discussion

Endophytic fungi of cocoa plants

Seven endophytic fungi were successfully isolated
from cocoa plants of clones Sultra 1 and Sultra 2 from
the Cocoa Station of Plantation Office of Southeast
Sulawesi at sub district Konda, South Konawe. The
seven fungus isolates derived from the cocoa plant

petiole and leaf is shown in Table 1.

Plant tissues origin Number of isolates Spesies Isolate codes

Leaf 1 Aspergillussp. EDs5

Petiole 6 Paecilomyces sp. EP3
Paecilomyces sp. EP1
Cladosporium sp. EP2
Nigrospora sp. EP4
Paecilomyces sp. EP6
Paecilomyces sp. EP8

The morphology and microscopic characters Paecilomyces sp. had different morphological

represented by each of these isolates can be seen in
Table 2.

This study succeeded in isolating seven potential
isolates of endophytic fungi from petiole and leaf of
cocoa plants. The seven isolates were four isolates of
Paecilomyces sp., one isolate of Aspergillus sp., one
isolate of Cladosporium sp., and one isolate of

Nigrospora sp. (Table 2). The four isolates of

characters of mycelia or colonies on PDA medium. It
was suspected that the four isolates were distinct
species; nevertheless it needs further identification to
ensure the exact species of each isolate. The fungus
Paecilomyces sp. was endophytic fungus that had
been found in cacao plant. Hanada et al. (2010)
managed to isolate some endophytic fungi from cacao

plants, and that included Paecilomyces sp.
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Table 2. Morphology and microscopic characteristics of endophytic fungi originated from cocoa plants.

Endophytic fungi Microscopic Morphology and microscopic characteristics

Aspergilus sp. - The mycelium is considered greyish white

- Hyphae is sectional
- Rounded spores
- Conidiophores are straight, long, not insulated

- Ends swell forming a vesicle

Paecilomyces sp. isolat EP3 - The mycelium is considered yellowish white
and clearly visible,

- Spiny surface

| - Hyphae is sectional

- Rounded spores

- Unbranched

Paecilomyces sp. isolat EP1 - The mycelium is considered yellowish white
with clear concentric, the mycelium is thick

- Spiny surface

- Hyphae is sectional

- Rounded spores with serrated edges

- The mycelium is considered grayish white,
not concentric
- Hyphae is sectional

- Rounded spores
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Nigrospora sp.

- The mycelium is considered white with
yellowish edges, not concentric

- Hyphae is sectional and shorth between cells

- Single spores/conidia, uniseluler, rounded and
slightly dark

- The mycelium is considered white, thick,
grayish, and concentric
- Hyphae is sectional

- Rounded spores/conidia, with serrated edges

Paecilomyces sp. isolat EP8

-~ .

- The mycelium is considered white, slightly
yellow and thin, clearly concentric but falters
- Hyphae is sectional

- Rounded spores/conidia, with serrated edges

Similarly, the endophytic fungus Cladosporium sp.,
which had been found in this study, has also been
reported by Rubini et al. (2005), and it is potential as
a biological agent to control the vascular streak
dieback (VSD) disease. The abundance of endophytic
fungi in various crops had been reported by many
researchers (Daeley et al., 2009; Hanada et al., 2010;
Amin et al., 2014; Asniah et al., 2014; Wahab et al.,
2016), including the existence of Nigrospora sp
(Shekhawat et al, 2010). Endophytic fungus
Nigrospora sp. which was isolated had morphological
characters of mycelium color, hyphae, spores or
conidia form in accordance with the identification
book. This identification was similar with previous
study by Shekhawat et al. (2010), which found the
endophytic fungus genus Nigrospora sp.

isolated from the plant Melia azedarach L. with white
mycelium color but a bit darker on the edges,
insulated hyphae, round spores or conidia, single and
unicellular. Asniah et al. (2009) managed to isolate
the endophytic fungus Nigrospora sp., native of
grasses and was able to control root diseases on

broccoli crops.

Slightly different results, however, had previously
been reported regarding the determination of
Aspergillus sp. as endophytic fungus. Amin et al.
(2014) had classified Aspergillus sp., isolated from
the cocoa plant, as endophytic fungus and had
potential as a biological control agent. Similarly,
Kalyanasundaram et al. (2015) found that the
endophytic fungus Aspergillus terreus produced
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antibacterial compounds that had activity against
bacterial infection characterized by the presence of
high resistant zone (11 mm) against Staphylococcus
typhi on nutrient agar medium (NA). While the
results of this study found that Aspergillus sp. was
not characterized as endophytic fungus based on the

test results of cocoa seed germination.

2017

The cocoa seeds did not germinate normally even the
seeds were finally death (Table 3). Presumably, the
differences were caused by various factors such as
environmental conditions, cocoa clones used, possibly
different species of Aspergillus sp., or other factors

that can not be fully answered in this study.

Table 3. Germination test of cocoa seeds by endophytic fungi.

Endophytic fungi Percentage of seeds  Characteristic of cocoa seeds Growth response of
germinated cocoa seeds
Control (without isolate) 90% Non Pathogenic Germinated
Aspergillus sp. 0% Pathogenic Not germinated
Paecilomyces sp. isolat EP3 90% Non Pathogenic Germinated and rooted
Paecilomyces sp. isolat EP1 100% Non Pathogenic Germinated and rooted
Cladosporium sp. 90% Non Pathogenic Germinated
Nigrospora sp. 60% Non Pathogenic Germinated
Paecilomycessp. isolat EP6 50% Non Pathogenic Germinated
Paecilomyces sp. isolat EP8 50% Non Pathogenic Germinated and rooted

Stimulation test of cocoa seed germination

Endophytic fungus test on cacao seeds was conducted
to determine whether the fungi were patogenic or non
patogenic to cacao seeds. The observation of the
percentage of seed germination was done with a

simple tabulation, presented in

Table 3. The percentage of germination of cocoa seeds
on endophytic fungal isolate EP1 (Paecilomyces sp.)
was 100%, followed by Cladosporium sp. (90%),
Nigrospora sp. (60%), Paecilomyces sp. EP6 isolate
(50%) and Paecilomyces sp. EP8 isolate (50%).
Meanwhile, Aspergillus sp. did not successfully
stimulate the germination of cocoa seeds, so it was
strongly suspected that the isolate was not endophytic
fungus.

Co-evolution between endophytic fungi and host
plants has occurred in long period of time that its
presence does not cause symptoms on host plants
they inhabit. The results of this study indicated that
endophytic fungi Paecilomyces sp isolate EP1 and
Cladosporium sp. can live in plant tissues without
causing cocoa plants showing symptoms of illness,
proved that cocoa seeds still germinated 100% and
90%.

The ability to stimulate germination by endophytic
fungus was caused by the synthesis of secondary
metabolites such as growth hormone auxin or
antimicrobial compounds. The advantages of fungus
endophyte to the plants are through the promotion of
plant growth (Dai et al., 2008), increasing in plant
resistance to multi-infections by pathogens
(Malinowski et al., 2004), producing phytoalexin
(Gao et al., 2010), protecting plants from infection
and insects (Vega et al., 2008). Dai et al. (2008)
further elaborated that the plants treated with
endophytic fungi grew better on all observed
variables, plant biomass was two times higher, and
the content of indole acetic acid (IAA) and gibberllin
accumulated higher than the control plants. Lu et al.
(2000) reported that the endophytic
Colletotrichum sp., inside the plant Artemisia annua

fungus

produced TAA to encourage the growth process.

Paecilomyces sp. EP1 isolate stimulated the
percentage of cocoa seed germination by 100%. It was
suspected that the endophytic fungus Paecilomyces
sp. EP1 isolate produced growth hormone auxin, or in
more quantity compared to other isolates, so that it
could better stimulate the germination of the cocoa

seeds in the PDA medium.
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Srivastava (2002) described that the concentration of
auxin can influence the growth of seed radicles.
Endophytic fungi isolated in this study were therefore
promising to be used as biological agents in
controlling VSD pathogens on seed levels and in the
field.

Conclusion

It has been successfully isolated and identified six
isolates of endophytic fungi from cocoa plants, based
on morphological characters. These isolates are
Paecilomyces sp. EP1 isolate, Paecilomyces sp. EP3
isolate, Paecilomyces sp. EP6 isolate, Paecilomyces
sp. EP8 isolate, Cladosporium sp. and Nigrospora sp.
Endophytic fungus Paecilomyces sp. EP1 isolate is
endophytic fungus which has the ability to stimulate
the germination of cocoa seeds by 100%, followed by
Nigrospora sp. (90%). The fungus Aspergillus sp.,
originated from the cocoa plants, can not be

categorized as an endophytic fungus.
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