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Abstrak

Kakao (Theobroma cacao L.) dan cabai
(Capsicum annuum L.) banyak dibudidayakan oleh
petani, dan oleh beberapa petani keduanya
dibudidayakan secara tumpangsari. Patogen utama
vang menyerang kakao adalah  cendawan
Phytophthora sp. yang menyebabkan busuk buah,
kanker batang, dan hawar daun, sedangkan pada
tanaman cabai adalah Colletotrichum sp. yang
menyebabkan antraknosa. Kemampuan bakteri
endofit  dalam  menghambat  perkembangan
cendawan dan bakteri patogen tidak diragukan lagi.
Pada penelitian ini kemampuan biokontrol terhadap
cendawan  patogen  diujikan, namun  untuk
mengetahui kemampuan awal biokontrol terhadap
bakteri patogen juga dilakukan pengujian potensi
penghambatannya pada C. violaceum yakni uji anti-
quorum sensing. Bakteri endofit diisolasi dari
tanaman kakao, sedangkan cendawan Phytophthora
dan Colletotrichum diisolasi dari tanaman kakao
dan cabai yang bergejala busuk buah dan
antraknosa. Sebanyak 34 isolat bakteri endofit
berhasil diisolasi, 10 isolat dari daun (DK), 12
isolat dari ranting (RK), dan 12 isolat dari akar
(KA) tanaman kakao ICCRI 4. Sebanyak 16 isolat
menunjukkan kemampuan penghambatan populasi
bakteri/ anti-quorum sensing dengan indeks
degradasi AHL berkisar antara 0,44 — 1,56. Uji
antagonis menunjukkan bahwa 11 dari 16 isolat
tersebut  memiliki  antibiosis  kuat terhadap
Phytophthora sp. dengan zona hambat antara 0,6 —
1,35 cm. Sedangkan 10 dari 16 isolat tersebut
memiliki  antibiotik  yang  kuat  terhadap
Colletotrichum sp. dengan zona bening antara 0,6 —
1,1 cm. Isolat bakteri endofit terbaik yang memiliki
kombinasi kemampuan antiquorum sensing C.
violaceum dan biokontrol terhadap Phytophthora
sp. dan Colletotrichum sp. adalah RK11, KAI, dan
KAS.

[Kata kunci: antagonis, ahl laktonase, mikroorga-
nisme unggul tanaman]
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Abstract

Cocoa (Theobroma cacao L.) and chili pepper
(Capsicum annuum L.) are commonly cultivated by
farmers, and in some cases, both crops are grown
together in intercropping systems. The main
pathogen infected cocoa is the Phytophthora sp.
fungus, which causes fruit rot, stem cancer, and leaf
blight, while Colletotrichum sp. causes anthracnose
in chili pepper plants. The ability of endophytic
bacteria to inhibit the growth of fungi and bacterial
pathogens is well known. In this study, the
biocontrol ability of endophytic bacteria against
fungal pathogens was tested, and a biocontrol
preliminary test was also observed by examining
their potential inhibition on Chromobacterium
violaceum called antiquorum sensing test.
Endophytic bacteria were isolated from cocoa
plants, while Phytophthora and Colletotrichum were
isolated from cocoa and chili pepper plants that
showed symptoms of fruit rot and anthracnose. A
total of 34 endophytic bacterial isolates were
successfully obtained, with 10 isolates from leaves
(DK), 12 isolates from branches (RK), and 12
isolates from roots (KA) of cocoa plant ICCRI 4.
Sixteen isolates showed quorum sensing ability,
which AHL degradation index ranging from 0.44 —
1.56. Antagonistic tests showed that 11 out of 16
isolates had strong antibiosis against Phytophthora
sp., with inhibition zones ranging from 0.6-1.35 cm.
Meanwhile, 10 out of 16 isolates had strong
antibiotics against Colletotrichum sp., with clear
zones ranging from 0.6 — 1.1 cm. The three best
endophytic bacterial isolates that had a combination
of antiquorum sensing ability on C. violaceum and
biocontrol  against  Phytophthora  sp. and
Colletotrichum sp. were RK 11, KA 1, and KA 8.

[Keywords: antagonist, ahl lactonase, plant
beneficial microorganism]
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Introduction

Cocoa (Theobroma cacao L.) is one of several
important agricultural commodities in Indonesia.
The seeds produced from its fruit are generally used
for the manufacture of various food products
(Nasamsir, 2014). Indonesia is one of the largest
cocoa bean-producing and exporting countries in the
world with total production reaching 706,500 tons in
2021 (ISC, 2022). Therefore, cocoa is one of the
plantation commodities that is very important for
Indonesia. Cocoa plant production can be negatively
affected by various diseases, including pod rot
caused by Phytophthora sp. (Indrawangsa et al.,
2017). Black pod rot, a disease caused by
Phytophthora sp., is particularly harmful to cocoa
crops. The disease is characterized by the
appearance of black patches on the affected fruits,
accompanied by white discoloration, and a wet and
flabby texture on the fruits (Widiyatmoko et al,,
2019).

Some local farmers cultivated cocoa with other
commodities as an intercropping system to increase
their income, such as cocoa with chilli (Capsicum
anuum). However, an anthracnose disease infection
in chilli caused by the pathogenic fungus
Colletotrichum sp. also caused a problem in
intercropping cultivation. This pathogen causes a
decrease in production by 2-35% in the dry season
and by 10-80% in the rainy season (Najah et al.,
2016). The characteristics of the anthracnose-
infected plants are black spots with a pale margin on
the fruit and large basins on the affected areas
(Harahap et al., 2013).

Several solutions have been carried out to
overcome the disease problem, such as the
application of synthetic antibiotics and fungicides
(Sharma et al., 2018). However, synthetic antibiotics
can cause resistance and the use of fungicides can
cause environmental pollution to eutrophication.
Therefore, an effective and environmentally friendly
solution is needed to overcome the pathogens
(Purwanto et al, 2014). A potential solution to
overcome this problem is utilizing biocontrol agents
in the form of endophytic bacteria.

Endophytic bacteria are bacteria that live in the
plant tissue without having a negative impact or can
even provide benefits for the host and the
surrounding environment, such as producing natural
antibiotics and degrading enzymes to suppress the
growth of pathogens (Camila et al., 2019). ICCRI 4
Cocoa Plant (Theobroma cacao L.) is one of the
hosts that can be used as a source of endophytic
bacteria. This is because the plant has resistance to

pathogens and pests, and has good-quality of cocoa
beans (Rubiyo, 2013).

Lately, some researcher was focused on the
quorum use of endophytic bacteria as biocontrols for
mycotoxin fungal plant pathogen (Bacon et al.,
2017).  Endophytic = metabolites  possessing
antimicrobial properties can be categorized into two
distinct groups based on their mode of action. The
first group comprises antibiotic metabolites that can
either kill microorganisms or inhibit their growth.
The second group consists of endophyte-derived
compounds that possess inhibitory activity against
quorum sensing. This ability functions by quorum
sensing mechanisms that are responsible for
communication between pathogenic microbes that
cause disease. Quorum sensing is a vital microbial
communication system, and the ability to disrupt it
has emerged as a new target for antibiotic
development. This offers a unique opportunity to
combat microbial infections using a novel approach
(Joo et al.,, 2020). While the pathogenic bacteria
continue to thrive until the infection appears, anti-
quorum sensing helps prevent the spread of disease.
In addition to testing for anti-quorum sensing
abilities, antagonist ability tests were also conducted
to determine the ability of endophytic bacteria to
inhibit pathogens (Abidin et al., 2015; Novita et al.,
2016). The tests were carried out such as the ability
of anti-quorum sensing using C. violaceum bacteria
and its antagonistic ability to pathogenic fungi
Phytophthora sp. and Colletotrichum sp. Therefore,
the test aims to assess the potency of endophytic
bacteria derived from cocoa plants in suppressing
fungal phytopathogens of intercropping plants and
to evaluate their ability as anti-quorum sensing
bacteria. Apart from identifying their anti-quorum
sensing abilities, the study also aims to identify other
functions of endophytic bacteria, such as nitrogen
fixation and phosphate dissolution.

Materials and Methods

The research was conducted from January to
August 2022 at the Indonesian Oil Palm Research
Institute Unit Bogor (IOPRI Unit Bogor) at the
Research Microbiology Laboratory, Bogor, West
Java.

Isolation of Colletotrichum sp.

Samples were collected from the fruit of chili
plants (Capsicum annuum L.) at the Ciomas
Experimental Field of the Oil Palm Research Center
Bogor Station. The samples were taken from the
seeds of infected fruits, targeting the Colletotrichum
sp. pathogen (Sudirga et al., 2016). Surface steriliza-
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tion was conducted by soaking in 70 % alcohol for
one minute, followed by two minutes in 1 % Sodium
Hypochlorite (NaOCl) and rinsing with sterile water
three times. The surface-sterilized fruit parts were
cultured on PDA and Water Agar media, each
supplemented with Chloramphenicol, and incubated
at a temperature of 28 °C (room temperature) for 7
days (Suryanti et al., 2019). The results of
macroscopic and microscopic observations were
identified using identification key books (Barnett &
Hunter, 1972; Alexopoulos, 1996).

Isolation of Phytophthora sp.

Samples were taken from the fruit parts of cocoa
plant (Theobroma cacao L.) infected with fruit pod
rot, obtained from the Cibodas experimental field,
IOPRI Unit Bogor. The sample fruits were cut into
small pieces of 1 cm between the healthy and
infected parts of the pathogen. Surface sterilization
was then carried out by soaking them in 70 %
alcohol for one minute, 1 % sodium hypochlorite
(NaOCl) for 2 minutes, and rinsing with sterile water
3 times. The surface-sterilized fruit parts were then
inoculated on PDA, V8, and Water Agar media,
each of which has been supplemented with
chloramphenicol, and incubated at a temperature of
28 °C (room temperature) for 7 days (Suryanti et al.,
2019).

Isolation of endophytic bacteria

Samples were collected from the adult leaves,
twigs, and roots of ICCRI 04 cocoa plants
(Theobroma cacao L.). Leaves, twigs, and roots
were cut into 2 cm pieces and surface-sterilized
using 70 % alcohol for one minute, 1 % sodium
hypochlorite (NaOCI) for 2 minutes, 70 % alcohol
for 30 seconds, and rinsed three times with sterile
water. After surface sterilization, the samples were
inoculated by swabbing them on NA media as a
control and incubated at room temperature for 2 — 7
days. Successful surface sterilization was confirmed
by the absence of living bacteria on the control NA
agar media after 24 hours. Bacteria living on the
inoculated NA plating media with plant tissues were
categorized as endophytic bacteria. Pure cultures of
endophytic bacteria were then stored for cultures
stock (Aryani et al., 2020).

Gram staining of bacteria

Gram staining of endophytic bacteria refers to
the standard methods that use crystal violet, iodine,
and safranin as staining reagents.

Hypersensitivity test

One-milliliter suspension of endophytic bacteria
that had been incubated for 24 hours was injected
into 3-month-old tobacco plants (Nicotiana tabacum
L.) between the leaves' bones. The treated leaf tissue
was observed after 48 hours. If there were symptoms
of tissue death such as necrosis or chlorosis, the
isolates of endophytic bacteria tested have the
potency to be plant pathogens (Murtado et al., 2020).

Hemolysis test

A twenty microliter of suspension of endophytic
bacteria was dripped onto a sterile paper disc in 5 %
blood agar (v/v) and incubated for 2 days at room
temperature. Observations were made, and if a clear
zone was formed, or if there was a change in color
due to blood lysis around the colony, the isolates of
endophytic bacteria tested were potentially
pathogenic to animals and humans (Eris et al.,
2017).

Phosphate dissolution

Isolates of endophytic bacteria (20 pL) were
dripped onto a sterile paper disc placed in a Petri
dish containing Pikovskaya agar media and
incubated at room temperature for 7 days. If a clear
zone was formed around the bacterial colony,
phosphate dissolution activity occurred, and the
clear zone's width was measured. The endophytic
bacteria were collected, and the test was repeated
three times (Ouattara et al., 2019).

Nitrogen-fixing test

A total of 100 pL of endophytic bacteria isolates
were inoculated into screw test tubes containing
nitrogen-free media or semi-solid nitrogen-free
broth. The inoculated tubes were incubated for two
weeks at room temperature. If discoloration and
pellicles were formed, it indicates that the
endophytic bacteria can fix nitrogen, and the
bacteria with firm pellicles were collected (Puri et
al., 2020).

Anti-quorum sensing ability test of endophytic
bacteria

Antiquorum  sensing (AQS) testing in
endophytic bacteria is a physiology and
biochemistry testing by using Chromobacterium
violaceum bacteria as a positive indicator of the
occurrence of quorum sensing since this bacteria can
produce the pigment violacein (purple)-as influenced
by N-hexanoyl homoserine lactone (CéHSL) as an
autoinducer. C. violaceum was cultured on Nutrient
Agar (NA) media using the spread plate method.

74



Biocontrol activity of endophytic bacteria from cocoa against Phytophthora sp. and Colletotrichum sp.......... (Wijaya et al.)

Next, a sterile paper disc (6 mm) was placed around
the Petri dish that has been spread with C.
violaceum. Then, each isolate of endophytic bacteria
was inoculated with 20 pL and one of the paper discs
was inoculated with 20 pL of sterile NB media as a
negative control (no degradation of AHL
compounds occurs). The plates were then incubated
for 24 hours at room temperature. If a non-purple
zone appears around the paper disc, it indicates AHL
degradation, and the endophytic bacteria were
collected as those with anti-quorum sensing ability
(Satwika et al., 2017). The diameter of the non-
purple zones was also measured (Suryanti et al.,
2019).

The antagonistic test

In this experiment, pathogenic fungi cultures of
Phytophthora sp. and Colletotrichum sp. that had
been purified and grown aseptically on a growth
medium were used. The isolates of Phytophthora sp.
were grown for 24 hours, and isolates of
Colletotrichum sp. were grown for 3 days. The
selected endophytic bacteria were then tested on the
left and right sides of the fungus culture, at 2.5 cm
from the edge, as shown in Figure 1. Inoculation of
endophytic bacteria on the PDA plate was done 3
days earlier before  Colletotrichum  and
Phytophthora were placed. Then the test was
incubated for 7 days, and the ability of the isolates
to inhibit the growth of mycelium of pathogenic
fungi Colletotrichum sp. and Phytophthora sp. were
observed (Eris et al., 2017).

Result and Disscusion

Isolation and identification of pathogenic fungi

The pathogenic fungus Phytophthora sp. isolated
from cocoa fruits showed symptoms such as brown
spots, rotting on the surface, and was covered by
mycelium in some parts of the pod. Upon touching,
the affected fruit feels flabby, wet, and slightly
starchy, with the presence of secondary fungus
spores and Phytophthora sp. sporangium (Nurfianti,
2019). Figure 2 shows the characteristic features of
cocoa fruit infected with the Phytophthora sp.

fungus.
Colonies of the fungus Phytophthora sp.
exhibited macroscopic morphological

characteristics such as a white color on the surface
and bottom of the colony. In Figure 2, the bottom of
the colony appears white with a slightly yellowish
hue. Another observed characteristic besides the
color was the cotton-like (smooth) texture with a
layered growth shape, resembling a flower crown
with a diameter of 8 cm after 10 days of incubation
at room temperature (Figure 3).

The morphology of macroscopic colonies in
Phytophthora sp. fungi was characterized by a
cottony texture and a petaloid pattern resembling
flower petals, as reported by Das et al. (2016).
Fungus Phytophthora sp. has a white mycelium
forming a floral pattern, sometimes with a faded star
pattern. Furthermore, Phytophthora sp. fungus
colonies exhibited relatively fast growth, ranging
from 0.7 — 0.8 cm per day, as noted by Wartono et
al. (2021).

(average nonpurple diameter zone — paper disc diameter)

AHL degradation index =

L O

paper disc diameter

N

Figure 1. Antagonist test illustration: a) isolates of pathogenic fungi; b) isolates of endophytic bacteria tested

Gambar 1. Ilustrasi uji antagonis: a) isolat cendawan pathogen uji; b) isolat bakteri endofit yang diuji
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Figure 2. Fruits of cocoa plant TSH 858 (Theobroma cacao L.) the half-stricken with fruit rot, cut longitudinally
Gambar 2. Buah tanaman kakao TSH 858 (Theobroma cacao L) bergejala busuk buah yang di potong secara membujur

(a) (b)
Figure 3. Colonies of fungi isolated from cocoa fruit with symptoms of Phytophthora sp. infection (a) the upper part of the
colony and (b) the lower part of the colony

Gambar 3. Koloni cendawan hasil isolasi dari buah kakao bergejala terserang Phytophthora sp. (a) bagian atas koloni dan
(b) bagian bawah koloni

Figure 4. Magnified image of fungi Phytophthora sp. under the microscope (magnification 400x) (a) hyphae, (b) 1.
sporangium, and 2. chlamydospores

Gambar 4.  Perbesaran gambar Phytophthora sp. dibawah mikroskop (perbesaran 400x) (a) hifa, (b) 1. sporangium dan 2.
klamidospora
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Microscopic analysis revealed that the fungi
exhibit branched hyphae, produce ovoid sporangia
resembling pears, and have round chlamydospores.
Figure 4 shows the results of these observations.
This pathogenic fungus is characterized by
sporangia that are oblong with a protrusion at the end
resembling a pear, as reported by Perrine-Walker
(2020). Phytophthora sp. has non-septate hyphae
that are hyaline and branched. Additionally, this
fungus produces black chlamydospores as asexual
spores during dormant phases under unfavorable
environmental conditions and can also produce
round-shaped zoospores that are greenish-black in
color, according to Muzuni et al. (2020). In
summary, the isolated fungi  exhibited
morphological characteristics that are similar to
those of Phytophthora sp., based on macroscopic
and microscopic observations, particularly the
special features of mycelium forming a pattern of
flower petals, ovoid-shaped sporangia, and spherical
chlamydospores (Das et al., 2016).

The isolated fungi from infected fruits exhibited
macroscopic morphological characteristics, such as
a colony with a white-greyish color on the upper
surface, a cotton-like texture on the colony surface,

(a

a circular shape, and an uneven colony edge with a
diameter of 6.5 cm after a one-week incubation
period at room temperature (Figure 5).

Colletotrichum gloeosporioides, one of the
species of Colletotrichum sp., has a characteristic
greyish-white colony color with a brownish part at
the bottom of the colony. It has a cotton-like colony
texture and grows concentrically or in circular and
spreading patterns in all directions (Arneti &
Edriwilya, 2020). Another species that often infects
chili plants in the Asian region is Colletotrichum
acutatum. In this species, the colony morphological
characteristics are white, pink to light orange, and
the growth of colonies is relatively slow, about 3.3 —
7.0 mm per day (Ibrahim et al., 2017).

This study did not perform molecular
characterization of the Colletotrichum sp. However,
based on the results of microscopic morphological
observations of isolates of the pathogenic fungus
Colletotrichum sp. in Figure 6, there are
morphological features that are consistent with the
literature. The common feature of Colletotrichum-
type fungus is that it has insulated branched hyphae,
blackish transparent conidia with an elongated
shape, and a rounded end (Sudirga et al., 2016).

(b)

Figure 5. Colonies of fungi resulted from the isolation of chili plants with symptoms of Colletotrichum sp. infection. (a) The
upper part of the colony and (b) The lower part of the colony

Gambar 5. Koloni cendawan hasil isolasi dari tanaman cabe merah besar yang bergejala serangan Colletotrichum sp (a)
penampakan koloni bagian atas dan (b) penampakan koloni bagian bawah

Gambar 6. Mikroskopis Cendawan Colletotrichum sp. (perbesaran 400 x) (a) potongan hifa dan (b) konidia
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However, in each species, there are differences in
the shape of the spores produced. In Colletotrichum
gloeosporioides, the spores are cylindrical and gray,
while in Colletotrichum acutatum, the spores are
cylindrical and white-gray to blackish-brown. This
is also supported by Anggraeni et al. (2019), stating
that if the fungus Colletotrichum sp. has a
cylindrical conidium with a blunt or rounded tip, the
structure of the hyphae is insulated and does not
have chlamydospores. According to the analysis
carried out, the results of the isolation obtained have
characteristics that are very similar to the isolates of
the pathogenic fungus Colletotrichum sp. based on
the results of macroscopic or microscopic
morphological observations.

Endophytic bacteria isolates, their morphology,
Gram staining, and selected test

The total number of endophytic bacteria isolates
successfully isolated from each sample was 10
isolates from leaf samples, 12 isolates from twig
samples, and 12 isolates from root samples, resulting
in an overall total of 34 endophytic bacterial isolates.
The test was carried out on all endophytic bacterial
isolates without multistage selection. Grouping of
the best endophytic bacteria was conducted at the
end of the observation after all the data had been
obtained. The shape of the bacteria observed
majority were basil, followed by spiral and coccus.

A hypersensitive reaction test on tobacco leaf has
resulted that all isolates being negative. No chlorotic
and necrotic symptoms on the leaves after 72-hour
incubation. Because no necrotic symptoms
appeared, it was concluded that all the isolates were
not phytopathogenic, similar to Sudewi et al.,
(2021). A hemolysis test was conducted on all
endophytic bacterial isolates, 18 endophyte isolates
were found to be positive for hemolysis tests due to
the emergence of discoloration or clear zones around
the colony. These changes were the same as the
research conducted by Sudewi et al., (2020), in
which hemolysis tests were indicated by
discoloration of blood agar. This indicated that the
18 endophytic bacterial isolates had the potential to
become pathogenic to animals or humans. The
eighteen positive isolates were DK 4, DK 6, DK 7,
DK 8 (1), DK 8 (2), DK 10, RK 1, RK 2, RK 3, RK
4, RK 5, RK 6, RK 10, KA 3, KA 5, KA 6, KA 11,
and KA 12. These isolates were then eliminated, and
isolates with negative indications were further tested
to determine their potential (see Table 1).

The phosphate solubilization test showed that
nine isolates could dissolve phosphate, namely DK
8(2),RK 3, RK 4,RK 7, RK 8, RK10, KA 2, KA7,
and KA 8. Clear zones formed around the colonies
of DK 8 (2), RK 4, and RK 7 isolates during the

observation. Another test, the nitrogen-fixing
bacteria test, showed that ten isolates could fix
nitrogen, namely DK 3, DK 7, RK 1, RK 4, RK 6,
RK 9, KA1, KA 2, KA3, and KA 10. Additionally,
some endophytic bacterial isolates were suspected of
having the ability to produce acid, as indicated by
the change in the color of the media becoming
lighter or brighter. This was because when the BTB
indicator in the testing media decreases in pH to
become acidic, the color of the media changes to
lighter or yellowish (Bettencourt et al., 2021).
Superior endophytic bacteria have functions not
only as biocontrol agents but also in the ability to
dissolve phosphates and fix nitrogen, both of which
function to support plant growth (Lacava et al.,
2022).

Antiquorum sensing (AQS) test of endophytic
bacteria

The testing of AQS ability on 34 isolates of
endophytic bacteria resulted in 16 isolates that
exhibited the ability to inhibit bacterial quorum
sensing, as indicated by the absence of a purple zone
around the paper disc. This absence of a purple zone
suggests that the quorum sensing mechanism failed
due to the presence of obstacles, preventing C.
violaceum from producing purple pigment around
the paper disc. The 16 isolates with AQS capabilities
were DK 10, RK 1, RK 3, RK 4, RK 9, RK 11, RK
12, KA 1, KA 3, KA 4, KA 5, KA 6, KA 8, KA 9,
KA 10, and KA 11 (Figure 7).

Sixteen of these endophytic bacteria might
produce the enzyme AHL lactonase which can
degrade the compound N-hexanoyl homoserine
lactone (C¢HSL) which is an autoinducer to produce
the pigment violacein (purple) in C. violaceum
bacteria. The already degraded compound N-
hexanoyl homoserine lactone (CsHSL) can no
longer be recognized by the regulatory protein CviR
so the vio ABCD operon cannot be expressed
(inactivated). The unexpressed ABCD vio platform
causes C. violaceum cannot to produce the pigment
violacein (purple), forming clear zones around the
colonies.

The highest lactonase AHL degradation was
observed in KA 6 (Table 2). The increase in the AHL
degradation index is also directly proportional to the
average of the clear zones formed (Suryanti et al.,
2019). In this test, only isolates with the best
characteristics, especially the anti-quorum sensing
ability, will be selected as candidates for biocontrol
agent pathogens. The endophytic bacteria that do not
have anti-quorum sensing (negative results) will be
eliminated as candidates for biocontrol agent
pathogens.
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Table 1. Morphological and physiological test of endophytic bacteria

Tabel 1. Morfologi dan fisiologi bakteri endofit pada penelitian ini
Isolate code Gram*  Shapes® . d . s ANT. ;
Kode isolat Gram Bentuk HR HE PF PN AQSE PHY" ANT.COL
DK 3 - Basil - - - + - + +++
DK 4 - Coccus - + - - - - -
DK 5 + Basil - - - - - +++ -
DK 6 - Basil - + - - - ++ +
DK 7 - Basil - + - + - ++ ++
DK 8 (1) - Basil - + - - - ++ ++
DK 8 (2) - Spiral - + + - - + -+
DK 9 - Spiral - - - - - ++ +
DK 10 - Spiral - + - - +++ ++ +
DK 11 - Spiral - - - - - + +
RK 1 - Basil - + - + ++ + +
RK 2 - Spiral - + - - - -+ -+
RK 3 - Basil - + + - + —t ++
RK 4 - Basil - + + + + —t ++
RK 5 - Coccus - + - - - - -
RK 6 - Spiral - + - + - + -
RK 7 - Basil - - + - - - -
RK 8 - Basil - - + - - - ++
RK 9 - Basil - - - + + - -
RK 10 - Spiral - + + - - ++ +
RK 11 - Basil - - - - + + ++
RK 12 - Basil - - - - ++ + -
KA1 + Basil - - - + ++ ++ ++
KA 2 - Coccus - - + + - ++ ++
KA 3 + Basil - + - + ++ A +
KA 4 - Spiral - - - - ++ ++ +
KA 'S5 - Basil - + - - ++ + +
KA 6 - Basil - + - +++ - -
KA 7 - Coccus - - + - - ++ ++
KA 8 - Coccus - - + - ++ ++ +
KA 9 - Basil - - - - ++ + +
KA 10 + Basil - - - + ++ + ++
KA 11 - Basil - + - - ++ ++ ++
KA 12 - Coccus - + - - - + +

*Gram: Gram Staining Test of Endophytic Bacteria
“Gram: Uji pewarnaan Gram bakteri

®Shape: Microscopically shape observation
bBentuk: Bentuk koloni bakteri di bawah mikroskop
cHR: Hypersensitivity Biosafety Test

°HR: Uji hipersensitivitas

HE: Hemolysis Biosafety Testing.

4HE: uji hemolisis

°PF: Phosphate Dissolving Ability Test

‘PF: Uji pelarutan fosfat

fPN: Nitrogen fixing Ability Test.

IPN: uji penambatan Nitrogen

¢AQS: Antiquorum Sensing Capability Testing
840S: uji kemampuan antiquorum sensing
"ANT.PHY= Phytophthora sp. Antagonist Test
"ANT PHY=uji antagonis Phytophthora sp.
'ANT.COL: Antagonist Test of Colletotrichum sp.
'ANT.COL: Uji antagonis Colletotrichum sp.

(++1+): Very strong; (++): Strong; (+): Weak; (+):Gram-positive); (-): None; (-):

Gram-negative; (x): cannot be identified

(+++): sangat kuat; (++): kuat,; (+): lemah; (+): Gram positif; (-): tidak ada; (-): Gram negatif; (x): tidak dapat diidentifikasi
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K()

DK 10 RK 1 RK 3 RK 4

KA 10 KA 11

Figure 7. Endophytic bacteria isolates that have anti-quorum sensing ability against Chromobacterium
violaceum, indicated by a clear zone around the paper disc (red arrow)

Gambar 7. Isolat-isolat bakteri endofit yang memiliki kemampuan antiquorum sensing terhadap
Chromobacterium violaceum yang ditunjukkan dengan zona bening di sekitar kertas uji (ditunjukkan
tanda merah)

Table 2. AHL degradation index of 16 isolates endophytic bacteria
Tabel 2. Indeks Degradasi AHL dari 16 isolat bakteri endofit

No Isolate code AHL degradation index No. Isolate code AHL degradation index
No Kode isolat Indeks degradasi AHL No. Kode isolat Indeks degradasi AHL

1 KA 6 1.56+0.20 9 KA9 0.89+0.12

2 DK 10 1.33+0.12 10 KA 11 0.89+0.31

3 KA 4 1.22+0.00 11 RK 12 0.78+0.12

4 KA1 1.11+0.00 12 RK 3 0.67+0.12

5 KAS 1.11+0.20 13 RK 4 0.67+0.12

6 RK 1 0.89+0.12 14 RK 9 0.67+0.31

7 KA3 0.89+0.31 15 KA 10 0.67+0.00

8 KA 8 0.89+0.12 16 RK 11 0.44+0.12
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Endophytic bacteria antagonist ability test

According to the test results, 28 isolates have
shown antagonistic abilities against Phytophthora
sp. The clearest clear zones were found in 11
isolates, namely KA 11, RK 4, KA 8, DK 10, DK 9,
DK 7, KA 1, KA 12, KA 3, DK 5, and RK 2. These
isolates exhibited inhibition zone ranging from 0.6
to 1.35 cm, as shown in Table 3. This study shows
that RK 2 has the strongest antagonistic ability
among the tested isolates (Figure 8). This is
indicated by its larger clear zone diameter.

Antagonistic microorganisms that act as pathogenic
biocontrol agents utilize mechanisms such as
competition, parasitism, antibiosis, or induction
resistance to inhibit the growth of pathogens
(Djaenuddin, 2016). This finding is supported by
other literature where endophytic bacterial isolates
can produce secondary metabolite compounds such
as antibiotics, antifungals, HCN, and cell wall-
degrading enzymes to inhibit the growth of
pathogens (Widiantini et al., 2020).

Table 3. Clear zone characteristics of endophytic bacteria against Phytophthora sp. and Colletotrichum sp.
Tabel 3. Karakteristik zona bening dari bakteri endofitik terhadap Phytophthora sp. dan Colletotrichum sp.

Phytophthora sp. inhibition test

Colletotrichum sp. inhibition test

Isolate Uji penghambatan Phytophthora sp. Uji penghambatan Colletotrichum sp.

code Clear zone Clear zone

KOd@ average (cm) Information average (cm) Information

isolat Rerata zona Keterangan Rerata zona Keterangan

bening (cm) bening (cm)

RK 2 1.35+0.21 All the hyphae of the fungus 1.10+0.14 All the hyphae of the fungus edges
edges facing the bacteria facing the bacteria become yellowed.
become yellowed.

DK 5 1.0+0.00 The peripheral hyphae of the - No effect (no inhibition)
fungus facing the bacteria
become thin.

KA3 1.0+0.00 The peripheral hyphae of 0.30+0.00 The peripheral hyphae of the fungus
the fungus facing the facing the bacteria become thin.
bacteria become thin.

KA 12 0.9+0.14 The growth of hyphae of the 0.60+0.14 The hyphae of the fungus edges
fungus is inhibited. facing the bacteria have yellowed

parts.

KAl 0.85+0.21 The growth of hyphae of the 0.35+0.07 The peripheral hyphae of the fungus
fungus is inhibited. facing the bacteria become thin.

DK 7 0.80+0.14 The growth of hyphae of the 0.60+0.14 The hyphae of the fungus edges
fungus is inhibited. facing the bacteria have yellowed

parts.

DK 9 0.80+0.28 The hyphae of the fungus - No effect (no inhibition)
edges facing the bacteria
have yellowed parts.

DK 10 0.75+0.07 The peripheral hyphae of 0.25+0.07 The peripheral hyphae of the fungus
the fungus facing the facing the bacteria become thin.
bacteria become thin.

KA 8 0.70+0.14 The growth of hyphae of the 0.45+0.07 The hyphae of the fungus edges
fungus is inhibited. facing the bacteria have yellowed

parts.

RK 4 0.65+0.21 The growth of hyphae of the 0.80+0.14 The growth of hyphae of the fungus
fungus is inhibited. is inhibited.

KA 11 0.6+0.14 The growth of hyphae of the 0.70+0.00 The growth of hyphae of the fungus
fungus is inhibited. is inhibited.

KA 2 0.55+0.07 The peripheral hyphae of 0.85+0.21 The hyphae of the fungus edges

the fungus facing the
bacteria become thin.

facing the bacteria have yellowed
parts.
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Table 3. Continuation
Tabel 3. Lanjutan

Phytophthora sp. inhibition test

Colletotrichum sp. inhibition test

Isolate Uji penghambatan Phytophthora sp. Uji penghambatan Colletotrichum sp.

code Clear zone Clear zone

{(ode average (cm) Information average (cm) Information

isolat Rerata zona Keterangan Rerata zona Keterangan

bening (cm) bening (cm)

DK 6 0.504+0.00 The growth of hyphae of the 0.45+0.21 The peripheral hyphae of the
fungus is inhibited. fungus facing the bacteria become

thin.

KA 4 0.5+0.00 The peripheral hyphae of the 0.10+0.00 The peripheral hyphae of the
fungus facing the bacteria fungus facing the bacteria become
become thin. thin.

KA 7 0.5+0.00 The growth of hyphae of the 0.90+0.14 The growth of hyphae of the
fungus is inhibited. fungus is inhibited.

DK 3 0.454+0.00 The growth of hyphae of the 1.05+0.07 The hyphae of the fungus edges
fungus is inhibited. facing the bacteria have yellowed

parts.

DK 8 0.45+0.07 The growth of hyphae of the 0.60+0.14 The growth of hyphae of the

) fungus is inhibited. fungus is inhibited.

DK 11 0.454+0.07 The peripheral hyphae of the 0.354+0.07 The peripheral hyphae of the
fungus facing the bacteria fungus facing the bacteria become
become thin. thin.

RK 10 0.45+0.07 The growth of hyphae of the - No effect (no inhibition)
fungus is inhibited.

RK 3 0.4+0.14 The growth of hyphae of the 0.40+0.14 The hyphae of the fungus edges
fungus is inhibited. facing the bacteria have yellowed

parts.

RK 1 0.354+0.07 The growth of hyphae of the 0.15+0.07 The peripheral hyphae of the
fungus is inhibited. fungus facing the bacteria become

thin.

RK 12 0.354+0.07 The peripheral hyphae of the 0.40+0.14 The peripheral hyphae of the
fungus facing the bacteria fungus facing the bacteria become
become thin. thin.

RK 6 0.3+0.00 The growth of hyphae of the - No effect (no Inhibition)
fungus is inhibited.

DK 8 0.254+0.07 The peripheral hyphae of the 1.05+0.07 The hyphae of the fungus edges

2) fungus facing the bacteria facing the bacteria have yellowed
become thin. parts.

RK 11 0.254+0.07 The peripheral hyphae of the 0.504+0.00 The peripheral hyphae of the
fungus facing the bacteria fungus facing the bacteria become
become thin. thin.

KA 10 0.15+0.07 The peripheral hyphae of the 0.35+0.07 The hyphae of the fungus edges
fungus facing the bacteria facing the bacteria have yellowed
become thin. parts.

KAS 0.1+0.00 The peripheral hyphae of the 0.10+0.00 The growth of hyphae of the
fungus facing the bacteria fungus is inhibited.
become thin and turn yellow.

KA9 0.1+0.00 The peripheral hyphae of the 0.25+0.07 The growth of hyphae of the

fungus facing the bacteria
become thin.

fungus is inhibited.
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Figure 8. Clear zone (inhibition zone) of Phytophthora sp. (blue arrow)(a) and Colletotrichum sp (red arrow)(b)
as response RK2’s antibiotic production after 7 days inoculation, (c) control of Phytophthora sp. and

(d) control of Colletotrichum sp.

Gambar 8. Zona bening/zona penghambatan pada koloni Phytophthora sp. (panah biru)(a) dan Colletotrichum
sp. (panah merah) (b) sebagai respons terhadap antibiotik yang dihasilkan isolat RK2 pada 7 hari
setelah inokulasi, (c) kontrol Phytophthora sp., dan (d) kontrol Colletotrichum sp.

Several isolates of endophytic bacteria are
suspected to have antibiotic abilities DK 6, DK 7,
DK 8 (1), DK 9, RK 2, RK 4, RK 10, KA 7, KAS,
KA 11, and KA 12. This is because the 11 isolates
produce a firm clear zone and even some isolates
cause Phytophthora sp. hyphae to turn yellow which
indicates the presence of cell death. In addition,
other isolates show strong competition ability with
Phytophthora sp. This causes Phytophthora sp.
hyphae adjacent to the endophytic bacteria to be
thinner which can be caused by a lack of nutrients
due to competition (Shan et al., 2018).

As many as 24 isolates have antagonistic abilities
against Colletotrichum sp. Of the 24 isolates that
have antagonistic abilities, the clear zones are found
in 10 isolates i.e. KA 12, DK 8 (1), DK 7, KA 11,
RK 4, KA 2, KA 7, DK 8 (2), DK 3, and RK 2 with
zone capabilities inhibition range from 0.6 —1.1 cm.
In this test, it was known that the isolate with the
strongest antagonist ability was RK 2. This is
because RK 2 has the largest clear zone diameter and
causes death in the hyphae of pathogenic fungi
(yellowing/necrosis). This fact also describes by
Prihatiningsih et al. (2022) that bacteria consortiums
were tested for the pathogen of rice Rhizoctonia
solani. As before in this analysis, the grouping of
endophytic bacteria was carried out according to the
antagonistic ~ mechanism  (antibiosis  ability)
consisting of 13 isolates such as DK 3, DK 8 (1), DK
8(2), RK2,RK4,RK 11, KA 1, KA 2, KA 7, KA
9, KA 10, KA 11 and KA 12. Another group has
competitive abilities including 11 isolates consisting
of DK 6, DK 7, DK 10, DK 11, RK 1, RK 3, RK 8,
KA 3, KA 4, KA 5, and KA 8. However, to see the
type of secondary metabolites produced by
endophytic bacteria when performing antibiosis
mechanisms requires further testing.

There is a potential endophytic microbe that
produced diverse antimicrobial compounds that
have the potential for plant disease management.

Endophytic bacteria are known to be able to produce
compounds that are antibiotics, which can be direct
antibiotic compounds. Several antibiotics produced
by endophytic bacteria can be in the form of dibutyl
phthalate, eicosane, tetrapentacontane, heneicosane,
and hexadecane which show anti-microbial activity
(Sharma & Mallubhotla, 2022). Several other
antifungal compounds produced by endophytic
bacteria include Eicosane, Hexatriacontane,
Tetratetracontane, trans-2-Decenoic acid, and 1-
Phenanthrenecarboxylic acid, 1,2,3,4,4a,9,10,10a-
octahydro- 1,4a-dimethyl-7-(1-methylethyl)
(Alsultan et al., 2019).

In this research, we found several modes of
action of endophytic bacteria isolates once as
biocontrol, and another in multiple modes such as
not only as biocontrol but also the producer of AHL
lactonase, as antiquorum sensing bacteria. This fact
gives us information about how they live in their
ecosystem, and support the health of the plant.
Isolates that can act as biocontrol only were DK 3,
DK 5,DK 6, DK 7, DK 8, DK 9, DK 11, RK 2, RK
6, RK 8, RK 10, KA 2, KA 7, and KA 12. RK 2 was
the strongest biocontrol. Other isolates that have
multiple modes of action as biocontrol and AQS
promoter were DK10, RK 1, RK 3, RK 4, RK 11,
RK 12, KA 1, KA 3, KA 4, KA 5, KA 8, KA 9, KA
10, and KA 11.

Conclusion

Eleven isolates of endophytic bacteria isolated
from cocoa have a strong antagonistic ability against
Phytophthora sp. with an inhibitory zone ability
ranging from 0.6 — 1.35 cm. While for the antagonist
test of Colletotrichum sp. obtained 10 isolates of
endophytic bacteria have strong inhibitory zone
ranging from 0.6 — 1.1 cm. In the antiquorum
sensing ability test for C. violaceum, 16 isolates of
endophytic bacteria were obtained that have the
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ability of AQS to degrade AHL compounds with an
AHL degradation index ranging from 0.44 — 1.56.
Some of the isolates were found as biocontrol of the
fungal such as RK2, but have no ability in producing
AHL lactonase. Based on the series of tests, the three
best-selected isolates are RK11, KA 1, and KA 8
which have the potency as biocontrol agents against
those two pathogens and anti-quorum sensing to C.
violaceum.
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