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of the endophytic bacteria isolates and to identify the isolates. Four selected endophytic
bacteria previously isolated from tissues of healthy Theobroma cacao L. designated as
isolate LKM-UL, LKM-PA, LKM-PD, and LKM-BL were assessed for their abilities
to inhibit the growth of P. palmivora in vitro. Preliminary tests using dual culture
method showed that the isolate LKM-BL had the strongest inhibition towards the
growth of P. palmivora after 24 h of incubation compared to the other isolates. The
growth of LKM-UL, LKM-PA, LKM-PD, and LKM-BL revealed that the antifungal
activities against cocoa pathogen increases as the number of endophytic cells increases.
The cell-free supernatant from isolate LKM-BL produced the highest antifungal
activity against cocoa pathogen with an inhibition zone of 19.5 £ 0.50 mm during the
highest cell growth at 24 h of incubation. The endophytic bacteria were characterized
morphologically and based on biochemical tests. Based on the analysis of the 16S
ribosomal DNA sequences, isolate LKM-UL, LKM-PA, LKM-PD, and LKM-BL were
identified as Bacillus amyloliquefaciens, Pantoea agglomerans, Bacillus pumilus and
Bacillus subtilis respectively. The findings indicate that among the four endophytic
bacterial isolates studied, B. subtilis LKM-BL showed the highest antifungal activity
and has the potential to be used as a biological control agent towards the cocoa pathogen
P. palmivora.
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Introduction

Theobroma cacao L. is an economically important
crop in the chocolate industry. Unfortunately, the crop
is suffering from the damaging effects of the cocoa
pathogenic fungi (Vanegtern et al., 2015).
Phytophthora palmivora infection is one of the most
threatening diseases that have been reported to
significantly drop the annual pod yield production in
Malaysia. This pathogen is known to cause the black
pod disease in cocoa plants and it is highly destructive
towards cocoa pods (Acebo-Guerrero et al., 2012).
Initial infection appears as small brownish spots
which may cover the entire pod in a few days causing
loss of valuable cocoa pods. The pathogen then
invades deeper into the pod where it infects and
destroys the beans (Vanegtern et al.,, 2015).
Controlling the infection by spraying chemical
fungicide has long been practiced but can be costly. In
addition, the extensive use of fungicide has been
shown to contribute to chemical contamination in the
environment. Furthermore, spraying of fungicide as
an attempt to control fungal diseases of cocoa is not
completely effective especially in high rainfall areas
because the agent will be easily washed off (Agbeniyi
et al., 2014). The public awareness of agriculture and
food contamination due to chemical usage targeted on
gaining productivity by shielding plants from
pathogen, has highlighted the need for an innovative
approach for disease management (Paul et al., 2013).
Endophytic bacteria are potential candidate to be
utilized as biological control agent because of their
capability to reside inside plants and their ability to
exert antifungal activity to control fungal pathogens
(Lietal., 2015).

Endophytic bacteria, as previously reported, have the
capability to produce antifungal substances that can be
used in controlling pathogens of tomato (Yi et al.,
2015), rapeseed (Chen et al., 2014), poplar (Ren et al.,
2013), cucumber (Cao et al., 2012), corn (Petatan-
Sagahon et al., 2011), banana (Fu et al., 2010), and
many other plants. The advantage of utilizing
endophytic bacteria as biocontrol agents against the
cocoa pathogen is that they have the ability to
effectively colonize the cocoa plants, therefore, they
could be effective in the suppression of pathogen (Lin
et al, 2013) without -causing environmental
contamination (Paul et al., 2013). Applying
endophytic bacteria as biological agents may establish
a symbiotic relationship between the plant and the
endophyte; thus conferring longer protection of the
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plant compared to using fungicide, as reported by
Adejumo (2005).

This study is targeted on endophytic bacteria for their
antifungal activities against cocoa fungal pathogen,
specifically P. palmivora. The endophytes were then
characterized morphologically and biochemically
prior to identification via 16S rDNA sequence
analysis.

Material and Methods

Selected endophytic bacteria and pathogen culture
The cultures of endophytic bacteria previously
isolated from tissues of healthy T. cacao L. designated
as isolate LKM-UL, LKM-PA, LKM-PD, LKM-BL
and the cocoa pathogen Phytophthora palmivora were
obtained from Malaysia Cocoa Board Culture
Collection. Stock cultures of the endophytic isolates
were stored at-80 °C in nutrient broth (NB) with 15%
glycerol (Shin etal., 2007). The working cultures were
established by a streaking technique from the stock
cultures onto freshly prepared nutrient agar (NA) in
Petri dishes and incubated for 24 h at 28 °C.
Meanwhile, the cocoa pathogen, P. palmivora was
grown by transferring from stock agar onto freshly
prepared potato dextrose agar (PDA) in Petri dishes
and incubated for 7 days in the dark at 30 °C.
Antifungal activities of selected endophytic bacteria
against cocoa pathogen

Dual culture method (Shin et al., 2007) was used to
determine the antagonistic capabilities of the isolated
endophytes against P. palmivora. The selected
endophyte was streaked on one side of a freshly
prepared PDA, while a 6 x 6 mm agar block extracted
from 7 days-old agar cultures containing the mycelia
of P. palmivora were subsequently placed next to the
bacterial streak. As control, mycelia of P. palmivora
were inoculated at the middle of PDA without any
endophytes isolate. The Petri dishes were incubated at
30 °C for one week. The inhibition zones (mm) were
recorded by measuring the clear distance between the
edges of the fungal mycelium and the bacterial streak.

Growth pattern of endophytic bacteria and their
antifungal activities

The selected endophytic bacteria isolates were
separately inoculated in 100 mL NB in a 250 mL
conical flask and incubated overnight at 28 °C with
agitation at 120 rpm. The cultures were centrifuged at
4000 rpm for 30 min and the cell pellets were
suspended in normal saline (0.85% NaCl) for
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preparation of standard inoculums (Ainon et al.,
2017). Subsequently, 10% (v/v) of standard
inoculums of each bacterium was transferred into 100
mL NB and incubated overnight at 28 °C with
agitation at 120 rpm respectively. The bacterial
growth was monitored by measuring the absorbance
at 550 nm (Assg) using a UV-spectrophotometer
(Dynamica, Australia) after 4, 8, 12, 16, 24, 28, 32,
36, 40, 44 and 48 hours of incubation.

For preparation of cell-free supernatant, 1 mL of each
culture at different growth time interval was then
centrifuged at 4000 rpm for 30 min at 4 °C. Sterile
filter paper disc (BD 6 mm, USA) was impregnated
with 100 pL of cell-free supernatants (after filtered
through 0.2 pum filter). About 100 pyL of mycelia
suspension culture of P. palmivora was spread on
PDA plate and paper disc with cell-free supernatants
was placed at the centre of the plate and incubated for
7 days at 30 °C. The antifungal activity was
determined by measuring the inhibition zone of
mycelial growth of the pathogen around the filter
paper disc.

Characterization and identification of endophytic
bacteria

Endophytic bacteria isolates LKM-UL, LKM-PA,
LKM-PD and LKM-BL were characterized based on
morphological, biochemical and physiological
characteristics. Colony color was recorded after 24 h
of incubation on NA plates at 28 °C. The Gram
staining of the individual bacterial isolates was
observed by light microscopy (Olympus BX41,
Tokyo). Cell shape and size of each endophyte isolate
was observed by scanning electron microscopy (SEM)
(Hitachi S3400N, Japan). Tests for motility, catalase
and methyl red-voges proskauer (MR-VP) were also
conducted according to standard microbiological
procedures (Gerhardt et al., 1994). Turbidity around
the line of inoculation of the endophytic bacteria in the
sulfide indole motility medium showed the positive
indicator of motility (Islam et al., 2016). Formation of
oxygen bubbles by adding few drops of 3% hydrogen
peroxide solution onto the microscopic slides
containing the isolates indicated positive reaction of
catalase activity (Gupta et al., 2015). Positive
observation of VP tests showed the ability of all
isolates to produce neutral by-product to form acetoin
from glucose fermentation (Labrador et al., 2014).
Endophytic bacteria isolates LKM-UL, LKM-PA,
LKM-PD, and LKM-BL were also identified using
16S rDNA gene sequences approach. DNeasy Blood

é
Q ‘%ASIan J Agric & Biol. 2019;7(3):404-411.

and Tissue kit (QIAGEN) was used to extract bacterial
genomic DNA according to procedures recommended
by the manufacturer. The primers used to amplify the
16S rDNA region in this study were universal primers
27F and 1492R. Amplified PCR products were
purified using QIAquick PCR Purification Kit
(QIAGEN) before they were sent to 1st Base
Laboratories Sdn. Bhd., Malaysia for sequencing. The
sequences obtained were subjected to the Basic Local
Alignment Search Tool (BLAST) analysis and DNA
sequences similarities were determined by comparing
them with sequences available in the National Centre
for Biotechnology Information (NCBI) databases.
Sequences were selected from Blast-Webpage and
added directly into MEGA7Y software. Furthermore,
all the analyzed sequences were deposited in GenBank
and the accession numbers were obtained.

Statistical analysis

All experiments were conducted in triplicate and the
data were expressed as mean + standard deviation after
analyzed via one-way ANOVA (SPSS Ver. 13.0). The
statistical significance was set at a confidence level of
p < 0.05.

Results and Discussion

Antifungal activity against cocoa pathogen

The antifungal activity of the selected endophytic
bacteria designated LKM-UL, LKM-PA, LKM-PD
and LKM-BL against P. palmivora were carried out
using the dual cultures method. In this study, all four
isolates demonstrated promising antifungal activity
against cocoa pathogen P. palmivora. Among the
tested isolates, isolate LKM-BL significantly showed
the biggest inhibition zone against P. palmivora, while
isolate LKM-PA showed the smallest inhibition zone
(Table 1). The findings, in fact, are in accordance with
previous reports, in which the endophytic bacteria
produced antifungal activity to protect the plant from
its pathogen. Various results have revealed the
potential of endophytic bacteria to inhibit the growth
of plant pathogenic fungi. Kefi et al., (2015)
demonstrated that the endophytic bacteria Bacillus
strains BL1, BT5, BR8, and BR11 isolated from
tomato plants showed inhibitory activities against
Botrytis cinerea using dual culture methods. Chen et
al., (2014) reported that endophytic bacterium
Bacillus subtilis strain EDR4 showed inhibitory effect
on a stem rot caused by Sclerotinia sclerotiorum.
Meanwhile, Bacillus amyloliquefaciens isolated from



Ishak Zubir et al.

tomato produced antifungal activity to protect the
plant from early blight of tomato disease caused by
Alternaria solani (Yi et al., 2015).

Table 1. Antifungal activity of endophytic bacteria
against cocoa pathogen Phytophthora palmivora
using dual cultures method

Selected endophytic Inhibition zones of P.
bacteria palmivora (diameter, mm)”
LKM-UL 32.2 £0.52¢"
LKM-PA 20.6 + 0.95°
LKM-PD 29.0 + 1.51°
LKM-BL 41.2 +1.449

“ Antifungal activities in triplicate with the mean and
standard deviations. **The number followed by
different letters in the column showed significantly
different results based on Duncan test at p < 0.05.

Growth pattern and antifungal activity

In general, exponential phase of the four endophytes
isolate started at the 4 hours incubation and ended
before 24 hours incubation period. At this phase,
bacterial cells begin to actively reproduce by binary
fission (Llorens et al., 2010). After 24 h incubation
period, all the four endophytes were found to have
entered their stationary phase of growth where the
bacterial cell growth and death rates have reached an
equilibrium. Eventually, the death rate exceeds the
growth rate at 28 h after the incubation period. This
might have due to limited nutrients in the culture
medium, production of secondary metabolites as a
defense against changes of culture conditions
(Muhsinin et al., 2016), and accumulation of waste
products.

The effect of cultivation period of the four endophytes
isolates on their abilities to inhibit the cocoa pathogen
P. palmivora is illustrated in Figure 1. All four
endophytes isolate LKM-UL, LKM-PA, LKM-PD,
and LKM-BL supernatants showed that the
antagonistic capability against P. palmivora was
relatively increased as the number of bacterial cells
increased. The maximal antagonistic capability for all
isolates was recorded at 24 h of cultivation, and a
further incubation period (28 and 48 h) showed a
gradually decreased in the antagonistic capability.
This pattern of antifungal capability was observed
among all the four endophytes (LKM-UL, LKM-PA,
LKM-PD, and LKM-BL). As reported by Li et al.
(2011), the production of bioactive compounds from
endophytic bacteria Bacillus subtilis ZZ120 was

&
é

4
\ S

D)
&' 4 Asian ] Agric & Biol. 2019;7(3):404-411. 407

positively correlated with cell growth and was at the
highest level during stationary phase 24 h after
inoculation. Interestingly, a study by Yi et al., (2015)
revealed that Bacillus amyloliquefaciens isolated from
tomatoes required longer cultivation periods of 48 h to
inhibit Alternaria solani, a pathogenic fungus that
caused early blight in tomato. In this study, results
suggested that the bioactive compound production and
antifungal activity of the four endophyte isolates
increased as the concentration of the cells increased
throughout the exponential phase, and were highest at
the end of exponential phase at 24 h of cultivation
period.
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Figure 1. The growth of endophytic bacteria; a)
LKM-UL; b) LKM-PA; ¢) LKM-PD and d) LKM-
BL and inhibition zones of cell-free supernatant
against cocoa pathogen P. palmivora

Surprisingly, the inhibition zones produced by
endophytic cells (dual cultures method) were larger
than the inhibition zones produced by cell-free
supernatant. For example, results from the dual
cultures method from LKM-BL cells gave an average
of 41.2 £ 1.44 mm inhibition zone compared to the
cell-free supernatant of 19.5 = 0.5 mm. A similar
finding was reported by Wang and Liang (2014),
where  the  endophytic  bacteria  Bacillus
amyloliquefaciens BZ6-1 cells produced slightly
higher antimicrobial substances compared to the cell-
free supernatant.
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Table 2. Morphology and biochemical characteristics of selected endophytic bacteria isolates

Morphology and biochemical test Endophytic bacteria

LKM-UL LKM-PA LKM-PD LKM-BL
Color White Yellowish Yellowish Yellowish
Shape Rod Rod Rod Rod
Length 2.1-2.6 ym 2.0-2.5 um 2.3-2.5 um 2.5-2.6 um
Gram staining + - + +
Motility + + + +
Catalase + + + +
MR - + - -
VP + + + +

Note: +, positive; negative

It was reported that the rapid growth of endophytic
bacteria, nonetheless, offered an advantage in the race
for space and nutrients against pathogenic fungi,
before any antifungal activity was deployed (Zivkovic
et al., 2010). In short, the continuous production of
secondary metabolites by the actively growing
bacterial cells on solid culture media would result in
greater antagonistic activity in comparison to the cell-
free supernatant. This finding also indicates the
potential of using endophyte isolate LKM-BL as a
coating agent for cocoa pods that are growing in the
field.

Characterization and identification of endophytic
bacteria

The morphological and biochemical characterization
of all four endophytes isolate LKM-UL, LKM-PA,
LKM-PD, and LKM-BL was summarized in Table 2.
In addition, the SEM micrographs of each isolate were
shown in Figure 2. There were 3 Gram-positive
(isolate LKM-UL, LKM-PD, and LKM-BL) and 1
Gram-negative (LKM-PA) endophytic bacteria
screened in this study. Generally, all isolates revealed
positive results for motility, catalase, and VP tests.
Meanwhile, only endophytic bacteria LKM-PA
displayed a positive result in MR test indicating the
ability to produce acidic end products. On the basis of
morphology and biochemical test, it is obvious that
isolates LKM-UL and LKM-PA were a different
isolate due to their different characteristics in colony
color, Gram staining reaction, and MR test. However,
as the tests performed are not sufficient to identify
these isolates, a 16S rDNA sequence analysis was
subsequently performed.

(.7} Asian ] Agric & Biol. 2019;7(3):404-411.
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Figure 2. SEM micrographs of four selected
endophytic bacteria: A) LKM-UL; B) LKM-PA;
C) LKM-PD and D) LKM-BL (30 000 x
magnification)

mm X3

The 16S rDNA sequences of the isolates LKM-UL,
LKM-PA, LKM-PD and LKM-BL were submitted to the
GenBank with the accession numbers of KR560041,
KR560042, KR560043, and KR560044 respectively.
Analysis of the 16S rDNA sequence via BLASTn search
from the National Center of Biotechnology Information
(NCBI) revealed that all endophytes isolate possessed
99% sequences homology to those found in the database.
A phylogenetic tree of each endophytic isolates
constructed by using a software MEGA7 are shown in
Figure 3. Endophytic bacterium LKM-UL was identified
as Bacillus amyloliquefaciens and designated as B.
amyloliquefaciens LKM-UL. Isolate LKM-PA was
identified as Pantoea agglomerans and was designated
as P. agglomerans LKM-PA. The sequences from
endophytic bacterium LKM-PD was identified as
Bacillus pumilus and was designated as B. pumilus
LKM-PD, while sequences from 2endophytic bacterium
LKM-BL was identical to that of Bacillus subtilis and
was designated as B. subtilis LKM-BL.
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Figure 3. Phylogenetic tree obtained from 16S rDNA sequences showing the position of endophytic
bacteria; A) B. amyloliquefaciens LKM-UL; B) P. agglomerans LKM-PA; C) B. pumilus LKM-PD and D)

B. subtilis LKM-BL

The Bacillus species have presented an interesting
study on the production of bioactive compounds with
a wide spectrum of antifungal activity. For instance,
endophytic B. pumilus JK-SX001, as depicted by Ren
et al., (2013), had the potential to be functioned as a
biocontrol agent to protect poplar canker disease
caused by three fungal pathogens (Cytospora
chrysosperma,  Phomopsis  macrospora, and
Fusicoccum aesculi), while B. subtilis EDR4 was
reported to inhibit the growth of Sclerotinia
sclerotiorum fungal (Chen et al., 2014). Other than
that, P. agglomerans ENAL, which had been isolated
from soybean nodule, possessed the potential as to be
used as a biocontrol agent against Macrophomia
phaseolina, the causal agent of charcoal rot in soybean
(Vasebi et al., 2015). In addition, P. agglomerans was
also used to protect pear and apple trees from fire
blight caused by the bacterium Erwinia amylovora
(Stockwell et al., 2002), to control Pseudomonas
syringae pv. syringae the causal agent of basal kernel

§ Asian ] Agric & Biol. 2019;7(3):404-411.

blight barley (Braun-Kiewnick et al., 2000) and causal
agents of corn ear rot by Stenocarpella maydis and S.
macrospora fungi (Petatan-Sagahon et al., 2011).

Conclusion

In conclusion, results obtained from this study has
reveal that the endophytic bacteria previously isolated
from healthy tissue of cocoa plant have the potential
to be used as biological control agents inhibiting the
growth of P. palmivora the causal agent of cocoa
black pod disease. Particularly the endophyte B.
subtilis LKM-BL possess the greatest antifungal
activity against P. palmivora during the end of
exponential phase at 24 hours of cultivation period in
a culture medium. Further investigation to identify
bioactive compounds that produce by B. subtilis
LKM-BL.
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