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Vascular streak dieback disease caused by pathogenic fungal Oncobasidium theobromae known as one
of the serious issue causing great decline in Malaysia cocoa plantations. The objectives of this study
were to determine antagonistic activity and growth rates of four endophytic bacteria against cocoa
pathogen, to determine the potential of the endophyte as biological control against pathogen on cocoa
seedlings and to identify active compounds produced by the selected endophyte. Four selected
endophytic bacteria previously isolated within tissues of healthy Theobroma cacao L. designated as
Bacillus amyloliquefaciens LKM-UL, Pantoea agglomerans LKM-PA, Bacillus pumilus LKM-PD and
Bacillus subtilis LKM-BL were assessed for their abilities to inhibit the growth O. theobromae.
Preliminary tests via dual culture method showed endophyte B. subtilis LKM-BL has the strongest
antagonistic activity to inhibit the growth of O. theobromae followed by B. amyloliquefaciens LKM-UL, P.
agglomerans LKM-PD and B. subtilis LKM-PA. The cell-free supernatant at 24 hours incubation from
LKM-BL produced the highest antifungal activity compared to others. B. subtilis LKM-BL with strongest
antagonistic activity was selected as biological control on cocoa seedlings. B. subtilis LKM-BL
significantly protected cocoa seedlings against O. theobromae and the protective value of this treatment
was 87.9% (at 30 days inoculation) and produced growth-promoting effects on cocoa seedlings
compared to non-inoculation. Identification of antifungal compounds revealed two suggested compounds
identified as Macrolactin A and Macrolactin M. These findings demonstrated that B. subtilis LKM-BL can
be the most promising candidate to be exploited as biological control agent against cocoa fungal
disease.
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INTRODUCTION
The profitable and quality beans of

(VvSD) disease and widely spread by
basidiomycete of Oncobasidium theobromae

Theobroma cacao L. are used in money-making
chocolate industry, thus making the plants as one
of the leading crops in Malaysia. Unfortunately,
the crop industry suffers from damaging fungal
pathogen that causes the vascular-streak dieback

(Samuels et al., 2012). The fungus grows entirely
inside the vascular vessels through the cuticle
above the leaf veins and spreads internally to all
branches and mostly destroys the whole tree if it
extends to the trunk (Guest and Keane, 2007).
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Controlling the disease by spraying chemical
fungicide can be costly, as well as can increase
exposure to environmental contaminations and
not completely effective in high rainfall areas
(Agbeniyi et al.,, 2014). Endophytic bacteria are
now a center of attention because of the demand
to reduce the use of chemicals, especially in
concerns about uphold of environmental
protection (Vale et al., 2010). The awareness of
agriculture and food contaminations by chemical
residue in gaining productivity by shielding plants
from pathogens using chemical-based
management that are more environmental
friendly(Paul et al., 2013).

Endophytic bacteria capable to colonize the
internal tissues of healthy plants and protect the
plants by producing bioactive substances are
suitable to be adapted as biological control agent
(Lin et al., 2013). The advantages of using
endophytic bacteria to control the cocoa pathogen
O. theobromae is that they had been found to
adapt rather well colonizing inside of cocoa plants,
therefore, they could provide promising
suppression of VSD without causing
environmental contamination (Paul et al., 2013).
The mechanism is like a lethal shield to protect
the plant from getting invaded by the cocoa
pathogen O. theobromae.

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. Antifungal activities from
many endophytic bacterial isolates against a wide
range of phytopathogens like Rhizoctonia sp.,
Sclerotium sp., Colletotricum sp., Phytophthora
sp., Fusarium sp., Macrophomina sp. and
Alternaria sp. had been studied (Jasim et al.,
2016). Among the various bacterial genera, the
genus Bacillus has already been known to
produce antifungal bioactive compounds but the
identities of the compounds vary.

The aims of this study were to determine the
antagonistic activities and growth rates of four
selected endophytic bacteria against cocoa
pathogen, specifically 0. theobromae.
Subsequently, the endophyte with the highest
antagonistic activity were selected to determine its
potential to be developed as biological control
agent on cocoa seedlings and subsequently used
for the identification of antifungal compounds it
produces. Since studies on endophytic bacteria

isolated from cocoa plant are very limited, the
study is significant and will be developed as
locally produced biological control agent for cocoa
plantation specifically in Malaysia.

MATERIALS AND METHODS

Endophytic bacteria cultures

Four selected endophytic bacterial Bacillus
amyloliquefaciens LKM-UL, Pantoea agglomerans
LKM-PA, Bacillus pumilus LKM-PD and Bacillus
subtilis LKM-BL designated as LKM-UL, LKM-PA,
LKM-PD and LKM-BL respectively were
previously isolated from internal tissue of healthy
cocoa plant were obtained from Malaysia Cocoa
Board Culture Collection. Stock cultures of the
endophytic isolates were stored at -80°C in
nutrient broth with 15% glycerol (Shin et al.,
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.

Fungal pathogen culture

The cocoa pathogen, O. theobromae was
obtained from Malaysia Cocoa Board Culture
Collection. Stock culture of fungal isolate was
maintained on potato dextrose agar (PDA) and
stored at 4°C. The working culture was
established by transferring the pathogen onto
freshly prepared PDA and incubated for 7 days at
30°C. This culture was used for subsequent
experiment.

Antagonistic activity of endophytic bacteria
against O. theobromae

The antagonistic activity was done via dual
culture method (Shin et al., 2007). The endophytic
bacteria was streaked onto one side of PDA plate,
while a 6 mm x 6 mm agar cube containing
mycelia of cocoa pathogen from 7 days-old
culture was placed close to the bacterial streak.
The Petri dishes were incubated at 30°C for one
week. The inhibition zone (mm) was recorded by
measuring the clear distance between the edges
of the fungal mycelium and the bacterial streak.

Determination of endophytic bacterial growth
and antagonistic activity

The bacterial isolates were inoculated in 100
mL nutrient broth (NB) in a 250 mL conical flask
and incubated at 28°C, 120 rpm for 24 hours. The
culture was centrifuged at 4000 rpm for 30 min
and the pellets were suspended in normal saline
for preparation of standard inoculums (Ainon et
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al., 2010). Subsequently, 10% (v/v) of standard
inoculums (108 CFUmML™) of each bacterium was
transferred into 100 mL NB and incubated at
28°C, 120 rpm for 24 hours. The growth was
monitored by measuring the absorbance at 550
nm (Asso) using a UV-spectrophotometer after 4,
8, 12, 16, 24, 28, 32, 36, 40, 44 and 48 hours of
incubation.

For preparation of cell-free supernatant, one
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 (6 mm) was
impregnated with 100 L of cell-free supernatants
(after filtered through 0.2 um filter). About 100 uL
of mycelia suspension culture of O. theobromae
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.

Evaluation of selected endophytic bacteria for
biological control against O. theobromae on
cocoa seedlings

The potential endophytic bacterium with the
highest antifungal activity was used as biological
agent on cocoa seedlings. The healthy cocoa
seed were washed in running tap water for 5 min.
Seeds were surface sterilized for 2 min in 70%
ethanol, 10 min in 3.5% sodium hypochlorite,
washed 3 times in sterile water and germinated on
sterile moist towels. The rooted seeds were
transplanted into plastic pots filled with autoclaved
soil in greenhouse. Two months after
transplantation, the seedlings were inoculated at a
dose of 100 mL suspension culture of selected
endophytic bacteria (108 CFUmL?) by directly
spraying to the leaves. After 24 hours the
seedlings treated with endophyte and untreated
were challenge-inoculated with 100 mL mycelium
suspension of O. theobromae by applying with
brush to both surfaces of each leaves. Seedlings
without endophyte and pathogen were sprayed
with sterile distiled water as control. The
seedlings were maintained by suitable watering.
The seedlings were assayed for disease 2, 4, 6, 8,
10, 15 and 30 days after the inoculation with three
replicates. The disease was scored by the
percentage of seedlings with any lesions symptom
that developed on the leaves. Protective value as
a degree of suppression was calculated by the
following formula:

Protective value = (1 - percentage of
endophytic bacteria treatment/percentage of non-

endophytic bacteria as control) x 100 (Tsuda et
al., 2001).

Identification of antifungal bioactive
compounds from selected endophytic bacteria

The selected endophytic bacterium with the
highest antifungal activity was used to identify
antifungal bioactive compounds. About 10% (v/v)
of standard inoculums (108 CFUmL™) of bacterium
was transferred into 100 mL NB and incubated at
28°C with agitation at 120 rpm for 24 h. After 24
hours incubation, the culture was centrifuged at
10,000 rpm for 20 min to get cell-free supernatant.
The cell-free supernatant was freeze-dried
(Labconco, USA) and 1 g of the dried sample was
mixed with 1 mL of methanol. The sample was
fractionated via Thin Layer Chromatography
(TLC). The TLC analysis of cell-free supernatant
was performed on silica gel plate (pre-coated
60GF2s4, Merck) and chloroform: methanol (8: 2)
(v/v) was used as a mobile phase. The separated
spots on the TLC chromatograms were visualized
under UVzs4 nm and the R; value of each
separated spots was measured. The separated
spots were removed by scraping individually and
dissolved in 1 mL methanol and centrifuging at
4000 rpm for 30 min. The samples were tested for
antagonistic activity against pathogens using
paper disc as described above.

Samples with positive results were analyzed
via High Performance Liquid Chromatography
(HPLC) (Eksigent,NanoLC) using two mobile
phase solvents; solvent A (H20 containing 1%
formic acid, 5 mm ammonium formate) and
solvent B (Acetonitrile containing 1% formic acid,
5 mm ammonium formate) at a flowrate of 8
pL/min with gradient: 10-95% B for 20 min and 95-
10% B for 10 min. Then, the purified fraction was
analyzed through direct infusion to the ion source
Liquid Chromatography Mass Spectrometer
(LCMS) (AB Sciex Triple TOF 4600). The mass
spectrometer was operated with a Duo Spray
source and an Electrospray lonization (ESI)
probe. The compounds were analysed based on
their MS/MS fragmentation spectra data using
Eksigent Software v. 4.1 and were identified by
using the ChemSpider database.

Statistical analysis

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

Antagonistic activity of endophytic bacteria
against O. theobromae

The antagonistic activities of four selected
endophytic bacteria via dual culture method
against cocoa pathogen O. theobromae showed
that endophytes capable to produced antifungal
activity to inhibit the growth of plant pathogen.
Endophytic bacteria LKM-BL produced the highest
inhibition distance of 39.2 + 0.4 mm and had been
significantly different p < 0.05 compared to LKM-
UL, LKM-PD and LKM-PA (30.4 + 0.8 mm,27.8 +
1.6 mm, and 17.6 + 0.8 mm respectively) (Table
1).
Table 1: Antagonistic activities of selected
endophytic bacteria against cocoa pathogen
O. theobromae

Endophytic Inhibition zones
bacteria (diameter, mm)”
LKM-UL 30.4 £ 0.8
LKM-PA 176 +0.82
LKM-PD 278+ 1.6°
LKM-BL 39.2 + 0.4

"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.

A dual culture method is widely used as one
of in vitro test for preliminary screening of
biological control agents (Desai et al., 2002). The
method allows the biological agent and pathogen
to interact directly and degree of inhibition is
recorded by observing the inhibition zone
produced. Various results have revealed the
potential of endophytic bacteria to inhibit the
growth of plant pathogenic fungi for examples,
Abla et al., (2015) demonstrated that endophytic
bacteria isolated from Mentha rotundifolia L. plant
showed antagonistic activity using dual culture
method. Meanwhile, Paul et al., (2013) studied

that Bacillus tequilensis (CNU082075),
Burkholderia cepacia (CNU082111),
Pseudomonas aeruginosa (CNU082137 and

CNU082142) isolated from healthy tissues of
leaves, stems and roots of chili pepper plants
resulted antifungal activity against Botrytis cinerea
pathogen. Also endophytic bacteria isolated from
cucumber plants revealed antifungal activity
against plant pathogen Fusarium oxysporum
using dual culture method (Ozaktan et al., 2015).

Determination the growth of
bacteria and antagonistic activity
The growth of four selected endophytic

endophytic

bacteria and the ability to inhibit cocoa pathogen
from cells-free extract was showed in Figure 1.
The results revealed that antagonistic activities
against cocoa pathogen increases as the number
of endophytic cells increases. Inhibitory activities
were detected from the beginning of the cells
growth, during exponential and the highest at
early stationary phases (24 h) and further
incubation (36 and 48 h) showed decrease in
antagonistic capability due to cells growth entering
death phases. Time consumed from initial cells
growth to exponential phases, stationary phases
till the death phases depending on several factors,
such as bacterial species and the growth
conditions (Lloren et al., 2010). According to Li et
al., (2011), increasing the number of cells growth
correlated with the production of bioactive
compounds. This indicated that the antifungal
compounds are produced throughout the growth
of the endophytes, where the antifungal mainly
generated within the cells and secreted into the
supernatant (Wang and Liang 2014). Studied by
Azizah at et al., (2015) showed that isolates B.
amyloliquefaciens SAHA 12.07 and Serratia
marcescens KAHN 15.12 produced highest active
compounds in the stationary phase at 36-72 hours
of growth. However, Yuan et al., (2014) reported
that B. amyloliquefaciens NJN-6 produced the
highest antifungal compound known as iturin A at
44 h incubation and decreased after that.
Interestingly, endophytic bacteria from this study
gave the highest antagonistic activity against
cocoa pathogen and slightly at shorter time of 24
h compared to those isolates. The highest
antagonistic from cells-free extract was isolate
LKM-BL (18.3 + 1.3 mm) followed by LKM-UL
(15.3 £0.8 mm), LKM-PD (13.3 + 1.3mm) and
LKM-PA (10.5 £ 0.9 mm). Endophytic bacterium
LKM-PA exhibited the lowest cells growth based
on absorbance value of 1.75 + 0.01 at 24 h of
cultivation. The results also showed that
endophytic bacterium LKM-BL and LKM-UL
obtained the highest cells growth of 1.88 + 0.01
and 1.85 * 0.01 respectively absorbance value at
24 h of cultivation. On the other hand, the growth
of cells for endophytic bacterium LKM-PD slightly
reduced to 1.84 + 0.01.
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Table 2: Antagonistic activities of endophytic bacteria B. subtilis LKM-BL against cocoa pathogen O. theobromae

Treatment Percentage (%) of seedlings with lesions symptom at different days (d). Pro;gcéglfsv(?/:;f at H;;%gtgfn?)o
2d 4d 6d 8d 10d 15d 30d
Endophyte + pathogen 0 1.7+1.5%" 2.8+3.52 5.1+5.82 10.3+11.92 11.4+11.9° 11.4+11.92 87.9 64.4+1.82
Non-endophyte + Pathogen 0 18.3+3.8° | 44.6+10.2° | 80.6+13.4° | 90.3+11.9° 94.3+7.8° 94.3+7.8° - 40.8+1.3¢
Control - - - - - - - - 46.4+2.7°

"Protective value = (1 — percentage of endophytic bacteria treatment/percentage of non-endophytic bacteria as control) x 100
**The number followed by different letters in the column showed significantly different results based on Duncan test at p< 0.05.
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Figure 1. The growth curve and antagonistic activity of endophytic bacteria against O. theobromae
a) LKM-UL, b) LKM-PA, c) LKM-PD and d) LKM-BL.

Evaluation of selected endophytic bacteria for
biological control against O. theobromae on
cocoa seedlings

Endophytic bacteria LKM-BL with the highest
antagonistic activity was selected for evaluation
as biological control against O. theobromae on
cocoa seedlings. The protection activity against
disease discovered at 4 days inoculation till the
end of the experiment (30 days) compared to non-
inoculation. LKM-BL significantly protected cocoa
seedlings against O. theobromae and the
protective value of this treatment was 87.9% (at
30 days inoculation) compared to non-inoculation.
Meanwhile, the cocoa seedlings treated with this
endophyte was the tallest (64.4 £ 1.8 cm) and
significantly different p < 0.05 compared than with
infected seeds (40.8 + 1.3 cm) and control (46.4 +
2.7 cm) after 30 days inoculation.

According to Tsuda et al., (2001), endophyte
Enterobacter cloacae SM10 gave 44.4% of

protection value from Fusarium oxysporum.
Meanwhile, B. subtilis isolated from mulberry
(Morusalba L.) plants showed high protection
value of 70.1% (sterile soil) and 68.7% (nonsterile
soil) against Ralstonia solanacearum (Ji et al.,
2008). Endophytic bacteria LKM-BL had been
demonstrated to be an endophyte that lives inside
plants tissues and effective to control pathogenic
fungal. Bacillus species are among the most
common endophytic bacteria that many reports
describing the ability to suppress several
important plant pathogens and have been used as
a biocontrol agent to protect crops against plant
pathogens and provide an alternative to chemical
fungicides (Ding et al., 2017). Meanwhile, (Kefi et
al., 2015) have reported the capability of Bacillus
strains isolated from tomato plants displaying
protection against a phytopathogenic fungus to
protect from destructive gray mold disease
causing by Botrytis cinerea. However this species
of the genus has not been reported for their
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capability to protect against pathogenic fungal O.
theobromae of cocoa. In fact, the isolate produced
growth-promoting effects on cocoa seedlings.
Similar result also revealed from Ji et al., (2008)
studied, where the mulberry seedlings with the
treatment of endophyte were all taller than the
disease controls.

Identification of bioactive
compounds

Endophytic bacteria LKM-BL was selected for
identification of antifungal compounds against

cocoa fungal disease. Thin layer chromatography

antifungal

(TLC) plate analysis resulted one spot with Rs
value of 0.8. Similar Rt value was also reported by
Chalasani et al., (2015) that obtained from
antimicrobial compound produced by B. subtilis
URID 12.1 which were able to inhibit the growth of
Staphylococcus aureus. The separated antifungal
spot whenpurified with HPLC and identified with
LCMS revealed two compounds identified as
Macrolactin A with molecular formula C24H340s5
and molecular mass of 402.2 Da (Figure 2) and
Macrolactin M with molecular formula Ca2sH3s0s
and molecular mass of 416.2 Da (Figure 3).
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Figure 2. MS/MS spectrum and structure of antifungal bioactive compound Macrolactin A detected
from endophytic bacteria LKM-BL.
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Figure 3. MS/MS spectrum and structure of antifungal bioactive compound Macrolactin M detected
from endophytic bacteria LKM-BL.
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Macrolactins revealed a wide range of active
compounds such as antimicrobials, antiviral and
anticancer (Mondol et al., 2013). Similar reports
on macrolactin A was from B. amyloliquefaciens
NJN-6 strain that produced antifungal activity
against soil borne plant pathogen Fusarium
oxysporum (Yuan et al., 2012) and from B. subtilis
B5 that demonstrated antifungal activities against
tea pathogenic fungi Pestalotiopsis theae and
Colletotrichum gloeosporioides (Li et al., 2016).
Meanwhile, macrolactin M produced by Bacillus
sp. PP19-H3 which was isolated from marine
macroalga of Schizymenia dubyi showed
antibacterial ~ activityagainst ~ Staphylococcus
aureus (Nagao et al., 2001).The position of
hydroxyl group or keto group in macrolactone ring
affected antimicrobial activity. According to Nagao
et al., (2001), hydroxyl group placed at C-15 of
macrolactin compounds was suggested that play
an important role in the antibacterial activity, but
there are no reports about the mechanism of
action of this group compounds till nhow. The
results from this studied, showed that endophytic
bacteria B. subtilis LKM-BL capable to produced
two antifungal compounds Macrolactin A and
Macrolactin M to protect cocoa seedlings from O.
theobromae pathogen.

CONCLUSION

Four selected endophytic bacteria LKM-UL,
LKM-PA, LKM-PD and LKM-BL via dual culture
method against cocoa pathogen O. theobromae
showed that endophytes capable to produced
antifungal activity to inhibit the growth of cocoa
plant pathogen. All selected endophytes revealed
inhibitory activities from the beginning of the cells
growth, during exponential and the highest at
early stationary phases (24 h) and further
incubation (36 and 48 h) showed decrease in
antagonistic capability. Endophytic bacteria B.
subtilis LKM-BL showed highest antagonistic
activity by dual culture method and cells-free
extract at 24h growth against pathogen was
selected for biological control on cocoa seedlings.
The strain significantly protected cocoa seedlings
against O. theobromae and produced growth-
promoting effects on cocoa seedlings. It also
produced bioactive compounds of macrolactin A
and macrolactin B which exhibits a strong
antifungal activity against cocoa pathogen,
O.theobromae. Thus, B. subtilis LKM-BL can be
the most promising candidate to be exploited as
biological control agent against cocoa fungal
disease in Malaysia cocoa plantations.

CONFLICT OF INTEREST
The authors declared that present study was
performed in absence of any conflict of interest.

ACKNOWLEGEMENT

This work was supported by Intensive
Research in Priority Area (IRPA) of Ministry of
Sciences, Technology and Environment of
Malaysia.

AUTHOR CONTRIBUTIONS

IZ, EERS, AH and WSA designed and
performed the experiments and also wrote the
manuscript. 1Z performed the analysis and
reviewed the manuscript. All authors read and
approved the final version.

Copyrights: © 2019 @ author (s).

This is an open access article distributed under the
terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author(s) and source are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not comply
with these terms.

REFERENCES

Abla E, Souad E, Abdelhadi H, Bazdi O, Khadija
O, 2015. Antagonistic activity of endophytic
bacteria isolated from Mentha rotundifolia L.
International  Journal of Scientific &
Technology Research 4(12): 36-39.

Agbeniyi SO, Adedeji AR, Adeniyi DO, 2014.0On-
farm evaluation of Trichoderma asperellum
on the suppression of Phytophthora
megakarya causing pod rot of Theobromae
cacao in Nigeria.British Journal of Applied
Science & technology 4(22): 3153-3159.

Ainon H, Amir R, Raja Farzarul HRA, Noor AY,
2010. |Isolation and characterization of
bacteria degrading Sumandak and South
Angsi Oils.Sains Malaysiana 39(2): 161-168.

Azizah SN, Mubarik NR, Sudirman LI, 2015.
Potential of Chitinolytic Bacillus
amyloliquefaciens SAHA 12.07 and Serratia
marcescens KAHN 15.12 as biocontrol
agents of Ganoderma boninense. Research
Journal of Microbiology 10:452-465.

Cao Y, Xu Z, Ling N, Yuan Y, Yang X, Chen L,
Shen B, Shen Q, 2012.Isolation and
identification of lipopeptides produced by B.

Bioscience Research, 2019 volume 16(1): 648-657 655


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Zubir et al.,

Endophytic bacteria with antagonistic activity against pathogen.

subtilis SQR 9 for suppressing Fusarium wilt
of cucumber. Scientia Horticulturae 135: 32-
39.

Chalasani AG, Dhanarajan G, Nema S, Sen R,
Roy U, 2015. An antimicrobial metabolite
from Bacillus sp.: Significant activity against
pathogenic bacteria including multidrug-
resistant clinical strains. Frontiers in
Microbiology 6: 1335 doi:
10.3389/fmicb.2015.01335.

Chen Y, Gao X, Chen Y, Qin H, Huang L, Han Q,
2014. Inhibitory efficacy of endophytic
Bacillus subtilis EDR4 against Sclerotinia
sclerotiorum on rapeseed. Biological Control
78: 67-76.

Ding T, Su B, Chen X, Xie S, Gu S, Wang Q,
Huang D, Jiang H, 2017. An endophytic
bacterial strain isolated from Eucommia
ulmoides inhibits southern corn leaf blight.
Frontiers in Microbiology 8(903), doi:
10.3389/fmich.207.00903.

Fu G, Huang S, Ye Y, Wu Y, Cen Z, Lin S, 2010.
Characterization of a bacterial biocontrol
strain B106 and its efficacy in controlling
banana leaf spot and post-harvest
anthracnose diseases. Biological Control 55:
1-10.

Guest D, Keane P, 2007. Vascular-streak
dieback: A new encounter disease of cacao
in Papua New Guinea and Southeast Asia
caused by the obligate basidiomycete
Oncobasidium theobromae. Phytopathology
97: 1654-1657.

Jasim B, Sreelakshmi KS, Mathew J,
Radhakrishnan EK, 2016. Surfactin, iturin,
and fengycin biosynthesis by endophytic
Bacillus sp. from Bacopa monnieri. Microbial
Ecology 72(1): 106-119.

Ji X, Lu G, Gai Y, Zheng C, Mu Z, 2008.Biological
control against bacterial wilt and colonization
of mulberry by an endophytic Bacillus subtilis
strain.FEMS Microbiology Ecology. 65: 565-
573.

Kefi A, Slimene IB, Karkouch I, Rihouey C, Azaeiz
S, Bejaoui M, Belaid R, Cosette P, Jouenne
T, Limam F, 2015. Characterization of
endophytic Bacillus strains from tomato
plants (Lycopersicon esculentum) displaying
antifungal activity against Botrytis cinerea
Pers. World Journal Microbiology
Biotechnology 31: 1967-1976.

LiW, TangXX, YanX, WuZz, YiZW, FangMJ, Su X,
QiuYK, 2016. A new macrolactin antibiotic
from deep sea-derived bacteria Bacillus
subtilis B5. Natural ProductResearch13: 1-6.

Lin T, Zhao L, Yang Y, Guan Q, Gong M, 2013.
Potential of endophytic bacteria from
Sophora alopecuroides nodule in biological
control against Verticilium wilt disease.
Australian Journal of Crop Science 7:139-
146.

Lloren JMN, Tormo A, Garcia EM, 2010.
Stationary phase in Gram-negative
Bacteria.FEMS Microbiol Rev. 34: 476-495.

Mondol MAM, Shin HJ, Islam MT, 2013. Diversity
of secondary metabolites from marine
Bacillus species: Chemistry and biological
activity. Marine Drugs. 11: 2846-2872.

Nagao T, Adachi K, Sakai M, Nishijima M, Sani H,
2001. Novel macrolatins as antibiotic
lactones from a marine bacterium. The
Journal of Antibiotic 54(4): 333-339.

Ozaktan H, Cakir B, Gul A, Yolageldi L, Akkopru
A, Fakhraei D, Akbaba M, 2015. Isolation
and evaluation of endophytic bacteria against
Fusarium oxysporum f. sp. Cucumerinum
infecting Cucumber plants. Austin Journal of
Plant Biology 1(1): 1003.

Paul NC, Ji SH, Deng JX, Yu SH, 2013.
Assemblages of endophytic bacteria in chili
pepper (Capsicum annuum L.) antifungal
activity against phytopathogens in vitro. Plant
Omics Journal 6(6): 441-448.

Petatan-Sagahon |, Anducho-Reyes MA, Silva-
Rojas HV, Arana-Cuenca A, Tellez-Jurado A,
Cardenas-Alvarez 10, Mercado-Flores Y,
2011. Isolation of bacteria with antifungal
activity against the phytopathogenic fungi
Stenocarpella maydis and Stenocarpella
macrospora. International  Journal  of
Molecular Sciences 12: 5522-5537.

Ren JH, Li H, Wang YF, Ye JR, Yan AQ, Wu XQ,
2013. Biocontrol potential of an endophytic
Bacillus pumilus JK-SX001 against poplar
canker. Biological Control 67: 421-430.

Samuels GJ, Ismaiel A, Rosmana A, Junaid M,
Guest D, Mcmahon P, Keane P, Purwantara
A, Lambert S, Rodriguez-Carres M, Cubeta
A, 2012. Vascular streak dieback of cacao in
Southeast Asia and Melanesia: in planta
detection of the pathogen and a new
taxonomy. Fungal Biology 116(1): 11-23.

Shin DS, Park MS, Jung S, Lee MS, Lee KH, Bae
KS, Kim SB, 2007. Plant growth-promoting
potential of endophytic bacterial isolated from
roots of coastal sand dune plants. Journal of
Microbiology and Biotechnology 17: 1361-
1368.

Tsuda K, Kosaka Y, Tsuge S, Kub Y, Horin O,
2001. Evaluation of the endophyte

Bioscience Research, 2019 volume 16(1): 648-657 656



Zubir et al., Endophytic bacteria with antagonistic activity against pathogen.

Enterobacter cloacae SM10 isolated from
spinach roots for biological control against
Fusarium wilt of spinach. Journal Genetic
Plant Pathology 67: 78-84.

Vale M, Seldin L, Araujo FF, Lima R, 2010. Plant
growth promoting rhizobacteria:
fundamentals and applications. In:
Maheswari D.K. (ed). Plant growth and
health promoting bacteria. Springer, Berlin,
21-43.

Wang X, Liang G, 2014. Control efficacy of an
endophytic Bacillus amyloliquefaciens strain
BZ6-1 against peanut bacterial wilt, Ralstonia
solanacearum. BioMed Research
International. 2014: 1-11.

Yi YJ, Li YS, Xia B, Li WP, Pang L, Tong ZD,
2015. Optimization of medium composition
and culture conditions for antifungal activity
of a tomato endophytic bacterium. Biological
Control 82: 69-75.

Yuan J, Li B, Zhang N, Waseem R, Shen Q,
Huang Q, 2012. Production of Bacillomycin-
and macrolactin-type antibiotics by Bacillus
amyloliquefaciens NJN-6 for suppressing
soilborne plant pathogens. Journal of
Agricultural and Food Chemistry 60: 2976-
2981.

Yuan J, Zhang F, Wu Y, Zhang J, Raza W, Shen
Q, Huang Q, 2014. Recovery of several cell
pellet-associated antibiotics produced by
Bacillus amyloliquefaciens NJN-6. Letters in
Applied Microbiology 59: 169-176.

Bioscience Research, 2019 volume 16(1): 648-657

657



