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Melon Manis Terengganu (MMT) is a new melon variety introduced as the iconic fruit of Terengganu. However, the 
production of MMT is still insufficient to meet the local demand due to plant diseases, which mainly controlled with 
chemical fungicides. Overusing fungicides to prevent plant diseases has led to pathogen resistance and negative 
environmental impacts. Since MMT is a new melon variety, disease incidence in local melon crops has been poorly 
studied and documented. Therefore, effective microbes such as Bacillus toyonensis and Paenibacillus alvei were 
investigated as potential environmental biocontrol agents for MMT. In this study, three pathogenic fungi (M15, M16, and 
M17) were successfully isolated and identified as Blumeria graminis, Penicillium limosum, and Colletotrichum 
dracaenophilum, respectively. The establishment of Koch's postulates confirmed the pathogenicity of fungi on MMT, which 
showed 100% infection on MMT. The results of the dual culture test showed that P. alvei and B. toyonensis inhibited the 
growth of P. limosum the most, with percent inhibition rates of 87.7% and 89.4%, respectively. In addition, symptoms of P. 
limosum on MMT occurred after the first day of inoculation. Therefore, P. limosum was selected for the greenhouse 
experiment, and the results showed that P. alvei, B. toyonensis, and the consortium significantly differed from control 1. 
Thus, all tested bacteria have potential as a biocontrol agent against P. graminis, and B. toyonensis was the best 
treatment. Overall, the results showed that the biocontrol agent performed better on MMT with the two individual strains of 
effective microbes compared to the consortium. 
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INTRODUCTION 

Melon Manis Terengganu (MMT) or Cucumis melo 
var. inodorus cv. Manis Terengganu 1 was introduced in 
Terengganu in 2015. This cultivar is one of the most 
popular among Terengganu entrepreneurs and producers 
as it provides local farmers with massive profits. The 
government has committed millions of Malaysian ringgit to 
improve the melon sector since it may offer better 
revenues to growers (FAMA 2016). Although many 
farmers participate in MMT cultivation, production is still 
limited to meet local demand. Many factors can contribute 
to this problem, which limits the potential productivity of 
MMT and later affects the quality of the fruit. One of the 
problems is the high incidence of pests and fungal 
diseases (Tahir et al. 2020). However, the pests and 
diseases have been poorly documented. Also, the most 
prevalent technique for controlling pathogenic fungi-
caused Melon Manis Terengganu diseases is chemical 
control. 

Furthermore, in agriculture, excessive chemical 
fertilizers and pesticides promote high quality and crop 

production, but this practice is costly, environmentally 
harmful, and distorts human health (Xu and Kim, 2014 and 
Zhai et al. 2021). In addition, the constant use of chemical 
pesticides can poison the environment and humans 
(Noorshilawati et al. 2015). As a result of these chemicals' 
unfavorable properties, interest in environmentally friendly, 
sustainable agriculture has increased recently. 
Microorganisms can be utilized as biofertilizers and 
biological fungicides instead of artificial agricultural 
chemicals since they are better for the environment and 
human health (Noorshilawati et al. 2015). 

Biocontrol agents are natural biological agents used to 
control pests and can come from microbes and some 
plants. Biocontrol agents are recommended for agriculture 
to reduce the targeted pest and disease species (Sethi 
and Gupta, 2013). Paenibacillus alvei and Bacillus 
toyonensis are one of effective microorganisms to control 
plant pathogens. According to Xu and Kim (2014), 
Paenibacillus spp. acts as a biocontrol agent against 
Fusarium crown and root rot and promotes tomato growth. 
In addition, Paenibacillus sp. can produce protease, 
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cellulose, and antifungal volatile organic compounds to 
exhibit a broad spectrum of antifungal activity against 
soilborne plant pathogens (Zhai et al. 2021). With K165-
mediated biocontrol activity and establishment of inherited 
resistance to Verticulum dahlia, it had shown to protect 
Arabidopsis thaliana plants against V. dahlia. However, it 
depends on activation of the microbe-associated 
molecular pattern (MAMP)-triggered immunity (MTI) and 
lignin accumulation through histone acetyltransferase 
function and subsequent activation of immunity (Gkizi et 
al. 2021). 

In addition, Bacillus spp. such as Bacillus toyonensis 
can control the mycelial growth of fungi and prevent fungal 
diseases (Aydi-Ben-Abdallah, 2016). Moreover, according 
to Sarosh et al. (2009), during Bacillus spp. treatment, the 
higher energy, metabolic and defense-related proteins in 
Bacillus-treated plants lead to systematic resistance. 
Furthermore, B. toyonensis can stimulate growth and 
suppress Ralstonia syzgii subs. indonesiensis (Yanti et 
al. 2018). In addition, B. toyonensis shows antagonistic 
activity against Fusarium oxysporum f. sp. lycopersici, 
which allows it to suppress Fusarium wilt (Rocha et al. 
2017). Furthermore, B. toyonensis can prevent fungal-
induced root rot in Panax notoginseng (Fan et al. 2015). 

It has been observed that antifungal peptides, 
volatiles, proteins, and other antimicrobial compounds 
produced by these antagonistic agents (P. alvei and B. 
toyonensis) suppress mycelial development of fungal 
infections. Numerous studies have revealed several 
methods of antifungal activity, including food competition, 
generation of antifungal chemicals such as extracellular 
enzymes and organic volatiles, antibiotics, and formation 
of plant resistance (Zhai et al. 2021). In this study, an 
antagonistic effect on phytopathogenic fungi were 
identified with antagonistic bacteria, and its effect and 
potential mechanism on controlling pathogenic fungi were 
also investigated.  
  
MATERIALS AND METHODS 

Preparation of bacteria granules 
Pesta granules were developed with minor 

modifications (Mejri et al. 2013). A mixture of 200 g kaolin 
and 800 g wheat flour was autoclaved at 121 psi for 20 
minutes. Two hundred grams of sugar and 200 ml of 
bacteria spore suspension were added and mixed until a 
cohesive dough was formed under a laminar airflow. The 
dough was flattened into a 1 mm thick sheet and air-dried 
in a laminar airflow for at least 48 hours. An electric 
grinder was used to break the dried sheets into smaller 
pieces. 

Sample collections 
Fungi sampling sites were conducted in Mekar Greentech 
Solutions farm, Besut, Terengganu. Stem and leaf 
samples were collected from these infected sites. All 
samples were taken to a laboratory and isolated. 

Isolation of pathogenic fungi 
The infected parts of the sample were then washed to 

remove bacteria or other organisms with 95 percent (v/v) 
ethanol for 1 minute, then with 5 percent (v/v) Clorox for 
30 seconds, and finally rinsed with distilled water for 1 
minute. The sterilized samples were then put on a potato 
dextrose agar plate (PDA). The samples were cultured at 
room temperature for at least five to seven days to 
promote sporulation. The growing colonies were 
separated to obtain a pure culture. The pure culture was 
stored in the refrigerator for long-term storage and use in 
another experiment which are screening and identification 
procedure (Sajili et al. 2019). 

Molecular identification of pathogenic fungi 
The following preparations of mycelia were performed 

using the modified FavorPrep Fungi/Yeast Genomic DNA 
method. In preparation for DNA extraction, the three 
pathogenic fungi were first grown on PDA plates for 7 
days at 30 °C in an incubator. Then, fresh mycelium was 
scraped from the plates and placed in a mortar to grind 
the sample with a pestle. The sample was then placed in a 
1.5 ml microcentrifuge. 

Then 1000 μl FA buffer was added to the 1.5-ml 
microcentrifuge filled with mycelia and centrifuged for two 
minutes. After that, the supernatant was completely 
discarded, and the cell was resuspended in a 550 μl FB 
buffer. Then 15 μl of the lytic acid solution was added. The 
mixture was mixed well, and the sample was incubated for 
one hour or overnight. If the DNA could not be extracted 
after this step, the sample was incubated again for one 
hour at 37 ˚C in a sonic water bath. Then, two μl of RNase 
A was added and incubated for two minutes at room 
temperature. Then the cell was centrifuged at 5000 x g for 
10 minutes, and the supernatant was removed entirely. 
350 μl TG1 buffer was added, and the mixture was 
transferred to a bead tube. The mixture was mixed well by 
plus-vortexing for five minutes. Then, 20 μl proteinase K 
was added, and the mixture was incubated at 55˚C for 15 
minutes, shaking every five minutes for 30 seconds. The 
mixture was centrifuged at 5000 x g for one minute, and 
200 μl of the supernatant was transferred to a new 1.5 ml 
microcentrifuge tube. 

Then 100 μl of TG2 buffer was added, and the mixture 
was mixed well by pipetting. Then 200 μl ethanol was 
added and mixed well by shaking for ten seconds. The 
sample mixture was carefully transferred to the TG Mini 
Column and centrifuged at 11000 x g for 30 seconds. 
Then 400 μl of the W1 buffer was added to the TG Mini 
Column. The mixture was centrifuged at 11000 x g for 30 
seconds, and the flow through was discarded. Then the 
above step was repeated but 750 μl of wash buffer was 
used. Then the TG1 mini-column was centrifuged at full 
speed for another three minutes to dry the column. The 
TG1 mini-column was placed in an elution tube. Then 30 
μl of elution buffer was added to the TG1 Mini Column and 
centrifuged at full speed for one minute to elute all the 
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DNA. Then, the above experiment was repeated, but 20 μl 
of elution buffer was used. The DNA was stored at -20 ˚C. 

Then the polymerase chain reaction (PCR) was 
performed. The PCR reaction mixture consisted of 1X 
master mix, each reverse, and forward primer pair. The 
primer pairs were LROR: 5' - ACCCGCTGAACTTAAGC- 
3' and reverse primer (LR7: 5'TACTACCACCAACATCT 
3'), fungal DNA, and deionized sterile water. PCR 
amplification conditions were as follows: initial 
denaturation at 94°C for five minutes, denaturation at 
94°C for one minute, annealing temperature at 50°C for 
one minute, extension at 74°C for one minute 30 seconds, 
and final extension at 72°C for 3 minutes (Zin et al. 2019). 
In order to achieve sufficient amplification, 40 PCR cycles 
were performed. For visualization, PCR products were 
separated on a 1.5% agarose gel and stained with 
Florosafe. The presence of a single band of the expected 
size and no nonspecific bands or streaks indicated that 
the PCR amplification procedure was effective. 

The pathogenicity test 
The pathogenicity test was performed using Koch's 

postulate. The healthy leaf surface was sterilized with 70% 
ethanol for 30 seconds and then rinsed three times with 
sterilized distilled water. A wound was incised on the leaf 
surface with a sterile scalpel. The fungal spore suspension 
was prepared, and the mycelia were filtered through a 
layer of gauze cloth. The spore suspension is then 
sprayed on the wounded leaf surface. The pathogen is re-
isolated from the diseased part and compared with the 
original culture to prove Koch's postulate. 

Screening antagonist activity 
Antagonist activity was tested using the double culture 

test method of Shyamala & Sivakumaar (2012). The dual 
culture technique on the PDA medium was used in this 
experiment to select the most potent bacterial antagonist 
that showed better activity against three pathogenic fungi. 
Paenibacillus alvei, Bacillus toyonensis, and consortium, 
were used as potent antagonists against pathogenic fungi 
of MMT. The bacteria were placed at a distance of 2.55 
cm from the center of the Petri dish containing PDA 
medium. On the other side of the plates, 5 mm thick slices 
of the 7-day-old pathogenic fungal isolate were placed at a 
distance of 2.55 cm from the Petri dish center. A 
pathogenic fungus was placed in the exact location on 
another fresh PDA plate as a control. All treatments were 

performed in triplicate and incubated at 25℃. Five days 
after incubation, antagonistic activity was measured by 
measuring the control plate for the radius of the 
pathogenic fungal colony (R1) and the radius of the 
pathogenic fungal colony toward the antagonist colony 
(R2). The two measurements were converted to percent 
inhibition of radial growth (PIRG) using the formula 
developed by Skidmore and Dickinson (1976). 

 

PIRG = 
𝑅1−𝑅2

𝑅1
𝑥 100% 

In vivo of antifungal activity assay 
Three grams of bacteria granules were diluted in 1000 

mL with a concentration of 107 cfu ml-1. The suspension 
was used to treat the targeted Penicilium limosum under 
greenhouse conditions. The experiment was laid out in a 
randomized complete block design (RCBD) with five 
groups. Three were treatments with bacteria inoculation, 
one treatment was no inoculation with bacteria, and 
another served as control(healthy plant). Each group has 
15 replicates. 

MMT seeds were soaked with spring water overnight 
before planting. Seeds were sown in a seedling tray (104 
holes of 3.7 cm diameter) filled with potting soil. In a 
greenhouse, the seedlings were grown; individual MMT 
seedlings were planted after ten days into polybags filled 
with 1:1 topsoil and cocopeat. Soil drenching and spraying 
techniques were applied every two weeks for the bacterial 
inoculum application. After four weeks, the five days old P. 
limosum were sprayed, and the fungal disease severity 
was accessed using a 0~4 scale (Xu and Kim, 2014; 
Mortan and Hall, 1989). The plants were watered daily 
and after 60 days, the plant could be harvested. Shoot 
height and number of leaves were recorded every week. 
Meanwhile, leaf area, root length, and fresh and dry 
weight roots measurements were recorded upon harvest. 
The chlorophyll content was also measured by using a 
SPAD-502 chlorophyll meter (Konica Minolta, Tokyo, 
Japan). 
 
RESULTS  

Isolation and identification of pathogenic fungi 
The three strains of pathogenic fungi were successfully 
identified using a morphological approach and molecular 
approach (Figure 1 and Table 1). These three strains were 
confirmed identified as pathogenic fungi where M15 was 
characterized as Blumeria graminis, M16 was identified as 
Penicillium limosum and M17 was identified as 
Colletotrichum dracaenophilum. The M16 showed that the 
spore colonies were unicolored, white to gray-green 
mycelia with sparse to moderately dense sporulation, 
without soluble pigment, gray-yellow on the back, and 
reaching 35-41 mm in diameter (Pangging et al. 2021). 
The M15 showed that the spore colony is white cottony 
patches and gray-brown color on the back. The M17 
showed that the colonies of the fungus grown on PDA 
were dominated by cottony whitish cream on the upper 
side of the media. Meanwhile, the downside of the media 
is creamish grey in color. This result was also supported 
by Kimaru et al. (2018), where the researchers discovered 
that 46 fungal isolates had a white, greyish, or cream color 
on the upper surface with a cottony, velvety mycelium and 
a grey cream on the reverse with a circular orange-pink 
color. 
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Figure 1: A-C represents the fungi culture, while D-F 
indicates the conidia structure observed under the 
microscope. (A) and (D) belong to M15, (B) and (E) 
belong to M16, (C) and (F) belong to M17. 
 
Table 1: The molecular identification of M15, M16 and 
M17. 

Pathogenic  fungi ID Name Similarity (%) 

M15 
Blumeria 
graminis 

98.08 

M16 
Penicillium 
limosum 

99.02 

M17 
Colletotrichum 

dracaenophilum 
99.27 

 
Pathogenicity test of pathogenic fungi in Koch's 
postulates 
A pathogenicity test with pathogenic fungi from MMT 
isolates was performed to confirm the causative agent of 
MMT diseases. The disease symptoms exhibited by the 
pathogenic fungi in the experiment closely matched the 
symptoms in the sample fields. M16 showed the fastest 
symptom appearance, which only took one day to infect 
the leaves of MMT, compared with M15 and M17, which 
took three days to infect the leaves (Table 2). Infection 
consists of two phases: invasion of host tissue and 
colonization of that tissue. The fungus must penetrate the 
host tissue to reach the nutrients inside, and hyphae are 
formed. During colonization, the hyphae search for 
nutrients and kill the plant (Marcianò et al. 2021). Based 
on the result, M16 showed the fastest infection towards 
MMT and was selected for further study. 
Table 2:The symptom appearance and disease 
incidence caused by five samples of the suspected 
pathogenic fungi 

Pathogenic  
Fungus 

Symptom 
Appearance (Day) 

Disease 
Incidence (%) 

Control 0 0 

M15 3 100 

M16 1 100 

M17 3 100 

 

Antagonistic activities of strains in dual culture 
Antagonistic activity for all three bacterial strains were 
tested by measuring the inhibition zones after a seven-day 
dual culture against pathogenic fungi. The result shows 
that Paenibacillus alvei and Bacillus toyonensis inhibit the 
growth of pathogenic fungi of M16 the most, with 
percentage inhibition rates of 87.7% and 89.4%, 
respectively, compared with control (Table 3). and the 
appearance of symptoms last only one day. Xu and Kim 
(2014) supported this study where the Paenibacillus spp. 
showed high inhibition zone against Fusarium crown and 
root rot compared to control. Moreover, the study by 
Mohammad et al. (2021) showed that Paenibacillus sp. 
and Bacillus toyonensis could suppress insects and pests. 
In addition,  Paenibacillus spp. protect plants from 
pathogens by forming one of the best rhizosphere biofilm 
shields around roots (Rybakova et al. 2016). Meanwhile, 
Bacillus spp. can produce antimicrobial lipopeptides such 
as iturins, surfactins and fengyins where it interacts with 
the cell membrane causing changes in its structure and 
permeability (Fira et al. 2018). Hence, M16 was used for 
in vivo antifungal activity assay. 
 
Table 3: Percentage inhibition (%) by bacteria against 
pathogenic fungi 

Fungi 

Percent of Inhibition Rate (%) 

Control 
P. 

alvei 
B. 

toyonensis 
Consortium 

M15 0 68.0 78.0 48.0 

M16 0 84.7 89.4 0.0 

M17 0 86.6 89.4 69.4 

 
In vivo antifungal activity assay 
The efficacy in vivo of Paenibacillus alvei, Bacillus 
toyonensis, and the consortium for control of pathogenic 
MMT fungi under greenhouse conditions (Table 2) was 
evaluated. Plants treated with B. toyonensis looked 
healthy and had significantly lower disease severity 
(19.3%) on a scale of 1 compared to the other treatments 
and the control (Mortan and Hall, 1983) (Table 4). 
Paenibacillus alvei showed a significantly lower severity of 
31.4% compared to the consortium (36.5%). The healthy 
plant (without inoculation with bacteria and fungi) showed 
a disease severity of 31.2% compared to the control 
(inoculation with fungi only), which was 57.8%. The effect 
of the antagonistic strains on the growth of plant 
pathogens could be the reason for the protection of MMT. 
However, many factors may affect the biological control of 
plant diseases in vivo (Xu and Kim, 2014). According to 
Akram et al. (2016), the Bacillus spp. antagonistic activity 
prevents fungal infections on plants by controlling the 
mycelial growth of fungi. Without having lasting effects on 
other bacterial populations, Bacillus spp. can successfully 
establish populations in the soil and root rhizosphere 
(Chowdhury et al. 2015). Bacillus spp. deform the hyphae 

A B C

D
 A

E
 A

F
 A
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of the fungi by attaching to the cell walls of the mycelium, 
and various enzymes such as chitosanase, protease, 
cellulose, and glucanase of the bacteria crack, resulting in 
the altered cell structure of the pathogenic fungi and 
functioning through vacuolization and protoplast leakage 
(Han et al. 2015; Narendra-Babu et al. 2015 and 
Radhakrishnan et al. 2017). Bacillus spp. can synthesize 
antifungal peptides, which destroy pathogenic fungi in 
rhizospheres. The antifungal peptides synthesized are 
iturin, fengycin, mixirin, pumilacidin, and surfactin, (Han et 
al. 2015; Yamamoto et al. 2015). 
 Surprisingly, the Bacillus toyonensis and 
Paenibacillus alvei were also affected by the plant growth 
promoter as P. alvei and B. toyonensis significantly 
increased in plant height (cm) at Week 7 (251.2 a and 
250.6 a, respectively) compared with consortium at 239.8 
ab and control 1 and control 2 (225.6 b and 231.8 b) 
(Figure 2). They also significantly increased in no. of 
leaves at Week 7 (34 a and 33 ab respectively) compared 
to the consortium (31.2 abc) and control 1 and control 2 
(29.4 c and 30 bc) (Figure 3). This is because the release 
of growth-promoting hormones such as auxins, cytokinins, 
and gibberalin has contributed to increased plant height 
and leaf number (Jaroszuk-cise et al. 2019). In this study, 
P. alvei and B. toyonensis and consortium also risen 
significantly in leaf area, fruit weight, chlorophyll content, 
root mass, and root length compared with control (Table 
5). P. alvei and B. toyonensis produce a significant 
amount of IAA concentration that can promote all plant 
growth parameters (Lamsal et al. 2013).  
 
Table 4: The severity of MMT after treated with 
treatments. 

Treatment Severity (%) Scale 

Control 1 57.8 a 3 

Control 2 31.5 b 2 

T1 31.4 b 2 

U2 19.3 c 1 

Consortium 36.5 b 2 

 

 
Figure 2: Effect of bacteria-treated soil on plant height 
of Melon Manis Terengganu (MMT). 
 

 
 
Figure 3: Effect of bacteria-treated soil on the number 
of leaves of Melon Manis Terengganu (MMT). 

Table 5: Effect of bacteria-treated soil on leaf area, fruit weight, chlorophyll content, root mass, and root length of 
Melon Manis Terengganu (MMT). 

Parameters 

Treatments 

Con 1 Con 2 
P. 

alvei 
B. 

toyonensis 
Consortium 

Leaf area (cm2) 360.1e 397.7d 462.6a 459.8b 424.3c 

Fruit weight (g) 953.2c 1173.6bc 1458.6a 1406.8a 1320.8ab 

Chlorophyll content (nm) 20.2d 24.60c 65.60a 66.12a 52.193b 

Root mass (g) 0.897a  0.907a 1.185b 1.530b 1.480b 

Root length (cm) 22.5a  23.5a 34.2 b 39.0b 37.0b 

 
  

0

40

80

120

160

200

240

280

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7

P
la

n
t 

H
e
ig

h
t 

(c
m

)

Week

Control 1

Control 2

P. alvei

B.
toyonensis

0

5

10

15

20

25

30

35

40

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7

N
o

.o
f 

le
a
v
e
s
 

Week

Control 1

Control 2

P. alvei

B. toyonensis

Consortium



Mohammad et al.                                                                                           Paenibacillus as biocontrol agent on pathogenic fungi 

 

    Bioscience Research, 2022 volume 19(3): 1476-1482                                                               1481 

 

CONCLUSION 
In summary, the results show that Paenibacillus alvei 

and Bacillus toyonensis were identified as biological 
control agents against Melon Manis Terengganu's 
pathogenic fungi Blumeria graminis, Penicillium limosum, 
and Colletotrichum dracaenophilum. All tested bacteria 
have the potential as a biocontrol agent to control P. 
limosum, with B. toyonensis being the best treatment. 
Interestingly, our study observed a significant increase in 
all growth parameters with these two effective bacteria. 
Moreover, treatment with only one bacterium was more 
effective in controlling pathogenic fungi of MMT. This 
study provides an alternative to reduce dependence on 
synthetic chemical fertilizers and contribute to the 
sustainable melon industry in Malaysia. 
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