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ABSTRACT

Fusarium oxysporum is a serious disease that affects shallots and can result in crop failure. Controlling fusarium
disease requires a variety of strategies, including the development of microbial antagonists. Microbes are used
sparingly in the field due to their instability, inconsistency, efficacy, and shelf life. The purpose of this study is to
determine the efficacy of endophytic and rhizobacteria formulations in carrier media as biological control agents
against fusarium disease in shallots.Protease, amylase, and inhibition tests were performed in vitro on three
bacterial isolates formulated on 0.85 percent NaCl carrier, talc, bentonite, and husk charcoal powder. The
variance of the data observations was determined, and those that revealed a significant effect were further
examined using Duncan's Multiple Range Test at a 95% confidence level.The results indicate that rhizobacteria
and endophytic bacteria formulated in the carrier medium are capable of inhibiting Fusarium oxysporum
pathogen development and increasing the activity of protease and amylase enzymes. Protease and amylase
enzymes exhibited the greatest inhibitory power and activity when used to treat the W2R06 isolate rhizobacteria
formulation that was formulated in a carrier medium of husk charcoal powder. W2R06 isolate formulated in
husk charcoal may be used as a biological controller for plant diseases, particularly fusarium disease, thereby

reducing the need for synthetic pesticides.
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INTRODUCTION

Fusarium disease, also known as moler disease, is a significant disease of shallots, attacking
at a rate of 5-60% and even causing crop failure (Hadiwiyono et al., 2020; Le et al., 2021;
Mandal and Cramer, 2021). This disease is caused by the fungus Fusarium oxysporum, a soil-
borne pathogen that survives without a host and spreads rapidly through the soil (Le et al.,
2021).

Microbial antagonists are now being developed for the control of plant diseases in
order to prevent the excessive use of pesticides, which have a detrimental effect on human
health and the environment (Alori and Babalola, 2018; Sellitto et al., 2021). Microbial
antagonists such as rhizobacteria and endophytic bacteria can suppress infections in a
variety of plants by producing siderophores, salicylate enzymes, peroxidases, and HCN
(Sutariati et al., 2019; Gupta and Gopal, 2008; Nithyapriya et al., 2021; Martnez-Viveros et
al.,, 2010). Bacteria that generate peroxidase enzymes can aid pepper plants in resisting
disease attacks caused by Phytophthora capsici (Shobha and Murthy, 2018).

In general, the ability of rhizobacteria and endophytic bacteria to prevent the
growth of pathogenic fungi or bacteria is still restricted to the synthesis of HCN, salicylate
enzyme activity, and peroxidase enzyme activity (El-Deeb et al., 2012; Sutariati et al., 2020).
However, the capacity of microbial antagonists to produce amylase and prosthetic enzymes
is being explored at the moment (Khan et al., 2017; Kim et al., 2009; Saboti and Kos, 2012).
Bacteria that produce amylase, protease, or peroxidase have the ability to degrade bacterial
or fungal cells (Bibi et al., 2017; El-Deeb et al., 2012; Chaiharn et al., 2008).

The carrier medium and shelf life of microbes have an effect on their superiority in
inhibiting pathogen development and increasing plant growth (Sarin and Riddech, 2018).
According to Muis et al. (2006), B. subtilis that has been formulated and stored for an
extended period of time will lose viability. As a result, a solid carrier medium is required that
aims to stabilize the bacterial population, meet the microbe's nutritional requirements, and
maintain the bacteria's ability to promote growth and control plant diseases (Rekha et al.,
2007). Rakian et al. (2018) reported on a study of solid carrier media in which they

discovered that using solid carrier media improved bacteria's performance in the field.
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Suriyadi et al. (2013) continued by stating that using bentonite as a carrier medium can help
maintain the bacterial population while inhibiting pathogen development. As such, this
study will assess the consistency of an endophytic-rhizobacteria formulation used as a
biological control agent against fusarium disease (Fusarium oxyzporum) on shallots (Allium

ascalonicum L.).
MATERIALS AND METHOD

From December 2018 to June 2019, this research was conducted at UniversitasHalu Oleo's
Laboratory of Agricultural Agronomy. This study used a completely randomized design with
endo-rhizobacteria treatment formulated in a carrier medium with 12 levels, including
endophytic bacteria isolate BEO3 in 0.85 percent NaCl carrier medium (B1/control), isolate
BEO3 in Talc (B2), isolate BEO3 in bentonite (B3), isolate BEO3 in husk charcoal powder (B4),
rhizobacteria isolate TWB11 in 0.85 percent NaCl carrier medium (B5 (B12). Each treatment

was repeated three times, resulting in a total of 36 treatment units.

Source of Endo-rhizobacteria Isolate

Three bacterial isolates were obtained from the Laboratory of Agrotechnology, Faculty of
Agriculture, UniversitasHalu Oleo: BEO3, TWB11, and W2RO06. Bacterial isolates were
rejuvenated using the scratch method and incubated at room temperature for three days on
TSA medium. The isolated strains were kept to investigate the activity of protease, amylase,

and inhibitory enzymes.

Fusarium oxysporum isolation

Fusarium oxysporumwas isolated from shallot bulbs suffering from Fusarium symptoms
disease. Symptomatic onion bulbs were washed under running water and allowed to dry
naturally. The tubers were cut to a diameter of 1 cm and disinfected for two minutes with a
1 percent sodium hypochlorite solution. Desiccated tubers were rinsed and dried with
sterile distilled water. The tubers were planted in a petri dish containing PDA media and

incubated at 270C for 3-5 days until fungal mycelium developed and could be identified
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under a microscope. To purify and test F. oxysporum mycelium, it was transferred to PDA

media.
Formation of Indigenous Bacterial Biological Agent

Talc, bentonite, and husk charcoal powder were sterilized in an autoclave at a temperature
of 121°C and a pressure of 1.5 atm. The sterile carrier material was air-dried in laminar air
flaw and mixed with endo-rhizobacteria suspension until it reached a moisture content of
50% (w/v) and the control treatment for each bacterium used 0.85% NaCl. The carrier and
bacterial formulations were put in sterile scotch bottles and stored at room temperature to

test the performance of inhibition, protease and amylase enzyme activity for four months.

Quantity Test of Protease Activity

The protease activity test was qualitatively determined using the method blank disc which
has been modified. Indigenous bacterial biological agents were inoculated in nutrient broth
(NB) medium and incubated on a rotary shaker for 24 hours. One ose of bacterial culture
was placed in the middle of a petri dish containing 1% protease-skim milk agar medium with
a pH of 7.0 and incubated at 280C. The diameter of the clear zone formed around the
bacterial colony was measured, and the activity was qualitatively determined based on the

index value, namely the total zone diameter divided by the diameter of the bacterial colony.

Qualitative Test of Amylase Activity

Bacterial isolates were grown on tilted TSA agar media and transferred to YPS agar media
and incubated for two days at room temperature. Selective media overgrown with bacteria
dripped with iodine solution. Bacteria that have amylase activity will see a clear zone around

the bacterial colony and the media around it will look blue.

Antagonism Ability of Endo-rhizobacterial Biological Agents

The ability of endo-rhizobacteria antagonists was tested using the dual test method on PDA
media (Marwan et al., 2020). Antagonism was observed daily by measuring the radius of
pathogen growth towards the edge of the petri dish (R1) and the radius of pathogen growth

towards the bacteria (R2). The data obtained is calculated using the formula:

1841



Nat. Volatiles & Essent. QOils, 2021; 8(4): 1838-1853

R —
DH = %xlOO%

1

Note: DH= Inhibitory power
R1 = Radius of pathogen growth towards the edge of the petri

R2 = Radius of growth of the pathogen towards the isolate of the biological agent
Data analysis

Observational data were analyzed for variance, which showed a significant effect followed
by Duncan's Multiple Range Test at 95% confidence level and the relationship between
inhibition and activity of protease and amylase enzymes was described in a simple

regression test.

RESULTS

Protease Enzyme Production

The activity of protease enzymes produced by bacteria on carrier media with a shelf life of O,
8 and 16 MS, respectively, is presented in Table 1. In general, the highest amylase and
protease enzyme activities were obtained in B12 treatment which was different from other
treatments.

Table 1. The average activity of protease enzymes produced by bacteria on several carrier

media with a shelf life of 0, 8 and 16 MS.

Amylase Enzyme Activity Test (cm) Week

Treatment
0 8 16
Bl 1.45a 1.50d 1.50d
B2 1.55a 1.55cd 1.65c
B3 1.60 a 1.60cd 1.70c
B4 1.65a 1.65bc 1.65c¢
B5 1.55a 1.60cd 1.60cd
B6 1.60a 1.60cd 1.65c
B7 1.65a 1.65bc 1.65c
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B8 1.65a 1.75ab 1.70c
B9 1.70a 1.75ab 1.90b
B10 1.75a 1.85a 2.00ab
B11 1.75a 1.80a 1.95ab
B12 1.80a 1.85a 2.05a

Note: Numbers followed by the same letter in the same column are declared to be not
significantly different based on Duncan's Multiple Range Test at a 95%

confidence level.

Amylase Enzyme Production

The activity of the amylase enzyme produced by bacteria on carrier media with a shelf life of
0, 8 and 16 MS, respectively, is presented in Table 2. In general, the highest amylase enzyme
activity was obtained in the treatment B12 treatment which is different from other
treatments.

Table 2. The average activity of the amylase enzyme produced by bacteria on several carrier

media with a shelf life of 0, 8 and 16 MS.

Treatment Amylase Enzyme Activity Test (cm) Week
0 8 16
B1 1.10d 1.15d 1.40f
B2 1.15d 1.20d 1.45ef
B3 1.15d 1.15d 1.40f
B4 1.20d 1.20d 1.50def
B5 1.55c 1.60c 1.60cde
B6 1.60bc 1.65bc 1.65bcd
B7 1.65abc 1.70bc 1.65bcd
B8 1.65abc 1.65bc 1.70bc
B9 1.60bc 1.70bc 1.75abc
B10 1.70abc 1.70bc 1.80ab
B11 1.75ab 1.75b 0 1.90a
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B12 1.80a 1.90a 1.90a

Note: Numbers followed by the same letter in the same column are declared to be not
significantly different based on Duncan's Multiple Range Test at a 95%

confidence level.

Bacterial Antagonist Ability and Its Relationship with Amylase and Protease Enzyme
Activities

The inhibition zone of bacteria stored on several carrier media observed at 0, 8 and 16
weeks after the shelf life is presented in Table 3 and the relationship of inhibition with the

activity of protease and amylase enzymes is presented in Figure 1.

Table 3. The average inhibition of bacteria stored on several carrier media were observed at

0, 8 and 16 weeks after the storage period.

Rhizobacteria Inhibitory (%) Week

Treatment
0 8 16
Bl 5.00d 6.67 c 6.67 c
B2 6.67cd 8.33¢ 6.67 c
B3 5.00d 6.67 c 8.33¢
B4 10.76bcd 6.51c 8.33c
B5 9.38bcd 6.67 c 5.00c
B6 3.33abcd 8.33¢ 8.33c
B7 7.82cd 8.33¢ 10.00c
B8 3.33d 6.67 c 8.33¢
B9 20.00abc 16.67b 18.33b
B10 25.00a 21.67ab 23.33ab
B11 21.67ab 23.33a 20.00ab
B12 25.00a 26.67a 26.67a

Description: Numbers followed by the same letter in the column the same is declared to be
not significantly different based on Duncan's Multiple Range Test at a 95%

confidence level.
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In general, the highest average inhibition of bacteria at week 0, 8 and 16 was obtained in
treatment B12, which was significantly different from other treatments, especially bacteria

treated with NaCl.
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Figure 1. The relationship between bacterial inhibition with amylase (A) and protease (B)

enzymes.

The inhibition of bacteria against the fungus Fusarium oxysforum is closely related to the
activity of amylase and protease enzymes produced by bacteria. The relationship between
inhibition with amylase enzyme (Figure 1A) was 68.73% with a regression value of y=
34,605x - 44,311 while with protease (Figure 1B) of 93.38% with a regression value of
40.578x - 58,513.

DISCUSSION
Agriculture is currently developing the use of bacteria to boost productivity and control
diseases that attack cultivated plants. The bacteria used in this study were isolated from

bacteria found around healthy plant roots in plants infected with fusarium disease, referred
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to as rhizobacteria, and from bacteria found in plant tissue, referred to as endophytic
bacteria. Babalola, (2010) and Firdous et al., (2019) stated that the bacteria developed were
investigated in the root zone (rhizobacteria) and in plant tissues (endophytic bacteria).
Rhizobacteria and endophytic bacteria can exert control over disease by producing HCN
compounds, siderophores, amylase enzymes, peroxidases, chitinases, proteases, and
salicylic acid. (2013); Shobha and Murthy, 2018; Chaiharn et al., 2008). Sutariati et al. (2019)
and Rashad et al. (2017) demonstrated that bacteria with multiple chitinase, salicylate, and
peroxidase enzyme activities can inhibit the growth of fusarium pathogens.

The results indicate that treatment of bacterial isolates resulted in the formation of
a clear zone surrounding the bacterial colony. The W2R06 treatment, which used husk
charcoal as a carrier medium, had the highest protease enzyme activity when compared to
the other treatments. Each bacterial isolate is suspected to have unique characteristics and
capacities for producing protease enzyme activity. According to Chaiharn et al. (2008), a
variety of bacterial isolates were investigated, each with a unique ability to perform an
enzyme activity. Apart from the characteristics of the bacteria, it is believed that the storage
media influence the enzyme activity produced (Rani et al., 2012). The results indicated that
each bacterial isolate formulated in rice husk charcoal carrier medium could significantly
produce more protease enzyme activity than the control bacteria formulated in NaCl. Rani
et al. (2012) demonstrated that the nutrients present in the carrier media used can affect
the activity of the enzymes produced. Variations in carbon/nitrogen, glucose, metal ions,
and metabolizable nitrogen sources all influence the activity of a bacterium. According to
Dhillon et al. (2016), carbon sources such as starch, maltose, and molasses can boost
proteolonitic enzyme production during the storage process. that the nutrients present in
the carrier media can influence the activity of the enzymes produced. Variations in
carbon/nitrogen, glucose, metal ions, and metabolizable nitrogen sources all influence the
activity of a bacterium. According to Dhillon et al. (2016), carbon sources such as starch,
maltose, and molasses can boost proteolonitic enzyme production during the storage
process. that the nutrients present in the carrier media can influence the activity of the

enzymes produced. Variations in carbon/nitrogen, glucose, metal ions, and metabolizable
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nitrogen sources all have an effect on the activity of a bacterium. According to Dhillon et al.
(2016), carbon sources such as starch, maltose, and molasses can boost proteolonitic
enzyme production during the storage process.

Furthermore, the results showed that all of the bacterial isolates tested were
capable of generating the amylase enzyme. The amylase enzyme's activity was evaluated by
monitoring the clear zone surrounding bacterial colonies. The clear zone reveals how active
the amylase enzyme is in the starch degradation of the test media. W2R06 isolate bacterium
had the highest amylase enzyme activity when compared to other bacteria. The treatment
of bacterial isolates is thought to have resulted in the creation of the amylase enzyme's
storage phase in a variety of carrier medium. Couto and Sanroman (2006) and Sajedi et al.
(2005) found that numerous parameters, including carrier medium composition,
temperature, inoculum age, and carbon and nitrogen sources, influence bacteria that
manufacture amylase enzymes during storage.

Inhibition of bacteria against pathogens that cause disease in cultured plants
demonstrates bacteria' antagonistic ability. The results indicated that while the treatment of
rhizobacteria W2R06 formulated on husk charcoal powder (B12) had a greater inhibitory
power than the others, it was not significantly different from the treatment of W2R06
formulated on talc (B10) or W2R06 formulated on the carrier medium. but significantly
different from other treatments due to the use of a bentonite carrier (B11). Bacterial
inhibition of the fungus F. oxysporum demonstrated antagonism activity, which occurred
because of the bacteria competing for nutrients and secreting antibiotics that inhibited F.
oxysporum growth. With a correlation coefficient of 93.38 percent and a regression
coefficient of 40.578x - 58.513, the increase in inhibition was closely related to the protease
enzyme activity. In comparison to other treatments, the results of this study indicate that
W2R06 bacteria can produce 2.05 cm of protease enzyme activity. Proteases can exert a
significant inhibitory effect on aspartate, serine, and cysteine proteinases, as Kim et al.
(2009) demonstrated. Protease enzymes are capable of degrading the pathogen's proteins,
which serve as the pathogen's building blocks.Additionally, the activity of the amylase

enzyme produced by bacteria corroborated the study's findings. All bacterial isolates
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exhibited amylase enzyme activity, with the best results obtained when rhizobacteria
isolates W2R06 were formulated in husk charcoal media. The inhibition of the amylase
enzyme was correlated with its activity. The correlation between inhibitory power and
amylase enzyme activity was 68.73 percent with a regression coefficient of y= 34,605x -
44,311. These findings demonstrate that the inhibition is inversely proportional to the
increase in amylase activity. Amylase enzymes are capable of hydrolyzing starch molecules
into polymers composed of glucose, maltose, and maltotriose units (Paula and Magalhaes,
2010), which comprise the fungus body structure.

The results showed that the bacterial isolates formulated in the carrier medium had
a wide range of inhibitory characteristics. In general, the results showed that rhizobacteria
and endophytic bacteria isolate K2R06 were inhibited more successfully when treated with a
formulation containing husk charcoal, bentonite, and talc as carrier media than when NaCl
was employed as the control. It is thought that carrier media can provide the nutritional
needs of microorganisms. Vassilev et al. (2020) demonstrated the importance of carrier
media in supplying nutrients to microbes, preventing bacterial cell degradation during
storage, and improving microbial performance. Bacteria mixed with alginate, bentonite,
starch, and other carrier medium can boost bacterial cell storage and proline content, as
well as peroxidase enzyme activity, according to Hee et al. (2017) and Liffourrenna and
Lucchesi (2018). According to Regards et al. (2013), using bacteria made with wood grain can
aid in the prevention of plant disease transmission. As a result, the utilization of
microorganisms formulated in carrier media for the field control of plant diseases has the

potential to be developed.

CONCLUSION

The rhizobacteria and endophytic bacteria formulated in the carrier medium were able to
inhibit the growth of the pathogen Fusarium oxysporum and increase the activity of
protease and amylase enzymes. The highest inhibitory power and activity of protease and
amylase enzymes were obtained in the treatment of the W2R06 isolate rhizobacteria

formulation which was formulated in the carrier medium of husk charcoal powder.
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