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Abstract

Atanasova-Pancevska, N. (2024). Soil Bacillus spp. – a potent cell factory for antimicrobials against phytopatho-
gens. Bulg. J. Agric. Sci., 30(2), 219–227

Many plant diseases are caused by phytopathogenic bacteria which greatly determine the quality of plant production. The 
biological control of plant pathogenic bacteria is an alternative method to the application of chemicals, which may be accom-
plished through the destruction of existing inoculums, exclusion from the host, or the suppression or displacement of the patho-
gen after infection. It offers an environmentally friendly approach to the management of plant disease and can be incorporated 
with cultural and physical control and limited chemical usage for an effective and integrated disease-management system. 
Biological control includes the use of beneficial microorganisms, such as specialized fungi and bacteria, to attack and control 
plant pathogens and the diseases they cause. Biological control is an innovative, cost effective and eco-friendly approach for 
control of many plant diseases. 

Bacteria of the genus Bacillus has showed antimicrobial activity against plant pathogenic microorganisms. Bacillus spp. are 
natural inhabitants of the phyllosphere and rhizosphere. These bacteria are involved in the control of plant diseases through a 
variety of mechanisms of action, such as competition, systemic resistance induction and antibiotic production. The mechanism 
of antibiosis has been shown to be one of the most important. Bacillus spp. have the advantage of being already adapted to the 
environment where they can be applied as biological control. They have the characteristics of having high thermal tolerance, 
showing rapid growth in liquid culture, and readily form resistant spores. It is considered safe biological agents and their po-
tential as biocontrol agents is considered to be high.

This research is based on the isolation and screening of biocontrol activities of soil Bacillus sp. against several phytopatho-
gens in in vitro study. Since tested isolate has showed the production of antimicrobials against the growth of selected phyto-
pathogens, in further work, all of this trial need to be supported by evaluation of antimicrobial activity in in vivo.
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Introduction

Annually the Earth’s population increases by about 1.6%, 
and so does the demand for plant products of every kind 
(91/414/EEC; 128/2009/CE). People need food, and a crop 
is not food until it is eaten. On the other hand, maintenance 
of food security is a key EU policy driver. The future expec-
tation of crop production is high as domestic production of 

protein, vegetable oil and energy increases within EU un-
der the confounding pressures of sustainable intensification, 
reduced and sustainable pesticide application (91/414/EEC; 
128/2009/CE), and a changing climate. 

But, phytopathogens frequently depress yield and reduce 
crop quality. The protection of crops against plant diseases 
has a vital role to play in meeting the growing demand for 
food quality and quantity (Strange & Scott, 2005). 
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Different plant pathogens can cause enormous losses in 
yield and quality of field crops, fruits, and other edible plant 
material, and this becomes increasingly a more important 
issue to human health and the global economy in this cen-
tury, with increasing human populations and climate change 
threats to arable land. In terms of economic value, plant dis-
eases alone cost the global economy around US$220 billion 
annually (Agrios, 2005 ).

The immense diversity of plant pathogens, which include 
viruses, bacteria, fungi, nematodes, and insects, approxi-
mates 7100 species. Most of these are bacterial and fungal 
species that cause diseases to plants. The major ways that 
these pathogens cause plant diseases are by obtaining nu-
trients one or more host plants for their own growth; using 
specific mechanisms to secrete proteins and other molecules 
to locations on, in, and near their hosts; and by exploiting 
these proteins and other molecules modulate or avoid plant 
defense circuitry to enable parasitic colonization (Chisholm 
et al., 2006; Davis et al., 2008).

Also, after harvest, losses of fruits, vegetables and crops 
can be very high. In developing countries these losses are 
over 50%, while in industrialized countries they reach over 
25%. Most of these losses are caused by these phytopatho-
gens that develop due to high amount of nutrients and water 
in fruits, low pH and loss of intrinsic resistance of the plant 
(Agrios, 2005). Postharvest loss have been managed by post-
harvest bactericide and fungicide applications, postharvest 
management practices and by storage at low temperature. 

Today, still world-wide, the most prevalent disease man-
agement practice is the application of chemical treatments, in 
conjunction with other practices for managing plant health, 
including, for example, the reduction of over-crowding and 
over-watering of plants, the rapid removal of diseased plants 
and plant debris, the constant monitoring of plants to ensure 
healthy production stocks, and more recently the progressive 
use of biocontrol agents in the field (Maas, 2004).

However, the problems of pathogen resistance to many 
bactericides and fungicides, and effects of these products on 
human health and the environment have promoted restrict-
ed use and the need to find alternative methods to control 
pre- and postaharvest diseases. As a result, biological control 
with biopesticides has emerged as an effective tool for man-
agement of plant diseases.

Biopesticides have several advantages over synthetic pes-
ticides: their dagradation in the environment is much faster 
and they are less toxic to non-target organisms. Moreover, 
modes of action of biological pesticides usually differ from 
conventional pesticides and therefore, they can reduce resis-
tant populations of pathogens. Bacteria with antimicrobial po-
tential occur in many genera, such as Bacillus, Streptomyces, 

Pseudomonas, Xanthomonas, Rhizobium, Enterobacter etc.
The biocontrol of plant pathogens with microorganisms 

has been studied for more than 70 years (Massart & Jijakli, 
2007). Today, biocontrol is becoming a feasible alternative 
but, although much knowledge has been accumulated from 
studies conducted in recent years, there is still a long way 
to go before a realistic and effective alternative to the use of 
chemical products is available.

Microorganisms introduced to control disease must inter-
act with the crop plants, with potential pathogens, with en-
vironmental variables, and with indigenous organisms under 
prevailing microclimate conditions. The biocontrol agent is 
assumed to be a natural colonizer of plant, and to be either 
non-pathogenic or saprophytic, and to be capable of interact-
ing successfully with the plant, microbiological and other en-
vironmental conditions, and cultivation systems (Maas, 2004). 

Among the microorganisms that can act as biocontrol 
agents, Bacillus spp. are a favorable alternative for the con-
trol of various plant diseases. Species belonging to the ge-
nus Bacillus are gram-positive, spore-forming, rod-shaped, 
motile bacteria that are present in diverse environmental 
conditions but mostly in the soil. Their long-term survival in 
different harsh conditions is attributed to the production of 
endospores by the simple and rapid development of different 
reliable formulations (Nicholson et al., 2000). These species 
provide protection to plants and fish against microbial infec-
tions through diverse mode of actions, e.g., through secretion 
of antibiotics, enzymes, volatile compounds, etc. (Romero et 
al., 2004; Santoyo et al., 2012; Shrestha & Karki, 2016). The 
use of Bacillus as a BCA has also reported to cut down the 
cost of agriculture by suppressing the need for fertilizers and 
pesticides (Saha et al., 2012). 

The present study focused on screening antibiotic-pro-
ducing Bacillus sp. that could be used as an alternative to 
commercial herbicides and pesticides against a broad range 
of microbes, especially those responsible for the production 
losses in agriculture.

Material and Methods

Sampling procedure
Soil samples were collected from agricultural land from 

Skopje Region, North Macedonia, with 5–10 cm depth using 
some clean, dry and sterile polythene bag along with sterile 
spatula. All the samples were transferred to lab. Then, the 
samples were air dried by heating at 70°C for 1 h in a dryer.

Isolation of Bacillus spp. 
For the isolation of Bacillus sp., serial dilution technique 

was used considering different aqueous dilutions (10-1 to 
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10-4) using phosphate buffered saline (PBS, pH 7.2). A sam-
ple from each dilution was then streaked on a nutrient agar 
(NA) plate amended with cycloheximide (100 mg mL-1) to 
prevent fungal growth and incubated at 37°C for 24 h (Ca-
zorla et al., 2007).

Biochemical identification of Bacillus species 
The suspected Bacillus colonies were identified on 

the basis of morphology and Gram staining. Subsequent 

identification tests included hemolysis, starch hydrolysis, 
gelatin hydrolysis, citrate test, Voges–Proskauer (VP) test, 
and growth at different pH and temperature (Wulff et al., 
2002).

Phytopathogens
Nine representative isolates of phytopathogenic fungi 

and two isolates of phytopathogenic bacteria were tested. 
Stock cultures of each isolate were maintained on potato 

Table 1. Phytopathogens used in this study
Fungus Attack Diseases

1 Phytophthora infestans potato, tomato late blight
2 Fusarium oxysporum tomato, tobacco, legumes, cucurbits, sweet potatoes, banana, eggplant 

and pepper plants
fusarium wilt

3 Botrytis cinerea chickpeas, lettuce, broccoli, beans, grape, strawberry, and raspberry gray mold
4 Alternaria alternate tomato, tobacco, apple, cherry, bean, strawberry leaf spot
5 Plasmopara viticola grape brown rot; downy mildew of 

grapevine; grey rot
6 Aspergillus flavus preharvest and postharvest seed crops, oil-containingcrops such as 

maize, peanut, and cottonseed
aspergillosis, production of 
aflatoxin

7 Aspergillus niger fruits and vegetables such as grapes, apricots, onions, and peanuts black mold
8 Penicillium aurantiogriseum grain, asparagus, strawberry
9 Penicillium digitatum citrus, other fruit green rot or green mould
Bacteria
1 Erwinia amylovora apple, pear fire blight
2 Pseudomonas spp. lettuce; brassicas; cucurbits; tomato; capsicum; potato; sweetpotato; 

carrots;herbs
bacterial soft rot

Fig. 2. Fusarium oxysporum  
(on plate, under microscope, on tomato)

Fig. 1. Phytophthora infestans  
(on plate, under microscope, on tomato)
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dextrose agar (PDA) (for fungi) and on tryptic soy agar 
(TSA) (for bacteria) at 4°C. Working cultures were estab-
lished by transferring each isolate onto PDA or TSA in Pe-
tri dishes and incubating for 7 days in darkness at 25°C 
(Table 1; Figures 1–8).

Fig. 3. Botrytis cinerea  
(on plate, under microscope, on strawberry)

Fig. 4. Alternaria alternata  
(on plate, under microscope, on tobacco leaf)

Fig. 5. Plasmopara viticola  
(on plate, under microscope, on grape)

Fig. 6. Aspergillus niger  
(on plate, under microscope, on onion)
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In vitro antagonistic activity assay
The assay for antagonism was performed on PDA and 

TSA on Petri dishes by the well diffusion method. One 
layer of PDA or TSA medium, with added plant pathogen, 
was spread on 90 mm petri dishes. After solidification, five 

wells per plate with a diameter of 8 mm were made. In 
each well, 100 μl of test bacteria was added. In the first 
well it was added original, non-dilluted Bacillus sp. with 
0.5 McFarland, in the second – 1:10 (diluted with sterille 
PBS), in the third – 1:20 (diluted with sterille PBS), in the 
forth – 1:30 (diluted with sterille PBS), and in the last one 
– sterille PBS. Activity against each phytopathogens was 
tested in three replicates. 

The assesment of antagonistic activity was done after 
48–96 h incubation at 25°C by measuring radius of inhibi-
tion zones (mm) – zones around wells with no visible growth 
of tested microorganism.

Results and Discussion

Isolation and identification of bacteria
From NA culture, the colonies of prospective Bacillus sp. 

were identified according to Bergey’s manual for the identi-
fication of Bacillus species modified by Wulff et al. (2002). 
Based on the test results (Table 2), one Bacillus species was 
selected for the further in vitro study.

Antagonistic activity of Bacillus sp. IS1 
Results from the well diffusion assay showed that tested 

Bacillus sp. IS1 showed potential inhibitory effect against all 
the tested microorganisms in the in vitro study.

Among bacteria, Erwinia amylovora seems to be more 

Fig. 7. Penicillium digitatum  
(on plate, under microscope, on lemon)

Fig. 8. Pseudomonas spp.  
(on plate, under microscope, on tomato)
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sensitive (16 mm at non-dilluted product against 14 mm in 
Pseudomonas spp.) to tested isolate of Bacillus sp. (Table 3) 
(Figure 9).

Among fungi it was observed also inhibition against ma-
jority of tested microorganisms  Distinct inhibition zones 
were observed when Bacillus sp. IS1 was used against 
Phytophtora infestans (18–11 mm), Penicillium digitatum 
(16–10 mm), Penicillium aurantiogriseum (15–12 mm),  As-

pergillus flavus (15–11 mm)  and Alternaria alternata (15–9 
mm) (Table 2) (Figure 10). 

Slightly weak inhibition zones were revealed between 
our Bacillus sp. IS1 and Fusarium oxysporum, Botrytis ci-
nerea, Plasmopara viticola, Aspergillus niger, but also there 
were inhibition zones (10–13 mm) after 96 hours of incu-
bation. No distinct inhibition zones were observed between 
Bacillus sp. IS1 and tested microorganisms when bacterial 
suspension was diluted 1:30 (Table 3) (Figure 11).

For many years, as chemical pesticides are expensive, 
threaten both human health and environment, and some ex-
tracts of pathogens are resistant to them, recently, biological 
control agents are used to fighting plant pathogens. Micro-
organisms, are a types of biological control agents, have at-
tracted a great deal of attention due to the ability of some 
species to suppress different plant diseases through differ-
ent mechanisms and the possibility of combining with other 
control methods. 

Non-pathogenic bacteria with the antagonistic ability of 
plant pathogenic microorganisms’ disease prevention are an 

Table 2. Biochemical characterization of selected Bacillus sp. isolate for the study
Isolate Source Shape Motility Hemo-

lysis
Starch 

hydroly-
sis

Gelatin 
hydroly-

sis

Vp test Citrate 
test

Growth 
at 6% 
NaCl

Growth  
at different  

Ph

Growth at 
different tem-
peratures, °C

2 5 8 10 10 25 45 55
Bacillus 
sp. IS1

soil rod + a + + + – – – + + + - + + +

Fig. 9. Comparative well diffusion assay  
with E. amylovora and Pseudomonas spp

Fig. 10. Comparative well diffusion assay with 
Phytophtora infestans (18–11 mm), Penicillium digitatum 
(16–10 mm), Penicillium aurantiogriseum (15–12 mm), 
Aspergillus flavus (15–11 mm) and Alternaria alternata 

(15–9 mm)
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appropriate alternative to chemical fungicides and are one 
of the most important factors in establishing and sustaining 
agricultural systems. Biological control reduces the effects 
of pesticide in the long run, leads to a balance between harm-
ful plant pathogens and their natural enemies. In this regard, 
antagonistic bacteria and fungi are widely used to control 
plant diseases. In comparison with chemical controls, bio-
logical control is a healthier and safer control since unlike 
some toxic substances, microorganisms are not stored and 
accumulated in food chains. Biological control is carried out 
through mechanisms such as competition, antibiosis, preda-
tion, and parasitism. 

Our isolate of Bacillus sp. inhibited radial growth by 
establishing a clear inhibition zone in a well diffusion test. 
Several mechanisms are responsible for the suppression of  
pathogens by microorganism, including competition, an-
tibiotic and metabolite production (Compant et al., 2005). 
The microorganisms for biological control produced several 
kinds of antimicrobial peptide substances such as subtilin, 
bacilysin, mycobacillisyn, and iturin (Yoshida et al., 2001).

These microorganisms can control bacterial and fungal 
pathogens by competition, direct antibiosis and induced 
resistance. In the rhizosphere, competition takes place for 
space at the root surface and for nutrients, noticeably those 
released as seed or root exudates. Competitive colonisation 
of the rhizosphere and successful establishment in the root 
zone is a prerequisite for effective biocontrol, regardless of 
the mechanism(s) involved.

The diseases of crop plants and fruits present one of the 
biggest challenges and threats to global food security. These 
have significant financial repercussions in turn. The use of 
natural enemies of microbial pathogens is one of the alterna-
tive management strategies being used to stop the loss. The 
isolate, IS01, found in the present study belongs to the ge-
nus Bacillus and was confirmed by the identification meth-
od of Wang et al. (2009) (method for identification of eight 
Bacillus species and subspecies). Most recent studies also 
reported successful use of soil Bacillus species as a BCA 
to control plant pathogen mycotoxigenic Fusarium species 
causing head blight (Lee et al., 2017), Botryosphaeria beren-
geriana associated with pear ring rot (Snn et al., 2017), and 
Rhizoctonia solani involved in wilt and root rot (Agarwal 
et al., 2017). Chemical pesticides and antibiotics have long 
been used to control the spread of diseases; however, their 
effects on environment and ecosystem have always remained 
questionable. Moreover, the frequent use of antibiotics and 
chemical pesticides in farmland and culture ponds increases 
the chances of production of antibioticresistant strains (Li et 
al., 2009). Several studies exist on the use of Bacillus and 
Streptomyces genera for controlling plant and human patho-
gens (Saha et al., 2012; Hassain et al., 2014). 

Fig. 11. Comparative well diffusion assay with Fusarium 
oxysporum, Botrytis cinerea, Plasmopara viticola, 

Aspergillus niger, with inhibition zones (10-13 mm)  
after 96 h of incubation

Table 3. Average value of zone of inhibition (mm) of Bacillus sp. IS1 against different phytopatogenic microorganisms
1 – non-dilluted 
Bacillus sp. IS1

2 – 1:10 dilluted 
Bacillus sp. IS1

3 – 1:20 dilluted 
Bacillus sp. IS1

4 – 1:30 dilluted 
Bacillus sp. IS1

5 – sterille  
PBS

Fungi
1 Phytophtora infestans 18 13 11 9 0
2 Fusarium oxysporum 10 9 9 9 0
3 Botrytis cinerea 10 9 9 9 0
4 Alternaria alternata 15 11 9 9 0
5 Plasmopara viticola 11 10 9 9 0
6 Aspergillus flavus 15 13 11 9 0
7 Aspergillus niger 13 11 10 9 0
8 Penicillium aurantiogriseum 15 13 12 10 0
9 Penicillium digitatum 16 12 10 9 0

Bacteria
1 Erwinia amylovora 16 13 10 9 0
2 Pseudomonas  spp. 14 11 10 9 0
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Growth inhibition of molds could be due to the ability of 
our tested bacteria to produce antimicrobial compounds such 
as bacillomycin, mycosubtilin, fungimycin and zwittermicin 
that inhibit the growth of various microorganisms including 
fungi (Pal & Gardener, 2006; Madhaiyan et al., 2010; Zhang 
et al., 2012). In this regard, Edwards et al. (1994) mention 
that antibiosis is the most common mode of action in the 
Bacillus genus. Iturin group antibiotics are secreted by most 
strains of Bacillus spp. and inhibit mycelial growth and spor-
ulation of the fungus by altering membrane permeability and 
fungal cell lipid composition (Romero et al., 2007; Li et al., 
2009). 

Several species of the Bacillus genus (B. subtilis, B. pum-
ilus, B. amyloliquefaciens and B. licheniformis) are widely 
studied to mitigate the incidence of diseases of importance 
to agriculture (Raaijmakers & Mazzola, 2012). Some of the 
main ways in which these strains avoid the establishment 
and development of phytopathogenic organisms is through 
different mechanisms, which include A) the excretion of an-
tibiotics, B) siderophores, C) lytic enzymes, D) toxins and E) 
inducing the systemic resistance of the plant (ISR) (Layton 
et al., 2011; Tejera-Hernández et al., 2011).

The tested Bacillus sp. IS01 is effective against a broad 
spectrum of plant pathogens and it can be used either as 
foliar application or root application before trasplanting. In 
case of soil or root application the ability of the specific 
strain to colonise and permanently establish on the roots 
of the specific crop is crucial. Sometime the colonization 
is not simply crop-specific, but cultivar-specific. Root ap-
plication of our product should be preferably targeted to 
improve resistance of the plant or to protect the early stage 
of seed germination, rather to directly control soil-borne 
inoculum of pathogens. 

The advantage of this bacteria for use as biological con-
trol is his long shelf-life at room temperature, given by the 
fact that it produces endospores. Biological control of plant 
pathogens is considered an attractive alternative to chemi-
cal-based treatments because it has a minimal impact on the 
environment. 

Therefore, it seems that bacteria Bacillus sp. IS01, ap-
plied as biofertilizers formulated with single strains or with 
a consortia of isolates combining different beneficial effects, 
could serve as a possible solution to feed the world while 
protecting ecosystems and improving food quality. Conse-
quently the establishment of a dialogue among scientists, 
politicians and farmers as well as the existence of research 
programs and policies should be occurring oftenly in order to 
join efforts for the development effective and safe products, 
which will bring benefits not just for producers, but for the 
whole human being as well as for the entire Planet.

Conclusions  

Numerous agricultural crops are influenced by various 
pathogenic mo. Because of serious environmental and health 
problems a widespread synthetic pesticides have been cre-
ated in the world, we have to search alternative approach to 
control the phytopathogenic microorganisms. Biocontrol is 
a significant strategy to control the pest in an eco-friendly 
way without affecting fauna and flora. The screening of soil 
bacteria for novel bioactive compounds, for the antibacterial 
and antifungal activity, tends to enrich compounds that are 
already known and abundantly present in environment. Bac-
terial antagonism has great potential to improve safety in dis-
ease management. Bacillus spp. IS01 represent an environ-
mentally friendly strategy for crop production improvement. 
Therefore, the wide antagonistic spectrum of antibiotics 
produced by the isolate against several pathogenic microbes 
makes it a potential study strain. It can thus be utilized as a 
source of environment-friendly, prospective antibiotic-pro-
ducing bacterial strain for controlling diseases in farmland. 
Further research on this trial need to be supported by eval-
uation of antimicrobial activity in in vivo to utilize it as an 
effective biological control agent.

References

Agarwal, M., Dheeman, S., Dubey, R. C., Kumar, P., Mahesh-
wari, D. K. & Bajpai, V. K. (2017). Differential antagonistic 
responses of Bacillus pumilus MSUA3 against Rhizoctonia so-
lani and Fusarium oxysporum causing fungal diseases in Fa-
gopyrum esculentum Moench. Microbiol. Res., 205(9), 40–7.

Agrios, G. N. (2005). Plant Pathology. 5th Edition: Elsevier Aca-
demic Press. Burlington, Ma. USA 79–103.

Cazorla, F. M., Romero, D., Pérez-García, A., Lugtenberg, B. 
J. J., Vicente, A. D. & Bloemberg, G. (2007). Isolation and 
characterization of antagonistic Bacillus subtilis strains from 
the avocado rhizoplane displaying biocontrol activity. J. Appl. 
Microbiol., 103(5), 1950–9.

Chisholm, S. T., Coaker, G., Day, B. & Staskawicz, B. J. (2006). 
Host-microbe interactions: Shaping the evolution of the plant 
immune response. Cell, 124, 803 − 814.

Compant, S., Reiter, B., Sessitsch, A., Nowak, J., Clément, C., 
Ait Barka, E. (2005). Endophytic colonization of Vitis vinifera 
L. by a plant growth-promoting bacterium, Burkholderia sp. 
strain PsJN. Appl. Environ. Microbiol. 71, 1685-1693.

Davis, E. L., Hussey, R. S., Mitchum, M. G. & Baum, T. J. 
(2008). Parasitism proteins in nematode–plant interactions. 
Current Opinion in Plant Biology, 11, 360–366.

Edwards, S., McKay, T. & Seddon, B. (1994). Interaction of Ba-
cillus species with phytopathogenic fungi. Methods of analysis 
and manipulation for biocontrol purposes. Ecology of Plant 
Pathogens, 101-118.

Hossain, M. N. & Rahman, M. M. (2014). Antagonistic activity 



227Soil Bacillus spp. – a potent cell factory for antimicrobials against phytopathogens

of antibiotic producing Streptomyces sp. against fish and hu-
man pathogenic bacteria. Brazilian Arch. Biol. Technol., 57(2), 
233–7.

Layton, C., Maldonado, E., Monroy, L., Corrales, L. C. 
& Sánchez, L. C. (2011). Bacillus spp.; perspective biocon-
trol through antibiosis effect on crops affected by phytopatho-
genics. Revista NOVA Publicación Científica en Ciencias 
Biomédicas, 9, 177-187. 

Lee, T., Park, D., Kim, K., Lim, S. M., Yu, N. H. & Kim, S. 
(2017). Characterization of Bacillus amyloliquefaciens DA12 
showing potent antifungal activity against mycotoxigenic fu-
sarium species. Plant Pathol. J., 33(5), 499–507.

Li, J., Yang, Q. Z. L., Zhang, S. W. Y. & Zhao, X. (2009). Puri-
fication and characterization of a novel antifungal protein from 
Bacillus subtilis strain B29. J. Zhejiang Univ. Sci., B 10(4), 
264–272.

Maas, J. L. (2004). Strawberry disease management. In: Diseases 
of Fruits and Vegetables, Kluwer Academic Publishers, Neth-
erlands, II, 441-483.

Madhaiyan, M., Poonguzhali, S., Kwon, S.-W. & Sa, T.-M. 
(2010). Bacillus methylotrophicus sp. nov., a methanol-utiliz-
ing, plant-growth-promoting bacterium isolated from rice rhi-
zosphere soil. International Journal of Systematic and Evolu-
tionary Microbiology, 60(10), 2490-2495. 

Massart, S. & Jijakli, H. M. (2007). Use of molecular techniques 
to elucidate the mechanisms of action of fungal biocontrol 
agents: A review. Journal of Microbiological Methods, 69, 229-
241.

Nicholson, W. L., Munakata, N., Horneck, G. & Melosh, H. J. 
S. P. (2000). Resistance of Bacillus endospores to extreme ter-
restrial and extraterrestrial environments. Microbiol. Mol. Biol. 
Rev., 64(3), 548–572.

Pal, K. & Gardener, B. (2006). The Plant Health Instructor in Bi-
ological Control of Plant Pathogens. Constable, London, 206.

Raaijmakers, J. M. & Mazzola, M. (2012). Diversity and 
Natural Functions of Antibiotics Produced by Beneficial 
and Plant Pathogenic Bacteria. Annual Reviews of Phyto-
pathology, 50, 403-424.

Romero, D., García, A. P., Rivera, M. E., Cazorla, F. M. & Vi-
cente, A. (2004). Isolation and evaluation of antagonistic bacte-
ria towards the cucurbit powdery mildew fungus Podosphaera 
fusca. Appl. Microbiol. Biotechnol., 64(2), 263–269.

Romero, D., de Vicente, A., Rakotoaly, R. H., Dufour, S. E., 
Veening, J.-W., Arrebola, E. & Pérez-García, A. (2007). The 

iturin and fengycin families of lipopeptides are key factors in 
antagonism of Bacillus subtilis toward Podosphaera fusca. Mo-
lecular Plant-Microbe Interactions, 20(4), 430-440.

Saha, D., Purkayastha, G. D., Ghosh, A. & Isha, M. S. A. (2012). 
Isolation and characterization of two new Bacillus subtilis 
strains from the rhizosphere of eggplant as potential biocontrol 
agents. J. Plant Pathol., 94(1), 109–118.

Santoyo, G., del Orozco-Mosqueda, M. C. & Govindappa, M. 
(2012). Mechanisms of biocontrol and plant growth-promoting 
activity in soil bacterial species of Bacillus and Pseudomonas: 
a review. Biocontrol Sci. Technol., 22(8), 855–872.

Shrestha, B. K., Karki, H. S., Groth, D. E., Jungkhun, N. & 
Ham, J. H. (2016). Biological control activities of rice-asso-
ciated Bacillus sp. strains against sheath blight and bacterial 
panicle blight of rice. PLoS ONE, 11(1), 1–18.

Snn, P., Cui, J., Jia, X. & Wang, W. (2017). Isolation and charac-
terization of Bacillus amyloliquefaciens L-1 for biocontrol of 
pear ring rot. Hortic. Plant J., 3(5), 183–189.

Strange, R. N. & Scott, P. R. (2005). Plant disease: a threat to 
global food security. Annu. Rev. Phytopathol., 43, 83–116.

Tejera-Hernández, B., Rojas-Badía, M. M. & Hey-
drich-Pérez, M. (2011). Potential of the Bacillus genus 
in promoting plant growth and biological control of phy-
topathogenic fungi. Revista CENIC Ciencias Biológicas, 
42, 131-138. 

Wang, H., Wen, K., Zhao, X., Wang, X., Li, A. & Hong, H. 
(2009). The inhibitory activity of endophytic Bacillus sp. strain 
CHM1 against plant pathogenic fungi and its plant growth-pro-
moting effect, Crop Protection, 28(8), 634-639.

Wulff, E. G., Mguni, C. M., Mansfeld-Giese, K., Fels, J., Lü-
beck, M. & Hockenhull, J. (2002). Biochemical and molec-
ular characterization of Bacillus amyloliquefaciens, B. subti-
lis and B. pumilus isolates with distinct antagonistic potential 
against Xanthomonas campestris pv. campestris. Plant Pathol., 
51(5), 574–584.

Yoshida, S., Hiradate, S., Tsukamat, T., Hatakeda, K. & Shira-
ta, A. (2001). Antimicrobial activity of culture filtrate Bacillus 
amyloliquefaciens RC-2 isolated from mulberry leaves. Phyto-
pathology, 91, 181-187.

Zhang, Q.-L., Liu, Y., Ai, G.-M., Miao, L.-L., Zheng, H.-Y. & 
Liu, Z.-P. (2012). The characteristics of a novel heterotro-
phic nitrification–aerobic denitrification bacterium, Bacillus 
methylotrophicus strain L7. Bioresource Technology, 108, 
35-44. 

Received: January, 09, 2023; Approved: March, 21, 2023; Published: April, 2024


