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ABSTRACT  
The products of Bacillus subtilis are commonly used against grown plants diseases in many countries. B.subtilis has antagonist activity and is spore 
forming, gram positive, rod shaped, widely spread in the environment. It produces over 66 types of antimicrobial compounds. We have identified B.subtilis 
strain from soil in the vicinity of Ulaanbaatar, Bogd mountain, named B.subtilis as MN99 strain and tested antagonistic activity against plant disease 
including Alternaria panax, Alternaria spp fungus and investigated possibility to use on alternaria infection.   
B.subtilis MN99 strain which we isolated has been defined as being B.subtilis of Bacillis type in terms of its physiological, biochemical, molecule genetic 
characteristics. Using antagonist activity of B.subtilis MN99 strain against A.pаnax fungus, the activity was 51.66% after 2 weeks and against Alternaria 
spp infect to cucumber, the result was 50.88% high after 2 weeks of inoculation, respectively. Based on the result of the above study, it is shown that the 
B.subtilis MN99 strain can be used against Alternaria disease in plants. 
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INTRODUCTION  
Ehrenberg identified the bacterium (current Bacillus subtilis), 
gave and published the original name Vibrio subtilis in 1835, 
but the bacterium renamed Bacillus subtilis by Ferdinand Cohn 
and Koch in 1872 [2,18,19].At the end of XIX century, 
researchers deleted B.subtilis from Bacillus genus by some of its   
characteristics, including motile. 
 Then researchers studied and identified its common similar 
characteristics with Bacillus cereus (Frankland and Frankland 
1887), Bacillus antracis (Koch 1888) considering it is proper to 
include B.subtilis in one genus in terms of classification and 
included back in the Bacillus genus in earlier 1900s 
[18].B.subtilis is the best-characterized member of the Bacillus 
genus [13]. B.subtilis is commonly found in various ecological 
niches including soil, water and air [5]. B.subtili s aerobe, gram 
positive, motile, rod shaped and has main morphological 
characteristics that produces round oval spore in the center 
[ 18,19]. 
 Preparations made of this bacterium are considered as having 
significant activity against diseases of grown plants and is 
widely used throughout the world. Lipopeptide antibiotic like 
compounds of several groups that is made synthetic by Bacillus 
has significant effect over many plant diseases [15,17]. Broggini 
and others (2005) identified antagonist activity of B.subtilis 
bacterium against plant fungus [4].According to Berdy.J (1974) 
B.subtilis makes 66 types of antimicrobial like compounds 
including surfactin, polymyxin, difficidin, subtilin, 
mycobacillin, bacitracin synthetic [3, 7].It has been estimated 

that 14.1% of total harvest or harvest of USD220 billion in the 
world every due to the plant diseases, only [1].Longer period 
of using chemicals for controlling plant diseases results in 
accumulation of chemicals in soil, plants and both human and 
animal bodies and becomes main conditions causing serious 
diseases or cancers [14]. 
Biological methods driven from microorganisms should be 
used for controlling plant disease instead of using powerful, 
chemical synthetic pesticide and fungicide. Using high dose 
chemical fungicide to prevent against and treat plant diseases 
for longer period will cause soil pollution and negative 
influences on human health. Biological control has advantages 
such as selected effect against the plant disease and requires no 
decomposition time after using [9].  
The biological control of plant pathogenic fungi has received 
considerable attention as an alternative strategy [10]. Fungal 
plant disease is one of the major concerns to agricultural food 
production worldwide. Many strains of B.subtilis have been 
shown to be potential biocontrol agent against fungal 
pathogens [6]. B.subtilis has been widely studied as a potential 
biological agent against various plant diseases [8,20]. Alternaria 
is a fungus commonly spread in the soil and plants and 
becomes the causes of diseases in plants of various species, as 
well as a reason of dropping plant production rate. Alternaria 
produces toxins including alternariol, alternariol monomethyl 
ether, altenuen, tenuazoic acid, and altertoxins which lead to 
adverse impacts on food safety [11] 

 
 
 
RESEARCH MATERIALS AND METHODS  
 
Culture used for the research  B.subtilis MN99 strain identified 
from soil in the vicinity of Bogd mountain, Ulaanbaatar 
(E=642652, N=5302748) has been used for the research.Pure 

culture of A.pаnax and Alternaria spp that caused plant disease 
as obtained from the Institute of Plant Protection, Laboratory 
of Microbiology and used for  the research.  
Method to culture B.subtilis MN99, Alternaria sp B.subtilis 
MN99 strain was inoculated in the potato and mineral broth 
and glucose containing medium with рН 7 to 7.5 and cultured 
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in shaking incubator at temperature 370C for 72 hours. A.pаnax, 
Alternaria spp-were grown on a PDA at temperature  250C for 7 
days. 
Detection and identification method of B.subtilis strain 

Morphological, physiological and biochemical characters of 
B.subtilis MN99 strain were identified as per commonly used 
method. Pure culture of B.subtilis MN99 strain which were 
grown under Nutrient agar medium was put in phosphate 
buffer solution, killed bacteria by boiling and isolated genomic 
DNA as per commonly used method.  
Amplification of 16S ribosomal RNA gene fragment was made 
by use of  fD1 and rP2 primers. Amplified fragment of 16S 
ribosomal RNA gene was purified from the gel by DNA 
purification kit.  
 PCR recipe (per unit:30 µL): 10x PCR buffer -2.5 µL, dNTPS -
1.5 µL, MgCl2 -2.0 µL, Taq-0.3 µL, Primer F (20 µM)-0.5 µL, 
Primer R (20 µM)-0.5 µL, tDNA (30-50 ng)-1.0 µL, dH2O-21.7 
µL 
PCR heat exchange cycle: commencement stage 95°С -5 
minutes, denaturation stage 94°С -1 minute, stage to 
annealing 59 (60)°С -1 minute, elongation stage 72°С -50 
seconds, amplification stage 72°С -7 minutes, reaction was 
conducted under condition to conduct total of 34 cycles 
reaction and store 4°С. Genes sequence of 16S ribosomal 1364 
pb product was identified, search was made by using BLAST 
(NCBI) with homologous sequence of Gen Bank and 
relationship was identified by drawing phylogenetic 
relationship by MEGA 7 software. 
In vitro testing of antagonist activity of B.subtilis MN99 local  
strain  In vitro testing of antagonist activity of B.subtilis MN99 
strain has been conducted in accordance with dual culture 
method. Antagonist activity of B.subtilis MN99 strain was 
measured by comparing growth of control causative agent 
Alternaria with growth of Alternaria fungus grown in the center 
of B.subtilis MN99 on 5th and 14th days 
 
 

  𝑎𝑛𝑡𝑎𝑔𝑜𝑛𝑖𝑠𝑡 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 % =
(𝑎1 − 𝑎2)

𝑎1
∗ 100 

 
a1-size of colony of fungi in control dish 
a2- size of colony of fungi in a dish with B.subtilis  
 
 
RESULTS OF THE STUDY  
 
Some biological characteristics of B.subtilis MN99 strain 
B.subtilis MN99 local strain scattering or motile when growing 
it by sticking under semi – liquid agar condition. 
 Smear was prepared from B.subtilis MN99 strain which was 
grown for 24 hours, painted by Gram method and looked 
through microscope it was rod shaped, single or in short chains, 
Gram positive and produced spore in the center. B.subtilis 
MN99 had brighter colonies growing under NA medium and 
culture from 24 hour culture was taken by loop, put on the 
microscope slides and added hydro peroxide then there was 
bubble created or it had catalase activity. 

 Amylolytic activity of the isolates were measured by culturing 
on Starch agar medium for 7 days, followed by dropping 
iodine and then starch was hydrolyzed forming illuminated 
zone. 
 Identification of B.subtilis MN99 local strain species RNA 
was separated from culture grown from B.subtilis MN99 local 
strain under 360C NA medium for 48 hours as per 
methodology and conducted PCR using fD1 and rP2 primers. 
Sequence of 16S genes were identified in PCR product. 

 
Figure 1. Comparison of phylogenetic relationship of  B.subtilis 
MN99 strain Ribosomal 16S genes  

Search of nucleotide sequence of 16S ribosomal RNA 
gene in B.subtilis local strain, made by using BLAST (NCBI) 
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with homologous sequence of bacterium belonging to the 
genus Bacillus sp stored in GenBank database and phylogenetic 
relationship comparisons by MEGA 7 software proved that its 
relationship was the closest to nucleotide sequences of 
B.subtilis gene. Accordingly, based on sequences of 16S 
ribosomal RNA gene, it is proven that the local strain is 
B.subtilis. 
Estimation of antagonist activity of B.subtilis MN99 strain 

Suspension of B.subtilis MN99 strain with 1х108 titration, 0.05 
ml aliquots was inoculated by spatula on PDA medium along 
the rim of Peter dish with width of 2 cm.  After 24 hours of 
inoculation, the pure culture of causative agent was inoculated 
on 7 mm diameter area in the center of dish. Fungus A.pаnax 
started to grow on PDA medium at day 3 and growth rate 
increased at days 5 and 7, and the fungi covered fully the 
surface of nutrient medium at day 10. Results of testing 
antagonist activity of B.subtilis MN99 strain against fungus 
A.pаnax are shown in figure 2. According to the diameter 
measurement of growth rate of fungus A.panax, inoculate din 
the center of B.subtilis MN99 strain, fungus grew 3.93 cm on 5th 
day and 4.35 cm on 14th day in diameter.B.subtilis MN99 started 
to inhibit the growth of fungus A.pаnax  from day 5 and fully 
stopped the growth from day 10. Measurements till day 28 
revealed there was no any growth of the fungus or higher 
inhibition activity was found. 

 
Figure 2. Testing of antagonist activity of B.subtilis MN99 strain 
against fungus A.pаnax. (A). 14 day growth of A.panax.(B-C). 
Growth pattern of A.panax in the center of B.subtilis strain. 5, 10 
and 28 day growth. 

 Antagonist activity was estimated by comparative 
method through 6 repeats of 5 and 14-day growth and shown 
in Table 1. 

TABLE 1. 
Antagonist Activity Of B.Subtilis MN99 Strain 

Against  A.Panax 
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1 5.88 3.98 32.38 9.00 4.46 50.44 

2 5.88 3.81 35.22 9.00 4.33 51.89 

3 5.88 3.85 34.56 9.00 4.28 52.49 

4 5.88 4.11 30.07 9.00 4.45 50.56 

5 5.88 3.95 32.87 9.00 4.33 51.89 

6 5.88 3.89 33.84 9.00 4.26 52.67 

Average 5.88 3.93±0.
11 

33.16±1.8
3 

9.00 4.35±0.
08 

51.66±0
.95 

According to Table 1, B.subtilis MN99 strain has antagonist 

activity of 33.16% on 5th day and 51.66% on 14th day against 
fungus A.panax which causes plant disease.  
Test results of antagonist activity of B.subtilis MN99 strain 
against Alternaria spp are shown in Figure 3 and Table 2. 
Growth rate of fungus Alternaria spp inoculated in the center of 
B.subtilis MN99 strain was 3.75 cm on 5th day and 4.42 cm on 
14th day in terms of diameter. 
Measurements till day 28 revealed there was no any growth of 
the fungus or higher inhibition activity was found.  
 
 

 
 
 
Figure 3. Testing of antagonist activity of B.subtilis MN99 strain 
against fungus Alternaria spp  (A). 14-day growth of control 
Alternaria spp (B-D). 5th, 10th and 28th day growth of Alternaria 
spp in the center of B.subtilis MN99 strain. 

 
 Antagonist activity was estimated by comparative 

method through 6 repeats of 5 and 14-day growth and shown 
in Table 2 

 
 
 
 
 
 
 
 

TABLE 2 
Antagonist Activity Of B.Subtilis MN99 Strain Against- 

Alternaria-Spp 
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According to Table 2, B.subtilis MN99 strain has antagonist 
activity of 39.02% on 5th day and 50.88% on 14th day against 
fungus Alternaria spp which causes cucumber disease. 
Experimental errors were calculated by using SPSS-23 
software. Antagonist activity of B.subtilis MN99 strain against 
the above disease causing fungus Alternaria panax, Alternaria 
spp and differences of control and trial groups were 
determined as 95% probability by one – way analysis of 
variance. 
  
DISCUSSION  
 
Historically, Ehrenberg named the bacterium as Vibrio subtilis 
in 1835, while Cohn renamed Bacillus subtilis in 1872. It has 
been informed that B.subtilis aerobic, gram positive, motile, rod 
shaped and has main morphological characteristics that 
produces round oval spore in the center.  
Having studied some biochemical characteristics, it was 
defined as being catalase positive and hydrolyzes the starch 
[2,18,19]. B.subtilis MN99 strain which we have isolated from 
the soil as pure is same with those reported by othert 
researchers as its morphological and biochemical 
characteristics including Gram positive motile rods, occurs 
singly and in short chains, forms spore, has catalase activity, 
hydrolyzes the starch. 
 Results of measurement of growth rate of A.pаnax, grown on 
the center of B.subtilis were 3.93 cm on 5th day whereas, growth 
rate of Alternaria spp was 3.75 cm on 5th day. Antagonistic 
activity against A.pаnax was 33.16% and 39.02% against 
Alternaria spp on 5th day respectively, having average 
antagonist activity 36.09%. According to results of study by 
Kaltima, Phichai et al [12] antagonistic activity of B.subtilis 
against both Alternaria spp and A.alternate were 32.89% and 
38.67% respectively having average antagonist activity of 35.78% 
and they are in agreement with those at days 5 to 7 in our study. 
According to our result, B.subtilis MN99 strain has antagonist 
activity of 51.66% against A.panax, 50.88% against Alternaria 
spp, having average antagonist activity of 51.27 % whereas, 
according to Moges.M.M et al [16] it antagonist activity of 
B.subtilis against fungus Alternaria spp was 43.79% in vitro 
condition on 14th day.  
 
 
 

 
 
 

 
 
 
 
 
 
 
CONCLUSION 

1. B.subtilis MN99 local strain was determined as being 
B.subtilis species by its physiological, biochemical and 
molecule genetic characteristics and its antagonist 
activity was tested against  fungus  Alternaria. 

2. B.subtilis MN99 local strain has antagonist activity of 
33.16% on 5th day and 51.66% on 14th day against 
fungus A.pаnax which causes plant disease. 

3. B.subtilis MN99 local strain has antagonist activity of 
39.02% on 5th day and 50.88% on 14th day against 
Alternaria spp which causes cucumber disease. 

4. It is has identified that B.subtilis MN99 can be used as 
a biological preparation for controlling Alternaria 
disease in plants further. 
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