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Aim. The article deals with the results of research, the aim of which was to determine 
antifungal activity of the strains Bacillus and Streptomyces genera, in relation to phy-
topathogenic fungi, widely distributed in Moldova. Methods. Strains were grown on clas-
sical agar media, the antifungal activity was determined by the method of agar blocks with 
test cultures – phytopathogenic fungi. Biological standard was the bacterium B. subtilis 
26D. In the experiments on the germination of A. alternata conidia, 5 bacterial cultures 
grown in liquid nutrient medium No. 2. Results. It is established that all bacteria of genus 
Bacillus exhibit antifungal activity against test cultures, but in varying degrees. The growth 
of B. cinerea and F. oxysporum was least inhibited. Strain B. subtilis S4 most actively 
suppressed the growth of S. sclerotiorum. Strain Streptomyces sp. 10 is able to completely 
suppress the growth of A. alternata and B. cinerea, and the strain S. sp 9 completely sup-
pressed the growth of S. sclerotiorum. Strains 9, 12, and 66 actively inhibited growth of 
F. culmorum (the radius of the zones was 16.0−20.0 mm), and strain S. sp. 185 against  
F. oxysporum (zones up to 28.0 mm). The strongest inhibitory effect on the germination of 
A. alternata conidia had strain S2. Conclusions. A comparative assessment of the antifun-
gal activity of B. subtilis revealed a strain with the most pronounced antifungal properties. 
The investigated liquid cultures of bacteria of the genus Bacillus exhibited a special fungi-
cidal effect on the germination of A. alternata conidia. Among 7 strains of streptomycetes 
tested, particular interest had S. sp. 10, capable to completely suppressing the growth 
of A. alternata and B. cinerea, and the strain S. sp. 9 – completely inhibits the growth of  
S. sclerotiorum, as well as the strain S. sp. 185 actively inhibited the growth of F. oxyspo-
rum and the strain S. sp. 10 − A. solani.
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The biological method is currently an important element in the technological 
process of growing vegetable crops. In global production only 10 % are 
biopreparations intended for plant protection against pests, for control of plant 
pathogens − 4.6 % and for control of weeds − 1.3% [1].

According to Bayer company and the Ministry of Agriculture of Japan, 
resistance of phytopathogenic fungi against fungicides has been increasing 
in recent years. Thus, between 20 species of phytopathogens, resistance to 
15 fungicides has been determined. Considering the fact that biological 
preparations are less universal than chemical agents, it is necessary to expand 
the arsenal of biological agents [2].
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Biological agents, in particular bacteria of the genus Bacillus have basic 
role in biological plant protection against diseases. The antagonistic activity 
of this bacterium is manifested against a wide range of phytopathogens, which 
affect a large range of crops. Active bacterial culture inhibits the multiplication 
of pathogenic fungi and bacteria due the produced metabolites. The use of 
such drugs for protection of vegetable crops (cabbage, cucumber, tomato) and 
berry fields is of great economic importance [3]. The use of Bactofit on the 
basis of the IPM-215 strain of  B. subtilis reduced the development of root 
rot of winter wheat by 4 times and powdery mildew by 10 times. Preparation 
of Phytosporin-M on the basis of strain 26D B. subtilis proved effective in 
combating late blight and alternaria of potato. Under storage conditions, post-
vegetative biological efficacy was retained in potato tubers obtained from sites 
treated with Fitosporin-M [4].

The purposeful selection of bacteria-antagonists against sugar beet diseases 
during the winter storage period was carried out by Belarusian scientists. The 
bacteria of genus Bacillus was active against Botrytis cinerea, Alternaria 
tenuis, Fusarium culmorum, F. redolens, Penicillium expansum, Sclerotinia 
sclerotiorum, which cause rot. Metabolites of bacteria showed an inhibitory 
effect on spore germination and the development of the mycelium of 
phytopathogenic fungi. The culture fluid with metabolites caused deformation 
of spores and growth tubes of P. expansum and B. cinerea fungi accompanied 
by vacuolization and the appearance of tumor-like blisters. Under the influence 
of antagonists, the prevalence of rot on root crops decreased by 25−30 % in 
comparison with control, the development of the disease by 13 % low [5].

The inhibition of spore germination of the Fusarium udum was also 
observed by action of Streptomyces sp. A6 [6].

In search of microbial agents against the late blight burn of pepper from the 
rhizosphere, were obtained 6 bacterial isolates and 10 isolates of actinomycetes 
which inhibit the growth of Phytophthora capsici. Bacterial isolate B4 and 
actinomycete isolate a10 stimulated the growth of pepper and suppressed the 
growth of the pathogen mycelium by 79.5 % and 74.5 %, respectively, and the 
spore germination was 92.8 % and 83.3 %, respectively. Treatment of pepper 
plants with mixed inoculum suppressed the development of the disease by 72.5 %  
in the greenhouse and by 76.2 % in the field [7].

In paper are shown results of the determination of the antagonistic activity 
of the bacteria of genera Bacillus and Streptomyces, isolated from rizosphere 
of tomato and from the soil samples of the central part of Moldova, against 
causative agents of agricultural diseases.

Material and methods. Strains of genus Streptomyces were isolated from 
the soil samples of the central part of Moldova. Bacteria of genus Bacillus 
were isolated from the rhizosphere of tomatoes. Special attention was paid 
to strains which grown well on classical agar media, well-sporulated and had 
antimicrobial activity. Antifungal activity was determined by classical disk 
diffusion method with use of agar blocks. Petri dishes were placed in ther-
mostat at a temperature of 28°C, the growth radius of the antagonistic action 
zone was measured after 5-7 days [8]. As test cultures served strains of phy-
topathogenic fungi: Alternaria alternata 2-14; Aalternaria alternata LG14; 
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Alternaria solani; Rhizoctonia solani; Botrytis cinerea; Fusarium culmorum; 
Fusarium solani; Fusarium oxysporum; Sclerotinia sclerotiorum; Aspergillus 
niger; Botrytis cinerea. Test cultures of micromycetes were isolated from to-
mato plants with obvious signs of disease, identified by classical methods and 
confirmed by PCR analysis conducted at the Institute of Genetics, Physiology 
and Plant Protection (Laboratory of Molecular Genetics). All studied strains 
are stored in the collection of the Laboratory of Phytopathology and Biotech-
nology of the above-mentioned Institute. In experiments of testing bacterial 
cultures, as biological standard served strain Bacillus subtilis 26D (producer 
of the Russian biopreparation Fitosporin).

In the germination test for conidia of Alternaria alternata, the same 5 bacte-
rial cultures were used. Cultures were grown on liquid nutrient medium No. 2 
for 2 days. Incubation temperature – 28°C. As control served water and a nutri-
ent medium in the same dilution as the culture liquids. Culture characteristics 
of the growth were taken into account after 2, 3, 4, 5, 6, 7, 24, 36 and 48 hours 
exposure. The statistical data analysis method was applied (p=0.05).

Results. Analysis of the obtained data on the detection of the antifungal ac-
tivity of the bacteria genus Bacillus showed that all bacteria were active against 
test cultures, but in varying degrees (Table 1). Weaker in some positions were 
bacteria of B. subtilis-S4 and B. subtilis-S22. The least was growth inhibi-
tion of test cultures Botrytis cinerea and Fusarium oxysporum. The culture of  
B. subtilis-S4 although demonstrated a less antifungal effect against to all stud-
ied pathogens (except for Sclerotinia sclerotiorum, which had a zone of growth 
inhibition with a radius of 31.5 mm, but it was stable). The S2 culture in its 
action against different isolates of Alternaria, in one case exceeded the activ-
ity of the biological standard by 28 %, and in the other only by 7 %. Against 
Rhizoctonia solani, Alternaria solani and Fusarium solani activity was higher 
by 13 %, 14 % and 18 % (respectively). The effect of the S16 culture against 
Rhizoctonia solani exceeded the standard by 3 %, and Alternaria alternata by 
18%.

All cultures showed a stable antagonistic effect.

Table 1 
Antifungal action of bacteria of genus Bacillus  

(the radius of zone of growth inhibition of test cultures, mm)

Test cultures B.subtilis - 
26D

B.subtilis - 
S16

B.subtilis 
- S2

B.subtilis 
- S4

B.subtilis – 
S22

A. alternata 2-14 19.7 ± 0.8 17.0 ± 2.0 21.0 ± 0.0 20.3 ± 0.8 13.3 ± 0.9
A. alternata LG14 17.4 ± 0.9 20.5 ± 1.5 22.3 ± 0.4 19.2 ± 2.1 10.9 ± 0.7
A. solani 16.9 ± 2.3 19.1 ± 0.7 19.3 ± 1.4 17.8 ±1 .9 18.4 ± 1.2
R. solani 17.7 ± 1.3 18.3 ± 0.3 20.0 ± 0.7 19.9 ± 1.1 15.5 ± 1.1
B. cinerea –* 15.4 ± 1.1 19.8 ± 1.8 13.1 ± 1.4 –
F. solani 18.7 ± 1.2 20.0 ± 1.0 22.0 ± 0.6 20.0 ± 1.0 18.7 ± 1.3
F. oxysporum – 13.1 ± 2.0 17.0 ± 1.0 15.1 ± 3.1 15.2 ± 0.3
S. sclerotiorum – 20.1 ± 0.4 20.7 ± 0.1 31.5 ± 2.3 –

Note: p=0.05
* experiment was not conducted



ISSN 1028-0987. Мікробіол. журн., 2018, Т. 80, № 644

According to data from Table 2, studied strains of streptomycetes had 
the ability to manifest antagonism against phytopathogenic fungi in varying 
degrees. For example, against A. alternata was identified 1 strain capable 
to inhibit its growth (S. sp. 10) and 2 strains, under which action of their 
metabolites studied phytopathogen was suppressed by 12.5−14.0 mm  
(S. sp. 9 and 66). Other strains of streptomycetes inhibited growth of this 
test culture in a less degree (the radius of zone of growth inhibition was 8.0− 
9.5 mm). Strains of streptomycetes showed next results against A. solani as 
follows: S. sp. 10 did not have the ability to completely suppress the growth 
of this fungus test, the radius of zone of growth inhibition was 14.5 mm, for 
other strains the antifungal activity was slightly higher than in relation to  
A. alternata.

The ability to delay the active growth of A. niger was noted only for strain 
S. sp. 66 (the radius of the zone was up to 14.5 mm); in other strains the 
radius of the zones of growth inhibition of this test culture ranged from 5.5 to 
11.0 mm. For B. cinerea, it was also possible to identify active antagonists − 
strain S. sp. 10, which has the ability to completely inhibit the growth of this 
phytopathogen, and strain S. sp. 9, whose metabolites also actively inhibited 
fungal growth (zone radius up to 14.5 mm).

Among representatives of the genus Fusarium were selected 3 strains −  
F. oxysporum, F. solani, F. culmorum. An active antagonist in relation to these 
test cultures was streptomycete S. sp. 9, the radius of the zone of growth 
inhibition of these phytopathogens was 14.5−17.0 mm. The ability to actively 
retard growth was also noted for strain S. sp. 185, but only for F. oxysporum −  
zones up to 14.0 mm, while strain S. sp. 66 caused the formation of a lack 
of growth zone of not more than 7.5 mm. So, it should be noted that among  
7 strains of streptomycetes studied, only 3 had the ability to manifest 
antagonism against F. oxysporum, and in relation to another representative of 
genus Fusarium − F. solani; were detected 5 strains with antifungal activity 
of varying degrees (radius of the zone ranged between 5.0−9.5 and even  
14.5 mm). For F. culmorum, 6 strains of streptomycete antagonists were 
detected, the radius of the zone of growth inhibition varied from 9.0 mm  
(S. sp. 185) to 20.0 mm (S. sp. 66). By comparison the antifungal activity of 
the streptomycetes strains studied against S. sclerotiorum, it should be noted 
that for 2 strains of S. spp. 10 and 185 it was absent, for S. spp. 12, 19 and 44 ​​it 
was not high (radius of the zones varying between 8.5−11.5 mm). Metabolites 
of S. sp. 66 caused the formation of zones with a radius of till 14.0 mm and 
only one strain of S. sp. 9 is able to completely suppress the growth of this 
phytopathogen.

Further, an experiment was conducted on the effect of bacterial suspensions 
of genus Bacillus on the germination of conidia A. alternata. In experiment  
5 bacteria were used, shown in Table 1.

Germination of conidia of Alternaria in a nutrient medium (control 2) in 
a 1 % solution after 2 hours exposure was initiated by normal sprouts. After  
4 hours, more than 50 % of the conidia had already germinated, whereas 
in water (control 1) 50 % germination was observed only after 6 hours of 
exposure. The titer of the bacteria used in the experiment was: B. subtilis 
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26D 1.4 × 1010 CFU/ml; B. subtilis S16 − 4.1 × 109 CFU/ml; B. subtilis S2 −  
3.1 × 109 CFU/ml; B. subtilis S4 − 2.3 × 108 CFU/ml; B. subtilis S22−2.5 ×  
× 109 CFU/ml.

Table 2 
Antifungal activity of streptomycetes of soils of Moldova

Test cultures
Radius of zones of growth inhibition, (mm)

S. sp. 9 S.sp. 10 S. sp. 12 S. sp. 19 S. sp. 44 S. sp. 66 S. sp.
185

A. alternata 14.0± 1.0 C.i.* 12.5 ± 0.7 8.0± 0.7 9.5± 1.0 12.5± 0.7 8.5±0.3
A. solani 15.0± 0.7 14.5±0.6 14.0± 0.3 0 9.0± 0.3 13.5± 1.0 9.0± 0.1
A. niger 9.5± 0.1 11.0± 0.1 8.5± 0.1 10.0± 0.2 0 14.5± 1.3 6.5± 0.1
B. cinerea 14.5± 0.3 C.i. 11.0±0.1 10.0± 0.1 10.0± 0.2 10.0± 0.2 8.0±0.1
R. solani 14.5± 0.7 0 8.5± 0.5 10.0± 1.0 0 0 0
F. oxysporum 17.0± 0.5 0 0 0 0 15.0± 0.5 28.0±2.2
F. solani 14.5± 0.5 7.0± 0.1 8.5± 0.1 12.0± 0.7 0 7.5± 0.1 0
F. culmorum 16.0± 0.8 11.0± 0.1 19.0± 0.7 10.0± 0.2 0 20.0± 1.2 9.0± 0.1
S. sclerotiorum C.i. 0 11.5± 0.1 10.0± 0.1 8.5± 0.1 14.0± 1.0 0

Note: p=0.05
* complete inhibition

In solutions of all bacterial cultures, there was no normal germination of 
conidia. The strongest inhibitory effect of conidia was shown by the S2 culture. 
At a concentration of 10 % only after 24 hours, tumor-like outgrowths appeared 
(Fig. 1b). At initial concentrations, no germination of conidia was observed in 
any of the cultures studied.

Fig. 1. Conidia Alternaria alternata: a) normal appearance of conidia (12×40 
magnification) and after 24 hours of exposition: b) in water (12×20 magnification), c) in 

50 % solution S2, d) 10 % solution S2 (12×40 magnification) 
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Tumor formation did not allow further development of the normal myce-
lium after 36 hours and 48 hours of conidia in bacterial solutions of suspen-
sions along all dilutions (Fig. 2). With regard to the influence of metabolites of 
bacteria genus Bacillus on the germination of conidia, it can be assumed that 
the strains secrete exometabolites, which have the ability to completely inhibit 
the reproduction of the fungus.

Discussion. Considering the actual problems of biotechnology in crop pro-
duction, many researchers believe that further development will be directed to 
the use of natural and synthetic growth regulators and microbial preparations 
in biotechnology to protect them from diseases, which will solve a significant 
part of the food program against the expected rapid population growth in de-
veloped countries [9-11]. 

The prospects for the use of substances with antimicrobial activity of mi-
crobial origin are associated with their relatively weak toxicity to humans and 
animals in comparison with chemical means of protection by the specificity 
action of ability to penetrate into plant tissues and high activity against patho-
gens [8, 12-15]. 

According to the literature, industrial strains have a wide spectrum of an-
tagonistic activity against various species of phytopathogenic fungi and bac-
teria. They produce lytic enzymes, synthesize cyanides and other antifungal 
metabolites, able to stimulate plant growth due to biosynthesis of phytohor-
mones-auxin derivatives [16]. When inoculating tomatoes, they reduced the 
number of plants affected by phytopathogenic F. oxysporum by 2.5 times, the 
number of fungi on the roots was by 6.9 times lower than in the variant without 
inoculation with this strain. This strain was isolated from the chernozem soil 
of the Republic of Moldova [17]. Another strain of Ch-13 formed the basis of 
Bisalbisan, registered as a fungicide of etched wheat [18].

Being progeny of the ancient inhabitants of the Earth, prokaryotic organ-
isms, including streptomycetes, no doubt, could also enter into various relation-
ships with higher forms of life, and first of all with plants at all stages of the 
evolution of the lasts [19].

Being in the rhizosphere and having the ability to form various physiologi-
cally active substances, they play an essential role in the life of plants [14, 20].

Fig. 2. Conidia Alternaria alternata
a) 50 % sol. S4 (36 h), b) 10% sol. S4 (48 h) (12×40 magnification) 
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Actinomycetes are very well-known saprophytic bacteria, which have a 
qualitative and quantitative value in the rhizosphere, where they can influence 
the growth of plants and protect them against pathogenic fungi. Up to 70 % of 
actinomycetes, especially representatives of the genus Sterptomyces, are the 
source of more than 70 % of all antibiotics [21-25].

Comparing the antifungal activity of the studied strains of genus Bacillus 
and genus Streptomyces, isolated from the soil of the central part of Moldova, it 
is shown, mainly, the strains of the genus Bacillus showed it to a much greater 
extent than representatives of the genus Streptomyces − the radius of the zones 
of growth inhibition of such causative agents as Alternaria alternata 2−14 and 
Alternaria alternata LG14 was greater than the representatives of the genus 
Streptomyces (radius value from 17.0 to 22.5 mm), however, it should be noted 
that among the strains of the genus Streptomyces was a strain that completely 
suppressed the growth of Alternaria alternata (Tables 1 and 2) – S. sp. 10. The 
same strain also had the ability to completely suppress the growth of another 
phytopathogen, B. cinerea, whereas among the representatives of the genus 
Bacillus only in B. subtilis-S2 was observed a sufficiently high activity (radius 
of the zone up to 19.8 mm), and in the remaining strains it was smaller (radius 
of the zones from 8.0 to 15.4 mm).

In the literature of recent years, there are numerous data on inhibition of 
mycelial growth, spore germination of B. cinerea and representatives by strains 
genera Fusarium and Streptomyces [23, 26-34]. Among the isolated strains, 
it can also pay attention to the activity of antagonists to F. solani, among the 
representatives of the genus Bacillus is a strain of B. subtilis − S2 (radius –  
22.0 mm).

B. subtilis − S4 and S16 (radius 20.0 mm), and among the representatives 
of the genus Streptomyces – strain S. sp. 9 (radius − 14.5 mm) and S. sp.185 
(radius 18.0 mm). In relation to other representatives of the genus Fusarium −  
against F. oxysporum activity was lower as representatives of the genus Bacil-
lus, so representatives of the genus Streptomyces: the radius of the zones of 
strains genus Bacillus ranged from 13.0 to 17.0 mm, and for the genus Strepto-
myces − from 7.5 mm to 17.0 mm. The data obtained by us is in accorance with 
literature data, in particular, that among 397 strains of actinomycetes only 9 % 
were active against F. oxysporum and against B. cinerea, and 18.7 % against 
A. niger. Only 2 % of the strain of actinomycetes delayed the growth of all test 
cultures [35]. An active antagonist against B. cinerea, F. solani, A. alternata is 
also considered streptomycetes S. rimosus [36].

With regard to A. niger, in our studies among strains of streptomycetes we 
were able to find a strain that could inhibit the growth of this phytopathogen. 
The radius of the zones of growth inhibition of this test culture ranged from 
6.25 to 11.0 mm, and only under the influence of the metabolites of the strain 
S. sp. 66 they were larger (up to 14.5 mm).

For R. solani, in our opinion, two strains of the present bacteria can be 
considered an active antagonist. Bacillus − B. subtilis S2 and B. subtilis S4, 
since their metabolites caused the appearance of zones of non-growth of 
this phytopathogen with a radius of 19.9−20.0 mm, whereas to other studied 
bacteria the antifungal activity was less (radius of the zones from 17.7 to  
18.3 mm of the representatives of the Bacillus and from 8.5 to 14.5 mm of  
S. sp. 12 and 9).
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Special attention should be paid to the search for antagonists against  
S. sclerotiorum. Experiments have shown that the growth of this pathogen 
actively delayed 3 strains of Bacillus (B. subtilis S2, B. subtilis S4, B. subtilis 
S16) − the radius of the zones of growth absence under the influence of their 
metabolites reached 20.1-20.7 mm, and B. subtilis S4 metabolites more inhib-
ited the growth of S. sclerotiorum and the zone of absence of growth reached 
up to 31.5 mm radius.

No less interesting were results of the determination of antifungal activity 
against S. sclerotiorum of the strains streptomycetes studied. For example, me-
tabolites of strains S. spp. 12, 19, and 44 caused the formation of non-growth 
zones of a test culture with a radius of 5.0−10.75 mm, but metabolites of  
S. sp. 66 were more active (zones up to 14.0 mm). The greatest interest among 
streptomycetes strains isolated from the soil of Moldova is represented by  
S. sp. 9, since its metabolites caused complete inhibition of the growth of this 
phytopathogen (Table 2). 

On the ability of soil streptomycetes to affect the growth of R. solani there 
are few literature data. For example, according to Reruanul M.I. (2009), among 
strains isolated from the soil of Korea, only ethyl acetate extract of S. abido-
flavus showed inhibition of the mycelial growth of R. solani in Petri dishes by 
60.27 %. Studies on the possibility of inhibition of R. solani RRС-9 showed 
that metabolites of S. philanti RM-1-138 synthesized on 14th day of growth 
are more active than the complex of substances on the 7th day. Since on the 
7th day this complex includes 17 compounds, and on the 14th already 36 sub-
stances [37, 38].

Three strains of B. subtilis – S2, S4 and S16 showed high antifungal proper-
ties against to such causative agents of diseases of agricultural plants of early 
blight and root rot of tomatoes. If control strain caused the appearance of zones 
of growth inhibition in these pathogens with a radius of 17.4−18.7 mm, then 
under the influence of metabolites of strains of the genus Bacillus, isolated 
from the soil of Moldova, the radius of the zones varied from 17.8 to 22.3 mm, 
by 1.3 times more than in the control.

It should also be noted that strain S. sp. 10 is important because of ability to 
inhibit growth of A. solani with a radius up to 14.5 mm and S. spp. 12 and 66, 
capable to inhibit growth of F. culmorum with a radius of 19.0-20.0 mm. Spe-
cial attention should be paid to strains S. spp. 9 and 10, which have the ability 
to completely inhibit the growth of A. alternata, S. sclerotiorum and B. cinerea.

Among bacterial organisms, a group of aerobic spore-forming bacteria is 
known for its pronounced antagonistic properties in relation to a large number 
of phytopathogenic microorganisms. Spore-forming bacteria can be placed on 
a par with actinomycetes, penicilliums and treat them as the main sources of 
antibiotic substances. 

All bacterial cultures of the genus Bacillus showed an inhibitory effect on 
the germination of conidia. As mentioned earlier, the conidia had an outlet of 
the contents in the form of spherical outgrowths.

The same effect of action of B. subtilis was noted by Kolomietz A.I. et al.  
(2007) against Penicillium expansum and Botrytis cinerea, then group of sci-
entists from Korea observed the action of Bacillus amyloliqufaciens on the 
pathogenic fungus Botrytis cinerea, morphological changes in the growth of 
its mycelium [5, 39]. These were the structures of a spherical species. The 
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same changes in the morphology of the mycelium were formed in Sclerotinia 
sclerotiorum during co-cultivation with Bacillus subtilis K-1-1 [15].

The experiments showed that B. subtilis S4 showed the least inhibitory 
effect, it can be explained by the fact that the nutritive medium on which the 
culture was grown is not suitable medium for this strain to accumulate bio-
mass and / or release of antibiotic substances. To demonstrate high antago-
nistic activity, strains need high density, at the same time an increase in the 
concentration of bacterial cells leads to inhibition of plant growth. Therefore, 
for strains with strong antagonistic activity against phytopathogens and plant 
growth, such a contradiction properties is probably reflected by decrease of 
application in agriculture [40].

According to results, strain B. subtilis S2 showed a high inhibitory effect on 
all used test cultures of phytopathogens. B. subtilis S4 is distinguished by the 
inhibitory effect of S. sclerotiorum – agent of white rot (1.5 times higher than 
other Bacillus strains studied), and on other test cultures its effect was at the 
level of other strains. Between representatives of Streptomyces spp., it should 
be noted strain S. sp. 9 (all test cultures have growth inhibition zones and even 
complete suppression of S. sclerotiorum), S. sp. 10 (complete suppression of 
the causative agent of gray rot – B. cinerea) and S. sp. 185 (pathogenic growth 
delay zones of F. oxysporum are by 1.5 and 1.8 times more than strains S. spp. 
9 and 66, and inhibition is absent for other strains).

Conducted researches show extensive and diverse choice of microorganisms 
as alternative source of biopreparation in comparison with chemical 
preparations.

Thus, the data obtained after our studies on the antifungal activity of bacteria 
of genera Bacillus and Streptomyces isolated from rizosphere of tomatoes and 
from the soil samples of the central part of Moldova show the perspective 
of bacterial organisms in the control of phytopathogens, and possibly, as a 
basis for biopreparations for the protection of agricultural plants, especially 
vegetable crops.
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BACILLUS І STREPTOMYCES, ВИДІЛЕНИХ З ҐРУНТУ  
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Ре з юме
Мета. У статті представлені результати досліджень, метою яких було визначення 

антифунгальної активності штамів родів Bacillus і Streptomyces, виділених з ґрунту 
Молдови, по відношенню до фітопатогенних грибів, широко поширених в Молдові. 
Методи. Штами вирощували на класичних агаризованих середовищах, антифун-
гальну активність визначали методом агарових блоків з тест-культурами − фітопа-
тогенними грибами, а біологічним еталоном була бактерія B. subtilis 26D. У дослі-
дах по проростанню конідій A. alternata використовували 5 бактеріальних культур, 
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що вирощували на рідкому поживному середовищі № 2. Результати. Встановлено, 
що всі бактерії р. Bacillus проявляють антифунгальну активність по відношенню 
до тест-культур, але в різному ступені. Найменше пригнічувався ріст B. cinerea і  
F. oxysporum. Найбільш активно пригнічував ріст S. sclerotiorum штам S4. Серед 
стрептоміцетів знайдений штам (S. sp. 10), здатний повністю пригнічувати ріст  
A. alternata і B. cinerea, і штам S. sp 9, який повністю пригнічував ріст S. sclerotiorum. 
Активно затримували ріст F. culmorum 3 штами (штам 9, 12 і 66, радіус зон − від 16,0 
до 20,0 мм), а штам S. sp. 185 − по відношенню до F. oxysporum (зони до 28,0 мм).  
Найбільшу інгібуючу дію на проростання конідій A. alternata мав штам S2. Висно-
вки. Порівняльна оцінка антифунгальної активності ризосферних штамів B. subtilis 
виявила штам з найбільш вираженими антифунгальними властивостями. Дослі-
джувані рідкі культури бактерій роду Bacillus проявили високу фунгіцидну дію на 
проростання конідій A. alternata. З 7 перевірених штамів стрептоміцетів найбіль-
шу зацікавленість представляє штам S. sp. 10, здатний повністю пригнічувати ріст  
A. alternata і B. cinerea, і штам S. sp. 9, що повністю пригнічує ріст S. sclerotiorum, 
а також штам S. sp. 185, який активно затримує ріст F. oxysporum, і штам S. sp. 10 −  
A. solani.

Ключові слова: Bacillus, Streptomyces, проростання конідій, фітопатогени.

АНТИФУНГАЛЬНАЯ АКТИВНОСТЬ БАКТЕРИЙ РОДОВ BA-
CILLUS И STREPTOMYCES, ВЫДЕЛЕННЫХ ИЗ ПОЧВЫ МОЛ-

ДОВЫ
В. Шубина1, М. Бырса2, С. Бурцева2 
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Ре з юме
Цель. В статье представлены результаты исследований, целью которых являлось 

определение антифунгальной активности штаммов родов Bacillus и Streptomyces, 
выделенных из почвы Молдовы, по отношению к фитопатогенным грибам, широ-
ко распространенным в Молдове. Методы. Штаммы выращивали на классических 
агаризованных средах, антифунгальную активность определяли методом агаровых 
блоков с тест-культурами – фитопатогенными грибами, а биологическим эталоном 
служила бактерия B. subtilis 26D. В опытах по прорастанию конидий A. alternata ис-
пользовали 5 бактериальных культур, выращиваемых на жидкой питательной среде 
№ 2. Результаты. Установлено, что все бактерии р. Bacillus проявляют антифун-
гальную активность по отношению к тест-культурам, но в разной степени. Менее 
всего подавлялся рост B. cinerea и F. oxysporum. Наиболее активно подавлял рост  
S. sclerotiorum штамм S4. Среди стрептомицетов найден штамм (S. sp. 10), способный 
полностью подавлять рост A. alternata и B. cinerea, и штамм S. sp 9, полностью по-
давляющий рост S. sclerotiorum. Активно задерживали рост F. culmorum 3 штамма 
(штамм 9, 12 и 66, радиус зон – от 16,0 до 20,0 мм), а штамм S. sp. 185 – по отноше-
нию к F. oxysporum (зоны до 28,0 мм). Самое сильное ингибирующее действие на 
прорастание конидий A. alternata оказал штамм S2. Выводы. Сравнительная оценка 
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антифунгальной активности ризосферных штаммов B. subtilis выявила штамм с на-
иболее выраженными антифунгальными свойствами. Исследуемые жидкие культуры 
бактерий рода Bacillus проявили высокое фунгицидное действие на прорастание ко-
нидий A. alternata. Из 7 проверенных штаммов стрептомицетов наибольший интерес 
представляет штамм S. sp. 10, способный полностью подавлять рост A. alternata и 
B. cinerea, и штамм S. sp. 9, полностью подавляющий рост S. sclerotiorum, а также 
штамм S. sp. 185, активно задерживающий рост F. oxysporum, и штамм S. sp. 10 –  
A. solani.

Ключевые слова: Bacillus, Streptomyces, прорастание конидий, фитопатогены.
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