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Bacteria of the genus Azotobacter are known for their ability to stimulate plant growth and development.
Azotobacter vinelandii IMV B-7076 strain was isolated from Zhytomyr region soil of Ukraine. It is one of
the components of the " Azogran" complex bacterial preparation for plant growing. It has been established
that A. vinelandii IMV B-7076 synthesizes biologically active substances that promote plant development.
At the same time, the antagonistic activity of A. vinelandii IMV B-7076 against phytopathogens has not
yet been studied, so this became the aim of this work. Methods. The antagonistic activity of A. vinelandii
IMV B-7076 was determined by agar well diffusion and agar blocks methods. Results. It was shown that
A. vinelandii IMV B-7076 had antagonistic activity against some phytopathogenic fungi. In particular, the
diameter of growth inhibition zones of Alternaria alternata 16861, Fusarium avenaceum 50720, Fusarium
verticillioides 50463, Fusarium lactis 50719, Fusarium oxysporum 54201, Fusarium poae 50704 was
14+37 mm, Bipolaris sorokiniana 16868 and Fusarium solani — 11+13 mm. Fusarium culmorum 50716
and Fusarium graminearum 506062 were not sensitive to A. vinelandii IMV B-7076 metabolites. Notably,
the antagonistic effect was demonstrated in mycelial growth and spore formation inhibition, in fungal
mycelium discoloration. It was also demonstrated that A. vinelandii IMV B-7076 did not show antagonistic
activity against phytopathogenic bacteria Agrobacterium tumefaciens 8628, Pectobacterium carotovorum
subsp. carotovorum 8982, Pseudomonas fluorescens 8573, Pseudomonas syringae pv. syringae 8511,
Clavibacter michiganensis subsp. michiganensis 13a, Xanthomonas campestris pv. campestris 8003b.
Conclusions. Studied A. vinelandii IMV B-7076 strain is characterized by antagonistic activity against
phytopathogenic fungi and does not have antibacterial properties against phytopathogenic bacteria. The
antifungal activity of A. vinelandii IMV B-7076, as a component of " Azogran”, will be useful for this
bacterial preparation application in plant growing.

Keywords: Azotobacter vinelandii IMV B-7076, antagonistic activity, antifungal activity, phy-
topathogenic fungi, phytopathogenic bacteria.

literature about Azotobacter antifungal activity
[8, 9]. At the same time, antagonistic activity of

Bacteria of the genus Azotobacter are known
for their ability to stimulate plant growth and de-

velopment [1]. They synthesize biologically ac-
tive substances, fix molecular nitrogen from the
atmosphere and protect plants from stress factors
[2, 3]. Azotobacter vinelandii IMV B-7076 was
isolated from Zhytomyr region soil of Ukraine and
identified in the Department of Microbiological
Processes on Solid Surfaces of D.K. Zabolotny
Institute of Microbiology and Virology of NAS of
Ukraine [4]. This strain is one of the components
of the "Azogran” complex bacterial preparation
for plant growing [5]. It has been established that
A. vinelandii IMV B-7076 synthesized biologically
active substances that promote plant development
[6, 7]. There is some information in the scientific
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A. vinelandii IMV B-7076 against phytopathogens
has not yet been studied, so this became the aim of
this work.

Materials and methods. 4. vinelandii IMV
B-7076 strain was used in this study [4]. This bac-
terial strain was cultivated in liquid and on solid
Ashby’s or Burke’s media depending on the ex-
periment objective. Ashby’s medium contained
(g/1 of distilled water): sucrose — 20.0, K.HPO, —
0.4, MgSO,"7H,0 - 0.2, NaCl - 0.2, K,SO, - 0.1,
CaCO, - 2.0, Fedorov’s microelements — 1 ml.
pH 7.0-7.5. Burke’s medium contained (g/l of
distilled water): sucrose — 20.0, K. HPO, — 0.8,
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KH,PO, -0.2, MgSO,-7H,0 - 0.2, sodium citrate —
0.5, CaCl, 0.1, FeSO, - 0.015, Fe,(SO,), — 0.005,
Na,MoO, - 0.005. pH 7.0-7.4. Cultivation of bac-
teria was carried out for 1, 2, 3, 4 days. In a number
of experiments bacteria were cultivated in media
with 0.1, 2.0, 5.0 g/l of silicon dioxide, bentonite
or palygorskite.

Phytopathogenic fungi from the Collection of
the Department of Physiology and Taxonomy of
Micromycetes were used as test cultures: Alternaria
alternata 16861, Bipolaris sorokiniana 16868,
Fusarium avenaceum 50720, Fusarium culmorum
50716, Fusarium graminearum 50662, Fusarium
verticillioides 50463, Fusarium lactis 50719,
Fusarium oxysporum 54201, Fusarium poae 50704,
Fusarium solani 50718; as well as phytopathogenic
bacteria provided by the Department of Phyto-
pathogenic Bacteria: Agrobacterium tumefaciens
8628, Pectobacterium carotovorum subsp. caro-
tovorum 8982, Pseudomonas fluorescens 8573,
Pseudomonas syringae pv. syringae 8511, Clavi-
bacter michiganensis subsp. michiganensis 13a,
Xanthomonas campestris pv. campestris 8003b.

Antagonistic activity of A. vinelandii IMV
B-7076 strain was determined by agar well
diffusion and agar blocks methods. Studies with
fungi were carried on potato-glucose agar, with
phytopathogenic bacteria — on potato agar. The
fungi were washed from the surface of potato-
glucose agar and were added to the molten and
cooled medium to reach a concentration of 10°
spores/ml. Suspensions of phytopathogenic bacteria
(5-10% cells/ml) were prepared by washing from
potato agar medium. Every 0.1 ml of these
suspensions was dispensed on potato agar plates.

8 mm diameter wells were drilled in agar with
phytopathogens. 0.15 ml of A. vinelandii IMV
B-7076 strain suspension or agar blocks with
A. vinelandii IMV B-7076 strain were added in
wells. The plates were incubated at 28° C.

Data were statistically analyzed using variation
statistics methods [10].

Results. It was shown that A. virnelandii IMV
B-7076 strain had antagonistic activity against some
phytopathogenic fungi (Fig. 1). In particular, the
diameter of growth inhibition zones of 4. alternata
16861, F. avenaceum 50720, F. verticillioides
50463, F. lactis 50719, F. oxysporum 54201,
F. poae 50704 was 14+37 mm, B. sorokiniana
16868 and F. solani — 11+13 mm. F. culmorum
50716 and F. graminearum 50662 were not sen-
sitive to A. vinelandii IMV B-7076 strain meta-
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bolites (Fig. 1). Notably, the antagonistic effect
was demonstrated in mycelial growth and
spore formation inhibition, in fungal mycelium
discoloration (Fig. 2).

It is known that the composition of cultivation
media influence on bacteria metabolism and,
accordingly, synthesis of biologically active
substances. Therefore, the influence of cultivation
medium on 4. vinelandii IMV B-7076 antagonistic
activity against phytopathogenic fungi was studied.
Antagonistic activity was detected after strain
cultivation on Ashby’s medium. However, the zones
of fungal growth inhibition on Burke’s medium
were in some cases slightly larger. The exception
was F. lactis 50719 strain that was not affected by
A. vinelandii IMV B-7076 strain grown on Ashby’s
medium (Table 1). Some contrasting experimental
data also attract attention. For example, the absence
of F. lactis 50719 growth inhibition zone caused by
A. vinelandii IMV B-7076 strain that was cultivated
in Burke’s liquid medium and added in the well,
while around the agar block with A. vinelandii
IMV B-7076 strain from Burke’s medium the
fungal growth inhibition zone was detected (Fig. 1,
Table 1). Also, there was no growth inhibition
zone of £ oxysporum 54201 around the agar block
with 4. vinelandii IMV B-7076 strain on Ashby’s
medium, while around the well such zone was
16.8 £ 0.7 mm (Table 1).

Fungi with largest zones of growth inhibition
were used in further work. A study of 4. vinelandii
IMV B-7076 cultivation period influence on the
antagonistic activity against 4. alternata 16861,
F verticillioides 50463, F. oxysporum 54201 and
F poae 50704 demonstrated that 4. vinelandii
IMV B-7076 showed antagonism to these fungi
from the first day of cultivation. The fungal growth
inhibition zones did not change significant during
1-4 days of bacteria cultivation (Table 2).

It was found that silicon dioxide, palygorskite
and bentonite nanomaterials in concentrations of
0.1, 2.0 and 5.0 g/l did not affect the antagonistic
activity of 4. vinelandii IMV B-7076 strain
against fungi. Thus, the zones of fungal growth
inhibition and spore formation were similar in the
experiments when A. vinelandii IMV B-7076 strain
was cultivated with nanomaterials and without
them (Table 3).

It was also demonstrated that A. vinelandii
IMV B-7076 did not show antagonistic activity
against phytopathogenic bacteria A. tumefaciens
8628, P. carotovorum subsp. carotovorum 8982,
P fluorescens 8573, P. syringae pv. syringae
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8511, C. michiganensis subsp. michiganensis 13a,
X. campestris pv. campestris 8003b. The cultivation
period and medium also did not influenced on
A. vinelandii IMV B-7076 antagonistic properties
against phytopathogenic bacteria.

Thus, growth inhibition zones of phytopatho-
genic bacteria were not detected after 4. vinelandii

IMV B-7076 strain cultivation in Ashby’s and
Burke’s media for 1, 2, 3, 4 days. The addition
of bentonite, palygorskite and silicon dioxide at a
concentration of 0.1 g/l in Burke’s liquid medium
also did not facilitate to the antagonism against
phytopathogenic bacteria: zones of their growth
inhibition were not observed.
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Fi g.1. Antagonistic activity of A. vinelandii IMV B-7076 against phytopathogenic fungi.

— agar well diffusion method,

o_ agar blocks method. p < 0.01.

Fi g. 2. Inhibition zones of F. avenaceum 50720 (1), F. verticillioides 50463 (2),
FE oxysporum 54201 (3), F. poae 50704 (4) caused by A. vinelandii IMV B-7076 suspension.
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Discussion. In recent decades, more and more
attention is paid to the use of microbial preparations
for agriculture. This is environmentally friendly and
makes it possible to obtain plant products without
harmful chemicals. The practice of scientists is
constantly aimed at creating bacterial preparations
with a wide spectrum of action that could facilitate
to the maximize development and productivity
of plants. One of the plants growing problems is
phytopathogenic microorganisms [5]. Therefore,
antagonistic properties against phytopathogens
are important for the bacterial species that are
components of preparations for plants.

Our studies indicate that A. vinelandii IMV
B-7076 (a component of the complex bacterial
preparation " Azogran”) had the highest antagonistic
activity against phytopathogenic fungi A. alternata
16861, F. avenaceum 50720, F. verticillioides
50463, F lactis 50719, F. oxysporum 54201,
F. poae 50704, less — against B. sorokiniana 16868
and F solani 50718 and did not affect F. culmo-
rum 50716 and F. graminearum 50662 (Fig. 1,
Table 1). There is also information about the varying
degrees of antifungal activity of A. vinelandii 1B
4 against phytopathogenic fungi [11]. Thus, the
largest growth inhibition zones caused by this strain
were observed for A. alternata, F. avenaceum,
F. culmorum and F. gibbosum (18.0+20.0 mm)
[11]. Inhibition zones of B. sorokiniana caused by
metabolites of A. vinelandii IB 4 [11] were similar
to the zones detected for strain of the same species
in our studies with A. vinelandii IMV B-7076
(Fig. 1) —12.0 mm. In contrast to our data, £ solani
was the least sensitive culture with the growth
inhibition zone of 8.0 mm [11].

The efficiency of Azotobacter use against Fu-
sarium infection of maize, sorghum and wheat
is also known. The largest inhibition under the
influence of A. nigricans AZT 54 was detected
for F. sporotrichioides, F. graminearum, F. poae
and F. equiseti, the middle — for F. crookwellense,
F. culmorum, F. sambucinum, and the minimum —
for F. avenaceum, F. acuminatum, and F. nivale
[12]. Cavaglieri et al. showed that Azotobacter
armeniacus RC2 significantly reduced the F. ver-
ticillioides root colonization. F. verticillioides pro-
duces fumonisins, toxins that have potential to-
xicity for humans and animals [9].

In turn, Bhuyan et al. studied the relationship of
endophytic Piriformospora indica and five diffe-
rent strains of Azotobacter chroococcum, demons-
trated strain differences in the interaction of these
rhizosphere microorganisms [13]. In particular,
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A. chroococcum WRS exhibited stimulation, while
A. chroococcum M4 — inhibition of fungal growth.
Electron microscopy of co-culture indicated an
association of the bacterium with the fungus
[13]. Eyini et al. proved the antagonistic role of
Azotobacter sp. as bioinoculant against 7richoderma
viride and Trichoderma reesei [14]. These fungi
prevented the cultivation of Pleurotus eous. The
interaction between mushrooms and azotobacter
was synergistic [14]. Thus, our experimental results
and the data of other researchers showed the multi-
vector interaction between fungi and bacteria of the
genus Azotobacter.

Bhosale et al. studied in detail the cultivation
conditions of A. vinelandii isolated from soil
of India for their maximum antifungal activity
against F. oxysporum [8]. It was determined that
the optimal was A. vinelandii cultivation in a
medium with 20 g/l of sucrose, pH 7-8, for 3 days.
The composition of the Ashby’s and Burke’s media
used in our studies match these basic conditions. As
noted above (Table 1), the zones of 4. vinelandii
IMV B-7076 antagonism against fungi in most
cases were larger after the use of Burke’s medium.
At the same time, the absence of antagonism of
A. vinelandii IMV B-7076 cultivated on Ashby’s
medium against ¥, lactis 50719 indicates that under
such cultivation conditions, the bacteria did not
synthesize active metabolites against this fungus.
The presence or absence of growth inhibition zones
around agar blocks or wells with suspensions of
A. vinelandii IMV B-7076 strain cultivated on the
same medium previously described for F. lactis
50719 and F. oxysporum 54201 (Table 1) can be
explained by the probable synthesis of only cellular
or extracellular active bacterial metabolites under
certain growing conditions. The presence of
growth inhibition zones of the studied fungi by
A. vinelandii IMV B-7076 that was cultivated on
Burke’s medium for 1-4 days (Table 2), and the
absence of significant differences in the diameter
of these zones indicates the synthesis of substances
with antagonistic action during growth on this
medium from the first day of cultivation. Therefore,
we would like to conclude that the use of Burke’s
medium is more expedient for 4. vinelandii IMV
B-7076 cultivation.

"Azogran” is made on the basis of bentonite,
in addition, under natural conditions bacteria
can interact with other clay minerals that are
components of many soil types. In turn, clay
minerals are aluminosilicates containing 70%
of silicon oxide and aluminum oxide. A certain

ISSN 1028-0987. Mixpobion. oicypn., 2020, T. 82, Ne 5



model of individual components of these complex
compounds are synthetic highly dispersed materials
based on silicon dioxide. Microorganisms can
contact with highly dispersed materials, which often
leads to changes in their physiological properties
[15]. Therefore, it was useful to investigate the
influence of A. vinelandii IMV B-7076 cultivation
with bentonite, palygorskite and silicon dioxide
nanoparticles on the antagonistic activity of this
bacterial strain. Our hypothesis about the effect
of these materials on A. vinelandii IMV B-7076
antagonistic activity included a possible increase of
growth inhibition zones due to increasing synthesis
of active substances or simplification of their
extracellular production, or, conversely, decrease of
zones due to sorption of metabolic substances on
the above dispersed materials. However, as follows
from the obtained results, we did not observe any
of the above: the cultivation of 4. vinelandii IMV
B-7076 strain with bentonite, palygorskite and
silicon dioxide did not affect the diameter of fungi
growth inhibition zones (Table 3).

There is only some information about the
mechanisms of antifungal action of bacteria
from the genus Azotobacter. They mainly regard
the synthesis of antibiotic metabolites by these
bacteria. In particular, A. chroococcum 92 produces
an ester of aliphatic tetraenic acid, this molecule
contains hydroxyl, methoxyl and carboxyl
groups [16]. A. vinelandii 1B 4 synthesizes
sucrose polythiophosphates of tetraamine
(a-D-2,3-diaminoglucopyranosyl-p-D-3,4-
diaminofructofuranose) [11]. 4. vinelandii isolated
from the soil of India has among the metabolites
aldehyde, C-N, ester, aromatic ring, P-H stretch,
C-N stretch of alkyl amine [8]. Along with this,
there are data on the differential expression of
many metabolic proteins of the fungus P. indica
grown in the presence of A. chroococcum WRS and
A. chroococcum M4 [13].

It should be noted that KEGG GENOME
database contains the information about the
presence in A. vinelandii DJ genome the antibiotic
biosynthesis genes, in particular streptomycin
and vancomycin. Therefore, it was possible to
suggest the presence of A. vinelandii IMV B-7076
antagonistic activity against phytopathogenic
bacteria. Along with this, other evidences of
the ability of Azotobacter genus bacteria to
synthesize antibacterial substances is not found in
the available literature. We did not also find any
antagonistic action of 4. vinelandii IMV B-7076
against phytopathogenic bacteria.
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Thus, studied A. vinelandii IMV B-7076 is
characterized by antagonistic activity against phyto-
pathogenic fungi and does not have antibacterial
properties against phytopathogenic bacteria. The
antifungal activity of 4. vinelandii IMV B-7076, as
a component of "Azogran”, will be useful for this
bacterial preparation application in plant growing.

AHTATOHICTUYHA AKTUBHICThH
AZOTOBACTER VINELANDII IMB
B-7076 L1010 ®ITONATOTEHHUX
MIKPOOPTAHI3MIB

H. B. Yyiiko, A. I0. Yob6omapuvos, A. 1. Casuyk,
1. M. Kypuenxo, 1. K. Kypouwu

Inemumym mikpobionocii i éipyconoeii
im. JI.K. 3abonomnoco HAH Yxpainu,
8yn. Axademika 3abonomnozo, 154,
Kuis, 03143, Vkpaina

Peswome

Baxtepii pony Azotobacter Bimomi 34aTHICTIO
CTUMYJIIOBATH PICT Ta po3BUTOK pociuH. lltam
Azotobacter vinelandii IMB B-7076 Bupaineso 3
rpyHTy JKutomupcbkoi obnacti Ykpainu. Bin € ox-
HUM 13 KOMIIOHCHTIB KOMIUIEKCHOTO OaKTepialbHO-
ro mpemnapary IJisi pOCIHMHHUITBA A3orpan. Panire
Oyno BCTaHOBIICHO, 10 A. vinelandii IMB B-7076
CHHTE3y€ O10JIOTIYHO aKTHBHI PEUYOBHHH, SIKi CIIPH-
SIFOTH PO3BUTKY POCIHH. B ToOM e wac aHTarosic-
TUYHA aKTUBHICTH A. vinelandii IMB B-7076 wmono
¢iTomaToreHiB 10 IIHOro Yacy Oyia He BHBUCHOIO,
TOMY LI CTajJO MeTOI0 JaHoi pobotu. Metoau. AH-
TaroHiCTHUYHY aKTUBHICTb A. vinelandii IMB B-7076
BH3HAYAJIM METOJaMH JIYHOK Ta arapoBHX OJIOKIB.
Pesyabraru. [Tokazano, mo 4. vinelandii IMB B-7076
MPOSIBIB AHTATOHICTHYHY aKTUBHICTH MIOAO JESSKUX
(iTOMaTOreHHUX MIKpPOMILIETiB. 30KpeMa, AdiaMeTp
30H MpUTHIYeHHS pocty Alternaria alternata 16861,
Fusarium avenaceum 50720, Fusarium verticillioides
50463, Fusarium lactis 50719, Fusarium oxysporum
54201, Fusarium poae 50704 cxnanaB 1437 mwm,
Bipolaris sorokiniana 16868 1 Fusarium solani
50718 — 11+13 mM. He uyTnuBuMu 10 MeTabOIIi-
TiB a3otobakrepa Oymu Fusarium culmorum 50716 i
Fusarium graminearum 50662. Cinij 3a3Ha4UTH, 110
AQHTarOHICTHYHHUHN BIUIMB MPOSIBISBCS Y MPUTHIYCHH]
pocty Mimenio Ta GopMyBaHHS CIOpP, 3MiHI KOJIBOPY
MIIIETIFO MIKpOMIlleTiB. Bigomo, mo y nporneci Kyib-
TUBYBaHHS Ha CEPEOBUIIIAX PI3HOTO CKIATy METabo-
J1i3M OakTepiii Ta, BIAMOBIHO, CHHTE3 HUMU 010J10T14-
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HO aKTHBHUX PEYOBHH MOXKe BimpizHsaTHcs. [lokazaHo,
110 3a KyJIbTUBYBaHHS Ha cepenoBuili Embi antaro-
HICTUYHA aKTUBHICTH A. vinelandii IMB B-7076 npo-
SIBIISUIACh, OTHAK 32 3aCTOCYBaHHS cepenoBuia bepka
30HH NPUTHIYCHHS PO3BUTKY IPHUOIB Y JCSKHX BHITA-
Kax Oynu OUTBIIUMU. 3a JTOCIIJDKCHHS BIUTUBY TEp-
MiHY KyJIbTUBYBaHHsI Ha aHTarOHICTHYHY aKTUBHICTh
A. vinelandii IMB B-7076 mono A. alternata 16861,
F verticillioides 50463, F. oxysporum 54201 1 F. poae
50704 BcTaHOBIICHO, IO A30TOOAKTEP MPOSIBISIB aH-
TaroHi3M JI0 IIMX MIKPOMIIIETIB BXKE 3 MEpIIoi JTo0u
KyIBTHBYBAaHHS B cepeloBHUIIl bepka, a BIpomoBxk
1-4 ni0 xynabTHBYBaHHS OakTepiii 30HM 3aTPUMKH
pocTy rpubiB 3MiHIOBAJIUCH HE3HAYHOIO Mipoto. A30-
I'paH BUTOTOBIISIIOTH HA OCHOBI OGHTOHITY, /10 TOTO K
B IIPUPOIHUX yMOBaX OakTepii MOKYTh B3aEMOIISTH
3 IHITMMH TIHHACTAMH MiHEepaJIaMHu, sIKi € KOMITOHEH-
Tamu 0araTbOX THITIB IPYHTIB. [JIMHUCTI MiHEpaIu
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