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IMPACT OF ANUMBER OF FACTORS ON
PHYSIOLOGICAL AND BIOCHEMICAL ACTIVITY OF
STRAINS — COMPONENTS OF AZOGRAN,

A COMPLEX BACTERIAL PREPARATION

The use of microbial preparations in plant-growing can be due to the correction of
biological processes in agroecosystems and stimulates growth and development of plants.
The efficiency of this process is dependent on biotic and abiotic factors, however their
influence on introduction microorganisms in phytosphere is insufficiently studied. The ar-
ticle summarizes some results of recent studies, related to the impact of a number of en-
vironmental factors on physiological and biochemical activity of nitrogen-fixing bacteria
Azotobacter vinelandii IMV B-7076 and phosphate-mobilizing strain Bacillus subtilis IMV
B-7023 — components of Azogran, a complex bacterial preparation for plant growing. The
dependence of the physiological and biochemical activity of these bacteria, including their
antioxidant potential, on biotic and abiotic environmental agents was determined. The im-
pact of a number of factors on chemotaxis, energy metabolism of these bacteria, their syn-
thesis of substances of phenol nature, and other biologically active substances, which may
influence the efficiency of using this preparation in plant growing, was studied. Azogran
inhibits the spread of phytopathogens and some kinds of phytophages in agroecosys-
tems, is capable of protecting plants from the oxidative stress and enhancing on 16-37 %
their crop productivity.

Keywords: Azotobacter vinelandii, Bacillus subtilis, physiological and biochemi-
cal activity, a complex bacterial preparation Azogran.

In recent decades, a number of countries have been paying great attention
to the biologization of agriculture. One of the relevant components of this
approach is the application of bacterial preparations with the purpose of cor-
recting microbial processes in agroecosystems. It was established that the most
efficient way to achieve the mentioned purpose is the application of complex
microbial preparations, produced on the basis of two or more strains, which
condition synergistic stimulating impact on growth, development, and produc-
tivity of crops [1].

On basis the interaction of bentonite particles and highly efficient strains
of nitrogen-fixing bacteria Azotobacter vinelandii IMV B-7076 [2] and phos-
phate-mobilizing bacteria Bacillus subtilis IMV B-7023 [3] was used by us to
elaborate a complex granulated bacterial preparation Azogran. It is remarkable
for the stability of its composition at long storage, promotes growth and devel-
opment of plants, stimulates their growth with biologically active substances
of bacterial nature, and protects plants from phytopathogens and phytophages.
This preparation enhances crop productivity of vegetables and technical plants
by 18-37 % [1].

A free-flowing form of the preparation is more convenient for the inocula-
tion of cereal seeds. Taking it into consideration, we have developed a free-
flowing complex preparation for plant growing, based on the interaction of the
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mentioned bacterial strains and nanoparticles of expanded vermiculite. The
obtained bacterial preparation contains over 10° viable cells of the mentioned
bacterial strains and is characterized by the stability of its composition at long
storage. The application of this preparation in agroecosystems of spring barley
and winter wheat increased the crop productivity by 16 and 20 % respectively
[4, 5].

It is known that with the introduction of complex microbial preparations into
the agroecosystem, the introduced bacteria will interact both among themselves
and with the plant, soil biota, and nanoparticles of different nature. The mecha-
nisms of the impact of these factors on bacteria, which are components of the
complex preparation for plant growing have not been studied well enough.

This work summarizes some results of the studies on the impact of a num-
ber of causative agents, which may have an effect on the bacteria, introduced
into the agroecosystem, on the physiological and biochemical activity of
A. vinelandii IMV B-7076 and B. subtilis IMV B-7023 — components of Azo-
gran, a highly efficient complex bacterial preparation. The research on these
issues is an urgent task of modern science, which will deepen our knowledge of
the properties of bacterial strains that are the basis of the microbial preparation
for plant growing, and will disclose the regularities of their interaction with
phytosphere components when introduced into the agroecosystem. Further on,
it will allow forecasting the efficiency of the application of bacterial prepara-
tions in plant growing with the purpose of correcting microbial processes in
agroecosystems, depending on the species of plants and the impact of natural
environmental factors.

It is known that when bacterial preparations are used in plant-growing, the
native microbiota of agroecosystems may cause the opposition to microorga-
nisms, introduced into soil; as a result, their number may decrease by one order
in 10 days [6]. It was established by us that the interaction of components of the
complex bacterial preparation and some representatives of soil biota may influ-
ence the manifestation of their activity on the growth of plants. For instance,
the germination of cucumber seeds of Dzherelo cultivar in Knop’s medium,
containing 10° CFU/ml of B. subtilis IMV B-7023, was accompanied with the
accumulation of indolil acetic acid there and the reduction in plant roots, com-
pared to the control. At the same time, when bacilli were cultivated together
with the ciliates of Colpoda steinii, capable of consuming these bacteria, the
accumulation of this phytohormone in the medium decreased considerably,
whereas the morphometric indices of sprouts increased. This fact may be con-
ditioned by the capability of increased concentrations of auxins to inhibit the
growth of plant roots [7].

It was demonstrated by us that B. subtilis IMV B-7023 is the antagonist of
a wide range of phytopathogenic bacteria and micromycetes. The most visible
radii of growth inhibition zones, induced by the impact of these bacilli on
phytopathogenic bacteria, were established for Pseudomonas syringae pv. sy-
ringae — 8 mm, Clavibacter michiganensis subsp. michiganensis 10, — 14 mm,
C. michiganensis subsp. michiganensis 13a — 6 mm, Xanthomonas campestris
pv. campestris 8003b — 19.6 mm [8§].

It was determined that the pre-sowing treatment of tomato seeds, Bily na-
lyv cultivar, with the suspension of a phytopathogen Clavibacter michiganen-
sis subsp. michiganensis 10, was accompanied with an evident reduction of
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plant growth. At the same time, the combined inoculation of the seeds with
the phytopathogen and B. subtilis IMV B-7023 enhanced its germination by
14.6 % and the growth of plants — by 16-18 %. In addition, when tomato
plants and fruit were intentionally infected with this phytopathogen (10° col/
ml) after four months of their cultivation, when the seeds had been previously
treated with C. michiganensis subsp. michiganensis 10, and B. subtilis IMV
B-7023 the development of bacterial cancer of these plants was not deter-
mined. At the same time when control plants were treated with this phyto-
pathogen (seeds were treated with water), they developed classic symptoms
of bacterial cancer [9].

When spring barley seeds of Nabat cultivar were inoculated with this prepa-
ration, the damage of its leaves from dark brown spot diseases decreased con-
siderably. When winter wheat seeds were treated with the complex preparation
Azogran, the spread of Septoria spot on the spikelet and the development of
this disease in plants decreased considerably [5].

It was established by us that the bacteria of B. subtilis IMV B-7023 are
capable of inhibiting the spread of phytophages in agroecosystems. On the
tenth day of greenhouse cultivation, after the epiphytic treatment of Pelargo-
nium zonale plants, using these bacteria, the number of imago and larvae of
greenhouse whitefly decreased by over 50 % (from 43 per 1 plant down to 20).
When coleus plants were similarly treated with this bacterial strain, the number
of imago and larvae of this phytophage decreased from 30 per 1 plant in the
control down to 18 [10].

After the epiphytic treatment of these plants with the suspension against
Myzodes persicae, the biological efficiency of the insecticide activity of
B. subtilis IMV B-7023 was from 40 to 50 %. For instance, on the 10" day after
the treatment, the number of this phytophage was 37 per one pelargonium plant
whereas there were 55 on the control one. As for Coleus plants, there were 22
and 45, respectively. This effect was somewhat conditioned by the proteolytic
activity of these bacteria [10].

It is known that the primary stages of the interaction between microorgan-
isms, introduced into the agroecosystem, and a plant, are chemotaxis of their
cells to root exudates and their adhesion to the root surface. It was demonstrat-
ed by us that the adhesion of B. subtilis IMV B-7023 to solid surfaces is greatly
dependent on the motility of cells. It was also demonstrated that the cells of
bacilli from the exponential phase of growth (24 h of cultivation) adhered to
the hydrophilic surfaces in the highest amounts.This is conditioned by high
motility of bacteria, which is remarkable for cells in the exponential phase of
their growth. At longer cultivation (48—72 h) the motility of bacteria and their
adhesion to the surface decreased [11].

The chemotaxis of B. subtilis IMV B-7023 and their adhesive properties
are greatly conditioned by their combined cultivation with 4. vinelandii IMV
B-7076. It was demonstrated by us that the chemotaxis index of B. subtilis
IMV B-7023 (the ratio of the number of bacteria in the unit of capillary vol-
ume with the attractant, glucose, and the corresponding index in the control)
in the pure culture is 7.1, and that of A. vinelandii — 3.4. In the mixed culture,
this index for bacilli decreased considerably and was 4.3, whereas it almost
did not change for Azotobacter vinelandii IMV B-7076 — 3.6. In addition, it
was demonstrated that the negative charge of B. subtilis IMV B-7023 cells
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increased considerably in the mixed culture of these bacteria. For instance, if
the cells in the pure culture of Azotobacter had the charge of —45.6 mV, and
bacilli —35.8 mV, these indices in the mixed culture were —46.0 and —45.3 mV
respectively [12].

It was established by us that the reason of these differences is the sorption
of the polysaccharide complex of 4. vinelandii IMV B-7076 on the surface of
B. subtilis IMV B-7023 cells. With the introduction of 0.0005 g/1 of polysac-
charide complex in the suspension of bacilli, their {-potential increased con-
siderably and was —42.0 mV. The sorption of this complex on the surface of
B. subtilis IMV B-7023 cells is likely to condition the blocking of chemotaxis
receptors in these bacteria [12], and possibly that of the adhesins of the surface
of bacilli.

When bacteria are introduced into the agroecosystem in the composition of
the preparation, their cells will interact with a considerable number of natural
nanoparticles, which may condition a considerable impact on physiological
and biochemical properties of microbial populations. It was demonstrated by
us that the interaction of microorganisms — components of a complex bacte-
rial preparation — with nanoparticles of vermiculite has a significant impact on
energetic processes in cells. For instance, when B. subtilis IMV B-7023 were
cultivated in the medium, containing 0.5 g/l of particles of this mineral, the
dehydrogenase activity of bacteria increased by 34 %. With its higher content
in the medium (1.0-5.0 g/1) this index increased by 21-28 % [13].

At the same time, when A. vinelandii IMV B-7076 were cultivated with
nanoparticles of this mineral, the dehydrogenase activity increased with the
increase of its content in the medium. With the introduction of 5 g/l of vermicu-
lite this activity of bacteria increased by 40 % compared to the control [13].
This impact of vermiculite on the dehydrogenase activity of the mentioned
bacteria may be conditioned by the increase in the mass transfer of oxygen,
when they are cultivated with disperse materials and by the contact interaction
of cells and nanoparticles, which influences the physiological and biochemical
activity of microorganisms [14].

It was established that the dehydrogenase activity of B. subtilis IMV B-7023
depends on a number of physical and chemical environmental factors. It was
determined that it has the highest values at the temperature of 37 °C in the me-
dium, containing 10 g/l of glucose and has pH 7.0. A considerable stimulating
impact on this activity was observed at the action of Mg** and Ca*" ions. The
introduction of 0.25 and 1.0 mM of magnesium ions into the medium in the
form of MgCl, was accompanied by the increase in dehydrogenase activity of
this strain, compared to the control, by 23 and 43 % respectively. However, the
stimulating impact of this cation decreased with further increase in its content
in the medium [15].

The cultivation of this strain in the medium with calcium cations had even
greater impact on the dehydrogenase activity. The index of this activity is in-
creased by 29 % in the presence of 0.25 mM Ca?* in the medium. The increase
in the concentration of this ion to 0.5 and 1.0 mM was accompanied by the
increase in the dehydrogenase activity of B. subtilis IMV B-7023 by 61 and
83 %. Its highest indices were determined in the presence of 10 mM Ca*" in
the medium. Further increase in its concentration was accompanied by the
decrease in the stimulating activity of this cation. At the same time, the intro-
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duction of ferric iron ions in the form of FeCl, conditioned a negative impact
on the dehydrogenase activity of these bacteria [15].

It is known that in natural conditions plants are exposed to a negative im-
pact of environmental factors, resulting in the generation of reactive oxygen
intermediates in cells, which may condition the oxidative stress. The strains
of bacteria, applied in plant growing in the form of microbial preparations,
are capable of mitigating the impact of negative factors on the growth and de-
velopment of plants. It was established by us that bacteria — components of a
complex bacterial preparation Azogran — condition a considerable antioxidant
impact on plant seeds, exposed to oxidative stress via their previous treatment
with hydrogen peroxide. After treating the seeds of vetch, Margarita cultivar,
with the suspension of these bacteria, the germination of the latter and the
number of normally formed sprouts increased compared to the control (seeds,
treated with hydrogen peroxide) by 51.9 and 58.6 % respectively. The inocula-
tion of these seeds was accompanied by the decrease in the infection of sprouts
with micromycete almost by 65.0 % [8].

It was demonstrated that B. subtilis IMV B-7023 is characterized by the
reducing ability, the antiradical activity with respect to OH, and also 2.2'-di-
phenyl-1-picrylhydrazyl free radical. These indices can play an important role
in the protection of the strain from reactive oxygen intermediates, and they are
capable of influencing the antioxidant properties of a vegetable organism [16].

It was found that if introduced into the nutrient medium with B. subtilis
IMV B-7023 of 0.05-1.0 g/l nano-SiO, the oxidant activity of the culture me-
dium (CM) of bacilli increased by 43—-60 % and the antioxidant activity de-
creased by 4.5-11.8 %.

SiO, nanoparticles had a different effect on the antiradical activity of CM of
B. subtilis IMV B-7023. In particular, nano-SiO, had no significant effect on
the ability of the CM of bacilli to inactivate the 2.2'-diphenyl-1-picrylhydrazyl
free radical. However, in the presence of nanomaterial of 0.01-1.0 g/l hydroxyl
radical scavenging in the CM of this bacteria decreased by 7.2—-17.6 % com-
pared to the control. Low doses of silica nanoparticles stimulated the reducing
power of the CM of bacteria [17].

It was established by us that nanoparticles of natural minerals condition a
considerable impact on the activity of the enzymes of the antioxidant protec-
tion of B. subtilis IMV B-7023. For instance, when cultivated in the medium,
containing 0.05-0.5 g/l nanoparticles of SiO, or 1.5-2.5 g/ of vermiculite the
activity of the extracellular peroxidase increased considerably. However, this
index decreased with further increase in the content of these nanomaterials in
the medium. These nanomaterials had no considerable impact on the catalase
activity or the intracellular peroxidase activity of these bacteria [18].

It was determined that B. subtilis IMV B-7023 bacteria are capable of ac-
cumulating the compounds of phenol nature in the nutrient medium, which,
according to the literature data, have a wide spectrum of biological activity and
are characterized by a high antioxidant potential [19]. These bacteria accumu-
lated the most evident number of these compounds in the gelatin-containing
medium — up to 94 pug/ml. In the mineral medium with calcium orthophosphate
and glucose, the content of these compounds reached 58.3 pg/ml, in the nutri-
ent medium with calcium glycerophosphate and glucose — 27 pg/ml and in
the same nutrient medium without glucose — 10.2 pg/ml. The results obtained
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testify to a considerable role of the cultivation conditions of these bacteria on
their accumulation of compounds of phenol nature [20].

In addition, this strain produces a number of free aminoacids, the qual-
ity and quantity composition of which depends on cultivation conditions. The
capability of these bacteria to produce methionine, lysine, and histidine is of
special interest [8], as these aminoacids can neutralize high reactive free radi-
cals of oxygen, capable of damaging proteins, lipids, and nucleic acids [21].

Therefore, the results of these studies demonstrate that the physiological
and biochemical activity of B. subtilis IMV B-7023 and A. vinelandii IMV
B-7076 — components of a complex bacterial preparation Azogran, which may
be used in plant growing in a granulated, free-flowing, and suspension form,
depends on a considerable number of factors, including the impact of natural
nanomaterials. This preparation is a highly efficient means of improving the
growth, development, and crop productivity of plants due to the complex im-
pact of bacteria on the components of agroecosystems. These bacteria synthe-
size phenol compounds, aminoacids, and other biologically active substances,
mitigate the negative impact of reactive oxygen intermediates on plants, inhibit
phytopathogenic microorganisms and phytophages in agroecosystems.

LK. Kypouw

Inemumym mixpo6ionoeii i éipyconoeii im. /I.K. 3a6onomnozo HAH Ykpainu,
8. Axademixa 3abonomnoeo, 154, Kuis, 03143, Yrpaina

BIIJIUB PAJY ®AKTOPIB HA ®I310JIOTIO-BIOXIMIYHY
AKTUBHICTBH HITAMIB - KOMIIOHEHTIB KOMIIJIEKCHOI'O
BAKTEPIAJIBHOI'O ITPEMAPATY A30I'PAH
Pesome

3acTocyBaHHS MIKPOOHUX ITPENapaTiB y POCIMHHUITBI JI03BOJISIE KOPETryBaTH 010J10Ti4-
HI ITPOIIECH B arpOEKOCHCTEMaX Ta MOKPAILyBaTH PICT 1 PO3BUTOK pociiuH. EdexTuBHICTh
I[BOTO TIPOIIECY 3aJICKUTD Bifl Py OIOTHYHHX i abioTHYHUX (PaKTOPiB, BIUIMB SKUX Ha
IHTpOAyKOBaHi y (itocdepy MIKpOOpraHi3MH HEAOCTATHBO JOCIIUKEHUN. Y cTaTTi y3a-
raJbHeHI JIesiKi pe3yJIbTaTH JOCIIIKeHb OCTaHHIX POKIB, IO CTOCYIOTHCS BIUIUBY PSIILy
(hakTopiB cepenoBuIa Ha (Pi3i0I0T0-0i10XIMIYHY aKTHBHICTH a30T(hIKCyIOUNX OakKTepii
Azotobacter vinelandii IMB B-7076 ta ¢ocdarmobinizyrodoro mramy Bacillus subtilis
IMB B-7023 — KOMITIOHEHTIB KOMILJICKCHOTO OaKTEpiaJbHOTO Mpernapary A30rpaH Juist poc-
JUHHUITBA. BU3HaueHa 3aeXHICTh (Pi31070T0-0i0XiMIYHOI aKTHBHOCTI X OakTepii, y
TOMY YHCJI iX aHTHOKCHJIAHTHOTO TIOTCHIIIay, BiJl OI0THYHUX Ta a0i0THYHMX YUHHUKIB
cepenoBuia. Jlociimkena aist psiay GakTopiB Ha XeMOTAKCHUC, CHEPTETHYHHA METa00IIi3M
MaHUX OaKTepii, CHHTe3 HUMH PEYOBUH (DEHONBHOI MPUPOIH Ta IHIIHNX 010TOTIYHO aKTHB-
HUX CIIONYK, SIKi MOKYTh BIUTMBAaTH Ha €(EKTHUBHICTH 3aCTOCYBAHHS JaHOTO Iperapary B
POCIMHHUIITBI. A30TpaH MPHUTHIYY€ MOIIUPEHHS B arpOCKOCHCTEMaX (iTONATOreHIB Ta
JeSIKUX BHIIB (iTodaris, 37aTeH 3aXHUIaTH POCIHHHU BiJl OKCHIATUBHOTO CTPECY, ITiIBU-
miye ix ypokainicts Ha 16-37 %.

Kmiouosi croea: Azotobacter vinelandii, Bacillus subtilis, ¢hi3ionoro-6ioxiMidHa akKTHUB-
HICTh, KOMIUICKCHUN OaKTepiadbHUN penapar A30rpaH.
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BJIUSTHUE PAJA ®AKTOPOB HA ®U3UOJIOI'O-BUOXUMHUYECKY1O
AKTUBHOCTDH HITAMMOB — KOMITOHEHTOB KOMIIJIEKCHOTI'O
BAKTEPUAJIBHOI'O ITPEITAPATA A3OI'PAH
Pesome

[IpumeHeHre MUKPOOHBIX TIPENAPATOB B PACTEHUEBOICTBE MO3BOJISIET KOPPUTHPOBATH
OHMOJIOTUYECKHE MPOIECCHl B arpO’KOCUCTEMAX M YIIyUIaTh POCT U Pa3BUTHE PACTCHUIA.
D¢} HeKTHBHOCTD 3TOrO MPOIEecca 3aBUCHT OT Psifia OMOTHYECKUX M a0MOTHYECKHX (hak-
TOPOB, BIMSHUE KOTOPHIX HA HHTPOAYIIMPOBAHHBIE B uTOCHEPY MUKPOOPraHU3MBI HE-
JIOCTAaTOYHO MCCIeoBaHO. B craTthbe 0000MEHbI HEKOTOPBIE PE3yJIbTaThl UCCIICJOBAHUN
MOCTIETHHX JIET, KOTOPhIE KacaloTcsl BIUSHUA psaaa GpaxTopoB Ha HHU3NOIOTO-OHOXUMH-
YECKYI0 aKTHBHOCTH a30T(PUKCHPYIOMUX Oaktepuil Azotobacter vinelandii IMB B-7076
u hocharmodumsupyromiero mramma Bacillus subtilis IMB B-7023 — KOMIOHEHTOB
KOMILIEKCHOTO OaKTepHajbHOTO mpenapara A3orpaH ajsi pacteHneBojacTa. Onpenese-
Ha 3aBUCHMOCTh (PU3MOIOr0-OMOXMMHUYUECKO aKTUBHOCTH ITUX OAKTEPHii, B TOM YHCIIe
WX aHTHOKCHJIAHTHOTO MOTCHIIMANA, OT OMOTHYCCKUX U AOMOTUYCCKUX (DAaKTOPOB CPEIbI.
HccnenoBano Bo3neicTBUE psija GaKTOPOB HA XEMOTAKCHUC, YHEPTeTHISCKUH METa00IN3M
9THX OaKTEepHii, CHHTE3 UMHU BellecTBa (PEHOIBHOM MPUPOJIBI M APYTHX OHONIOTHYECKH
AKTHBHBIX COCTUHCHUI, KOTOPBIC MOTYT BIUATH Ha 3(p()EKTUBHOCTH MPUMCHECHUS JAHHOTO
rpernapara B pacTeHHEBOJACTBE. A30TpaH yrHeTaeT PaclpoCTpaHEHHE B arpOIKOCHCTEMAaX
(UTOMATOreHOB M HEKOTOPBIX BHI0B (GUTO(HAroB, CIIOCOOEH 3aIUINATh PACTEHUSI OT OKCH-
JIATUBHOTO CTpecca, MOBBILIAECT UX YpoxkaiHocTh Ha 16-37 %.

Knrouesvie cnosa: Azotobacter vinelandii, Bacillus subtilis, ¢u3nonoro-OnoxuMmudec-
Kasi aKTUBHOCTb, KOMIUIEKCHBIN OaKTepuasbHbIi Mpenapar A30rpaH.
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