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ABSRACT

The review summarizes literature data and the results of the authors own
research on the agronomically useful group of soil microorganisms stimulating
plant growth (plant-growth-promoting rhizobacteria - PGPR bacteria). PGPRs
have great potential for plant growth promoting as they control pest and disease
and have been considered important in sustainable agriculture. PGPR includes a
promising group of bacteria that live on the surface and inside the roots of
agricultural plants. They possess a number of positive properties such as fixation
of molecular nitrogen of the atmosphere, decomposition of harmful chemical
compounds, synthesis of substances of a hormonal nature, are able to transform
difficult phosphorus soil compounds, and also prevent or reduce the growth of
phytopathogens due to the ability to synthesize substances with bactericidal and
fungicidal effects, as well as competition for ions iron, without which the growth of
phytopathogens is difficult. In addition, PGPR bacteria provide plant resistance to
adverse environmental factors: heavy metal pollution of the soil, soil salinization,
and drought. Under stress caused by heavy metal contamination of the soil, PGPR
bacteria enhance plant survival. Data are presented showing the prospects of using
these microorganisms in the development of technologies of ecological farming in
order to increase plant productivity, biocontrol over the development of plant
diseases, reduce the chemical load on the soil, increase its fertility.

Keywords: rhizobacteria, inoculation, phytohormones, growth-stimulating
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INTRODUCTION

Environmentally oriented management of agro-ecosystems with depleted
biodiversity and significant human energy costs is aimed at enhancing the biological
potential of their natural components. According to modern ideas, the plant is the
regulator of the microbial community with which it is in spatial and functional unity [1].
Microbial components contribute to increasing the environmental self-sufficiency of a
plant organism, increasing its resistance to stresses; make a favorable impact on the
productivity of agricultural crops and fertility of the soil [2, 3].

Necessary condition of ecological agriculture development is the creation of
methods and technologies of formation, maintaining and effective functioning, the high-
integrated microbial and vegetation systems combining the useful properties of both
plants, and microorganisms. From this point of view creation in the soil of the
multicomponent systems reproducing optimum natural agrophytocenosis and providing
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high stability of agriculture is perspective [4]. The researches directed to creation of
highly productive agrophytocenosis by selection of the fissile complementary partners
(plant + microorganisms) are relevant for crop production.

Soil microflora — an obligatory component of any agrophytocenosis where
between plants and microorganisms molecular interactions which essence consists in
the exchange of metabolites and their transformation are carried out [5].
Microorganisms promote formation in a rhizospheric zone of nutrients fund available to
a plant and the physiologically fissile connections regulating metabolism and
relationship between partners [6]. Also, antibiotic substances oppressing development
of phytopathogens are a part of the rhizospheric microorganisms’ metabolites [7]. It is
apparent that the range of interaction mechanisms of an agrophytocenosis partners is
under the influence of various environmental factors and can be carried out efficiently
under optimal conditions.

Plant Growth-Promoting Rhizobacteria (PGPR). The microorganisms which
are in association with a plant can be divided on spatial location into the ectophytes
living on surfaces of plants, and the endophytes inhabiting internal vegetable fabrics. In
turn, ectophytes can be: phyllospheric, being on leaves; rhizospheric, living in a radical
zone of plants; rhizoplanic, inhabiting immediately a root surface. Endophytic
microorganisms can also live in various bodies and fabrics of a vegetable organism and
to move on intercellular duct and vials of plants. It is known that the majority of the
plant-associated bacteria can have growth-stimulatory properties [8]. In the last 40 years
for the microorganisms which are stimulating body height of plants, the concept PGPR
(Plant Growth Promoting Rhizobacteria) is used. For the first time this term was
introduced by J. Kloepper with the coauthor in the late seventies [9]. However, now it is
expedient to use the concept PGPB (Plant Growth Promoting Bacteria) which unites
rhizospheric and endophytic bacteria in one growth-stimulatory of bacteria group,
dividing them according to spatial location into PGPR (Plant Growth Promoting
Rhizobacteria) and PGPE (Plant Growth Promoting Endophytes). Now quite extensive
knowledge of an ecological role of PGPR is accumulated. It is known that strengthening
of plants’ body height happens for the account: suppression by these bacteria of the
diseases caused by vegetable pathogens [10]; competition to pathogenic
microorganisms for colonization of roots [11]; transfer of insoluble phosphates and
oxides of iron to the forms acquired by plants [12]; products physiologically the active
materials, such as auxins [13], gibberellin [14], cytokinin [15]; decrease in level of
ethylene in roots [16]; activation of system stability of plants [17]. It is also established
that PGPR facilitates osmotic stress transferring by plants. [18]. To PGPR belong
microorganisms of the genera: Bacillus sp., Paenibacillus sp., Klebsiella sp.,
Pseudomonas sp., Enterobacter sp., Azospirillum sp., etc. [19]. On the figure 1
summarizes the beneficial effects of PGPR bacteria.
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Fig. 1. Plant-beneficial effects of plant growth promoting rhizobacteria (PGPR), [20]

On the basis of functionality. Increase in productivity of crops substantially
depends on their security with elements of a mineral delivery, first of all — nitrogen. A
source of environmentally friendly biological nitrogen in the soil are the
microorganisms capable to fix molecular nitrogen of the atmosphere [21].

Using in practice of agriculture the biological drugs created on the basis of PGPR
bacteria is one of the processing methods promoting increase in a harvest of cultural
plants and accumulation in the soil of biological nitrogen [22]. Also two - three - and
the four-component microbic medicines including legume bacteria, rhizobacteria,
mycorrhizal fungi and biologically the active materials are perspective.

PGPR bacteria are characterized by a row positive (direct and mediated) effects of
action on plants among which are defining ability to fixing of molecular nitrogen of the
atmosphere, synthesis of substances of the hormonal nature, namely, auxin, gibberellic,
cytokinin, vitamins, substances of the antibiotic and antifungal nature, ability to
mobilization of almost insoluble phosphates of the soil and decomposition of harmful
chemical combinations [23].

The microorganisms which are in association with a plant are capable to
synthesize the substances of the phytohormonal nature necessary for them both for own
development, and for establishment of communications with plants and other soil
microorganisms. Formation of hormones — one of important properties the
rhizospheric, the epiphytal and the symbiotic bacteria stimulating body height of plants.
Formation of gibberellin is peculiar to epiphytal and rhizospheric bacteria —
representatives of the genera Azotobacter, Azospirillum, Pseudomonas, Bacillus,
Flavobacterium, Clostridium, Agrobacterium [24].

Cytokinins are formed by the rhizobacteria belonging to the genera Azotobacter,
Azospirillum, Pseudomonas, Bacillus, etc. [25]. Microorganisms are capable to
synthesize kinetin, zeatin, isopentenyladenine and some other derivates. It is considered
that in plants a cytokinin can contain both in the free look and in the form of ribosides
or glucosides, which biological activity is reduced or is absent. By accession of
carbohydrates to a phytohormone molecule in a cage concentration of the fissile



cytokinin is regulated [26]. Similar zeatinribosidic complexes can also form
rhizospheric bacteria of the sorts Azotobacter and Bacillus.

In the nature microorganisms are in communities, therefore, biosynthesis of the
molecules, which are stimulating body height and development of both plants, and
microorganisms, amplifies in their interaction. It is promoted also by the fact that
predecessors of phytohormones, for example, a tryptophan, are allocated in a
rhizospheric zone with root exudates of plants [27]. The metabolites of plants excreted
to the rhizospheric soil contain the various nutrients attracting microorganisms [28].

The effect of PGPR bacteria on plants. PGPR strains of bacteria stimulate body
height and development of plants not only due to formation biologically of the active
materials, but also due to ability to a nitrogen-fixation, improvement of a water and
mineral delivery of plants, prevention or decrease of body height of phytopathogens in
response to an opportunity to synthesize substances of bactericidal and fungicide action
[29].

The stimulating action the rhizospheric microorganisms on body height of plants
iIs bound to activation of an associative and a symbiotic nitrogen-fixation and
physiological processes in plants, improvement mineral including nitric supply, increase
in accumulation of biological nitrogen in them.

The ability to transform the inaccessible compounds of phosphorus which are
contained in the soil also belongs to a complex of the positive effects rendered by PGPR
bacteria on a plant. The microorganisms dissolving phosphates contribute to body
height and the development of plants. It is known that rhizospheric microorganisms of
the sorts Bacillus and Enterobacter are capable to mobilize almost insoluble phosphates
of the soil owing to functioning of bacterial phosphatases. Acceleration of body height
of plants and an increase in absorption of phosphorus — not the single mechanisms of
positive influence of these microorganisms on plants. Microbiological mediated
dissolution of phosphates by a release of organic acids often is combined with formation
of other metabolites which participate in the biocontrol phytopathogen which are
transmitted through the soil [30].

The ability of microorganisms to synthesize the substances possessing
antibacterial and fungitoxic action belongs to the mediated effects of influence of
PGPR-bacteria on plants. In the conditions of in vitro, it is shown that phosphorus
mobilizing microorganisms synthesize and release the metabolites suppressing
phytopathogens, namely, siderophore, phytohormones, lytic enzymes. As a result of the
effect of these substances on a pathogenic microflora (fungi, bacteria) rhizobacterium
carry out biocontrol of infection of plants [31]. On the figure 2 shows plant growth
stimulation.
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Fig. 2. The effect of PGPR on plant root formation (author fhoto)



Diseases of plants cause an enormous loss for millions of dollars annually,
reducing the harvest of plants and their quality due to accumulation of mycotoxins in
grain. The infinite variety and complexity of many diseases of the plants caused by
fungi leads to production of the corresponding number of fungicides, however, are
pathogenic plants over time develop resistance to particular fungicides.

Alternative to fungicides are allelopathic substances of microorganisms.

PGPR besides antibiotics produce the substances suppressing body height of
phytopathogens. Siderophore, flying biocides, the lytic and detoxicating enzymes are
carrying to them. These substances call allelopathic substances of microbic origin.

Lytic enzymes destroy organic matters, including chitin of cellular walls of fungi
(a chitinase, p-1.3-glucanase, proteases, etc.), detoxifying ferments prevent the
destructions caused by toxins of pathogens. Volatile compounds, such as Hydrogenium
Cyanidums, ethylene, ammonium, the ethylene carboxylic acid, trimethylamine,
benzaldehyde, etc. suppress body height of mushroom pathogens. The perspective
direction is elimination of autoinduction quorum of sensing at pathogens. It can be the
enzymes lysing alarm molecules or their inactive chemical analogues.

Role of PGPR in soil fertility. Bacteria PGPR, realizing these or those
mechanisms of management of phytopathogens widely use in field conditions. These
are representatives of the genera Bacillus, Pseudomonas, Rhizobium, Azospirillum and
Burkholderia [32].

Selection of siderophore of PGPR in the conditions of limitation of iron reserves
in the soil can promote body height of plants, directly delivering iron for utilization of
plants and deleting iron from a surrounding medium for body height of phytopathogens,
thereby reducing their competitiveness [33].

Strains of PGPR cause enzymatic degradation or deformation of components of a
cellular wall of fungal pathogens enzymes of a chitinase, f-1.3-glucanase, proteases etc,
it is one of important mechanisms of biocontrol of pathogenic microorganisms in the
soil [34].

Among all strains, there is PGPR Bacillus and Pseudomonas are two most crucial
childbirth, widely used in agriculture [35]. Some researchers showed that the bacteria
possessing antibiotic action on microorganisms usually show effects of regulation of
body height of plants. Bacteria of the sort Pseudomonas develop such antibiotics as
phenazines, pyrrolenitrine, cyclic lipopeptide. Bacilli, in turn, produce antibiotics iturin
A, mikosubtilin, a bafilomycin. The greatest number of antibiotics among
representatives of the sort Bacillus is noted at B. amyloliquefaciens.

Positive effect of bacterization of seeds by PGPR-bacteria depends on a number
of factors: activities of the strain of a microorganism, concentration of suspension of
cages, quantities biologically the active materials in suspension, processing time of
seeds, plant species, a condition of a native microflora at the time of crops, features of
the soil, conditions of an agrotechnical complex [36]. The preseeding inoculation of
seeds by rhizobacteria of the genera Azotobacter, Azospirillum, Pseudomonas, Bacillus,
Flavobacterium, Clostridium, Agrobacterium and others significantly stimulates with
viability and germination of seeds, body height and productivity of plants. It is
established that there is an introduction to the strains originally isolated from a
rhizoplane or rhizosphere of the same plant species much more successfully [37].

It is revealed that PGPR of a bacterium provides resistance of plants to adverse
factors of the environment such as pollution of the soil with heavy metals and
salinization of soils.



Mechanism of bacteria detoxicating which are soil polluted by heavy metals can
be: (1) an extracellular barrier, (2) fissile transport of ions of metals from a cage, (3)
extracellular binding, (4) intracellular binding, (5) restitution of ions of metals. Thereat
one strain can possess at the same time several mechanisms of protection [38].

The cellular wall, membrane or the capsule can interfere with hit of ions of heavy
metals in a cage. Bacteria can connections of metals by polarized groups of the cellular
wall or the capsule [39]. The ability to sorb to a cellular wall and to absorb ions of
heavy metals is intracellularly described for many bacteria — representatives of the
genera Arthrobacter, Klebsiella, Bacillus, Pseudomonas, Rhizobium, Serratia,
Rhodopseudomonas, Lactococcus, and also cyanobacteria, yeast, etc. [40].

In the conditions of the stress caused by pollution of the soil heavy metals as a
result of colonization by bacteria of rhizoplane, the survival of bacteria and plants
increases [41]. It is known that at an inoculation by bacteria against the background of
influence of heavy metals the efficiency of plants comparable with efficiency for lack of
heavy metals can be reached [42].

According to a number of authors [43,44], the use of PGPR bacteria reduces the
manifestation of negative reactions of plants to biotic and abiotic stresses among which
and the important place plays a stress from salinization of the soil. The advantage of use
of PGPR bacteria for the plants which are grown up on the salted soils was expressed in
increase in body height of roots and escapes, consumption of nutritious elements,
hydration, the maintenance of chlorophyll and resistance to diseases [45].

Kohler, etc. [46] showed positive influence on stabilization of soil units of strains
of PGPR bacteria of Pseudomonas mendocina. Three isolates of PGPR bacteria P.
alcaligenes PsA15, Bacillus polymyxa BcP26 and Mycobacterium phlei MbP18 were
capable to increase resistance to high temperatures and salt contents, thus, having given
them a potential competitive benefit for survival in the droughty and salted soils, such
as calci-salt (desert soils, takyry).

D. Ramadoss, etc. [47] studied influence of five salt-resistant PGP bacteria on
body height of wheat and found out that the inoculation these salt-resistant strains of
bacteria reduced a salt stress (80, 160 and 320 mm) in wheat sprouts, producing
increase in length of roots by 71.7% in comparison with uninoculated positive control
options. In particular, Hallobacillus sp. and B. halodenitrificans showed increase in
length of roots more than for 90% and increase in dry weight by 17.4% in comparison
with uninoculated sprouts of wheat at a salt stress 320 mm NaCl that indicates
significant decrease of harmful action of NaCl. These results mean that the salt-resistant
bacteria isolated from the salted conditions have the potential for improvement of body
height of plants at a salt stress via direct and indirect mechanisms and can be used as
bioinoculum in such conditions.

The Spanish researchers found out that rhizobial symbiosis of legume bacteria
with beans allows to improve osmotic water circulation in a plant the owner in the
conditions of salinization. The salt stress causes dehydration of leaves because of an
imbalance between the water lost through apertures and absorbed by the water entering
through roots. It was revealed that in the conditions of rhizobial symbiosis the condition
of sheet water improves and better osmotic water inflows, lower values of concentration
of sodium in root fabrics in comparison with not uninoculated plants are also noted.
Besides, the decrease in osmotic potential of juice of a xylem and increase in amount of
PIP aquaporins favours increasing in current of root osmotic water in the uninoculated
plants [48]. Many bacterial biofertilizers have elicitor effects, increasing resistance of
plants to adverse factors of the soil environment and phytopathogens.



CONCLUSION

Results of the works, which are carried out within the last decade, demonstrate the
relevance of various directions of research of the growth-stimulatory of PGPR bacteria,
their actions on plants and the soil promoting practical application of these
microorganisms in crop production and ecological agriculture. In agricultural
production bacterial medicines on a basis of the growth-stimulatory of rhizobacteria
were widely used, such as diazofit, rhizoagrin, rhizoenterin, flavorbakterin,
diazobakterin, rizobofit, azotobacterin, agrofit, azogran, azorizin and also complex
medicines (mikrogumin, polymixobakterin, albobakterin, biorgan) and the medicines of
a protective action (fitosporin, chetomic, bitoxibacillin, lepidotsit, bacterodencit,
polymixobakterin) created by the Ukrainian scientists (Institute of a microbiology and
virology of D.K. Zabolotny NAN of Ukraine, Institute of an agricultural microbiology
of UAAN, Institute of agroecology and biotechnology of UAAN) [49].

Thus, competent use of bacterial medicines on a basis the growth-stimulatory of
rhizobacteria as element of ecological agriculture in technologies of cultivation of
various crops allows to lower significantly chemical load of ecosystems owing to
decrease of quantities of the applied mineral fertilizers and chemical means of
protection of plants, leads to increase in productivity and improvement of quality of
environmentally friendly agricultural products.
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KEIIEHII OCEP ETETIH BUOTBIHAUTKBIIITAP 93IPJIEI IIBIFAPY
YIIIH NEPCIHEKTUBTI HBICAHJIAP PETIHAE — PGPR-BAKTEPUSIJIAP
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TYUIH

Makanana eciMaikTep oCyiH BIHTAJTAHABIPATHIH TONBIPAK
MHKPOAF3aJIaPbIHBIH ATPOHOMHUSIBIK NMAaliAaJIbl TOOBIHA KATBHICTHI 3e0ueTTep MeH
03 3epTTeyJiepiMi3aiH HITHKeJepi *KUHAKTAIFAH (6CiMIiKTepaiH 6cyiHe bIKIAJ
ereTin pu3zodakrtepusiap - PGPR Oakrepusiiapel). PGPR ecimaikrepain ecyin
BIHTAJAHABIPATBIH  YJKeH KaCHeTKe Me, OHTKeHi oJlap 3HsHKecTep MeH
aypyJapAablH aJ1/AbIH AJIa/bl )K9HEe TYPAKThI ayblJ IIAPYAIIBLIBIFbI YIIIH MaHbI3/AbI
0oabin TadbL1agbl. PGPR KypambIiHaarel OakTepusiapabl aybLIIIAPYAIIbLIBIK
OCIMIIKTEPiHIH TaMBIPJAPbIHAA KOHe OeTiHJae eMip CypeTiH mepcrneKTUBTI TOOKA
KaTKbi3agabl. OQuap aTrmMocepaHblH MOJIEKYJANBIK a30TbIH OeKiTy, 3USIHIBI
XUMHSJIBIK KOCBLIBICTAPABIH bIAbIPaYybl, TOPMOHAJIbI TAOMFATTAFbI 3aTTAPAbIH
CHHTe3i CHAKTBHI OipKaTap KarbIMIbl KacHeTTepre He, KOJIKeTIiMCi3 TONbIpaK
dochop KochUIBICTAPBIH TYPJIEHAIPYre KadlieTTi, COHbIMeH KaTap 0aKTepUuLIMATIK
JK9He (PYHIMUMIATIK Jcep eTeTiH 3aTTapiabl CHHTe3Aelai, (uTonmaroreHaepaiy
ecyiHe :KoJ1 Oepmeiili Hemece a3aiiTaabl, (pUTONATOreHAEPAIH OCYi OHCHI3 KHMbIH
TeMip HOHAApbIHA 0JceKkejecTiK TyAbIpaabl. OciMAIKTIH OHIMALIIriH apTTHIPY,
ocCiMIiK aypyJapbIHbIH MNaiiga 00JybIH O0H00aKbLIAY, TONBIPAKKA XUMMSJIBIK
JKYKTeMeHi a3alTy KOHe OHBbIH KYHAPJBLUIBIFBIH apPTTHIPY MAaKCATBIHIA OCHI
MHUKPOAF3JapPAbIH  JKOJOTMSUIbIK  eriHIIUVIIK  TEXHOJOTHSJIAPHIH JaMbITya
KOJJIAHYAbI PACTANTHIH MAJIiIMeTTEP KeJITipiJireH.

Herisri ce3nep: puszodakrepusiiap, ery, (pMTOrOpMoOHIap, 6cyre bIKIAJ
eTeTiH 0eJICeHTIK, a30TThI 0eKiTy, JaKbLIap, 6HIMAIIIK.

PGPR-BAKTEPUU — IEPCIIEKTUBHBIE OB BEKTBI JJI1
CO3JJAHUA BUOYJAOBPEHUU KOMIIVIEKCHOI'O JEMCTBUA
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ABCTPAKT

B 0030pe 00001meHbl JUTEpaTYpHbIE JAHHbIE U Pe3yJabTAThbl COOCTBEHHBIX
HCCJIEJOBAHUI AaBTOPOB 00 ArpoOHOMHYECKH T0JIe3HO Trpynne MOYBEHHbIX
MHKPOOPraHU3MOB, CTHMYJHMPYHIIMX pocT pacrenmii (plant growth-promoting
rhizobacteria - PGPR). PGPR umeroT 60Jib1Ioii moTeHIuAai A1 CTUMYJIHPOBAHUS
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POCTA PAaCTeHHUI, TAK KaK OHH 0OPIOTCH C BPeAUTENSAMH U 00J1e3HIMH U CYUTAIOTCS
BAKHBIMH /JIsl  YCTOH4YHMBOro ceibckoro xo3siictrBa. K PGPR orHocsaT
MHOro00eIaIyKw rpynmny OakTepuil, KOTOpble OOMTAKT HA IOBEPXHOCTH M
BHYTPH KOPHe# CeJIbCKOX035iiCTBEHHbIX pacTeHuil. OHH 00,1a1a10T PSAAOM TaKUX
MOJIOKMTENbHBIX CBOMCTB KaK: (pMKcanus MOJIEKYJSPHOro a3ora arMocdepsbl,
pa3jioikeHHe BpPeJHbIX XMMHYECKHMX COeIMHEHMI, CHHTe3 BelleCTB rOPMOHAIbHOM
NpUpoabl, CcHOCOOHBI TpaHC(POPMHPOBATH TPYAHOAOCTYNHbIC IOYBCHHBIC
coenuHeHuss ¢ocdopa, a TakiKe MNPeJOTBPAINAIT WJIM YMEHbIIAT POCT
(puTONATOreHOB Osaromaps BO3MOKHOCTH CHHTE3HpPOBATH BellecTBa
0AKTEePUIIUIHOTO0 M (PYHIMUIMIHOIO JeiCTBHA, 4 TaK/Ke KOHKypeHuHell 3a MOHbI
JKese3a, 0e3 KOTOPbLIX pocT (uronaroreHoB 3arpyaHeH. Kpome toro, PGPR
0akTepun 00ecHeYHBAKT YCTOWYMBOCTH PACTeHHH K HeOJAronpusiTHbIM
(paxTOpaM cpeabl: 3arPA3HEHUIO NOYBbI TSKEJIBIMH METAIAMH, 32aCOJICHHUIO II0YB
U 3acyxe. B ycioBusix crpecca, BbI3BAHHOI0 3arpsi3HeHHEM NOYBbI TSKeJIbIMHU
Metasiiamu, PGPR  0akTtepum  ycWJMBAWOT  BBLKMBAeMOCTb  PaCTeHHMIi.
IIpencrasiiennl JaHHBbIE, cBH/AeTe/bCTBYOIINE 0 NepcrneKTHBHOCTH
HCIOJB30BAHUA JaHHBIX MHKPOOPraHM3MOB B  pa3spadoTKe TeXHOJIOIMi
IKOJIOTMYECKOro 3eMJlee/Ius ¢ LeJbI0 NMOBBIIICHUS NMPOAYKTHBHOCTH PACTCHHUH,
OMOKOHTPOJISI HAJA pa3BUTHEeM 3a00/1eBaHUIl pacTeHHMi, CHUJKEHUS] XMMHMYECK Ol
HArpy3KH HA MOYBY, NOBBILICHUS €€ MJI0A0POIH.

KiroueBble  ciaoBa:  pu3odakTepuu,  HMHOKYJISUHMSA,  (PUTOrOPMOHBI,
POCTCTHMYJIMPYIOIIAs AKTHBHOCTb, a30TQHUKcCalHs, CeJIbCKOX03AHCTBEHHbIE
KYJBTYPBI, YPO:KAHHOCTh.



