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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 

activity, nitrogen fixation, agricultural crops, yield. 

______________________________________________________________________ 

 

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. 

 



 
 

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 

is 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. 

 
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, -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, β-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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ТҮЙІН 

 

 Мақалада өсімдіктер өсуін ынталандыратын топырақ 

микроағзаларының агрономиялық пайдалы тобына қатысты әдебиеттер мен 

өз зерттеулеріміздің нәтижелері жинақталған (өсімдіктердің өсуіне ықпал 

ететін ризобактериялар - PGPR бактериялары). PGPR өсімдіктердің өсуін 

ынталандыратын үлкен қасиетке ие, өйткені олар зиянкестер мен 

аурулардың алдын алады және тұрақты ауыл шаруашылығы үшін маңызды 

болып табылады. PGPR құрамындағы бактерияларды ауылшаруашылық 

өсімдіктерінің тамырларында және бетінде өмір сүретін перспективті тобқа 

жатқызады. Олар атмосфераның молекулалық азотын бекіту, зиянды 

химиялық қосылыстардың ыдырауы, гормоналды табиғаттағы заттардың 

синтезі сияқты бірқатар жағымды қасиеттерге ие, қолжетімсіз топырақ 

фосфор қосылыстарын түрлендіруге қабілетті, сонымен қатар бактерицидтік 

және фунгицидтік әсер ететін заттарды синтездейді, фитопатогендердің 

өсуіне жол бермейді немесе азайтады, фитопатогендердің өсуі онсыз қиын 

темір иондарына бәсекелестік тудырады. Өсімдіктің өнімділігін арттыру, 

өсімдік ауруларының пайда болуын  биобақылау, топыраққа химиялық 

жүктемені азайту және оның құнарлылығын арттыру мақсатында осы 

микроағзалардың экологиялық егіншілік технологияларын дамытуда 

қолдануды растайтын мәліметтер келтірілген. 

Негізгі сөздер: ризобактериялар, егу, фитогормондар, өсуге ықпал 

ететін белсенділік, азотты бекіту, дақылдар, өнімділік. 
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АБСТРАКТ 

 

В обзоре обобщены литературные данные и результаты собственных 

исследований авторов об агрономически полезной группе почвенных 

микроорганизмов, стимулирующих рост растений (plant growth-promoting 

rhizobacteria - PGPR). PGPR имеют большой потенциал для стимулирования 
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роста растений, так как они борются с вредителями и болезнями и считаются 

важными для устойчивого сельского хозяйства. К PGPR относят 

многообещающую группу бактерий, которые обитают на поверхности и 

внутри корней сельскохозяйственных растений. Они обладают рядом таких 

положительных свойств как: фиксация молекулярного азота атмосферы, 

разложение вредных химических соединений, синтез веществ гормональной 

природы, способны трансформировать труднодоступные почвенные 

соединения фосфора, а также предотвращают или уменьшают рост 

фитопатогенов благодаря возможности синтезировать вещества 

бактерицидного и фунгицидного действия, а также конкуренцией за ионы 

железа, без которых рост фитопатогенов затруднен. Кроме того, PGPR 

бактерии обеспечивают устойчивость растений к неблагоприятным 

факторам среды: загрязнению почвы тяжелыми металлами,  засолению почв 

и засухе. В условиях стресса, вызванного загрязнением почвы тяжелыми 

металлами, PGPR бактерии усиливают выживаемость растений. 

Представлены данные, свидетельствующие о перспективности 

использования данных микроорганизмов в разработке технологий 

экологического земледелия с целью повышения продуктивности растений, 

биоконтроля над развитием заболеваний растений, снижения химической 

нагрузки на почву, повышения ее плодородия. 

Ключевые слова: ризобактерии, инокуляция, фитогормоны, 

ростстимулирующая активность, азотфиксация, сельскохозяйственные 

культуры, урожайность. 

 


