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Abstract- This paper deals with the concept of 
rhizosphere, its divisions and the rhizobacteria which are 
assumed to be very useful in promoting the plant growth.  
The narrow zone of soil directly surrounding the root 
system is referred to as rhizosphere, also known as 
unique region, while the term ‘rhizobacteria’ implies a 
group of rhizosphere bacteria competent in colonizing 
the root environment.  Rhizosphere has an enormous 
pool of soil microorganisms and is considered as the ‘hot 
spot’ for microbial colonization and activity. Researchers 
have revealed that diverse forms of microorganisms 
found in the rhizosphere influence the host plant in a 
variety of ways. Bacteria that colonize plant roots and 
promote plant growth are referred to as plant growth-
promoting rhizobacteria (PGPR). This is the reason that 
rhizosphere is considered as a unique region distinct 
from the bulk soil and a region which has so many 
beneficial effects for crops. It plays significant roles in 
ecosystem functioning through controlling nutrient 
cycling reactions essential for maintaining soil fertility 
and reducing the demand of chemical fertilizers. 
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INTRODUCTION 
Rhizosphere:- The term rhizosphere has been derived 
from the Greek word ‘rhiza’, meaning root, and ‘sphere’, 
meaning field of influence. It was first defined by 
German scientist Hiltner as the zone of soil 
immediately adjacent to legume roots that supports 
high levels of bacterial activity [22]. The heterogeneous 
microbial populations have a vital effect on the soil 
functions, as they are powerful forces for specific 
enzyme mediated fundamental metabolic processes. 
Rhizosphere has an enormous pool of soil 
microorganisms and is considered as the ‘hot spot’ for 
microbial colonization and activity. It is the largest 
ecosystem on earth with huge energy flux [6]. Generally 
regarded as a thin zone (1–2 mm thick), it holds a large 
volume of soil in it, which varies greatly with the plant, 
soil, root structure and most importantly the method 
used to determine it, because it does not have a well 
defined boundary [23]. Due to their close proximity 
and/or continuous association with the plant, the 
diverse forms of microorganisms found in the 
rhizosphere influence the host plant in a variety of 
ways [14]. Briefly stated, the narrow zone of soil 

directly surrounding the root system is referred to as 
rhizosphere while the term ‘rhizobacteria’ implies a 
group of rhizosphere bacteria competent in colonizing 
the root environment [40]. The rhizospheric microbial 
populations play a major role in maintaining root 
health, nutrient uptake, and environmental stress 
tolerance [7]. Such micro-organisms are important 
components of management practices so as to achieve 
the crop yield. The crop yield refers to the attainable 
yield that is limited only by the natural physical 
environment of the crop and its innate genetic 
potential.  

DIVISIONS OF RHIZOSPHERE 
Rhizosphere has been broadly subdivided into the 
following three zones [35] (Fig. 1): 
1. Endorhizosphere: It consists of the root tissue 
including the endodermis and cortical layers. 
2. Rhizoplane: It is the root surface where soil particles 
and microbes adhere. It consists of epidermis, cortex 
and mucilaginous polysaccharide layer. 
3. Ectorhizosphere: It consists of soil immediately 
adjacent to the root. 

          In addition to these three basic zones, certain 
other layers may also be defined in some cases. For 
example, Mycorrhizosphere- In plants with 
mycorrhizal association, there is a zone termed as the 
mycorrhizosphere [27]. Rhizosheath- In some other 
plants another, strongly adhering dense layer termed 
as rhizosheath is found. It consists of root hairs, mucoid 
material, microbes and soil particles [11]. The root 
itself is a part of the rhizosphere as endophytic 
microorganisms colonize the inner root tissues as well 
[7]. The volume of the soil which is not a part of the 
rhizosphere, i.e. which is not influenced by the root is 
known as bulk soil [20]. The dead root is transformed 
into soil by rhizospheric activity but it is different from 
the bulk soil. Thus, rhizosphere may be considered as a 
unique region, distinct from the bulk soil. There is 
another zone also known as rhizoplane. The rhizoplane 
is the root surface, including the strongly adhering soil 
particles while the root itself is a part of the system 
because certain microorganisms (like endophytes) 
colonize root tissues [7]. The unique physico-chemical 
and biological characteristics of the soils associated 
with roots, compared to the soils away from the root 
and root surface are responsible for the enhanced 
microbial diversity together with increased number 
and activity of microorganisms in the rhizosphere [42]. 
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Bacteria that colonize plant roots and promote plant 
growth are referred to as plant growth-promoting 
rhizobacteria (PGPR). PGPR are highly diverse. 

 
Figure 1 A simplistic diagram of rhizosphere 

 
EMPIRICAL EVIDENCES 

Microorganisms in the soil habitat play key roles in 
ecosystem functioning through controlling nutrient 
cycling reactions essential for maintaining soil fertility. 
They also contribute to the genesis and maintenance of 
soil structure ([25]. Moreover these microorganisms 
affect the biogeochemical cycling of nutrients and 
consequently help plants to grow better both under 
conventional and stressed soil environment [41, 24]. 
Microbial communities inhabiting soils interact with 
plant roots and soil constituents at the root-soil 
interface [18], and hence, the rhizosphere is now 
considered as any volume of soil specifically influenced 
by plant roots and/or in association with root hairs and 
plant produced materials [12]. Researchers are of the 
view that plant growth promoting bacteria (PGPR) 
facilitate plant growth in either of the two ways. 
Firstly- PGPR may assist resource acquisition directly 
such as nitrogen, phosphorus and mineral etc. or they 
may modulate levels of hormones in plants as needed 
by them. Secondly- they promote plant growth 
indirectly also, and for it, they inhibit the effects of 
pathogens and thus act like biocontrol agents for the 
growth of plants [1]. 
         A question is often raised as how to increase the 
activity of PGPR? It has been stated that development 
of plant growth promoting consortium (PGPC) is a 
suitable approach to it. This gives rise to competition 
with others for rhizopheric establishments as well as 
functional complement for promoting plant growth 
[37]. Many different physical and chemical approaches 
have been used by the growers for the management of 
soil environment for the improvement of crop yields. 
But application of microbial products for this purpose 
is a less common practice. Although, rhizobial 
inoculants has been used to ensure efficient nitrogen 
fixation for legumes in North America for over 100 

years [37]. The idea of manipulating rhizospheric 
microbial populations of crop by inoculating beneficial 
soil bacteria for enhancement of plant growth has 
proven to be successful in laboratory and greenhouse 
studies, however, responses have been quite distinct in 
the field [7]. Major benefits of this approach include 
reduced use of agricultural chemicals along with 
sustainable management practices. Rhizobacteria 
benefit plants by stimulating growth and suppressing 
disease and are referred to as plant growth promoting 
rhizobacteria. Plant Growth Promoting Rhizobacteria 
(PGPR) is a group of bacteria that are helpful in 
enhancement of plant growth and yield. As previously 
mentioned, they facilitate plant growth directly and 
indirectly both ([31, 18]. Since they improve growth by 
different plant growth promoting substances as well as 
bio-fertilizers, PGPR are thus vital factors for enhancing 
crop production and health of plants. With the 
application of molecular tools, it is possible to manage 
the rhizosphere efficiently, that may lead to new 
products with improved effectiveness. The interactions 
between PGPR and rhizobia may be synergistic or 
antagonistic. The beneficial effects of these interactions 
can be exploited for increasing the biological nitrogen 
fixation and crop yield [16]. Plant growth-promoting 
Bacillus strains have been reported to be present in the 
root nodules of soybean plants [39]. Due to the harmful 
effects of artificial fertilizers on the environment and 
their high cost, there has been increase in the use of 
beneficial soil microorganisms such as PGPR for 
sustainable agriculture all around the world. PGPR are 
considered as efficient biofertilizers for sustainable 
agriculture thereby improving crop yields. These 
bacteria effectively colonize the roots and suppress soil 
borne phytopathogens [33].       

 

Figure 2 A general scheme showing mechanism of plant 
growth promoting bacteria [18]. 

  PGPR have been tested as biocontrol agents for 
suppression of plant diseases, and also as inducers of 
disease resistance in plants [5, 4]. As regards the 
controlling plant pathogens, and increasing plant 
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growth, Pseudomonas, Stenotrophomonas, 
and Bacillus have been particularly found to be highly 
useful. It has also been reported that mechanisms like 
phytohormones, diazotrophic fixation of nitrogen, and 
solubilization of phosphate promote plant growth [28, 
32, 10, 17]. According to Cazorla et al.,  mechanisms of 
biocontrol action include competition with 
phytopathogens for an ecological niche or substrate, as 
well as production of inhibitory compounds and 
hydrolytic enzymes that are often active against a 
broad spectrum of phytopathogens [9, also- 30, 21, 38, 
13]. A particular PGPR may affect plant growth and 
development by using any one, or more, of these 
mechanisms. PGPR, as bio-control agents, can act 
through various mechanisms, regardless of their role in 
direct growth promotion, such as by known production 
of auxin phytohormone [34], decrease of plant ethylene 
levels [19] or nitrogen fixing  associated with roots 
[14]. 

Table 1: Plant growth promoting rhizobacteria (PGPR) 
that stimulate the plant growth by their ability to fix 

nitrogen 

 

In various studies, many PGPR have been found to 
reduce Phytophthora crown rot occurrence on various 
plants [3]. For example, Ahmed et al. 
[2] demonstrated in vitro suppression of P. capsici by 
bacterial isolates from the aerial part and rhizosphere 
of sweet pepper. An endophytic bacterium isolated 
from black pepper stem and roots, B. 
megaterium IISRBP17 suppressed P. According to 
Zhang et al., PGPR strains used separately or in 
combinations has the potential to suppress 
Phytophthora blight on squash in the greenhouse 

[43]. Shiraz et al. reported that some fluorescent 
pseudomonads isolated from different fields of East 
and West Azarbaijan and Ardebil provinces of Iran 
exhibited strong antifungal activity against P. 
drechsleri and controlled crown and root rot of 
cucumber caused by the pathogen  [36]. Furthermore, 
the plant-growth-promoting and biocontrol efficacy of 
PGPR often depend upon the rhizosphere competence 
of the microbial inoculants [29]. It means that survival 
and colonization potential are very vital factors for the 
effective functioning of PGPR and these characteristics 
are highest for each PGPR strain, if it associates with its 
preferred host plants [8]. This to some extent explains 
why some PGPR strains exhibiting promise as 
biocontrol agents in vitro have variable biocontrol 
efficacy in the rhizosphere of a given crop under a 
given set of conditions.  

CONCLUSION 
The studies conducted to examine the role of 
rhizosphere and plant growth promoting fungi 
available in the region make it obvious that 
rihzobacteria play vital role in the promotion of growth 
of plants. Besides, it is also useful in maintaining a 
balanced ecosystem by reducing the need of chemical 
manures. Rihzobacteria also protect the plants from the 
diseases and thus play significant role in increasing 
productivity. There are several types of Rihzobacteria 
which have been found to be highly effective in 
promoting the growth of plants and crops and 
controlling plant diseases as well as inducing resistance 
in plants to fight with diseases. 
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