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ABSTRACT 
 
 Sustainable agriculture implies successful management of resources for agricultural to satisfy changing 
human needs while maintaining or enhancing the quality of the environment and conserving natural resources. 
Use of Plant Growth Promoting Rhizobacteria can play an impotant role toward achieving the objectives of 
sustainable agriculture. Bacteria which live in Rhizosphere region are called Rhizobacteria. Some of these 
bacteria are attached to the soil particles. Usually bacteria population density, are around the root plant, because 
of abundant food sources around the plants root that support the growth sources and bacteria metabolism  
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Introduction 
 
 Plants are always subjected to biotic and abiotic 
factors in their environment which influence their 
growth and development.this is important from 
economical point of view as these factors affect the 
root development and production rate greatly. 
[25,41,42,43,44,45,46,47,48] A large number of 
different microorganisms, mostly bacteria,are 
commonly found in soil. Soil bacteria interact 
specifically with plant roots in the rhizosphere, 
where bacterial density is generally higher. The 
bacteria that provide benefits to the plant either form 
symbiotic relationships with the plant or are free-
living in the soil, but found near or even within the 
roots [31]. Beneficial free-living soil bacteria are 
usually referred to as plant-growth-promoting 
rhizobacteria or PGPR, [18,40,41]. [1] The 
Rhizosphere is the particular zone surrounding the 
roots of plants, in which living creatures around it are 
affected quantitatively and qualitatively by root vital 
activities like breath and root secretion. [21] This soil 
restriction is rich in nutrition elements; because of 
plant systematic root activities Rhizosphere is a 
mixture of solid particles and active community of 
bacteria. [37] The term rhizosphere will be used to 
refer to both zones. In the rhizosphere, very 
important and intensive interactions are taking place 
between the plant, soil, microorganisms and soil 
microfauna. In fact, biochemical interactions and 
exchanges of signal molecules between plants and 
soil microorganisms have been described and 

reviewed. [38] These interactions can significantly 
influence plant growth and crop yields. In the 
rhizosphere,bacteria are the most abundant 
microorganisms. Rhizobacteria are rhizosphere 
competent bacteria that aggressively colonize plant 
roots; they are able to multiply and colonize all the 
ecological niches found on the roots at all stages of 
plant growth, in the presence of a competing 
microflora. [1] [23] The presence of rhizobacteria in 
the rhizosphere can have a neutral, detrimental or 
beneficial effect on plant growth. The presence of 
neutral rhizobacteria in the rhizosphere probably has 
no effect on plant growth. [37] Microorganism 
activity in Rhizosphere depends on ecological and 
soil factors, plant  species, plant age, and plant 
growth phase and soil tissue. Bacteria have the most 
population density between the Rhizosphere 
microorganisms because of high growth speed and 
the ability to use the various carbon and nitrogen 
sources. Rhizobacteria is divided into 2 groups; 
according to the kind of the influence over the plant's 
growth and development. [20]  The first group has 
negative influence over the plant's growth and 
development; Deleterious Rhizobacteria (DRB), [9]  
The second one increases the plant's growth and 
development; Plant Growth Promoting Rhizobacteria 
(PGPR), [6]  was named.Mainly, the Deleterious 
Rhizobacteria (DRB) inter their harmful detriment 
(damage) by producing deleterious metabolites 
which absorb by root, without directly interfere the 
plant tissue, [22]  These metabolites include: 
Hydrogen cyanide(HCN),plant hormones like indole-
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3 Acetic acid [20] and unknown phytotoxins.Various 
soil microorganisms like: bacteria [24], fungus and 
alga, can secrete Auxin which have destructive 
influence over the growth and plant's settlement. 
Loper & Schroth, 1986 published the report about 2 
strains of Enterobacteriaceae family, which decrease 
the root length in the inoculation time with beet 
plant(Beta vulgaris L.) by secreting too much IAA 
hormone(Indole-3- Acetic acid). Different species of 
DBR have been reported like: Desulfovibrio, 
Erwinia, Agrobacterium, Pseudomonas, Enterobacter 
and Chromobacter[9,24]. 
 
Plant Growth Promoting Rhizobacteria (PGPR): 
 
 About 2 to 5% of rhizobacteria, when 
reintroduced by plant inoculation in a soil containing 
competitive microflora, exert a beneficial effect on 
plant growth and are termed plant growth promoting 
rhizobacteria (PGPR) [18]. PGPR are free-living 
bacteria [18]  and some of them invade the tissues of 
living plants and cause unapparent and asymptomatic 
infections [29]. 
 Plant Growth Promoting Rhizobacteria (PGPR) 
expression for the first time was propounded by 
Kloepper and Schroth and it was used especially for 
Fluorescent pseudomonads for a long time and just 
for kinds which indirectly and by controlling the 
plant pathogenic factor, improves the plant's growth. 
The following researchers like Kapulnik (1991) 
extended the PGPR domain by calculating the useful 
effects of Rhizobacteria over the plants growth 
directly. Today, this expression is frequently used for 
general soil bacteria which live near or on the 
surfaces of plants roots and improve their host plant 
growth by one or several certain mechanisms. [16] 
Totally the PGPR are divided into two following 
groups: 
1- Plant growth promoting bacteria which creates 

symbiosis with plants. Some species like 
Rhizobium, Bradyrhizobium and Azospirillum 
are in symbiosis with Legume plants. Ektinomist 
Frankia is in Ektinoreyzi symbiosis and 
seyanobacteria is in Gunera symbiosis.These are 
the most important PGPR bacteria [11]. 

2- Plant growth promoting bacteria which they 
have the ability to promote the plant growth 
without creating symbiosis with plants. This 
kind of bacteria have good ability for Root 
colonization and increase the host plant growth 
by using different mechanisms [19]. 

 
 Nowadays using various PGPR for improving 
the plant growth, decreasing the chemical fertilizer 
pollution and pesticides are became widely practice 
in many parts of the world like Brazil, India, 
America, Argentina, Uruguay which are sold as 
Growth Promoting inoculationtion liquid or biologic 
Pesticides. [12]  PGPR bacteria usage in China with 
the Yield Increasing Bacteria has been initiated in 

1979. Today these bacteria has been used in 30 
provinces(states) for 55 products and their minimum 
economical benefits are 59/4 million dollar 
yearly.Because of high potential of Rhizosphere 
growth promoting bacteria in producing plant 
hormones and decreasing the damage of the plant 
pathogen factor, in recent years they are used as root 
promoting hormone and Biocontrol factors[13]. In 
many parts of the world, they are used as stimulators 
and Biocontrol to improve the plant growth and 
decrease the pollution of the chemical fertilizer 
pollution and pesticides. 
 PGPR may induce plant growth promotion by 
direct or indirect modes of action. [21]   Direct 
mechanisms include the production of stimulatory 
bacterial volatiles and phytohormones, lowering of 
the ethylene level in plant, improvement of the plant 
nutrient status (liberation of phosphates and 
micronutrients from insoluble sources; non-
symbiotic nitrogen fixation) and stimulation of 
disease-resistance mechanisms (induced systemic 
resistance). Indirect effects originate for example 
when PGPR act like biocontrol agents reducing 
diseases, when they stimulate other beneficial 
symbioses, or when they protect the plant by 
degrading xenobiotics in inhibitory contaminated 
soils[14]. Based on their activities classified PGPR 
as biofertilizers (increasing the availability of 
nutrients to plant), phytostimulators (plant 
growthpromoting, usually by the production of 
phytohormones), rhizoremediators (degrading 
organic pollutants) and biopesticides (controlling 
diseases,mainly by the production of antibiotics and 
antifungal metabolites). [27]  
 
Recognized Species as Plant Growth Promoting 
Bacteria: 
 
 [4] proposed the division of PGPR into two 
classes: biocontrol-PGPB (plant-growth-promoting-
bacteria) and PGPB. This classification may include 
beneficial bacteria that are not rhizosphere bacteria 
but it does not seem to have been widely accepted. 
[4]  When studying beneficial rhizobacteria, the 
original definition of PGPR is generally used: it 
refers to the subset of soil and rhizosphere bacteria 
colonizing roots in a competitive environment, e.g. in 
non-pasteurized or non-autoclaved field soils. [20]   
Furthermore, in most studied cases, a single PGPR 
will often reveal multiple modes of action including 
biological control [32]. 
 Various kinds of Plant growth promoting 
bacteria are reported, some of them are as follow: 
 Flavobacterium,Acetobacter,Pseudomonas,Azos
pirillum,Azotobacter,Arthrobacter,Micrococus,Chro
mobacterium,Agrobacterium,Bacillus, Burkholderia, 
Erwinia, Hypomycrobium, Xanthomonas, Klebsiella 
[11, 28,22]. 
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Diazotrophic PGPR: 
 
 Azospirillum known for many years as PGPR 
was isolated from the rhizosphere of many grasses 
and cereals all over the world, in tropical as well as 
in temperate climates. [28]   This bacterium was 
originally selected for its ability to fix atmospheric 
nitrogen (N2), and since the mid-1970s, it has 
consistently proven to be a very promising PGPR, 
and recently the physiological, molecular, 
agricultural and environmental advances made with 
this bacterium were thoroughly reviewed by. [4]   
Presently PGPR for which evidence exists that their 
plant stimulation effect is related to their ability to fix 
N2 include the endophytes Azoarcus sp., 
Burkholderia sp., Gluconacetobacterdiazotrophicus 
and Herbaspirillum sp. and, the rhizospheric bacteria 
Azotobacter sp. and Paenibacillus (Bacillus) 
polymyxa [33]. 
 Flavobacterium, Pseudomonas, Arthrobacter are 
species of bacteria that are around the soil of the 
roots and Rhizosphere [34]  In a research Kleeberger 
and his colleague in 1983 observed that wheat 
Rhizosphere and Pseudomonas have the most 
population accumulation [32]. 
 
Bacilli: 
 
 [8] showed that the majority (95%) of Gram-
positive bacteria in soils under different types of 
management regimes (permanent grassland, 
grassland turned into arable land, and arable land), 
were putative Bacillus species; B. mycoides, B. 
pumilus, B.megaterium, B. thuringiensis, and B. 
firmus, as well as related taxa such as Paenibacillus, 
were frequently identified by sequencing the DNA 
bands obtained on DGGE gels. Other Gram-positive 
bacteria including Arthrobacter spp. and Frankia 
spp. were a minority (less than 6% of the clones 
obtained). [10]  The ubiquity and the importance of 
B. benzoevorans in soils throughout the world were 
proved by using molecular methodology developed 
to identify non-culturable bacteria. [30]   Bacillus 
spp. are able to form endospores that allow them to 
survive for extended periods under adverse 
environmental conditions. Some members of the 
group are diazotrophs and B. subtilis was isolated 
from the rhizosphere of a range of plant species at 
concentration as high as 107 pergram of rhizosphere 
soil.[39,9]. 
  
Pseudomonads: 
 
 Early observations on the beneficial effect of 
seeds or seed pieces bacterization were first made 
with Pseudomonas spp. isolates, on root crops. By 
treating potato (Solanum tuberosum L.) seed pieces 
with suspensions of strains of Pseudomonas 
fluorescens and P. putida, [5] obtained statistically 
significant increases in yield ranging from 14 to 33% 

in five of nine field plots established in California 
and Idaho [5]. 
 Many Fluorescent Pseudomonads, especially P. 
putida and P. fluorescence promote the plant growth 
and have the ability to increase the Crop yield [33]  
Producing many second metabolite by pseudomonas, 
emphasizes over using the agricultural, industrial and 
healthy aims [6]. 
 Among the Gram-negative bacteria, 
Pseudomonaceae family is a large and an important 
group [7]. 
 They were found in the natural environment, 
water, soil and even with plant and animals in the 
form of normal microflora or as a pathogenic factor. 
In morphology, these microorganisms are gram-
negative, without spore, curved or straight rod, and 
movable with one or more polar flagellum 
(monotrichous: having a single polar flagellum. [35]   
 Four species of Pseudomonas, Xanthomonas, Zoog 
loes, Frateuria are in this family. All of these species 
are Chemoorganotroph with aerobic metabolism, 
non-fermentative and non-photosynthesis. They grow 
in the basic environment because of their simple 
nutritious need. Because of aerobic activity they have 
major role in carbon-cycle. Differences among these 
four Pseudomonaceae are proved in the 
Pseudomonas fluorescens route. [12]  In the 
P.fluorescens ATCC 29574 the IAA synthesis is 
initiated from the (TSO-tryptophan side chain 
oxidas) route.In the TSO side chain oxidization 
route, the indole-3-acetaldehyde has intermediate 
role [6], which forms IAA from the oxidization of 
the acetaldehyde dehydrogenize enzyme. TSO 
enzyme just has activity in the growth bacteria static 
phase against the tryptophan Trans Aminaz which 
are active in the Logarithmic and static phases [13]  
.TSO route has more activity to produce IAA, in 
acidic PH [12]. IAA production in PH, is decreased 
in the IPYA route [14]. 
 
Rhizobia: 
 
 Rhizobia and bradyrhizobia are well known as 
the microbial symbiotic partners of legumes, forming 
N2-fixing nodules. However these bacteria also share 
many characteristics with other PGPR. In fact 
rhizobia can produce phytohormones, siderophores, 
HCN; they can solubilize sparingly soluble organic 
and inorganic phosphates, and they can colonize 
the roots of many non-legume plants. [2]   Under 
greenhouse condition, radish dry matter yield was 
increased by inoculation with strains of 
Bradyrhizobium japonicum, Rhizobium 
leguminosarum bv. phaseoli, R. leguminosarum bv. 
trifolii, R. leguminosarum bv. viciae and 
Sinorhizobium meliloti. The highest stimulatory 
effect (60% increases as compared to the 
uninoculated control) was observed with strain 
Soy213 of B. japonicum [3]. 
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