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INTRODUCTION 
 

The genus Azospirillum is widely distributed in the rhizosphere of tropical and sub-tropical grasses. The mechanisms by which 

Azospirillum sp. can positively affect plant growth were probably composed of multiple effects, including biosynthesis of plant 

growth-promoting phytohormones, fixation of atmospheric nitrogen, nitrate reductase activity and enhancing the uptake of 

minerals [1]. Soil salinity disturbs the plant-microbe interaction, a critical ecological factor to help further plant growth in 

degraded ecosystems [2,35,36,37,38,39,40,41,42]. The use of specific microbe antagonists, which stimulate plant growth and are 

natural enemies of pathogens allows a considerable decrease in the use of agrochemicals which are now being used for plant 
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Microorganisms has a vital role in agriculture in order to promote the exchange of plant nutrients and reduce the application of 
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Azospirillum are unknown. Therefore, a large screening development of stress tolerance in Azospirillum strain with all potential 

for agricultural crops grown in semiarid regions is highly necessary. 
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growth stimulation and control of diseases [3]. The development of such a stress-tolerant microbial strain associated with the 

roots of agronomic crops can lead to improved fertility of salt-affected soils [4]. 

 

 

2. Poly-β-hydroxy butyrate (PHB) PRODUCTION 

 
Poly-β-hydroxy butyrate (PHB) is present in Gram-positive and Gram-negative bacteria and serves as a reserve material in 

prokaryotes. Poly-β-hydroxy butyrate is a polymer of D(-)-β-hydroxy butyrate and its molecular weight range between 60,000 

and 2,50,000. Polymer accumulation was initiated under nutrient imbalance and served as an electron and carbon sink. Poly-β-

hydroxy butyrate generally functions as a carbon or energy source and it is degraded under stress and starvation condition. 

Natera et al. [5] characterized PHB encoding NADPH linked acetoacetyl CoA reductase in Azospirillum brasilense. Okon and 

Itzigsohn [6] found that the accumulation of Poly-β-hydroxy butyrate to the level of 70 percent of the dry weight of cells with 

strains possessing high nitrogen fixation. During nutritional stress, especially the ammonium and phosphate limitation, the cells 

of Methylobaclerium sp. is accumulated with a huge amount of Poly-β-hydroxy butyrate. The accumulation of PHB by stress-

tolerant strains of sunflower Azospirillum was up to 80 percent by temperature tolerant strains of Azospirillum, whereas the 

reference strain could accumulate only 27 percent PHB [7]. 

 

3. PROLINE ACCUMULATION 

 
Proline and proline betaine is the major osmoprotectants found in microorganisms. In Azospirillum sp., proline accumulation and 

other organic compounds were observed in osmotolerant strains [8]. A typical cellular mechanism of osmotic stress adaptation of 

the intracellular accumulation of organic solutes (osmolytes). All the osmolytes accumulating in several strains of Azospirillum 

during osmotic stress were identified. Glycine betaine was accumulated in all strains, but proline and glutamate were 

accumulated only in Azospirillum brasilense, suggesting that the mechanism of osmotic adaptation resulted from enhanced 

uptake of osmolytes from the medium, a biosynthetic increase of osmolytes or both. 

 

The osmolytic accumulation in Azospirillum brasilense is shifted from glutamate to proline as the strength of the medium 

increases osmotically. In the medium of low osmotic strength, a new osmolyte, a linear β (1, 3), β (1, 6) glucan, was detected in 

the periplasm of Azospirillum brasilense cells. The fresh and dry weight of Azospirillum brasilense was enhanced despite the 

water stress. Chen et al. [9] correlated proline accumulation with drought and salt tolerance in plants. The introduction of pro B 

genes derived from Bacillus subtilis resulted in higher levels of free proline resulting in increased tolerance to osmotic stress in 

the transgenic plants. Higher output of proline with low electrolyte leakage, maintenance of relative water content of leaves and 

selective uptake of potassium ions resulted in salt tolerance in Zea mays co-inoculated with Rhizobium and Pseudomonas. 

Nadeem et al. [10] showed that plant proline contents are increased by saline stress but decreased by inoculation with PGPB. 

Sziderics et al. [11] reported that the strains of Arthrobacter sp. and Bacillus sp. increased proline content even in the absence of 

abiotic stress. They argue that bacteria likely exerted some biotic stress that triggered proline biosynthesis in plants. 

 

4. INDUCTION OF STRESS PROTEIN 

 
When exposed to a higher temperature in the bacterial cells set of heat shock proteins (hsps) was induced rapidly and transiently 

to cope with increased damage in protein. The primary structure of hsps appeared to be highly conserved during evolution and 

served similar functions in all organisms. The presence of 17 new proteins was found when the bacterial cells were shifted from 

23°C to 42°C [12]. Yura et al. [13] reported that in Escherichia coli and in most other mesophilic organisms, transient induction 

of heat shock proteins was the cell's response when they were exposed to a moderately high temperature of 42°C. 

 

 

5. EXOPOLYSACCHARIDES (EPS) PRODUCTION 

 
Exopolysaccharides (EPSs) are a group of carbohydrates secreted from various bacterial species, including pathogenic bacteria, 

symbiotic bacteria and fungi. In pathogenic bacteria, EPSs act as pathogenicity factors and are necessary for developing disease 

symptoms such as water-soaking or wilting. EPSs and cell-associated polysaccharides also play a critical role in the initial 

colonization and enhancement of the survival of bacteria [14]. 

 

In Azospirillum, two main forms of exopolysaccharides exist on the outer surface. One document appears to be denser and 

tightly bound to the cell and is referred to hereafter as the “Capsular polysaccharide component (CPS)”. The other looks lighter, 

extending away from the cell, and will be referred to as the “exopolysaccharide component (EPS)”. The production of EPS by 

Azospirillum sp. has been evaluated and reported by Gjung Kahng et al. [15]. Polysaccharides secretion is vital in Azospirillum 

biofilm development. The development of biofilm is closely associated with the generation of the matrix, the majority of which 

is extracellular material. The production of EPS possibly enhances water retention in the microbial environment and regulates 

the diffusion of carbon sources such as glucose [16]. 

 

The production, characterization and antioxidant activities in vitro of exopolysaccharides (EPS) from Azospirillum were 

investigated by Sun et al. [17]. Azospirillum could produce viscous exopolysaccharide. There have been many reports on the 

culture conditions for EPS production from Azospirillum. Most of these Azospirillum strains were isolated from soil. In addition, 
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studies on the biological activities of EPS from Azospirillum are mainly focused on its thickening, stabilizing and gelling 

properties [18]. 

 

Aguilera et al. [19] reported Azospirillum, an EPS-producing bacterium in olive-mill wastewater. Azospirillum produced a 

heteropolysaccharide consisting of fucose, xylose, rhamnose, arabinose, mannose, galactose, and glucose. This EPS has been 

shown to enhance the immune response in mice. Kyungseok et al. [20] investigated the role of rhizobacterial exopolysaccharides 

(EPS) from a Plant Growth Promoting Rhizobacteria (PGPR). Guzzo et al. [21] reported that the crude exopolysaccharides 

obtained from Xanthomonas campestris pv manihotis and commercial xanthan gum could induce protection against rust 

(Hemileia vastatrix) in coffee plants. They employed response surface methodology to optimize the medium composition for 

EPS production from Azospirillum. 

 

6. FLOCCULATION AND CYST PRODUCTION 

7.  
Under various stress conditions, bacteria can cyst and floe formation, both of which improve survival. Winogradsky [22] 

reported cyst formation in some strains of Azotobacter when a simple organic compound such as ethanol, butanol, used as a 

carbon source. Cyst formation was used as the main criteria for identifying Azotobacter by taxonomists [23]. 

 

Azospirillum cells are pleomorphic and change their metabolic activity according to the changing environment by forming 

visible floes under diverse stress conditions such as availability of carbon, nitrogen, moisture and oxygen content, extreme pH 

and high C: N ratio in the growth medium. Other reasons for forming floes and cysts include ageing, cultural conditions, toxic 

metals, and water stress [24]. 

 

The genus Azospirillum had the unique feature to form metabolically dormant cysts after exponential growth. Cells of 

Azospirillum become morphologically distinct, metabolically dormant cysts, which then could germinate under suitable 

conditions. Non-motile, enlarged, pleomorphic forms (C forms) are reported in the older culture of Azospirillum brasilense or on 

the surface of Nitrogen free agar media in association with plant callus. Lamm and Neyra [25] mentioned that the cultures of 

both Azospirillum sp. enriched in ‘C’ forms or cysts exhibited resistance to desiccation and temperature. Krieg and Dobereiner 

[26] suggested that these ‘C’ forms might be related to gram discoloration and gram variability. 

 

The aggregation process is generally accompanied by thick coat or capsule production. Flocculation also decreased total cellular 

protein, lipid content and a proportional increase in total cellular PHB and carbohydrate content [27]. Flocculation in 

Azospirillum can be induced by different carbon sources such as fructose, gluconate, PHB and malic acid. 

 

Calcofluor binding exopolysaccharides and capsular polysaccharides have been observed with floes, suggesting that they are 

involved in flocculation. No significant differences could be observed between protein profiles (SDS-PAGE) of extracellular 

fractions obtained from aggregating and non-aggregating cells except for an apparent increase in the intensity of a double band 

glycoprotein of approximately 100 kDa [28]. 

 

Cyst forms of Azospirillum brasilense, previously considered to be the dormant form of the bacterium, were shown to be 

physiologically active forms in the wheat rhizosphere [29]. These cysts were capable of fixing nitrogen in the absence of an 

exogenous carbon source [30]. Under continuous culture and anaerobic conditions cysts, cells of Azospirillum brasilense 

immobilized in alginate beads showed high nitrate reductase activity [31]. 

 

Burdman et al. [32] suggested the generation of inoculants composed of a mixture of cysts and vegetative cells surrounded by a 

net of polysaccharide. As floes can be readily produced on a large scale, with improved survival of cells within flocs they may 

be used as the potential inoculants. Sekar et al. [33] studied the flocculated cultures of Azospirillum and reported that induction 

of flocculation and concomitant PHB production are the desirable characteristics in the best bioinoculant preparation. They also 

studied the effect of abiotic stresses on flocculation and PHB accumulation in Azospirillum brasilense. Finally, Pereg Gerk et al. 

[34] have described the effect of mutation affecting flocculation differentiation into cyst like form, root colonization and 

nitrogenase expression by Azospirillum brasilense. 

 

8. CONCLUSION 

 
Microorganisms have a vital role in agriculture to promote the exchange of plant nutrients and reduce the application of chemical 

fertilizers as much as possible. Several researchers documented the widespread geographic distribution of Stress tolerant 

Azospirillum spp. and their abundance in tropical and saline soils. It was also appeared to be able to grow in both temperate 

regions and cold climates. The occurrence of Azospirillum in the rhizosphere varied in the total rhizosphere population. The 

rhizosphere soil samples contained 100 times more Azospirillum than the non- rhizosphere soil. The event of stress-tolerant 

Azospirillum sp. was reported in the rhizosphere of various field-grown crops such as rice, wheat, maize, sorghum and pearl 

millet of different locations. It was also reported that the Azospirillum strains had higher nitrogen concentrations at all water 

salinity levels. Several recent studies have demonstrated that local adaptation of plants to their environment is driven by genetic 

differentiation in closely associated microbes. 
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