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Abstract 
Rhizosphere harbors a vast population of bacteria; among them a beneficial group is the Plant Growth Promoting Rhizobacteria (PGPR) that help plant growth promotion. Sunflower is an important oilfield crop and has also been used in bioremediation and phytoremediation studies. Several of these bacteria were isolated from different sites, the bulk soil, rhizosphere and endorhizosphere regions of this experimental plant and their effects on plant growth were studied. The stimulation of plant growth is attributed to various plant growth promoting mechanisms. Study of the direct mechanisms i.e. production of phytohormones, solubilization of Phosphate and the indirect mechanisms- antifungal activity against plant pathogenic fungi, production of lytic and detoxification enzymes, Siderophore production, production of Ammonia and HCN were also carried out. Among the isolates, about 30 rhizobacteria that were positive for several of these plant growth promoting mechanisms were selected for plate germination and pot assay experiments. The bacteria mainly belonged to the Azotobacter, Pseudomonads, and the Bacillus group. From the plate experiments seven of the bacteria were selected i.e. four rhizosphere isolates, one endorhizosphere isolate and two soil isolates gave promising results when compared to control. All of the isolates also showed elongation of roots. Three had elongated shoots as compared to control in pot trial experiments. These isolates will be further tested for field experiments. 
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Introduction
Rhizosphere is a zone of diverse bacterial population. This soil-plant root eco zone has been an area of research for many years. The rhizosphere bacterial population is influenced by several biotic and abiotic factors. The root exudates1 of the plant also have a profound effect on the rhizoflora. One subpopulation among these rhizobacteria is the PGPR2, the plant growth-promoting rhizobacteria, which are the beneficial ones that stimulate plant growth by an array of mechanisms. These bacteria are of agricultural importance because they encourage improving plant health and growth, suppress disease-causing microbes and accelerate nutrient availability and assimilation3. 

The various traits exhibited by these PGPR make them valuable. These PGPR may help to provide nitrogen and make available phosphorus to the plant, produce phytohormones like indole acetic acid (IAA), gibberellic acid (GA), cytokinins, produce other antagonistic substances like ammonia, hydrocyanic acid (HCN), release certain lytic and detoxification enzymes4. So the potential PGPR were screened in vitro for such multiple plant growth-promoting traits and their effect on growth was observed by conducting plate and pot experiments. These root colonizing bacteria were isolated from sunflower (helianthus annuus) rhizosphere. The plant has several uses, mainly the oil is important. The oil contains lecithin, tocopherols, carotenoids, waxes and a high vitamin E content. It is a combination of monounsaturated and polyunsaturated fats with low saturated fat levels. Oil can be used in cosmetic formulations and appears to have skin health benefits as it forms a barrier that resists infection over the skin5,6. Along with these properties Helianthus annuus has also been used in several bioremediation and phytoremediation studies as it is a high biomass and hyper accumulator plant7,8. 

The bacteria belonging to the genera Acetobacter, Acinetobacter, Alcaligenes, Arthrobacter, Azoarcus, Azospirillum, Azotobacter, Bacillus, Beijerinckia, Burkholderia, Derxia, Enterobacter, Gluconoacetobacter, Herbaspirillum, Klebsiella, Ochrobactrum, Pantoae, Pseudomonas, Rhodococcus, Serratia, Stenotrophomonas and Zooglea9   may act as selective candidates for plant growth promotion. These PGPR with multiple plant growth-promoting activities can further be used as biofertilizers, bioinoculants or bioenhancers. Again, Pseudomonas and Bacillus have been reported by several authors for plant growth-promotion. Bacillus cereus, Pantoae and Pseudomonas aeruginosa have been reported by several researchers  for improvement of plant growth10,11 and nutrition under salt stress in wheat plant. According to a study Pseudomonas flourescens biotype G, Pseudomonas flourescens and P. putida biotype A have been observed to improve the fresh and dry weight, root length and shoot length in the pea plant12.

Experiments carried out on the Cicer arietinum plant also reported the effectiveness of PGPR isolates for significant increase in shoot length, root length and dry weight of shoot and root13.

This paper reports on some of the plant growth-promoting mechanisms of the bacteria isolated from the vicinity of the roots of the Helianthus annuus plant and its effect on plant growth. 

Material and Methods 
Microbial inoculation and properties: Bacterial strains were isolated from various regions of the Sunflower plant i.e. bulk soil, rhizosphere and endorhizosphere regions. They were isolated on specialized media for Azotobacter, Pseudomonas and Bacillus species. These bacteria were then screened for the production of a phytohormone indole acetic acid (IAA) and determination of phosphate solubilization. Other antagonistic mechanisms studied were antifungal activity against four phytopathogenic fungi, production of lytic and detoxification enzymes, HCN, ammonia and siderophore production were also evaluated.  

Auxin production by strains was determined colorimatrically by using the Salwoskii’s reagent. The intensity of color was measured spectrophotometrically at 535 nm. From the color development in standard solutions of IAA a standard curve was established14,15.

Solubilization of phosphate was measured by growing the isolates in a medium incorporated with inorganic phosphate (TCP). The ability of isolates to solubilize the phosphate was observed by formation of halo around the colonies16,17.

Antifungal activity was determined by the circle method3.

Hydrolytic enzymes are significant as they act as agents for prevention of plant diseases18 by causing lysis of deleterious microbes in the close vicinity of the plant. The enzymatic activities such as protease and amylase activities were determined as described by Smibert and Kreig19.

Hydrolysis of tween 20 was determined on modified Sierra agar. Hydrolysis of this compound was recorded as white precipitation around the colonies.  

The production of HCN 20 and ammonia production21 was also observed. Production of Siderophores was evaluated by Chrome Azurol-S Assay on CAS agar plates by observation of orange halo around the colonies22,23.

Plate experiments were carried out by preparing bacterial inoculants after growing the selected isolates in the LB broth medium and incubating on a rotary shaker at 28°C for 24-48 hrs. Seeds were then bacterized 24. Non-bacterized seeds were used as control. The results of seed germination assay in plates are shown in figure-2. 

Results and Discussion 
We have observed that seven among the 30 isolates possessed several of the plant growth-promoting mechanisms and have also promoted plant growth in plate and pot experiments. Indole acetic acid production was the highest in M6S3 (58 µg/ml) and isolate M7S1 gave 52 µgm/ml (table-1). All of the isolates also showed solubilization of inorganic phosphate by producing a halo around the colonies (table-1). Table-2 shows the production of hydrolytic enzymes by the isolates. Isolate M6S3 also showed Siderophore production (table-3) and possessed antifungal activity against the tested phytopathogenic fungi (figure-1). HCN production was shown by three of the isolates, one bluish green pigmented Pseudomonas and the other two belonged to Bacillus spp.

Figure 2 shows isolate M1R2, M7S1, M7ER1, M11R2, M12R1 had elongated roots. Two of the isolates M6S3 and M11R2 showed shoot elongation as compared to control. Results revealed that shoot length increased in PGPR treated seeds over uninoculated control the highest root length recorded was 10.6 cm in isolate M12R1 followed by M7ER1 which was 9.9 cm. Isolate M6S3 showed the highest elongation of shoot (6.6 cm) among the isolates (figure-2). 

Table-1
Production of IAA and solubilization of Phosphate by the isolates
	Isolate No.
	IAA µg/ml
	Sol. of P

	M1 R2 
	8.8
	++

	M6 S3
	58.4
	++

	M7 S1
	51.7
	+

	 M7 R1 
	12
	+

	M7 ER1
	6.0
	+

	M11 R2
	3.4
	++

	M12 R1
	1.5
	++



Table-2
Production of lytic enzymes by the isolates
	Isolate No.
	Protease
	Amylase
	Lipase
	Cellulase

	M1 R2
	Negative
	Negative
	Positive
	Positive

	M6 S3
	Negative
	Trace
	Negative
	Negative

	M7 S1
	Negative
	Negative
	Negative
	Negative

	M7 R1
	Positive +
	Negative
	Positive ++
	Negative

	M7 ER1
	Negative
	Negative
	Negative
	Positive ++

	M11 R2
	Positive ++
	Positive +
	Positive ++
	Positive ++

	M12 R1
	Negative
	Positive
	Positive +++
	Positive +



Table-3
Production of other biocontroling factors by the isolates
	Isolate No.
	Siderophore
	HCN
	Ammonia

	M1 R2
	-
	-
	+

	M6 S3
	+
	-
	-

	M7 S1
	+
	-
	-

	M7 R1
	+
	++
	+

	M7 ER1
	-
	-
	++

	M11 R2
	-
	+
	++

	M12 R1
	+
	++
	+



Conclusion
Results suggest that PGPR are able to enhance the production of IAA, solubilize the phosphate and show antagonism towards pathogens thereby may improve the growth of Helianthus annuus. The use of such PGPR singly or in consortium can act as efficient bioinoculants which may be an approach to replace chemical fertilizers and pesticides for sustainable cultivation of Helianthus annuus in India and in other developing countries. Further investigations include efficiency test under green house and field conditions which are needed to evaluate the role of PGPR. 
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Figure-1
Antifungal activity of the isolates against phytopathogenic fungi


Figure-2 
Results showing the comparison of root and shoot lengths of the isolates
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