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Abstract 

Plant Growth Promoting Rhizobacteria (PGPR) a major constituent of Rhizobacteria, encourage 

the plant growth through their diverse mechanisms. In this investigation, 33 different Isolates 

isolated from the rhizosphere soils of various research stations in south Gujarat were screened for 

their plant growth promoting activity. All the 33 tested isolates in pre monsoon and post 

monsoon were screened and recorded different PGPR activities. Thirteen isolates of pre-

monsoon season and twenty isolates of post monsoon season selected for further study. Based on 

colonial characteristics and morphology of isolates, 33 elected for Siderophore, HCN, IAA 

production phosphate solubilizing and antagonistic activities. Among 33 isolates, 10 isolates 

showed  phosphate solubilizing properties, 10 isolates hadSiderophore production, 6 isolates had 

IAA activity and no one organism produce HCN. All the 33 isolates have found with nitrogen 

fixing potential. Among these, those isolated before the monsoon season have more number of 

Gram positive bacteria while those isolated after monsoon were Gram positive as well as Gram 

negative. 
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INTRODUCTION 

Microorganisms play vital role in agriculture in order to promote the transfer of plant nutrients 

and reduce application of chemical fertilizers. Among different microbes, Plant Growth-

Promoting Rhizobacteria (PGPR) have potential to exert a positive effect on plant growth[3]. 

Beneficial plant microbe interactions in the rhizosphere can influence plant growth and soil 

fertility. These beneficial effects of PGPR have direct or indirect performance on plants. Direct 

promotion of growth by PGPR including production of metabolites that enhances plant growth 

such as auxins [1], cytokinins, gibberellins and through the solubilization of phosphate minerals 

[5]. Indirect growth promotion occurs via the removal of pathogens by the production of 

secondary metabolites such as hydrogen cyanide and siderophores [6]. Plants are regularly 

concerned in interactions with a broad range of bacteria that colonize the rhizosphere 

(rhizobacteria), the phyllosphere (epiphytes), and the inside of plant tissues (endophytes) [4]. 

The application of PGPR as crop inoculants for biofertilization, phytostimulation, and biocontrol 

would be an attractive alternative to decrease the use of chemical fertilizers which also effect 
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environmental pollution [1]. Bacillussp. is widespread bacteria in agricultural soils and has many 

traits that make them well-matched as PGPR. Their plant growth promoting activities include 

production of HCN, siderophores, protease, antimicrobials and phosphate solubilizing enzymes 

[7]. In the present study, we investigated the production of HCN, siderophores, nitrogen fixation, 

antimicrobials and phosphate solubilization by 17 isolates of PGPR isolated from soils of 

different localities in Gujarat. The objectives of study were, (1)Isolation of different free living 

nitrogen fixing bacteria with respect to different seasons (2) Biochemical Characterization of 

isolates and (3) Evaluation of PGP and antimicrobial activities. 

MATERIALS AND METHODS 

Site description of soil sampling 

Soil samples from different sites were collected in sterile bag.  Sampling was carried out before 

monsoons and post monsoonsseasons, Soil samples were collected from different depths (0-15 

cm) of soil.  

 

Enumeration of total bacterial population and free living nitrogen fixing bacteriaAll 

collected soil samples were brought to laboratory and processed immediately for isolating PGPR 

organisms using Ashbay’sMannitol agar medium. 

Total viable count was carried out by serial dilution of 1gm soil and resulting two dilution were 

spread over the Nutrient agar plate. For the counting of free living nitrogen fixing bacteria 

serially dilute sample was spread over Ashbay’smannitolagar plate. Their results are depicted in 

Table 1 and 2 respectively. 

PGPR activities of different isolates 

HCN activity was checked by method given by Bakker and Schipper (1987) (2).Phosphate 

solubilizing activity was checked on Pikovaskya′s agar medium having insoluble 

phosphate.Siderophore production was checked on Chrome Azurol-S (CAS) agar plates.IAA 

production was checked by Salkowsky method. Antagonistic activity of isolates were checked 

against Fusarium and Sclerotiumand they were tested by dual culture technique. Bacterial 

isolates were streaked at one side of Petri dish (one cm away from the edge) containing PDA 

culture medium. 9 mm mycelial disc from seven days old PDA culture of Fusarium and 

Sclerotiumwere placed at the opposite side of Petri dishes perpendicular to the bacterial streak 
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respectively and incubated at 27±2°C for 5-7 days. Petri dishes inoculated with fungal discs 

alone served as control.   

Nitrogen estimation was carried out by Kjeldahl method in which nitrogen free medium was 

inoculated with active culture isolates (uninoculated flask also kept as blank) and incubated on 

rotary shaker at room temperature for 48 hrs. After incubation, broth is analyzed for estimating 

total nitrogen. 

RESULTS AND DISCUSSION 

Results showed that total number of viable count was high during the monsoon season compared 

to summer season (Table-1). Number of free living nitrogen fixing bacteria were also higher 

during post monsoon season (Table-2). Isolation of free living nitrogen fixing bacteria was 

carried out on Ashbay’sMannitol agar medium before and after monsoon seasons.Thirteen 

isolates of pre-monsoon season and twenty isolates of post monsoon season were selected for 

further study. Based on colonial characteristics and morphology of isolates, 33 selected 

forSiderophore, HCN, IAA production, phosphate solubilizing and antagonistic activities (Table-

3).Among 33 Screened,10 isolates showed  phosphate solubilizing properties, 10 showed 

Siderophore production, 6 Isolates had IAA activity and no one organism produce HCN (Figure 

1,2 and 3). It was found that the isolates of A19, A24 and A28 Isolates have multiple 

characteristics to produce Siderophore, phosphate solubilization and nitrogen fixing ability. A12 

isolate has nitrogen fixing, Phosphate solubilising and IAA production potential while A21 

isolate has Nitrogen fixing, siderophore and IAA production potential. Zone of solubilization of 

isolates were measured and result showed that isolates of A12 and A16 have highest Zone of 

utilization/colony ratio (Table-4).  IAA quantitative analysis indicates that isolates A15 and A26 

produce highest amount of IAA is 38.6ppm and 39.0ppm respectively (Table-5).Out of 33 

nitrogen isolates, 13 organisms isolated before monsoon season and 20 organisms isolated after 

monsoon seasons. Among these, those isolates isolated before the monsoon season have more 

number of Gram positive bacteria while those isolated after monsoon season Gram positive as 

well as Gram negative.No antagonistic effect was by isolates against test organisms. Findingsof 

biochemical characterization of selected isolates is shown inTable-6. Result of nitrogen 

estimation indicates that isolates of A15, A20 and A30 fix nitrogen in higher amount as 

compared to other isolates. However, all the isolates have potential to fix atmospheric nitrogen 

(Table-7). 
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Table-1: Total Microbial count in different soil samples collected during various seasons 

 

Table-2: Total viable count of free living nitrogen fixing In soil samples collected during 

different seasons 

Sr. 

No. 
Location of soil sample 

cfu/gm 

(before 

monsoon) 

cfu/gm 

(after 

monsoon) 

1. 
Regional Cotton Research Station, Maktampur, 

Bharuch 
2.6x 10

4
 5.8x 10

5
 

2. NARP, Bharuch 1.2x 10
4
 2.1x 10

5
 

3. Agricultural Research Centre, Tanchha 0.8x 10
4
 2.9x 10

5
 

4. Agricultural Research Station, Achhalia 1.9x 10
3
 1.6x 10

4
 

 

Table-3: Different properties of free living nitrogen fixing bacteria 

Properties Nitrogen 

Fixation 

Phosphate 

solubilisation 

HCN 

production 

Siderophore 

production 

IAA 

production 

Isolates Isolated  monsoon season 

A1 Positive - - - - 

A2 Positive - - - Positive 

A3 Positive Positive - - - 

A4 Positive - - Positive - 

A5 Positive - - - - 

A6 Positive Positive - - - 

A7 Positive Positive - -  

A8 Positive - - Positive - 

Sr. 

No. 
Location of soil sample 

cfu/gm 

(before Monsoon 

season ) 

cfu/gm 

(after Monsoon 

season ) 

1. 
Regional Cotton Research Station, 

Maktampur, Bharuch 
1.5x 10

8
 1.85x 10

8
 

2. NARP, Bharuch 1.6x 10
8
 2.1x 10

8
 

3. Agricultural Research Centre, Tanchha 1.2x 10
8
 4.9x 10

8
 

4. Agricultural Research Station, Achhalia 1.2x 10
8
 3.6x 10

8
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A9 Positive - - - - 

A10 Positive - - Positive - 

A11 Positive - - Positive - 

A12 Positive Positive - - Positive 

A13 Positive - - - - 

Isolates isolated monsoon season 

A14 Positive - - Positive - 

A15 Positive - - - Positive 

A16 Positive Positive - - - 

A17 Positive - - - Positive 

A18 Positive -  - - 

A19 Positive Positive  Positive - 

A20 Positive -  - - 

A21 Positive - - Positive Positive 

A22 Positive Positive - - - 

A23 Positive - - - - 

A24 Positive Positive - Positive - 

A25 Positive - - - - 

A26 Positive - - - Positive 

A27 Positive - - - - 

A28 Positive Positive - Positive - 

A29 Positive - - - - 

A30 Positive - - - - 

A31 Positive - - Positive - 

A32 Positive - - - - 

A33 Positive Positive - - - 

 



 

 

Figure: 1.Siderophore productionby different isolates 
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Figure: 2. Phosphate solubilization by different isolates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure: 3. IAA Production by different isolates 

 

 

 

 

 

 

 

 

 

 

Table-4: Phosphate solubilizing activity on pikovasky medium (Zone of solubilization) 

Isolates Zone ratio Isolates Zone ratio 

A3 4.00 A19 1.33 

A6 1.25 A22 2.00 

A7 2.50 A24 1.25 

A12 1.20 A28 1.10 

A16 1.25 A33 1.06 

 

Table-5 : IAA production by different isolates 

 

 

 

 

 

 

 

Isolates IAA (ppm) 

A2 23.5 

A12 12.8 

A15 38.6 

A17 10.0 

A21 18.5 

A26 39.0 

A26 A2 A17 A12 A15 A21 



 

 

 

Table-6. Biochemical Characterization of different isolates 

Biochemical testswere carried out for selected isolates with different colonial characteristics and 

PGP activities. 

Sr. 

No. 
Test A12 A19 A21 A24 A28 

1 Lactose Positive - - - - 

2 Xylose Positive - - - Positive 

3 Maltose Positive - - - Positive 

4 Fructose Positive Positive Positive Positive Positive 

5 Dextrose Positive Positive Positive Positive Positive 

6 Galactose Positive - - - - 

7 Raffinose Positive - - - Positive 

8 Trehalose Positive Positive Positive - Positive 

9 Melibiose Positive - - - Positive 

10 Sucrose Positive Positive Positive Positive Positive 

11 L- arabinose Positive Positive Positive Positive Positive 

12 Mannose Positive - Positive - - 

13 Inulin Positive - Positive Positive Positive 

14 Na- Gluconate - - Positive - Positive 

15 Glycerol Positive Positive Positive Positive Positive 

16 Salicin Positive Positive Positive Positive - 

17 Dulcitol - - - Positive - 

18 Inositol - - Positive - - 

19 Sorbitol - - Positive Positive - 



 

 

20 Mannitol Positive - Positive Positive Positive 

21 Adonitol Positive - - - - 

22 Arabitol Positive - - - - 

23 Erythritol Positive - - - -- 

24 
ɑ- methyl –D- 

glucoside 
- - - - - 

25 Rhamnose - - - Positive - 

26 Cellobiose Positive - - Positive - 

27 Melezitose - - - Positive Positive 

28 
ɑ- methyl –D-

Manoside 
- - - Positive - 

29 Xylitol - - - Positive - 

30 ONPG - - - - Positive 

31 Esculin hydrolysis Positive Positive Positive Positive Positive 

32 D- arabinose Positive - Positive Positive - 

33 Citrate utilization - - - - - 

34 
Malonate 

utilization 
- - - - Positive 

35 Sorbose - - - Positive Positive 

36 ONPG - Positive - - Positive 

37 Lysine Utilization - - - - - 

38 
Ornithine 

Utilization 
- - Positive - - 

39 Urease Positive Positive Positive Positive Positive 

40 
Phenylalanine 

deamination 
- - - - - 



 

 

41 Nitrate reduction Positive - Positive Positive Positive 

42 H2S production - - - - - 

43 Citrate Utilization - - - - - 

44 Voges-Proskeaur Positive - Positive Positive Positive 

45 Methyl red - - - - - 

46 Indole - - Positive - Positive 

 

Table:7 Nitrogen estimation of isolates by kjeldahl 

Isolates % N Isolates % N 

A1 0.00168 A18 0.00128 

A2 0.00114 A19 0.00147 

A3 0.00228 A20 0.00321 

A4 0.00270 A21 0.00178 

A5 0.00290 A22 0.00254 

A6 0.00200 A23 0.00198 

A7 0.00228 A24 0.00226 

A8 0.00319 A25 0.00178 

A9 0.00159 A26 0.00245 

A10 0.00228 A27 0.00178 

A11 0.00250 A28 0.00125 

A12 0.00410 A29 0.00245 

A13 0.00228 A30 0.00345 

A14 0.00200 A31 0.00149 

A15 0.00364 A32 0.00267 

A16 0.00224 A33 0.00267 

A17 0.00219   

 

 

 



 

 

CONCLUSION: 

Microbial population along with free living nitrogen microbes is increased in post monsoon 

season. Beforemonsoon  season, number of Gram positive bacterial population is higher than the 

Gram negative. Isolates A19(Streptomyces coelicolor), A24(Enterobactersp.), and A28(Bacillus 

altitudinis)have potential characteristics to produce Siderophore as well as nitrogen fixing and 

phosphate solubilizing properties. The isolate A12 has characteristic to produce IAA along with 

nitrogen fixation and phosphate solubilization Properties. 
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