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Abstract 

   
Biofertilizers are formulations of rhizobacteria are eco-friendly, cost effective and have potential to sustain the 

yields in the intensive cropping system. Plant growth promoting rhizobacteria (PGPR) have proved their worth 

for promoting the yield and quality traits of various crops by producing phytohormones, siderophores, 

antibiotics, mobilizing nutrients and inducing systemic resistance. In a series of experiment, the consortium of 

PGPR of Azotobacter and Azospirillum sp were tested on the yield parameters of cotton with graded levels of 

nitrogen (N) at Cotton Research Station, Sahiwal. Three levels of N i.e. 60, 90 and 120 kg ha-1 were applied while 

P was applied at 60 kg ha-1 to all the treatments. Results revealed that the bacterial consortium affected the 

cotton growth and yield at all N levels as compared to un-inoculated control. The maximum seed cotton yield i.e. 

2478 was observed at 120 kg Nha-1 as compared to its respective control i.e. 2238 kg ha-1. The highest number of 

bolls plant-1 (25), boll weight (3.34 g) and plant height (126.9) were also observed at the same treatment. Results 

also showed that consortium of PGPR had reduced cotton leaf curl virus (CLCV) incidence up to 36.0% as 

compared to 41.0% without inoculation. The highest ginning out turn (GOT) and staple length was observed with 

PGPR consortium inoculation i.e. 38.6% and 27.8 mm as compared to un-inoculated control i.e. 37.9 % and 27.5 

mm, respectively at 120 kg N ha-1. Present study clearly demonstrated that consortium of PGPR had more 

assenting effect on the yield components of cotton. More combination of PGPR should be used in different 

ecologies to validate this approach and to compensate the mineral fertilizer for sustainable agriculture. 
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Introduction 

Rhizosphere, the root soil interface, is relatively rich 

in nutrients has as much as 40% of the root exudates 

and supports diversified microbial population. 

Themicrobial diversity and functioning in the 

rhizosphere is responsible for healthy root, nutrients 

acquisition for plants and potential to combat 

numerous stresses (Cook, 2002).  

 

The root colonizing bacteria, exhibiting beneficial 

effects on the plants through direct and indirect 

mechanisms, are termed as plant growth promoting 

rhizobacteria (PGPR)(Kennedy, 2005; Wu et al., 

2005). The mechanisms adopted by PGPR for the 

plant growth promotion are not well established but 

literature inveterate the evidences of their 

utilitydirectly and indirectly (Khalid et al., 2006; 

Nadeem et al., 2009; Ahmad et al., 2011). 

 

The direct mechanisms by PGPR, for plant growth 

promotion are, production of phytohormones and 

siderophores production, solubilization of insoluble 

phosphates, asymbiotic N fixation, synthesize of 

antibiotics and enzymes and improvement in ion 

fluxes at root surface for better nutrient uptake 

(Mrkovacki and Milic, 2001; Bharathi et al., 2004; 

Ahmad et al., 2006; Salantur et al., 2006; Nadeem et 

al., 2009; Ahmad et al., 2011). Indirectly the PGPR 

suppress the plant pathogens (Jeun et al., 2004). The 

effectiveness of PGPR depends upon the root 

colonization potential. The versatile qualities of 

effective PGP Rare chemotaxis, motility, protein 

secretion and potential to use components of root 

exudates (Lugtenberg et al., 2001; Persello-Cartieaux 

et al., 2003; Gholami et al., 2009). 

 

The main genera involved in plant growth promotion 

and frequently reported by number of workers, are 

Azotobacter, Azospirillum, Bacillus, Pseudomonas, 

Enterobacter, Arthrobacter, Alcaligenes, 

Burkholderia, Klebsiella, Serratia and Rhizobium sp 

(Joseph et al., 2007).   

 

Azotobacter, a free-living, non-symbiotic, aerobic N2-

fixer, is well known PGPR and boosts up the legumes 

(Mrkovacki and Milic, 2001) and non-legumes 

(Gholami et al., 2009). Species of Azotobacter 

evidently affected the seed germination and seedling 

growth and thus enhanced the crop yields (Gholami et 

al., 2009)by the production of phytohormones, 

nutrient mobilization and suppression of plant 

pathogens (Murphy et al., 2000; Paul et al., 2011).  

 

Azospirillum, the most commonly studied organisms 

among the PGPR, a fine root colonizer, associative in 

nature and potential growth hormone producer, 

enhanced the yield of crops by improving the root 

architecture and consequently enhanced the nutrient 

uptake (Steenhoudt and Vanderleyden, 2000; 

Kennedy and Islam, 2001). Studies reported that free 

living diazotrophs applied in combination increased 

the yield of crops. Compared to single inoculants 

combination of PGPR resulted in todynamic 

rhizosphere of plants as that provide better root 

colonization, biostimulants, disease suppression and 

rhizoremediators (Ramamoorthy et al., 2001; Mahale 

et al., 2003; Kuiper et al., 2004; Khan et al., 2010; 

Saharan and Nehra, 2011). Present study was 

designed to assess the consortium of PGPR 

inoculation i.e. Azotobacter and Azospirillum, to the 

yield components of cotton under graded N levels.  

 

Materials and methods 

Isolation of Azotobacter and Azospirillum 

Rhizosphere soil samples of cotton, growing at 

various locations at Ayub Agri. Research Institute 

(AARI), Faisalabad, were collected. Their serial 

dilutions in sterilized distilled water were prepared 

and then inoculated into selective media of 

Azotobacter i.e. Jensen Agar medium (JAM) (Jensen, 

1953) and Azospirillum N-free biotin medium (Nfb) 

(Dobereiner and Pedrosa, 1987). Isolates of 

Azotobacter and Azospirillum sp were purified and 

screened out ontheir selective medium. Petri plates 

carrying Jensen agar medium (JAM) and Nfb were 

incubated at 28 ± 2 oC for 72 hours. Typical brownish 

colonies of Azotobacter sp were appeared on the 

Jensen’s medium while veil like pellicles were 

observed below the Nfb medium surface indicated the 

Azospirillum sp. The growth of Azotobacter and 

Azospirillum species were frequently purified on their 

respective medium to get pure cultures. 

http://en.wikipedia.org/wiki/Chemotaxis
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For further identification, presumptive/qualitative 

tests [indole, gram reaction, oxidase, bromothymol 

blue (BTB) and urease tests] were carried out as 

outlined in Bergey’s Manual of Systematic 

Bacteriology (Krieg and Holt, 1984).  

 

Determination of auxin biosynthesis 

Three isolates ofeach Azotobacter and Azospirillum 

species were selected and characterized for their 

auxin biosynthesis potential. Isolates of Azotobacter 

and Azospirillum were incubated for one week in the 

tubes containing general purpose medium 

(GPM).Auxin biosynthesis potential was determined 

as Indole-3-acetic acid (IAA) equivalents using 

Salkowski’s reagent as reported by Sarwar et al. 

(1992). On the basis of tests and auxin biosynthesis 

potential, isolates of Azotobacter (AZ3) and 

Azospirillumsp (AS3) were selected for the 

experimentation.  

 

Inoculum preparation 

Isolates of Azotobacter and Azospirillum sp were 

multiplied on the broth of their selective medium and 

incubated at 28 ± 2 oC under shaking at 100 rpm for 

three days to give an optical density of 0.5 recorded at 

535 nm. Peat based carrier was sterilized at 121 oC 

and 15 psi pressure for half an hour. Inocula of each 

isolate were made with 15% sugar solution, 25 mL 

broth in250 g of sterilized peat and incubated for 

three days. Inocula of both isolates were mixed in 1:1 

ratio with 15% sugar solution to cotton seed and were 

left for half an hour. 

 

Field experiments 

Field studies were conducted to assess PGPR 

inoculation (Azotobacter +Azospirillum) on the yield 

parameters of cotton at Cotton Research Station, 

Sahiwal. The pre-sowing soil sample was collected, air 

dried, thoroughly mixed, passed through 2 mm sieve 

and analyzed for various physico-chemical 

characteristics. Studies were conducted on the soil 

having pH, 8.13; electrical conductivity, 0.89 dS m-1; 

organic matter, 0.60%; total N, 0.034; available 

phosphorus, 7.43 mg kg-1soil. Standard agronomic 

and plant protection practices were followed. Data 

regarding seed cotton yield, number of bolls plant-1, 

plant population ha-1, boll weight, plant height, CLCV 

%, GOT and staple length were recorded. Data were 

subjected to statistical analysis fallowing randomized 

complete block design using Statistix v. 8.1 (Steel et 

al., 1997). The differences among the treatment 

means were checked by applying the Duncan’s 

multiple range tests (Duncan, 1955). 

 

Results 

Results regarding screening of Azotobacter and 

Azospirillum isolates were presented in Table 1. 

 

Table 1. Screening of isolates for different traits and biochemical, qualitative tests under study. 

Isolates IAA equivalents (µg mL-1) Gram reaction Oxidase test BTB test Urease test 

Azotobacter sp 

AZ1 3.46 -ve ++* +ve +++* 

AZ2 3.62 -ve ++ +ve + 

AZ3 3.79 -ve +++ +ve +++ 

Azospirillum sp 

AS1 3.57 -ve + +ve + 

AS2 3.46 -ve ++ +ve + 

AS3 3.73 -ve ++ +ve ++ 

 

*Qualitative tests: + sign shows the extent of color / mentioned activity of given tests compared to others. 

*+: light; ++: medium; +++: high; 

Figure 1. Inoculation effect on seed cotton yield with PGPR inoculation at graded N levels. 
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Results showed that three isolates of Azotobacter and 

Azospirillum sp produced IAA equivalents. The 

highest IAA equivalents i.e. 3.79 and 3.73 µg mL-1 by 

Azotobacter isolate AZ3 and Azospirillum sp AS3, 

respectively. Other biochemical tests like oxidase, 

BTB and urease tests were also performed and 

showed that isolates have variable degreeof above 

mentioned isolates.   

 

Results revealed that consortium of PGPR i.e. 

Azotobacter and Azospirillum sp positively 

influenced the yield components of cotton at all the 

three levels of N (Figure 1). Increase in seed cotton 

yield with PGPR inoculation was 15.08, 14.08, and 

10.72 % over their respective controls viz; 60, 90 and 

120 kg N ha-1, respectively. The maximum seed cotton 

yield (2478 kg ha-1) was observed at highest N level 

with PGPR inoculation. 

Table 2. Inoculation effect on number of bolls plant-1, boll weight and plant height of cotton.   

Treatments 

kg N ha-1 

No. of bolls plant-1 Boll weight (g) Plant height (cm) 

Un-inoculated Inoculated Un-inoculated Inoculated Un-inoculated Inoculated 

60 17 e* 19 d 2.84 d 3.01 c 101.5 e* 106.5 d 

90 21 c 24 b 3.04 c 3.21 b 110.9 c 117.8 b 

120 23 b 25 a 3.20 b 3.34 a 119.3 b 126.9 a 

LSD 1.17 0.07 3.76 

 

Data regarding number of bolls plant-1, boll weight 

and plant height (Table 2) clearly demonstrated that 

inoculation of PGPR consortium increased the 

number of bolls plant-1 and boll weight significantly. 

The highest number of bolls i.e. 25 plant-1 and average 

boll weight i.e. 3.34 g boll-1were observed at highest N 

level with application of PGPR consortium. 

Application of graded N levels also affected the 

number of bolls and boll weight significantly. Increase 

in plant height (Table 2) with consortium of PGPR 

inoculation was 4.93, 6.22, and 6.37 % over their 

respective controls viz; 60, 90 and 120 kg N ha-1, 

respectively. The maximum plant height (126.9 cm) 

was observed with inoculation @ 120 kg N ha-1.

 

Table 3. Inoculation effect on CLCV, GOT and Staple length of cotton.   

Treatments 

kg N ha-1 

CLCV Infestation (%) GOT (%) Staple length (mm) 

Un-inoculated Inoculated Un-inoculated Inoculated Un-inoculated Inoculated 

60 46.8 a 41.3 c 37.1 e* 37.9 c 27.0 e 27.4 c 

90 43.1 b 38.9 d 37.6 d 38.4 b 27.2 d 27.7 b 

120 41.0 c 36.0 e 37.9 c 38.8 a 27.5 c 27.8 a 

LSD 1.10 0.29 0.13 
 

*Means sharing the same letter(s) in a column do not differ significantly at p<0.05 according to Duncan’s 

Multiple Range Test. 

Data regarding CLCV infestation, GOT and staple 

length is presented in Table 3. Results showed that 

consortium of PGPR affected the plant height and 

CLCV % positively. Higher CLCV % was observed at 

lower level of N but it was reduced with inoculation. 

The least CLCV % i.e.36 % was observed with 

inoculation at highest N level compared to the 

respective 41 % of control, and 

it was 12 % less than the un-inoculated treatment. 

The GOT and staple length was significantly increased 

with inoculation.  

 

The graded levels of N enhanced GOT and staple 

length and the effect was more pronounced with 

microbial inoculation. The highest GOT and staple 

length was observed with inoculation i.e. 38.8 % and 

27.8 mm at 120 kg N ha-1, respectively.   
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Discussion 

Isolations of Azotobacter and Azospirillum sp were 

carried out by serial dilutions from the cotton rhizosp 

here. Three isolates of each Azotobacter and 

Azospirillum were screened out for the auxin 

biosynthesis as IAA equivalents (Sarwar et al., 1992; 

El-Komy, 2005). The tested isolates of Azotobacter 

and Azospirillum sp produced variable degrees of IAA 

equivalents. Microbial production of auxins in the 

solution culture and in soil was reported by many 

researchers affecting the plant growth (Sarwar et al., 

1992; Martins et al., 2004; Khalid et al., 2006).  

 

Inoculation of PGPR consortium comprising of 

Azotobacter and Azospirillum sp in 1:1ratio was 

checked for the growth and yield promotion of cotton. 

Different rates of N viz. 60, 90 and 120 kg ha-1and 

uniform dose of P i.e. 60 kg ha-1 was applied in 

RCBD-factorial arrangements.  

 

 

Fig. 1. Inoculation effect on seed cotton yield with PGPR inoculation at graded N levels. 

Results demonstrated that inoculation of Azotobacter 

and Azospirillum sp enhanced the yield components 

of cotton at all N levels compared to respective un-

inoculated controls (Pandey and Kumar, 1998; 

Mahale et al., 2003). Azotobacter and Azospirillum 

sp having the potential of phytohormone production 

and root colonizing ability increased the root surface 

area, nutrient availability and root shoot growth 

(Anjum et al., 2005; 2007; Paul et al., 2011). 

Inoculation of PGPR consortium improved the seed 

cotton yield, planting density, number of bolls plant-1, 

boll weight, plant height, CLCV, GOT and staple 

length of cotton. Our results corroborated with the 

work of many researchers who verified the PGPR 

influence on growth of crops (Egamberdiyeva et al., 

2004; Anjum et al., 2005; El-Komy, 2005; Anjum et 

al.,2007; Sridevi and Ramakrishnan, 2010; ; Ahmad 

et al., 2011; Paul et al., 2011).  

Anjum et al. (2007) observed an increase in GOT and 

staple length in the inoculated treatments yet the 

increase was statistically non-significant while Akhtar 

et al. (2010) reported significant increase in GOT and 

staple length. Sridevi and Ramakrishnan (2010) 

reported that dual inoculation of PGPR had a 

synergistic effect on plant height, boll weight and seed 

cotton yield. Combined application of Azotobacter 

and Azospirillum sp affected the yield components 

like number of bolls plant-1, boll weight and plant 

height of cotton at all N levels might be attributed to 

biosynthesis of phytohormones, rhizosphere 

colonization and more nutrient availability as 

reported by many researchers (Egamberdiyeva, 2007; 

Khan et al., 2010). Azotobacter and Azospirillum sp 

having the potential of plant hormone production 

might be responsible for better root architecture and 

ultimate increase in nutrient uptake. (Zahran, 2001; 

Mahale et al., 2003).  
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The presence of high population in the inoculated 

treatments than un-inoculated controls might be 

attributed to the induced systemic resistance 

(Ramamoorthy et al., 2001). Plant growth promoting 

rhizobia (PGPR) mediated structural modifications, 

biochemical and physiological changes in plant cell 

wall due to the synthesis of salicylic acid, 

lipopolysaccharides and siderophores (Ramamoorthy 

et al., 2001; Nadeem et al., 2009; Ahmad et al., 2011).  

 

Cotton leaf curl virus (CLCV) not only affects the yield 

but also deteriorates the fiber quality and its attack 

may be diluted by PGPR inoculation (Khan et al., 

2010; Farooq et al., 2011). Reduced incidence of 

CLCV in the inoculated treatments at all N levels 

might be attributed to microbial induced systemic 

resistance, root colonization resulting in better 

nutrient uptake, vigor and acquired systemic 

resistance in cotton (Ramamoorthy et al., 2001; 

Mahale et al., 2003; Khan et al., 2010).  

 

Many mechanisms were reported by numerous 

scientists like production of antibiotics, siderophores 

and hydrogen cyanide having detrimental effect on 

the pathogens (Ramamoorthy et al., 2001; Zehnder et 

al., 2001; Vessey, 2003; Ahmad et al., 2011). Number 

of evidences confirmed that above mentioned 

mechanisms involved in the suppression of fungal 

and viral diseases like cucumber mosaic virus, cotton 

leaf curl virus, tomato viruses, blue mold of tobacco 

and control of bacterial angular leaf spot and 

anthracnose (Murphy et al., 2000; Zehnderet 

al.,2000; Zehnder et al., 2001; Zhang et al., 2002; 

Anjum et al., 2005; Sridevi and Ramakrishnan, 2010; 

Paul et al., 2011). Similarly, Saharan and Nehra 

(2011) reported that PGPR inoculation enhanced the 

yield parameters of cotton and decreased the 

pathogen influence. Results demonstrated that 

stimulation in plant growth by improvement in plant 

height, number of bolls and boll weight, yield and 

fiber quality like GOT and staple length might be 

owed to balanced acquisition of nutrients and 

hormonal balance (Anjum et al., 2007; Akhtar et al., 

2010; Paul et al., 2011).  

 

Study clearly demonstrated that PGPR consortium 

can play a vital role in growth and yield of cotton and 

further field studies should be carried out to test the 

technology at large and validate this approach.   
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