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Abstract 
Effect of NaCl on the growth and PGPR activity of Pseudomonas aeruginosa, P. putida, P. cepacia and  
P. fluorescens was observed in this study. Four major PGPR activities such as Indole acetic acid (IAA), 
Hydrogen cyanide (HCN), Siderophore and Phosphorous solubilization were analyzed in this study. 
Effect was observed in 0 to 3% NaCl. Results suggested that above 1.75% NaCl concentration in medium, 
the survival number of Pseudomonas was gradually reduced. All strains produced optimum IAA in NaCl 
concentration from 0 to 0.75% but higher concentration of NaCl delayed IAA production in Pseudomonas 
strains. All Pseudomonas strains produced optimum HCN production in 0 to 1% NaCl but as the 
concentration increased from 1.25 to 2.25% in medium, HCN production time varied from 24 h to 
approximately 48 h and above 1% NaCl concentration, Pseudomonas strains delayed siderophore 
production. All Pseudomonas strains produced optimum P-solubilization in presence of NaCl concentration 
from 0 to 1.25% but higher concentrations increased time of P-solubilization from 48 to 72 h. 
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Introduction 
Plant Growth Promoting Rhizobacteria (PGPR) are a 
group of bacteria that actively colonize plant root and 
increase plant growth by production of various plant 
growth hormones, P-solubilizing activity, N2 fixation and 
biological activity (Deshwal et al., 2003, 2010, 2011).  
Few strains from genera such as Pseudomonas, 
Azospirillium, Azotobacter, Bacillus, Burkholderia, 
Enterobacter, Rhizobium, Erwinia and Flavobacterium 
are well known PGPRs (Rodriguez and Fraga, 1999; 
Misko and Germida, 2002). Recently, Shen et al. (2013) 
reported Pseudomonas chlororaphis, P. fluorescens,  
P. aeruginosa, P. stutzeri strains were PGPRs. 
 
Plant growth promoting pseudomonads produce IAA, 
HCN, siderophore and P-solubilization. Recently, 
Bharucha et al. (2013) observed Indole-3-acetic acid 
production in nine plant growth-promoting rhizobacteria 
isolated from the rhizospheric soil of alfalfa (Medicago 
sativa) and maximum amount of IAA was identified in 
Pseudomonas putida UB1. Sulochana et al. (2013) 
reported production of siderophores by Pseudomonas 
species which play a vital role in controlling several plant 
diseases and observed production of siderophore by 
Pseudomonas aeruginosa JAS-25 in King B medium at 
400 nm. Wensing et al. (2010) stated that use of 
naturally occurring microbial antagonists to suppress 
plant diseases offers a favorable alternative to classical 
methods of plant protection and observed that soybean 
epiphyte Pseudomonas syringae pv. syringae strain 
22d/93, siderophore producing strains showed great 
potential for controlling P. syringae pv. glycinea, the 
causal agent of bacterial blight of soybean.  

Devi et al. (2013) reported that bacterial HCN production 
is catalyzed by the membrane-bound enzyme, HCN 
synthase and mentioned that this hcnAB gene was 
present in Pseudomonas sp. Deshwal and Kumar 
(2013a) mentioned that PGPR Pseudomonads strains 
produced IAA, HCN, siderophore and P-solubilization.  
Rajasankar et al. (2013) isolated pesticide tolerant and 
phosphorus solubilizing Pseudomonas sp. SGRAJ09 
from pesticides treated Achillea clavennae rhizosphere 
soil. Kannahi and Kowsalya (2013) isolated phosphate 
solubilization, IAA producing Pseudomonas fluorescens 
and reported that PGPR strains enhanced growth in 
Vigna mungo. Reports suggest that amount of salt that 
affected land worldwide is estimated to be 900 million ha, 
it’s 6% of the global total land mass (Flowers, 2004). 
Paul and Nair (2008) mentioned that the saline areas 
under agriculture are increasing every year across the 
globe. Tank and Saraf (2010) reported salinity as one of 
the major anthropogenic as well as environmental 
stresses that reduced plant growth. Previously, Han and 
Lee (2005) observed that increasing salinity in the soil 
decreased plant growth, photosynthesis, stomatal 
conductance, chlorophyll content and mineral uptake 
compared to soil without salinity. Shukla et al. (2012) 
reported that salinity adversely affects plant growth and 
development. Salt tolerant plant growth promoting 
rhizobacteria reduced the impact of salinity on plant 
growth and improved productivity. Upadhyay et al. (2011) 
mentioned salt-tolerant PGPR can play an important role 
in alleviating soil salinity stress during plant growth and 
bacterial exopolysaccharide (EPS) can also help to 
mitigate salinity stress by reducing the content of Na+ 
available for plant uptake.  
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Similarly Ahmad et al. (2011) observed that salinity 
stress significantly reduced plant growth but inoculation 
with PGPR containing ACC deaminase and rhizobia 
enhanced plant growth, thus reducing the inhibitory effect 
of salinity. Kohler et al. (2010) conducted experiments 
and observed that plants inoculated with P. mendocina 
had significantly greater shoot biomass than the control 
plants at various salinity levels. Abbaspoor et al. (2009) 
mentioned that PGPR Pseudomonas fluorescens 153, 
169, P. putida 108 effectively multiply in saline soil.  
Few plant growth promoting Pseudomonas had ability to 
survive under saline condition and enhanced the plant 
growth in maize (Kausar and Shahzad, 2006), cotton 
seedling (Yao et al., 2010) and Cicer arietinum L. (Mishra 
et al., 2010). Pseudomonas strains have capability to 
survive and multiply in saline conditions. Matsuguchi and 
Sakai (1995) reported populations of total bacteria and 
gram negative bacteria did not change significantly 
through salinity, while the populations of total fluorescent 
pseudomonads apparently increased. Above literature 
suggested that salt is one of the major problems in 
agriculture and affect on growth of soil microflora. 
Therefore, against these backdrops, this study was 
carried out to evaluate the effect of salt on the growth 
and PGPR activity of previously characterized 
Pseudomonas strains. 
 
Materials and methods  
Pseudomonas strains: Previously characterized strains 
namely 55 Pseudomonas aeruginosa, 22 P. putida,  
26 P. cepacia and 37 P. fluorescens strains were 
selected for present study. The PGPR activities of 
individual strains were previously reported by Deshwal 
and Kumar (2013a). 
 
Effect of salt on growth of Pseudomonas strains: NaCl 
incorporated into trypticase soy agar medium and 
various concentrations of NaCl (0 to 3%) were added to 
the medium and the test bacterial strains were streaked. 
   
Effect of NaCl on PGPR activity of Pseudomonas strains:   
(i) Indole production test: NaCl added into tryptone broth 
and transferred into test tubes. Control tube did not 
contain NaCl. After sterilization, these test tubes were 
then inoculated with the test culture and one tube was 
kept uninoculated as control and inoculated tubes were 
incubated at 28oC for 24 h. After 24h of incubation, 1 mL 
of kovac’s reagent was added to each tube including 
control, shaked the tubes gently after intervals for 10-15 
min and allowed tubes in standing position. Development 
of cherry red colour in the top layer of the tube indicated 
a positive result.  
 
(ii) HCN production: Pseudomonas strains were streaked 
on NaCl-TSM medium supplemented with 4.4 g/L glycine 
with filter paper soaked in 0.5% picric acid in 1% Na2CO3 
in the upper lid of petri plate.  
 

 
The plates were sealed with paraffin and control plates 
did not receive any Pseudomonas inoculum. Plates were 
incubated at 28oC for 1-2 d. Change in colour of the filter 
paper from yellow to brown indicates HCN production. 
 
(iii) Siderophore production: Pseudomonas strains were 
spread over NaCl-tryptic soya agar medium and tryptic 
soya agar. Plates ware incubated at 28±1oC for 24 h. 
Thereafter, a thin layer of CAS reagent in 0.7% agar was 
spread over the colonies of Pseudomonas and plates 
were reincubated at 28 ± 1oC for 24-48 h. Observe 
formation of yellow-orange halo around the colony 
showing siderophore production. 
 
(iv) P-solubilization test: Characterized Pseudomonas 
strains were transferred on NaCl-Pikovskya’s agar 
medium and Pikovskya’s agar medium. Plates were 
inoculated at 28±1oC for 3-5 d and clear zone around the 
colony showed P-solubilization. 
 
Results  
All strains showed normal growth on medium containing 
0.25 to 1.25% NaCl as compared to control medium.  
All Pseudomonas aeruginosa and P. fluorescens strains 
showed growth in medium containing 1.5% NaCl. Above 
1.75% NaCl concentration in medium, the survival 
number of Pseudomonas gradually reduced. No strains 
of P. cepacia can tolerate 2.5% NaCl. No strains 
survived in 3% NaCl concentration (Fig. 1). All strains 
produced optimum IAA in NaCl concentration from 0 to 
0.75%. Above 0.75% NaCl, Pseudomonas strains 
delayed IAA production. As concentration of NaCl 
increased from 1 to 2% NaCl in medium, Pseudomonas 
showed delayed IAA production from 24 to 36 h. All 
Pseudomonas except P. cepacia failed to produce IAA at 
2.5% NaCl (Fig. 2). All Pseudomonas strains produced 
optimum HCN in medium containing o to 1% NaCl. 
Above this concentration, Pseudomonas strains delayed 
HCN production. As concentration of NaCl increased 
from 1.25 to 2.25% NaCl, the HCN production time 
varied from 24 to approx. 48 h. Pseudomonas cepacia 
showed HCN production in medium amended with 2.25% 
NaCl after 36 h (Fig. 3).  
 
All Pseudomonas strains produced optimum siderophore 
production in presence of o to 1% NaCl. Above this 
concentration, Pseudomonas strains delayed 
siderophore production. As concentration of NaCl 
increased from 1.25 to 2.25%, siderophore production 
time of the strains varied from 24 to 48 h except P. 
cepacia which showed siderophore production after 36 h 
in medium amended with 2.25% NaCl (Fig. 4).  
Pseudomonas strains produced optimum P-solubilization 
in presence of 0 to 1.25% NaCl. As the concentration of 
NaCl increased from 1.5 to 2.25%, production time of  
P-solubilization of all Pseudomonas strains increased 
from 48 to 72 h (Fig. 5). 
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Fig. 1. Effect of NaCl on growth of Pseudomonads. 

 
 

 
Fig. 2. Effect of NaCl on IAA production of Pseudomonads. 

 
 
 

Fig. 3. Effect of NaCl on HCN production of Pseudomonads. 

 
 

 
 

Fig. 4. Effect of NaCl on siderophore production of Pseudomonads. 

 
 
 

Fig. 5. Effect of NaCl on P-solubilization of Pseudomonads. 

 
 
Discussion  
Pseudomonas is a well-known plant growth promoting 
bacteria. Our results suggest that all Pseudomonas 
strains tolerated 1.25% NaCl in medium. But plant 
growth activity was more affected as compared to 
growth. All Pseudomonas strains produced normal 
PGPR activity of IAA, HCN, siderophore and  
P-solubilization up to 0.75, 1, and 1.25% respectively. 
This showed that low concentration of NaCl affected 
more IAA production as compared to other PGPR 
activities. Literature suggests that salt concentration 
reduces plant growth and soil microflora but under saline 
condition, some plant growth promoting rhizobacteria 
effectively colonize in rhizosphere and improves the plant 
growth. Recently, Deshwal and Kumar (2013b) 
mentioned that Pseudomonas strains effectively 
produced PGPR activity under stress condition. 
Previously, Egamberdieva (2009) mentioned that 
Pseudomonas aureantiaca TSAU22, P. extremorientalis 
TSAU6 and P. extremorientalis TSAU20 significantly 
produced IAA under saline conditions.  
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Upadhyay et al. (2011) supported that salt-tolerant 
PGPR can play an important role in alleviating soil 
salinity stress during plant growth. Khare et al. (2011) 
clarified the ability of fluorescent Pseudomonas strain 
EKi, in production of bio-control and plant growth 
promontory metabolites under saline stress.    
 
Conclusion   
This study concluded that all strains of Pseudomonas 
aeruginosa, P. putida, P. cepacia and P. fluorescens 
strains were able to survive up to 2.5% NaCl 
concentration in the medium. Approximately 5.45% 
Pseudomonas aeruginosa strains survived in 2.75% 
NaCl and also showed IAA, HCN, siderophore and  
P-solubilization. IAA is more sensitive towards NaCl as 
compared to other PGPR activities and these 
observations indicated that the test PGPR strains 
effectively works under saline conditions. 
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