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Abstract
Stress tolerating strain of Pseudomonas aeruginosa PF07 possessing plant growth promoting activity was screened for the production of exopolysaccharides (EPS). 
EPS production was monitored in the cell free culture supernatant (CFCS) and extracted EPS was further purified by thin layer chromatography. EPS producing 
cells were taken to design talc based formulation and its efficacy was checked on oilseed crop sunflower (Hellianthus annuus), under in vivo saline conditions (soil 
irrigated with 125 mM of saline water). Application of bioformulation significantly enhanced the yield and growth attributes of the plant in comparison to control 
(untreated seeds) under stress and non-stress conditions. Germination rate, plant length, dry weight and seed weight increased remarkably. The above findings sug-
gest the application and benefits of utilizing EPS formulation in boosting early seedling emergence, enhancing plant growth parameters, increasing seed weight and 
mitigating stress in saline affected regions. Such  bioformulation may enhance RAS/RT (Root Adhering Soil to Root Tissue ratio), texture of the soil, increase poro-
sity, improve uptake of nutrients, and hence may be considered as commercially important formulation  for renovation of stressed sites and enhancing plant growth. 
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Introduction
 
Sunflower (Helianthus annuus L.) belonging to the 

family Asteraceae is an important oil seed crop grown 
in India (1). Oilseed crops, including sunflower have 
served as backbone of Indian economy since time im-
memorial, but nowadays the production is declining 
due to several abiotic stressors. Salinity is one of the 
major abiotic stress factor limiting plant growth and 
productivity (2). The total salt-affected land worldwide 
is estimated to be 900 million hectares, 6% of the total 
global land mass (3). In India about ten million-hectares 
of land is suffering from the constraint of salinization 
and Uttar Pradesh has about 1.28 million hectare saline 
soils (4, 5). Nowadays sunflower production is severely 
affected by several biotic and abiotic stresses. In fact 
salinity is one of the major stressors resulting in more 
than 60% loss in the sunflower production  around the 
globe (6). 

The extensive use of synthetic organic chemicals in 
the past decades has led to a number of long-term envi-
ronmental problems. Repeated use of external inputs 
destroys the soil biota and reduces the nutritive value 
of soil, resulting in salinization which causes various 
stresses in agricultural plants (7). The need of the day 
is sustainable agriculture without harming the delicate 
balance of soil ecology as well as unlocking the mystery 
of biota influencing plant growth by using plant growth 
promoting rhizobacteria (PGPR) (8). The development 
of biological products based on beneficial microorga-
nisms can extend the range of options for maintaining 
the healthy yield of crops under stress conditions such 
as salinity. In recent years, a new approach has been 
developed to alleviate salt stress in plants and that is by 
treating crop seeds and seedlings with tolerant PGPR 

strains (9).
Soil-borne fluorescent pseudomonads have received 

particular attention as PGPRs throughout the globe be-
cause of their catabolic versatility, excellent root colo-
nizing ability and their capacity to produce a wide range 
of metabolites that favor the plant withstand under va-
ried biotic conditions (10). Exopolysaccharides (EPS) 
produced by bacterial cells are instrumental in impar-
ting stress tolerance to bacterial cell, but relatively little 
attention has been paid on this subject, particularly on  
EPS-producing fluorescent Pseudomonads and biofor-
mulations developed from them (9). As the saline areas 
under agriculture have been on the rise every year across 
the globe, this is a matter of serious concern, but uptill 
now no possible remedy has been developed as regard 
to it (11). Thus delivering the stress tolerating PGPR, to 
the sunflower plant and soil in an effective way can go 
a long way in enhancing crop yields and remediation of 
saline soils.

Materials and methods

Bacterial strains 
Bacterial strains were isolated from the rhizosphe-

ric region of the sunflower crop (Helianthus annuus) 
growing in semiarid conditions of west Kanpur, (20°38ʹ 
E and 80°21ʹ N; temperature maximum 48°C and mi-
nimum 1°C) (Uttar Pradesh, Northern India). Isolates 
were tested for morphological, physiological and bio-
chemical characters according to Bergey’s Manual of 
Systematic Bacteriology (12). On the basis of salinity 
stress tolerance capacities and plant growth promoting 
(PGP) qualities, isolate PF07 was selected and further 
identified by analysis of 1.5 kb 16S rRNA sequences. 
16S gene sequence was queried for similarities with 
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BLAST (13) and with the Ribosomal Database Pro-
ject (RDP) (14). Bacterial strain PF07 was identified 
as Pseudomonas aeruginosa, purified and maintained 
on stress tolerant Davis minimal medium (DMM) agar 
slants at 4˚C for further use (15,16). DMM was selected 
as it is a minimal media that provides conditions almost 
similar as faced by bacteria under natural stress envi-
ronment.

Plant growth promoting attributes under saline condi-
tions

PF07 was checked for plant growth promotory (PGP) 
attributes including phosphate solubilization, indole 
acetic acid (IAA) production, HCN production, side-
rophore production, chitinase, β-1-3 glucanase activity 
and EPS production abilities under saline (0 to 1600 
mM NaCl) and non-saline conditions (0 mM NaCl). 
Phosphate solubilizing activity of PF07 was tested by 
spot inoculation on Pikovskaya’s medium (17) and IAA 
production was detected in culture filtrate using sal-
kowski’s reagent (1 ml of 0.5 M FeCl3 in 50 ml of 35% 
HClO4) (18). HCN production was checked by obser-
ving the change in color of the filter paper impregnated 
with 0.5% picric acid in 1% Na2CO3 (19), whereas,

siderophore production was determined on Chrome-
Azurol S medium according to Schwyn and Neilands 
(20). Extracellular chitinase activity was determined 
by spot inoculation on solid chitin minimal medium 
(CMM) whereas β-1,3 glucanase enzyme was assayed 
according to Dunne et al. (21), and EPS production was 
monitored by chilled ethanol precipitation method (22, 
23). 

Chemical mutagenesis for developing EPS-defective 
mutant

A loopful of PF07 cells were inoculated into 10 ml of 
DMM broth (16) and incubated at 28°C upto log phase. 
Subsequently 100 μg ml-1 5-bromouracil was added 
and further incubated for 02 h. Cells were centrifuged, 
washed thrice with sterile water, and resuspended in 10 
ml of DMM broth and mutants were fixed by overnight 
incubation at 28°C. The mutant bank was stored in 25% 
glycerol at -40°C (10). The clones of mutant bank were 
screened for saline tolerance and EPS production accor-
ding to Sandhya et al. (23). The wild isolate PF07EPS+ 
served as a control in the mutant screening test. Maxi-
mum EPS defective mutant was marked as PF07EPS -. 
Mutagenic procedure worked effectively as EPS defec-
tive mutant PF07EPS- was repeatedly checked on DMM 
media for stability.

Salinity Tolerance Assay
The log phase cultures (OD610 = 0.1) of PF07EPS+  

and PF07EPS - were  inoculated in DMM broth, amended 
with different concentrations of  NaCl (0 to 1600 mM)  
and incubated at  28°C. Optical density was measured at 
610 nm by spectrophotometer (GENESYSTM6, Model, 
335908-02) up to stationary phase (120 rpm). The expe-
riment was conducted in five replicates.

Effect of salinity stress on EPS production
To determine the effect of saline stress (0-1600 mM) 

conditions on EPS content, selected isolate  PF07 EPS+   
and its mutant PF07EPS - were  grown in DMM broth, 

with gradients of NaCl concentrations (0-1600 mM) for 
seven days. Cells were harvested by centrifugation (10 
min at 11,000 x g). The supernatant was filtered through 
0.45 μm nitrocellulose membrane, two volumes of cold 
ethanol were added to culture supernatants and stored 
overnight at 4°C. Precipitate was collected by centri-
fugation (20 min at 2,500 x g), suspended in deminera-
lized water, and mixed with 2 volumes of cold ethanol. 
Samples were centrifuged (2,500 x g) and the pellets 
were dried at 100°C and weighed. The amount of EPS 
was expressed as polymer dry mass and expressed in g/l 
(22, 23). 

Components of EPS 
The precipitated EPS obtained from PF07 EPS+ at dif-

ferent levels of salinity was hydrolyzed with 2 volumes 
of 2.5 M H2SO4 at 100°C for 1 h. The solution was neu-
tralized with 1 M sodium carbonate and spotted on the 
silica gel plate (Silica gel 60F 254; Merck). The plate 
was developed in a thin layer chromatography (TLC) 
chamber using n-butanol: acetic acid: water (4:1:5v/v) 
as the mobile phase at room temperature. The plate was 
dried, sprayed with alkaline potassium permanganate, 
and incubated at 100°C for 10 min. The Rf values of the 
colored spots were measured and compared with those 
of standard carbohydrates (glucose, mannose, fructose, 
mannitol, arabinose, xylose, rhamnose, raffinose, galac-
tose) (24).

Determination of the carbohydrate content in the EPS 
The carbohydrate concentrations were determined 

according to Gaudy’s method (25). The precipitated EPS 
obtained from PF07 EPS+  at different levels of salinity (0 
to 1600 mM NaCl) was hydrolyzed with 2 volumes of 
2.5 M H2SO4 at 100°C for 1 h. Briefly, cell free culture 
supernatant (CFCS) was dissolved in phosphate buffer 
(1ml) and added to 10 ml sterile test tubes. Freshly pre-
pared Anthrone solution (1ml) was added in each test 
tube. The mixture was incubated in a water bath at 95° 
C for 15 min. After incubation, the mixture was allowed 
to cool to room temperature. Cooled aliquots (200 μl) 
were transferred to micro plate wells and read at 620 
nm using an Elisa plate reader (Thermo scientific Mul-
tiskan Ex Type 355). Glucose was used as a standard to 
construct a standard curve. 

Determination of the protein content in the EPS 
Protein content, were determined by the modified 

method of Lowry (26). EPS (10 μl) was dissolved in 
phosphate buffer and inoculated into wells of a micro 
titter plate. Control wells were inoculated with phos-
phate buffer. Comassie plus reagent (300μl) was added 
to each well. The plate was incubated at room tempera-
ture for 10 min. After incubation, absorbance was read 
at 595 nm using an Elisa plate reader, (Thermo scientific 
Multiskan Ex Type 355).  Bovine serum albumin (BSA) 
was used as a standard to construct the standard curve. 

Talc-Based Formulation from EPS producing bacte-
rial Cells

The talc-based formulation from PF07EPS+ and 
PF07EPS - were developed by following the method des-
cribed by Vidhyasekaran and Muthailan (27). In brief, 
one kilogram of talc powder was taken and pH adjusted 
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The effect of treatments was determined under 
control (received only normal irrigation water) and sa-
line (irrigated as per requirement with 125 mM NaCl 
solution) conditions (30). Five plants from each set were 
taken randomly to determine root associated soil / root 
tissue ratio (RAS/RT). Plant watering was stopped 6 
days before harvesting to facilitate the separation of root 
associated soil from bulk soil. Roots with adhering soil 
were carefully separated from bulk soil by gentle agita-
tion for 1 min. RAS was removed from RT by washing 
them in sterile water. RAS dry mass (dm) and RT dm 
were measured after 24 h at 105°C, to calculate RAS/
RT. Other plant growth parameters including (shoot and 
root length, fresh weight, dry weight, head diameter and 
seed yield) and were measured after 120 days. 

Statistical analysis 
The data generated during quantitative evaluation 

of EPS and plant growth parameters were analyzed by 
means of analysis of variance (ANOVA), and means 
were compared by the Duncans Multiplicity  Test Range 
(DMRT) using the SPSS software (ver. 10.1, SPSS Inc., 
www.spss.com). The significance level for the analysis 
was p=0.05.

Results

Bacterial strains 
Isolate PF07 was selected from the collection of 

pseudomonads, as it displayed maximum salinity tole-
rance capacity and high EPS production. Isolate PF07 
was fluorescent, Gram negative, motile rod, oxidase 
and catalase positive indicating according to Bergey’s 
Manual of Systematic Bacteriology (12) to be a mem-
ber of the genus Pseudomonas. Based on biochemical, 
physiological characteristics, and nucleotide homology, 
isolate PF07 displayed maximum relatedness to Pseu-
domonas aeruginosa.

Plant growth promoting attributes 
PF07 was positive for siderophore, IAA production 

but negative for phosphate solubilization, HCN pro-
duction, chitinase and β-1-3 glucanase. The produc-
tion of IAA (in supernatant) and siderophore (on CAS 
agar plate) got drastically reduced with increase in salt 
concentration and was completely inhibited at 100 mM 
NaCl concentration. On the other hand an increase in 
EPS production was recorded with progressive increase 
in salinity in precipitated supernatant upto 1600 mM 
NaCl.

Chemical mutagenesis for developing EPS - defective 
mutant 

Of the 100 mutant clones, 5 were identified as de-
fective for EPS production. One of these mutants had 
stable mutation. EPS defective mutant PF07EPS - showed 
reduction of 92% in EPS production in comparison to 
wild strain PF07EPS+. However, all the other PGP charac-
ters including IAA and siderophore were significantly 
similar to the wild strains.

Salinity tolerance Assay 
Isolate PF07 EPS+ could tolerate salinity level upto 

1600 mM (9.6 %). Salt shock with 100 mM NaCl did not 

to neutral by adding CaCO3 at the rate of 15 g/kg. The 
400 ml of 7 days grown bacterial suspension was mixed 
separately with carrier-cellulose mixture under aseptic 
conditions. After drying (approximately 35% moisture 
content) overnight under sterile conditions, it was pac-
ked in polypropylene bag, sealed, and stored at room 
temperature to determine population density for 180 
days. The population density was measured by mixing 1 
g of the bioformulation in 10 ml of distilled water asep-
tically and serially diluted to 10-6 and 10-7. The prepared 
bioformulation from PF07EPS+ and PF07EPS -   were taken 
for coating sunflower seeds. 

In vitro PGP activity 
The study was conducted to detect PGP response 

ability of PF07EPS + and PF07EPS -, taking sunflower as the 
test crop under saline and non-saline conditions. Seeds 
of sunflower were surface sterilized for 2 min with 
70% ethanol followed by 2% sodium hypochlorite (10 
min). Surface sterilized seeds of sunflower were soaked 
in suspension of talc-based formulations in sterile dis-
tilled water (SDW) (1:1 w/v) for 01 h, and then dried 
under shade (28). The seeds were germinated in glass 
tubes of 50 ml capacity (2 seeds per tube), 1/3 filled 
with autoclaved plant growth media (PGM) (containing 
1.2 mM K2HPO4, 0.4 mM KH2PO4, 5 mM CaCl2, 3.35  
mg ferric citrate l-1 , 2.5 Mm Mg SO4, 2.5 mM K2SO4, 
10 μM MnSO4,  20 μM H3BO3, 5μM  ZnSO4, 0.2 μM 
CuSO4, 1.5 μM CaSO4, 1.0 μM NaMoO4, 1% agar, with 
pH 6.8) (29) supplemented with 125 mM NaCl (as sun-
flower seedlings displayed germination only up to 125 
mM salinity level) and without NaCl in following sets 
of treatments: (i) non bacterized seeds (untreated seeds, 
control); (ii) seeds coated with talc formulation (unbac-
terized formulation) (iii) seeds treated with talc based 
formulation of PF07EPS+;  (iv) seeds treated with talc 
based formulation of PF07EPS -.

In vivo (pot study) PGP Activity 
Experiment was conducted in small plastic pots 

(24×12×12 cm) during the month of March-June in year 
2012 and 2013 (for two consecutive years). The expe-
riment was conducted in sterilized soil supplemented 
with 125 mM NaCl (as sunflower seedlings displayed 
germination only up to 125 mM salinity level) and wit-
hout NaCl in similar sets of treatments as mentioned in 
in planta studies.

Figure 1. Salinity tolerance assay of PF07. Error bars show the 
standard deviation of the mean values of five replicates. Five samples 
were analyzed for each replication, and each treatment consisted of 
five replications.
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NaCl) (Table 1).
Talc-Based Formulation from EPS producing Bacte-
rial Cells

Talc based formulation showed 12.5%, 18.75%,  
25%, 31.25%  and 37.5%  reduction  in bacterial popu-
lation after 30, 60, 90, 120 and 150 days of formual-
tion storage, respectively colony forming units (cfu) 
count after six month storage showed 42.5% reduction 
in PF07EPS+ population in talc based formualtion. Whe-
reasmutant strain PF07EPS- brought 71.4% reduction in 
population density of bacterial cells, after six months 
storage (Fig. 2).

In planta PGP activity 
Treatment of seeds with talc based bioformulation 

of EPS producing cells (PF07EPS+) showed significant 
increase in germination % in comparison to EPS mutant 
cells (PF07EPS-) especially under saline (125 mM NaCl) 
conditions. Talc based bioformulation of PF07EPS+ 
brought 30% and 50% increment in germination % in 
comparison to mutant PF07EPS- cells under non - sa-
line and saline conditions, respectively. Treatment by 
PF07EPS+ formulation brought increment in root length, 
shoot length, fresh weight and dry weight by 163.1%, 
69.3%, 102.5% and 198.4% respectively, in comparison 
to PF07EPS- cells under saline conditions. Under non-sa-
line conditions it was observed that PF07EPS+ formula-
tion brought 37.5% and 90.32% enhancement in root 
length and dry weight, respectively in comparison to 
PF07EPS- bioformulation (Table 2). Whereas, under sa-
line conditions, untreated (control) seeds and bioformu-

affect the growth, but higher osmotic stress of 500 mM, 
1000 mM and 1500 mM brought significant reduction 
in the optical density  by 33.33%, 66.66% and 185.71% 
respectively, in comparison to non-stress conditions (0 
mM NaCl) (Fig. 1). No growth was observed above 
1600 mM salt concentration. On the other side EPS de-
fective strain PF07EPS - displayed 82% growth reduction 
in presence of 150 mM NaCl, suggesting it to be a non-
salt tolerating strain.

Effect of saline stress on EPS production 
Increase in salinity brought increment in the EPS 

production up to a certain limit. Under saline conditions 
PF07EPS+ brought increase in EPS production by 21.68 
%, 45.79 %, 52.49% and 58.09% at salinity level of 500 
mM, 1000 mM, 1500 mM and 1600 mM, respectively 
(Table 1). PF07EPS+ produced 0.821 g/l of EPS at 0 mM 
salinity. PF07EPS - displayed 0.016 g/l of EPS production 
at 0 mM salinity, which drastically reduced above 100 
mM NaCl, and finally got diminished beyond 200 mM 
NaCl, respectively.

Components of EPS 
Analysis of EPS constituents by TLC revealed dif-

ferences in the sugar components of salinity tolerant 
strain PF07EPS+ under non-stressed and stressed condi-
tions. Under normal conditions (0 mM NaCl) glucose 
(Rf 0.42) was present as the saccharide unit in the EPS 
hydrosylate, whereas, EPS obtained under salt stress 
was composed of various units including glucose (Rf 
0.42), galactose (Rf 0.37), rhamnose (Rf 0.74) and tre-
halose (Rf 0.32) (Table 1). 

Determination of the carbohydrate content in the EPS 
There was an increase in the concentration of car-

bohydrates in EPS with the corresponding increase in 
NaCl level upto 1600 mM NaCl. Under saline condi-
tions PF07EPS+  brought increment in carbohydrate 
content by 8.3%, 24.16%,  26.7%, 35.83%, 45.83% 
at  100 mM, 500 mM, 1000 mM, 1500 mM and 1600 
mM NaCl, respectively in comparison to control (0 mM 
NaCl) (Table1).

Determination of the protein content in the EPS 
Protein content increased remarkably with progres-

sive increase in salinity. Protein content varied from 
2130 μg/ml-1 at 0 mM NaCl to 3160 μg/ml-1 at 1600 
mM NaCl. There was 7.88%, 16%, 18.29%, 35.96% 
and 48.35% increment in protein content (in PF07 EPS+) 
at 100 mM, 500 mM, 1000 mM, 1500 mM and 1600 
mM NaCl, respectively, in comparison to control (0 mM 

Salt stress 
(mM)

Dry weight of EPS (g/l) Sugar components present in EPS Carbohydrate content
(μg/ml-1)

Protein content
(μg/ml-1)

0 0.821 ±0.01a Glucose 120±0.01a 2230±0.01a

100 0.834 ±0.02 a Glucose, galactose 130±0.01ab 2398±0.01b

500 0.999 ±0.03ab Glucose, galactose 149±0.01b 2471±0.01c

1000 1.197 ±0.01b Glucose, rhamnose 152±0.01cd 2507±0.01d

1500 1.252 ±0.02 c Glucose, rhamnose, trehalose 163±0.01de 2596±0.01e

1600 1.298 ±0.01cd Glucose, rhamnose, trehalose 175±0.01e 2660±0.01f

Table 1. Effect of saline stress on EPS production, carbohydrate content and protein content. 

Results are the mean ± SD (n = 5). Means in the columns followed by same superscript letters indicate no significant difference (p = 0.05) by 
Duncan’s multiple range test Two samples were analyzed for each replication, and each treatment consisted of five replications.

Figure 2.  Population density of PF07 in talc based bioformula-
tions on six month storage. Error bars show the standard deviation 
of the mean values of five replicates. Five samples were analyzed for 
each replication, and each treatment consisted of five replications.
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sources in microbial environment (23). Thus, a strong 
relationship could be observed in between EPS produc-
tion, protein content and salinity tolerance in PF07 EPS+ 
cells. 

For a bioformulation to have a high shelf life and be 
consistent, it must tolerate the constantly changing and 
frequently stressful environmental conditions. Deve-
loped talc-based bioformulation of PF07 EPS+ was able 
to support population density of about 57.5% after six 
month storage whereas there was steep reduction in cell 
number of PF07EPS- mutant by 71.4%. This also proved 
the impact and role of EPS in maintaining the cfu and 
protecting the cells in the formulation. Many microor-
ganisms produce EPS as a strategy for growing, adhe-
ring to solid surfaces, and surviving adverse conditions.

Coating of seeds with cell free talc formulation re-
duced germination and plant growth parameters under 
saline conditions. Several workers reported decline in 
germination rate and plant growth parameters with in-
crease in salinity due to reduction of the water passage 
into the seeds during imbibition (37, 38, 39, 40, 41) and 
due to slowing down the water absorption by the plant 
(42, 43, 44). Under non-stress conditions, formulation 
of PF07EPS - brought significant increase in root length, 
shoot length and seed yield, suggesting the role of PGP 
metabolites like siderophore and IAA in growth promo-
tion and yield enhancement, as the mutant was positive 
for these PGP characteristics. However, PF07EPS - was 
ineffective and insignificant in enhancing plant growth 
parameters under saline conditions. Talc based formu-
lation of PF07 EPS+  was effective both under saline and 
non-saline conditions suggesting absence of PGP acti-
vity under saline stress conditions, and thus confirming 
the involvement of EPS in plant growth promotion 
under saline stress. In fact isolate PF07EPS+ was much 
better in enhancing the growth parameters of sunflower 
in in vitro and in in vivo studies under non-saline condi-
tions, which was significantly higher than the mutant. 
Under saline conditions the enhancement in dry weight 
and yield was even starker as compared to control, the 
mutant being almost insignificant. Ashraf et al. (36) 
reported the significant enhancement in plant growth 
parameters in sunflower seedling by treating with EPS 
producing bacterial strains. The most conceivable rea-
son for such heightened yield may be due to the fact that 
introduction of designed bioformulation brought signi-
ficant increase in mass of RAS/RT in comparison to uni-
noculated control,  as was clearly observed.  Increased 
RAS/RT upsurges adhesion of soil particles, intensify 
soil aggregation, enhances soil texture, increase water 
holding capacity of soil and, reduce water loss during 
stress conditions (45). Increased root associated soil on 
PF07 EPS+ application showed that hydrophilization of 
soil leads to improved supply of nutrients that is res-
ponsible for plant growth promotion (9).

Presence of carbohydrates and proteins in EPS pro-
vides a self-protective strategy to bacterial cells that 
help them to maintain their population density in soil 
after inoculation. Proteins released by PF07EPS+ general-
ly deposit in plants grown under stress conditions and 
they may supply a storage form of nitrogen which play 
a vital role in osmotic adjustment, that is utilized during 
saline stress (46). Bioformulation designed from EPS 
producing P. aeruginosa PF07 EPS+ displayed significant 

lation of EPS mutant PF07EPS- gave significantly similar 
results.  

In vivo (pot study) PGP Activity 
Results of in vivo study showed that treatment of 

seeds with PF07EPS+ bioformulation brought significant 
increase in root length, shoot length, dry weight, RAS/
RT ratio and head diameter under saline and non - saline 
conditions over untreated seeds and EPS mutant cells 
PF07EPS-. Bioformulation of PF07EPS+ brought incre-
ment in root length, seed yield and head diameter by 
39.42%, 26.96% and 16.94%  respectively in compa-
rison to untreated seeds under saline conditions. RAS/
RT ratio increased by about 47.84 % and 32.14 % under 
saline and non- saline conditions respectively, in com-
parison to unbacterized seeds (Table 3). Untreated seeds 
and bioformulation of EPS mutant PF07EPS- gave signifi-
cantly similar results under saline stress conditions. 

Discussion

Isolate PF07EPS+ selected from the collection of fluo-
rescent pseudomonads and identified as P. aeruginosa, 
displayed high salt tolerance and EPS production. EPS 
defective mutant PF07EPS - didn’t display salt tolerance 
above 150 mM and showed 92% reduction in EPS pro-
duction in comparison to wild strain.  There was remar-
kable increment of about 58% in EPS production with 
progressive increase in salinity from 100 mM to 1600 
mM NaCl. Similarly there was significant increment in 
carbohydrate and protein content with increase in sali-
nity. Protein content of PF07EPS+ increased by 48.35%,  
suggesting the induction or over expression of stress 
proteins in strains PF07EPS+ that assist in membrane sta-
bilization. Several workers reported the accumulation 
of stress proteins under saline conditions, that protect 
the cells by balancing osmotic strength of bacterial 
membrane (31, 32, 33). It may also be speculated that 
as protein content increases it upsurges osmotic regula-
tory mechanisms, which in turn cause decreased sodium 
toxicity in cytoplasm, thereby protecting cells from salt 
shock. Sandhya et al. (34) reported accumulation of 
free amino acids and protein molecules in bacterial cells 
under osmotic stress. Prokaryotic cells respond to envi-
ronmental stress by inducing specific sets of proteins 
characteristic to each stress. The proteins in each set of 
their coding genes constitute a stimulon, such as in oxi-
dative and ionic stress (35).

Addition of NaCl (above 500 mM) in the medium 
also stimulated the mucoid, slimy growth (profuse 
spreading of the EPS) of the PF07EPS+ up to 1600 mM. 
Increase in EPS production with increase in salinity 
suggests that under stress condition energy flow of the 
PF07 EPS+ is directed towards protective mechanism, and 
synthesis of EPS is opted as a defensive strategy for 
maintaining its survivability and ameliorating salt stress 
by bacterial cells (36).  At low salt concentration (upto 
500 mM NaCl) EPS mainly constituted glucose and 
galactose as its components. Whereas, further increase 
in salinity resulted in glucose, rhamnose and trehalose 
as major subunits. These subunits function as a carbon 
reservoir, which protect microorganisms from saline 
stress and fluctuations in water potential by enhancing 
water retention and regulating the diffusion of carbon 
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10.1002/jobm.200700365
12. Garrity, G., The proteobacteria, Part B the gammaproteobacte-
ria. In: Bergey’s manual of systematic bacteriology, Brenner, D.J., 
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man, P.R., Stredwick, J.M., Garrity, G.M., Li, B., Olsen, G.J., Pra-
manik, S., Schmidt, T.M. and Tiedje, J.M., The RDP (ribosomal 
database project continues. Nucleic Acids Res. 2000, 28:173-174. 
doi:10.1093/nar/28.1.173
15. Khare, E. and Arora, N.K., Physiologically stressed cells of fluo-
rescent Pseudomonas EKi as better option for bioformulation devel-
opment for management of charcoal rot caused by Macrophomina 
phaseolina in Field Conditions. Curr. Microbiol. 2011, 62:1789–
1793. doi: 10.1007/s00284-011-9929-x
16. Kragelund, L., Hosbond, C., and Nybroe, O., Distribution of 
metabolic activity and phosphate starvation response of lux-tagged 
Pseudomonas fluorescence reporter bacteria in the barley rhizo-
sphere. Appl. Environ. Microbiol. 1997, 63:4920-4928.
17. Subba-Rao, N.S., Studies in the agriculture and food sciences. 
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18. Gupta, C.P., Sharma, A., Dubey, R.C. and Maheshwari, D.K., 
Pseudomonas aeruginosa as a strong antagonist of Macrophomina 
phaseolina and Fusarium oxysporum. Cytobios. 1999, 99:183-189.
19. Miller, R.L. and Higgins, B.B., Association of cyanide with in-
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enhancement in plant growth producing attributes. EPS 
can bind soil particles to form microaggregates and 
macroaggregates. Plant roots fit in the pores between 
microaggregates and thus stabilize macroaggregates. 
Plants treated with EPS producing bacteria display in-
creased resistance to saline stress due to improved soil 
structure (9, 23). EPS can also bind to cations including 
Na+ thus making it unavailable to plants under saline 
conditions. Several workers reported the role of EPS 
produced by Paenibacillus polymyxa in increasing the 
aggregation of RAS/RT ratio on wheat (47, 9, 48). RAS 
forms the immediate environment where plants take up 
water and nutrients for their growth (9).

It has been already assessed that more than 800 
million hectares land throughout the world is suffe-
ring from salinization, and is responsible for 60% loss 
in sunflower yield (49). P. aeruginosa PF07 EPS+ along 
with an important oil seed crop can thus also be used 
in reclamation of barren saline soils. Increase in pro-
duction and reclamation of semiarid regions utilizing 
EPS producing microbes can make great contribution in 
enhancing yield and production of sunflower in stressed 
soils around the globe. 

Talc based formulation of the isolate PF07 EPS+ 

brought more significant enhancement in plant growth 
parameters in comparison to non-formulated seeds and 
control seeds. The present investigation may be a step 
towards field application and commercialization of talc 
as a carrier for long-term sustenance and storage of 
stress tolerating PF07EPS+, which may minimize salinity 
disposal in the environment. Conclusively, the talc pro-
vides prolong shelf life, and sustain the efficacy of the 
PF07EPS+ suggesting the carrier is stable for the bacte-
ria. Talc based formulation was effective under saline 
conditions as it increased, yield of sunflower crop under 
saline conditions.

Thus, salt - tolerating PGPR PF07EPS+ and its biofor-
mulation can serve as a nonpolluting and more cost-ef-
fective way to improve production in a saline stressed 
habitat. EPS helped not only in protecting the bacterial 
cells under saline conditions but also helped in maintai-
ning high cfu in talc based formulation. The EPS based 
talc based formulation is thus recommended for enhan-
cing the yield of sunflower in arid saline soils.

Acknowledgment
Authors are thankful to Prof R. C. Sobti, Vice Chancel-
lor, BBA University, Lucknow, and Uttar Pradesh, India 
for his relentless support and encouragement.

Other articles in this theme issue include references (50-
65).

References

1. Ullah, M.H., Khan, M.A., Sahi, S.T. and Habib, A., Evaluation 
of antagonistic fungi against charcoal rot of sunflower caused by 
Macrophomima phaseolina (Tassi) Goid. J. App. Sci. Res. 2011, 2: 
1175-1184
2. Khan, M.H. and Panda, S.K., Alterations in root lipid peroxida-
tion and antioxidative responses in two rice cultivars under NaCl-
salinity stress. Acta. Physiol. Plant.  2008, 30:89–91. doi: 10.1007/
s11738-007-0093-7
3. Flowers, T., Improving crop salt tolerance. J. Exp. Bot. 2004, 



80Copyright © 2014. All rights reserved.

S. Tewari and N. K. Arora / Talc based EPS formulation enhancing production of Hellianthus annuus.

and weld mustard to salinity and contrasting calcium supply. J. Plant 
Nut. 1995, 18: 1931-1949. doi:10.1080/01904169509365034
38. Gulzar, S., Khan, M.A. and Ungar, I.A., Effect of salinity and 
temperature on the germination of Urochondrasetulosa (Trin.) C. E. 
Hubbard. Seed Sci. Technol. 2001, 29: 21-29.
39. Kaya, M.D., Okçu, G., Atak, M., Çkl, Y. and Kolsarc, Ö., Seed 
treatments to overcome salt and drought stress during germination 
in sunflower (Helianthus annuus L.). Eur. J. Agro. 2006, 2:291-295. 
doi:10.1016/j.eja.2005.08.001
40. Jamil, M. and Eui, SR., NaCl Stress-Induced Reduction in 
Growth, Photosynthesis and Protein in Mustard. J. Agr. Sci. 2013, 5: 
9. doi: 10.5539/jas.v5n9p114
41. Jamil, M., Rehman, S. and Rha, E.S., Salinity effect on plant 
growth, PSII photochemistry and chlorophyll content in sugar beet 
(Beta vulgaris L.) and cabbage (Brassica Oleracea capitata L.). 
Pak. J. Bot. 2007, 39: 753-760. 
42. Werner, J.E. and Finkelstein, R.R., Arabidopsis mutants with 
reduced response to NaCl and osmotic stress. Physio. Planta. 1995, 
93: 659-666. doi: 10.1111/j.1399-3054.1995.tb05114.x
43. Demir, M. and Arif, I., Effects of different soil salinity levels 
on germination and seedling growth of safflower (Carthamustincto-
rius). Turk. J. Agri. For. 2003, 27: 221-227
44. Jeannette, S., Craig, R., and Lynch, J.P., Salinity tolerance of 
phaseolus species during germination and early seedling growth. 
Crop Sci. 2002, 42:1584-1594. doi:10.2135/cropsci2002.1584
45. Roberson, E.B. and Firestone, M.K., Relationship between des-
iccation and exopolysaccharide production in a soil Pseudomonas sp. 
Appl. Environ. Microbiol. 1992, 58:1284-1291. doi:10.1016/0038-
0717(93)90230-9
46. Singh, N.K., Bracken, C.A., Hasegawa, P.M., Handa, A.K., 
Buckel, S., Hermodson, M.A., Pfankoch, F., Regnier, F.E. and Bres-
san, R.A., Characterization of osmotin. A thaumatin-like protein as-
sociated with osmotic adjustment in plant cells. Plant Physiol. 1987, 
85:529–536. doi: http:/ / dx. doi. org/ 10. 1104/ pp. 85. 2. 529 
47. Bezzate, S., Aymerich, S., Chambert, R., Czarnes, S., Berge, 
O. and Heulin, T., Disruption of the Paenibacillus polymyxa levan-
sucrase gene impairs ability to aggregate soil in the wheat rhizo-
sphere. Environ. Microbiol. 2000, 2:333–342. doi:10.1046/j.1462-
2920.2000.00114.x
48. Gouzou, L., Burtin, G., Philippy, R., Bartoli, F. and Heulin, T., 
Effect of inoculation with Bacillus polymyxa on soil aggregation in 
the wheat rhizosphere: preliminary examination. Geoderma. 1993, 
56:479-490. doi:10.1016/0016-7061(93)90128-8
49. Ramadoss, D., Lakkineni, V.K., Bose, P.,Ali, S. and Annapur-
na, K., Mitigation of salt stress in wheat seedlings by halotolerant 
bacteria isolated from saline habitats. Spr. Plus. 2013, 2(6) 1-7. 
doi:doi:10.1186/2193-1801-2-6
50. Singh, V. K., Singh, M. P. Bioremediation of vegetable and agro-
wastes by Pleurotus ostreatus: a novel strategy to produce edible 
mushroom with enhanced yield and nutrition. Cell. Mol. Biol. 2014, 
60 (5): 2-6. doi: 10.14715/cmb/2014.60.5.2
51. Vishnoi, N., Singh, D. P., Biotransformation of arsenic by bacte-
rial strains mediated by oxido-reductase enzyme system. Cell. Mol. 
Biol. 2014, 60 (5): 7-14. doi: 10.14715/cmb/2014.60.5.3
52. Srivastava, A. K., Vishwakarma, S. K., Pandey, V. K., Singh, 
M. P., Direct red decolorization and ligninolytic enzymes produc-
tion by improved strains of Pleurotus using basidiospore derived 
monokaryons. Cell. Mol. Biol. 2014, 60 (5): 15-21. doi: 10.14715/
cmb/2014.60.5.4
53. Kumari, B., Rajput, S., Gaur, P., Singh S. N., Singh D. P., Bio-
degradation of pyrene and phenanthrene by bacterial consortium and 
evaluation of role of surfactant. Cell. Mol. Biol. 2014, 60 (5): 22-28. 
doi: 10.14715/cmb/2014.60.5.5
54. Pandey, V. K., Singh, M. P., Biodegradation of wheat straw 

60: 104-11. doi: 10.1094/Phyto-60-104
20. Schwyn, B. and Neilands, J.B., Universal assay for the detection 
and determination of siderophores. Anal Biochem. 1987, 160:47-56. 
doi: 10.1007/s00203-010-0613-5
21. Dunne, C., Crowely, J.J., Moenne-Loccoz Y, Dowling D.N., 
de Brujin, F.J. and O’Gara F., Biological control of Pythium ulti-
mum by Stenotrophomonas maltophislia W81 is mediated by an 
extracellular proteolytic activity. Microbiol.  1997, 143:3921-3931. 
doi:10.1099/00221287-143-12-3921
22. Fett, W.F., Osman, S.F. and Dunn, M.F. Characterization of exo-
polysaccharides produced by plant associated fluorescent pseudo-
monads. Appl. Environ. Microbiol. 1989, 55:579-s
23. Sandhya, V., Ali, S.K.Z., Minakshi, G., Reddy, G. and Ven-
kateswarlu, B., Alleviation of drought stress effects in sunflower 
seedlings by the exopolysaccharides producing Pseudomonas putida 
strain GAP-P45. Biol. Fertil. Soils. 2009, 46:17-26. doi: 10.1007/
s00374-009-0401-z
24. Horborne, J.B., Phytochemical methods. Chapman and Hall, 
London, 1976, p 33.
25. Gaudy, A.F., Colorimetric determination of protein and carbohy-
drate. Ind. Water Wastes. 1962, 7: 17 –22.
26. Froelund, B., Palmgren, R., Keiding, K. and Nielsen, P. H., 
Extraction of extracellular polymers from activated sludge us-
ing a cation exchange resin. Water Res. 1996, 30: 1749-1758. 
doi:10.1016/0043-1354(95)00323-1
27. Vidhyasekaran, P. and Muthamilan, M., Development of a for-
mulation of Pseudomonas fluorescence for control of chickpea wilt. 
Plant Dis. 1995, 79:782–786. doi: 10.1094/PD-79-0782
28. Nandakumar, R., Babu, S., Viswanathan, R., Raguchander, 
T. and Samiyappan, R., Induction of systemic resistance in rice 
against sheath blight disease by plant growth promoting rhizobac-
teria. Soil Biol. Biochem. 2001, 33:603–612. doi: : 10.1016/S0038-
0717(00)00202-9
29. Engelke, T.H., Jagadish, M.N. and Puhler, A., Biochemi-
cal and genetical analysis of R. meliloti mutants defective in C4-
dicarboxylate transport. J. Gen. Microbiol. 1987, 133:3019-3029. 
doi:10.1099/00221287-133-11-3019
30. Prı´ncipe, A., Alvarez, F., Castro, M.G., Zachi, L., Fischer, S.E., 
Mori, G.B. and Jofre,´ E., Biocontrol and PGPR features in native 
strains isolated from saline soils of Argentina. Curr. Microbiol.  
2007, 55:314–322. doi: 10.1007/s00284-006-0654-9
31. De Lacerda, C.F., J. Cambraia., M.A. Oliva., Ruiz, H.A. and Pris-
co, J.T. Solute accumulation and distribution during shoot and leaf 
development in two sorghum genotypes under salt stress. Environ. 
Exp. Bot. 2003, 49: 107-120. doi:10.1016/S0098-8472(02)00064-3
32. Kavi, K.P.B., Sangam, S., Amrutha, R.N., Laxmi, P.S. and Naidu 
K.R.,Regulation of proline biosynthesis, degradation, uptake and 
transport in higher plants: Its implications in plant growth and abi-
otic stress tolerance. Curr. Sci. 2005, 88: 424-438.
33. Goudarzi, M. and Pakniyat, H., Salinity causes increase in pro-
line and protein contents and peroxidase activity in wheat cultivars. 
J. App. Sci. 2009, 9: 348-353. doi:10.3923/jas.2009.348.353
34. Sandhya, V., Ali, S.Z.K., Venkateswarlu, B., Reddy, G. and Gro-
ver, M., Effect of osmotic stress on plant growth promoting Pseu-
domonas spp. Arch. Microbiol. 2010, 192:867–876. doi: 10.1007/
s00203-010-0613-5
35. Raheb, J., Naghdi, S. and Flint, K.P., The effect of starvation 
stress on the protein profiles in Flexibacter chinensis. Iran Biomed. 
J. 2008, 12:67–75.
36. Ashraf, M., Hasnain, S. and Berge, O., Effect of exo-polysac-
charides producing bacterial inoculation on growth of roots of wheat 
(Triticum aestivum L.) plants grown in a salt-affected soil.Internat.  
J. Envion. Sci. Technol. 2006, 3: 43-51.doi:10.1007/BF03325906
37. Huang, J. and Redmann, R. E., Physiological response of canola 



81Copyright © 2014. All rights reserved.

S. Tewari and N. K. Arora / Talc based EPS formulation enhancing production of Hellianthus annuus.

bacterium Halomonas sp. CSB 5 isolated from sāmbhar salt lake 
Rajastha (India). Cell. Mol. Biol. 2014, 60 (5): 64-72. doi: 10.14715/
cmb/2014.60.5.12
61. Kumar, M., Singh, P., Tripathi, J., Srivastava, A., Tripathi, M. 
K., Ravi, A. K., Asthana, R. K., Identification and structure elucida-
tion of antimicrobial compounds from Lyngbya aestuarii and Apha-
nothece bullosa. Cell. Mol. Biol. 2014, 60 (5): 82-89. doi: 10.14715/
cmb/2014.60.5.14
62. Arun, N., Vidyalaxmi, Singh, D. P., Chromium (VI) induced oxi-
dative stress in halotolerant alga Dunaliella salina and D. tertiolecta 
isolated from sambhar salt lake of Rajasthan (India). Cell. Mol. Biol. 
2014, 60 (5): 90-96. doi: 10.14715/cmb/2014.60.5.15
63. Prakash, S., Singh, R., Lodhi, N., Histone demethylases and 
control of gene expression in plants. Cell. Mol. Biol. 2014, 60 (5): 
97-105. doi: 10.14715/cmb/2014.60.5.16
64. Singh, A. K., Singh, M. P., Importance of algae as a poten-
tial source of biofuel. Cell. Mol. Biol. 2014, 60 (5): 106-109. doi: 
10.14715/cmb/2014.60.5.17
65. Dixit, S., Singh, D. P., Role of free living, immobilized and non-
viable biomass of Nostoc muscorum in removal of heavy metals: An 
impact of physiological state of biosorbent. Cell. Mol. Biol. 2014, 60 
(5): 110-118. doi: 10.14715/cmb/2014.60.5.18

by Pleurotus ostreatus. Cell. Mol. Biol. 2014, 60 (5): 29-34. doi: 
10.14715/cmb/2014.60.5.6
55. Pathak, V. V., Singh, D. P., Kothari, R., Chopra, A. K., Phycore-
mediation of textile wastewater by unicellular microalga Chlorella 
pyrenoidosa. Cell. Mol. Biol. 2014, 60 (5): 35-40. doi: 10.14715/
cmb/2014.60.5.7
56. Pandey, A. K., Vishwakarma, S. K., Srivastava, A. K., Pandey, V. 
K., Agrawal, S., Singh, M. P., Production of ligninolytic enzymes by 
white rot fungi on lignocellulosic wastes using novel pretreatments. 
Cell. Mol. Biol. 2014, 60 (5): 41-45. doi: 10.14715/cmb/2014.60.5.8
57. Ayaz E., Gothalwal, R., Effect of Environmental Factors on Bac-
terial Quorum Sensing. Cell. Mol. Biol. 2014, 60 (5): 46-50. doi: 
10.14715/cmb/2014.60.5.9
58. Singh, M. K., Rai, P. K., Rai, A., Singh, S., Alterations in lipid 
and fatty acid composition of the cyanobacterium Scytonema geitleri 
bharadwaja under water stress. Cell. Mol. Biol. 2014, 60 (5): 51-58. 
doi: 10.14715/cmb/2014.60.5.10
59. Singh, M. P., Pandey, A. K., Vishwakarma, S. K., Srivastava, 
A. K., Pandey, V. K., Singh, V. K., Production of cellulolytic en-
zymes by Pleurotus species on lignocellulosic wastes using novel 
pretreatments. Cell. Mol. Biol. 2014, 60 (5): 59-63. doi: 10.14715/
cmb/2014.60.5.11
60. Chandra, P., Singh, D. P., Removal of Cr (VI) by a halotolerant 


