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Agricultural output is greatly reduced in saline soil. Bacterial adaptation to salt stress 
in saline soil can be helpful for reducing the detrimental effects of salts in saline soil. 
This study was conducted to assess the impact of salt stress on efficiency of isolate 
HP3 Staphylococcus (Staph.) sciuri (previously isolated from histoplane of maize 
plant) in counteracting the adverse effect of salinity. The response of bacterial 
growth in the presence or absence of osmolytes (proline, glycine betaine and 
choline) at varying salt stress (0, 0.5, 1, 1.5, 2 and 2.5 molar NaCl) in LB-broth and 
M9 medium, bacterial osmolyte accumulation, biofilm formation and plant growth 
promoting potential was determined. Plant growth was measured in terms of 
seedling length, total soluble proteins and sugars contents of inoculated Lens 
esculenta Var. Masoor 93 seedlings in laboratory conditions under salt stress. The 
results showed that bacterial growth decreased with higher salinity (1.5-2.5 M 
NaCl). The biofilm formation of strain was visible as gummy colonies (0.5 M NaCl). 
Crystal violet ring assay showed a tendency of HP3 for biofilm formation at 0.5 to 
2.0 M NaCl stress but no biofilm ring was observed at 0 or 2.5 M NaCl stress. 
However, highest on glass slides at 2.0 M NaCl stress. In the microtitre plate assay, 
biofilm was generally high at 1-1.5 M NaCl stress. However, exogenous osmolytes 
(especially proline) favoured bacterial growth and biofilm at high salt stress with 
little exceptions. In plant growth experiments, there was a significant reduction 
(P<0.05) in seedling length (56 %) at high NaCl stress. Bacterial inoculations 
significantly improved the seedling length, Protein (31 %) and total soluble sugars 
(81 %) of seedlings. Accumulation of osmolytes and biofilm formation at salinity 
actually shows the promising strategies of stress tolerance that helped the Staph. 
sciuri to survive and improving plant growth under salt stress. 
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INTRODUCTION 

 
Salinity is one of the abiotic stress that reduces the 
agriculture yield. In saline soil, presence of indigenous 
bacteria showed their innate ability to survive under salt 
stress. Staphylococcus (Staph.) sciuri is a 
microorganism reported to be present in a wide 
varieties of environment, animal waste (Stepanovic et 
al., 2001; Nagase et al., 2002), various food products, 
environmental reservoirs like soil, sand, water, and 
marsh grass (Nunes et al., 2016). The ubiquitous nature 
of Staph. sciuri strains in different environments may 
enable these bacteria to adapt and give clues about the 
survival and osmoadaptation strategies. Many 
researchers have cited for the significance of Staph. 

sciuri towards biofilm formation, however, very little 
has been described in terms of the plant growth 
promotion. The present study is aimed to give an 
insight about the survival strategy, biofilm formation 
and plant growth promoting response of this bacterium 
in rhizosphere under the salt stress.  
Salinity is an important environmental stress and to 
counteract, bacteria show complex mechanisms for 
example, membrane flexibility in Desulfovibrio 
vulgaris has been reported to increase under higher 
salinity, thus helping the cells to tolerate salt stress 
(Zhou et al., 2013). Intracellular osmolytes 
accumulation and cell aggregation embedded in a 
sheath of polysaccharides as biofilm are commonly 
manifested phenomena of bacterial owe to salt stress 
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conditions (Ameur et al., 2011; Karunakaran and Biggs, 
2011). Intracellular osmolytes accumulation in the 
bacteria also helps them to maintain perturbed osmotic 
balance under salinity. Different accumulated 
osmolytes in bacteria and archaea include trehalose, 
proline, glutamate, ectoine, glycine betaine, and 
carnitine, amino acids and their derivatives (Kempf and 
Bremer, 1998; Murdock et al., 2014). Although these 
osmolytes are accumulated inside the cells, however, 
bacteria can also accumulate these favorably from the 
outer environment (Bremer and Kraemer, 2000; Wood, 
2015). Bacteria predominately exist as structured 
community i.e., a biofilm under adverse natural 
conditions. The biofilm can be formed on different 
living or nonliving surfaces (Salta et al., 2013; 
Tremblay et al., 2013). When compared to planktonic 
stage, bacteria in a biofilm have more survival abilities 
against different stress factors like salinity (Palomino et 
al., 2013), predators (Chavez-Dozal et al., 2013), 
antibiotics (Wang et al., 2005), sonication (Kobayashi 
et al., 2009), heat shock (Chung and Toh, 2014) and 
nutrient limitation (Burmolle et al., 2006; Torres et al., 
2011; Moryl et al., 2014). The impact of salinity on 
bacterial osmolytes accumulation and biofilm formation 
seem to play a significant role in natural conditions. 
Both of these two phenomena are variously influenced 
by salinity levels. To alleviate the negative impact of 
saline soil on plant growth, inoculation of indigenous 
bacteria having ability to tolerate salt, accumulate 
osmolytes and biofilm formation can be useful to 
increase agricultural yield. The purpose of this research 
is to check the biofilm formation and intracellular 
osmolytes accumulation in Staph. sciuri at different 
salinity levels. Moreover, this study is an effort to 
check the potential of Staph. sciuri in improving plant 
growth. These properties in bacteria will be useful to 
evaluate their potential in saline soil. 
 
MATERIALS AND METHODS  
 
Strain HP3 (Staphylococcus sciuri Accession No. 
JN542714) previously isolated from histoplane of Zea 
mays by Mirza et al., 1998 was used in this research. 
The strain was routinely maintained in LB-Agar plates 
(Gerhardt et al., 1994) containing 0.5 M NaCl. 
Effect of varying NaCl concentrations and exogenous 
osmolytes on the growth and endogenous osmolyte 
accumulation in Staphylococcus sciuri  
Bacterial cells were grown in LB and M9 broth, 
supplemented with NaCl (0, 0.5, 1, 1.5, 2, 2.5 M) and 
exogenous osmolytes (L-proline, glycine betaine and 
choline at concentrations of 0 and 1 mM) for 24 hours 
at 37ºC at shaking incubator. From these cells, 
intracellular osmolytes i.e., proline (Tonon et al., 2004), 
glycine betaine and choline (Grieve and Grattan, 1983) 
were extacted following same modifications as 

previously described (Qurashi and Sabri, 2013). For 
these osmolyte quantification, standard curves (µg ml-1) 
of L-proline, glycine betaine and choline were used, 
respectively.  
Qualitative assays for biofilm formation and 
Microscopic analysis 
The Staphylococcus Sciuri (HP3) was grown on LB 
agar plates added with 0.5 M NaCl in the absence or 
presence of glucose (20 %). The plates were incubated 
at 37°C for 48 hours. Colonies were scored for gummy 
or mucoidy on the basis of appearance after 48 hours of 
culture incubation. These experiments were performed 
in triplicate. The biofilm ring assay was carried out with 
some modification as previously reported (Christensen 
et al., 1985). LB broth (10 ml) media containing 
different NaCl concentrations (0, 0.5, 1, 1.5, 2, 2.5 M) 
was added in each 12 mm diameter glass tubes. Each 
tube was inoculated with 100 µL with fresh culture 
(cultured at 37°C for 24 h in LB broth) at final cell 
density 10 8 CFU/ml, and incubated at 37°C for 24 
hours with no shaking. Finally after taking optical 
density of the culture (planktonic cells), the culture was 
discarded and to each empty tube, 10 ml of 0.01 % 
crystal violet was added to stain the cells of established 
biofilm as ring. Each tube was allowed to stand for 
about 20 minutes at room temperature. After 20 
minutes, crystal violet solution was discarded and 
empty tubes were washed using sterile distilled water. 
Tubes were placed in an inverted position and air dried. 
Test tubes were examined and the biofilm assay results 
were positive when a visible violet ring appeared on the 
air, liquid interface and the tube bottom. Due to the 
possibility that the bacterial cells switch from 
planktonic stage to sessile stage under osmotic stress, 
pattern of biofilm development was studied by 
establishing biofilm on glass slides. The experiment 
was performed in flasks containing (250 ml LB) 
medium supplemented with different salt 
concentrations. Neat and clean, sterilized glass slides 
(1-1.2 mm thickness: 25.4 x 76.2 mm length) were 
inserted at a slant position (half slide submerged in 
media) against the wall of flask containing media 
before autoclaving. The sterilised medium containing 
glass slides was inoculated with fresh bacterial cultures 
(final cell density 108 CFU/ml) and flasks were 
incubated at 37°C without agitation for 48 hours 
(optimized conditions). After incubation, slides were 
aseptically removed, rinsed and stained with 0.01 % 
aqueous crystal violet. Finally air dried glass slides 
were observed in the light microscope at 100 X using 
an oil immersion lens.  
Quantitative assay  
For biofilm quantification, the procedure suggested by 
Fujishige et al. (2006) was followed with some 
modifications as previously discussed (Qurashi and 
Sabri, 2012). The biofilm formation was checked in LB 
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broth and M9 media, supplemented with varying salt 
stress (0, 0.5, 1, 1.5, 2, 2.5 M NaCl) and exogenous 
osmolytes (L-proline, glycine betaine and choline at 
final concentrations of 0 and 1 mM). The results are 
reported as a normalized biofilm value (OD 570 nm / OD 
590 nm).  
Plant Growth experiments 
For plant growth experiments, same procedure and 
conditions as previously described (Qurashi and Sabri, 
2012) were followed. Thoroughly washed, surface 
sterilized seeds (0.1 % HgCl2 solution for 10 minutes) 
certified and healthy seeds of Lens esculenta Var. 
Masoor 93 (from Punjab seed corporation, Lahore, 
Pakistan) were used. Seeds were grown for 15 days in 
plastic pots containing autoclaved and dried garden soil 
(120 g pot -1) using these concentrations of NaCl (0, 50, 
100 and 200 mM) per gram weight of soil in the 
department of Microbiology and molecular Genetics, 
university of the Punjab under control conditions of 
laboratory. Finally after 15 days of growth, seedlings 
were harvested. The plant growth was determined in 
terms of seedling length (cm), total soluble protein 
content (µg per gram fresh weight) following 
(Afrasayab et al., 2010) and total soluble sugar contents 
(mg per gram fresh weight) following Dubois et al., 
(1956). 
Statistical analysis 
Each experiment was carried out in three replicates and 
statistical data analysis was carried out from mean 
values, standard errors of the means were calculated 
and shown in all the figures as error bars. Analysis of 
variance and difference between the means was tested 
using the least significant difference test (P<0.05) 
(Steel and Torrie, 1981). 
 
RESULTS  
 
Effect of salinity and exogenous osmolytes on the 
growth and endogenous osmolyte accumulation 
Staphylococcus Sciuri (HP3) showed a general 
decreasing response in cell densities at high salt (1.5-
2.5 M) stress in both tested media. When no osmolytes 
were added in medium, bacterial growth was slightly 
higher in M9 as compared to respective LB. However, 
with the addition of osmolytes in LB (except in choline 
supplemented LB at 1.5 and 2.5 M NaCl stress), 
increase in cell densities was recorded. The response of 
cell densities in M9 was variable depending on the salt 
concentrations. In the absence of NaCl stress, the cell 
densities declined (Fig 1). The effect of respective 
exogenous osmolytes and NaCl on osmolyte 
accumulation at intracellular level was recorded (Fig. 
2). Results showed that in non proline supplemented 
media, higher proline accumulation was recorded in the 
presence of 1 M NaCl stress (in LB) or to 1.5 M NaCl 
stress in  M9   media.  In   the   presence of   exogenous  
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Fig. 1: Effect of different osmolytes under varying NaCl 

concentrations on bacterial growth in LB and M9 
broth after 24 hours incubation. Means of three 
replicates and standard errors of the means are 
drawn.  

  
Fig.: 2: Effect of different osmolytes under varying NaCl 

concentrations on endogenous osmolytes 
accumulation in LB and M9 broth. Means of 
three replicates and standard errors of the means 
are drawn.  

proline in LB media, highest increase (72 %) in proline 
accumulation was recorded at 2.5 M NaCl stress. When 
proline was added in M9 medium, highest (82 %) 
increase in proline accumulation was recorded at 2.0 M 
NaCl stress as compared to non proline supplemented 
control (Fig 2A). The accumulation of endogenous 
glycine betaine increased in all media when exogenous 
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osmolytes were added (Fig. 2 B). The accumulation of 
the endogenous glycine betaine was maximum at 2.5 M 
NaCl stress in both medium. Generally accumulation of 
glycine betaine was higher in LB than M9 media with 
few exceptions. In non-choline supplemented media, 
maximum choline accumulation was recorded at 2.5 M 
NaCl in LB and 0 M in M9 media as compared to rest 
of salt concentrations (Fig. 2 C). The accumulation of 
endogenous choline level decreased when exogenous 
choline was present in the media with few exceptions 
(1.5 M NaCl stress in LB and 1-2.5 M NaCl in M9 media). 
Effect of exogenous osmolytes and salt stress on 
biofilm 
The likelihood that presence of gummy phenotype in 
bacterial colonies can contribute to biofilm formation, 
analysis of the gummy appearance of bacterial colonies 
as an initial qualitative assay was made. A positive 
response of strain HP3 was recorded for colony gummy 
morphology under salt stress (0.5 M NaCl 
concentration) whether 20 % glucose was added or not 
in the medium. Biofilm ring assay is another qualitative 
approach used to study biofilm formation. Positive 
results were recorded when strain HP-3 was incubated 
for 48 hours at different NaCl stress (0.5-2 M NaCl 
stress), however, no biofilm ring was formed either in 
the absence of NaCl or at 2.5 M NaCl stress (Fig. 3). 
Strain HP3 showed a tendency towards the biofilm 
formation on glass slides. The dense clumps and 
aggregation of bacterial cells were recorded at all 
salinity levels (0-2.5 M NaCl stress). The microscopic 
images clearly showed that at a lower concentrations 
(0-1 M NaCl stress) (Fig. 4 A-C), cells form clump and 
showing a tendency towards aggregate. As NaCl level 
increases (Fig. 4 D-E), the bacterial aggregation and 
biofilm formation becomes pronounced. This clumping 
of cells was much more pronounced at 2 M NaCl stress 
(Fig. 4 E), however, at 2.5 M NaCl stress visible 
clumps were reduced in size (Fig. 4 F). The results of 
the quantitative assay of biofilm formation using 
microtitre plate assay, (Fig. 5) showed that, generally 
the biofilm formation was high in LB media than M9 
media in the absence of NaCl stress. At higher salt 
stress (1.5-2.5 M NaCl stress), biofilm formation was 
high in M9 media. The highest biofilm formation was 
recorded at 1.5 M NaCl stress in LB and 2-2.5 M NaCl 
stress in M9 media in non osmolytes supplemented 
media.  The addition of osmolytes, decreased the level 
of biofilm formation in most of the cases as compared 
to non-osmolytes supplemented media (Fig. 5). In LB 
with exogenous proline, maximum biofilm 
development was recorded at 2.5 M NaCl stress, 
however, when medium was supplemented with glycine 
betaine and choline, biofilm formation was not 
favoured. With the addition of osmolytes, biofilm 
formation in M9 was relatively higher at 2.5 M NaCl 
stress than other salt concentration. 

  
Fig. 3: Biofilm ring formtion: Arrows indicate the purple 

color ring developed on glass tubes at different 
salt concentrations. No ring was recorded at 0 M 
NaCl or at 2.5 M NaCl stress 

 

  
Fig. 4: Biofilm formation: Biofilm formation on glass 

slides at different NaCl concentrations (A. 0 M 
B. 0.5 M C. 1 M D. 1.5 M E. 2 M F. 2.5 M). 
Arrows indicate dense clumping on glass slides  

 
Effect of salt stress on the plant growth 
In non inoculated seedlings significant reduction in 
seedling length (56 % at 200 mM NaCl stress) was 
recorded, however, significant increase was recorded in 
seedling length (11 % at 50 mM NaCl stress) of 
inoculated plants (Fig. 6 A). Protein (31 %) and total 
soluble sugars (81 %) of non inoculated Lens esculenta 
Var. Masoor-93 seedlings was augmented at 100 mM 
NaCl stress (Fig. 6 B-C) when compared to 0 mM NaCl 
stress. However, inoculation significantly increased the 
total soluble Protein (11 % at 200 mM NaCl stress) and 
total soluble sugars (60 % at 200 mM NaCl stress) 
contents of inoculated plants when compared to non 
inoculated plants at salt stress (Fig. 6). 
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Fig. 5: Normalized biofilm recorded at different NaCl 

stress (0, 0.5, 1, 1.5, 2 and 2.5 M) and exogenous 
osmolytes (Proline, Glycine betaine and Choline-
1mM) in LB and M9 media. 

 

  
Fig. 6: Effects of HP3 strain on (A) Seedling length (B) 

sugars (mg per gram fresh weight) (C) Protein (µg 
per gram fresh weight) of L. esculenta Var. 
masoor 93 under different salt stresses.  

DISCUSSION 
 
This paper reports the effect of different salt stress and 
exogenous osmolytes on the bacterial growth response 
and biofilm formation of Staphylococcus sciuri (HP3) 
in two different media. Cell growth of Staphylococcus 
sciuri (HP3) decreased at a higher level of NaCl 
concentrations (1.5-2.5 M) in both the media. Without 
exogenous osmolytes, bacterial cell density was slightly 

higher in M9 media as compared to LB. This shows the 
nutritional requirement of bacterial strains affected by 
salinity. Under nutrient or salt stress, bacteria switch 
towards sessile stage and this situation results in 
increased striving of bacteria for survival and 
protection. This is in line with previous findings 
(Fujishige et al., 2006). Under higher salt stress, 
exopolysaccharide is also produced by bacteria that 
help bacteria in attachment and offering protection by 
retaining a water layer around the cells (Dimkpa et al., 
2009, Deng et al., 2015). The use of M9 medium in this 
study is helpful for effective evaluation of the bacterial 
growth under distinguishing effects of media 
components. Exogenous osmolytes in LB medium 
stimulated the bacterial growth at high salt stress (1.5-
2.5 M) in LB, however, effect of exogenous osmolytes 
in M9 media was not pronounced. These osmolytes 
might be synthesised or accumulated in cells to cope 
with stress in the form of salt or nutrient deprived 
conditions. This is in line with the findings of Ameur et 
al. (2011) who reported the variable growth response of 
two strains Streptomyces sp. MADO2 
and Nocardiopsis sp. MADO3 in different medium and 
osmoprotection of glycine betaine and proline increases 
under high salinity. Similar observations were recorded 
from study of Sartori et al. (2012) indicating the 
osmoprotective and regulatory role of these osmolytes 
under inhibitory growth conditions in the form of stress. 
In the presence of exogenous proline and glycine 
betaine, improvement in gram positive bacterial growth 
has also been reported previously (Morikawa, 2010). 
These results showed the likelihood that availability of 
osmolytes like proline, glycine betaine and choline in 
natural environment can contribute in bacterial growth 
improvements at high osmotic stress (Tsai et al., 2011). 
Exogenous glycine betaine has been found to stimulate 
the growth of free living bacteria and N2 fixing root 
symbionts under salt stress (Talibart et al., 1997). 
Contrary to the results of growth experiments, there 
was a general response of high level of proline 
accumulation in LB medium with salinity. This 
response was further augmented with exogenous 
proline in the media. LB media contains yeast extract 
that is a source of trehalose and glycine betaine (Santos 
and Costa, 2002) and helps in osmotic adjustment. 
Comparatively low level of accumulation in M9 
medium can be justified for the less rich composition 
that only contains glucose as source of carbon. 
Intracellular glycine betaine accumulation was elevated 
with high salinity irrespective of media used and 
exogenously supplemented osmolytes in the medium 
showing that they can alleviate growth inhibition under 
salt stress. A concomitant increase in the intracellular 
accumulation of glycine betaine has been reported 
under high osmotic pressure in surrounding (Ameur et 
al., 2011) suggesting their role as metabolite that is 



Qureshi & Sabri 

 47

accumulated in cell when bacteria face inhibitory 
growth conditions. Generally, the level of choline 
accumulation was higher in non-supplemented LB; 
however, it decreased when exogenous choline was 
present in the medium with few exceptions. In the 
absence of osmotic stress, osmolytes like glycine 
betaine, choline and other osmolytes have been found 
to enhance their catabolism in S. meliloti and 
Pseudomonas aeruginosa (Talibart et al., 1997). The 
development of a biofilm has also been reported as a 
stress response shown by bacterial cells (Jefferson, 
2004; Gravesen et al., 2005). To study the response of 
bacterial cells for biofilm formation as an 
osmoadaptation response, the biofilm was checked 
using qualitative and quantitative assays. In the initial 
qualitative biofilm assay, positive results for gummy 
colonies were obtained from Staph. Sciuri (HP3) in the 
presence of salt and 20% glucose. Similar results were 
reported by Agarwal et al. (2011) where high 
concentration of glucose and sodium chloride increases 
the biofilm formation in Staph. aureus species, 
irrespective of their pathogenesis. The assay for biofilm 
ring test showed that the ring development was 
recorded when the salinity level was raised from 0.5 M 
to 2 M NaCl stress. However, in the absence of salinity 
or in the presence of 2.5 M NaCl stress, biofilm ring 
formation was absent. The nutrient and stress 
conditions might have influenced the matrix of biofilm. 
Enriched growth medium has high nutrients that result 
in more polysaccharides and biofilm (Moryl et al., 
2014). The bacterial biofilm ring is mainly composed of 
cells and exopolysaccharides (Pan et al., 2010; 
Tahmourespour and Kermanshahi, 2011). Microscopic 
results of biofilm were obtained using light microscopy. 
Biofilm was established on glass slides, showed dense 
bacterial aggregation on slides. The variable pattern of 
cell clumping and dense aggregation was observed to 
be dependent on level of salinity. These results were 
inline with the hypothesis that bacteria have tendency to 
develop biofilm under salinity. The results showed that 
development initiated with adhesion of cells to surfaces 
(Fig. 4). It led to the development of biofilm clumps in 
different patterns. These clumps were actually the cells 
that accumulated under the salt stress. It is notable that 
the rise in salt concentrations, the cell grouping was 
also increased up to 2 M NaCl stress. However, at 2.5 
M NaCl stress, cell clumps were reduced much in size. 
This might be due to detachment of cells at high NaCl 
concentration (2.5 M NaCl). The development of 
biofilm is initiated by two steps involving adhesion and 
the creation of multiple cell layers (Garrett et al., 2008). 
In previous studies, capsular polysaccharide has been 
found to help the Staphylococcus strain in attachment 
process (Chan et al., 2014). EPS production can also 
affect bacterial adaptation under salinity by adjusting 
the membrane fluidity (Qiu et al., 2012). Decho, (2010) 

reported that though not essential, but presence of EPS 
helps to provide the structural firmness to microbial 
assemblies in nature. In previous studies, level of 
exopolysaccharides have been found to be influenced 
by the environmental conditions that in turn can 
stimulate the detachment process in biofilms of 
Staphylococcus Sciuri isolated from the floors of 
cooking place (Leriche and Carpentier, 2000) and 
marine Pseudomonas sp. S9 (Wrangstadh et al., 1988) 
resulting in decreases biofilm formation. The role of 
shear forces in detachment of cells from biofilm have 
also been reported previously (Salta et al., 2013). The 
qualitative and quantitative assays were performed to 
relate the phenotypic characteristic of bacterial strain to 
physiological behaviour under salt stress conditions. 
The need for biofilm quantification using a microtitre 
plate assay raises due to its trustworthy and accurate 
results (Agarwal et al., 2011). The level of biofilm 
formation improved in the presence of 1 mM proline in 
LB (at 2.5 M NaCl stress). This observation is same in 
the study of Goh et al., (2013) where the addition of 
exogenous amino acids, especially proline favoured 
biofilm development. Salinity and exogenous glycine 
betaine and choline, reduced the biofilm formation in 
LB. The less biofilm formation in nutrient rich media 
(LB) supplemented with exogenous osmolytes suggests 
low level of stress to bacterial cells. It further points out 
the protective role of biofilm formation under stress. It 
can also be the possibility that bacteria don’t need to 
synthesise osmolytes when osmolytes are already 
present in medium. However, in minimal media biofilm 
formation significantly improved at 2.5 M NaCl. These 
results are of particular importance in the sense that 
biofilm formation in S. sciuri strains when cultured in a 
nutritionally deficient medium and high salinity are 
representatives natural stress conditions (Stepanovic et 
al., 2001; Kostaki et al., 2012). According to some 
reports, the biofilm development was better in the 
nutrient deficient medium in E.coli (Zalewska-Piatek et 
al. 2013). Nutrient limitation induces stress, which 
leads to bacterial cells aggregation, biofilm formation 
and production of polysaccharides (Poole, 2012), while 
addition of exogenous osmolytes significantly favored 
the development of biofilm in the presence of salt 
stress. The presence of biofilm under high salinity 
seems to offer additional protection under osmotic 
stress to bacterial strains. This enables the cells to 
survive in adverse natural environment bacteria in 
biofilm are more opposed to effect of biocides, 
antibiotics host defense than free living stages (Boles 
and singh, 2008). Stepanovic et al. (2001) reported the 
effect of 2.5 % of NaCl more pronounced on biofilm 
formation of S. sciuri strains. The presence of proteins 
and polysaccharides are involved in the development of 
biofilm formation (Beauregard et al., 2013). The 
recruitment of cells from planktonic phase to sessile 
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stage (Resser et al., 2007) to form a biofilm matrix is 
also a shift in life style to overcome salt stress. The 
development of biofilm shows a tendency of cells to 
thrive for successful survival under osmotic stress. The 
enhanced resistance to desiccation in biofilm results in 
high metabolic cooperation between cells (Hansen et 
al., 2007). The development of biofilm offer 
competitive advantage to bacteria existing in the 
rhizosphere by protecting from the water deprivation 
effect, present under high salt stress (Bogino et al., 
2013). Taken together, findings in this study help to 
understand the osmoadaptational strategies taken by 
bacteria under stress. Both these strategies help the 
halophiles to lessen the osmotic stress and successfully 
survive in salt stress.  
In plant growth experiments, salinity showed the 
significant negative affects on plant growth. The 
negative consequences of salinity have been reported in 
various non leguminous (Sakr et al., 2012) as well as 
leguminous crops (Kafi et al., 2012; Katerji et al., 
2012). However, plant growth was significantly 
improved when inoculated with bacterial strain. Total 
soluble sugar and protein contents significantly 
increased in inoculated plants in control conditions. 
Accumulation of these osmolytes have been reported to 
play a role in osmotic adjustments in plant tissues under 
stress (Mohamed and Ismail, 2011). With increasing 
salinity, change in metabolites like soluble sugars, 
proteins and lipids have been reported offering 
osmoprotection (Chen and Murata, 2011: Aly et al., 
2012). These phenomenon seem positively helpful for 
plants growing at different salinity levels. This is in line 
with findings in crops like tomatoes and barley 
(Khosravinejad et al., 2009) showing higher soluble 
sugar contents at high salinity. Increase in intracellular 
protein accumulation under salt stress has been reported 
in plants when inoculated with Azospirillium (Hamida 
and shaddad, 2010). Considering the previous findings 
showing carbohydrates, proline, protein and soluble 
sugars very helpful in osmotic adjustments in plant 
tissues (Amini and Ehsanpour., 2006; Hayat et al., 
2012), these strains were found helpful for plant 
inoculation.  
Conclusion 
Findings of the study corroborates the view that 
bacterial osmoadaptation in terms of biofilm formation 
and osmolytes accumulation is supportive for its 
successful survival under salt stress. These strategies 
assist the cells to overcome salt stress. These two 
strategies might have helped the cells to increase plant 
growth in saline soil. 
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