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ABSTRACT 
 

A greenhouse trials were conducted to examine the effect of inoculation of an exopolysaccharides (EPS) 
producing bacterial strain (isolated from roots of maize plants grown in a salt-affected soil) on the extent of soil 
aggregation around roots of maize plants and evaluate the effect of different EPS-producing bacterial strains on 
maize growth and ions uptake under salt stress conditions in saline (4, 8 and 12 dS m-1) and non-saline soils. 
The results showed that the association of the inoculated EPS-producing bacteria was higher with roots of 
inoculated maize plants grown in saline than non-saline soil and increased soil aggregation around roots of 
inoculated maize plants grown in saline soil over control. In general, maize growth was reduced with the 
increased salinity levels. EPS-producing bacterium inoculation, even at higher EC (12 dSm-1), increased 
significantly root and shoot dry weights, chlorophyll a, b and carotenoids contents compared with uninoculated 
control. Similarly, inoculation restricted the uptake of Na+ and Cl– while enhanced accumulation of N, P and K in 
shoot compared to control. Among the five selected strains, Azotobacter chrococcum performed better at all EC 
levels. It could be concluded that inoculation of EPS-producing bacteria could enhance fertility and productivity 
of the salt-affected soils.  
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Introduction 

 
High level of salts causes a reduction in growth of different plant species, especially in plant biomass 

production (Bekheta et al., 2009; Abdelhamid et al., 2010; Gaballah et al., 2011). A more recent review quotes 
that one-third of the world’s arable land resources are affected by salinity (FAO, 2002). Ghassemi et al. (1995) 
reported that in Egypt the area of irrigated land that is salt-affected is 33%. In salt affected areas, plant growth is 
severely affected by salinity through water deficit and salt specific damages (Qureshi et al., 2005). Under 
salinity, growth depression results from water stress, ion toxicities, ion imbalance, increased level of ethylene 
(Nukui et al., 2000), decreased photosynthetic capacity, or combination of all these factors (Ashraf et al., 2005). 
It has also been reported that salt stress limits plant productivity causing disturbance in various physiological 
and biochemical processes (Zhang et al., 2005; Abdelhamid et al., 2010).  

Loss in soil fertility and productivity of the salt-affected soils is resulting in shortage of food, feed, fiber and 
fuel demands of swiftly growing populations, while lack of vegetation is causing adverse effects on environment 
of these countries. Coping with salinity is a global issue to ensure sustainable crop production. Plant growth 
under salt stress is dependent on adaptation to re-establish ionic balance.  

Several attempts have been made to reduce the drastic effect of salinity, mostly focusing on chemical 
amelioration on saline agriculture. Since the major consequences of soil salinization are deterioration of 
physico-chemical fabric and loss in soil biological activities (Weigand, et al., 1996), efforts are being fostered 
for biological amelioration or economic utilization of these salt-affected wastelands. Recently, a biological 
approach using microorganisms was attempted. 

A conglomerate of bacteria is known to secrete extra cellular polymers in the environment (Tisdall, 1994), 
called exopolysaccharides (EPS). These EPS are involved in adherence of the bacteria with the environmental 
surfaces, the association termed as biofilm (Mah and O’Toole, 2001). Besides providing physical and 
functional protection to the dwelling microbes, the biofilms are implicated in removing toxicants and 
contaminants from water, soil and the atmosphere. The association of rhizospheric bacteria with roots of the 
plants through these extra-cellular biopolymers results in formation of rhizosheaths (RS), the soil adhered 
strictly to the roots of the plants. These RS are not only the active sites for soil microbial process responsible 
for cycling of the soil nutrients and their availability to plants but are also involved in monitoring and 
regulation of ionic, nutrients and water flow across roots of the plants (Amellal, et al., 1999 and Tisdall, 1994). 
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Additionally, the root portions with attached RS ploughed under the soil after harvesting the crop plants at 
maturity contribute to formation, build up, and maintenance of micro-aggregates, the soil structures 
indispensable for physico-chemical fabric and fertility of the agricultural soils (Amellal et al., 1999 and Watt, 
et al., 1993). However, because of a lower soil organic matter and a higher salts contents, the activities and 
population densities of the EPS-producing bacteria in the salt-affected soils are limited, therefore, it could be 
presumed that build up of the EPS-producing populations through inoculation of the soils, seeds or roots of the 
plants with EPS-producing bacterial isolates native to the salt-affected soils could help accelerate the soil 
microbial processes that could revive fertility and productivity of these marginal wastelands. The impact of the 
EPS-producing bacteria on aggregate stability and growth of the plants on arable soils has been studied 
extensively (Alami et al., 2000 and Lynch and Bragg, 1985) but their presence, activities, and interaction with 
constituents of the salt-affected soils has been investigated rarely, consequently the information are very 
sketchy. Since the role of the EPS-producing bacteria in improving physico-chemical characteristics and 
growth of the crop plants on salt-affected soils has poorly been understood, the studies were under taken to 
isolate, identify, and characterize the EPS-producing bacteria associated with roots of the crop plants grown on 
salt-affected soils and to observe the effect of their inoculation on soil aggregation around roots of the plants 
grown on the salt-affected wastelands (Ashraf et al., 1999 and 2004).  

Therefore, the present study was carried out to elucidate the role of exopolysaccharide production bacteria 
on soil aggregation around roots, the association efficiency of EPS-producing with roots of maize plants grown 
in a saline and non-saline soils and ion uptake of maize under salt stressed condition. 

 
Materials And Methods 

 
Bacterial strains and culturing media: 

 
EPS-producing bacterial strains viz. Azospirillum lipoferum, Azospillum sp., Azotobacter chroococcum, 

Azotobacter sp, and Bacillus sp. used in the study were isolated previously from rhizoplane and rhizospheric 
soil fractions of the chamomile cultivars grown on a salt-affected soil and identified as described earlier by 
Awad and Turky (2007). Fresh cultures of the bacterial strains were prepared on tryptic soy agar (TSA) and 
tryptic soy broth (TSB) media supplemented with 15 g L-1 NaCl. The selective medium used for EPS production 
was a nitrogen deficient solid RCV-sucrose medium (Heulin et al., 1987). The selected strains (Table 2) were 
characterized by measuring 1-aminocyclopropane-1-carboxylate (ACC) deaminase activity (Honma and 
Shimomura, 1978) by monitoring the amount of α-ketobutyrate produced when the enzyme ACC-deaminase 
cleaves ACC. In vitro auxin production was determined as indole-acetic acid (IAA) equivalents in the presence 
and absence of L-tryptophan by using protocol described by Khalid et al. (2004). Chitinase activity and 
phosphorus solubilizing activity was determined qualitatively as described by Chernin et al. (1998) and Mehta 
and Nautiyal (2001), respectively. Root Colonization ability of these strains was studied under axenic 
conditions as described by Simons et al. (1996). 

 
Comparison of EPS production: 

 
Each strain spotted (Hebbar et al., 1992) on replica plates containing N-deficient RCV-sucrose medium was 

incubated at 25 and 30 °C. The RCV-medium was supplemented with or without 0.26 M (a moderate soluble salt 
level of the salt-affected soils) NaCl. EPS-production was observed manually after 5 days of incubation period. 
For comparison of EPS-production among different bacterial isolates in quantitative terms, over nightly TSB 
grown cultures of the bacterial isolates were centrifuged at 12000 rpm for 10 minutes. The bacterial pellets thus 
obtained were suspended in sterile biological saline so to obtain optical density equal to 0.5 McFarland (a 
bacterial population of 106 CFU ml-1). One ml of this bacterial suspension was then spread on an RCV-sucrose 
medium (15-20 plates containing 40-50 ml medium plate-1). After 5 days of incubation period at 30 °C, the EPS 
produced was scratched from surface of the RCV-sucrose medium and dissolved in 0.85% KCl. After removal 
of the bacterial pellets, 2-3 volumes of cold ethanol (95% v/v) were added to the supernatant to precipitate and 
recover soluble EPS from the solution (Hebbar et al., 1992 and Heulin et al., 1987). The aqueous solution of 
the EPS was further passed through different grades (60, 70, 80, 95%) of cold ethanol to remove the impurities. 
Fresh weights of the EPS were taken immediately after recovering of the EPS from the supernatant while the dry 
weights were determined after lyophilize the wet EPS at –43 °C under vacuum (1 x 10-3 mbar pressure) for 24 
hours. The EPS production efficiency of the bacterial isolates was calculated on the basis of per mole of 
carbohydrate (sucrose) utilized for synthesis of the EPS. 

 
Carbohydrate analysis of the EPS: 

 
Saccharides content of the EPS obtained from each strain was determined by HPLC (Hebbar et al., 1992). 
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Purified EPS (20 mg) was first acid hydrolysed in sealed test tubes at 100 oC for 8-16 hours and then 
neutralized with KOH. Saccharides content of the neutralized hydrolysate was then determined by HPLC 
(Gilson, USA) using Aminex HPX 87 P column (Bio-Rad) at 85 °C. The column was eluted with double 
distilled acidified deionised water at a flow rate of 0.5 ml min-1 while R.I detector was used to identify and 
quantified the carbohydrates content of the eluant. 

 
Preparation of Inoculum: 

 
The EPS-producing bacteria inoculum was prepared in flasks and each flask containing 60 mL broth was 

inoculated with selected strains of bacteria and incubated for 72 hours under shaking (100 rpm) conditions at 28 
± 1oC. An optical density of 0.5 measured at a wavelength of 535 nm was achieved by dilution to maintain 
uniform cell density (107–108 cfu mL-1) prior to seed inoculation.  

 
Soil: 

 
Saline and non-saline soils were collected from an experimental field of the Agriculture Research Center, 

Sakha, Egypt. After air-drying and passing through a < 2mm sieve, representative soil samples were subjected to 
physico-chemical analysis shown in Table 1. 

 
Table 1: Physico-chemical properties analysis of non-saline and saline soils used. 

 
Association efficiency of inoculated Azotobacter chroococcum with roots of the maize plants: 

 
Seeds of maize (Zea mays L. cv. Hageen 11) were surface sterilized in 2% Ca-hypochlorite solution for two 

hours, rinsed thoroughly under aseptic conditions in sterile water and soaked in 1:1 vol/vol H2O2 for 20 min. 
After thorough washing with sterile water, the seeds were incubated at 30 °C in petriplates using a drop of water 
for soaking of each seed. The seeds were considered sterile when the drop of water stays translucent at the time 
of germination. Further sterility of the seeds was confirmed by immersing and overnight culturing of the 
germinated seedlings in TSB at 30 °C. Unsterile saline and non-saline soils were taken into sterile polyethylene 
bags. Inoculated soil treatments were sprayed with an over nightly grown centrifuged and washed culture of 
Azotobacter chroococcum (108 CFU g-1 soil), but the uninoculated control soils were treated with sterilized 
broth.  The soil treated with the bacterial culture was mixed thoroughly and distributed into small plastic pots 
(250 g soil pot-1). Similarly roots of surface sterilized and 3 days grown germinated seedlings of the maize were 
soaked in an actively growing culture of Azotobacter chroococcum (109 CFU ml-1) for 2 hours. After completion 
of soaking period the seedlings were transplanted into treated and untreated soil contained in the plastic pots. 
The plants were grown in wire house under ambient light and temperature according to randomized complete 
block design. Initially the pots were irrigated with water at 60% WHC but later on the moisture content was 
adjusted by loss in weight method. After 15 and 30 days of growth periods inoculated and uninoculated maize 
plants with intact roots were recovered from the soil and stirred for 1-2 minutes on a vibrating arm shaker for 
removing unattached soil. Microbiological analysis of the rhizosheaths (RS) or root adhering soils and 
rhizoplane fractions were carried out as described by Gouzou et al. (1993). Dry weights of root and shoot 
portions of the plants were taken after drying the plant material at 70 °C for 72 h. 

 
Inoculation and growth of the maize plants under different salinity level: 

 
Surface-disinfected seeds of maize were inoculated with 10g peat (bacteria inoculum to peat ratio 1:1 w/w) 

properties Non-saline 
soil 

Saline soil 

Sand (%) 27.7 56.3 
Silt  (%) 57.1 29.2 
Clay (%) 14.4 12 
WHC (%) 19 12 
pH (KCl) 7.6 8.0 
Organic C (%) 0.820 0.072 
ECe  (dS m-1) 2.3 8.3 
N (mg g-1 soil) 0.061 0.034 
Na+ (meq L-1) 7.8 45.7 
K+  (meq L-1) 6.4 3.4 
Ca2

+ (meq L-1) 19.3 20.0 
Mg2

+ (meq L-1) 6.8 8.5 
Cl- (meq L-1) 4.5 11.3 
SO4

2- (meq L-1) 6.2 35.2 
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mixed with 10% sugar solution  In the case of uninoculated control, seeds were coated with sterilized 
(autoclaved) peat treated with sterilized broth. Five inoculated seeds of maize were sown in saline soil each pot 
containing 12 kg soil pot-1  at three EC levels (Original, 10 and 12 dS m-1) and non-saline soil as a control. There 
were four replications for each treatment. Pots were arranged in wire house under ambient light and temperature 
according to randomized complete block design. Recommended doses of NPK fertilizers were applied in each 
pot as urea, superphosphate and potassium sulphate, respectively. Phosphorus and potassium were applied as 
basal dose while nitrogen was applied in two splits. Initially the pots were irrigated with water at 60% WHC but 
later on the moisture content was adjusted by loss in weight method. After 75 days, leaf samples were collected 
and stored in polypropylene centrifuge tubes at freezing temperature (Akhtar et al., 1998). Frozen leaf samples 
were thawed and crushed. The sap was collected in polypropylene tubes by Gilson pipette and centrifuged at 
6500 rpm for 10 minutes. The supernatant sap was collected and sodium and potassium were determined using 
Flame Photometer. Chloride content was determined according to Mohr's method (Johnson and Ulrich, 1959). 
For chlorophyll pigments, 0.5 g of leaf samples from each treatment were homogenized with 80% acetone (v/v) 
and then the homogenate was filtered through filter paper. Absorbance of the resulting solution was read at 663, 
645 and 480 nm for chlorophyll a, b and carotenoids, respectively (Arnon, 1949). For determination of N and P 
content, dried leaf samples were digested with sulphuric acid and hydrogen peroxide according to the method of 
Wolf (1982). Nitrogen was determined by Kjeldhal method and P contents were determined by 
spectrophotometer after mixing the sample with Barton reagents.  

 
Statistical analysis: 

 
The data were subjected to the analysis of variance (ANOVA) using a PC package CoStat (CoHart 

Software, Berkeley, United States), appropriate to the randomized complete block design applied after testing 
the homogeneity of error variances according to the procedure outlined by Gomez and Gomez (1984). The 
significant differences between treatments were compared with the critical difference at 5% probability level by 
the LSD’s test. 

 
Results 

 
Comparison of EPS production: 

 
Characteristics of selected strains of EPS-producing bacteria are shown in Table 2. Among various strains 

used to compare polysaccharide production (Fig. 1), Azospirillum lipoferum, Azospirillum sp., and Azotobacter 
chroococcum were found to yield an appreciable quantity of polysaccharide on solid RCV-sucrose medium. A 
comparison of fresh and dry weights of the EPS’ indicated that polysaccharides produced by Azospirillum sp. 
and Azotobacter sp. could hold water higher than the EPS’ produced by Az. lipoferum, Bacillus sp. and A. 
chroococcum (Fig. 1). However, efficiency of EPS production in terms of per unit mole of carbohydrate 
(sucrose) utilization was maximum and higher in A. chrococcum.  
 
Table 2: Characteristics of selected strains of EPS-producing bacteria. 

 
Association efficiency of inoculated azotobacter chroococcum with roots of the maize plants 

 
Percent recovery of the inoculated A. chroococcum from RP and RS fractions of maize plants grown at 

non-saline (NSS) and saline soils (SS) at 15 and 30 days maize age (Table 3). Percent recovery from RS 
indicated a significant survival of the inoculated bacterial strain in the two soils however; the extent of 
association with roots was higher in saline than non-saline soil in both dates (Table 3). A higher recovery of 
the inoculated bacterial strain from RS of the plants grown in non-saline soil indicated a weak adherence of the 
inoculated bacterium with roots of the maize plants. 
 
 
 
 

EPS-producing 
bacterial 
strains 

ACC-deaminase 
activity (a-

ketobutarate nmol g1 
biomass h1 

Chitinase 
activity 

(qualitative) 

Phosphate 
solublization 
(qualitative) 

IAA production (mg L-1) Root 
Colonization 

(cfu g-1) Without L-
TRP 

With L-
TRP 

Az. lipoferum 440 - + 0 18.2 4.50 x 105 

Azotobacter sp. 405 - + 0 15.0 5.12 x 104 

A. chroococcum 442 + + 0 19.0 7.80 x 105 
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Fig. 1: Fresh weights (A) and dry weights (B) of polysaccharides obtained from different strains of bacteria 

grown on RCV-sucrose (40 g L-1) medium.). Bars with no common letter are significantly different as 
determined by Duncan's test (P < 0.05). 

 
Table 3: Percent recovery of the inoculated Azotobacter chroococcum from rhizoplane (RP) and rhizosheath (RS) fractions of maize plants 

grown at non-saline (NSS) and saline soils (SS) at 15 and 30 days maize age. 
 RP 

(CFU g-1 root D.W x 108) 
RS 

(CFU g-1soil x 107) 
 NSS SS NSS SS 

 
At 15 days

Uninoculate 6.7c1 8.2b 1.8d1 14.2a 
Inoculated 11.7a 12.3a 5.1c 10.9b 

 
At 30 days

Uninoculate 0.17dc1 2.8c nil 0.73b 
Inoculated 5.60b 9.2a 0.94a1 0.91a 

CFU: 1Means in the same column or raw or group for each treatment with the same letter are not significantly different by Duncan's test (P 
< 0.05). 

 

Effect of Azotobacter chroococcum inoculation on dry weights (DW) of root and shoot, and RS fractions of 
maize plants grown in NSS and SS at 15 and 30 days after sowing shown in Table 4. Inoculation of Azotobacter 
chroococcum resulted in significant increase in root and shoot dry matter yield after 15 and 30 days of maize 
growth period.  At the same time salinity significantly reduced root and shoot dry weights at 15 and 30 days age. 
Besides an increase in root and shoot dry matter yields, root inoculation of the maize plants with A. chroccucum 
resulted in a prominent increase in root adhering soil or RS of the plants grown in the salt-affected soil. No 
doubt after 15 days of growth period the extent of RS was lower in saline than non-saline soil grown plants, 
however, after 30 days of growth period the extent of soil aggregation around roots of the inoculated maize 
plants grown in the salt-affected soil was similar to the plants (uninoculated and inoculated) grown on non-
saline soil (Table 4). A comparison of the roots of the maize plants uninoculated and inoculated with 
Azotobacter chroccucum and grown for 15 and 30 days, respectively, under salt stress (in the salt-affected soil) 
exhibited a prominent effect of EPS-producing bacterial inoculation on growth pattern and the extent of soil 
aggregation around roots of the plants. Although the effect of bacterial inoculation on growth of the roots was 
started at early growth stages but it became evident after 30 days of growth period. EPS-producing bacterial 
inoculation resulted in a decrease in root length while horizontal root growth and numbers of the primary roots 
were increased (data not shown). The horizontal root proliferation resulted in a higher root volume. Moreover, 
the increase in horizontal growth of the roots resulted in a pronounced increase in dry matter yield of roots of 
the inoculated maize plants grown for 30 days in the salt-affected soil (Table 4).  
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Table 4: Effect of Azotobacter chroococcum inoculation on dry weights (DW) of root and shoot, and rhizosheath (RS) fractions of maize  
              plants grown in non-saline (NSS) and saline soils (SS) at 15 and 30 days after sowing. 

Treatment Root DW 
(g/plant) 

Shoot DW 
(g/plant) 

RS 
(mg/plant) 

At 15 days 
 NSS SS NSS SS NSS SS 
Uninoculate 17.5a1 9.7b 18.1ab1 12.5b 428.6a1 67.2b 
Inoculated 37.0b 12.5ab 20.7a 16.9ab 407.7a 72.5b 

At 30 days 
 NSS SS NSS SS NSS SS 
Uninoculate 46.5a1 10.8d 38.8a1 15.5b 1181.2a1 117.8b 
Inoculated 16.5b 20.0c 33.2a 31.3a 1069.7a 1115.0a 

1Means in the same group for each treatment with the same letter are not significantly different by Duncan's test (P < 0.05). 
 
Inoculation and growth of the maize plants under different salinity level 

 
Figure 2 (A, B, C) shows interaction effects of interaction of inoculation with EPS-producing bacterial 

strains and four different salinity levels on chlorophyll a (A), chlorophyll b (B), and carotenoid (C) of maize 
plants at 75 days from sowing. Results of pot study showed that on overall basis the increase in salinity level 
decreased the photosynthetic pigments (chlorophyll a, b and c contents) of the maize plants. However, 
inoculation with EPS-producing bacterial strains activity significantly increased the pigments under salinity 
stress compared to control.  

chroococcum strain caused significant increase in chlorophyll a contents at original EC and at 8 dS m-1 (by 13 
and 76% increase over respective control, respectively) (Fig. 2, A). Chlorophyll a content was 2.96, 2.82, 2.48 
and 1.48 mg/g fresh weight at 0, 4, 8 and 12 dS/m, respectively. At EC 12 dSm-1, strains Az. lipoferum, and A. 
chroococcum caused significant increase in chlorophyll a contents up to 154 and 150% over control, 
respectively. Chlorophyll a was 1.98, 2.56, 2.51 and 2.69 in control, Az. lipoferum, Azotobacter sp. and A. 
chroococcum, respectively. 

Chlorophyll b content was decreased due to salt effects and recorded 1.48, 1.45, 1.24 and 0.75 mg/g fresh 
weight at 0, 4, 8 and 12 dS/m, respectively. Fig. 2 (B) depicts significant increase on chlorophyll b contents due 
to strains inoculation. Chlorophyll b was 1.09, 1.25, 1.24 and 1.34 in control, Az. lipoferum, Azotobacter sp. and 
A. chroococcum, respectively. At EC original and 12 dS m-1, A. chroococcum caused significant increase in 
chlorophyll b contents that was 102% higher than control. Next to, it was Az. lipoferum that increased 
chlorophyll b contents up to 84 % more than control at 12 dS m-1. 

Fig. 2 (C) shows carotenoids content, indicates that salt significantly reduced caroteniods and this reduction 
was in parallel with increasing salt level. Caroteniods recorded 0.41, 0.41, 0.32 and 0.16 mg/g fresh weight at 0, 
4, 8 and 12 dS/m salt level. However, inoculation with EPS-producing bacterial strain A. chroococcum 
significantly increased carotenoid contents at all the EC levels up to 58% as compared to control. Caroteniods 
content was 0.29, 0.33, 0.32 and 0.35 at control, Az. lipoferum, Azotobacter sp. and A. chroococcum, 
respectively. 

Interaction effect of inoculation with EPS-producing bacterial strains and four different salinity levels on 
dry weights of maize root and maize shoot are shown in Table 5. Root DW was reduced as salinity raised where 
root DW was 28.7, 25.2, 22.0 and 13.3 g/plant at 0, 4, 8 and 12 dS/m, respectively. Same trend was found in 
shoot DW where its values were 92.5, 91.1, 77.3 and 65.3 g/plant at 0, 4, 8 and 12 dS/m, respectively. A. 
chroococcum resulted in highest increase in root dry weight and shoot dry weight under all salinity levels. For 
example, increase in the shoot dry weight of 102% over uninoculated control at 12 dS m-1 was recorded (Table 
5). Mean root DW values were 19.7, 23.5, 22.4 and 23.6 g/plant at control, Az. lipoferum, Azotobacter sp. and A. 
chroococcum, respectively. In addition, shoot DW values were 67.1, 85.7, 83.1 and 90.2 g/plant at control, Az. 
lipoferum, Azotobacter sp. and A. chroococcum, respectively. At 8 dS m-1, A. chrococcum strain increased shoot 
dry weight by 65 % over control followed by Azotobacter sp. and Az. Lipoferum; i.e. 47 and 45 % higher than 
control, respectively. At EC 8 and 12 dSm-1, Az. lipoferum, Azotobacter sp. and A. chroococcum were 
statistically non significant with each other, but significantly different from control. However, maximum dry 
weight was observed by strain A. chrococcum at EC 8 and 12 dS m-1 (28 and 102%) followed by strains Az. 
lipoferum. 

Fig.3. shows interaction effects of inoculation with EPS-producing bacterial strains and four different 
salinity levels on leaf N% (A), leaf P% (B), leaf K% (C), leaf Na% and leaf Cl% of maize plants at 75 days 
from sowing. Leaf N, P and K concentrations were significantly decreased due to salinity stress and this 
reduction was coincided with raising salinity levels (Fig. 3, A, B, C). So, leaf N concentration was 1.75, 1.66, 
1.43 and 1.18% at 0, 4, 8 and 12 dS/m, respectively. Leaf P concentration was 0.28, 0.28, 0.25 and 0.21% at 0, 
4, 8 and 12 dS/m, respectively. Leaf K concentration was 1.94, 1.90, 1.81 and 1.76% at 0, 4, 8 and 12 dS/m, 
respectively. Leaf N, P and K concentrations were significantly increased due to inoculation with EPS-
producing bacterial strains (Fig. 3, A, B, C). Thus, leaf N concentration was 1.31, 1.60, 1.53 and 1.60% at 
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control, Az. lipoferum, Azotobacter sp. and A. chroococcum, respectively. Leaf P concentration was 0.22, 0.26, 
0.26 and 0.29 % at control, Az. lipoferum, Azotobacter sp. and A. chroococcum, respectively. Leaf K 
concentration was 1.78, 1.87, 1.86 and 1.90 % at control, Az. lipoferum, Azotobacter sp. and A. chroococcum, 
respectively. A. chroococcum followed by Az. lipoferum strain showed highest leaf N, P, k concentration over 
all salinity levels. Leaf Na+ and Cl- concentration were significantly increased with increasing salinity levels 
(Fig. 3, D, E). So, leaf Na concentration was 0.92, 0.95, 1.07, and 1.13% at 0, 4, 8 and 12 dS/m, respectively. 
Leaf Cl concentration was 0.17, 0.23, 0.32 and 0.41% at 0, 4, 8 and 12 dS/m, respectively. Leaf Na+ and Cl- 
concentrations were significantly reduced due to inoculation with EPS-producing bacterial strains (Fig. 3, D, E). 
Thus, leaf Na concentration was 1.08, 1.00, 1.02 and 0.97% at control, Az. lipoferum, Azotobacter sp. and A. 
chroococcum, respectively. Leaf Cl concentration was 0.34, 0.30, 0.27 and 0.22 % at control, Az. lipoferum, 
Azotobacter sp. and A. chroococcum, respectively. Leaf K/Na was 2.11, 2.00, 1.69 and 1.56 at 0, 4, 8 and 12 
dS/m, respectively. Leaf K/Na was 1.65, 1.87, 1.82 and 1.96 % at control, Az. lipoferum, Azotobacter sp. and A. 
chroococcum, respectively. 
 
Table 5: Interaction effect of inoculation with EPS-producing bacterial strains and four different salinity levels on dry  weights of 
               maize root and maize shoot 
Strain Root DW(g) Shoot DW(g) 

  
0 

dS/m 
4 

dS/m 
8 

dS/m 
12 

dS/m 
0 

dS/m 
4 

dS/m 
8 

dS/m 
12 

dS/m 
Control 28.2a-c1 24.3de 18.7f 7.5h 90.3a1 83.9b 55.4e 38.7f 
Az. lipoferum 29.4a 26.1cd 23.2e 15.3g 94.0a 94.2a 80.4b 74.0cd 
Azotobacter sp. 28.5a-c 24.0de 22.0e 15.1g 90.3a 90.2a 81.7b 70.3d 
A. chroococcum 28.7ab 26.2b-d 24.1e 15.2g 95.2a 96.0a 91.5a 78.2bc 
1Means in the same group for each treatment with the same letter are not significantly different by Duncan's test (P < 0.05). 

 
 

 
 

Fig. 2: Effect of interaction of inoculation with EPS-producing bacterial strains and four different salinity 
levels on chlorophyll a (A), chlorophyll b (B), and carotenoid (C) of maize plants at 75 days from 
sowing. Bars with no common letter are significantly different as determined by Duncan's test (P < 
0.05). 
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Fig. 3: Interaction effects of inoculation with EPS-producing bacterial strains and four different salinity levels 
on leaf N% (A), leaf P% (B), leaf K% (C), leaf Na% and leaf Cl% of maize plants at 75 days from 
sowing. Bars with no common letter are significantly different as determined by Duncan's test (P < 
0.05). 

 
Discussion: 

 
From results of this study, it could be stated that addition of NaCl in the medium did not affect colony 

morphology of the bacterium at lower incubation temperature. Lloret et al. (1998) have observed a loss in 
mucoidy and a decrease in EPS production in the presence of NaCl in the medium. However, since both 
composition and culturing conditions of the growth medium are known to affect production and rheological 
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properties of the bacterial EPS (Sutherland, 2001), the profuse growth and spreading of the EPS on surface of 
the NaCl amended medium observed in this study could also be ascribed to change in tensile strength and 
elasticity of the EPS. Letey (1994) suggested that the biopolymers produced by soil microorganisms could play 
a prominent role in conditioning and amelioration of degraded soils. A better root system developed as a result of 
improved structural stability, permeability and hydrolic conductivity of the soils could help improve growth of 
the plants on poor soils.  

Among various strains used to compare polysaccharides were found to yield an appreciable quantity of 
polysaccharides on solid RCV-sucrose medium. Sutherland (2001) has observed variability in EPS production 
among bacterial genera and even among different strains of a bacterial species.  HPLC analysis revealed that the 
EPS produced by Azotobacter chroococcum was a fructose biopolymer levan that was composed of fructose 
subunits and some unidentified sugars in the ratio of 3:1. 

Results suggested that the main effect of EPS-producing bacterial inoculation was on growth of roots and 
RS or root adhering soil of the maize plants grown in the salt-affected soil. An increase in RS could be 
attributed to an increased EPS (Bezzate et al., 2000), synthesized and released in the rhizosphere by inoculated 
A. chroococcum. The increased RS was beneficial for plants in terms of fostering and accelerating soil 
microbial activities and for monitoring and regulating water and cationic flow across roots of the plants (Ashraf 
et al., 2004 and Czarnes et al., 2000). A controlled and regulated cationic (Na+) flow across roots could help 
plants to withstand salt stress and attain a good vigour in growth. Moreover, the plant roots along with attached 
RS ploughed under the soil could contribute to structural stability while an interaction of soil cations with EPS 
(He and Horikawa, 1996 and 1997) could decrease the extent osmotic stress. In addition, an increase in soil 
aggregation around roots of the inoculated plants would have aggravated the mechanical impedance (Chenu 
and Guerif 1991), the force applied per unit root area for growth of the roots. Both the mechanical impedance 
and the water stress created in the rhizosphere due to soluble salts content of the salt-affected soil were 
conducive and stimulatory for synthesis and regulation of phytohormones, abscisic acid and ethylene (Clarke et 
al, 2003 and Munns and Sharp 1993). The phytohormones thus controlled and promoted horizontal and vertical 
growth of roots (Clarke et al., 2003) of the inoculated plants grown in the salt affected soil. Hence effect of soil 
salinity on growth of the plants was alleviated and yield of roots and shoot portions of the inoculated maize 
plants grown on the salt-affected soil was improved. 

Adherence of the bacteria with environmental surfaces through extra cellular polymers has been 
considered triggered by stress than non-stress conditions (Chavant et al., 2002 and Cowan et al., 2000). An 
enhanced bacterial adhesion to the roots of the plants grown in the salt affected soil, therefore, could also be 
attributed to effect of soil salinity. Thus an osmotic or salt stress created due to higher soluble salts content 
would have stimulated and promoted adherence of the inoculated bacterial strain with roots of the maize plants 
grown in the salt-affected soil. 

A lower dry matter yield of roots of uninoculated than inoculated plants grown in the salt-affected soil 
indicated that the EPS-producing bacterium inoculation was responsible for decreasing negative effects of 
salinity on growth of roots and improving dry matter yield of shoot portion of the inoculated maize plants. The 
EPS-producing bacterial inoculation did not cause a difference in growth of the roots of the plants grown in non-
saline soil for 15 days. A decrease, however, observed in dry matter yield of roots of the inoculated plants 
grown for 30 days in non-saline soil, could be ascribed to the frail root growth that was resulted from change in 
pattern of root growth (thin root growth reduced number of primary roots) brought about by inoculated A. 
chroococcum. Although there was no difference for soil aggregation around roots between inoculated and 
uninoculated plants, the EPS-producing bacterial inoculation had resulted in a thin root growth of the inoculated 
maize plants grown in non-saline soil. The change in root growth of the inoculated maize plants might be due to 
a decrease in assimilates translocation from shoot towards roots or it might be because of the toxic products 
released in the rhizosphere by growing bacterial population. Thus a change in root growth could reduce the dry 
matter yield of roots of the inoculated maize plants grown in non-saline soil. 

Among strains of EPS-producing bacterial were selected for their growth promoting activity under different 
salinity levels (Original, 4, 8 and 12 dS m-1) by conducting pot experiment on maize. It was observed that 
inoculation with these EPS-producing bacterial strains significantly improved shoot/root fresh weight and 
shoot/root dry weight at all salinity levels. In general, growth was reduced with increase in salinity. However, 
inoculation was effective even in the presence of higher salinity levels (12 dS m-1). 

Under salinity stress, ethylene is produced at higher concentration and this higher concentration of ethylene 
is inhibitory to plant growth. It influences various phases of vegetative growth in plants resulting in overall 
reduced growth (Smalle and Van der Straeten, 1997). In many instances, removing or blocking the effect of 
stress ethylene results in alleviation of the stress effect. It is very likely that the EPS-producing bacterial strains 
promoted root growth by lowering the endogenous inhibitory levels of ethylene in roots. This may imply that 
the inoculation with EPS-producing bacterial could result in the development of much better root system, which 
subsequently affects shoot growth positively. Shaharoona et al. (2006) reported a significant positive correlation 
between ACC-deaminase activity and root elongation in maize due to inoculation with EPS-producing bacteria 
containing ACC-deaminase activity under axenic conditions. The data in this study revealed that inoculation 
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with EPS-producing bacterial strain A. chroococcum proved to be the most effective at all salinity levels 
followed by Azospirillum lipoferum, which increased root growth and other parameters even at high salt stress 
i.e. 12 dS m-1. This may be attributed to its intensive root colonization ability and ACC-deaminase activity 
(Table 2) compared to other strains which made it more competitive under stress conditions. Similar findings 
were also obtained by Shaharoona et al. (2006) where strain having good root colonization ability showed more 
promising results than others. 

Also it was observed that inoculation with strains increased chlorophyll a, b and carotenoids contents (Fig. 
2) of maize. This may be the result of increased photosynthetic leaf area of plant even at high salt stress by EPS-
producing bacterial inoculation compared to control where leaf area reduced due to stress (Marcelis and Van 
Hooijdonk, 1999). Similar results were also reported by Han and Lee (2005b) it was found that inoculation 
increased the chlorophyll content in lettuce. 

Inoculation not only reduced the Na+ and Cl- concentration in maize but also induced a marked and 
progressive increase in N, P and K concentration under salinity stress (Fig. 3). This means that EPS-producing 
bacterial strains could alleviate the effects of salinity stress in maize. Han and Lee (2005a) also observed 
increase in N, P and K concentration under salinity stress due to inoculation with PGPR. Similarly, Vivas et al., 
(2003) reported that N, P and K concentration in lettuce inoculated by Bacillus sp. under stress conditions were 
increased by about 5, 70 and 50 %, respectively, over control. The uptake of Na+ and Cl- varied between 
inoculated and uninoculated treatments. The Na+ and Cl- concentration increased with salinity and the increase 
was much greater in control treatment than EPS-producing bacterial inoculation treatments. Na+ and Cl- 
concentration reduced compared to control. It means that inoculation with EPS-producing bacterial strains Az. 
lipoferum and A. chroococcum retarded the absorption and consequently accumulation of these ions. These 
results are in accordance with Hamdia et al. (2004) who observed decrease in Na+ content in maize under 
salinity due to inoculation with Azospirillum brasilence. This may be due to the reason that EPS-producing 
bacterial alleviate the salinity stress due to their ACC-deaminase activity and this may also be due to the EPS 
activity of bacteria. The EPS-producing bacterial strains can produce bacterial exopoloysaccahrides which bind 
cations including Na+ (Geddie and Sutherland, 1993) and decrease the content of Na available for plant uptake, 
thus helping alleviate salt stress in plants (Ashraf et al., 2004). Thus EPS-producing bacterial strains markedly 
increased the tolerance of maize plant by lowering the Na concentration and consequently Na+/K+ ratio. This is 
also confirmed from the findings of Han and Lee (2005a). They observed that Na+ content of soybean grown 
under saline conditions decreased due to inoculation of EPS producing strains. 

 
Conclusion: 
 

The results of the study suggest that inoculation of selected EPS-producing bacteria can serve as useful tool 
for decreasing the harmful effects of salinity-stress on growth of crop plants and to improve fertility and crop 
productivity of the salt-affected soils. Moreover, besides restricted Na+ influx through uncovered root area and a 
higher soil water uptake, a phytohormone activity regulated by a combination of biotic and abiotic RS factors is 
involved in promoting and controlling growth of roots of the plants inoculated with the EPS-producing bacteria. 
The finding of this study suggested that inoculation of salt-stressed plants with EPS-producing bacteria strains 
containing ACC-deaminase could alleviate salinity stress. These EPS-producing bacteria strains can induce 
salinity tolerance, enhance nutrient uptake and promote maize growth under salinity stress. However, further 
work is needed to explore the effectiveness of strains under field conditions. 
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