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Abstract.   

The present study was conducted to isolate and identify PGPB associated with two halophyte plants 

from coastal saline site. These strains were tested for improved crop productivity under salinity 

conditions. Four strains namely MA9, MA14, MA17 and MA19 were selected 

The PGPB-inoculated plants were relatively healthy and hydrated, whereas the uninoculated plant 

leaves were desiccated in the presence of 125 mM NaCl. The percentage of water content (PWC) in 

the plant was also significantly higher in inoculated plants compared to uninoculated ones. Under 

greenhouse experiments, our data revealed that experiments using seed biopriming on non-sterile soil 

supplemented with NaCl permitted to identify the most efficient isolates which offered the best 

vegetable criteria by significantly increasing root and shoot length, root and shoot dry weights, area of 

the root system and thousand seed mass in plant growth trials. The benefic effect of seed biopriming 

was more pronounced in soil samples added with NaCl than that of untreated soil. 

Seed biopriming by efficient PGPB strains induced salinity tolerance of wheat and therefore enhanced 

their productivity under salinity. 

 

Keywords: biopriming, halotolerant PGPB, N2 fixation, durum wheat, salinity. 
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Introduction  
Salinity is one of the most severe abiotic stresses 

limiting crop yield. Salt-affected area in Tunisia 

is fast escalating due to intrusion of saline water 

on arable land and use of chemical fertilizers and 

pesticides. Thus, a great effort is required to 

preserve crop production under limiting factors.  

Novel agricultural technologies are required to 

improve food production in saline and dry soils 

(1).Several studies have documented beneficial 

effects of certain rhizobial strains in improving 

growth of legumes as well as non-legumes. 

Second, inoculation of rhizobium in consortium 

with free-living rhizospheric bacteria has also 

given excellent results in improving crop growth 

and productivity (2; 3; 4). These PGPBs can be 

used effectively to meet the nutrient-deficient 

conditions and their use can be favorable to 

reduce the uses of chemical fertilizers and 

support of environment friendly crop 

productivity (5; 6). The beneficial and plant 

growth enhancing effects of PGPB are well 

reported and explained. PGPB inoculation has 

increased different crop yields in normal and 

stress conditions. From recents studies, PGPB 

inoculation increased the stress resistance and 

production of the crops, including tomato (7), 

wheat (8), soybean (9), groundnut (10), maize 

(11) and chickpea (12). The increase in yields 

and other yield parameters can be different in 

different crops and environments and normally 

range from 25% to 65%. 

 

Results and Discussion 

The screening results of PGP traits are 

summarized in Tables 1.All isolates were 

negative for HCN whereas positive for lytic 

enzymes production such as beta-glucanase, 

protease, chitinase and amylase, EPS secretion, 

ACC deaminase production,and diazotrophic 

potentiel (azote fixation).The antifungal activity 

of all strains was checked against Fusarium 

solani, F. oxysporum, F. graminarum 

andRhizoctonia solani using PDA medium 

(table1). The antifungal activity of the tested 

strains varied according to PGPB and 

phytopathogenic fungal strain whose MA17 as 

the most effective against all fungal strains. It 

should be noted that only with MA17, this 

activity was efficient against Fusarium 

oxysporum.Moreover, no antifungal activity was 

noticed with MA14. However, with MA9 and 

MA19, the antifungal activity was highly 

effective against Rhizoctonia solani, but less 

effective against Fusarium solani. 

 

 

Table 1: Plant growth-promoting and other properties of selected isolates from coastal  

saline soil in Tunisia 

 

 

 

Isolate 

code 

Hydrolytic enzyme properties PGP properties Mycelial growth inhibition 

Beta 

Glucanase 
Protease Chitinase 

Diazotrophic 

potentiel 

ACC 

deaminase* 
EPS 

Rhizoctonia 

solani 

Fusarium 

solani 

Fusarium 

oxysporum 

Fusarium 

graminarum 

MA9 ++ +++ + + +++ ++++ +++ + - + 

MA14 +++ ++++ ++ ++ ++ + - - - - 

MA17 +++ ++++ +++ +++ + ++++ +++ +++ ++ +++ 

MA19 +++ +++ ++++ ++ +++ + +++ + - +++ 
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Figure 1: Effect of biopriming PGPB on the electrolyte leakage (A) and the variation of water content (%) (B)  

of durum wheat plants under two salinity regimes T1and T2 (25 and 120 mM). Different letters above the 

histograms   indicate significant difference at P B 0.05. Two Control T1 = no bacterial treatment under normal 

conditions (25 mM); T2 = no bacterial treatment under salinized hydroponic culture (120 mM); Biop = 

biopriming seed; BiopInoc = biopriming seed and Inoculation with PGPB strains; 1 = MA9; 2 = MA14; 3 

=MA17: 4 = MA19 

 

Different physiological parameters such as 

electrolyte leakage, and water content were 

analyzed in the PGPB bioprimed/inoculated 

plants under 25 and 125 mM NaCl.The PGPB-

inoculated plants were quite healthy and 

hydrated, whereas the uninoculated plant leaves 

were desiccated in the presence of 125 mM 

NaCl. In the control plants, the percentage 

increase in the water content in plants was 

significantly low, whereas bioprimed plants 

showed a higher percentage of water content 

(Fig.1).PGPB helps the plant by removing the 

physiological drought under salt stress and 

increasing water content in the cell. Under stress 

and in the absence of any bacterial treatment, the 

plant was found to suffer from a turgor and a 

reduction of the ionic potential. Nevertheless, 

bacterial biopriming and / or inoculation 

significantly improved water retention, and thus 

reduced leakage of electrolytes.  

Inducible salt tolerance mediated by beneficial 

soil bacteria has been observed for several 

cultivated and wild plant species.The treatment 

of durum wheat seeds with halotolerant strains 

significantly improved root length under stress 

conditions (125 mM NaCl) as well as under 
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normal growing conditions except of MA19 

strain, which reduced root length by 71% in the 

absence of stress.However, the plant biomass 

was significantly increased after seed biopriming 

with MA17 and MA19 strains which showed a 

significant plant development under25 and 

120mM, as opposed to biopriming by MA9 and 

MA14 which are two strains whose biopriming 

improves the length of the roots and has no 

remarkable effect on the plant biomass which is 

reduced by 10% with MA9 in normal culture and 

by 7% with MA14 under stressful 

conditions.Biopriming seed by these four 

diazotrophic strains significantly increased the 

dry weight of durum wheat var. "Aouija" and this 

induction effect is more pronounced under stress 

conditions than that under normal 

conditions.Seed biopriming with PGPB offered 

greater enhancement growth in comparison to 

control plants, whereas all experiments, under 

natural and saline treatment, showed a promotion 

in shoot and total plant length and in total dry 

weight of wheat plants. 

 

Materials and Methods 

 

Plant growth properties: for biochemical 

selection of PGPB, strains were examined for 

their nitrogen-fixation (diazotrophic) potential by 

the method of Quantification of N fixing capacity 

and the ARA test (13; 14), exopolysaccharide 

production was performed according to Paulo et 

al. (2012)(15),ACC deaminase activity (16), and 

antimicrobial activities production (17). 

Physiological response of wheat under 

hydroponic culture:Electrolyte leakage was 

measured according to Lutts et al (1996)(18). 

One young leaf from the first primary branch 

toward the distal end of the same size was 

collected from three plants for each treatment 

and washed thoroughly with deionized water to 

remove surface-adhered electrolytes. The 

samples were placed in closed vials containing 

10 ml of deionized water and incubated at 25°C 

on a rotary shaker for 24 h, and the electrical 

conductivity of the solution (Lt) was determined 

using Seven Easy conductivity (Metler Toledo 

AG 8603, Switzerland). Samples were then 

autoclaved at 120°C for 20 min and the final 

electrical conductivity (L0) was obtained after 

cooling at 25°C. The electrolyte leakage was 

defined as follows: 

Electrolyte leakage (%) = (Lt/L0) * 100. 

Percentage change in water content was 

calculated as [(FW – DW)/FW] * 100 (19). Each 

experiment was replicated three times. 

Pot trial: Seeds of wheat “Aouija” were surface 

sterilized with 0.1% HgCl2 for 2 min and washed 

with sterilized water. PGPB were grown 

overnight in 250 ml LB-liquid and culture was 

directly harvested to obtain fresh bacterial cells 

for preparation seed coating for biopriming seed 

of wheat. Natural soil was used without 

sterilization. Pot experiments were conducted by 

employing Completely Randomized Design 

(CRD). Trial 1: This experiment was conducted 

without inoculation by PGPB in small pots (9 cm 

diameter) containing unsterilized natural soil 

(150 mM NaCl) as negative control. The plants 

grown without inoculation and sand salinization 

were used as positive control. Trial 2: In 

thisexperiment, inoculation by PGPB in (9 cm 

diameter) small pots containing unsterilized sand 

(1Kg/pot) salinized by 150 mM and without seed 

bacterization. The pots containing natural soil 

without seed bacterization were used as positive 

control.Trial 3: The experiment was conducted 

with inoculation by PGPB in (9 cm diameter) 

small pots containing unsterilized sand (1Kg/pot) 

salinized by 150 mM and with seed 

bacterization. The pots containing natural soil 

with seed bacterization were used as positive 

control. 

Statistical Analysis 

The data generated during quantitative evaluation 

of biochemical characteristics and seed 

germination or plant growth promotion values 

were analyzed by the Duncans Multiplicity Test 

Range (DMRT) using the SPSS software (ver. 

10.1, SPSS Inc., www.spss.com). The 

significance level for all analysis was P = 0.05. 

 

 

Conclusions 
Our data revealed efficient isolates that offered 

the best vegetable criteria by significantly 

increasing root and shoot length, total dry 

weights, area of the root system and 100 seed 

mass in plant growth trials when applied on 

wheat seeds germinated under salt stress 

conditions In fact, the benefic effect of seed 

bacterization was more pronounced in soil 

samples added with NaCl than that of untreated 

soil. These characteristics are important growth 
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promoting traits for plants growing in the region 

under continuous threat of soil erosion and soil 

degradation.The effectiveness of seed biopriming 

with PGPBbefore germination suggests the 

possible use of these strains to reduce the 

chemical fertilizers concentrations as a low cost 

and effective management strategy. 
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