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ABSTRACT 
  

A Pot experiment was conducted at the greenhouse of Microbiology Department, Soils Water and 
Environment Res. Inst., ARC, Giza and a field experiment was carried out at the experimental saline sodic soil 
at Sahl El-Tina ,North Sinai, in winter season of 2010-2011 to evaluate the response of wheat plant cultivar 
Sakha 93 to inoculation with Basillus subtilis and Pseudomonas fluorescens isolates, isolated from salt affected 
soil of Sahl Eltina Valley. Results revealed that plant height, fresh and dry weights and chlorophyll content of 
wheat significantly increased as a result of inoculation with single or dual isolates. Inoculation did alleviate the 
harmful effect of salinity on wheat development and significantly increased plant height (72cm) and dry weight 
(14.1g/plant) through the growth period. Also, spike weight (3.21ton fed-1) and grain yield (1.85ton fed-1) 
significantly increased. Inoculation with both isolates significantly enhanced the activity of dehydrogenase 
enzyme in the rhizosphere and crude protein of wheat grain. Concentrations of N, P, K of wheat grain 
significantly increased (57.6 , 53.6 , and 35.4% respectively) by inoculation, the isolate mixture led to the 
highest values of N and P while inoculation with Pseudomonas fluorescens recorded the highest caused the 
maximum records of K and Na levels. 
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Introduction 
 

Plant growing on land experiences a multitude of environmental stress. These stresses include drought, 
salinity and extremes of temperature. Although appraisal of the effects of all different stresses on plants is 
important in view of the existing literature, more emphasis of the researchers can be observed on salinity than on 
other stresses. This is due to the fact that vast area of the available land on the globe comprising a large number 
of countries  affected by salinity, (Ashraf and Foolad, 2007). Salt stress limits the growth and productivity of 
crops, particularly in arid and semi-arid areas (Kramer and Boyer, 1995). Plant growth-promoting rhizobacteria 
(PGPR) colonize the rhizosphere of many plant species and confer beneficial effects, such as increased plant 
growth and reduced susceptibility to diseases caused by plant pathogenic fungi, bacteria and viruses (Kloepper 
2004). Some PGPR also elicit physical or chemical changes related to plant defense, a process referred to as 
reduced systemic resistance, ISR (Von Loon 2004). However, few reports have been published on PGPR as 
elicitors’ tolerance to abiotic stress, such as drought and salt. Here, we propose the term “induced systemic 
tolerance” (IST) for PGPR induced physical and chemical changes in plants, the result is enhanced tolerance to 
abiotic stress (Gengiz Kaya et al, 2009).  
 
Materials and Methods 
 
Microbial inoculate 

  

Log phase (107 cells ml-1) broth cultures on King' medium (pepton 20g/l, MgSo4. 7H2O 1.5g/1, K3PO4. 

3H2O 1.89g/1, glycerol 10.0g/1), rhizobactria were used either separately or in mixtures for inoculating wheat 
seeds and seedlings. Combination of microbial inoculate was prepared by mixing equal aliquots of log-phase 
pure cultures. Seeds of wheat cv. Sakha 39 were washed with tap water and socked in bacterial inoculate for 3 
hr. Inoculated grain were sown on soil, was applied at three time intervals 21,42and52 days from sowing. 
   The allocated treatments for both pot and field trials were as follows: 
1- Control without inoculation 
2- Inoculation with Basillus subtilis (B1)  
3- Inoculation with Pseudomonas fluorescens (B2) 
4- Inoculation with a mixture of both. 
All treatments received the recommended dose of ammonium sulfate (100 Kg.fed-1).  



1091 
Middle East J. Appl. Sci.., 4(4): 1090-1094, 2014 

Bacteria were isolated from the experimental saline sodic soil at “Sahl El-Tina” plan and were identified in Plant 
Pathology Institute, Soils, Water and Environment Res. Inst. (SWERI) (ARC) as Basillus subtilis and 
Pseudomonas  fluorescens. Soil properties determined according to Piper and Jakson (1950) are shown in Table 
(1).According to the water salinity and sodality classes undertaken by FAO (1985), data in Table (2) show 
Chemical analysis that the use of irrigation water derived from El-Salam canal (Nile water mixed with 
agricultural drainage water). Superphosphate (KP2O5 200kg Fed-1) and potassium sulfate (K2 SO4 50 Kg.Fed-1). 
A randomized block design with three replications was used and the plot area was 10 m2 .  
 
Pot Experiment 
 

 A pot experiment under green house, pots (20 cm in diam) and (2 Kg soil) were filled . Grains of 
wheat (sakah39) were washed with tap water and socked in the bacterial inocula, after thirty days were sampled 
after 70 days of sowing and analyzed for plant height, fresh and dry weights after drying at 70°C for 
determining nutrient contents (N, P) according to Chapman and Partt (1961). Potassium content was assayed 
using an atomic absorption spectrophotometer. Pigment content as chlorophyll was determined according to 
Lichlenthaler (1987). 
 
Table 1: Some physical and chemical properties of the experimental soil 

Soil characteristics Value Soil characteristics Value 

Particle size distribution% Soluble cations (soil paste, mmol c L -1 )  
Sand 71.5 Ca2+ 8.60 
Silt 13.8 Mg2+ 12.40 
Clay 14.7 Na+ 44.00 
Textural class Loamy sand K+ 1.40 
Soil chemical properties Soluble anions (soil paste, mmol c L -1) 
pH (1.25 soil water suspension) 8.45 CO3

2- 0.00 
CaCO3 (%) 7.9 HCO3

- 4.20 
Organic matter (%) 0.48 Cl- 33.0 

EC (dS/m, soil paste extract) 6.67 SO4
2- 29.2 

 

Available macro & micronutrients (mg/Kg) 

N P K Fe Mn Zn Cu 

29.35 3.91 176.42 3.83 0.86 0.58 0.49 

 
Table 2: Characteristics of  El-Salam canal irrigation water : 

Water characteristics Value Water characteristics Value 

Soluble cations (mole L-1) Soluble anions (meq/l) 
Ca2+  4.88 CO3

2- 0.00 
Mg2+  3.35 HCO3

-  5.25 
Na+ 13.76 Cl- 12.91 
K+  0.54 SO4

2- 4.37 
pH  7.23 Sodium absorption ratio (SAR)  6.89 
ECiw (dS/m)  2.25 Residual sodium carbonate (RSC)  0.00 
Total dissolving salt (mg/l)  864.8 Irrigation water suitability degree  2S2 
Heavy metal contents (mg/L) 
 Cd Pb B Fe Mn Zn Cu 
Irrigation water  0.032 0.31 0.02 0.42 0.24 0.024 0.053 
Critical Level* 0.010 5.00 0.75 5.00 0.011 2.00 0.200 
* According to FAO (1985) 

 
Field experiment  
 
Sampling and measurements 
 

Plants were uprooted after 130 days of sowing and determined for plant height, fresh weight, dry 
weight and dehydrogenase activity according to Thalmann (1967), chlorophyll content was determined 
according to Lichlenthaler (1987). Ion contents (K+ and Na+) were assayed using an atomic absorption 
spectrophotometer according to Weimberg (1987). Spike weight, straw and grain yields were determined at 
harvest. Data were subjected to analysis of variance according to the procedures of Snedecor and Cochron 
(1980) using MSTAT computer program V.4. Barlett test was done to test the homogeneity of error variances. 
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Result and Discussion 
 

Production of plant growth promoting substances by Basillus subtilis and  Pseudomonas fluorescens: 
In vitro production of Indol Acetic Acid (IAA) according to Glickman & Dessaut (1995) and gibberellins (GA) 
according to Udagwa & Kimoshite (1961) by bacterial strains is present in Table (3)                  

           
Table 3: In vitro production of indol acetic acid (IAA) and gibberellins  Basillus subtilis and Pseudomonas fluorescens 

Isolates 
G.P.S (mg/L) 

IAA GA 

Basillus subtilis 192 851 

Pseudomonas fluorescens 163 509 

G.P.S = Growth promoting substances 
 
Both the examined Basillus subtilis and Pseudomonas fluorescens were active producers of IAA and GA, 
particularly the first one which produced 192 and 851 mg L-1 of IAA and GA, respectively. While the second 
recorded 163 and 509 mg L-1 of IAA and GA, respectively. 

Pot experiment 

Data in Table (4) showed that there were significant increases in plant height due to indicating that 
PGPR stimulated growth of wheat plant, the shoot fresh and dry weights under salinity conditions were 
significantly reduced by 50% in comparison with plants inoculated with PGPR. Interaction between salinity and 
PGPR inoculation was significant for both shoot and whole plant dry matter. It might be expected that isolates 
from saline soil would have a higher capacity to promote plant growth under saline soil (Gengiz Kaya et al., 
2009).  

Table (4) shows the effect of rhizobacteria inoculation on the green pigments under salinity conditions. 
Chlorophyll concentration significantly reduced by salinity (0.89 µg/g fresh weight) but Pseudomonas 
fluorescens inoculation (1.24 µg/g fresh weight) significantly increased chlorophyll concentration. Similar 
results were reported by Yeo et al., (1990). The chlorophyll content ranged from 0.92 to 1.28 mg g-1 fresh 
weight. Parida and Das (2005) suggested that the reduction in chlorophyll and carotenoid contents of leaves in 
response to salt stress is a general phenomenon. One explanation might be that NaCl has an antagonistic effect 
on N absorption (Grattan and Greive, 1994), a nutrient which is an essential component of the structure of 
chlorophyll molecule. In the present investigation, a high concentration of N was observed in wheat plants as a 
result of PGPR inoculation, which suggests that PGPR can reduce the antagonistic effect of NaCl on N uptake 
(Gengiz Kaya et al., 2009). 
 
Table 4: Effect of inoculation with different plant growth promoting rhizobacteria on plant height, fresh and weights and chlorophyll 

content of wheat after 70 days from sowing. 

Treatment 
Plant height 

(cm) 
Fresh weight 

(g/plant) 
Dry weight 

(g/plant) 
Chlorophyll 

(µg/g fresh weight) 
Control 43.5 25.0 3.93 0.89 
Basillus subtilis 47.0 28.3 4.70 1.23 
Pseudomonas fluorescens 45.7 32.3 5.16 1.24 
Mixture 47.4 31.1 6.29 1.28 
L.S.D 5% 1.60 1.20 0.31 0.05 

 
Field experiment 
 

Data in Table (5) showed that the highest dehydrogenase activities were recorded with the bacterial 
mixture (2.04 TPF). Inoculation with PGPR significantly enhanced the activity of soil microorganisms. 
Untreated plants as well exhibited dehydrogenase activity, indicating that the soil of the experimental site 
harbors dense population of microorganisms. 

 Table (6) showed that inoculation with PGPR increased crude protein and grain yields. The data are in 
harmony with those obtained by Gengiz Kaya et al., (2009).  

Grain yield significantly reduced by increasing salt concentration. A number of other workers have 
reported similar effects in reducing yield (Bon-Tal et al., 1991; and Leidi and Saiz, 1997). 

Inoculation with Basillus subtilis exhibited significant increases in yield production (2.07 Ton/Fed) of 
approximately 40% over control. 
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Table 5: Effect of plant growth promoting rhizobacteria on plant height, dry weight and  dehydrogenase activity  
Treatment Plant height 

(cm) 
Dry weight 

(g/plant) 
DHA 

(µg TPF/ 100 g soil) 
Control 45.0 4.50 0.625 
Basillus subtilis   66.7 12.63 1.147 
Pseudomonas fluorescens 67.3 14.34 1.297 
Mixture 72.0 14.10 2.040 
L.S.D 5%  7.74 8.94 0.932 

 
Table 6: Effect of PGPR on spike weight, hey weight, seed weight and crude protein 

Treatment Spike weight 
(ton/fed) 

Straw yield 
(ton/fed) 

grain yield 
(ton/fed) 

Crude 
protein 

Control 2.70 0.92 1.20 10.30 
Basillus subtilis   3.36 1.32 2.07 11.03 
Pseudomonas fluorescens 3.58 1.51 1.70 11.13 
Mixture 3.21 1.22 1.85 11.29 
L.S.D 5%  0.28 n.s 1.23 1.91 

 
Effect of inoculation on concentration of macronutrients in wheat grain: 
   

Data in Table (7) revealed that increasing NaCl levels reduced N, P and K in non inoculated plants. 
Inoculation with PGPR (Basillus subtilis + Pseudomonas fluorescens) promoted growth of plants under saline 
soil stress by increasing nutrient uptake (Mimms, 1993).  

Table (7) showed increased N content in the composite plant compared to control (36.5%) related 
increased root surface and number of root tips stimulation to IST (induced resistance tolerance),  given that root 
tips and root surface are sites of nutrient uptake (Mantelin and Touraine, 2004).  

 
Table 7: Effect of (PGPR) on concentration of macronutrients in wheat grain 

Treatment 
Macronutrients % Ratio 

Na/K N P K Na 
Control 1.84 0.41 2.03 0.83 0.41 
Basillus subtilis   2.36 0.54 2.23 0.39 0.17 
Pseudomonas fluorescens 2.65 0.57 2.90 0.44 0.02 
Mixture 2.90 0.63 2.75 0.30 0.11 
L.S.D 5%  0.06 0.01 0.07 0.13 0.05 

 
Concentrations of K and Na decreased in leaves of plants in the presence of salt stress. PGPR 

inoculation enhanced the growth of plants by reducing leaf Na+ and increasing membrane stability and 
concentrations of essential inorganic nutrients such as P, K and N (Giri et al., 2007). The salt stress became 
more severe as the Na+ content increased significantly and therefore Na /K ratio increased. As the most PGPR 
chelating from under salt stress conditions, the Na /K ratio increased. Low salt concentrations may stimulate 
plant growth. Improved plant nutrition with PGPR might be due to IST for example, if increased nutrient 
content in plants resulted from enhanced nutrient uptake, IST is operable because from physical or chemical 
changes in the plant caused by PGPR are ultimately responsible , as occurs when PGPR stimulate root 
development ( Jungnook York et al., 2009)    

Several ways reduces the water potential, it may cause ion imbalance. Factors affecting the uptake and 
distribution of Na+ within the plants can have a predominant role in the response to salt stress (Mumms 2002) 
Entry of Na+ resulted in a severe growth reduction or death of sensitive plants such as soybean and barley 
(Flowers and Hajibagheri 2001). 

PGPR elicited induced systemic tolerance can aid the growth of crops in environmentally unfavorable 
conditions. More investigations into the mechanisms by which PGPR elicit tolerance to specific stress factors 
should improve the use of IST in agriculture by enabling the optimization of microbial mixtures for the 
production of specific bacterial determinants, e.g. cytokinin, antioxidants,  volatile organic compounds (VOCs) 
and IAA, (Jungnook York et al., 2009). Some of the VOCs that are bacterial determinants involved on IST 
transcriptional of high affinity K+ transporter which control Na+ import in roots, was decreased. HKT1 has 
been shown to adjust Na and K levels depending on the plant tissue, suggesting the HKT1 functions in shoots to 
retrieve Na+ from xylem, thereby facilitating shoot to root Na+ recirculation. Overall plant perception of 
bacterial VOC causes a tissue specific regulation of HKT1 that controls Na+ homeostasis under salt stress. 
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