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This study was planned to examine the contribution of the plant growth promoting Rhizobium 
leguminosarum biovar vicea (ICARDA 441) along with five strains of endophytic bacteria isolated from 
saline soil to support growth of salt affected wheat plants. Phylogentic analysis based on the 16S rDNA 
sequences belonged these endophytes to Pantoea agglomernas HP2-MG738254, Pseudomonas 
stutzeri H1-MG738255, Klebsiella sp. H3-MG738256, Brevundimonas diminuta H4-MG738257 and 
Bacillus cereus H5- MG738258. In a field trial, inocula of these endophytes supported wheat plant 
growth in salt affected soil. The obtained results refer to improved germination, increases in dry weight, 
grain yield and protein concentration scored (2 g plant

-1
, 3799 Kg ha

-1
, 9.9%) respectively compared with 

control and increased nutrient uptake by wheat as a result of inoculation with the examined strains. 
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INTRODUCTION 
Salinity becomes one of the most severe global 
crop production threats (Daffonchio et al., 2015) 
particularly in Egypt. The major limitations of plant 
growth and productivity in saline soils are ion 
toxicity with excessive uptake of Cl

-
 and Na

+
 and 

nutrient imbalance caused by disturbed uptake of 
essential nutrients (Al-Rawahy et al., 2011). 
Wheat (Triticum aestivum L) is rated as a 
moderately salt tolerant crop however; high soil 
salinity reduces grain germination percentage, 
length and dry weight of roots and shoots with 
depressed crop yield in many wheat varieties 
(Fallah, 2008). Decreased growth parameters 
(germination, tillers leaves and leaf area) due to 
soil salinity were recorded by Khan et al., (2017) 
in bread wheat cultivars. Endophytes with plant 

growth promoting capabilities have been shown to 
restrict salinity effects on plant growth (Paul and 
Lade 2014) and help reducing chemical fertilizer 
inputs (Premachandra et al., 2016) via several 
verified mechanisms such as N2 fixation, 
increasing essential nutrients availability mainly 
phosphorus, growth hormone production, 1-
aminocyclopropane-1-carboxylate deaminase 
activity, induced systemic resistance, and 
phytopathogen control (Malfanova et al., 2011). 
Hydrogen cyanide produced by plant growth 
promoting rhizobacteria was recognized as 
biocontrol agent based on its toxicity against 
pathogens and indirectly by chelating metals and 
increasing the availability of phosphate (Rijavec 
and Lapanje, 2016). In the present study, a 
number of previously isolated endophytic bacterial 
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strains with verified abilities to produce plant 
growth promoting substances was subjected to 
molecular identification and examined in a field 
trial for their ability to support growth, nutrient 
uptake and yield of wheat plants grown in a salt-
affected soil. 
 
MATERIALS AND METHODS 

Endophytic 
The five candidates endophytic members 
examined in this study were previously isolated by 
Kandil (2012) from naturally occurring wild plants 
in salt-affected soils and identified adopting the 
Biolog GN2 Microplate (Biolog, 2000) using Gram 
negative and positive systems in MICROLOG 
database as Pantoea agglomernas, 
Pseudomonas stutzeri, Klebsiella sp., 
Brevundimonas diminuta and  Bacillus  cereus. 
Rhizobium leguminosarum biovar vicea (ICARDA 
441) was kindly provided by Microbiology 
Department, Soils Water and Environment 
Research Institute, Agricultural Research Center, 
Giza, Egypt. 

Plant materials 
A local wheat variety Triticum aestivum var. Misr 
1, kindly supplied by Filed Crops Research 
Institute, Agricultural Research Center, Giza, 
Egypt, was used in the field trial at a rate of 65 Kg 
fed

-1
. 

Molecular analysis 
For conclusive identification of the examined 
endophytes, DNA from each bacterial strain was 
extracted as described by Sambrook et al., 
(1989). Amplification of 16S rDNA region from the 
extracted DNA was performed using polymerase 
chain reaction (PCR), oligonucleotide primers 
pair, 27F5´ AGAGTTTGATCMTGGCTCAG-3´and 
1492R5´ CGGTTA CCTTGTT ACG AC T T-3. 
PCR products with a length of ~ 600 bp were 
purified with QIA quick PCR Purification Kit 
(QIAGEN Cat No. ID: 28104) and the purified 
amplicons were sequenced in both directions 
using the respective PCR primers. All PCRs were 
subjected to sequence analysis using the Big 
TriDye sequencing kit (ABI Applied Biosystems) 
by the facility of Macrogen, South Korea. A 
homology search was performed for DNA 
sequence for 16S rDNA genes obtained from the 
sequencer using the Basic Local Alignment 
Search Tool against the National Center for 
Biotechnology Information database, USA 
(http://www.ncbi.nlm.nih.gov). 

The obtained sequences were compared to 16S 
rDNA gene sequences in the National Center for 
Biotechnology Information GeneBank database 
using the BLASTN algorithm (Altschul et al., 1990) 
and closely related sequences were downloaded. 
The sequences and closely related sequences 
were manually imported into and aligned in the 
Molecular Evolutionary Genetics Analysis 
software, ver. 7.0 (Kumar et al., 2016) with the 
Clustal W tool. DNA sequences obtained in this 
study were submitted to the NCBI database. 

In vitro plant growth promoting substances 
production by the endophytes 
Phosphate dissolving ability was evaluated 
according to Jasim et al., (2013) on Pikovaskay’s 
agar medium containing bromophenol blue. 
Yellow zone formation around the colony 
indicated the phosphate dissolving ability of the 
bacterium. Hydrogen cyanide production was 
assayed according to Lork (1948) using LB 
Glycine Agar. Ammonia production was tested in 
peptone water following the methods described by 
Ahmad et al., (2008). Poly-β-hydroxybuterat 
(PHB) accumulation was estimated according to 
Law and Slepecky (1961). 

The field trail 
The experiment was conducted during winter 
season extended from December, 2015 to May, 
2016 at the Experimental Station of the ARC, in 
Sahl El-Hossainia, El- Sharkia governorate; to in 
vivo examine the ability of the endophytes to 
support wheat plant growth in such highly salt-
affected soil. Soil physico-chemical properties 
analysis (Table, 1) was carried out using surface 
samples (0–20 cm) according to Jackson (1973). 
Available macro-and micro-nutrients were 
measured according to the methods described by 
Black (1965), Cottenie et al., (1982) and Page et 
al., (1982). 
Wheat grains were sown in rows at 30 cm 
distance in plots (3x3.5 m) where peat-based 
inocula prepared from 48h-old culture, of the 
endophytic strains in LB broth or yeast extract 
manitol broth (Vincent, 1970) for rhizobial strain 
were applied as a seed coat using gum Arabic just 
before sowing. Another two post inocula as liquid 
culture suspensions were applied at 45 and75 
days after sowing. The recommended fertilizers 
by Egyptian Ministry of Agriculture for wheat 
comprising 150 kg P2O5 fed

-1 
as super phosphate 

(15% P2O5), and 50 kg of K2O fed
-1

 as K2SO4 
(48% K2O) were applied to all plots before sowing. 
All inoculated plots received half N-fertilizer dose 
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(75 kg N fed
-1

) applied at 15 and 45 days after sowing.  
Table 1. Soil physico-chemical properties of the experimental field soil. 

Sand (%) 
Silt 
(%) 

Clay 
(%) 

Texture 
O.M 
(%) 

CaCO3 
(%) 

24.64 34.90 40.46 Clay 0.53 8.90 

pH 
(1:2.5) 

 

EC 
in soil past 

(dS/m) 

Soluble cations 
(meq l

-1
) 

Soluble anions 
(meq l

-1
) 

Ca
+2

 Mg
+2

 Na
+
 K

+
 HCO3

-
 Cl

-
 SO4

-2
 

8.05 9.45 8.92 14.33 70.38 0.87 7.30 60.0 27.20 

Available macronutrients 
(mg kg

-1
) 

Available micronutrients 
(mg kg

-1
) 

N P K Fe Mn Zn 

36.71 4.90 193 3.73 2.40 0.67 

 
 
A set of uninoculated plots received full N-fertilizer 
dose and half N-fertilizer dose were included for 
comparison. Inoculation treatments were 
performed using double-strain inocula of the 
endophytes or the rhizobial strain. The applied 
treatments were allocated in a complete 
randomized block design with tree replicates 
plants were sampled 75 days from sowing where 
plants were examined for N, P and K contents 
(Van Schouwenburg, 1968). At harvest (160 days 
from sowing), grain protein content, grain yield, 
and weight of 100 grains were determined at 
harvest. Data were statistically analyzed for 
ANOVA according to Snedecor et al., (1989) 
where mean values were compared using L.S.D 

at P <  5%. 

 
RESULTS  

Molecular identification: 
The sequence analysis of the 1500 bp DNA 

fragment of the 16S rRNA genes of the 5 
endophytes was analyzed by the nucleotide 
BLAST analysis. The first sequence showed 99% 
similarity with Pantoea agglomernas and 
submitted to the GenBank under the accession 
No. HP2-MG738254. The 2

nd
 endophyte 

sequence has 99% match with the Pseudomonas 
stutzeri and the GenBank accession No. H2-
MG738255.    The 3

rd
 endophyte sequence 

illustrates 99% with that of Klebsiella sp. with 
accession No. of H3-MG738256. The nucleotide 
sequences from the 4

th
 and the 5

th
 endophytes 

showed 99% similarity with those of 

Brevundimonas diminuta and Bacillus cereus and 
submitted to the GeneBank under the accession 
Nos. H4-MG738257 and H5-MG738258, 
respectively (Figure 1). 

In vitro production of PGPS by the 
endophytes: 

All strains produced HCN particularly the 
reference rhizobial strain, Brevundimonas 
diminuta and Bacillus cereus (Table 2) Strains 
Pantoea agglomernas HP2 and Brevundimonas 
diminuta produced deep brown color indicating 
higher ammonia production compared with the 
other isolates. All endophytes had the ability to 
dissolve insoluble phosphate; however, 
Pseudomonas stutzeri and Klebsiella sp. were the 
inferior P-dissolvers. Quantitative PHB assay 
points out to the superiority of Klebsiella sp. 
recording 1.72 mg. ml

-1 
and low PHB producing 

capacity of Brevundimonas  diminuta and the 
reference rhizobial strain.  

In vivo wheat growth promotion due to 
inoculation with the endophytes in saline soil 

Uninoculated wheat plant height reached 
45cm with the full N-fertilizer dose and 43cm with 
half N-fertilizer dose. Heights of inoculated plants 
ranged between 35 and 49 cm. plant

-1 
with the 

maximum score for by those inoculated with 
double inoculum contained Brevundimonas  
diminuta + B. cereus (Table 3).  Maximum dry 
weight was recorded for plants inoculated with 
Pantoea agglomernas and Brev. diminuta being 2 
g plant

-1
 which was significantly higher than 

uninoculated plants. Increased plant dry weight 
was observed with plants received the double 
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strain inoculum of   

 
Figure. (1). Phylogenetic tree deduced from sequences of the 16S rDNA extracted from the 5 
endophytes. 

Table 2. Production of plant growth promoting substances by the endophtes 

No. Strains HCN Ammonia 
Phosphate 
dissolving 

PHB 
(mg ml

-1
) 

1 
Rhizobium 
leguminosarum 

+++ +++ +++ 0.85 

2 
Pantoea  agglomernas 
HP2 

+ + +++ 1.02 

3 Pseudomonas  stutzeri ++ ++ + 1.60 

4 Klebsiella sp. ++ +++ + 1.72 

5 
Brevundimonas  
diminuta 

+++ + +++ 0.55 

6 Bacillus  cereus +++ ++ +++ 1.05 

LSD at 0.05     0.60 

(+) Medium, (++) Good, (+++) strong 

Pseudomonas stutzeri and Bacillus cereus. Plants 
inoculated with the double-strain  
Pantoea agglomernas and Brev. diminuta 
contained the greatest amounts of NPK which 
were significantly higher than those recorded with 
uninoculated plants irrespective of N-fertilizer 
application. Double strain inoculum of Pantoea 
agglomernas and Brev.  diminuta improved 
phosphorus accumulation in wheat plant tissues 
reaching up to 8 mg plant

-1
. Potassium content as 

high as 20 and 16 mg plant
-1 

were determined in 
plants received inocula containing the dual strain 
Pantoea agglomernas and Brev.  diminuta and 
those inoculated with Ps. stuzeri and B. cereus, 
respectively.  
Wheat grain yield as high as 3688 and 2636 
kg.ha

-1
 was harvested from uninoculated plots 

enriched with 100% of N-fertilizer and those 
fertilized with the half dose (Table, 4). Inoculated 

plants produced grain yields ranging from 1816 to 
3799 kg.ha

-1
. The greatest yield was collected 

from plants inoculated with Rhizobium + Ps.  
stutzeri which was significantly higher than the 
grain yield of uninoculated N-fertilized plots. In 
these plots, the 100 grains weighed 4.4 and 4.0 
g.100 grain

-1
 when enriched with full N-fertilizer 

and half N-fertilizer dose, respectively. Despite the 
insignificant differences, some inocula containing 
Klebsiella sp. + Brev. diminuta, Klebsiella sp. + B. 
cereus or Brev. diminuta + B. cereus had almost 
the same favorable effect on grain weight as N-
fertilizer application producing grains with 4.5, 4.4 
and 4,4 g.100 grain

-1
, respectively. Significant 

differences in grain protein due to inoculation 
could be observed between control plants and 
those inoculated with Rhizobium + Pantoea 
agglomernas and plots received Rhizobium + 
Brev. diminuta. These inocula improved grain 



Kandil et al.,                                          Endophytic bacteria support growth of wheat in salt affected soil 

 

    Bioscience Research, 2018 volume 15(1): 102-109                                                             106 

 

protein content to reach maxima of 9.6 and 9.9%, respectively. 
Table 3. Effect of inoculation with the endophytes on 75day old wheat growth 

Treatments 
Plant height 

(cm) 
Dry weight 
(g plant

-1
) 

NPK contents 
(mg plant

-1
) 

N P K 

Uninoculated  + N2- 100% 45 1.4 26 6 15 

Uninoculated  + ½  N2 fertilizer dose 43 1.4 26 6 15 

Rhizobium + Pantoea  agglomernas HP2 46 1.2 27 6 12 

Rhizobium + Ps. stutzeri 35 0.9 15 4 9 

Rhizobium + Klebsiella sp. 37 1.1 24 5 12 

Rhizobium + Brevundimonas  diminuta 39 1.2 16 4 12 

Rhizobium+ B. cereus 47 1.1 16 4 12 

Pantoea  agglomernas HP2 + Ps. stutzeri 40 1.0 14 4 12 

Pantoea agglomernas HP2 + Klebsiella sp. 47 1.1 18 4 11 

Pantoea agglomernas HP2 + Brev. diminuta 48 2.0 29 8 20 

Pantoea agglomernas HP2+ B.  cereus 44 1.4 18 4 12 

Ps.  stutzeri + Klebsiella sp. 43 0.9 15 3 10 

Ps.  stutzeri +  brevundimonas  diminuta 42 0.9 15 4 9 

Ps.  stutzeri + B. cereus 45 1.5 18 6 16 

Klebsiella sp. + Brevundimonas  diminuta 42 0.8 22 4 9 

Klebsiella sp. + B. cereus 44 1.2 25 5 12 

Brevundimonas  diminuta + B. cereus 49 1.2 15 4 11 

L.S.D at P> 0.05 4.6 0.3 9.2 2.07 2.4 

 
Table 4. Effect of inoculation with the endophytes on wheat yield 

Treatments 
100 grains 
weight (g) 

Grain yield 
(kg/ha) 

Grain protein 
concentration 

(%) 

Uninoculated  + N2- 100% 4.4 3688 7.6 

Uninoculated  + ½  N2 fertilizer dose 4.0 2636 5.5 

Rhizobium + Pantoea  agglomernas HP2 4.1 3167 9.6 

Rhizobium + Ps.  stutzeri 3.9 3799 7.6 

Rhizobium + Klebsiella sp. 3.9 2770 7.5 

Rhizobium + Brevundimonas  diminuta 4.1 3278 9.9 

Rhizobium +B. cereus 3.9 2010 5.8 

Pantoea  agglomernas HP2 + Ps. stutzeri 3.8 2424 2.5 

Pantoea agglomernas HP2 + Klebsiella sp. 4.1 2981 6.6 

Pantoea agglomernas HP2 + Brev. diminuta 4.1 2870 4.3 

Pantoea  agglomernas HP2+ B. cereus 3.9 2535 3.6 

Ps. stutzeri + Klebsiella sp. 4.1 2555 7.6 

Ps. stutzeri + Brev. diminuta 4.0 2005 5.3 

Ps. stutzeri + B. cereus 4.1 2625 7.4 

Klebsiella sp. + Brev.diminuta 4.5 1816 6.6 

Klebsiella sp. + B. cereus 4.4 1863 6.6 

Brev. diminuta + B. cereus 4.4 3581 6.7 

L.S.D at P> 0.05 0.08 45.5 2.4 
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DISCUSSION 
Data on the in vitro PGPS production indicate that 
all the examined endophytes were HCN, ammonia 
and PHBs producers in addition to their 
phosphate-dissolving capacities. The obtained 
results highlight the growth promoting virtue of the 
examined reference rhizobial strain i.e. Rhizobium 
leguminosarum biovar vicea (ICARDA 441). Our 
findings are in harmony with those reported by 
Wongfun et al., (2014) demonstrating mobilization 
of nutrient elements from rock forming minerals by 
HCN producing bacteria via improved solubility of 
these elements. Ammonia-producing 
Bacillus strains were found to protect plants 
against pathogens and indirectly enhance plant 
growth (Xu et al., 2016). In fact, the PHB 
produced by endophytic bacteria and Rhizobia as 
carbon storage polymers can support the survival 
and reproduction of these bacteria in adverse 
conditions particularly soil salinity and improve 
tolerance to osmotic stress (Ali et al., 2014). 
Phosphorus can be released from organic and 
inorganic phosphates by several bacterial 
members of the genera Bacillus, Enterobacter, 
Pseudomonas, and Rhizobium (Premachandra et 
al., 2016). Our endophytes were conclusively 
defined on the basis of 16S rDNA genes 
sequence and phylogenetic analysis. Their 
phylgenetic tree suggested their sequences as 
most related or almost identical to Pantoea 
agglomernas HP2-MG738254, Pseudomonas 
stutzeri H1-MG738255, Klebsiella sp. H3-
MG738256, Brevundimonas diminuta H4-
MG738257 and Bacillus cereus. A number of 
PGPR from Zea maiz rhizosphere was previously 
identified on the basis of the16S rDNA genes 
sequences as members of Pseudomonas and 
Bacillus (Zahid et al., 2015).  
In response to inoculation with the examined 
endophytes in the field trial, wheat plants 
demonstrated high growth performance, NPK 
contents, 100 grain weights and grain yields in 
comparison with control plants. This was in 
congruent with previous reports on enhanced 
growth of Vigna radiata (Islam et al., 2016) due to 
inoculation with Bacillus cereus in salt-affected 
soil with enhanced NPK uptake as well as 
decreased sodium accumulation and increased 
the root, shoot fresh and dry biomass and yield. 
Enhanced fenugreek growth as well was reported 
by Singh et al. (2013) in response to co-
inoculation with PGPR Pseudomonas and 
Rhizobium. Kaur et al. (2015) used 
Mesorhizobium and Pseudomonas diminuta as 

bio-enhancer and bio-fertilizer to enhance 
chickpea plant growth, symbiotic efficiency, 
nutrient uptake and yield. They attributed their 
PGP activities to their ability to produce HCN and 
NH3 as well as P-solubilization. Klebsiella sp. 
having PGP activity was used by Singh et al. 
(2015) to reduce damages caused by high NaCl 
level in soil and increase K

+ 
uptake by the host 

plant. Inoculation with Pantoea agglomerans 
showed ability to promote rice plant growth, macro 
nutrients content, NPK and shoot dry weights, 
1,000 grains and increased yield (García-Fraile et 
al., 2012). Plant growth promoting Pseudomonas 
stutzeri was used to increase maize dry weight, 
NP shoot contents (Zahid et al., 2015) and to 
improve cucumber seedling vigor, growth, and N 
content in shoot tissue (Islam et al., 2016). 

CONCLUSION 
Inoculation with some endophytic bacteria as 
PGPB can play important role on wheat growth 
and productivity in saline soils with the provision 
of half nitrogen fertilizer. Our results also indicated 
that co-inoculation of strains used could do as N2-
fixing and P-solubilising PGPB strains and 
increase mineral concentration and accumulations 
in the plant with ability to increase growth and 
productivity of the plant under severe conditions of 
soil salinity. 
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