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ABSTRACT 
Salinity is one of the most dangerous environmental limiting factors of the plant productivity. Induction 
of salt stress using plant growth promotes endophytes (PGPEs) have the ability to promote a symbiotic 
relationship with their host to improve salt tolerance. In this study the main goal is to improve sorghum 
plant salt tolerance using endophytic bacteria. Isolation and screening of salt-tolerant endophytes from 
Mangroove plants (Aveccinia marina and Rhisophora macronata), creals (Barley and Wheat), were 
achieved through surface sterilization of roots, ability of isolate to grow at different NaCl concentrations 
was examined. Biochemical activities of isolates towards nitrogen fixation, phosphate solubilization, 
indole-3-acetic acid (IAA) production, ammonia production, enzyme production and stress tolerance 
were determined. From the total 24 endophytic bacterial species that were isolated from root and stem 
of Aveccinia, Rhizophora, Barley and Wheat. One isolate was recorded the highest activities in all 
screening test. This isolate was morphologically identified and confirmed identification using 16sRNA 
as Stenotrophomonas maltophilia, this isolate was valuable biological plant growth promoters that 
could enhance salt tolerance in Sorghum plants under salt stress. In order to evaluate the effectiveness 
of selected isolate in inducing tolerance of sorghum under three levels of mineral fertilization NPK (50, 
75 and 100%). A field experiment was conducted Ras Sudr Research station. South Sinai Governorates, 
Desert Research Center (DRC). Obtained results revealed that endophyte application recorded an 
increase in yield reaching (23.5, 21.5 and 19.4% at three levels of mineral fertilization) over control. 
Concerning to growth parameters (plant height, fresh and dry weight), inoculation process significantly 
increased growth parameters compared to uninoculated treatment. The inoculation process have a 
positive effect on the activity and abundance of microbial community and soil enzymes (dehydrogenase 
and phosphatase) and in the rhizosphere zone. Resulting in an increase of macronutrient contents (N, P 
and K), Na+ concentration decreased and K+ content increased, in comparison with the non-inoculated 
controls. The findings reported that the inoculation of the selected endophytic bacteria isolate was 
successfully isolated from Rhizophora significantly alleviated the harmful effects of salt stress and 
promoted plant growth and biomass yield under different mineral fertilization levels. 
 
Keywords: Salinity, Endophyte, Sorghum, Biofertilization,  Stenotrophomonas maltophilia and PGPR. 

 
1. Introduction 

Salinity leads to a decline in agricultural production and an increase in the percentage of salinity-
affected land which exceeds 20% of the world’s cultivated lands (Fouda et al., 2019). Endophytes are 
a class of endosymbiotic microorganisms widely distributed among plants and colonize intercellular 
and intracellular spaces of all plant compartments and do not cause any apparent infection or significant 
morphological change. Furthermore, endophytes have many beneficial effects on the host plants 
including adaptation to biotic and abiotic stress such as salinity through different activities including 
the production of scavengers like reactive oxygen species that are produced in plants when exposed to 
salinity, production of ACC deaminase enzyme which is responsible for lowering the levels of ethylene 
in the plant, nitrogen fixation, production of compatible solutes, antibiotics, and phytohormones. The 
use of endophytic microbes is of particular interest in the development of agricultural applications that 
ensure improved performance of crops under salinity stress (Fouda et al., 2019). 
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Plant growth-promoting endophytes (PGPEs) can colonize the internal tissues of plants and are 
capable of promoting plant growth. These bacteria can improve plant tolerance against various biotic 
and abiotic stresses. Afridi et al. (2019) reported that, analyses of plant growth parameters, 
antioxidant enzyme activities, chlorophyll and plant mineral contents were conducted to investigate the 
stress tolerance induced by the PGPEs. They found that ,inoculation with PGPEs increased 
the morphological traits and antioxidant activities of the plants while decreased the Na+ contents in all 
treatments compared to the uninoculated treatment. Also, the K+/Na+ ratio in the tissues of bacterial 
treated plants was higher than the control, probably in order to maintain the nutrient balance. The results 
of their study revealed that the inoculation of plants by ACC deaminase-producing PGPEs is a potential 
tool for the enhancement of plant growth and stress tolerance. Moreover, endophytic bacteria allied 
with host plants are capable of enduring high saline conditions and can interact with plants in a very 
efficient way.In recent years, it has been confirmed that, plant growth promotes endophytes (PGPEs) 
that have the ability to further build a symbiotic association with their host to improve host plant salt 
tolerance. Hemida, et al. (2018) showed that the bacterial strains B. cereus and B. aerius are valuable 
biological plant growth promoters that could enhance salt tolerance in Safflower plants under 100, 200, 
and 300mMNaCl levels resulting in an increase in plant growth and ascorbate-glutathione redox cycle, 
in comparison with the non-inoculated controls. They reported that the co-inoculation of the two 
selected endophytic bacteria strains were successfully isolated from Safflower seedlings significantly 
alleviated the harmful effects of salt stress and promoted plant growth and biomass yield.  

Stenotrophomonas sp. has been reported as PGPR, plant growth promoting and biocontrol agent 
it can be used as an effective bioinoculants for plant growth promotion and controlling the wide range 
of plant pathogenic fungi and, therefore have a great potential for biotechnology applications (Ryan et 
al., 2009 and Berg et al., 2010). Also, Brooke et al. (2017) also encountered the multifarious approach 
of bacterium S. maltophilia.The aim of this study was to investigate the role of endophytic bacteria in 
inducing salt tolerance of Sorghum plants grown under salt stress. 
 
2. Materials and Methods 

 
A field experiment was carried out for two successive seasons.i.e. 2017 and 2018 at Ras Sudr 

Research Station, South Sinai Governorates, Desert Research Center (DRC), to investigate the 
induction of salt tolerance in Sorghum plant using highly efficient strains of endophytic bacteria. 
Physical and chemical properties of the experimental soil were determined according to Page et al. 
(1984) as shown in (Table 1). 

 
Table 1: Some physical and chemical properties of the experimental soil.  

Depth 
Cm 

pH 
EC soil paste 

dS/m 
OM CaCO3 Sand Silt Clay CEC 

Cmole/kg soil 
Texture 

% 
0-30 7.73 8.56 2.28 26.9 75.5 12.57 11.93 5.81 LS 

30-60 7.96 7.35 1.73 27.4 73.4 15.31 11.29 6.65 LS 
Cations and anions in soluble soil (meq/L) 

Depth Na + K + Ca +2 Mg +2 CO3
= HCO3

- Cl - SO4
= 

0-30 65.2 1.3 23.9 9.5 0 19.4 58.7 21.8 
30-60 62.94 3.9 22.57 10.23 0 16.55 56.5 23.5 

Available nutrients in soil (ppm) 
Depth N P K Fe Mn Zn Cu B 
0-30 36.8 5.19 48.5 4.26 2.18 1.25 0.57 0.18 

30-60 21.5 3.84 52.3 4.64 2.23 1.31 0.66 0.12 

 
Table 2: Some chemical properties of the irrigation water at Ras Sudr Research Station. 

pH 
EC 

dS/m 
Na+ K+ Ca+2 Mg+2 CO3

= HCO3
- Cl- SO4

= 
meq/L 

7.94 7.85 46.9 2.62 20.5 8.48 0.00 6.3 47.5 24.7 

 
2.1. Isolation of bacterial endophytes  

Plant roots of (Aveccinia marina, Rhisophora macronata, Barley and Wheat) were collected from 
Red Sea Coast of Egypt Safaga, Qulaan, 120 km south Marsa Alam and Ras-Sudr Research Station 
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South Sinai governorates, for bacterial endophytes isolation. Root samples were washed with distilled 
water three times to remove adhering soil and other chemicals. Surface disinfection was conducted by 
using serial washing with 70% ethanol for 5 min, followed by 0.2% HgCl2 for 3 min (Bertani et al. 
2016 andKarnwal 2009). Root samples from each site were cut and surface sterilized by 1% (w/v) active 
chloride (added as a sodium hypochlorite [NaOCl] solution). The roots were then crushed in a sterilized 
petri plate and a loopful of root sap was streaked on Triptic soy agar (TSA) plates, (Karnwal 2018). 
These plates were incubated for up to 72 h at 28 ± 1°C and inspected every 12 h for any bacterial growth. 
Pure culture was established and then subsequently preserved in 30% glycerol for further studies 
(Karnwal, 2017).  

 
2.2. Determination of growth at different salt concentrations: 

Bacterial isolates were checked for salt tolerance at various concentrations. The salt tolerance of 
halotolerant bacterial strains was estimated on the basis of the population density of these strains at 
different concentrations of NaCl (Afridi et al., 2019). Fresh cultures were streaked on nutrient broth 
medium containing 2.5%, 5%, 7.5% and 10% NaCl. After 24 h of incubation at 28 ± 2˚C results were 
measured using spectrophotometer at 600 nm. 

 
2.3. Biochemical characterization of endophytic bacteria 
2.3.1. Nitrogen Fixation 

Bacterial isolates were grown separately on modified Ashby’s media (Hill, 2000), nitrogen free 
broth medium (NFb) after incubation period, nitrogen fixation according to (Jayarman, 1999). 

 
2.3.2. Phosphate solubilization by Endophytic bacterial isolates 

Phosphate solubilization for endophytic bacterial isolates was described by method described by 
(Pandey et al., 2008) using Pikovskaya (PVK) agar plates. After incubation phosphate solubilization 
was indicated by clear halo around bacterial growth. 

Estimation of Indole-3-Acetic Acid (IAA) production by bacterial isolates Production of Indole-
3-acetic acid (IAA) was estimated for all isolates according (Loper and Schroth, 1986). Each bacterial 
isolate was inoculated 500 µl of 24 h old bacterial suspension in 50 ml of broth containing 0.1mg/mL 
tryptophan and kept in a shaker incubator at 30 ± 2°C for 2days at 180 RPM in the dark. After 
incubation, the broth was centrifuged, the supernatant was retained and 1 mL of supernatant was mixed 
with 2 mL of Salkowski’s reagent (2% 0.5 FeCl3in 35% HClO4solution) and kept in the dark for 
minimum 30 min. Subsequently, the optical density (OD) was measured at 530 nm. 

 
2.4. Assessment of bacterial isolates for enzymatic activity 
2.4.1. Catalase Activity  

Each isolate (24 h old) was mixed aseptically with a drop of 3% hydrogen peroxide on a glass 
slide. Bubbles formation showed the production of the catalase enzyme (Joseph et al., 2012). 
 
2.4.2. Protease Activity 

Fresh cultures of bacterial isolates were placed on the center of the Skin Milk Agar (SMA) 
medium (15 g skim milk, 0.5 g yeast extract, 9.3 g agar and 1 L distilled water) and incubated for 48 h. 
Colorless halo zones around bacterial colonies were indicative of protease production (Ullah et al., 
2018). 

  
2.4.3. Ammonia production 

Ammonia production by bacterial isolates was analyzed as described by of Ahmad et al. (2005). 
Bacteria were inoculated in specific media for ammonia production (Peptone water 10 g/L, NaCl 5 g/L). 
Tubes were placed in a shaking incubator for three days at 37 °C. After incubation, 3–4 drops of 
Nessler's reagent was added. The appearance of a yellow to brown color in the plates represents the 
ammonia production. 

 
2.4.4. Screening of isolates for HCN 

Activity of bacterial isolates towards hydrogen cyanide (HCN) was examined as described by 
Bakker and Schippers (1987) with few modifications. Bacterial isolates were streaked on nutrient agar 



Middle East J. Agric. Res., 10(1): 60-72, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                             DOI: 10.36632/mejar/2021.10.1.4  

63  

medium supplemented with 4.4 gl-1 of glycine. The production of cyanide was detected by placing 
Whatman filter paper No.1 soaked in 0.5% picric acid under side of the petri dish lids and incubated at 
28 ± 1°C for the development of light/moderate/strong brown color as a positive HCN production result. 

 
2.5. Biochemical characterization and identification of selected isolate 

Tested isolate was characterized by various biochemical tests like methyl-red, Voges-Proskauer, 
nitrate reeducates and gram staining using standard protocol (Harley and Prescott, 2002). Test of 
motility was also checked using standard procedure (Connelly et al., 2004). Test of carbohydrate 
utilization was performed using KB-009, carbohydrate utilization kit (Himedia, India). Phytohormones 
(IAA and GA3) were also determined quantitatively using high performance liquid chromatography 
(HPLC) according to the modified method of Rizzolo et al., (1991). Ability of selected isolate for the 
utilization of 1-aminocyclopropane-1-carboxylic acid (ACC) as a nitrogen source (Glick et al., 1995, 
Penrose and Glick, 2003). 

Molecular technology employing 16S rRNA amplification for identification of selected test 
organism was performed via polymerase chain reaction (PCR), following the standardized protocol 
(Singh et al., 2015).  

 
2.6. Sequencing of the 16S rRNA gene and phylogenetic analysis 

Selected isolate was cultured on Nutrient agar (NA) plates for 3 days. Then, sent to Macrogen, 
Korea for DNA extraction and 16S sRNA sequencing. The 16S sRNA genes were sequenced using 
universal primers 785F and 907R, (Lane, 1991). The nearly complete sequence of our strain 16S rRNA 
were compiled using SeqMan software (DNASTAR). Similarities of 16S rRNA gene sequence 
Calculation and identification of phylogenetic neighbors were performed using both EzBioCloud server 
(https://www.ezbiocloud.net) (Yoon et al., 2017) and NCBI Blast server. The 16S rRNA related 
sequences were obtained from GeneBank and assembled BioEdit (Hall 1999) and aligned with Clustal 
X 2.0 (Larkin et al, 2007). The phylogenetic placement of selected strain were inferred using neighbors-
joining (NJ) (Saitou and Nei 1987), maximum-likelihood (ML) (Felsenstein 1981), and maximum-
parsimony (MP) (Fitch 1971) algorithm embedded in MEGA 7 program (Kumar et al., 2016). A 
bootstrap analysis with 1000 replicate was performed to assess the support for clusters.  

   
2.7. Nucleotide sequence accession numbers 

The 16S rRNA gene sequences obtained in this study were deposited in NCBI Gene 
Bank/EMBL/DDBJ under the accession numbersNR_O41577-1. The accession numbers for the closely 
related strains are shown in figures Fig. 1.   

  
2.8. Field experiment 

Sorghum plant (Maruit 1) was used as test crop, the experiment was conducted in completely 
randomized design. Three levels of mineral fertilization (50, 75 and 100% from NPK) with three 
replicates. Grains were soaked in liquid suspension of bacterial inoculum with CMC (1%) for coating 
grain with thin film of inoculum, control soaked in water. Grains were planted at four rows with 20 cm 
apart. Mineral fertilization was added at three levels (50,75 and 100% from the recommended dose, 
Phosphate 31Kg P2O5/fed. as calcium super phosphate, 70 kg N/fed as ammonium nitrate (33.5%N), 
and 50Kg/fed. As K2O). Samples of ten plants were taken after 55, 110 and 160 days from planting for 
the 1st, 2nd and 3rd cuts, respectively, to assess plant height, fresh and dry forage yield. At the end of the 
experiment the grain were estimated. 

Na+ and K+ concentrations in some root plants were estimated by using the method described by 
Skoog et al. (2000).  

 
2.9. Antioxidant Assay  

Catalase test was determined by monitoring the reduction in the absorbance of H2O2 at 240 nm 
wavelength. The reaction mixture (3ml) consisted of 100 µl enzyme extract with 50mM phosphate 
buffer (pH 7.8), 0.1mM EDTA and 12.5mM H2O2. The activity was calculated based on an extinction 
coefficient 1 of 0.04 mM at 240 nm. The peroxidase (POD) activity in the extract was determined by 
the method of Kar and Mishra (1976) with minor modifications. The assay mixture consisted of 100 µl 
of enzyme extract with 0.1M phosphate buffer, 0.1mM pyrogallol, 5mM H2O2 and incubated for 5 min 
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at 25.C. For turning off the reaction 1.0 ml of 2.5N H2SO4 was used and observed indigo color formed 
was read at 420 nm against blank containing water in place of enzyme extract. 

 
2.10. Microbiological analysis 

Nutrient media was used for total microbial counts. Chemical analysis of soil was carried out to 
determine total nitrogen, phosphorus and potassium according to the methods described by Watanabe 
and Olsen, (1965)  and Bremner and Mulvaney, (1982). Soil samples were analyzed for: Dehydrogenase 
activity as described by (Friedel et al. 1994). For determination of phosphatase activity disodium 
phenylphosphate served as enzyme substrate (Õhlinger, 1996).  

 
2.11. Statistical Analysis:  

Analysis of variance was calculated according to the method of Duncan's, multiple range tests at 
0.05 level, using MSTAT computer statistical software according to Russel, (1991).  
 
3. Results and Discussion 
 
3.1. Isolation of bacterial endophytes: 

Application of effective microorganisms as biofertilizers in agriculture is important to increase 
salt tolerance in plants. Plant growth promoting rhizobacteria (PGPR) have important role in plant 
growth development and abiotic stress tolerance (Karnwal 2017). In the present study, a total of 24 salt 
tolerant endophytic bacterial isolates were successfully isolated from root of Aveccinia marina 
,Rhisophora macronata , Barley and Wheat plant on 4% NaCl concentration amended nutrient agar 
media and designated as Av1 to Av7; Rh 8 to Rh 13, B14 to B19 and from W20 to W24. Obtained 
isolates were purified and preserved for further investigations. Recently, numerous studies have showed 
several methods associated to endophytes that are used for increasing plant growth under different 
abiotic stresses. These include phytohormone production, Enzyme production, HCN production,  etc. 
(Wani, 2016.). 

 
3.2. Effect of different NaCl concentrations on bacterial growth  

Twenty four (24) obtained entophytic isolates were found to be salt-tolerant since they were able 
to grow in the liquid culture medium at increasing sodium chloride concentrations (Table 3). Bacterial 
isolates reported maximum growth at 2.5% NaCl. However, at 5% NaCl their growth decreased, 7.5% 
NaCl, more decrease in growth at 10% NaCl conc. Only 5 isolates showed growth, their growth were 
measured by measuring their optical density at 600nm. Isolates AV1 and RH13, achieved better than 
the other isolates. These findings suggest that the screening of PGPEs for salt stress tolerance and 
growth promotion is an effective measure for higher growth and the yield of plant (Akram et al., 2016). 
 
Table 3: Effect of different NaCl concentrations on bacterial growth  

Isolate 
2.5% 5% 7.5% 10% Isolate 2.5% 5% 7.5% 10% 

O.D O.D 
AV1 1.826 1.703 1.218 0.629 RH13 2.03 1.826 1.386 0.741 
AV2 0.904 0.892 0.621 0.373 BA14 0.629 0.329 0205 0.012 
AV3 0.691 0.637 0.493 0.192 BA15 0.821 0.495 0.294 0.136 
AV4 0.982 0.897 0.348 0.215 BA16 0.527 0.311 0.115 0.044 
AV5 1.71 1.24 0.927 0.662 BA17 0.489 0.445 0.219 0.345 
AV6 1.9 1.529 0.951 0.593 BA18 0.851 0.620 0.428 0.464 
AV7 1.5 1.367 1.029 0.610 BA19 0.361 0.299 0.115 0.018 
RH8 1.82 1.511 1.037 0.529 WH20 0.837 0.764 0.462 0.129 
RH9 1.87 1.45 1.184 0.614 WH21 0.518 0.418 0.338 0.114 
RH10 1.15 1.01 0.662 0.383 WH22 0.632 0.395 0.294 0.02 
RH11 0.992 0.88 0.639 0..08 WH23 0.792 0.513 0.335 0.113 
RH12 1.08 0.87 0.627 0.218 WH24 0.581 0.455 0.289 0.194 

 
3.3. Biochemical characterization of selected bacterial endophytes 

Five selected endophytic bacteria which recorded highest tolerance to NaCl concentrations were 
analysed for different biochemical activities as shown in (Table 4). Isolated endophytes were tested for 
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their biological activities including, production of plant growth regulators, including auxin synthesis, 
phosphate solubilization and siderophores production, enzymes (catalase and protease), Ammonia and 
HCN production (Table 4).  Isolates AV6 and RH13, showed positive results for nitrogen fixation 
activity. RH8 and RH13 showed positive results for phosphate solubilization and ammonia production. 
All isolates showed positive results for IAA production. AV6 showed negative catalase production. 
While, AV6 and RH8 showed negative protease production. Also, RH8 showed negative ability for 
HCN production. Siderophores production by the presence of orange zones around the colonies was 
positive for all isolates except AV1.   

The obtained results proved that the most active isolates in the different biological activities was 
RH13, this isolate can be selected as potentially efficient biofertilizer. The results showed that mangrove 
chacterized by highest biodiversity and richness in halotolerant bacterial species. So, the highest 
numbers of endophytic strains with plant beneficial physiological traits were isolated from this soil. It 
is well-known that soil type is used to cultivate a plant, species and can also shape its endophytic 
community. Consistently, different endophytic populations can be recorded in the same plant species 
growing in different soils (Rashid et al., 2012). IAA synthesized by bacteria is directly related to plant 
growth and development (Gamalero and Glick et al., 2019). 
 
Table 4: Biological activities of endophytic bacterial isolates 

 N 
fixation 

P. 
Solubilization 

IAA Catalase Protease 
Ammonia 

production 
HCN Siderophore 

AV1 - - + + + - + - 
AV6 + - + - - - + + 
RH8 - + + + - + - + 
RH9 - - + + + - + + 
RH13 + + ++ + + + ++ + 

 
3.4. Morphological chacteristics for selected entophytic bacterial isolate 

The selected isolate (RH13) was characterized morphologically and biochemically according to 
Cappuccino and Sherman, (2005), and the identification was confirmed using a molecular technique 
(Table 5). Selected isolate showed yellow cream pigment, negative gram reaction, motile with positive 
endospore formation nitrate reduction, IAA detection qualitatively recorded 57 mg/ml, GA3 
6.27mg/ml. Isolate was screened for its ability to use ACC as a sole nitrogen source., showing positive 
activity for ACC deaminase recorded 381.5 nmol, which cleaved ACC to α-ketobutyrate and ammonia 
and lowered the drastic effects of ethylene on plant health under salinity stress. Biofertilization with 
ACC deaminase-producing bacteria improved wheat growth in saline soil (Latif Khan et al., 2016). 
 
Table 5: Morphological chacteristics for selected entophytic bacterial isolate 

Shape Short rod 
Pigment Yellowish cream 
Gram reaction -ve 
Motility + 
Endospore formation 
Endospore shape 

+ 
Coccus 

Glucose fermentation -ve 
Nitrate reduction + 
IAA 57 µg/ml 
GA3 6.27 
ACC deaminase  381.5 nmol/mg/hr 

 
3.5. Identification of bacterial isolates  

Briefly, the genomic DNA of the selected promising isolate was extracted and amplified by using 
universal 16S rRNA primers, according to modified method of Ishikawa et al. (2000). The amplified 
PCR product was analyzed in 1% agarose gel, purified by Qia Quick gel extraction kit (Qiagen, 
Germany), and then sequenced.  
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3.6. Phylogenetic analysis  
The nearly complete 16S rRNA gene sequence is used for selected isolate. The sequence 

similarity search revealed that this strain belonged to genus Stenotrophomonas with highest similarity 
of Stenotrophomonas maltophillia the phylogenetic position of our strain, determined by various tree 
making algorithm NJ, ML, and MP, supported the similarity of Saitou and Nei, (1987). 

 

Fig. 1: Phylogenetic analysis 16S rRNA 
 
3.7. Effect of mineral fertilization levels and S.maltophilia inoculation on growth parameters and 
yield attributes of sorghum plant grown under salt stress 

The growth characters i.e. Plant height cm, fresh weight ton/fed and Dry weight ton/fed., as well 
as yield attributes i.e. Grain weight (g/plant); 1000 grain weight (g) and grain yield ton/fed. of sorghum 
are presented in Tables (6 and 7). Generally, results showed that increasing mineral fertilizer (NPK) 
doses increased significantly all the growth characters, yield and yield attribute of sorghum. Concerning 
to the effect of biofertilization on growth parameters and yield attributes of data showed a powerful 
effect of biofertilization treatment through all studied characters.  

Biofertilizer inoculation led to increase growth and yield parameters with all mineral fertilization 
doses compared to uninoculated treatments. At 50% mineral fertilization(MF) dose with biofertilizer 
inoculation increased growth parameters by 21.8,32.5 ,24.4% and 13.4,20.5 and 23.5% than 
uninoculated receiving 50%MF doses at third cut for plant height, Fresh ,dry weight, grain weight gm/p, 
1000 grain weight and grain yield respectively. Also, it was noticed an increased growth and yield 
parameters in inoculated plants compared with the uninoculated ones. The interaction between mineral 
fertilizer doses and biofertilization was significant for yield and its components showed positive 
significant effect on the studied parameters (Tables 6 and 7).  
 
Table 6: Effect of Mineral fertilization levels and Stenotrophomonas maltophilia inoculation on some 

growth parameters of Sorghum plant. 

MF Bio 
Plant height (cm) Fresh weight (Ton/fed.) Dry weight (Ton/fed.) 

1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut 

50% 
Without 75.4 74 72 1.57 1.56 1.47 0.41 0.4 0.36 
With 91.8 85.1 81.9 2.08 1.86 1.62 0.51 0.54 0.51 

75% 
Without 99 96.2 93 2.2 2.03 1.79 0.56 0.56 0.45 
With 107 105 99 2.24 2.21 2.09 0.59 0.58 0.56 

100% 
Without 112 103 98 1.93 1.91 1.88 0.64 0.59 0.49 
With 138.3 130.5 126 2.62 2.61 2.2 0.71 0.72 0.59 

L.S.D. at 0.05%  
Cut 
Mineral fertilizers 
Bio 
Interaction 

 
0.1851 
0.2633 
0.1761 
0.5282 

 
0.0418 
0.0252 
0.0185 
0.0265 

 
0.0130 
0.0128 
0.0244 
0.099 
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Table 7: Effect of Mineral fertilization levels and S. maltophilia inoculation on some yield parameters 
of Sorghum. 

MF Bio Grain weight (g/plant) 1000- grain (g) Grain yield (Ton/fed.) 

50% 
Without 27.51 11.21 1.19 
With 31.2 13.48 1.47 

75% 
Without 30.3 12.29 1.35 
With 37.6 14.81 1.64 

100% 
Without 34.1 13.59 1.39 
With 42.9 15.25 1.66 

L.S.D. at 0.05% 
Mineral fertilizers 
Bio  
Interaction 

 
0.5182 
0.5879 
0.3178 

 
0.2340 
0.1973 
0.3309 

 
0.0122 
0.0497 
0.0172 

 
The maximum value of plant height, fresh and dry weight, grain weight gm/p, 1000 grain weight 

and grain yield were obtained by a combination of maximum dose of mineral fertilizer and 
biofertilization treatment. These results are accordance with Tang et al. (2020). 

The used biofertilizers had enhancement effect on plant growth and all plant metabolic activities 
which positively reflected on yield and its attributes. These results were in accordance with those 
reported by (Osman et al., 2020), who proved that treating wheat plants with Azospirillum brasilense 
or Stenotrophomonas maltophilia was an efficient strategy to increase wheat growth and productivity, 
not only under normal conditions, but also under drought stress. 
 
3.8. Effect of Mineral fertilization levels and Stenotrophomonas maltophilia inoculation on the 
microbial rhizosphere activity in Sorghum plant under salinity conditions. 

Concerning microbial activity in sorghum rhizosphere represented data in Table (8) showed that, 
the microbial activities in sorghum rhizosphere were significantly affected by the different studied 
treatment. With regard to the effect of mineral fertilizer, doses on soil microbial activity in sorghum 
rhizosphere, the represented data showed that, total microbial counts were significantly affected by the 
mineral fertilizer treatments which increased with increasing mineral fertilizer doses to some extent. 
The same trend obtained with specific microbial activities for soil enzymes dehydrogenase and 
phosphatase. The interaction between mineral fertilization and Stenotrophomonas maltophilia has a 
appositive effect on the previous parameters and gave the maximum microbial activity including total 
microbial counts, dehydrogenase and phosphatease activity in rhizosphere soil. These results 
compatible with (Abd El-Gawad and Omar, 2014) they reported an increases in microbial counts in 
response to biofertilizer application which increased biological activity of desired microorganisms in 
the root environment. 
 
Table 8: Effect of Mineral fertilization levels and Stenotrophomonas maltophilia inoculation on 

microbial determinations in rhizosphere of Sorghum plant  

MF Bio 
Total microbial counts 

(×105cfu/g dry soil) 

Dehydrogenase 
μg TPF/g dry soil/24 

hours 

Phosphatase 
mg phenol/g soil/24h 

1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut 

50% 
Without 67 64 63 0.48 0.53 0.54 0.61 0.65 0.71 
With 81 82 79 0.59 0.62 0.68 0.84 0.89 0.92 

75% 
Without 72 76 68 0.52 0.56 0.57 0.68 0.72 0.74 
With 84 95 92 0.6 0.63 0.69 0.88 0.9 0.9 

100% 
Without 77 83 80 0.55 0.58 0.58 0.69 0.73 0.77 
With 89 112 109 0.64 0.72 0.74 0.91 0.93 0.97 

L.S.D. at 0.05% 
Cut 
Mineral fertilizers 
Bio 
Interaction 

 
0.4796 
0.5634 
0.2806 
0.4045 

 
0.0208 
0.0159 
0.0124 
0.0304 

 
1.571 
2.485 
1.697 
3.849 
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3.9. Effect of Mineral fertilization levels and Stenotrophomonas maltophilia inoculation on the 
macronutrients content in Sorghum soil under salinity conditions. 

Data presented in Table (9) showed that the elements content of soil in rhizosphere of sorghum 
were significantly affected by mineral fertilization levels and biofertilization treatment which had 
significant effects on soil fertility, and microbial biomass (Table 9). Increasing mineral fertilizer doses 
increased NPK contents in soil of sorghum, highest increase was recorded with the third mineral 
fertilization levels(100%) being 159,74 and 49 for NPK at the 2nd cut respectively. In this respect, 
Biljana and Aca, (2009) reported that, mineral nutrition show a very positive effect on nitrogen content. 
Applied biofertilizer caused increase of the metabolic activity in inoculated sorghum plant and mineral 
contents of grains biofertilization treatment showed the maximum influence for elements content in soil 
with increases reached 19.5, 72 and 17 % over control at 100 % mineral fertilization level and the third 
cut for N,P and K respectively. These results in accordance with El-Shazly et al. (2017). 
 
Table 9: Effect of Mineral fertilization levels and S. maltophilia inoculation on macronutrients in the 

rhizosphere soil of Sorghum. 

MF Bio 
N (ppm) P (ppm) K(ppm) 

1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut 

50% 
Without 121 129 133 31 32 39 27 31 37 
With 135 142 146 48 57 59 38 39 42 

75% 
Without 128 129 132 37 42 41 27 32 39 
With 144 148 149 53 62 67 38 43 46 

100% 
Without 129 132 133 37 46 43 29 35 42 
With 148 156 159 55 69 74 46 48 49 

L.S.D. at 0.05% 
Cut 
Mineral fertilizers 
Bio 
Interaction 

 
0.8726 
0.6172 
0.6739 
1.0690 

 
0.5038 
0.3953 
0.3112 
0.7473 

 
0.8542 
0.5503 
0.4537 
0.9531 

 
3.10. Effect of biofertilization on Antioxidative assay in sorghum grown under salt stress 

To protect the plant from oxidative damage, plants produce antioxidant enzymes, which quench 
excessive ROS. Antioxidants are one of the indicators of a plant's tolerance to stresses. These enzymes 
include superoxide dismutase (SOD), peroxidase (POD), polyphenyl oxidases (PPOs) and catalase 
(CAT) Habib et al., (2016). Inoculation with S. maltophilia significantly increased the antioxidative 
(Catalase and Peroxidase) activities to alleviate the salinity induced free radical damages. S.maltophilia 
inoculation increased Catalase enzyme in all inoculated treatments compared to uninoculated at the 
studied three mineral fertilization levels (Fig 2). The highest significant (p= 0.05) increase in Peroxidase 
activities was recorded with S.maltophilia (2.39) as compared to respective control (0.59) as shown in 
(Fig. 3). , PGPEs can produce antioxidant enzymes such as PODs and CATs which scavenge excess 
ROS generated during salinity stress in plants (Han and Lee, 2005). 

 
Fig. 2: Effect of bio fertilization on catalase assay in Sorghum grown under salt stress 
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Fig. 3: Effect of biofertilization on Peroxidase assay in Sorghum grown under salt stress 

 
3.11. Effect of biofertilization on K/Na ratio in Sorghum.  

Salinity stress showed a significant effect on the concentration of Na+ in roots of sorghum plant, 
the content of Na+ was strongly affected by biofertilization treatment. The ion of Na+ was slightly 
increased with increasing mineral fertilization levels, the effect of biofertilization with S. maltophilia 
decreased significantly the accumulation of Na+. Generally, concentration of K+ decreased with 
different cuts. The effect of inoculation with S. maltophilia  significantly decreased the accumulation 
of Na and increased K. Shabala and Cuin, (2008) found that reducing the amount of K+ and increased 
the content of Na+ could be attributed to the effect of competition between Na+ and K+ on the sites of 
absorption in the plant. 
 

 
Fig. 4: Effect of biofertilization on K/Na ratio assay in Sorghum grown under salt stress 

 
4. Conclusion 

In this study, about 24 bacterial endophytes were isolated from three plant (Mangrove, Barley 
and Wheat), grown in different saline soils. All of the bacterial isolates were examined for ability to 
grow at different NaCl concentrations, effective 5 isolates subjected for screening for their biochemical 
activities, then select the most active one for further studies. Most active isolate morphologically 
identified and confirmed by molecular identification using 16srRNA as Stenotrophomonas maltophilia 
which used for field experiment to induce salt tolerance and was demonstrated to behave as plant growth 
promoters of sorghum at the used three mineral fertilization levels. Since an efficient PGPB should also 
improve the development and health of plants facing environmental stresses, the impact of this 
endophytic strain on sorghum plants exposed to salt stress were assessed. Endophytic strain increased 
plant growth parameters compared to uninoculated controls and was particularly efficient in delaying 
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salt-related symptom expression in plants. The recommended use of the efficient bacterial endophytes 
as a powerful tool in the development of sustainable agriculture under salt stress. 
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	2.10. Microbiological analysis
	Nutrient media was used for total microbial counts. Chemical analysis of soil was carried out to determine total nitrogen, phosphorus and potassium according to the methods described by Watanabe and Olsen, (1965)  and Bremner and Mulvaney, (1982). Soil samples were analyzed for: Dehydrogenase activity as described by (Friedel et al. 1994). For determination of phosphatase activity disodium phenylphosphate served as enzyme substrate (Õhlinger, 1996). 



