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Bacterial candidates of multiple plant growth promoting traits were isolated including 21 isolates from 
sandy soil and 15 isolates from calcareous soils. The isolates were found to produce indole acetic acid 
(IAA), gibberellic acid (GA) and sidrophores, beside their ability to fix N2 and to utilize ACC as the sole 
source of nitrogen. The most two potent isolates (C6) from calcareous soil and (S13) from sandy soil 
were identified as Enterobacter cowanii and Stenotrophomonas maltophilia, respectively, using Biolog 
(Microlog 3.7 data base). Both strains were induced to produce ACC deaminase (ACCD) under salinity 
stress, as they gave 282 U and 264 U in the same time they were found to produce GA recording 282 
ppm and 317 ppm, respectively. Both S. maltophilia and E. cowanii growth increased by 4.8 and 1.3% 
than control, respectively, when grown on DF medium supplemented with 0.3g/L NaCl. Through 
cytotoxicity test, viability with S. maltophilia exceeded E. cowanii within all dilutions compared to control, 
proving that it had less toxic effect.  
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INTRODUCTION 

Recently, sandy and calcareous soils have 
been considered as modern trends for the 
expansion of agriculture land, although they 
include problems confounding their cultivation. A 
new biological way has been introduced to 
enhance the plant cultivation comprising plant 
growth promoting rhizobacteria (PGPR). PGPR 
can have direct and/or indirect impacts on plant 
growth and development. Indirectly, the bacteria 
can decrease or prevent some of the deleterious 
effects of a phyto-pathogenic organism by one or 
more mechanisms. The direct promotion of plant 
growth by PGPR generally entails providing the 
plant with a compound that is synthesized by the 
bacterium or facilitating the uptake of nutrients 
from the environment (Glick et al., 1999). The 
growth promoting activities of PGPR on plants can 
be explained in various ways, including induction 

of disease resistance in the inoculated plant, 
biological N2 fixation, phosphorus solubilization, 
and/or production of phytohormone (Mia et al., 
2012). Through a wide variety of mechanisms 
PGPRs that can establish close associations with 
plants, such as the endophytes, can be more 
successful in plant growth promotion enhancing 
plant growth and protect plants from disease and 
abiotic stresses. PGPRs associated with plant 
roots with 1-Amino Cyclopropane-1-Carboxylate 
deaminase (ACCD) activity may have a better 
growth than other free microorganisms, as they 
use ACC as a source of nitrogen (Glick, 2005). In 
fact, the ACCD regulates the production of plant 
ethylene by metabolizing ACC which is the 
precursor of ethylene biosynthesis in higher plants 
into α-ketobutyric acid and ammonia (Saleem et 
al., 2007). Barnawal et al., (2012) stated that 
PGPR strains equipped with this enzyme ACCD 
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can degrade the ACC to ammonia and a-
ketobutyrate, thereby minimize the level of stress 
ethylene. That is why ACCD production by some 
types of PGPRs reduces the stress inducible 
ethylene levels in host plants, thus can be a useful 
tool to mitigate the plant stress caused by adverse 
environmental stresses including salinity 
(Farajzdeh et al., 2012 & Karthikeyan et al., 
2012). Recently, Rocheli et al., (2015) clarified 
their importance as biological nitrogen fixation, 
phosphate solubilization, ACCD activity, 
production of sidrophores and phytohormones can 
be assessed as plant growth promotion (PGP) 
traits.It is clear from the previous the benefits of 
ACCD in cultivating salinity soil; hence, it would 
be of a great advantage to supply the plant 
growing in such environment with ACCD as bio-
fertilizers to support and facilitate its growth. This 
research aims to isolate and identify microbes 
with ACCD producing ability in salinity soil. 
 
MATERIALS AND METHODS 
 
Isolation of plant growth promoting 
rhizobacteria PGPRs 

Soil Samples were collected from rhizosphere 
of citrus trees (Valencia orange) cultivated in 
sandy soil of Alcantara, El Esmailia Governorate 
and calcareous soil of Nubaria (Alexandria 
governorate), Cairo, Egypt. The soil Chemical 
properties were determined as soil pH (soil 
reaction), EC (Electritical conductivity) and soluble 
anions and cations as described by Jackson 
(1973), while the soil texture was evaluated 
according to Piper (1950) are shown in Tables 
1.Isolation of PGPRs was done by “pouring” 
technique on nutrient agar medium (Difico, 1984). 
The plates were incubated at 30°C for 48 hours 
maximum and colonies were picked up based on 
variations in colony morphology, pigmentation and 
were purified. Isolates were maintained on 
nutrient medium slants at 4 °C, while they were 
grown on TSB medium at 28 °C for 24 h with 
shaking (120 rpm) and were harvested by 
centrifugation at 3000xg for 15 min for further 
inoculation. The isolates were tested quantitatively 
for their ability to produce plant growth promoting 
substances. The indole acetic acid (IAA) was 
tested according to Glickmann and Dessaux 
(1995), total gibberellins (GA) was according to 
Udagwa and Kinoshite (1961), nitrogenase activity 
was determined separately by the method of 
acetylene reduction technique given by Dilowrth 
(1966) and sidrophores production according to 
Alexander and Zuberer (1991). 

Selection of ACC deaminase (ACCD) 
producers among PGPRs 

Bacterial isolates ability to use ACC as a sole 
nitrogen source was examined according to 
Penrose and Glick (2003).Spot inoculation was 
done on modified DF minimal salts medium plates 
Dworkin and Foster (1958) supplemented with 3 
mM ACC as the sole nitrogen source. The 
medium has the following composition dissolved 
in 990 ml distilled water: glucose  2g, gluconic 
acid  2g, citric acid  2g, KH2PO4 4g, Na2HPO4 6g, 
MgSO4.7H2O 0.2gm, 10 ml Micro-nutrient solution 
content with (CaCl2  200mg, FeSO4.7H2O 200mg, 
H3BO3 15mg, ZnSO4.7H2O 20mg, Na2MoO4 
10mg, KI 10mg, NaBr 10mg, MnCl2 10mg, COCl2 
5mg, CuCl2 5mg, AlCl3 2mg, NiSO4 2mg distilled 
water  1,000 ml) pH adjusted to 7.2 by Na2HPO4 
medium autoclaved at 120ºC for 15 min. Plates 
containing only DF minimal salts medium without 
ACC were used as the negative control, while 
those with (NH4)2SO4 (0.2 % w/v) were used as 
the positive control. The plates were incubated at 
28°C for 72 h. Growth of isolates on ACC 
supplemented plates was compared to the 
negative and positive controls and selection was 
based on positive growth proving ACC utilization 
as the nitrogen source. 

Determination of growth in response to 
salinity stress 

To determine the growth of promising isolate 
under different concentrations of NaCl (0.10, 0.15, 
0.20, 0.25 and 0.30 %), flasks containing 100 ml 
of DF liquid medium with PH adjusted to 7.2 by 
Na2HPO4 were supplemented with nitrogen 
source and salt. The flasks were inoculated with 
10% ml of overnight grown culture (ca.106cfu.ml-1) 
and incubated in a shaking incubator at 30°C with 
agitation rate of 150 rpm in for 24 hrs. at 28-30°C. 
The cells growth concentration was measured by 
measuring the Optical Density at 600 nm (the 
turbidity or cloudiness of a culture) and EC. 

Identification of the bacterial isolates:  
Preliminary identification of the bacterial 

isolates was done according to Bergey’s Manual 
of Determinative Bacteriology Holt, et al (1994). 
Conclusive identification was conducted through 
(Biolog GN2 Microplate Biolog, 2000) using gram 
negative and positive systems in microlog 
database done in VACSERA, Cairo, Egypt. 

Inducing bacterial ACCD production for 
determination 
The target bacterial isolates were grown on TSB rich 
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medium (150 ml) in six falcon tubes, in which each 
one was inoculated by 20 ml inoculum. Harvested 
cells (centrifugation at 3000xg for 10 min at 4oc) 
were washed by 5ml salt minimal medium DF and 
mixed well. Centrifugation was repeated and the 
cells were suspended in 7.5ml DF medium 
supplemented with 3 mM ACC and with NaCl of two 
different concentrations 0.192% and 0.256%.  
Incubated was done on shaker incubator (150 rpm) 
at 30oC for 24 h. Then cells were finally harvested by 
centrifugation as stated before and the supernatant 
(SUP) was kept for further study. The harvested cells 
were washed with 1ml of 0.1 M Tris-HCl (pH 7.6), 
vortexed and centrifuged at 16000g for 5 min. The 
cell pellets were suspended in 600μl 0.1 M Tris-HCl 
(pH 8.5). Thirty microliters of toluene was added to 
the cell suspension and were homogenized for 30 
seconds. The previous supernatant and final 
toluenized cell suspension were used for assaying 
ACCD activity. 

ACCD determination 
ACCD assay was done according to Honma and 

Shimomura (1978) modified by Penrose and Glick 
(2003). All sample measurements were carried out in 
triplicate. A suspension of toluenized cells (200µl) 
vortexed with ACC of 0.5 M (20 μl) in a fresh test 
tube, and incubated at 30ºC for 15 min. Following, 
HCl of 0.56 M (1 ml) was added, vortexed and 
centrifuged for 5 min at 12,000xg at room 
temperature. The resulting supernatant (1ml) was 
vortexed together with HCl of 0.56 M (800 μl). 
Reagent “2,4 dinitrophenyl hydrazine” (300 μl) was 
added, vortexed and incubated for 30 min at 30ºC in 
water bath. Finally, NaOH of 2N (2ml) was added, 
well mixed and the resulting α-ketobutyrate product 
absorbance was measured at 540 nm.The α-
ketobutyrate produced was determined by 
comparing the absorbance of a sample with a 
standard curve of α-ketobutyrate ranging between 
0.05 and 0.25 μmol prepared in 0.1 M Tris–HCl (pH 
8.5).   

Protein measurement  
The protein concentration of toluenized cells 

was determined by the method of Bradford, 
(1976) in 0.1M Tris–HCl (pH8.0) and the 
absorbance was measured at 595nm. Bovine 
serum albumin was used to establish the standard 
curve Shaik, et al (2014).  

MTT cytotoxicity assay  
MTT assay is a sensitive, quantitative and 

reliable colorimetric method that measures 
viability of cells. The assay is based on the ability 

of mitochondrial lactate dehydrogenase enzymes 

(Cory, et al 1991) (LDH) in living bacterial cells to 
convert the water soluble 5mg/ml substrate MTT 
stain (3-[4,5-dimethylthiazol-2-yl] 2,5 diphenyl 
tetrazolium bromide)  into a dark blue formazan 
which is water insoluble. A solubilization solution 
DMSO (dimethyl sulfoxide) is added to dissolve 
the insoluble purple formazan product into a 
colored solution whose absorbance can be 
quantified spectrophotometricaly between 500 and 
600 nm.Cytotoxic effect was evaluated using MTT 
assay where isolated strain under test were used 
as 10 mg/ ml. Test and standard materials were 2 
fold serially diluted on pre cultured cell lines for 24 
hr. treatment at 37oC post decanting the growth 
medium. Treated cell lines were microscopically 
examined for detection of any morphological 
changes and detached cells. The dead cells were 
washed-out using phosphate buffer saline, pH 7.2 
±0.2 (PBS 0.05% Tween), then residual live cells 
were treated with 0.5% MTT stain as 25 µl/well 
and the plates were incubated for 3-4 hrs. at 37oC. 
Developed intra-cytoplasmic MTT formazan 
crystals were dissolved using 0.05 ml Dimethyl 
sulfoxide (DMSO) for 30 minutes on plate shaker. 
Optical densities were measured using (Biotek – 
8000, USA) ELISA plate reader. The half maximal 
inhibitory concentration (IC50) test as a measure 
of the potency of a substance in inhibiting a 
specific biological or biochemical function was 
determined for the test extracts using Masterplex, 
2010 program. Data were reported from three 
independent experiments Berridge, et al., (2005). 
Cell viability percentage according to Chen, et al., 
(2009):  

𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 % =
𝑇𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠 𝑂𝐷

𝑈𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠 𝑂𝐷
× 100 

Mathematical and statistical analysis: 
All results data were accomplished in 

triplicates and statistically evaluated by least 
significant differences (LSD)  in one way 
completely randomized analysis of variance 
(ANOVA) at 5% significance calculated using 
CoHort software  under windows (Costat, model 
6.311) Maruthai, et al (2012). Their correlation 
coefficients and graph presentations were done 
using Excel software (Microsoft Co. 2010).  

RESULTS AND DISCUSSION 
 
Physical and chemical properties of soil  

Two soil locations Nubaria and Cantara were 
sampled as source for bacterial isolation and 
analyzed as shown in Table (1). The ions criteria 

http://en.wikipedia.org/wiki/Dimethyl_sulfoxide
http://en.wikipedia.org/wiki/Formazan
http://en.wikipedia.org/wiki/Absorbance


Ismael et al.,                                                                                      PGPRs’ different biological activities 

 

    Bioscience Research, 2018 volume 15(4): 3202-3213                                             3205 

 

and other chemical contents differentiating soil 
types were characterized by high chloride and 
calcium carbonate in Nubaria alkaline calcareous 
soil with moderate elevation in magnesium, while 
sulfate was nearly half that in Cantara sandy soil. 
EC in both types were similar recording 2.30±0.1 
making them categorized as slightly saline USDA 
(1954).  

Functional and biochemical characterization 
of isolated strains: 

Bacterial candidates of 21 isolates from 
Nubari as sandy soil and 15 isolates from Cantara 
calcareous soil were tested for producing IAA, 
GA, nitrogenase enzyme, sidrophores and ACCD. 
Among the 21 isolates from the sandy soil only 19 
isolates were IAA and GA producers, of which 12 
isolates were found to be capable of fixing 
nitrogen on CCM medium and 8 isolates were 
sidrophores producers, as shown in Table (2). 
While 7 isolates were capable of growing on DF 
medium with no N-source supplementation 
(negative control), 6 isolates were capable of 
using ACC as the only N source (considered 
ACCD producers). S13 was the potent isolate 
producer of IAA (17.59 ppm) and GA (17.48 ppm) 
among the 19 isolates and able to producing 
sidrophore. Besides, S13 was capable of using 
ACC as the only N source and was found to be N 
fixer (nitrogenase producer) too. Worthy to notice 
that S13 seemed to be a slow grower as the 72 
hours of growth test on DF medium (negative 
control) weren’t sufficient to give any growth. The 
15 bacterial isolates from calcareous soil as 
shown in Table (3) were all capable of producing 
IAA and GA. Only 4 isolates were capable of 
using both ACC and ammonium sulfate as only N 
source and can grow on free N medium, of which 
three isolates were characterized by nitrogenase 
activity (C6, C9 and C15) and ten isolates were 
sidrophore producers. The C6 isolate which 
gathers these capabilities considered among the 
highest two isolates in IAA production giving 
8.11ppm, beside its remarkable ability to produce 
GA. 

 Isolates identification  
The two potent isolates S13 and C6 were 

identified by Biolog technique previously noted. 
S13 was identified as Stenotrophomonas 
maltophilia, a Gram-negative bacterium and 
member of xanthomonadaceae family Palleroni 
and Bradbury (1993). C6 was identified as 
Enterobacter cowanii, agram-negative bacterium 
and member of the Enterobacteriaceae family 

Inoue, et al., (2000). Related to previous results, 
Mia et al. (2012) stated that most of PGPRs are 
known to produce IAA and GA beside their ability 
to fix nitrogen and produce ACCD too. Chaitanya 
et al., (2011) & Rosangela et al., (2012) found 
that, Enterobacter cowaniiis considered being 
efficient phosphate solubilizers as well as efficient 
IAA producer and nitrogen fixer. Islam et al., 
(2016) found that E. cowanii produced about 26.8 
µg IAA /ml and fixed nitrogen (4.5 nmole C2H4/ mg 
protein/hr.) which comprised 3.3 times more in 
IAA production and 5.5 times less in N-fixation 
than E. cowanii in the present study. Certain 
PGPR strains equipped with enzyme ACCD can 
degrade the ACC to ammonia and α-ketobutyrate, 
and thereby minimize the level of ethylene stress 
Alexander and Zuberer (1991) & Mayak et al., 
(2004). Several studies stated that PGPRs could 
reduce the inhibitory effect of stress generated 
ethylene under adverse environmental conditions 
in the same time that they could reduce the 
endogenous level of ACC in plants Nadeem et al., 
(2010) and Barnawal et al., (2014). Among 
PGPRs, Stenotrophomona sp. as a plant growth 
promoting and bio-control potent bacteria had 
been reported in earlier studies emphasized that it 
could be used as an effective bio-inoculants for 
plant growth promotion besides controlling the 
wide range of plant pathogenic fungi Ryan et al., 
(2009) & Berg et al., (2010). 

ACCD production activity 
The S. maltophilia (S13) and E. cowanii 

(C6)were grown on DF medium supplemented 
with 3 mM ACC with NaCl of two different 
concentrations A (0.192%) and B (0.256%) on 
shaker incubator 150 rpm at 30oC for 24 h. Cells 
were harvested, toluenized and homogenized for 
assaying ACCD activity in both cells and SUPas 
shown in Table (4). According to satistical 
analysis, the ACCD activity didn’t vary in SUP in 
accordance to salinity during growth.  
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Table 1: Soil physical and chemical analysis 
Soil 

sample 
Physical 
structure 

Sp 
 (%) 

EC 
(ds/cm) 

pH CaCO3 Anions (meq.L-1) Cations (meq.L-1) SAR ESP % 

      
  

  
HCO3

- Cl- SO4
- - Ca++ Mg++ Na+ K+ 

Cantra L. Sand 20.0 2.21 7.72 1.4 4.5 11.5 5.88 9.0 10.0 2.3 0.58 0.74 10.5 

Nubaria C. loam 42.5 2.42 8.12 38.9 5.5 15.5 2.91 8.0 13.0 2.4 0.51 0.74 10.1 

 
Table 2: Biochemical activities characterizing sandy soil isolates 

Isolates IAA 
(ppm) 

GA 
(ppm) 

Sidrophore 
(ppm) 

Nitrogenase 
(nmole C2H4.hr-1.ml-1) 

DF media 

control NH4SO4 ACCD 

S1 6.11 19.25 + 41 + + + 

S2 14.53 29.93 + 27  +  

S3     + +  

S4 1.72 5.55 +   +  

S5 1.70 4.83 + 12 + + + 

S6 1.18 7.31  27  +  

S7 4.50 1.82 + 27  +  

S8 7.2 4.23    +  

S9 2.09 6.64    +  

S10        

S11 1.70 33.22 +   +  

S12 11.25 13.79  26 + + + 

S13 17.59 17.48 + 49  + + 

S14 2.10 6.30  41 + + + 

S15 1.70 2.50  37 + + + 

S16 2.22 8.08 + 48    

S17 3.33 1.90  20  +  

S18 11.36 12.06      

S19 1.44 6.40   + +  

S20 3.40 8.61  55    

S21 11.15 11.38      
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Table 3: Biochemical activities characterizing calcareous soil isolates 

Isolates 
IAA 

(ppm) 
GA 

(ppm) 
Sidrophore 

(ppm) 
Nitrogenase 

(nmole C2H4.hr-1.ml-1) 

DF media 

control NH4SO4 ACC 

C1 1.7 4.2 +  
   

C2 3.83 3.4 +  
   

C3 5.83 4.6 + 26.2 
   

C4 5.98 6.2 +  
   

C5 7.28 15.3 +  + + + 

C6 8.11 13.9 + 24.8 + + + 

C7 3.85 10.33 +  
 

+ 
 

C8 7.59 9.2 
 

29 
   

C9 9.02 16.28 + 63.5 + + + 

C10 7.44 16.36 
 

 
   

C11 5.75 9.05 
 

 
   

C12 6.22 7.044 + 48 
   

C13 4.03 18.6 
 

 
   

C14 2.55 18.44 
 

91.2 
   

C15 7.75 15.63 + 16.5 + + + 

 
 

Table 4: The ACCD total activity (UT) in E. cowanii and S. maltophilia as a response to salinity variable concentrations; A and B. 

Sample 
E. cowanii S. maltophilia 

Control A B Control A B 

T-cell 223b 234b 282a 201b 264a 231ab 

LSD0.05 47.20 34.59 

SUP 228a 236a 221a 198a 236a 221a 

LSD0.05 47.91 77.24 

 
 
 
 
 
 
 
 



Ismael et al.,                                                                                      PGPRs’ different biological activities 

 

    Bioscience Research, 2018 volume 15(4): 3202-3213                                             3208 

 

 

 
Figure (1): Protein and ACCD activity determined in toluenized cells of selected bacterial isolates 

under different salinity stress levels. 
 

The detection of ACCD activity inside 
toluenized cells clarified that it increased in case 
of E. cowanii at B while in case of S. maltophilia 
with A than control, proving that the need to 
nitrogen source increased with increasing salinity 
(stress).  On the other hand earlier response to 
salinity at A with S. maltophilia took place than E. 
cowanii could deduce that S. maltophilia is more 
senstive than E. cowanii to A, while both were 
equally negatively affected by B. Penrose and 
Glick (2003) previuosly clarified that ACC 
produced by plant tissue was found to be taken up 
by the associative bacteria within it and 
consequently the bacterial ACCdeaminase 
production was induced inside its cytoplasm to act 
on cleaving this ACC. Based on this finding, the 
statistical variation in ACCdeaminase activities 
was correlated to salinity stress was much 
significant inside toluenized cells than any 
variation detected in their SUP.Based on those 
facts and the present results, the bacteria under 
invetigation are predicted to act as a sink for plant 
ACC, either the endogenous or the IAA-stimulated 
and as a result will share in lowering ACC level 
and also reduce the amount of ethylene in the 
plant which reduce its inhibition on plant growth 
following a wide range of stresses. Similarly, 
Egamberdieva et al., (2011) found that plant 
growth promotion ability of Stenotrophomonas 
rhizophila strain DSM14405T was observed in the 
high salt rich soils of Uzbekistan at levels up to 
180%. They also observed that the potential of a 
halotolerant ACC deaminase producing strain of 
S. maltophila for its multifarious PGP (plant 
growth promoting) traits to promote wheat plant 
growth under saline stress.  

 
Correlation between ACCD activity and cell 
protein content: 

Apparent increase in total protein content only 
within S. maltophilia toluenized cells at A. The 
response of both strains to increased salinity up to 
B differed, as protein content did not vary 
statistically as shown in Figure (1). According to 
data analysis in Table (5), the metabolic variation 
in protein content in response to increased salinity 
was postively correlated in S. maltophilia (0.22) 
and  negativly correlated in E. cowanii (-0.09), 
while the increase in ACCD was postively 
correlated in both strains being much greater in E. 
cowanii (0.86) than S. maltophilia (0.63). On the 
other hand the correlation between the increase in 
both the protein and ACCD activity was greater in 
S. maltophilia (0.89) than E. cowanii (0.43).  
 
Table 5: ACCD vs. protein content in 
toluenized bacterial cell0073 
 

Bacteria Correlation 

E. cowanii Protein vs. ACCD 0.43 

Salinity vs. protein -0.09 

Salinity vs. ACCD 0.86 

S. maltophilia Protein vs. ACCD 0.89 

Salinity vs. protein 0.22 

Salinity vs. ACCD 0.63 

 
Based on these findings the ACCD system in E. 
cownii was more responsive to salinity and not 
correlated to its cell protein content, in spight that 
ACCD activity recorded in S. maltophilia was 
greater than the former. Worthy to notice that S. 
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maltophilia might have formed more ACC-
deaminase to facilitate more nitrogen source from 
ACC in growth medium and to decrease ACC 
formed due to salinity stress. In an indirect relation 
to plant stress response, the bacterial deaminase 
should have a role in decreasing ACC 
concentration in the plant pool and consequently 
decreasing any ethylene formation based on ACC 
that will damage the plant Penrose and Glick 
(2003). 

 IAA and GA production: 
During ACCD activity testing against salinity, 

the GA concentration in SUP varied in accordance 
to salinity as illustrated in Figure (2) and based on 
statistical analysis shown in Table (6), as with E. 
cowanii and S. maltophilia it recorded increase by 
40 and 32 %, respectively. On the contrary the 
IAA was statistically stable in accordance to 
variation in salinity and there was no correlation 
between them in both E. cowanii and S. 
maltophilia. Worthy to notice that final pH 
measured in SUP did not vary in all cases 
(8.5±0.1). Finally, as S. maltophilia was more 
responsive to A than E. cowanii as its ability to 
produce ACC-deaminase, it should have much 
bigger role than E. cowanii in diminishing stress 
on plant and increasing its growth capabilities. 
Singh and Jha (2017) found that Quantitative 
value for ACCD activity from isolate S. maltophilia 

was determined as 362 µmol of α-KB 
mg−1protein.h-1 Among the phytohormones, the S. 
maltophilia produced 3.16 µg ml−1 IAA and 5.40 
µg.ml−1 GA. The appearance of orange-halo zone 
on the CAS-agar plate was considered as positive 
for sidrophore production. Added to its beneficial 
functions its ability in phosphate solubilization was 
recorded. Besides, Bal et al., (2012) & Anumia et 
al., (2018) noted that Enterobactersp as a salt-
tolerant and ACCD containing plant growth-
promoting possessed important PGP traits 
including IAA production, phosphate solubilization, 
siderophore production, NH3 production and 
ACCD production, which are essential for plant 
growth promotion, particularly under salt stress.  

 
Effect of salt stress on the strain growth: 

The growth (observed as OD) for strains were 
studied under stress of serial NaCl concentrations 
and their final EC were recorded, as illustrated in 
Figure (3). The EC for the controls after 24 hours 
were 28.3 and 27.3 dsm/m in case of S. 
maltophilia andE. cowanii, respectively. Worthy to 
notice that by increasing the NaCl concentration 
to 0.1 and 0.15 it reversibly affected growth (OD) 
of both strains with a severe drop in OD of E. 
cowanii than S. maltophilia. By increasing NaCl% 
above 0.15 the growth of S. maltophilia and E. 
cowanii increased to record maximum OD of 
0.353 and 1.58 at 0.20 and 0.25g NaCl to be the 
optimum concentration, respectively. Compared to 
control, the highest OD for S. maltophilia formed 
maximum increase at 0.20g of 20% than control 
that decreased with increasing NaCl concentration 
up to 0.30g to be 4.8%. While in case of E. 
cowanii, it gave no considerable increase in OD at 
0.25g of 1.3%, being stable with concentrations 
up to 0.30g NaCl. Never the less, the addition of 
NaCl to DF medium formed more stress to 
bacterial growth added to the initial stress of 
control due to presence of sodium cation load in 
medium structure. This adverse relationship 
between stress especially due to sodium cation 
and diverse microbial biochemical activities were 
previously noted by Siddikee et al., (2011). 
 
Toxicity of E. cowanii and S. maltophilia 

Cytotoxic effect was evaluated using MTT 
assay for both E. cowanii and S. maltophilia. As 
shown in Figure (4) the viability in case of E. 
cowanii at the first three dilutions didn’t exceed 
50% while in case of S. maltophilia the viability 
recorded 54, 60 and 87% with the first 3 dilutions, 
proving that it was less toxic effect than the 
former. Based on those results we recommend an 
essential must in case of using E. cowanii to be 
controlled under automatic irrigation system while 
applied in nonedible crops like decorative and 
wood forest plantations only.

Table (6): The GA and IAA concentrations in growth culture SUP for both strains E. cowanii and S. 
maltophilia in response to salinity variable concentrations. 

Sample 
E. cowanii S. maltophilia 

Control A B Control A B 

GA (ppm) 202b 282a 222b 239b 317a 232b 

LSD0.05 34.99 18.20 

Correlation:GA vs. salinity 0.42 0.12 

IAA (ppm) 182a 172a 176a 154a 158a 148a 

LSD0.05 27.62 21.69 

Correlation:IAA vs. salinity -0.74 -0.43 
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Figure (2): Hormonal response in E. cowanii and S. maltophilia in accordance to salinity. 
 

 
 

Figure (3): Response of E. cowanii and S. maltophilia growth and final EC for growth medium in 
accordance to NaCl conc. (g/L). 

 
Figure (4): Cytotoxic effect of E. cowanii and S. maltophilia cells assayed on Hfb4 by MTT method. 

Cell dilution = 10-n, where n is the number superscript represented in the x axis. 
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CONCLUSION 
Results in this study indicated the ability of 

both Entrobacter and Stenotrophomonas to 
produce ACC deaminase under various NaCl 
concentrations, beside their ability to produce 
wide range of phytohormone. The MTT 
cytotoxicity test revealed out that E. cowanii could 
not be applied among agricultural fertilizers in 
edible crop plantations while on the contrary S. 
maltophilia proved it had a safe margin to be 
applied in wide range of salinity stressed soils of 
different origins and structures. 
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