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Abstract: A total of 135 soil samples were collected during the period between December 201) to
January 2020. Twenty of them were identified as S. marcescens according to 16S rRNA gene sequence
analysis. The promising characterized and identified isolate was selected for further screening and
evaluation of wheat growth in pots experiment. S marcescens isolates were applied alone and in
combination with varying levels of salt (0, 100, 200, and 300 mM NaCl) to determine its tolerance to
salinity and its role to mitigate the effect of salt on wheat growth, activities of enzymatic antioxidants, and
oxidative damage. In vitro tests showed that this bacterium was able to fix nitrogen, solubilize
phosphorus, production of siderophores, and synthesize indole acetic acid. The presence of the gene for
ACC deaminase production was confirmed using the DegACC primer designed to amplify the accdS
(ACC deaminase) gene. The AH-20 isolate showed growth at high salt (NaCl) concentration of up to
11%, indicating its potential to survive and interact with plants growing in the saline soil. The inoculation
by S. marcescens significantly promoted the growth of wheat plants under salt stress (100-300 mM), and
generated changes in antioxidative enzyme activities (Superoxide dismutase, Peroxidase, and Catalase)
under different salt levels, reducing salinity-induced oxidative damage to the plants.
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salinity (1). Plant growth-promoting
bacteria (PGPB) provide many benefits
to plants such as induction of abiotic

Introduction

Salinity has been a serious problem

for plant growth and a global reduction
in crop yield. Salt stress is responsible
for some physiological and metabolic
alterations in plants, such as nutritional
imbalances, water uptake inhibition,
germination of seeds, photosynthesis,
and reduced growth. In the natural
environment, microbes colonize plants.
Root-associated microbes work closely
with plants and mediate significant
physiological and metabolic processes,
enhancing the plant's stress tolerance to

and biotic stress tolerance; improved
nutrient  absorption, growth, and
development (2). PGPB’s applications
in agriculture have increased in recent
years, thereby encouraging sustainable
development practices. Thus, PGPR's
management of stress either directly or
indirectly is productive and a viable
alternative in the agricultural sector (3).
PGPR can promote growth directly
through secretion of indole-3-acetic acid
(IAA), phosphorus dissolution, and
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production of siderophore, nitrogen
fixation, and indirectly through
increased tolerance to stress of the
environment, phytopathogen control,
and induce systemic resistance (4).

Materials and methods

Isolation of Plants Growth-Promoting
bacteria

Ten grams of each soil sample was
suspended into 90 mL of Nutrient Broth
(NB) and mixed thoroughly, and then it
was allowed to settle. The samples were
then serially diluted to the appropriate
dilutions (10-2, 10-3, and 10-4). The
samples were then spread on Nutrient
Agar (NA) plates and incubated at 30° C
for 24 h.

Identification of PGPB Strains Using
16S rRNA Sequencing

The genomic DNA was extracted
from the isolate using the bacterial
genomic DNA isolation Kit (Promega,
USA). The 16S rRNA gene was
amplified using primers 27F (5-
AGAGTTTGATCCTGGCTCAG-3))
and 1492R (5-
TACGGTTACCTTGTTACGACTT-3)
(5). The polymerase chain reaction
(PCR) was performed in 25uL reactions
containing 1ul for each primer, 12.5ul
master mix, 3ul template DNA, and
7.5ul Nuclease Free Water. The PCR
conditions were 95 °C for 5 min, 30
cycles of 95 °C for 30 s, 60 °C for 30 s,
and 72 °C for 60 s, followed by a final
extension at 72 °C for 7 min. The PCR
products were qualified by 2 % agarose
gel electrophoresis and then sequenced
using ABI3730XL, an automated DNA

sequences, by Macrogen Corporation —
Korea.
Screening for  Plant  Growth
Promoting Traits

Salinity Tolerance

The ability of the bacteria to grow
in the presence of  different
concentrations of Sodium Chloride
(NaCl) carried out in the liquid culture
of nutrient broth (pH7) with 0, 250, 500,
1000, 1500, and 2000 mM NaCl. The
cultures were grown for 5 days at 30° C,
and the bacterial growth was measured
using a spectrophotometer at 600 nm at
the end of incubation.

Indole Acetic Acid (IAA) Production

The test bacteria were inoculated
into 10 mL culture tubes by adding 50
uL of the cell suspension to 5 mL of
sterile nutrient broth supplemented with
0.2% tryptophan and incubating for 72
hours at 30 C in the dark. Then, 1.5 mL
of this broth was centrifuged at
12000xg for 10 min, followed by the
addition of 1 mL of Salkawaski reagent
(50 mL, 35% of perchloric acid, 1 mL
0.5 M FeCI3 solution) to the 1 mL of
the supernatant in 2 mL eppendorf tube.
The culture tubes were then incubated at
37 » C in the dark for 1 h. The formation
of red color in the medium indicated
that the bacteria were producing IAA
(6). The red color was estimated using a
spectrophotometer at 535 nm and
comparison with a standard curve.

Phosphate Solubilization

Bacterial inoculate were grown for
24 h on the nutrient broth media at 30
°C. To carry out a qualitative P
solubilization assay, 10 ul of the
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bacterial suspension were spread to
petri dishes containing Pikovskayas
(PVK) Agar medium at pH 7 and
incubated at 30 °C for 7 days. Positive P
solubilization phenotypes were based on
halo formation around bacterial colonies
and results were expressed in the form
of a Solubilization Index (SI). The
phosphate solubilization index (PSI)
was calculated by the following
formula(7).

Solubilization Index (SI) = (colony
dimeter + halo dimeter) / colony
dimeter.

ACC Deaminase Activity

DNA was extracted using a DNA
Kit. Amplification of ACC deaminase
gene was carried out using 1 cycle at
95°C for 5 min; 30 cycles at 95°C for
30 sec, 55°C for 30 sec, and 72°C for 30
sec; and a final extension at 72°C for 7
min using a Thermal Cycler. The
content of the PCR mixture was 2 pL of
DNA extract; 1 pl each of 10-mM
primer, and 10 puL of Master Mix. The
PCR product was later run through gel
electrophoresis, stained, and observed
for the DNA bands.

Nitrogen fixation test

The test was carried out by
inoculating the bacteria in the sterile
nitrogen-free Jensen's medium, and the
plate was incubated for 10 days at 30°C
and observing growth. The ability to fix
atmospheric  nitrogen for bacterial
growth is demonstrated by the
appearance of bacterial growth on
media.

Siderophore Production

The isolation efficiency test of iron-
chelating compounds was performed by
growing bacteria on nutrient agar
medium supplemented with 0.2 ml of 2-

2-dipyridyl which was prepared from
dissolving 2 mg of 2-2-dipyridyl in 10
ml sterile d.w and incubated at 30 ° C
for 72 hours. The bacterial colonies
producing Siderophores were identified
by the appearance of weak (+),
moderate (++), or intensive (+++)
growths (8).

Effect of Serratia marcescens on The
Growth of The Wheat Plant under
Salinity Stress

Plant growth was evaluated in a pot
analysis with the effects of NaCl and
bacterium inoculation. The soil was
sterilized by autoclaving for 20 min at
121°C to remove all microorganisms,
and 8 kg of sterilized soil was filled into
plastic pots with no drainage holes.
Wheat seeds were surface sterilized by
soaking in 1% Sodium hypochlorite
(NaOCl) solution for 5 min and 70%
ethanol for 1 min followed by three
times washing with sterilized water. For
inoculum preparation, the bacterial
isolate was grown in nutrient broth for
24 h at 30° C. Cells were collected
following centrifugation at 3000 gt for 5
min. Pellets were then re-suspended in
sterile distal water, and wheat seeds
were inoculated with a bacterial
suspension.

Immediately after 10 days of
germination, the plants were irrigated
with a pure solution of 0, 100, 200, and
300 mM NaCl for the duration of the
experiment (30 days). Pots were placed
in a completely randomized block
design way. The treatments used in the
experimental design were as follows:

e T1 =non-inoculated control plants ¢

e T2 = Serratia marcescens -
inoculated plantst

e T3 =100 mM NaCl-treated plantst

e T4 = plants primed with 100 mM
NaCl and Serratia marcescenst

e T5=200 mM NaCl-treated plants:
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e T6= plants primed with 200 mM
NaCl and Serratia marcescens

e T7=300 mM NaCl-treated plantst

e T8= plants primed with 300 mM
NaCl and Serratia marcescens.

Wheat plants were harvested and
used for further analysis after 30 days of
growth under salt stress, each replicate's
growth parameters, such as shoot
length, root length, fresh weight, and
dry weight, were measured. Shoots and
roots were oven-dried separately at
60°C for 48 hours to calculate the dry
weight .

The chlorophyll content of wheat
leaves was determined as previously
described (9). Pigments were extracted
and measured from fresh leaf samples
of 0.5 g homogenized in 10 ml of 80%
acetone. To estimate total chlorophyll,
optical density was measured at 663 and
645 nm respectively, by
spectrophotometer using 80% acetone
as a blank. The concentrations were
calculated as mg g-1 fresh weight using
the formulas below:

Total Chlorophyll = (20.2 x D645 —
8.02 x D663) x V/W x 1000

Antioxidant Enzyme Activities

To evaluate the activity of
antioxidant enzymes superoxide
dismutase (SOD), Peroxidase (POD),
and Catalase (CAT), 1 g of fresh leaves
was homogenized with 10 ml of 100
mM phosphate buffer solution (pH7.8).
Then the homogenate was centrifuged
at 10000g for 15 min (10).

Activity Catalase enzyme (CAT)

The activity of the enzyme was
estimated using a spectrophotometer
depending on the change in absorbance
at 240 nm for 30mM hydrogen peroxide
solution and 50mM phosphate buffer
solution (pH7) (11).

0.1 ml of enzyme extract was added
to 1.9 ml of 50 mM phosphate buffer
(pH7). Then add one ml of 30 mM
hydrogen peroxide and mix well. After
1 min the absorbance was measured at
240 nm and the time required for the
decrease in the absorbance was noted.
Enzyme solution containing hydrogen
peroxide and phosphate buffer was used
as a control. The activity of the enzyme
was calculated according to the
following equation:

Enzyme activity (unit.ml-1) = (AAb
/AAt) /0.1 x 0.01

Enzyme activity (unit.gm-1) = CAT
(unit.ml-1) x 1/C

Where Ab is the absorbance of
sample, At is the time, and C is the
concentration of phosphate buffer.

Activity of Peroxidase enzyme (POD)

The activity of the POD enzyme
was measured according to the method
described by (12). One ml of 0.1%
hydrogen peroxide solution, 1 ml
guaiacol pigment were mixed. Then 0.1
ml of the enzyme extract was added.
The absorbance was then measured
directly at 420 nm and the change in
absorbance was followed every 30
seconds for 3 minutes. The activity of
peroxidase was calculated using the
formula below:

CAT activity (Unit.gm-1) = Ab / (Ws/
Vs) x Vt

Where Ab is the absorbance of the
sample, Ws is the weight of the sample,
Vs is the volume of sample, and Vt is
the volume of the reading sample.

Superoxide Dismutase (SOD) Activity

The activity of the enzyme was
estimated according to (13), depending
on the ability of the enzyme to inhibit
the photochemical reaction that leads to
the reduction of nitro blue tetrazolium.
Put 1.5 ml of the working mixture
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(18.35ml of 50 mM phosphate buffer
solution (pH7.8), 1.5 ml of 14mM
methionine, 0.75 ml of 1% triton X-100,
and 1 ml of nitro blue tetrazolium) into
the test tubes and then add 500 pl of
distilled water. Then 40 pl of the
enzyme extract was added to the tubes.
The blank tube was prepared in the
same way, but by adding distilled water
instead of the sample. Then 40 pl of
riboflavin solution was added. The
contents were mixed well and the
absorbance was measured at 560 nm.
The tubes were exposed to light for
seven minutes using two 18-watt
fluorescent lamps. The absorbance was
measured directly at 560 nm. The
standard curve for the enzyme showing
the percentage of inhibition was
prepared by taking different volumes of
the enzyme extract. The SOD activity
was estimated as follows:
e SOD (inhabitation %)=((A2S-A1S)-
(A2B-A1B))/((A2B-A1B)) x100
e Where:
e A1S = absorbance of the sample
before lighting
e A2S = absorbance of the sample
after lighting
e AlB=absorbance of blank before
lighting
e A2B = absorbance of blank after
lighting
e SOD activity (unit.ml-1) = (sample
x (D.F)/Vs
Where D.F is the factor dilution
(2000),andVsisthevolumeofsample (ul).

Measurement of Oxidative Damage
Induced Salinity

Detection of Hydrogen Peroxide
(H202)

Hydrogen peroxide was detected
according to the method described by
(14), 0.5 g of fresh leaves was
homogenized with 2 ml of 0.1%

trichloroacetic acid (TCA). Then they
were placed in sterile test tubes and
centrifuged at 10000g for 15 min. the
extracted solution (0.5 ml) was then
mixed with 0.5 ml of 10 mM phosphate
buffer (pH7) and 1 ml of 1M potassium
iodide (KI). The blank tube was
prepared in the same way, but by adding
phosphate buffer instead of the sample.
The contents were mixed well and the
absorbance was measured at 390 nm.
The amount of hydrogen peroxide
(umol.g-1) was calculated from the
standard curve by using dilute solutions
of hydrogen peroxide.

Estimation of Membrane Stability
Index (MSI)

The membrane stability index was
calculated using two sets of 0.5 g leaf
tissue in 20 ml of deionized distilled
water (DDW). One set was heated in a
water bath at 40°C for 30 minutes, and
the electrical conductivity (C1) was
measured using a conductivity meter.
The second set was boiled for 10
minutes at 100°C in a water bath, and
its conductivity was also measured
using the conductivity meter (C2) (15).
MSI was estimated with the following
formula:

MSI = 1- (C1/C2) x 100

Statistical analysis

The Statistical Analysis System-
SAS (2012) program was used to detect
the effect of different factors in study
parameters. Least significant difference
—LSD test was used to significantly
compare between means. Chi-square
test was used to significantly compare
between percentage (0.05 and 0.01
probability) in this study.
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Results
Identification of the isolate

Based on the difference in
morphology, we preliminarily identified
a pigmented bacterium that was
characterized as S. marcescens by
microscopy, biochemical tests, and 16S
rRNA gene sequencing. The 16S rRNA
gene was amplified successfully and the
identity of the S. marcescens AH-20
was confirmed as shown in Fig 1. The
isolate was named S. marcescens AH-

20 and was screened for a variety of
plant growth-promoting traits. The
sequencing of the 16S rRNA gene
showed 100% sequence similarity with
S. marcescens strain JW-CZ2 and S.
marcescens strain ADS-6. The AH-20
sequence has been submitted to
Genbank under the accession number
MZ413658. Phylogenetic analysis of
strain AH-20 showed that it is linked to
many other Serratia sp. Strains (Figure
2).

1500bp

1000bp

500bp

100bp

16s

Figure (1): Amplification of 16SrRNA gene on 1% agarose gel electrophoresis stained with Eth.Br.
M: 100bp ladder marker. Lane 1 resembles 1500bp PCR products.

9 Serratia nematodiphila strain PO62 16S ribosomal RNA gene, partial sequence
Serratia marcescens strain FZSF02 chromosome, complete genome
éSenalia sp. strain BH1-54 168 ribosomal RNA gene, partial sequence
Serratia sp. strain BHI-52 168 ribosomal RNA gene, partial sequence
Serratia sp. strain BH1-33 16S ribosomal RNA gene, partial sequence
Serratia sp. strain BH1-24 16S ribosomal RNA gene, partial sequence
Serratia marcescens strain BP2 chromosome, complete genome
Serratia marcescens JCM 20070 gene for 16S rRNA, partial sequence
‘* gSen‘alia marcescens strain EC-35 16S ribosomal RNA gene, partial sequence
Ol Serratia marcescens strain 1912768R chromosome, complete genome

O Serratia sp. strain Bs2aii 16S ribosomal RNA gene, partial sequence

@  9Serratia marcescens strain AH-20 168 ribosomal RNA gene, partial sequence
SSerratia marcescens strain ADS-1 16S ribosomal RNA gene, partial sequence
9 Serratia marcescens strain ICU-2 chromosome
Serratia marcescens strain ADS-6 16S ribosomal RNA gene, partial sequence
Serratia marcescens strain JW-CZ2 chromosome, complete genome
Serratia sp. NA11035 gene for 16S ribosomal RNA, partial sequence
O Serratia marcescens strain ADS-5 168 ribosomal RNA gene, partial sequence

l 0.0005 |

O Serratia marcescens strain JZY5-12 16S ribosomal RNA gene, partial sequence

Figure (2): The phylogenetic tree based on sequencing of 16SrRNA gene showing the relationship

of S. marcescens AH-20 with other closely related bacterial strains and species.
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Serratia marcescens Tolerance to
Salinity

The AH-20 strain growth showed
an inverse linear relationship with the
NaCl concentration down to the 2000
mM concentration (Figure 3). The
isolate was found to grow in medium

supplemented with up to 11% NaCl. As
a result, the rhizosphere of typical
wheat plants demonstrates the ability to
recruit specific strains and aid plant
growth in salinity stress; nonetheless,
salinity tolerance is a rare characteristic
(16).
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Figure (3): Salt tolerance curve of Serratia marcescens strain AH-20.

The ability of the isolate to survive
in a saline environment was used to
examine the functioning of the bacteria
based on their adaptability to the target
habitat. This study tested salinity
tolerance with more than 300 mM NacCl
concentration and found that the AH-20
strain was observed to be tolerant and
could grow very well in the salinity
level applied. Similar results were
obtained by (16).
Screening for  Plant  Growth
Promoting Traits

Detection of DegACC Gene Using
Conventional PCR

The increase in plant growth
reported by ACC deaminase-producing
S. marcecens is supported since ACC
deaminase-producing  bacteria  have
been found to improve plant growth by
decreasing  ethylene levels. The
presence of the gene for ACC

deaminase production was confirmed
using the DegACC primer designed to
amplify the accdS (ACC deaminase)
gene. Using this primer, a 750 bp
fragment of the expected size was also
amplified for the isolate (Figure 4A).
The production of ACC deaminase
regulates the ethylene level in plants,
which contributes to stress tolerance.
The test isolate had a positive result for
the Accd gene, which helps to alleviate
salt stress. This is confirmed by the fact
that the isolate can affect plant growth
promotion by decreasing the ethylene
produced under salt stress (17).

Indole Acetic Acid Production (IAA)

Bacterial production of IAA is
considered a major factor in enhancing
plant growth (18). Indole-3-acetic acid
(IAA), one of the most physiologically
active auxins, is produced by 80% of
PGPR which promotes several growths
and developmental events, such as cell
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division, elongation, and differentiation
(19). Therefore, the current study tested
the ability of S. marcescens AH-20 to
synthesize indole compounds in vitro
and verified that it produces I1AA in the
presence of tryptophan that resulted in
the appearance of pink color in the
medium (Figure 4B), and the production
of IAA by the isolate was 38.23ug/ml.
It is well known that IAA production is
widespread among soil bacteria that
inhabit the rhizosphere of plants, and
IAA production promotes growth and
development. Accordingly, IAA
indirectly increases water and nutrient
supplies leading to higher root
exudation and biomass production (20).

Phosphate Solubilization

Phosphate  solubilizing bacteria
(PSB) play an important role in
releasing phosphates from organic
molecules or to solubilize insoluble
inorganic phosphate. Plants absorb
phosphate only as monobasic (HPO4-)
and dibasic (H2PO42-) ions (21). The
S.  marcescens AH-20  showed
phosphate solubilization efficiency in
the qualitative assay. In the qualitative
experiment, the solubilization efficiency
was measured by the solubilization
index (SI). As a positive result for the
solubilization of the phosphate, utilized
the formation of a halo. A solubilization
index (SI) was calculated using the halo
and colony dimensions, which is useful
for estimating the phosphate
solubilization capacity (Figure 4C).
After 96 hours, the isolate's phosphate
solubilization index was determined to
be 4.88. (22) stated that the isolate S.
marcescens S217 was found to be best
as it could solubilize inorganic
phosphate in  Pikovaskay’s  agar

medium. Also, (23) investigated the
ability of S. marcescens to solubilize
phosphate in vitro.

Nitrogen Fixation

Nitrogen is among the most
limiting and critical macronutrients for
plant growth and development (24).
Nitrogen is converted into ammonia
(plant utilizable forms) by nitrogen-
fixing organisms using a complex
enzyme system called nitrogenase (25).
The ability of the test isolate to fix
atmospheric nitrogen exhibited
significant rich growth on the nitrogen-
free agar medium, indicating a positive
result for nitrogen fixation (Figure 4D),
suggesting that the AH-20 can be
beneficial in improving the growth of
wheat and other plants by providing
nitrogen nutrition.

Siderophores Production

Iron is a necessary component for
the growth and development of all
living organisms. Bacteria create
siderophores and absorb iron from the
environment during iron deficiency
conditions. As a result, siderophores are
increasingly being used in agriculture to
promote plant development and protect
plants against infections (26). The
results of the qualitative siderophores
production test revealed that the AH-20
isolate was positive for siderophore
production (Figure 4E). The results are
in agreement with previous studies (27,
22) that found that S. marcescens
exhibited the production of siderophore.
And with a previous study that found
the ability of another type of bacteria P.
aeruginosa KH-K10 isolate to the
production of siderophore (28).
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Figure (4): Plant growth-promoting production by the isolate AH-20: (A) Amplification of the
accdsS gene using the DegACC primer (B) Production of IAA (C) Phosphate solubilization (D)

Nitrogen fixation (E) Siderophores production.

Effect of AH-20 Isolate on Wheat
Growth under Salt Stress

The growth of wheat plants was
evaluated under salt stress by pot
experiments. As a result, inoculation
with S. marcescens AH-20 was used to
alleviate salt stress in the wheat plant.
Inoculation with the test isolates
promoted the growth of wheat plants
exposed to various concentrations of
salt (NaCl) stresses. The growth of the
wheat plant was measured using various
morphological and physiological
parameters.

Morphological Characters

A pots experiment was conducted
to evaluate whether S. marcescens AH-
20 can promote plant growth, which is
the overall effect of the beneficial
properties of a PGPR on the host plant.
Inoculation with S. marcescens AH-20
increased root and shoot plant height
and root length significantly (P=0.05).
Under salinity stress minimum shoot
and root length (18.1 and 8.5 cm) was
observed at 300 mM of NaCl stress and
uninoculation with bacterial inoculation,
while the maximum shoot and root
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length (26.0 and 13.07cm) were
observed at 100 mM NaCl and
inoculation with bacterial, which not
differ significantly from unstressed
control, with a decrease of 30.38 and
34.97%, respectively (Figure 5A and
5B). The results revealed that salt stress
reduced the shoot and root length of
wheat plants, and the effect became
more pronounced as salt concentrations
increased, which is in line with the
results of (29) who stated that wheat
had slower root growth with the
increase of salt concentrations, and with
(30) who observed increased wheat root
and shoot highest and root length per
plant as compared with the un-
inoculated control soil. Also, the results
of the current study indicated that
inoculation mitigated the effect of salt
stress. Previous studies have shown
beneficial effects of S. marcescens
isolates on plants, such as in the

mitigation of salt stress in wheat (31).
From the results of this study can
observe  that the stress NaCl
concentrations >200mM had significant
effects on plant growth (Figure 4.17),
which corresponded with the results of
(32) who reported that the stress NaCl
concentrations >200mM showed
significant effects on plant height.
Interestingly, soil inoculation with S.
marcescens under control conditions
(without salt stress) resulted in a high
increase in shoot height and root length
compared to uninoculated soil (Figure
5), these effects promoted by S.
marcescens isolates were may be due to
its ability to synthesize phytohormones
that in certain amounts can stimulate or
inhibit the root development of plants
and as a consequence, increase the
concentration of certain nutrients in the
plant (33).

0 100 200 300
Salt Concentration (mM)

4 Uninoculated H Inoculated

Root Length (cm)
[y
o

0 100 200 300

Salt Concentration (mM)
i Uninoculated  H Inoculated

Figure (5): Effect of inoculation with AH-20 isolate on (A) shoot height and (B) root length under

different concentrations of NaCl.

Salinity stress has a deleterious
impact on the fresh and dry weight of
wheat plants. Under 300mM NaCl
stress, both un-inoculated control and
bacterial treatments showed significant
reductions in fresh and dry weight of
wheat. The AH-20 bacterial strain was

once again found to be resistant to salt
stress and a growth promoter.
Inoculation with the isolate AH-20
enhanced the growth of wheat plants
treated with different levels of salt
(NaCl) stressors. (Figure 6)
demonstrates inoculation with
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bacterium AH-20 significantly
enhanced fresh and dry weight of wheat
plants (approx. two folds) (1.066 and
0.163g) as compared to control plants
(0.644 and 0.091g), respectively.
Furthermore, the growth of plants
inoculated with AH-20 was evaluated
under salt stress by pot experiment. In
pot studies, bacterium inoculation
resulted in a significant increase in fresh
and dry weight of wheat plant by 42.58
and 111.35, and 50.77 and 157.89%,
respectively at 100mM compared to 200
and 300mM (Figure 6). Similar results
were observed by (34) stated that
salinity (50, 75, and 100 mM) of NaCl
stress has increased the dry weight of
the aerial part. (15) found in a pot study,
bacterium inoculation resulted in the
highest increase in fresh weight of

wheat plants. Also (30) observed an
increase in root and shoot fresh and dry
biomass per wheat plant as compared
with the un-inoculated control soil.
Drastic reduction in the fresh and dry
matter by 56.21and 58.24% of wheat
plants was observed due to the salt
stress (Figure 6). However, the
reduction in  fresh weight was
comparatively less. (32) observed a high
reduction in shoot dry matter of the
wheat due to the stress, while the
reduction in root dry matter was less.
Inoculation with bacteria increased the
shoot dry matter, phosphorus, and
nitrogen concentration (35). PGPR are
capable of enhancing plant growth
either directly or indirectly through
multifarious ways (19).

L
= N b

Fresh Weight (g)
©o o o
P o ®

o
N

o

0 100 200 300
Salt Concentration (mM)

L4 Uninoculated HInoculated

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

Dry Weight (g)

0 100 200 300

Sat Concentration (mM)

i Uninoculated H Inoculated

Figure(6): Effect of inoculation with AH-20 isolate on (A) fresh weight and (B) dry weight under

different concentrations of NaCl.

Leaf Chlorophyll Content

In plants, chlorophyll content is
regarded as a biological marker and an
indicator of salt tolerance. Under salt
stress,  salt-tolerant  plants  show
maintained or increasing chlorophyll

levels, but salt-sensitive plants show
decreased chlorophyll levels (36). Stress
condition's effects on chlorophyll
content were similar to that seen in
other morphological parameters of
wheat plants. The total chlorophyll
content of leaves of plants grown in soil
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uninoculation with  AH-20 isolates
decreased as the salt concentration
increased but did not reach the
significant levels as given 1.79, 1.71,
1.64, and 1.47 mg.g-1 for control, 100,
200, and 300mM, respectively. Whereas
the results showed a significant
(P=0.05) increase in total chlorophyll
content of leaves of plants grown in soil
inoculation with AH-20 isolate (Figure
7). The biomass increment was 70.76,
78.05, and 98.64% compared with 100,
200, and 300mM NaCl, respectively.
The results were in agreement with the

results of (37) who revealed a
significant decrease were recorded in
chlorophyll and cell membrane stability
with salt stress up to EC 8 dSm-1. High
accumulation of sodium in plant tissues
has been reported as one of the effective
factors in  the  reduction  of
photosynthetic pigments and rate of
photosynthesis (38, 32), due to the
adverse  effect on  chlorophyll
biosynthesis and photosynthesis process
(particularly photosystem-I1) in plants
(39).

3.5
3
2.5
2
15
1

Chlorohyll (mg.g-1)

0.5
0

0

I I
‘ T
100 200 300

Salt Concentration (mM)
4 Uninoculated ® Inoculated

Figure (7): Effect of inoculation with AH-20 isolate on leaf chlorophyll content under different
concentrations of NaCl.

In the current study, the chlorophyll
contents significantly decreased under
elevated salt stress concentrations
>200mM either in inoculated or
uninoculated soils (1.92 and 1.47 mg.g-
1), respectively (Figure 7), as the
chlorophyll contents are sensitive to salt
exposure and a reduction in chlorophyll
levels due to salt stress has been
reported in previous studies (40, 37,
29).

Antioxidant Enzyme Activities

The activity of SOD in plants was
increased significantly with the increase

of salt levels in both inoculated and
uninoculated soil. The increase was by
29.05, 96.82, and 129.11% in
uninoculated soil treated with 100, 200,
and 300 mM NaCl, respectively, and by
74.25, 103.30, and 138.75% in
inoculated soil treated with 100, 200,
and 300 mM NaCl compared with
control (uninoculated and untreated
with salt stress) (Figure 8A). But
following the inoculation by the isolate
AH-20, there was a significant increase
(P<0.05) in the anti-oxidative enzyme
than in uninoculated soil at 100 mM
NaCl by 35.02%. A similar increase of
34% was observed by (15), where
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increased SOD activity in bacterium-
treated plants can enable plants to
scavenge superoxide radicals during salt
stress. The SOD plays a critical role in
ROS defense by converting the
dismutation of 02 to H202 and 02,
whereas the POD enzyme catalyzes the
H202 to water (41). Interestingly, even
in the absence of salinity (control), the
inoculation with AH-20 isolates led to a
significant increase in enzyme activity
by 25.81% (Figure 8).

The activity of POD in plants was
increased significantly (P<0.05) with
the increase of salt levels in inoculated
soil treated with 200 and 300 mM by
11.32 and 12.20%, while the increase
did not reach the significant levels in
uninoculated soil treated with 100, 200
and 300 mM when compared with
control treatment (uninoculated and
untreated with salt stress) (Figure 8B).
A significant increase (P<0.05) in the
POD enzyme was observed following
inoculation of the AH-20 isolate. As
shown in the figure the level of SOD
increased by 8% in inoculated soil than
in uninoculated soil at 200 mM NaCl.
The increase in POD activity in
inoculated plants was probably because
the bacterial inoculation stimulated the
synthesis of the anti-oxidative enzyme
(15). POX activity increases contribute
significantly to plant growth because
the POX enzyme is involved in lignin
synthesis throughout plant growth and
defense mechanisms (42).

As similar to the activity of the
POD enzyme, the activity of CAT also
increased (Figure 8C). Where the
activity of CAT in plants was increased
significantly (P<0.05) with the increase

of salt levels in inoculated soil treated
with 200 and 300 mM by 23.77 and
24.15%, while the increase did not
reach the significant levels in
uninoculated soil treated with 100, 200
and 300 mM when compared with
control treatment (uninoculated and
untreated with salt stress). Endophytic
bacteria may alleviate salt stress in
inoculated plants by altering the
expression of stress-related genes (43).
(15) reported that treatment of the
wheat plants with S. macescens caused
a change in the activity of the oxidative
enzymes (superoxide dismutase,
peroxidase, and catalase) at different
salinity levels, thus reducing the salinity
induced oxidative damages to the
plants. Many beneficial bacteria
activate cellular antioxidant systems
such as POD and SOD in the mitigation
of oxidative damages induced by
salinity has been reported (44, 45, 46).
In this study, salt stress on wheat
plants increased studied antioxidant
enzymes SOD, POD, and CAT, but
their activities were higher when
inoculated the soil with PGPB. The
results showed that inoculation with S.
marcescens  alleviated  salt-induced
damage in plants by increased
antioxidant enzyme activity, maybe by
elimination of toxic reactive oxygen
(ROS), as reported in a previous study
that plant antioxidant enzymes (SOD,
POD, and CAT) can eliminate oxygen
radicals from intracellular membranes,
minimize  membrane  peroxidation,
stabilize  membrane  permeability,
improved water use efficiency and
promote plant photosynthesis (47).



Iragi Journal of Biotechnology 91

50
45
40 {
35 {

30

25
=1

2

10

SOD Activity (U.ml1)

(5]

0 100 200

Salt Concentration (mM)

300

i Uninoculated H Inoculated

10.5

10

9.5 I I

POD Activity (U.g-1)
©
—

8.5

0 100 200 300
Salt Concentration (mM)

i Uninoculated H Inoculated

A

B

3.5

15

CAT Activity (U.g-1)
N

0.5

0

100

Salt Concentration (mM)

i Uninoculated

200 300

H Inoculated

C

Figure (8): Effect of inoculation with isolate AH-20 on antioxidative enzymatic activities in
bacterium treated and control under-tested salt stress conditions. (A) SOD activity (B) POD activity

(C) CAT activity.
Oxidative Damage

The MSI of the wheat genotypes
under the stress was assessed by
measuring electrical
conductivity/electrolyte leakage. Figure
9A releases that saline environment
caused a significant (P<0.05) decrease
in membrane stability index in the
leaves of wheat. The decrease reaches

38.47 and 168.52% at 200 and 300 mM.
The results are following the findings of
(37) with salt stress up to EC 8 dS.m-1,
and with (40) who demonstrated that in
most cases the EC% of wheat and bean
cultivars was significantly stimulated by
salt stress and EC% increased with the
rise of salt level.

In  comparison to bacterium-
inoculated wheat plants, wheat plants
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treated with various concentrations of
NaCl showed a higher accumulation of
H202. With a rise in salinity from 0
t0100, 200, and 300 mM (Figure 9B),
the content of H202 increased
significantly by 42.95, 86.52, and
108.05%, respectively. These results
support the results obtained by (15) that
the content of H202increased by 39 to
62% when the salt increased to 200
mM. ROS are not dangerous for plant
cells as long as their generation and
neutralization in  plant cells are
balanced. However, abiotic stresses
such as salinity upset this balance and
increase  ROS  accumulation. The

increasing H202content under salt
stress conditions has been reported
previously (48, 49, 46). On the other
hand, inoculation with AH-20 isolates
decreased the H202 concentration,
especially at the treatment of 100 mM
NaCl which did not differ significantly
from untreated control. These data show
that ROS scavenging became more
efficient after bacterial treatment for
improving salt tolerance in wheat
plants, which comes in the line with the
obtained by (15) that bacterium
inoculation reduced the H20O2content in
the range of 10-57%.
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Figure (9): Effect of inoculation with isolate AH-20 on salinity-induced oxidative damages in wheat
plants with respect to generation of (A) Membrane stability index (B) H,O,content.

Conclusions

This  research  supports the
hypothesis that employing the abilities
of specific soil microbes may be an
important contribution to enhancing
plant growth, and has the potential for
the betterment of salinity stress in wheat
plants. Here S. marcescens AH-20
isolated from wheat rhizosphere soil can

able to tolerate NaCl concentrations up
to 11 %. Serratia marcescens can be
used in the enrichment of substrates for
plant growth promotion or as part of bio
inoculants for agriculture. The oxidative
stress induced by salt stress adversely
impacted the wheat plants. In contrast,
the implementation of S. marcescens
increased the relative tolerance of the
wheat plants to salt stress by decreasing
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the content of H202, and improved the
membrane stability and pigments
concentration, the activity  of
antioxidant ~ enzymes, and  the
transcription level of genes than
observed in untreated.

References

1. Rao, M. P. N;, Dong, Z. Y.; Xiao, M., & Li,
W. J. (2019). Effect of salt stress on plants
and role of microbes in promoting plant
growth under salt stress. In Microorganisms
in Saline Environments: Strategies and
Functions (pp. 423-435). Springer, Cham.

2. Pellegrini, M.; Pagnani, G;, Bernardi, M;,
Mattedi, A..; Spera, D. M. & Gallo, M. D.
(2020). Cell-Free Supernatants of Plant
Growth-Promoting Bacteria: A Review of
Their Use as Biostimulant and Microbial
Biocontrol Agents in Sustainable
Agriculture. Sustainability, 12 (23), 99-117.

3. Joel, A..; Abbey, D.; Percival, L.; Samuel,
K..; Asiedu, B. and Annemiek, S. (2019).
Bio fungicides as an alternative to synthetic
fungicide control of grey mould (Botrytis
cinerea) prospects  and challenges
Biocontrology. Science Technol.ogy, 29.
207-228.

4. M.C. Enebe, O.0. Babalola. (2019). The
impact of microbes in the orchestration of
plants’ resistance to biotic stress: a disease
management approach Applied
Microbiology Biotechnology., 103,. 9-25.

5. Miller, C. S., Handley, K. M., Wrighton, K.
C., Frischkorn, K. R., Thomas, B. C., &
Banfield, J. F. (2013). Short-read assembly
of full-length 16S amplicons reveals
bacterial diversity in subsurface sediments.
PloS one, 8(2), 56018-56029.

6. Bano, N. and Musarrat, J. (2003).
Characterization of a new Pseudomonas
aeruginosa Strain NJ-15 as a potential
biocontrol agent. Current Microbiology 46,
324-328.

7. Marra, L. M., Oliveira-Longatti, S. M. D.,
Soares, C. R., Lima, J. M. D., Olivares, F.
L., & Moreira, F. (2015). Initial pH of
medium affects organic acids production but
does not affect phosphate solubilization.
Brazilian Journal of Microbiology, 46(2),
367-375.

8. Payne, S. M. (1980). Synthesis and
utilization of siderophores by Shigella

flexneri. Journal of Bacteriology, 143(3),
1420-1424.

9. Lichtenthaler, H.K. and Wellborn,J.A.
(1983). Determination of total carotenoid
and chlorophyll a and b of leaf extracts in
different solvents. Biochemistry Society
Transduction, 11:591-592.

10. Pitotti, A, Elizalde, B.E. and
Anese,M.(1995). Effect of caramelization
and Maillard reaction products on peroxide
activity. Journal of Food
Biochemistry,18(6):445-457.

11. Aebi,H.(1994). Catalase. Methods in
Enzymology.105: 121-126.

12.Nezih, M.(1985).The peroxidase enzyme
activity of some vegetables and its resistance
to heat . Food Agriculture. 36:877 —880.

13.Beyer,W.F. and  Fridovich, Jr. (1987).
Assaying for superoxide dismutase activity:
some large consequences of minor changes
in conditions.
Anal.Biochem.istry,161(2):559-566.

14. Velikova, V.;Yordanov, I. and Edereva, A .
(2000). Oxidative stress and some
antioxidant systems in acid rain-treated bean
plants. Protective role of exogenous
polyamines. Plant Sci.ence 151: 59-66.

15.Singh, R.P. and Jha,P.N. (2016). The
multifarious PGPR Serratia marcescens
CDP-13  augments induced systemic
resistance and enhanced salinity tolerance of
wheat (Triticum aestivum L.). PLOS ONE,
11(6): 155026- 155040.

16. Mahmood, A.; Amaya, R.; Turgay, O. C.;
Yaprak, A. E;, Taniguchi, T. & Kataoka, R.
(2019). High salt tolerant plant growth
promoting rhizobacteria from the common
ice-plant Mesembryanthemum crystallinum
L. Rhizosphere, 9, 10-17.

17.Gupta, S. & Pandey, S. (2019). ACC
deaminase  producing  bacteria  with
multifarious plant growth promoting traits
alleviates salinity stress in French bean
(Phaseolus vulgaris) plants. Frontiers in
Microbiology, 10, 1506-1509.

18. Santoyo, G.; Moreno-Hagelsieb, G.; del
Carmen Orozco-Mosqueda, M.and Glick,
B.R.(2016). Plant growth-promoting
bacterial endophytes. Microbiology
Research,183:92-99.

19. Ahmed, B.; Zaidi, A.; Khan, M.S.; Rizvi, A;;
Saif, S.and Shahid, M. (2017). Perspectives
of plant growth promoting rhizobacteria in
growth  enhancement and sustainable
production of tomato. Microbial strategies



20.

21,

22,

23.

24,

25,

26.

27.

28.

29.

Iragi Journal of Biotechnology 94

for vegetable production.Springer, p. 125-
149.

Egamberdieva, D.; Wirth, S. J.; Algarawi,
A.; Abd_Allah, E. F., & Hashem, A. (2017).
Phytohormones and beneficial microbes:
essential components for plants to balance
stress and fitness. Frontiers in Microbiology,
8, 2104-2113.

Gouda, S.; Kerry, R. G.; Das, G,;
Paramithiotis, S.; Shin, H. S.and Patra, J. K.
(2018). Revitalization of plant growth
promoting rhizobacteria for sustainable
development in agriculture. Microbiological
Research, 206:131-140.

Kotoky, R. and Pandey, P. (2020).
Rhizosphere assisted biodegradation of
benzo (a)pyrene by cadmium resistant
plantprobiotic Serratia marcescens  S217,
and its genomic traits.  Scientific
Reports,10:5279-5284.

Mehra, P.; Pandey, B. K. and Giri, J. (2017).
Improvement in phosphate acquisition and
utilization by a secretory purple acid
phosphatase (OsPAP21b) in rice. Plant
Biotechnology Journal, 15(8):1054-1067.
Razag, M.; Zhang, P., & Shen, H. L. (2017).
Influence of nitrogen and phosphorous on
the growth and root morphology of Acer
mono. PloS one, 12(2), 171-321.

Shaikh, S.and Sayyed, R. (2015). Role of
plant growth-promoting rhizobacteria and
their formulation in biocontrol of plant
diseases. Plant microbes symbiosis: Applied
facets. Springer, p. 337-351.

Ghosh, S. K.; Bera, T.and Chakrabarty, A.
M. (2020). Microbial siderophore—A boon to
agricultural sciences. Biological Control,
144:104214.

Maxton, A.;Singh,P.; Prasad,S.M.; Andy,A.
and Masih,S.A. (2017). Characterization of
ACC deaminase producing B. cepacia, C.
feurendii and S. marcescens for plant growth
promoting activity. International .Journal
Current .Microbiology Applied of Science,
6(8): 883-897.

Khalil, K. K.and Alkurtany, A. K. E. S.
(2019). Isolation and identification of
Pseudomonas bacteria promoting plant
growth from rhizosphere of some plants
growth in gypsiferous soils in Salah-Aldin
Governorate. Tikrit Journal for Agricultural
Sciences,18(1):124-136.

Bacu, A., Ibro,V. and Nushi,M. (2020).
Compared salt tolerance of five local wheat
(Triticum aestivum L.) cultivars of Albania
based on morphology, pigment synthesis and

glutathione content. The EuroBiotech
Journal, 4(1):42-52.

30. Hayat, R.; Sheirdil ,R.A.; Iftikhar-ul-Hassan,
M.and Ahmed,l.(2012). Characterization
and identification of compost bacteria based
on 16SrRNA gene sequencing. Annals
Microbiology 63(3), 905-912.

31. Matteoli, F.P.; Passarelli-Araujo,H.; Reis,R-
JA.; da RochalL.O.; de SouzaE.M.;
Aravind,L. et al.(2018). Genome sequencing
and assessment of plant growth-promoting
properties of a Serratia marcescens strain
isolated  from  vermicompost. BMC
Genomics,19:750, 19 -38.

32.Kumar, S.; Beena, A.S.; Awana, M. and
Singh, A (2017). Physiological,
biochemical, epigenetic and molecular
analyses of wheat (Triticum aestivum)
genotypes with contrasting salt tolerance.
Front. Plant Sci., 8:1151, 20 -40

33.Barnawal, D.; Singh, R.and Singh, R.P.
(2019). Role of plant growth promoting
rhizobacteria  in  drought  tolerance:
Regulating growth hormones and osmolytes.
Physiology Plantarum, 161:502-514.

34.0uhaddach M.; ElYacoubi,H.; Douaik, A.
and Rochdi,A.(2018). Morpho-physiological
and biochemical responses to salt stress in
wheat (Triticum aestivum L.) at the heading
stage.  Journal of  Materials and
Environmental Sciences,9(6):1899-1907.

35.dos Santos, A-C.; Kandasamy,S. and Cid
Rigobelo. E. (2020). Bacillus cereus,
Lactobacillus acidophilus and Succinovibrio
dextrinosolvens promoting the growth of
maize and soybean plants. Africane .J.ournal
of Microbiology. Research ,4(5):189-197.

36. Rahneshan, Z.; Nasibi, F.and Moghadam, A.
A. (2018). Effectls of salinity stress on some
growth, physiological, biochemical
parameters and nutrients in two pistachio
(Pistacia vera L.) rootstocks. Journal of
Plant Interactions, 13(1):73-82.

37.Dadrwal, B.K.; Bagdi,D.L.; Kakralya,B.L.;
Choudhary,S.K. and, Dadrwal P. (2018).
Study the effect of salt stress on physio-
biochemical traits of wheat. International
Journal of Chemical Studies, 6(6): 683-687.

38.Ghogdi, E.A.; lzadi-Darbandi, A. and
Borzouei, A. (2012). Effects of salinity on
some physiological traits in wheat (Triticum
aestivum L.) cultivars. Indian Journal
Science Technology, 5:1901-1906.

39.Jiang, C.; Zu, C.; Lu, D.; Zheng, Q.; Shen,
J.; Wang, H. et al. (2017). Effect of
exogenous selenium supply on



Iragi Journal of Biotechnology 95

photosynthesis, NaC accumulation and
antioxidative capacity of maize (Zea mays
L.) under salinity stress.  Science
Report.,7:42039.

40.Radi,A.A;; Farghaly,F.A.
andHamada,A.M.(2013). Physiological and
biochemical responses of salt-tolerant and
salt-sensitive wheat and bean cultivars to
salinity.Journal of Biology and Earth
Sciences, 3(1): 72-88.

41.Wang, Y.; Branicky, R.; Noé& A.and
Hekimi, S. (2018). Superoxide dismutases:
Dual roles in controlling ROS damage and
regulating ROS signaling. Journal of Cell
Biology, 217(6): 1915-1928.

42.Moura, J.C.M.S.; Bonine, C.A.V.; Viana,
J.O.F.; Dornelas, M.C.and Mazzafera,
P.(2010) Abiotic and biotic stresses and
changes in the lignin content and
composition in plants. J. Integr. Plant
Biol.,52: 360-376.

43.Barnawal, D.; Bharti, N.; Maji, D,
Chanotiya, C. S.and Kalra, A. (2014). ACC
deaminase-containing Arthrobacter
protophormiae induces NaCl stress tolerance
through reduced ACC oxidase activity and
ethylene production resulting in improved
nodulation and mycorrhization in Pisum
sativum. Journal of plant physiology,
171(11): 884-8.

44, Komaresofla, B. R.; Alikhani, H. A;
Etesami, H.and Khoshkholgh-Sima, N. A.
(2019). Improved growth and salinity
tolerance of the halophyte Salicornia sp. by
co—inoculation  with  endophytic  and
rhizosphere bacteria. Applied Soil Ecology,
138:160-170.

45, Saidimoradi, D.; Ghaderi, N.and Javadi,
T.(2019). Salinity stress mitigation by humic
acid application in strawberry (Fragaria
xananassa Duch.). Scientia Horticulturae,
256:108594.

46. Zahedi, S.M.; Hosseini, M.S.; Abadia, J. and
Marjani, M. (2020). Melatonin foliar sprays
elicit salinity stress tolerance and enhance
fruit vyield and quality in strawberry
(Fragaria  xananassa  Duch).  Plant
Physiological Biochemistry, 149:313-323.

47.Habib, S.H.; Kausar, H.and Saud,
H.M.(2016). Plant  growth-promoting
rhizobacteria  enhance  salinity  stress
tolerance in okra through ROS-scavenging
enzymes. Biological Medical Research
International,1 :1-10.

48.Sandhu, D.; Pudussery, M.V.; Ferreira,
J.F.S.; Liu, X.; Pallete, A.; Grover,K.K.

(2019). Variable salinity responses and
comparative gene expression in woodland
strawberry genotypes. Scientia
Horticulturae, 254:61-69.

49. Mirfattahi, Z. and Eshghi, S. (2020).
Inducing salt tolerance in strawberry
(Fragaria  xananassa Duch) plants by
acetate application. Journal of Plant
Nutrition, 43 (12):1780-1793.



