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ABSTRACT

Salinity is one of the most vicious environmental factors controlling the productivity of crop plants as
most of the crop plants are sensitive to salinity affected by high concentrations of salts in the soil.
The objective of this study was to evaluate the influence of the inoculation with the encapsulated
and liquid culture of three halo-tolerant plants growth-promoting rhizobacteria (PGPR) strains of
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Paenibacillus polymyxa MSRHS5, Bacillus nakamurai MSRH1 and Bacillus pacificus MSR H3 on the
growth and yield of wheat (Triticum aestivum L.). The three strains MSRH1, MSRH3 and MSR H5
were characterized as salt-tolerant bacteria. P. polymyxa MSRH5 had nitrogen fixation ability while
B. nakamurai MSRH1 and B. pacificus MSRH3 were able to solubilize phosphate and K
respectively. All strains can produce indole acidic acid (IAA) and exopolysaccharides (EPS) under
saline conditions. Encapsulated beads were observed under Scanning Electron Microscope (SEM).
Colonization of encapsulated bacteria on the root of the wheat plant was studied by Transmission
Electron Microscopy (TEM). Under soil salinity conditions in two consecutive field tries, results
cleared that strains in two forms succeed to colonize the plant root, the reduction in shoot proline
was 35.8% with capsules inoculation as well as improved relative water content (%) to 60.57% and
improved the electrolyte leakage recorded 18.1% respectively compared to control. Generally, halo-
tolerant PGPR inoculation increased dehydrogenase activity, acidic and alkaline phosphatase
activities compared to control, inoculation with capsules exhibited a reduction in catalase enzymes
46.00%, 37.5% in ascorbate peroxidase and 40% in superoxide dismutase respectively in shoots of
the wheat plant. There is a significant increase in all yield parameters, the highest plant height 115.8
cm, spike length 21 cm and 1000 grains 71.3 g respectively recorded with capsules inoculation, it
had considerable effects on the content of N, P, K and Na in shoots of wheat plants and reduced the

value of Na/K ratio in all treatments inoculated compared to un-inoculated wheat plant.

Keywords: Halo-tolerant bacteria, PGPR; alginate beads; wheat; colonization.

1. INTRODUCTION

Several environmental stresses such as salinity,
drought, flooding, heat, cold, and heavy metals
harmfully affect the growth, development and
productivity of crop plants [1]. Salinity is a major
abiotic reason that limits agricultural productivity
[2]. Most salty land has to get up from natural
causes by the accumulation of salts over
extensive periods in arid and semiarid zones [3].
Sodium chloride is the most soluble and
abundant salt released; apart from natural
salinity, a significant proportion of recently
cultivated agricultural land has become saline
owing to human activities such as unsuitable
agricultural functions [4]. Salts in saline soil
happened when the soluble ions in the soil are
increasing. Thus, the salt level increases on the
surface of soil caused by the appearance of salty
soil. However, the dangerous effects of salts
depend on many factors e.g. plant type, climatic
conditions, and soil-water regulation. The world
population is increasing and the world salt-
affected area will not be cultivable which would
cause famine conditions [5]. The plant growth
under salinity decreased because of nutrient
disturbances, affecting the accessibility, transport
and partitioning of nutrients because this
attributed to the competition of Na* and CI™ with
nutrients such as K, Ca®* and No*[6]. Thus, the
development of salt-tolerant plants is a much-
chosen scientific goal. However, efforts have
only happened with limited success, and only a
few most important genetic determinants of salt
tolerance have been identified [7,8].

Wheat is one of the oldest and most important
cereal crops. Thousands of varieties are known
in common wheat (Triticum aestivum L.) which is
an important cereal crop in Egypt. It is also the
main cash crops for the farmers. Thus; their role
in strengthening the economy of the country may
not be neglected. For all essential crops, average
yields are only a part everywhere between 20%
and 50%-of record yields; these losses are
mostly caused by high soil salinity and
environmental conditions which will worsen in
many areas because of global climate change. A
wide sort of differences and moderation
strategies are required to cope with such effects.
Effectual resource management and crop-
livestock improvement for evolving better breeds
can assist to overcome salinity stress [9]. To start
upon this situation, along with the old
propagation and genetic engineering of plant for
salt tolerance, using of plant growth-promoting
rhizobacteria (PGPRs) can be practical as an
important strategy to improve cultivation in saline
soils [10].

The soil in Shal El-Hossynia regions is high
salinity conditions, saline (EC > 4 dSm™) and
salt-affected soil is a major environmental issue
as it limits plant growth and development,
causing loss of productivity [11]. Plant-growth-
promoting rhizobacteria (PGPR) are a group of
bacteria which colonize the plant roots and
increase plant growth either directly or indirectly
[12]. PGPRs promote plant growth by changing
the selectivity of Na*, K*, and Ca®* and tolerate a
higher Na+/K+ ratio in plants under salt stress




[13]. Besides that, it significantly enhances our
understanding of PGPR-mediated salinity
tolerance in host plant and hard work is to
complete understanding of the tolerance
mechanism at the gene expression level. There
are various PGPRs-encouraged changes in
plants, and growth promotion possibly results
due to a complex combination of various PGPRs-
induced mechanisms that affect both plant
development as well as plant nutrition [14]. Using
mineral nitrogen, phosphors [15] and potassium
[16] as fertilizers add to solving the challenge for
the world is facing, feeding the human
population. High yield production of agriculture
was accompanied by an enormous increase in
the application of nitrogen fertilizer, so we use
nitrogen-fixing bacteria, potassium and
phosphates solubilization bacteria as bio-fertilizer
[17].

Inoculation methods with PGPR serve to process
of colonization, activity and stability of the
bacterial cells in the rhizosphere of the plants
[18,19]. Encapsulation of living cells is a fine-
established technology abroad and an increasing
range of different applications [20]. The
encapsulated bacteria is considered one of the
methods for inoculation, it the feature, which has
supported to be more efficient than the liquid
form, to their quality of providing defence and
stability to the bacterial cells, allowing them to
survive for longer in the rhizosphere of the cells
[21]. In this regard, capsules supplemented with
humic acids, a report providing chemical stability
and availability of C and N, generating a greater
number of bacterial cells [22]. Thus, the objective
of the present work was to alleviate the salinity
stress on the growth and yield of wheat (Triticum

aestivum L.) plant by inoculation with
encapsulated NPK rhizobacteria and liquid
culture and assist the performance in two

seasons at Sahl El-Hossynia filed station.
2. MATERIALS AND METHODS
2.1 Microbial Inoculants

Bacterial strains Paenibacillus polymyxa MSRHS5,
Bacillus nakamurai MSRH1 and Bacillus
pacificus MSRH3 were isolated and identified
previously by Abo-Koura et al. [17]. The bacterial
strain routinely grown in NB media according to
Difco [23] for 48 hr at 28°C. For inoculum, the
bacterial broth was grown and cell pellets were
collected by centrifuging at 6000 rpm for 10
minutes after the cells were washed in sterile
distiled water and re-suspended in 400 ml
phosphate buffer pH 7 (10”cfu /ml).
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2.2 Salt Tolerance Assays for PGPRs

PGPRs strains MSR H5, MSR H1and MSR H3
were tested for their tolerance to various
concentration of sodium chloride, bacteria were
re-cultivated in nutrient broth (NB) [23]
supplemented with 0,10,15,20,25and 309L'1NaCI
for 24-72 hours and incubated on rotary shaker
(150 rpm) at 28°C. Bacterial growth was
determined as OD at 660 nm; maximum salt
tolerance was tested on to halophilic agar
medium plates (containing 60 g L'NaCl) by
spreading 0.1 ml of each bacterium on nutrient
agar (NA) as described by Akhtar et al. [24].

2.3 Bioassays for Plant Growth-
promoting Characters under Salinity
Stress

All of three bacterial strains were grown in the
nitrogen-free medium [25] with selected two
concentration 0, 25 and 30g NaCl g L™ and
incubated at 28°C for 72 hours, to determine the
N,-activity, nitrogenase activity was measured
according to Hardy et al. [26] using gas
chromatograph according to Somasegaran and
Hoben [27]. For phosphate and potassium
solubilizing, spot inoculation of a single bacterial
colony on the centre of plates with Pikovskaya
medium (PVK) [28] and modified Aleksandrov
medium [29] supplemented with 0, 25 and 30 g
NaCl g L™ respectively. The inoculated plates
were incubated at 30+5°C for 48-96h and
clearance zone were observed. For |AA
production, each bacterium was grown in nutrient
broth  medium supplemented with 19 L’
tryptophan plus 0, 25 and 30 g NaCl gL then
incubated at 30°C on a shaker at 200 rpm for 72h
and IAA production was determined as described
by Damery and Alexander [30].

Exopolysaccharides (EPS) production was
determined by the assay: flasks 250 ml counting
100 mL of a medium nutrient broth plus different
NaCl concentrations (0, 25, 30 NaCl gL”) and
inoculated with each bacterial culture (one
colony) and incubated at 160 rpm shaker for 48 h
at 28°C, exopolysaccharides production was
determined using the method described by
Gilickmann and Dessaux [31].

2.4 Preparation of Capsules NPK
The constitutive antagonistic effect was done

between three bacteria in Petri dishes as
described by Frederiq [32]. For preparation of



capsules, each bacterial strain from MSRH5,
MSRH1and MSRH3 earlier grown in 100 mL
nutrient broth medium at 28°C for 48h, 33 ml of
each strain was taken and mixed with 2% of
sodium alginate (ALGOGGL 3001, SG 30- 60,
Degussa, France) plus humic acid for 25 min at
350 rpm on a magnetic stirrer (IKA® Modelo C-
MAG). Capsules were made by drop formation
with a transparent syringe 5 mL capacity, with
which the alginate mixture was taken with
bacterial culture and drops formed were
deposited in a sterile 0.1 M of CaCl, solution.
After that capsules were taken away from CaCl,
solution and washed three times with distilled
water. We adjusted the diameter of
microcapsules to 4 mm and kept it in sterile
0.85% NaCl solution till use [33]. Scanning
electron microscopy (SEM, QUANTA FEG 250)
was used to investigate three bacterial cells
inside the capsules at the National Research
Center, Cairo, Egypt according to the
manufacturer protocols.

2.5 Preparation of Inoculums

MSRH5, MSRH1and MSRH3 were grown
individually in nutrient broth medium [23] for 48
hours at 28°C to exponential phase (6x107,
5x10° and 5x10°fu ml", respectively). Two
forms of bacterial inoculums were used, either in
capsules, beads were mixed with seeds as
described by Bashan et al. [34] or liquid form,
were carried sterilized peat and sterilized sugar
solution (10%) with a ratio of 4:5:1 v/v [35] using
Arabic gum as cement agent to form slurry. The
slurry was then mixed with the seed until it was
evenly coated then coated seeds were lifted to
dry in the shed for 60 minutes and planted in
soil.

2.6 Colonization of the

Encapsulated PGPR

Wheat by

Wheat seed surface was sterilized in 2% calcium
hypochlorite solution for 2 hr under agitation,
rinsed thoroughly under aseptic conditions in
sterile water and soaked in 1:1 (v/v) H,O, for 20
min. Afterword, the sterilized seeds were kept for
germination for 2 days in Petri dishes at 28°C
under the aseptic condition to germinate and put
it in specially gnotobiotic conditions [36]. The
germinated seeds were transferred to sterile
tubes containing mineral solution and capsules
bacteria were added. The tubes were incubated
in a growth chamber at 16-18 h day light/dark
cycle and a temperature of 23 /18°C for 7 days.
Then, the colonization of wheat roots by
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capsules was observed by transmission electron
microscopy JEOL (JEM-1400 TEM) according to
the protocol method described by Bozzola and
Russell [37].

2.7 Experimental Design and Treatments

Experiments in two consecutive years were
conducted in the field in clay soil at Sahl El-
Hossynia Agric. Res. Station Farm in EL-Sharkia
Governorate; Egypt during two successive winter
seasons to evaluate the effect of inoculation with
capsules containing NPK PGPR on growth and
productivity of wheat plants under salinity stress.
The farm is located at 31°8'12.461" N latitude
and 31°52'15.496" E longitude. The physical and
chemical characteristics of the studied soil are
shown in (Table 1), bulk density and physical and
chemical properties of the soil at the
experimental site were determined according to
[38,39] particle size according to Piper [40] and
chemical according to Ryan et al. [41]. Wheat
winter cultivar, Gemza 9 (Triticum aestivum L.)
was used in this study and developed by the
national program at Field Crop Research
Institute, Agricultural Research Center (ARC),
Egypt. Mineral fertilizer was applied as the
recommended dose for the Egyptian Ministry of
Agriculture. The control plots received 100%
from recommended dose from NPK, the
experiment was laid out a randomized complete
block design (RCBD) with three replications for
each treatment as following:- 1-100% mineral
NPK, 2-50% mineral NPK, 3- microencapsulation
NPK bacteria +50% mineral NPK, 4- Liquid NPK
bacteria +50% mineral NPK.

Relative Water
and Proline

2.8 Determination of
Content (RWC %)
Determination

Three leaves of the plant were taken randomly
from the stem for each plot and directly weighed
(fresh mass, FM). To determine the turgid mass
(TM), leaves were floated in distilled water inside.
During the imbibition's period, leaves were
weighed sometimes after water on the leaf
surface was gently distributed with tissue paper.
At the end of the imbibition's periods, leaves
were placed in a pre-heated oven at 70°C for 48
h, to obtain dry mass (DM). Values of FM, TM
and DM were used to calculate leaf RWC
according to the equation pronounced by Kaya
and Higgs [42]. As well as the proline content in
shoots of wheat plants was determined
according to Bates et al. [43].
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Table 1. Physiochemical properties of the soil

Soil properties

Mechanical properties

Soil type

Clay soil, 0.6% organic matter

Particle size distribution

Coarse Sand: 5.40%
Fine Sand: 4%

Silt:  40%

Clay: 50

Chemical properties

Chemical properties

pH 8.09
ECdS m™10.90

Soluble cations (meq L)

Ca™ =43.30
Mg** =39.70
Na* =79.80
K* =1.70

Soluble anions (meq L)

S04 =70.92,
CI" =87.80,
HCO3- 5.78, CO3”

2.9 Electrolyte Leakage (%) (Membrane
Permeability)

To determine the electrolyte leakage, we tacked
six leaf discs (10 mm in diameter) from leaves
and placed in 50mL glass bottles and washed
with distilled water to remove the electrolytes free
during leaf disc excision. Bottles were then filled
with 30 mL of distilled water to stand in the dark
for 24 h at room temperature and the end of the
incubation period, the EC1 of the washing
solution was determined. Then the bottles were
heated in a water bath at 95°C for 20 min and
then cooled to room temperature, then we
measured the EC2. Electrolyte leakage was
calculated as a percentage of EC1/ EC2 [44].

2.10 Antioxidant Enzymes

Catalase (CAT) enzyme was determined
according to the method described by Aebi [45].
Ascorbate peroxidase (APX) was determined
according to Nakano and Asada [46] and
superoxide dismutase (SOD) was determined
according to Donahue et al. [47].

2.11 Enzymes Activities

Dehydrogenase activity (DHA) (ug TPF/g dry
soil) in rhizosphere soil for each treatment was
determined according to Donahue [48]. Alkaline
and acidic phosphatases (mg/g dry soil) were
determined according to the methods described
by Tabatabai [49] respectively.

2.12 Agronomical Data Measurement

We collected plant samples from each treatment
1 m? wooden frame to determine wheat yield and

its components were recorded following
[50,51,52]. Consequently, six plants from each
sub-plot were randomly selected at harvesting
time for measurement of plant height (cm). 1000
grain weight (g), spike length (cm), straw vyield
(ton /ha) grain yield (ton/ha), biological yield and
harvest index. Samples of straw were oven-dried
at 70°C up to a constant dry weight, grounded
and prepared for digestion method as described
by [39]. The digests were then exposed for
measurement of NPK. Nitrogen content was
determined by Kjeldahl technique and potassium
content was determined by flame photometer as
described by Jackson [53]. Phosphorus content
was determined by inductively coupled plasma
spectrometry (ICPS) (Ultima 2 JY Plasma). Na*
was determined according to Wolf [54].

2.13 Statistical Analyses

The study design was a randomized complete
block design (RCBD). Least significant difference
test was used to compare means using the
statistical analysis software; CoStat (CoHort
Software, U.S.A) version 6.4. The values of
probability p <0.05 were considered statistically
significant based on the least significant
difference test.

3. RESULTS

3.1 Impact of NaCl on the Growth of
PGPRs

Data showed that there was variation in the
growth of strains (Fig. 1). All three strains were
able to grow very well with the variation of NaCl,
MSR H5 was able to grow and receive to log



phase entry earlier with 25g/L"'NaCl after 48h
from growth, then the decline phase started,
where MSRH1 and MSRH3 were able to grow
and reach to log phase after 24h with 25gL"'"NaCl
then the decline phase started. Using NaCl 2%
and 2.5% in the medium it improved the growth
of all strains, after which a continuous decrease
was observed in the growth. It was noticed that
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strains of MSRH5, MSRH1 were the most
tolerant to higher applied NaCl concentrations as
2% and 2.5% while MSR H3 was most tolerant to
2% after 48h and 72h from incubation.
Whereas the greater sensitivity to a
hyperosmotic medium was observed for MSR
H5, MSR H1 and MSRH3 strains which can grow
under 30gL'NaCl.

1.2

1

E5MSRH

m1TMSRH m3MSRH

0.8

0.6

0.4

0.2

Absorbance at 660 nm (OD)

Incubation periods

Fig. 1. Optical density (OD) (at 660 nm) as a measure of the activity of growth of three strains
cultivated in NB cultures supplemented with six concentrations of NaCl (0, 10, 15, 20, 25 and
30g NaCl L™"). Error bars represent the standard deviation between 3 replicates

Table 2. PGPR properties under salt stress condition

Strains N2-activity Phosphate Potassium 1AA Exopolysacchari
solubilization  solubilization production de (EPS)
production
NaClg L1

0 25 30 0 25 30 0 25 30 0 25 30 0 25 30
MSRH5 + + + - - - - - - + + o+ + o+ +
MSRH1 - - - + + o+ - - -+ o+ o+ + o+ o+
MSRH3 - - - - - - + + + 4+ + 4+ ++  ++ o+

Clearance index: - not found

3
10um. =

Fig. 2. SEM image of three strains of the encapsulated beads with sodium alginate:-
A (an encapsulated media with sodium alginate), B and C encapsulated P. polymyxa MSRHS5,
B. nakamurai MSRH1and B. pacificus MSRH3 inside the beads of alginate
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Fig. 3. Transmission electron microscope TEM of wheat root colonization (Root hair zones) by
capsules containing P. polymyxa MSR H5, B. nakamurai MSR H1 and B. pacificus MSR H3 (A
and B) stains living with the parenchymal cell wall while (C) is the control

3.2 PGPR Properties under Salt Stress

Data presented in Table 2 show that P. polymyxa
MSRH5 was able to grow and fix nitrogen under
25 and 30 gL'1NaCI compared to other two
tested strains. The 30 g L'NaCl seemed not to
affect No-fixation by strain MSRH5. B. nakamurai
MSRH1 was able to solubilize phosphate under
25 and 30 g L'1NaCI, on spit of MSRH5 and
MSRH3 could not increase phosphate
solubilization under salinity. B. pacificus MSRH3
was able to increase K solubilizing ability and
gave the largest zone in plate. All strains can
produce IAA under different range of NaCl.
Production of IAA was found to be a widespread
phenomenon among the bacterial strains. There
is a gadwall increase in EPS production under
salinity compared to medium without NaCl. B.
pacificus MSRH3 recorded the highest EPS
production while. B. nakamurai MSRH1 recorded
the lowest EPS production with adding 30 NaCl g
L” to the medium.

3.3 Evaluation of Encapsulated P.
polymyxa MSRH5, B. nakamurai
MSRH1 and B. pacificus MSRH3 by
Scanning Electron Microscope (SEM)

SEM analysis (Fig. 2) shows the smallest particle
achieved with sodium alginate of 2% the beads
always shrivel. A fraction of the beads is likely to
result from the liquid-bridge that has been
detected during the droplet break-off in the
CaCly; it has a size of range from 13.2 nm to
12.9. Formation of capsule requires techniques
that are gentle and non-aggressive towards the
cells. The techniques of drop formation have
shown their limitations because the cells
encapsulated by these techniques are
completely available into the product. The three

bacterial strains in capsules are clearly
and no contamination found inside the
capsules.

3.4 Colonization Activity for

Microencapsulation on the Root of
Wheat by Transmission Electron
Microscopy (TEM)

The colonization of bacteria from alginate
capsules was investigated by (TEM). Fig. 3
illustrates the location of bacterial micro colonies
which were found both on the rod and on the
lateral roots. Bacteria strains are well established
and colonized on the epidemics and cortex of
root wheat plant compared to control (not
inoculated), it covering the root surface. The cells
of P. polymyxa MSR H5, B. nakamurai MSR
H1and B. pacificus MSR H3 were confined on
the surface and inside the root using (TEM).

3.5 Physiological Characteristics

Proline content, RW.C and electrolyte leakage
are illustrated in Fig. 4. There is a significant
effect (P < 0.05) of inoculation on physiological
characteristics. The highest proline content in
shoots recorded in un- inoculated plants either
with 100% or with 50% mineral fertilizer, giving
10.9 and 10.6 (mg/g d.w) respectively ,whereas
the best treatment was inoculation with
capsulated bacteria followed by inoculation with
liquid culture giving 6.8 and 8.2(mg /g d. w)
respectively. The reduction in shoot proline was
35.8% in case of inoculation with capsules while
the reduction was 22.64% with inoculation with
liquid bacteria. RWC % as decreased by
increasing salinity intensity in wheat leaves but
inoculation with halo-tolerant PGPR improved the
RWC in all treatments treated with PGPR in two



forms, the highest RWC was observed with
inoculation with capsules containing N,-fixing, P
and K-solubilizing PGPR bacterial (60.57%)
compared to the control (46%) while wheat
inoculated with liquid culture NPK were
(60.19%). Similar pattern of results was obtained
when EL leakage was evaluated in wheat grown
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under salinity stress. EL leakage (membrane
permeability) was higher than halo-tolerant
PGPR in two forms of inoculation. The reduction
in electrolyte leakage was 18.1% in inoculation
with capsules while the reduction in liquid
inoculation  with halo-tolerant PGPR was
16.3%.
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Fig. 4. Effects of halo tolerant PGPR on shoot proline content, relative water content (R.W.C %)
and electrolyte leakage (%) of wheat plants grown under salinity stress. Data presented are
means of three repeats for 2 years. Error bars represent the standard deviation between 3
replicates



3.6 Effect of Saline Conditions on
Enzymatic Activities

Results indicated that there was a gradual
decrease in DHA, acidic and alkaline
phosphatase due to the presence of salinity
affected growth of wheat plants (Table 3).
Inoculation with capsules containing N,-fixing, P
and K-solubilizing PGPR bacteria gave the
highest significantly DHA and acidic phosphatase
(61.9 ug TPF g dry soil” day™) and (99.9 ug pnp
g'1 soll h-1) respectively compared to the control
with the lowest DHA (41.7 ug TPF g dry soil’
day") and acidic phosphatase (42.8 pug pnp g
soil h-1) respectively, inoculation with liquid
bacteria gave the highest alkaline phosphatase
(59.4ug pnp g soil h™') followed by capsules
(51.64 pgpnp g'1 soll h'1) compared to the control
(38.8 ug pnp g™ soil h™).

3.7 Effect of Saline
Antioxidant Enzyme

Conditions on

The activity of antioxidant enzymes increased in
response to salinity stress treatments in the
absence of bacterial (Fig. 5). Under salinity
stress plants had significantly higher activities of
peroxidase, catalase and super oxide dismutase
than un- inoculated plants. Results clearly
suggest the positive role of N,-fixing, P and K-
solubilizing PGPR in two forms applied up
regulating the CAT, APX and SOD activities in
wheat plants under salinity stress, inoculation
with capsules exhibited reduction in CAT
enzymes 46.00%, 37.5% in APX and 40% in
SOD while when inoculation with liquid culture
the reduction was 36.1% in CAT, 33.5% in APX
and 30.1% in SOD activities. Generally,
inoculation with halo-tolerant PGPR in two forms
under salinity stress enhances enzyme activity.
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3.8 Yield Components

Results indicated that there was a significant
increase in all yield parameters (Table 4) such as
the highest plant height 115.8 cm, spike length
(21 cm) and weight of 1000 grains (71.3 @)
respectively recorded with inoculation by
capsules and followed by wheat treated with
liquid culture such as the plant height 112.1 cm,
spike length (13.7 cm) and weight of 1000 grains
(69.3 g) respectively. PGPR either capsules or
liquid culture significantly increased vyield
parameters of wheat plants compared to the non-
inoculated control. The lowest plant height, spike
length and weight of 1000 grains were recorded
with wheat un-inoculated (76.3 cm), (9.7 cm) and
(50.6 g) respectively. As well as No-fixing, P and
K-solubilizing PGPR inoculation significantly
increased straw yield (10.8 ton ha'1), grain yield
(9.4 ton ha') with capsules inoculated
compared to the control plants under salinity
stress. The results showed that the highest
biological yield 20.2 and harvest index was
46.5% recorded with inoculation with of halo-
tolerant PGPR in form of capsules plus 50%
mineral fertilizer as compared to un-inoculated
wheat.

3.8.1 PGPR in two forms effects on plant
mineral contents in shoots of wheat
plants

Table 5 indicated that considerable effects of the
inoculation of two forms of PGPR on the different
mineral contents in shoots of wheat plants
especially N, P, K and Na under salinity stress as
compared to the control under salinity stress.
Conversely, the control plants had significantly
lower N, P, K contents in the shoot of wheat.
Highest N, P, K (28.4, 3.1 and 48.6 mg™ d.w)

Table 3. Enzymatic activity of rhizosphere of wheat plants grown under salinity stress. Data
presented are means of three repeats 2 years

Treatments Dehydrogenase Acidic Alkaline
activity Phosphatase phosphatase activity
(g TPF g dry soil” activity (Mg pnp g'1 soil h'1)
day™) (ug pnp g™ soil h™)

100 % mineral NPK 41.7 42.8 38.8

50 % mineral NPK 37.9 34.2 254

Capsulated NPK 61.9 99.9 51.6

bacteria+50% NPK

Liquid NPK 59.1 64.9 59.4

bacteria50% NPK

L.S.D at 0.05 1.00 1.56 3.09




Saad et al.; BJI, 23(4): 1-18, 2019; Article no.BJI.53528

N
[6)]

1
H

N
o
o

-
(&)}

-
o

()}

CAT p mol H,0, mg* protein min

#

o

mineral NPK % 100

mineral NPK % 50

Capsulated NPK Liquid NPK bacteria

NPK50% bacteria + NPK50% +
- 18
£ 16 - b a °
£14 1 L B
012 - d c
o
< 10
oo
£ 8 -
<
26
2 4
5 2
< 0 T T T 1
mineral NPK % 100 mineral NPK % 50  Capsulated NPK Liquid NPK bacteria
NPK50% bacteria + NPK50% +
18 - a C
16 - b -
14 - I
Z 12 c
2 10 2O
S 8 -
I 6 -
5 4
2 _
0 T T T 1
mineral NPK % 100 mineral NPK % 50 Capsulated NPK Liquid NPK bacteria
NPK50% bacteria + NPK50% +

Fig. 5. Antioxidant enzyme (a, b and c) in shoots of wheat plants inoculated with two forms
from PGPR and grown in saline soil. Data presented are means of three repeats for 2 years.
Error bars represent the standard deviation between 3 replicates

respectively, recorded with inoculation halo-
tolerant PGPR compared to un-inoculated wheat.
On the other hand, inoculation with PGPR had
significant effect on Na content and gave the
lowest values, compared to un-inoculated
wheat, the inoculation reduce the Na in shoots of
wheat.

10

3.8.2 Effect of Na/K ratio on shoots of wheat
under saline soil

Na/K ratio was affected by inoculation with
capsules as illustrated in Fig. 6. N,-fixing, P and
K-solubilizing halo-tolerant PGPR reduced the
value of Na/K ratio in all treatments inoculated



compared to un-inoculated wheat. The highest
reduction of Na/K was 0.03 in case of inoculation
with capsules and followed by inoculation with
liquid culture recorded 0.05.0n the other hand
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un-inoculated wheat plus 50% mineral fertilizer
recorded 0.12 in saline soil and was 0.10 in
wheat amended 100% mineral fertilizer
NPK.

Table 4. Yield components of wheat plants grown in saline soil and inoculated with two forms
of halo-tolerant PGPR. Data presented are means of three repeats for 2 years

Treatments Plant Spike 1000 Straw Grain Biological = Harvest
height length grains yield (ton yield (ton yield index
(cm)  (cm)  wt.(g) ha™ ha™) (%)

100% mineral ~ 99.2 11.1 54.9 94 7.4 16.8 44.0

NPK

50% mineral 76.3 9.7 50.6 8.8 7.2 16.0 45.0

NPK

Capsulated 115.8 21.0 71.3 10.8 9.4 20.2 46.5

NPK bacteria

+50% NPK

Liquid NPK 112.1 13.7 69.3 10.6 8.6 19.2 44.8

bacteria +50%

NPK

L.S.D at 0.05 33.73 18.61 1.60 0.68 0.18 0.64 -

Table 5. Effects of inoculation with halo-tolerant PGPR on nutrient contents in shoots of wheat
plants. Data presented are means of three repeats for 2 years

Treatments Available of macronutrients mg d.w
N* P” K’ Na*
100 % mineral NPK 24.3 22 32.9 3.4
50 % mineral NPK 22.1 1.8 355 41
Capsulated NPK bacteria +50% NPK 28.4 3.1 48.6 2.1
Liquid NPK bacteria +50% NPK 26.9 2.6 42.6 74
L.S.D at 0.05 5.46 1.03 13.32 1.96
0.14 -
a
0.12 - b
0.1 -
g 0.08 -
3
2 0.06 - ¢
d
0.04 -
0.02 -
0 m
mineral NPK% 100 mineral NPK % 50 Capsulated NPK  Liquid NPK bacteria
NPK50% bacteria + NPK50% +

Fig. 6. Na'/K" ratio in shoots of wheat plants inoculated with two forms of PGPR and grown in
saline soil. Data presented are means of three repeats for 2 years. Error bars represent the
standard deviation between 3 replicates

1"



4. DISCUSSION

Salinity has a direct influence on the
physiochemical and biological properties of soil
led to detrimental effects on growth as well as
the productivity of the plants [55]. The PGPR
intermediated plant’s salinity tolerance is a well-
known phenomenon [56] and offers carefully
possible approach for combating salinity at large
scale. In the current study we used three tolerant
PGPR (P. polymyxa MSR H5, B. nakamurai
MSR H1and B. pacificus MSR H3) and evaluated
their behaviors under the high concentration of
salt (NaCl) in growth medium to establish and
confirm their tolerance and the adaptability to
saline stress. MSRH5, MSRH1and MSRH3 have
been found to grow in wide range of the high
concentraton of NaCl and increased
concentration of NaCl leads to the increase in
plant growth. Therefore, these bacteria could be
classified as halo-tolerant bacteria [57].

The three strains play a role in nitrogen fixing,
phosphate and potassium solubilization and
EPS and IAA production under salt stress up to
30 gL'1. Nitrogen fixing, phosphate and
potassium solubilizing microorganisms make bio-
available phosphate, potassium and nitrogen for
plant growth and are dynamic traits for bio-
fertilizer production. IAA is an auxin required by
most plant cells for division and root origination
[58] who cleared that maximum |AA-production
significantly increased plant growth under salt
stress. Auxin production of Azospirillum
brasilense spp was up to 200 mM [59] but P.
polymyxa MSRH5 and B. nakamurai MSRH1
showed higher tolerance and IAA production up
to 300 mM which are selective for biofertilizer
production in salt-affected soils. In addition,
phosphate and potassium solubilizations were
important characteristics due to their role in bio-
fertilization [60].

Particularly in saline soil, a large portion of
soluble inorganic phosphate applied to the soil as
chemical fertilizer is immobilized in the soll
quickly and then becomes unavailable to the
plant [61]. Previous research showed that
exopolysaccharides production by halo-tolerant
PGPR strains significantly increased by
increasing salinity; these results are in
agreement with those obtained by [62]. SEM
analysis demonstrate that the immobilization had
no significant effect on bacterial morphology.
This means that this method can be used as a
capable tool for protection and enhancement of
bacterial cells in a harsh environment without
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prompting the metabolic activity. This result is
harmony with [63].

This provides a new protocol for statement the
limitations associated with the future application
of sustainable bio self-healing material. The cells
of P. polymyxa MSRH5 and B. nakamurai
MSRH1 and B. pacificus MSRH3 were localized
on the surface and inside the root of wheat using
TEM. The cells are attached to the root surface.
Twisting and deformation of root hairs were
induced by bacteria [64].

Assumed that these salt-tolerant PGPR strains
are free-living bacteria and exhibited a potential
for PGP stimulates, their effects on rhizosphere
of wheat in Sahl El-Hossynia of Egypt. The
proline content could keep the growth of PGPR
isolates up to higher salinity level because it
could act as intermediary of osmotic adjustment
protects macromolecules during dehydration and
help as a hydroxyl radical scavenger [65]. The
accumulation of proline in saline-stressed plants
was significantly higher than non-saline-stressed
plants, a similar result was reported by Heidari et
al. [66]. The mechanism by which proline
reduces ROS destruction and helping plant
resistance is that proline reduces saline stress by
detoxification of ROS produced as end of saline
deficit. In our study halo-tolerant PGPR improved
the RWC in all treatments than un-inoculated
wheat; the increase in RWC up to 31.6% than
un-inoculated wheat, this result is in agreement
with [67] who found that RWC was decreased by
increasing saline stress intensity in basil leaves.
Similarly, the increased RWC may indirectly or
directly contribute to the increase in
photosynthetic pigments of inoculated alfalfa, in
agreement with [68]. The highest reduction in
electrolyte leakage (%) was achieved by the
PGPR inoculation plants as compared to saline-
stressed plants (control). These results prove the
productivity of PGPR in alleviation of the cell
membrane injury. The preservation of cellular
membrane integrity under stress is considered to
be an essential part of the saline tolerance
mechanism. It was proposed that PGPR can
stimulate a PGPR-intermediate encouraged
systemic resistance and stimulate accumulation
of the sending molecules of salicylic acid and
jasmonate [69].

Enzyme activities can be reduced due to lower
contents of microbial biomass emission and less
amounts of enzymes under stress condition as
shown in Table 3. Salt stress induced reduction
in dehydrogenase activity; it is a measure of the



amount of microbial metabolism in soil as O, is
accepted from the soil, PGPR can colonize the
rhizosphere which leads to increase in CO,
evolution and carbonic acids formation that
reduces soil pH and consequently increases
mineral absorption and improves plant growth
[70]. The addition of humic acids in the capsules
providing chemical stability and an organic
nutritious sources of C and N, which keep a
higher number of living bacterial cells [71]. They
reported that the increase of salinity as
measured by increased conductivity dissolves
clay minerals and stable enzymes thus remain
unprotected and more disposed to denaturation.
The lowest values of phosphatase activity in
wheat rhizosphere was observed in saline soil
with 50% mineral fertilizer (control). P. polymyxa
MSRHS5, B. nakamurai MSRH1 and B. pacificus
MSRH3 succeeded to increase the plant
development and the development depended on
the beneficial role of the used microorganisms
while the increase of phosphatase (acid and
alkaline) as noted with capsules beads of PGPR
was due to the act of B. nakamurai individuals to
produce organic acids which are careful as a
solubilizing agents of phosphorus compounds in
soil leading to an increase of phosphorus rates in
soil [72]. The peroxidase (POX), catalase (CAT),
and super oxide dismutase (SOD) are important
common indices to evaluate the changes redox
status of plants. Antioxidant enzymes act as a
destruction control system and thus make
available protection from oxidative stress which
can cause lipid peroxidation resulting in damage
to the cell membrane, protein, DNA structure and
other enzyme activities [73]. In the present study,
encapsulated PGPR or liquid culture inoculation
under 50% from mineral fertilizer significantly
induced effects on CAT, POX, and SOD
activities in wheat plants under salt stress
condition, the stimulation of antioxidant enzymes,
such as catalase, peroxidase and superoxide
dismutase, can be measured as a salt-tolerance
mechanism in wheat plants. The antioxidant can
be decreased due to the free radical scavengers,
which can be attributed to reduced H,0, levels
that are not enough to activate the enzyme’s
antioxidant property and the reduction can be
considered as a salt-tolerance mechanism in
wheat plants. Results support those of Gururani
et al. [74], who also cleared that the activities of
ROS scavenging enzymes, such as APX, CAT
and SOD, were enhanced in PGPR-inoculated
potato plants exposed to various stressors
(salt).In  our study wheat inoculated with
encapsulated PGPR or liquid culture was
observed to decrease SOD activity, due to a
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lower O,-scavenaging and suppressing capacity
in the wheat plants, this indicates a possible
involvement of this enzyme in salt tolerance in
accordance with [75].

Use of rhizobacterial strains of P. polymyxa, B.
nakamurai and B. pacificus among others, have
proven to be efficient in plant growth promotion,
particularly for their quality to promote vegetative
growth and productivity in wheat crops [76],
maize [77] alfalfas [78] and potatoes [79]. The
stimulating activity is related to the ability of
rhizobacteria in the present study to produce
enzyme activities, including IAA production,
phosphate and potassium solubilization. These
producers increased growth and yield-
contributing traits such as plant height, spike
length, weight of 1000 grain, straw yield and
grain yield, direct stimulation on plant growth was
observed in the present study. In general
encapsulation of rhizobacteria is to conserve
high cell density with maximum survival even
after protracted storage [80]. Alginate is one of
the most frequently used polymers for
encapsulation of plant growth promoting bacteria
in agriculture [81]. In our study we detected that
salt stress reduced the shoot length (51.7 %)
and spike length (116 %) and weight of 1000
grains (40%) of wheat grown in saline soil.
These results are in agreement with those
obtained by Egamberdieva [82].

Inoculation of wheat with halo tolerant PGPR is
suggested as a sustainable way to increase crop
yields due to the plant growth promoting
substances produced by the bio-fertilizer [83],
besides to the reasonable quantity of
atmospheric nitrogen fixed by P. polymyxa,
phosphate and potassium solubilizing by B.
nakamurai and B. pacificus as reported by [17]
so the general physiological status of the wheat
exhibit positive reaction to use of bio-fertilizer.
Puccini et al. [84] who found that the grain yield
and harvest index of wheat were improved when
wheat plants were grown in saline soil plus a
combination of chemical N and bio-fertilizer
inoculation. Earlier studies have found that
salinity conditions slightly reduced the plant
nutrient element content in the leaves of wheat
plants through the exclusion of Na, which
increased under salt stress [85]. Results
indicated that the inoculation with either
encapsulated or liquid PGPR had considerable
effects on the different mineral contents in
shoots of wheat plants especially N, P and K are
harmony with [86] who found that the application
of encapsulated of Enterobacter sp. increased



the growth and phosphorus uptake in lettuce
plants. In contrast with increasing Na content, K
content decreased with increasing salinity levels.
A similar result was informed in wheat by Grieve
and Poss [87] who confirmed antagonistic
absorption between Na and K under salinity
stress conditions. In this regard [88],
encapsuleted Pseudomonas fluorescens and
Serratia sp. inoculated with wheat plants,
significantly promote foliar content of P,
attributing that encapsulates increase the effect
of rhizobacteria by acting as mini-reactors that
provide bacterial cells stabilization, protection,
population increase and advanced release
around the rhizosphere of the plants where they
are applied. Rhizobacteria P. polymyxa, B.
nakamurai and B. pacificus producing EPS have
to match against salt stress by making rhizo-
sheaths everywhere in the roots of plants by
attaching the EPS with Na® ions and decreasing
the toxicity of Na* which makes it unavailable for
absorbance by Abbas [89].

5. CONCLUSION

Encapsulated PGPR: P. polymyxa, B.
nakamurai and B. pacificus succeed to colonize
the rhizosphere of wheat plants and protect
wheat plants from destruction to salt stress.
These PGPR had ameliorative effect on
reduction of proline accumulation in shoots,
improved RWC, electrolyte leakage and
enzymatic activity as well as improvement of the
antioxidant enzymes, growth and yield of wheat
under saline stress. Consequently, it could be
applied in supporting wheat plants to tolerate
against salt stress beside in increasing crop
production.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Gontia-Mishra |, Sasidharan S and Tiwari

S. Recent developments in use of 1-
aminocyclopropane-1-carboxylate  (ACC)
deaminize for conferring tolerance to biotic
and abiotic. 2014;88.

2. Shukla PS, Agarwal PK, Jha B. Improved
salinity tolerance of Arachis hypogaea (L.)
by the interaction of halo tolerant plant-
growth-promoting rhizobacteria. J. Plant
Growth Regul. 31, 195-206. Published
year?

14

10.

1.

12.

13.

14.

Saad et al.; BJI, 23(4): 1-18, 2019; Article no.BJI.53528

Rengasam P. Transient salinity and
subsoil constraints to dry land farming in
Australian sodic soils: An overview. Aust J
Exp Agric. 2002;42:351-361.

Abolfazl A, Zabihi RH, Movafegh S,
Hossein AAM. The efficiency of plant
growth promoting rhizobacteria (PGPR) on
yield and vyield components of two
varieties of wheat in salinity condition. Am
Eurasian J Sustain Agric. 2009;3(4):824—
828.

Prins AG, Eickhout B, Banse M, van Meij
H, Rienks W, Woltjer G. Global impacts of
European agricultural and biofuel policies.;
Ecol. Soc. 2011;16(1).

Hu Y, Schmidhalter U. Drought and
salinity: A comparison of their effects on
mineral nutrition of plants. J. Plant Nutr.
Soil Sci. 2005;168:541-549.

Munns R, Tester M. Mechanisms of salinity
tolerance. Annul. Rev. Plant Biol.
2008;59:651-681.

Schubert S, Neubert A, Schierholt A,
Sumer A, Zorb C. Development of salt-
resistant maize hybrids: the combination of
physiological strategies using conventional
breeding methods. Plant Sci. 2009;177:
196-202.

Pooja S, Rajesh K. Soil Salinity: A serious
environmental issue and Plant growth
promoting bacteria as one of the tools for
its alleviation. Saudi Journal of Biological
Sciences. 2014;12.001.

Bhattacharyya PN, Jha DK. Plant growth-

promoting rhizobacteria (PGPR):
Emergence in agriculture. World J
Microbial Biotechnology. 2012;28:1327—-

1350.
Qadir M, Noble AD, Schubert S, Thomas

RJ, Arslan A. Sodicity-induced land
degradation and its sustainable
management: Problems and prospects.

Land Degradation & Development. 2006;
17:661-676.

DOI:10.1002/1dr.751

Lautenberg B, Kamilova F. Plant-growth-
promoting  rhizobacteria. Ann.  Rev.
Microbial. 2009; 63:541-556.

Hamdia ABE, Shaddad MAK, Doaa MM.
Mechanisms of salt tolerance and
interactive effects of  Azospirillum
brasilense inoculation on maize cultivars
grown under salt stress conditions. Plant
Growth Regul. 2004;44:165-174.

Bashan Y, Holguin G, de-Bashan LE.
Azospirillum—plant relationships:
physiological, molecular, agricultural and



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

environmental advances. (1997— 2003),
Can. J. Microbial. 2004;50:521-577.
Temam AH, Zebiba H, Rediet M, Petros A,
Tesfaye B. Isolation and characterization
of nitrogen fixing bacteria from rhizospher
soil collected from Shell Mele Agricultural
Center, Southern Ethiopia. Journal of
Agricultural Science and Food Technology.
2017;3(7):117-124.

FAI, Mining Fertilizer Statistics. The
Fertilizer Association of India, New Delhi,
India. 2013; 2007-2013.

Abo-Koura HA, Mounira MB, Maged M.
Saad. Isolation and identification of N2-
fixing, phosphate and potassium
solubilizing rhizobacteria and their effect
on root colonization of wheat plant.
International Journal of Microbiological
Research. 2019;10(2):62-76.
Krzyzanowska D, Obuchowski M, Bikowski
M, Rychlowski M and Jafra S.
Colonization of potato rhizosphere by gfp-
tagged Bacillus subtilis MB73/2,
Pseudomonas sp. P482 and
Ochrobactrum sp. A44 shown on large
sections of roots using enrichment sample
preparation and confocal laser scanning
microscopy. Sensors. 2012;12(12):17608-
17619.

He Y, Wu Z, Ye BC, Wang J, Guan X,
Zhang J. Viability evaluation of alginate-
encapsulated Pseudomonas putida Rs-198
under simulated salt-stress conditions and
its effect on cotton growth. Eur. J. Soil Biol.
2016;75(1):135-141.

Park JK, Chang HN. Microencapsulation of
microbial cells. Biotechnol Adv. 2000;18:
303-319.

Bashan Y, de-Bashan LE, Prabhu SR,
Hernandez JP. Advances in plant growth-
promoting bacterial inoculant technology:
Formulations and practical perspectives
(1998-2013). Plant Soil. 2014;378(1):1-33.

Sivakumar PK, Parthasarthi R,
Lakshmipriya VP. Encapsulation of plant
growth promoting inoculant in bacterial
alginate beads enriched with humic acid.
Int. J. Curr. Microbiol. App. Sci. 2014;3(6):
415-422.

Difco Manual. Dehydrated culture media
and reagents for microbiology,
Laboratories incorporated Detroit,
Michigan. 1985;48232:621-624.

Akhtar N, Ghauri MA, Igbal A, Anwar MA
and Akhtar K. Biodiversity and
phylogenetic analysis of culturable bacteria
indigenous to Khewra salt mine of Pakistan

15

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

Saad et al.; BJI, 23(4): 1-18, 2019; Article no.BJI.53528

and their industrial importance. Brazilian
Journal of Microbiology. 2008;39:143-150.
Watanabe |, Barraquio W. Low levels of
fixed nitrogen required for isolation of free-
fiving N2-fixing organismal from rice roots.
Mature (London). 1979;277:565-566.
Hardy RWF, Burns RC, Holsten RD.
Application of the acetylene-ethylene
reduction assay for measurement of
nitrogen fixation. Soil Biol Biochem. 1973;
5:47-81.

Somasegaran P, Hoben HG. Methods in
legume- rhizobium technology. NIFTAL.
Project and MIRCEN, Department of
Agronomy and Soil Science, Collage of
Tropical Agriculture and Human Resource,
Univ. Hawaii USA. 1985;320-327.

Chen X, Tang J, Fang Z, Su H. Phosphate
solubilizing microbes in rhizosphere soils
of 19 weeds in southeastern China.
Journal of Zhejiang University Science.
2002;3:355-361.

Prajapati KB, Modi HA. Isolation and
characterization of potassium solubilizing
bacteria from ceramic industry soil.
CIBTech J. Microbial. 2012;1:8-14.
Damery JT and  Alexander. M.
Physiological differences between effective
and ineffective strains of rhizobium. Soil.
Sci. 1969;103:209-215.

Gilickmann E, Dessaux YA. Critical
examination of the specificity of the
Salkowski reagent for indolic compounds
produced by phytopathogenic bacteria
Appl. Environ. Microbial. 1995;61(2): 793-
796.

Frederiq P. Ann. Rev. Microbiol. 1957;
11:7-22.

Ivanova E, Teunou E, Poncelet D. Alginate
based macrocapsules as inoculants
carriers for production of nitrogen bio
fertilizers. Proc. Balk. Sic. Conf. Biol. 2005;
90-108.

Bashan Y, Hernandez JP, Leyva LA,
Bacilio M. Alginate micro beads as
inoculant carriers for plant growth-
promoting bacteria. Biol. Fertil. Soils. 2002;
35:359-368.

Sajid M, Rahman S, Shahid M, Saleem M,
Anjum FR, Amin M. Exploring the arsenic
reducing bacteria from soil and waste
water in Faisalabad. Intl. J Microb. Allied
Sci. 2016;3:14-22.

Simons M, van der Bij AJ, Brand I, de
Weger LA, Wijffelman CA, Lugtenberg B.
Gnotobiotic system for studying
rhizosphere colonization by plant growth-



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

promoting Pseudomonas bacteria.
Molecular  Plant-Microbe Interactions.
1996;9:600607.

Bozzola JJ, Russell LD. Electron

microscopy, second edition. Sudbury, MA:
Jones and Bartlett Publishers, Sudbury,
MA brasilense on agronomic
characteristics and yield of wheat. Industria
I2nd ed. Florida: Academic Press.1999;7-
880.

Klute A. Methods of Soil Analysis. Physical
and mineralogical methods, 2 edition,
American Society of Agronomy, Madison,
WI. 1986;1188.

Page AL, Miller RH, Keeny DR. Methods of
Soil Analysis" part Il, Chemical and
microbiological properties (2nd ed.), Am.
Soc. Agron. Monograph No. 9. Madison-
Wisconsin, USA, PLOS Rev.1982;18:215-
246.

Piper CS. Soil and plant analysis, The
University of Adelaide Press, Adelaide,
Australia. 1950;368.

Ryan RM, Sheldon KM, Kasser T, Deci EL.
All goals are not created equal. In P. M.
Gollwitzer& J. A. Bargh, (Eds.).The
psychology of action: Linking cognition and
motivation to behavior. New York:
Guildford Press. 1996;7-26.

Kaya C, Higgs D. Supplementary
potassium nitrate improves salt tolerance
in bell pepper plants. Journal of Plant
Nutrition. 2003;26:1367-1382.

Bates IS, Waldrem RP, Tear ID. Rapid
determination of free proline for water
stress studies. Plant Soil. 1973;39:205-
207.

Shi Q, Bao Z, Zhu Z, Ying Q, Qian Q.
Effects of different treatments of
salicylic  acid on heat tolerance,
chlorophyll fluorescence, and antioxidant
enzyme activity in seedlings of Cucumis
sativa L. Plant Growth Regulate. 2006;48:
127-135.

Aebi HE. Catalase. In “Method of
Enzymatic analysis”, VCH, Weinheim,
Germany-Deerfield, FL. 1983;3:273-286.
Nakano Y, Asada K. Hydrogen peroxide is
scavenged by acerbate-specific
peroxidase in spinach chloroplasts, Plant
Cell Physiol. 1981;22:86.

Donahue JL Okpodu CM, Cramer CL,
Grabau EA, Alscher RG. Responses of
antioxidants to paraquat in pea leaves.
Plant Physiol. 1997;1131(1):249-57.
Skujins J. Enzymes in soil, In: McLaren
AD, Peterson GH. (Eds.), Soil Biochem.

16

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Saad et al.; BJI, 23(4): 1-18, 2019; Article no.BJI.53528

Marcel Dekker, Inc. New
USA.1976;371-414

Tabatabai MA. Soil enzymes, In: Page AL,
Miller RH, Keeney DR. (Eds.), Methods of
Soil Analysis, Part 2, American Society of
Agronomy, Madison, WI. 1982;903-947.
Dour I, Sepetoglu H, Sindel B. Dynamics of
faba bean growth and nutrient uptake and
their correlation with grain yield. J. Plant
Nutr. 2011;34:1360-1371.

DOI: 10.1080/01904167.2011.580878
Bakhashwain AA, Daur |, Abohassan RA
and El-Nakhlawy FS. Response of
genetically divergent pearl millet
[Pennisetum glaucum (L.) R. Br.] Varieties
to  different  organo-mineral fertility
management. Pak. J. Bot. 2013;45:1657—
1661.

Ihsan MZ, El-Nakhlawy FS, Ismail SM,
Fahad S. Wheat phonological development
and growth studies as affected by drought
and late season high temperature stress
under arid environment. Front. Plant Sci.
2016;7:795.

DOI: 10.3389/fpls.2016.00795

Jackson ML. Soil Chemical Analysis.
Pentice Hall of India Pvt. Ltd., New Delhi,
India; 1973.

Wolf B. A comprehensive system of leaf
analysis and its use for diagnosing crop
nutrient status. Common. Soil Sci. Plant
Anal.1982;13:1035-1059.

Bharti N, Pandey SS, Barnawal D, Patel
VK, Kalra A. Plant growth promoting
rhizobacteria Dietzia natronolimnaea (?
italic) modulates the expression of stress
responsive genes providing protection of
wheat from salinity stress. Sci. Rep. 2016;
6:34768.

Plié go, C, Kami ova F (What is family
name and the first name?) and.
Lautenberg B.. Plant Growth-Promoting
Bacteria: Fundamentals and Exploitation.
In: D.K. Maheshwari, Bacteria in
Agrobiology: Crop Ecosystems (Eds).
Springer, Germany. 2011;295-343.

Willey JM, Sherwood, LM. Woolverton CJ.
Prescott’s principles of microbiology. New
York: McGraw-Hill; 2009.

Smith RH. Plant tissue culture: Techniques
and experiments. 2" ed. Florida:
Academic Press; 2000.

Nabti E, Sahnoune M, AdjradDommelen
SAV, Ghoul M,Schmid M, Hartmann A. A
halophilic and osmo-tolerant Azospirillum
brasilense strain from Algerian soil
restores wheat growth under saline

York,



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

conditions. Engineering in Life Sciences.
2007;7(4):354-360.

Singh JS, Pandey VC, Singh DP. Efficient
soil microorganisms: A new dimension for
sustainable agriculture and environmental
development. AgrEcosyst Environ. 2011;
140:339-353.

DOI:10.1016/j

Goldstein AH. Bacterial solubilization of
mineral phosphates: historical perspectives
and future prospects. Am J Alternative
Agar.1986;1:57-65.

Qurashi AW and Sabri AN. Bacterial
exopolysaccharide and biofilm formation
stimulate chickpea growth and soil
aggregation under salt stress. Brazilian
Journal of Microbiology, 2012; 43(3):1183-
1191.

Seifan M, Samani AK, Hewitt S, Berenjian
A. The effect of cell immobilization by
calcium alginate on bacterially induced
calcium carbonate precipitation.
Fermentation. 2017;3(4):57.
Hernandez—Carmona G, McHugh DJ,

Lopez-Geutierrez F. Pilot plant -scale
extraction of alginates from
Macrocystispyrifera. 1. Effect of pre-

extraction treatments on yield and quality
of alginate. Journal of Applied Phycology.
1999;10:507-513.

Miller KJ, Woods JR. Osmoadaptation by
rhizosphere bacteria. Annul Rev
Microbiology, 1996; 50:101-136.

Heidari M, Mosavinik SM, Golpayegani A.
Plant growth promoting rhizobacteria
(PGPR) effect on physiology parameters
and mineral uptake in basil (Ocimum
basilicum L.) under stress. ARPN J. Agric.
Biol. Sci. 2011;6:6-11.

Agami RA, Medani RA, Abd El-Mola IA,
Taha RS. Exogenous application with plant
growth promoting rhizobacteria (PGPR) or
proline induces stress tolerance in basil
plants (Ocimum basilicum L.) exposed to
water stress. International Journal of
Environmental & Agriculture Research
(IJOEAR). 2016;2(5):78.

Ma Y, Kumar RM, Zhang C, Freitas H.
Inoculation of Brassica oxyrrhina with plant

growth  promoting bacteria for the
improvement of heavy metal
phytoremediation under drought

conditions. J. Hazard. Mater. 2016;320:36—
44,

Pieterse CMJ, Van Pelt JA. erhagen BWM
Ton JSCM, VanWees L. Kloosterziel, KM
and Van Loon LC. Induced systemic

17

70.

71.

72.

73.

74.

75.

76.

77.

78.

Saad et al.; BJI, 23(4): 1-18, 2019; Article no.BJI.53528

resistance by plant growth-promoting
rhizobacteria. Rhizobacteria. Symbiosis.
2003;35:39-54.

Omer J, Ismail H. Complementation of
diazotrophs and yeast as plant growth
promoting agents for wheat plants, Egypt.
J. Agric. Res. 2002;80:29-40.

Sivakumar PK, Parthasarthi R,
Lakshmipriya VP. Encapsulation of plant
growth promoting inoculant in bacterial
alginate beads enriched with humic acid.
Int. J. Curr. Microbiol. App. Sci. 2014;3
(6):415-422.

Massoud ON, El-Batanony NH. Fertilizers
management and N2-Fixers combined with
phosphate solubilizing microorganisms
affect peanut (Arachis hypogaea) growth
and productivity, New Egypt J. Microbiol.
2009;22:234-248.

Halo BA, Khan AL, Waqas M, Al-Harrasi A,
Hussain J, Ali L, Adnan M, Lee IJ..
Entophytic bacteria (Sphingomonas sp.
LK11) and gibberellin can improve
Solanumlycopersicum growth and
oxidative stress under salinity. J. Plant
Interact. 2015;10(1):117-125.

Gururani MA, Upadhyaya CP, Baskar V,
Venkatesh J, Nookaraju A, Park SW. Plant
growth-promoting rhizobacteria enhance
abiotic stress tolerance in Solanum
tuberosum through inducing changes in
the expression of ROS-scavenging
enzymes and improved photosynthetic
performance. J. Plant Growth Regul. 2012;
32:245-258.

Yachana Jh, Subramanian RB. Paddy
plants inoculated with PGPR show better
growth physiology and nutrient content
under saline conditions. Chilean J. Agric.
Res. 2013;73(3).

Abo-Kora HA, Omar MNA. Evaluation of
the potential of two plant growth promoting
rhizobacteria (PGPR) on the increase of
wheat productivity under salinity regimes.

Egypt, |.Microbiol. Special Issue. 13"
Conf.of Mirobiol. 2010;137-151.
Hungria M, Campo RJ, Souza EM,

Pedrosa FO. Inoculation with selected
strains of Azospirillum brasilense and A.
lipoferum improves yields of maize and
wheat in Brazil. Plant Soil. 2010;331(1-
2):413-425.

Ihsanullah D, Maged MS, Abdul AE,
Shakeel A, Zahid HS, Muhammad ZI, Yasir
M, Sayed SS, Heribert H. Boosting alfalfa
(Medicago sativa L.) production with
rhizobacteria from various plants in Saudi



79.

80.

81.

82.

83.

Arabia. Frontiers in Microbiology. 2018;9:1-
13.

Arseneault T, Goyer C,
Pseudomonas  fluorescens  LBUM223
increases potato vyield and reduces
common scab symptoms in the field.
Phytopathol. 2015;105(10):1311-1317.
Sivakumar PK, Parthasarthi R and
Lakshmipriya VP. Encapsulation of plant
growth promoting inoculant in bacterial
alginate beads enriched with humic acid.
Int. J. Curr. Microbiol. App. Sci. 2014;3(6):
415-422.

Ivanova E, Teunou E, Poncelet D. Alginate
based macrocapsules as inoculants
carriers for production of nitrogen bio
fertilizers. Proc Balk Sic Conf Biol. 2005;
90-108.

Egamberdieva D. Survival of
Pseudomonas extremorientalis SAU20 and
P. chlororaphis TSAU13 in the rhizosphere
of common bean (Phaseolus vulgaris)
under saline conditions. Plant Soil Environ.
2011;57(3):122-127.

Joshi RA, Prasanna R. Shivay YS, Nain L.
Bio fortification of wheat through
inoculation of plant growth promoting
rhizobacteria and cyanobacteria. Euro. J.
Soil Biology. 2012;50:118-126.

Filion M.

84.

85.

86.

87.

88.

89.

Saad et al.; BJI, 23(4): 1-18, 2019; Article no.BJI.53528

Puccini GG, Braccini AL, Dan LGM,
Scapim CA, Ricci TT, Bazo GL. Efficiency
of seed inoculation with Azospirillum
brasilense on agronomic characteristics
and yield of wheat. Ind Crop Prod. 2013;
43:393-39.

Lubna R, Asmal, Fathia M, Fauzia YH.

Wheat (Triticum aestivum L.) growth
promotion by halo-tolerant PGP
Rconsortium. Soil Environ. 2018;37(2):

178-189.

Vassilev M, Azcon R. Barea J, Vassilev N.
Effect of  encapsulated cells of
Enterobacter sp. on plant growth and
phosphate uptake. Biores. Technol. 1999;
67:229-232.

Grieve CN, Poss JA. Wheat response to
interactive effects of boron and salinity. J.
Plant Nutr. 2000;23:1217-1226.

Schoebitz M, Ceballos C, Ciamp L. Effect
of immobilized phosphate solubilizing
bacteria on wheat growth and phosphate
uptake. J. Soil Sci. Plant Nutr. 2013;13(1):
1-10.

Abbas R, Rasul S, Aslam K, Baber M,
Shahid M, Mubeen F, Naqgash T.
Halotolerant PGPR: A hope for cultivation
of saline soils. Journal of King Saud
University-Science. 2019;31:1195-1201.

© 2019 Saad et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/53528

18



