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Abstract: Endophytic bacteria are a group of bacteria that actively colonize plant roots and increase plant growth
and yield.The current investigation succeeded to isolate 18 entophytic bacterial isolates were isolated from roots of
Zea mays v. plants grown in saline soil, and evaluate the efficiency of these isolates on the growth parameters of
maize plant grown on sterilized saline soil. In vitro, colonization predominantly on root hair zones was studied after
45 days from sowing. All of the obtained isolates were screened for their tolerance to against different
concentrations of sodium chloride (0.1, 1, 10,20, 30 and 50 Mm), bacterial growth and nitrogenase activity were
determined. Six active tolerant isolates were identified by 16S rDNA sequencing 3 of them identified as Bacillus
polymyxa and the others identified as Azospirillum brasilense. The selected strains were tested in spermsphere
model and electron microscopy to investigate the colonization patterns of endophytic bacteria on the roots of zea
mays plant. Pot experiment, was conducted during summer 2012 at Agricultural Research Center (ARC) Giza,
Egypt, to evaluate the efficacy of these endophytes on the growth and productivity under salt stress conditions.
Results indicated that the mixture of endophytic bacteria strains significantly increased growth parameters of maize
plants. The plants inoculated with these bacteria showed increase in photosynthetic pigments, enzymatic activities.
Proline content decreased significantly by inoculation of maize plant with endophytic bacteria when applied
individually and or in mixture. The endophytic bacteria significantly improved growth and yield components. The
increase in total carbohydrates (62.41mg/g and crude protein (4.81%) respectively as compared to control
(uninoculated). Moreover, mixture of endophytic bacterial strains increased 100-grain weight (37.12g),nitrogen,
phosphorus and potassium contents in grainsin comparison with control. Therefore, these six strains under study are
considered good candidates as plant growth promoters endophytes in maize plants.
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1. Introduction Diastrophic endophytes appear to provide more
Endophytic bacteria can be defined as those fixed nitrogen as compared to rhizospheric ones
bacteria that colonize the internal tissues of various because the interior of plant is more suitable for
plant showing no external sign of infection or negative nitrogen fixation in view of low partial oxygen
effect on their hosts and spend most of their life cycle pressure and direct a accessibility of fixed nitrogen to
inside the plant without causing damage or disease plant. Besides they have plant growth promoting
symptoms, of the nearly 300 000 plant species that activities such as production of phytohormones, p-
exist on the earth, each individual plant is host to one solubilization, siderophores production, inhibition of
or more entophytes (Strobel et al., 2004). Only a few ethylene biosynthesis and resistance of certain
of these plants have ever been completely studied pathogens (Prabhat and Ashok, 2009). Nitrogen-
relative to their endophytic biology. Endophytes were fixing bacteria have been reported living in the
divided into facultative and obligate bacteria as rhizosphere and as endophytes of Zea mayzscultivars
proposed by (Baldani et al., 1997). like Bacillus, Pseudomonas, Enterobacter (Malmqvist
Plants can require the presence of associated et al.,1994).
bacteria for their growth and establishment in different Endophytes produced exoenzymes necessary to
ecosystems. However, little is known about their role infect and colonize the host (Lumyong et al., 2002),
and the regulation processes of the plant growth. the adaptation of host and endophytes may not only be
In the root system some nitrogen -—fixing to a particular host,but to endophytic growth on plant
endophytes bacteria must find their way to penetrate organ,in the roots in contrast to the shoots (Schulz
through cracks formed at the emergence of lateral and Boyle 2005). Endophytic organisms also supply
roots or at the zone of elongation and differentiation essential vitamins to plants (Pirttila et al, 2004).
of root (Sharma et al., 2005). Moreover, the endophytes have a number of beneficial
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effects include osmotic adjustment, stomata
regulation, modification of root morphology,
enhanced the uptake of minerals and alteration of
nitrogen accumulation and metabolism (Compant et
al., 2005). Maize plant (Zea mays L.) is commonly
cultivated in temperate regions where prolonged
periods of suboptimal temperature and short-term cold
spells often occur in spring during the crucial stages of
early vegetative development. Soil salinity is one of
the most limiting environmental factors for crop
production and it adversely affects the growth and
productivity of many crops. The applications of plant
growth regulators are found to play an important role
in plant responses to stress Chakrabarti and
Mukherjee (2003).

The tolerance of diazotrophs to osmotic stress
becomes of particular interest as it diminished
dependence on nitrogen fertilizers and consequently
reduces the environmental pollution consequently; the
opportunity to find new and beneficial endophytic
microorganisms among the diversity of plants in
different ecosystems is considerable. Therefore, the
aim of this investigation was to isolate some
endophytic nitrogen fixers living within the tissues of
maize plants grown under salt stress conditions and
evaluate their ability to fix atmospheric nitrogen and
promote the growth and yield of maize plants under
green house condition and finally to be used as
inoculants for many agronomic crops.

2. Material and methods
Endophytes isolation

Bacterial endophytes were isolated from the
roots of cultivated mazie (Zea mays) grown in saline
soil at Sahl El-ussinia Gover, Egypt as described by
Hallmann et al. (1997). Pure cultures of endophytes
were maintained on nutrient agar slants (Difco, 1985).
Screeningof endophytic isolates.

Eighteen isolates were sub-cultured from each
colony to obtain pure cultures; these isolates were
grown on total diazotrophic watanabe medium
(watanabe and Barraquio, 1979) at 28 C° for 72
hours. Isolates were divided into two groups according
to morphological characterization to Bacilliand the
other Azosprilli. All of the isolates were tested as N,
fixers through the activity of nitrogenase according to
Somasegaran and Hoben (1994) and as PGPRs
through the indole acetic acid (IAA) production,
according to Gilickmann and Dessause (1995).
Growth chamber experiment

The two groups of isolates were grown on
nutrient broth medium (Difco, 1985) with constant
shaking on rotary shaker at 150 r p m for 48 hours at
(28+2°C). The cells were harvested by centrifugation
at 6000 rpm for 15 min and bacterial cells were
resuspended in phosphate buffer (0.01 M, pH=7.0).
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The cell density was adjusted using spectrophotometer
to approximately 10%(CFU) / ml (ODs5=0.3) and then
used as inocula for treating maize seeds (Thompson
et al,.1996).Seeds of maize (ZeaMays) Giza 321
obtained from Field, Crops Res. Institute. Giza, Egypt,
were surface 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) HyO, for 20 min. Saline soil was sterilized by
autoclaved for 4 hours for three days consecutive and
taken into sterile polyethylene bags. Sterilized seeds
were coated with isolates cells1x10® cfu per seed with
either of Bacilli, or Azosprilli group. Where’s the
uninoculated control was treated with sterilized broth
specific medium for each isolates. Coated seeds (5
seeds per bag) were sown 5 mm below the soil surface
(1 kilo /bag). After thinning three seedlings in each
bag were left. Initially the pots were irrigated with
water at 60% WHC. After 30 days of growth
inoculated and uninoculated maize plants with intact
roots were recovered from the soil and stirred for 1-2
minutes on a vibrating arm shaker for removing
attached soil. Growth parameters of the rhizosphere
were carried out as described by Gouzou et al. (1993).
Dry weights (g) of root plants were taken after drying
the plant material at 70°C for 72h. Root colonization
percentage (%) and the vigor index were calculated by
using the formula as described by Abdul-Baki and
Anderson (1973):

Vigor index = Percent germinationx Seedling
length (shoot length + root length).

Nitrogenase activities (N,-ase) in the rhizosphere
and Dehydrogenase (DHA) were assayed according to
Somasegaran and Hoben (1994), Skujins and
Burns., (1976) respectively.

Selection of salt tolerant PGPR strain:

PGPRs were tested for their tolerance to various
concentration of NaCl. Isolates of bacilli group were
grown on nitrogen deficient medium of (Hino and
Welson., 1958), while isolates of Azosprilli group
were grown on nitrogen deficient malate medium
according to Dobereiner et al. (1976). Both selective
media were supplemented with various concentrations
(0.1,1,10, 20,30 and 50 Mm) of sodium chloride.The
tubes were inoculated with 0.2 ml of prepared culture.
The tubes were incubated at 28 + 2°C for 24 hr, for
measuring the turbidity by using spectrophotometer at
600 nm according to Strausberg (1983). Nitrogenase
activity was determined. Uninoculated selective
medium for each bacterial group was maintained as
negative control.

The most active six tolerant isolates were
identified through 16SrDNA.The genomic DNA of
PGPRs was amplified by the method as described by
Weisburg (1991). Sequencing was done using Big
Dye terminator cycle sequencing kit v.3.1 (Applied
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Bios stems, USA) and the sequencing products were
resolved on sequencer (ABI 3730 x 1| DNA Analyzer
(Applied Bios stems, USA) at the GATC biotech in
Germany, by Sigma Scientific Service Company. The
results were compared by using BLAST algorithm
(www. ncbi.nlm.nih.gov/BLAST. The isolates were
identified as three of them belonged to Azosprillum
brasilense (HQ678675, HQ678676, HQ678677) and
other three of them as Bacillus polymyxa (JQU15993,
JQU15994, JQU15995).
Spermsphere model for colonization

Spermsphere model for colonization patterns as
described by Thomas et al. (1982) was used with the
selected two strains  Azospirillum  brasilense
HQ678675 (A) and Bacillus Polymyxa JQU15993(E)..
The roots of maize plants were treated with 2, 3,5 Tri-

phenyl tetrazolium chloride (2 ml solution of
TTC/sample) for 2 hr to detect the colonization of the
bacteria into the roots of maize.

Electron microscopy:

Endophytic colonization of maize roots with
Azospirillum brasilenseHQ678675 (A) and Bacillus
Polymyxa  JQUI5993(E) were observed by
transmission electron microscopy JEOL (JEM-1400
TEM) according to method described by Bozzola and
Russell(1999).

Pots experiment
Soil

Saline soil was collected from Sahl EL-Hussinia,
station, El-Sharkia Governorate, Egypt.

The physic chemical characteristics of the used
soil were illustrated in Table (1).

Table (1): The main physical and chemical properties the of the experimental soil

Course sand (%) Fine sand (%) [Silt (%) |Clay (%) Soil Texture |OM (%) CaCO; (%)
2.10 38.67 12.32 46.91 clay 0.62 10.36
. Cations (meq/l) Anions (meq/l)
. % 1
pH (1:2.5) EC* (dSm™) Ca” |Mg" |Na |K HCO, |CI [SO,
8.34 20.38 11.00 15.05 | 175 | 1.3 10.29 (172 20.06

Microbial strains used

A -Azospirillum brasilense a salt tolerant an
active endophytic strain grown on nitrogen deficient
malate medium (Dobereiner et al., 1976) at 28°C for
48hr, cell densities were adjusted to be (10”cfu/ml).

B- Bacillus polymyxa: a salt tolerant an active
strain, grown and maintained in nitrogen deficient
medium of Hino and Wilson (1958), then incubated
for 48hr at 28°C. The pure culture was enriched on
nutrient broth medium (Difco, 1985) for 48hr at 28°C
to reach the maximum growth (10’cfu/ml).
Experimental design

A pot experiment was conducted during summer
season of 2012 at Agricultural Research Center
(ARC), Giza Govern., Egypt. A. Pots 40 cm diameter
were filled with saline soil (10Kg/pot) were used.15
seeds were sown in each pot, after thinning six plants
in each pot were left. The water content of the soil in
each pot was adjusted to 70% of WHC with tap water.
Single or mixed cells of bacterial strains were
prepared and mixed with sterilized vermiculite (20%
moisture) then adhesion using sticker such as Arabic
gum (20%) to give homogenized inoculums. This
experiment was conducted using a randomized
complete blocks design with three replicates.

The treatments were laid out as the following:

1- control (full N,P,K)

2- Azospirillum brasilense HQ678675(A)

3- Azospirillum brasilenseHQ678676 (B)

4- Azospirillum brasilense HQ678677 (C)

5- Bacillus polymyxaJQU15993(D)

6- Bacillus polymyxa JQU15994 (E).
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7- Bacillus polymyxa JQU15995(F)

8- Mixture of Azospirila (A+B+C)

9-Mixture of Bacilla (D+E+F)

10-Mixture of six strains.

Samples were taken for analysis after 45 and 75
days of sowing.

Growth parameters including plant height (cm.),
shoot dry weight (g) and root dry weight (g) of maize
plants were determined.

Fertilization

The recommended doses of chemical fertilizers
(N,P,K) were used according to the recommendation
of Egyptian Ministry of Agriculture. Nitrogen
fertilizer was added at the rate of 120 Kg N/ Fed as
ammonium nitrate (33.5%N) divided into equal doses
and added with the second and third irrigation.
Phosphorus fertilizer was applied in the form of
calcium super phosphate (15.5% P,0Os) at the rate of
100 Kg P /fed during soil preparation before sowing.
Potassium fertilizer treatments were added as
Potassium Sulphate (48% K,0O) intotwo equal doses
with first and second irrigation.
Determination of chlorophyll
activity.

Chlorophyll A, chlorophyll B and carotinoids
content were determined according Adams et al.,
(1997), dehydrogenase activity in the rhizosphere
were determined according to Skujins and Burns.,
(1976). Moreover, nitrogenase activity — was
determined according to Somasegaran and Hoben
(1994).

Determination of free Proline content

and enzymatic
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Free Proline was determined in shoot dry weight
after 45 days according to the method of (Bates et al.,
1973).

Estimation of total carbohydrates content

The carbohydrate content in dried leaves samples
was determined using the method described
by(Duboais et al., 1956).

Determination of Macroelements

Total nitrogen (% N), total phosphours (% P) and
Total potassium (% K) in addition to the crude protein
(%) in seeds were determined according to Black
(1982). 100 seeds weight (g) were also measured.

All the recorded data were subjected to statistical
analysis of variance, and the means were compared
using the“ Least Significant Difference (L.S.D)" test
at the 5%, as described by Snedecor and Cochran
(1980).

3. Results and Discussion
Nitrogenase activity and Indole acetic acid (IAA)
production of endophytic bacteria:

Eighteen entophytic bacteria were isolated from
roots of maize grown in saline soil in Sahl El-
Hussania (Fig 1). All isolates were able to reduce
acetylene and produce TAA. Maximum N, ase -
activity and IAA production were quantified with
isolate Ba 5 (55.59 pmole C,Hy/ml/h and 29.61 mg/L
respectively), followed by isolate 4zo 18andAzo 13
(50.61 and48.81 pmoleC,Hy/ml/h respectively) and
TAA production were detected (24.21 and 21.01 mg /I-
1 respectively). While IAA production by nitrogen-

fixing isolates Ba 8 and Azo 12 were comparatively
low (7.45 and 2.22 mg/L respectively).In the present
study 18 entophytic bacteria isolates were purified
from roots of maize and divided into two groups. 11
isolates were belonged to the genus Bacillus. While 7
isolates showed the characteristics of the genus
Azospirillum. The most common nitrogen fixing
bacteria reported as endophytes in sugarcane has been
Herbaspirillum sppand less often Azosprillum spp.
(Baldani et al., 2002). IAA the most common auxin
functions as important signal molecule in the
regulation of plant development (Usha Rani et al,
2012). Nitrogenase genes are the only know example
of such highly conserved prokaryotic translated genes
and also Nitrogen- Fixations are of the major
mechanisms utilized by PGPRs for the plant growth
promotion (Baldani et al., 1997). The results are
harmony with (Muhammad ef al., 2011) who isolated
nitrogen fixing endophytes from roots of wheat plant
and found that all of isolates producing IAA in growth
medium. Also Mirzaet al., (2001) isolated endophytic
bacteria from roots of sugarcane and found all of
isolates produced phytohormone indoleacetic acid
(IAA) in pure culture and this IAA production was
enhanced in growth medium containing tryptophan.
The accordance to our results many researchers
reported that Bacillus and Azosprillum are most
specifically noted for their N2 — fixing ability and
besides, they have the ability to produce different
growth hormones (IAA and other axons, such as
gibberellins and cytokines (Jen. Hshuan, 2006).
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Fig (1): Nitrogenase activity and indole production by endophytic bacteria isolated from saline soil cultivated with

maize plants
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Fig (2) Effect of different conecntrations of Nacl on growth of Bacillus isolates after incubation periods (24,48 and

72 hours)

In vitro studies on salt tolerance endophytes.

Total of 18 different isolates of Bacillus and
Azospirillum were screened to evaluate their tolerance
under various concentrations (0.1, 1.0,10, 20, 30,50 m
M/l) of sodium chloride, nitrogenase activity and
growth were presented in Figs (2, 3,4 and 5). It was
observed that the growth and nitrogenase activity
generally decreased with increasing salt concentration.
Azo 18, Azo 13, Ba 1 and Ba 5 were survived at 50 m
M NaCl and fixed nitrogen after 48 h from incubation
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followed by isolate Azo 15, Ba 6 and Ba 2. Isolate Azo
12 revealed maximum growth up to 10 m M
concentration after 24h from incubation. On the other
hand isolate Ba 9 revealed maximum growth and fixed
nitrogen up to 20 m M concentration after 48 h from
incubation. Optimum growth of Ba9 at 20 m M
concentration was after 48 h from incubation. There
was a decline in growth of Ba9 and Azol2 with
increasing sodium salt up to 20 m M. These results are
in harmony with Mohan and Saranya (2015) and
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Upadhay et al. (2009) who isolated nitrogen fixing up to 50 m M salt. Tripathi et al. (2002) found that
endophytes from the roots of wheat plants and found there was a high association between soil salinity and
that these isolates were tolerant to 8% Nacl. In this the distribution of Azosprillum genotypes.

study, the entophytic isolates were moderately tolerant
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Fig (3) Effect of different conecntrations of Nacl on nitrogenase activiity (n mole c,H,/ml/h) of Bacillus isolates
after incubation periods (24,48 and 72 hours).
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In growth room experiment, 18 endophytic plant grown in plastic pots filled with sterilized saline
bacterial isolates were tested as inoculants for maize (Table 2).
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Table (2): In-vitro testing enzymatic activity and growth parameters of the endophytic bacteria isolates in the
rhizosphere of Zea mays seedlings after 30 days from sowing during seasons 2012.

Enzymatic activity growth parameters
No. of .. Dehydrogenase Root L s Vigor
isolates N,-ase activity . activity Coolomzatlon (zenmnatlon Root D.W Roo}t V. | Rootlength | Shoot length index

(m mole C,Hy/g soil/h) (g TPF/g soil/day) (%) (%) (g/plant) (cm’) (cm) (cm)
Bal 45.92 131.77 70 30 0.52 4.00 24.33 35.00 47.46
Ba2 14.44 103.45 40 70 0.40 3.50 21.33 25.67 32.90
Ba3 13.31 93.14 50 77 0.23 2.90 19.33 23.00 36.14
Ba4 12.31 94.11 60 78 0.39 3.00 21.00 25.33 36.14
Bas 53.85 159.19 70 90 0.44 4.00 23.33 27.67 45.90
Ba6 19.97 115.66 70 38 0.40 4.00 23.00 27.60 44.53
Ba7 10.49 65.83 70 80 0.19 2.70 18.67 21.17 31.87
Ba 8 09.41 48.31 20 86 0.22 271 19.33 22.01 45.55
Ba 9 05.45 40.70 60 38 0.17 2.00 11.80 16.33 24.65
Ba 10 02.99 40.31 20 77 0.17 2.00 16.80 16.50 25.64
Ball 04.31 46.31 10 79 0.18 2.00 19.67 17.00 28.97
Azo 12 05.27 44.25 30 78 0.31 1.50 11.16 14.67 20.15
Azo 13 41.31 71.35 100 90 0.55 4.50 24.63 33.67 52.47
Azo 14 10.10 44.22 40 38 0.35 2.90 11.17 25.00 31.83
Azo 15 38.19 64.98 70 90 0.40 3.50 24.03 29.40 48.09
Azo 16 11.11 56.61 60 78 0.40 3.00 18.37 26.00 34.61
Azo 17 27.68 64.27 60 70 0.40 3.00 25.60 27.00 36.82
Azo 18 47.81 100.26 100 77 0.55 4.50 25.60 4145 51.61
Control 01.40 30.27 0 70 0.07 0.17 9.57 12.23 15.26
Bacillus
Control 01.20 37.82 0 88 0.03 0.11 433 8.00 10.85
Azospirillum
LSD at 0.05 0.329 0.455 0.008 0.022 0.029 0.095

Nitrogenase activity, dehydrogenase activity and
growth parameters besides vigor index were recorded.
The highest Ny-ase and dehydrogenase activities were
recorded with isolates Ba5 being 53.85 m mole C,H,/g
soil/h and 159.19 pg TPF/g soil/day, respectively
followed by isolate Bal, Azo18 recorded 45.92m mole
Cohy/g soil and 131.77 pg TPF/g soil/day. Where’s the
treatment with isolate Ba 10 recorded the lowest Nj-
ase and dehydrogenase activity 02.99 m mole C,h, /g
soil and 40.31 pg TPF/g soil/day respectively
compared to control and the other treatment. Barua et
al. (2012) reported that pure cultures of diazotrophs
obtained were efficiently exhibited nitrogenase
activity and dehydrogenase activities under 1 %
salinity stress. Similar results were reported by
Soumitra et al. (2007) who found out of 20
endophytic diastrophic strains were isolated from
roots of L. Sindicus, strains showed considerable in
acetylene reduction and dehydrogenase activity.
Among the 18 isolates tested for their efficacy to
improve the vigor index of maize seedlings under
saline soil, isolate Azo13 showed the highest plant-
growth-enhancing activity  and colonization
percentage and recorded 90 % germination with a
vigor index of 52.47 while vigor index of Azo18 and
Azo15 also obtained higher germination percentage of
> 80 % and vigor index 51.61 and 48.09 respectively.
Some of isolates did not have any effect on the growth
of maize seedlings like isolates 4z012 and Ba9 (Table
2) these isolates were discarded. Seed germination and
early seedling growth are the most salt-sensitive plant
growth stages under environmental stresses, because
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the seedling root is in direct contact with soil and is
affected by many soil changes, including salt stress
Jamil et al. (2006). The use of endophytic bacteria for
increasing the growth of plants in saline soil under pot
experiment (Egamberdieva, 2012) in tomato and
cucumber has been earlier established in various
studies. Chakraborty et al. (2011) also isolated salt-
tolerant bacteria and tested for germination under
laboratory conditions. As observed, the presence of
salinity reduced the plant growth under pot culture
studies in rice for vigor index, the treatment with
isolates Bal, Ba5, Azol3 and Azol8 relieved the
maize plants from stress and exhibit higher vigor
index compared to plants treated with other isolates
and untreated control. Similar results were also
reported by Munns (2002) mentioning suppression of
plant growth under saline stress, which may be due to
water congestion in the surface soil and also the effect
of sodium (Na+) and carbonates in the rhizosphere.
Potential of identification isolates:

The most tolerant endophytic isolates to sodium
chloride and had higher vigor index were identified by
16S rDNA and tested in sperm sphere model to
investigate the colonization patterns on the roots of
maize. Seeds of maize were sterilized and sown in
mineral medium, after 7 days from sowing. Plants
were inoculated with endophytes under aseptic
conditions. After 24hr from inoculation of Iml 2, 3, 5
triphenyltetrazolium chloride (TTC) was added to
observe the presence of colonization on roots as in

(Fig 6).
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Fig (6): Colonization of maize roots by Azosprillumbrasilense HQ678675(A) and Bacilluspolymxa JQU15993 (D)

grown in spermosphere tubes.

The appearance red color due to reduction of
TTC to TPF by bacteria, while uninoculated maize
was colorless. It is known that the existence of
bacterial species can affect positively on the root
development (Lopez-Bucio et al, 2007) root
colonization by rhizosphere bacteria is associated
with biofilm formation (Bais ef al., 2004; Ramey et
al., 2004; Reva et al., 2004). The strain Azospirillum
braislense is able to promote the growth of maize,
similar results were reported by Idirs et al. (2007).
The attachment of another diastrophic endophyte,
Herbaspirillum seropedicae, to root surfaces of
maize depends on LPS (liposaccharide) (Balsanelli et
al., 2010).Additionally, rhizobacteria = maybe
specifically attracted to roots through chemo taxis,
pattern of colonization was probably due to the
distribution of receptor structures on the plant root
surface, relating to sites of greater root exudation
(Brimecombe et al., 2001).

Transmission electron microscopy:

Transmission electron microscopy (TEM)
showed that the epidemics and cortex were colonized
by different types of Azosprillum brasilense (A) and
Bacillus polymxa (D) Figs (7 and 8). Bacteria were
found attached to the cortex of maize root. Presence
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of rod-shaped bacteria covering the root surface,
bacteria were apparently adhered to the root
epidermal cells and particularly accumulated in the
basal portion of the root hairs. The pattern showed
that bacteria entering the roots and Bacillus polymyxa
mainly localized within intercellular spaces of the
parenchyma cells these results are in agreement with
Katherrine et al. (2008) who reported that
observations of roots, stems and leaves of inoculated
rice plantlets by electron microscopy revealed B.
ururiensis colonization predominantly on root hair
zones, demonstrating endophytic  colonization
primarily through the endodermis, followed by
spreading into xylem vessels, a possible pathway
leading to aerial parts. Another explanation by Su-
Jung and Robert (2005) who reported that the
observation with transmission electron microscopy
showed considerable alterations of root cells
including vesiculation, partial cell wall degradation,
and cytoplasm disorganization. The interaction
between the extracellular substances of bacteria and
cell wall components of the host cell appeared
without damage the cell wall, these results are in
agreement with Su-Jung and Robert (2005).
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Fig (7): TEM micrographs displaying the polar flagellum of A. brasilense HQ678675strains (A) and uninoculated

roots (B) under gnotobiotic conditions
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Fig (8): TEM of maize root colonization (root hair Zoﬁes) by Bacillus polymxa JQU15993 living with the

parenchymal cell wall

Growth parameters:

Effect of inoculation with six strains of
entophytic bacteria on plant height (cm), shoot dry
weight (g) and root dry weight(g) of maize plants
grown in saline soil at 45 and 75 days after sowing
are shown in Table (3).

Inoculation maize plants with bacterial of strains
resulted in significant increase in plant height, shoot
dry weight and root dry weight after 45 and 75 days
respectively. Mixture of all treatment exhibited the
optimum height 130.71 and 180.00 cm, shoot dry
weight 19.41 and 31.46 g/ plant and root dry weight
20.41 and 36.51 g/plant at 45 and 75 days
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respectively whereas control and other treatments
recorded less results. These treatments exhibited
highest significant of growth parameters compared to
other treatments followed by treatment with mixed of
bacillus and treatment with mixed of Azospirillum
treatment,  being  (115.21,161.66cm)  (18.42,
29.46g/plant) and (19.00,33.61g/plant) with treatment
mixed bacillu and recorded (105.11,152.88cm),
(16.71,28.51g/plant) and (17.61,32.41g/plant) after
45 and 75 days from sowing. Treatment with
Azospirillum (C) recorded the lowest growth
parameters compared to other treatment and
uninoculated. Khatoon et al. (2010) concluded that
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salinity had adverse effect on growth of maize. NaCl
concentrations at germinating stage could have much
adverse effects on maize than later stages of growth.
The inoculation response was comparatively higher at
the early growth stages (vegetative and early
flowering stages), compared with the other
investigated phenophases. This could be related with
the root nutrient exchanges that become more intense
during vegetative growth Zamfirache (2005)
Because rhizobacteria mediates soil minerals and
nutrients uptake Sylvia(1999) PGPR’s influence is
more visible during this stage. Similar results were
obtained by Usman et al. (2012). Salinity reduced the

growth parameters, the reduction included shoot,
root, dry weight etc and yet. Saharan and Nehra
(2011) found that Plant Growth Promoting
Rhizobacteria (PGPR) are naturally occurring as soil
bacteria that aggressively colonize plant roots and
benefit plant by providing growth promotion and
biomass production through direct effects on root and
shoot growth therefore, they could alleviate salinity
stress. Bano et al,(2013) found that Azospirillum
showed promising effect and can be a potent
inoculants for maize that can help the crop to endure
limited water availability.

Table (3): Effect of inoculation with entophytic bacteria on growth parameters of maize plants grown in
saline soils at 45 and 75 days after sowing during seasons 2012.

Treatments plant height (¢ m) Shoot. Dry. w t. (g/plant) Root.dry.w t (g/plant)
Da sowing 45d 75d 45d 75d 45d 75d
Uninoculated 45.00 60.11 11.08 13.00 10.80 12.00
Azospirillum brasilense A 75.77 149.13 16.82 26.41 14.31 24.00
Azospirillum brasilense B 72.11 133.32 16.02 23.31 13.01 23.91
Azospirillum brasilense C 65.22 127.44 15.77 23.00 13.00 23.90
Bacillus polymyxa E 95.22 147.33 18.06 27.09 16.31 26.30
Bacillus polymyxa F 75.41 139.32 16.28 26.00 14.30 21.42
Bacillus polymyxa G 75.11 134.66 17.02 15.11 13.31 20.91
Mixture of Azospirillum 105.11 152.88 16.71 28.51 17.61 32.41
Mixture of Bacillus 115.21 161.66 18.42 29.46 19.00 33.61
Mixture of all 130.71 180.00 19.41 31.46 2041 36.61
LSD at 0.05 1.429 0.611 0.039 0.251 0.324 0.073
Photosynthetic pigments, enzymatic activity and inoculation with endophytic bacteria increased

Proline content:

Chlorophyll a, b, carotinoids, enzymatic activity
and proline content are shown in table (4). Generally
results showed decreased of photosynthetic pigments
and enzymatic activity in bacterial un inoculated
treatment (control). However inoculation with
endophytic bacterial strains significantly increased the
pigments and enzymatic activity compared to
uninoculated treatment (control). The chlorophyll a
content was decreased compared to the content of
chlorophyll b, where chlorophyll a content reached
4.86, 8.06 mg/g dry weight after 45 and 75 days of
sowing respectively with treatment mixture of all
cultures. While chlorophyll b recorded 3.81, 6.70
mg/g dry weight respectively with treatment using
mixture of all cultures. Mixture of bacterial cultures
caused significant increase in chl a contents being
95.16% higher than control. Next to, it was significant
increased chl a up to 81.79% with treatment of
mixture of bacillus more than control. Carotinoids
content were 1.87 and 2.43 mg/g dry weight with
treatment mixed of culture as compared with control.
Salinity reduced carotinoids in all treatment. However,
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carotinoids content up to 63.39% and 80.84% after 45
and 57 days of sowing respectively with treatment
mixture of bacillus. The increase of chl a, b and
carotinoids content of maize as increased
photosynthetic leaf area of plant even at salinity by
exopolysaccharides producing endophytic bacteria
(Marcelis and Van Hooijdonk., 1999). Similar
results were reported by Nemat ef al., (2012) who
reported that endophytic bacteria  increased
significantly chl a,b and carotinoids content compared
with uninoculated control on maize plants grown in
saline soil.

Nitrogenase activity in soil depends on
ecological conditions in association with the specific
nitrogen fixation capabilities of  certain
microorganisms (Entry et al., 1996). Data in Table 4
showed significant increase in nitrogenase activity up
to 94.55% over control after 75 days from sowing
with treatment inoculated with Azospirillum A while
the treatment with inoculated Azospirillum C recorded
the lowest nitrogenase activity(20.21 pumole C,Hy /g
soil /h) compared to other treatments and control after
75 days from sowing. Dilfuza and Zulfiya (2008)
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suggested that soil containing greater organic matter
will have higher nitrogenase activity. Dehydrogenase
activity is an oxidsoreductase, which is only present in
viable cells. This enzyme has been considered as a
sensitive indicator of soil quality and it has been
proposed as a valid biomarker to indicate changes in
total microbial activity due to changes in soil
management (Rolda et al., 2005). Data in Table (4)
show that salinity reduced dehydrogenase activity, but
the inoculation with endophytic bacteria enhanced the
dehydrogenase activity compared to control. The
increase of dehydrogenase activity as shown in table
(4) with mixture of all strains more than using the
strain individually relied on the viability of these
microorganisms and the existence in high population
that could colonized the rhizosphere, which led to
increase in CO2 evolution and carbonic acids
formation that decreased soil pH and consequently
increases mineral absorption and enhances plant
growth Omer and Ismail (2002). Treatment with
mixture of all cultures recorded the highest significant
dehydrogenase activity compared to other treatment
and control being 74.11 and 80.11 pTPF/g soil/day
after 45 and 75 days after sowing respectively,
followed by treatment of mixture bacillus and
treatment of mixture Azosprillum which recorded
45.88 and 36.88 p TPF /g soil/ day respectively after
45 days from sowing. While the treatment with
Bacillus A recorded the lowest dehydrogenase activity
compared to other treatment and control being 34.44
TPF/g soil/ day after 75 days from sowing. Similar

results were also reported by Hanaa and Omar
(2010) who reported that dehydrogenase activity was
significantly inhibited by increasing salinity in the
rhizosphere of wheat plants uninoculated with
nitrogen fixing bacteria.As shown in Table (4) proline
content increased under salinity stress which was a
response to stress. Moreover, Proline increased with
uninoculated treatment. Proline assay showed that the
inoculation with endophytic bacteria significantly
decreased Proline content compared to control. The
lowest content determined with treatment using
mixture of all cultures of endophytic bacteria being
8.11 (mg/g d.w) while the highest content 13.16 (mg/g
d.w) was determined with un inoculated treatment.
Treatment with mixture of Bacillus polymyxa recorded
significant decrease of Proline content being 9.06
mg/g d.w compared to control. Similar finding were
reported by Upadhyay et al., (2011 and 2012). The
proline content in leaves decreased when inoculated
plant with endophytic bacteria. In other word, salinity
and PGPRs and their interaction had significant effect
on proline content in maize plant. Generally, results of
this research demonstrated that inoculation of PGPRs
benefits plants under saline conditions. It seems that
the beneficial effects of PGPRs are more remarkable
for stressed plants. The Proline content could be
maintain the growth of bacterial up to higher salinity
level because it may act as a mediator of osmotic
adjustment  protects =~ macromolecules  during
dehydration and serve as a hydroxyl radical scavenger
(Miller and Wood, 1996).

Table (4): Effect of bacterial inoculation with endophytic bacteria on chlorophyll a, chlorophyll b,
carotinoids, nitrogenase and dehydrogenase activity of maize plants grown in saline soil at 45 and 75 days

after sowing during seasons 2012.

Treatments Chla (mg/g dry | Chlb (mg/g dry | Cartenoids (mg/g Nit-ro.genase Dehy.drogenase Proline
ays after . . . activity (p mole | activity (mg /g
sowing weight) weight) dry weight) C,H./g soil/h) (ng TPF/g soil/day) d. w)
45d 75d 45d 75d 45d 75d 45d 75d 45d 75d 45d
Uninoculated 0.51 0.39 0.19 0.60 0.41 0.85 6.21 3.73 16.41 20.11 13.16
Azospirillum brasilense A 1.56 433 2.21 441 0.86 1.45 36.11 68.56 36.08 46.11 11.16
Azospirillum brasilense B 1.39 3.26 2.09 3.84 0.62 1.11 18.61 20.41 25.31 44.41 11.33
Azospirillum brasilense C 1.31 3.05 1.42 3.11 0.61 0.76 18.41 20.21 20.63 37.31 11.60
Bacillus polymxa D 1.27 2.41 1.29 2.81 0.51 0.77 16.41 29.41 17.66 34.44 12.10
Bacillus polymxa E 1,58 4.04 2.44 4.28 0.82 1.41 21.41 32.71 30.16 46.01 10.41
Bacillus polymxa F 1.51 3.26 2.37 4.04 0.70 1.41 19.61 31.56 2531 44.41 10.61
Mixeture of Azospirillum 2.11 4.90 3.00 5.00 1.01 1.88 26.11 30.17 36.88 5141 9.33
Mixture of Bacillus 2.80 5.68 3.10 5.10 1.12 2.14 25.66 48.16 45.88 60.41 9.06
Mixture of all 4.86 8.06 3.81 6.70 1.87 243 22.06 38.57 74.11 80.11 8.11
LSD at 0.05 0.011 | 0.028 0.009 0.031 0.009 0.010 1.007 0.129 0.206 0.180 1.864

Yield components and Macroelements

Table (5)show the effect of inoculation with
endophytic bacterial strain on total carbohydrate,
crude protein, N%,P%, k% of grains and 100-grain
weight (g) of maize under salinity stress. Inoculation
with endophytic bacteria showed higher grains
protein-content compared to control. The differences
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in carbohydrates among treatments were limited as
saline stress reduced total carbohydrates and protein
in uninoculated plant (control) whereas inoculated
treatment with entophytic bacteria improved plant
carbohydrate content, crude protein compared to
control (Table 5). Treatment using mixture of strains
significantly improved total carbohydrates, crude
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protein being 62.41(mg/g) and 4.81% respectively.
Also mixture of Bacillus and mixture of Azospirillum
strains improved plant total carbohydrates, and crude
protein compared to treatment using Bacillus or
Azospirillum. Reduction in total carbohydrates under
salt stress condition were recorded by Abd El-Ghany
et al. (2015). The crude protein and carbohydrate
enhancement is related to a higher relative increases
in nitrogen fixation due to PGPR inoculation,
compared to control plants. Therefore the increase of
grains protein content could be related to
enhancement of physiological activities of maize
plants and subsequent to maize growth. Similar
effects were also reported and confirmed by many
authors (Zafar et al., 2014) and Marius et al. (2013).
N%, P% and K% and 100-grain (g) of maize plants
were significantly increased due to bacterial
inoculation. Thus, N concentration in shoots was
0.77, 0.75 and 0.75 % respectively with mixture of all
strains, mixture of Bacillus and Azosprillum. The
same trend was observed in shoot P concentration
0.30, 0.28 and 0.27 % and shoot K (1.94, 1.76 and
1.74%) respectively while the treatment using
Azosprillum C recorded the lowest concentration of
N,P and K% compared to other treatments and
control. This means that PGPRs strains could

alleviate the effect of salinity stress in maize. Han
and Lee (2005) also observed increase in N, P and K
concentration under salinity stress due to inoculation
with PGPR. Similarly, Vivas et al., (2003) reported
that N,P and K concentration in lettuce inoculated by
Bacillus sp under stress conditions were increased by
about 5, 70 and 50 % respectively over control.
Adesemoye et al., (2009) reported that inoculation
with PGPR of maize plant under salinity stress
increased shoot nitrogen and phosphorus. Similar
results were obtained by Babalola (2010). Also
endophytic bacteria significantly improved 100-grain
weight, compared to control. The treatment with
mixture of all strains recorded 37.12 g compared to
control (16.61 g), followed by treatment using
mixture of Bacillus (31.11g) and mixture of
Azosprillum (28.41 g) respectively. Muhammad
Zafar et al. (2014) reported that PGPR strains alone
or in mixture improved yield parameters and attained
promising results as compared to control. The results
are strongly supported by the work of several
researchers (Belimov et al., 2002; Zahir et al.,
2009). As we observed, inoculation with endophytic
bacteria under salinity stress was highly effective in
improving growth and yield of maize plant.

Table (5): Effect of bacterial inoculation with endophytic bacteria on yield component and N, P, K percentage

of maize plants grown in saline soil during seasons 2012.

Treatments Total carbohydrate (mg/g) (Co/rol;de protein iv(z:?é%fca(lg) N% [P% | K%
Control 30.41 3.75 16.61 0.60 |0.20 | 1.51
Azospirillum brasilense A | 50.31 4.62 26.01 0.74 | 0.24 | 1.69
Azospirillum brasilense B | 50.00 4.44 20.01 0.71 ]0.23 | 1.67
Azospirillum brasilense C | 48.61 4.63 20.31 0.74 |0.22 | 1.60
Bacillus polymxa D 56.31 4.50 19.00 0.72 1026 | 1.73
Bacillus polymxa E 55.21 4.38 25.31 0.70 | 0.25 | 1.69
Bacillus polymxa F 58.31 4.38 2221 0.70 | 0.24 | 1.65
Mixture of Azospirillum 58.31 4.69 28.41 0.75 10.27 | 1.74
Mixture of Bacillus 59.41 4.69 31.11 0.75 |0.28 | 1.76
Mixture of all 62.41 4.81 37.12 0.77 030 | 1.94
LSD at 0.05 0.393 0.022 0.026 0.040 | 0.011 | 0.009
Conclusion Growth of Maize plants was significantly improved

The current study succeeded to isolate 18
endophytic bacterial isolates from roots of maize
plants grown in saline soil. Screening of the obtained
isolates on the basis of salt tolerance and N,-fixation
was done. The selected isolates were identified by 16S
rDNA sequence. Colonization pattern of the selected
strains on roots of maize plants show the ability of
Azospirillum  brasilense HQ678675 and Bacillus
polymyxa JQU15993 to endophytically colonize maize
plants by using transmission electron microscopy.
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due to inoculation with the selected strains endophytic
bacteria such as shoot, root dry weight and improved
vigor index as well as increasing photosynthetic
pigments (chlorophyll a, b and carotinoids) besides to
enzymatic activity. Endophytic inoculation enhanced
the protein content and yield component of maize.
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