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Abstract: The use of plant growth promoting bacteria (PGPB) is considered as a main 

part of today's sustainable agriculture practices. The intended target of this study was to 

use PGPB to stimulate maize priming. The endophytes inhabiting both Wheat and 

Phragmites were the source of the desired isolates. These plants were collected and 

then surface sterilized and the endophytes were isolated from their different parts. The 

obtained isolates were tested as priming agents to stimulate maize growth. Out of the 

twenty-one obtained isolates, the three isolates E1S2, MK2R2 and B2L2 stimulated the 

growth of maize grains to 98%, 95% and 95% compared to 85% for water and 80% for 

media priming. These isolates have been molecularly identified as Enterobacter 

cloacae, Klebsiella michiganensis and Bacillus subtilis respectively. Additionally, other 

germination vigor parameters such as length of plant root and hypocotyl in addition to 

number of lateral roots increased for various degrees in response to these biogenic 

treatments. The obtained isolates Enterobacter E1S2, Klebsiella MK2R2 and Bacillus 

B2L2 were found to be the best maize growth promoting bacteria according to the 

results obtained from the preliminary laboratory experiments shown in this study. 

These results pave the way for studying the plant growth promoting criteria of these 

isolates in order to use them to improve maize growth and metabolism, a study that is 

being carried out in the field conditions. 
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1.Introduction

The increase in agricultural productivity is 

one of the most priorities for all governments to 

face the growing population that is expected to 

reach 9.1 billion in 2050
 
[1]. The achievement 

of this goal is becoming so difficult due to the 

reduced arable land through urban sprawl, 

climate change and poor land management 

practices, a situation that led researchers to 

explore non-traditional farming practices [2].  

The purposeful use of plant growth 

promoting bacteria (PGPB) as biofertilizers in 

agriculture is a promising technology to get 

more effective and environmentally friendly 

solutions with the potentiality to ensure food 

security [3].  

Plant growth promoting bacteria are 

classified into three categories: those that 

colonize the root surface (rhizosphere bacteria), 

others being in symbiotic relationships with 

host plants (symbiotic bacteria), in addition to 

those can enter into the root interior and 

colonize the plant (entophytic bacteria)
 
[4, 5]. 

Generally, bacterial endophytes are neither 

organ nor host specific [6].  A lot of endophytes 

have been isolated from different tissue parts of 

many plant species [7]. Endophytic bacteria 

have been associated with the growth 

enhancement of many crops like potato, lettuce, 

maize, tomato, cucumber, cotton and can thus 

preserve or enhance crop yield [8-10].
 

Their effects on plant growth include the 

increase in plant height, root and shoot 

biomass, potato and tuber production, root leaf-

hair formation, and lignification of xylem 

vessels
 
[11, 12]. Evidence for the presence of 

endophytic bacteria in maize leaves has so far 

been provided by several authors [13-15]. 

mailto:marwamagdi911993@gmail.com


Mans J Biol. Vol. (43) 2019 15 

Maize is an important economic cereal as a 

food source for both man and animal. For the 

increasing needs, several techniques have been 

developed to increase the productivity of maize 

in an environmentally friendly way and the use 

of plant growth promoting bacteria is one of 

these strategies. Rhizobium, Bacillus and 

Azotobacter have shown a significant effect on 

the growth and yield of maize plants
 

[16]. 

Therefore, the objective of the current study is 

to isolate, identify and evaluate the endophytes 

obtained from wheat and Phragmites, for their 

belonging to the same family of maize 

"Poaceae", as a probiotic agent to promote 

priming of maize grains 

2.M aterials and methods 

1- Isolation of Endophytic bacteria 

For the endophytic bacterial isolation, 

healthy leaves, stems, and roots of cultivated 

wheat and Phragmites were collected from 

different agricultural farmlands around 

Mansoura and Talkha cities, Dakahlia 

governorate, Egypt in summer season during 

May 2018. The samples were placed in 

sterilized plastic bags, brought to the laboratory 

and used for further experimental purposes.  

Surface sterilization of the plant parts was 

the initial step for isolation of endophytic 

bacteria in order to eliminate all the surface 

undesired microbes. The collected plant parts 

were first sterilized by running tap water for 15 

minutes, and then immersed in 70% ethanol for 

3 min [17] followed by 5% NaOHCl washing
 

[18]. After all, the samples were washed 3 

times by sterilized distilled water. Validation of 

the surface sterilization procedures was attained 

by culturing aliquots of water from the last 

rinsing onto nutrient media
 
[19]. 

After drying under aseptic conditions, each 

sample was divided into small pieces (1-3 cm) 

and plated on LB agar media
 

[20]. The 

incubation period of these plates at 28°C was 

around 3 days [25]. The obtained bacterial 

colonies were further purified on LB media. 

The obtained pure isolates were maintained in 

50% glycerol stocks at -20°C for further 

experiments
 
[21]. 

2- Molecular identification of the endophytic 

bacteria 

The isolates that gave the best results in 

maize seedling growth stimulation, as will be 

shown later, were molecularly identified. The 

genomic DNA was extracted for each sample 

by using GeneJET Genomic DNA Purification 

Kit (Sigma, 168 Third Avenue Waltham, MA, 

USA) according to the protocol supplied by the 

manufacturer. PCR amplification was done by 

using the genomic DNA as a template in 20 µl 

reaction mixture containing Maxima Hot Start 

PCR Master Mix (Thermo K1051) using the 

universal primers; 27 f (5′-AGAGTTTGATCC 

TGGCTCAG-3′) and p1492r (5′-

TACGGCTACCTTGTTACGACT-3′). 

Thermal cycling was carried as described 

previously
 
[22].  

The sequencing reactions were performed in 

a total volume of 20 µl (7 µl of the purified 

PCR product and 13 µl of the sequencing 

module) by adjusting the thermal cycler 

conditions as described previously [22]. The 

excess dye terminators and primers were 

removed from the cycle sequencing reaction 

using Dye Ex
TM`

 2.0 Spin Kit (Qiagen PN 

63204). The sequences obtained were analyzed 

by Finch TV (version 1.4.0) software. The 

isolate sequences were submitted to the 

GenBank. 

3- Priming of maize grains by the isolated 

endophytes  

A- Inoculum preparation  

The obtained 21 isolates were cultured in 

250 mL LB broth containing spectinomycin as 

antifungal [100 µg/ml] at 28
o
C for 48 h in an 

orbital shaking incubator (compact, model: 

JSR-100C/Korea) with 180 rpm. By using a 

spectrophotometer (Jenway, 7315), the optical 

density of these cultures were measured at 600 

nm and adjusted to 0.5 to get a uniform 

population of endophytic bacteria [10
8
 – 10

9
 

colony forming units (CFU)] for the inoculation 

step
 
[23]. 

B- Maize grain treatment 

Surface sterilization of maize grains (white 

single hybrid; Pioneer 30K8  ( was done as 

described previously [21, 22]. The grains were 

further primed by the obtained 21 isolates, 

prepared as described previously, for 30 

minutes at 28
o
C. Twenty surface-sterilized 

grains were transferred into sterilized plastic 

boxes containing sterile moisten filter papers 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/genomic-dna
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hot-start-pcr
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hot-start-pcr
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and incubated at 28
o
C for 96 h. The percent of 

germinated grains, length of plant root and 

hypocotyl in addition to the number of lateral 

roots were measured. Two controls have been 

used for this experiment the water control and 

the media control "grains pretreated with LB 

media without bacteria
"
[23]. 

Statistical analysis 

The obtained data were analyzed using two-

way ANOVA followed by Duncan's test at 

probability level 0.05 using COSTAT software 

program 

3. Results and Discussion 

1.Screening of endophytic bacteria for maize 

priming 

Twenty-one bacterial isolates were obtained 

from wheat and Phragmites tissues (Table 1). 

The isolates have been coded as indicated in 

Tables 2 for wheat isolates and in Table 3 for 

Phragmites isolates.  

Table (1) : Number of endophytic bacterial 

isolates from wheat and Phragmites parts. 

Plant 

parts 

Wheat 

endophytes 

Phragmites 

endophytes 

Root 5 3 

Stem 4 3 

Leaf 4 2 

For priming by wheat isolates, the maximum 

significant increase in maize grain germination 

percentage (98.00%), length of plant roots 

(8.10) and hypocotyl (4.00) in addition to 

number of lateral roots (4.70) was observed by 

priming with the wheat isolate B2L2 followed 

by MK2R2 then 2R1w wheat isolates (Table 2). 

However, a significant decrease was recorded 

in response to 2L3w in all parameters compared 

with the control.  

For priming by Phragmites isolates, the isolates 

E1S2 and 1R2p treatments led to a significant 

increase in all measured parameters (Table 3). 

Also, 2S1p and 1S1p isolates showed a 

significant increase in length of plant roots and 

hypocotyl in addition to the number of lateral 

roots. The 1L1p isolate led to a significant 

decrease in root length (3.45), number of lateral 

roots (1.86). 

Upon these priming experiments, it has been 

found that the isolates 2R1w, MK2R2 and 

B2L2 from wheat and isolates E1S2, 1R2p and 

2S1p from Phragmites were the best probiotic 

agents. In order to confirm these results, these 

isolates were tested again at the same time in 

one experiment. The obtained results were as 

previously obtained (Table 4) and the most 

affected parameter by priming was root length. 

However, the isolates E1S2, MK2R2 and B2L2 

were the most potentials (Figure 1) and upon 

that they were selected for molecular 

identification 

Table (2) : Effect of endophytic bacterial strains isolated from wheat (coded w) roots (coded R), 

leaves (coded L) and stem (coded S) on maize grains under laboratory conditions. 

Treatment Germination % Root Length (Cm) No. of Lateral Roots Hypocotyl Length (Cm) 

Control 85
cd 

± 0.03 4.35
d 
± 0.28 3.36

cd 
± 0.03 1.23

def 
± 0.03 

Media 85
cd 

± 0.03 4
def 

± 0.14 2.2
fg 

± 0.45 1.45
d 
± 0.06 

1R1w 80
d 
± 0.03 4

def 
± 0.27 4.1

defg 
± 0.2 1.22

def 
± 0.07 

1R2w 80
d 
± 0.03 3.5

fg 
± 0.06 3.2

cd 
± 0.13 1.05

ef 
±0.11 

1R3w 80
d 
± 0.03 3.4

g 
± 0.02 2.1

gh 
± 0.12 0.89

f 
± 0.07 

2R1w 95
ab 

± 0.03 6.7
c 
± 0.07 4.25

ab 
± 0.06 3.6

b 
± 0.16 

MK2R2 97
ab 

± 0.02 7.3
b 
± 0.09 4.35

ab 
± 0.06 3.8

ab 
± 0.13 

1L1w 85
cd 

± 0.03 3.67
efg 

± 0.03 2.48
efg 

± 0.06 1.13
def 

± 0.05 

2L1w 85
cd 

± 0.02 4.1
de 

± 0.38 3.7
bc 

± 0.37 1.83
c 
± 0.08 

B 2L2 98
a 
± 0.02 8.1

a 
± 0.2 4.7

a
 ± 0.07 4

a 
± 0.06 

2L3w 55
e 
± 0.03 2.75

h 
± 0.12 1.53

h 
± 0.08 1.13

def  
± 0.28 

1S1w 86
cd 

± 0.02 3.4
g 
± 0.06 2.8

def 
± 0.38 1.47

d 
± 0.17 

1S2w 80
d 
± 0.03 3.8

defg 
± 0.03 2.4

fg 
± 0.04 1.4

de 
± 0.01 

2S1w 90
bc 

± 0.03 4.2
de 

± 0.11 3.15
cde 

± 0.29 2.1
c 
± 0.09 

2S2w 85
cd 

± 0.03 4.13
de 

± 0.14 3.12
cde 

± 0.01 1.13
def 

± 0.01 

LSD 7.56 0.48 0.61 0.33 

The mean values followed by the same letter in each column are not significantly different from 

each other as detected at α= (p ≤ 0.05), LSD= Least Significant Difference. 
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Table (3) : Effect of the endophytic bacterial strains isolated from Phragmites (coded p) roots 

(coded R), leaves (coded L) and stem (coded S) on maize grains under laboratory conditions. 

Treatment Germination% Root Length (Cm) No. of Lateral Roots Hypocotyl Length (Cm) 

Control 85
b 
± 0.03 4.5

ef 
± 0.64 2.6

e 
± 0.2 2.4

d 
±0.22 

Media 68
c 
± 0.33 2.7

h 
± 0.14 1.6

g 
± 0.28 1.4

e
 ± 0.08 

1L1p 65
c 
± 0.03 3.45

gh 
± 0.08 1.86

fg 
± 0.12 1.6

e 
± 0.11

 

2L1p 85
b 
± 0.03 3.65

fg 
± 0.14 2.35

ef 
± 0.23 2.1

d 
± 0.12 

1S1p 90
ab 

± 0.03 5.5
cd

 ± 0.38 3.3
cd 

± 0.07 3
bc 

± 0.15 

E1S2 98
a 
± 0.02 8.8

a
 ± 0.016 4.9

a 
± 0.12 4.4

a 
± 0.11 

2S1p 93
ab 

± 0.02 7.3
b
 ± 0.4 4.1

b
± 0.25 4

a 
± 0.17 

1R1p 85
b
 ± 0.03 5

 de 
± 0.35 2.7

de
± 0.15 2.1

d
 ± 0.04 

1R2p 95
a 
± 0.03 6.2

c 
± 0.1 3.43

c
± 0.31 3.3

b
 ± 0.21 

2R1p 85
b 
± 0.03 5.1

de 
± 0.27 3.3

cd
± 0.1 3

c 
± 0.18 

LSD 7.8 0.9 0.55 0.42 

The mean values followed by the same letter in each column are not significantly different from 

each other as detected at α = (p ≤ 0.05), LSD= Least Significant Difference. 

Table (4) :  Effect of candidate endophytic bacteria isolated from wheat and Phragmites on maize 

grains under laboratory conditions. 
Treatment Germination % Root Length (Cm) No. of Lateral Roots Hypocotyl Length (Cm) 

Control 85
bc 

± 0.03 3.6
cd 

± 0.13 1.7
de 

± 0.12 1.6
cd 

± 0.07 

Media 80
c 
± 0.03 3.3

d 
± 0.08 1.45

e 
± 0.06 1.35

d 
± 0.13 

2R1w 90
ab 

± 0.03 3.87
c 
± 0.06 2.45

c 
± 0.01 1.5

cd
 ± 0.06 

MK2R2 95
a 
± 0.03 5.86

a
 ± 0.4 2.9

b 
± 0.2 1.8

abc
 ± 0.11 

B 2L2 95
a 
± 0.03 6.3

a 
± 0.18 3.1

b
 ± 0.16 2

a
 ± 0.08 

E1S2 98
a 
± 0.02 6

a 
± 0.25 3.6

a 
± 0.17 2

a 
± 0.05 

1R2p 85
bc 

± 0.03 4.1
bc

 ± 0.06 2.7
bc

 ± 0.04 1.6
bcd 

± 0.01 

2S1p 85
bc 

± 0.03 4.6
b 
± 0.04 1.85

d 
± 0.02 1.4

d 
± 0.03 

LSD 7.9 0.56 0.35 0.22 

The mean values followed by the same letter in each column are not significantly different from 

each other as detected at α = (p ≤ 0.05), LSD= Least Significant Difference. 

 
Fig. (1) : Germination of maize grains treated 

with the candidate endophytic bacteria A: 

control; B: media; C: MK2R2; D: B2L2 and E: 

E1S2 isolates. The germination percent and 

parameters were found to be at the maximum 

level in E followed by D and C compared with 

the control ones A and B. 

From morphology of the three selected 

isolates, E1S2 and MK2R2, have been regarded 

as Gram negative rod shape bacteria and the 

other one B2L2 has been regarded as Gram 

positive rod shaped one (Table 5 and Figure 2 .) 

Table (5) : Characteristic features of the three 

selected endophytic bacterial isolates. 

Characteri

stic (S) 

E1S2 

 
MK2R2 B2L2 

Cell Shape Small Rod Rod 
Irregular 

Rod 

Gram 

Reaction 
Gram-ve Gram-ve Gram+ve 

Pigmentati

on 
Creamy 

White 

Translucent 
White 

Margin 
Smooth 

(Entire) 
Undulate 

Undulate 

(Wavy) 

Texture Shiny Mucoid 
Dry/Roug

h 

Temp 28-30 28-30 28-30 

Elevation Convex Umbonate 
Umbonate 

(Raised) 

Motility Motile Non- Motile Motile 
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Figure 2: Cultural morphology of the three 

selected endophytic bacterial isolates (A: E1S2; 

B: MK2R2 and C: B2L2 isolates) on LB agar 

media and microscopic examination of 

unstained living cells using phase contrast 

microscope at 1000X. The isolate E1S2 had a 

creamy pigmentation with convex elevation, 

while isolates MK2R2 and B2L2 had a white 

pigmentation with elevation. All of them are 

shown to be unicellular rod-shaped but B2L2 

isolate showed unusual bicellular aggregations. 

Molecular identification of isolated bacterial 

endophytes   

The obtained sequence for each of the three 

isolates was compared to type strains in the 

GenBank (NCBI). The 16S rRNA sequence of 

isolates E1S2, MK2R2 and B2L2 showed high 

levels of sequence similarity to Enterobacter 

cloacae, MK2R2 to Klebsiella michiganensis 

and B2L2 to Bacillus subtilis respectively. The 

obtained sequences were submitted to GenBank 

with accession numbers MK574871, 

MK464251 and MK574870 respectively. 

Phylogenetics is important for describing 

taxonomic classification of an organism based 

on their evolutionary history (Figure 3) 

A 

B 
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C 

Figure 3: Neighbor-joining phylogenetic analysis resulting from the multiple alignment of 16S 

rRNA gene sequence of endophytic bacterial isolates A: E1S2; B: MK2R2; C: B2L2) 

Discussion 

The use of PGPB is currently gaining 

worldwide interest as a promising alternative to 

the chemical fertilizers and pesticides. PGPB 

may employ different mechanisms to promote 

plant growth [24, 25]. In general, a bottom-up 

approach is employed to select strains, which 

are promising for field application. Initially, 

laboratory based tests of various activities 

potentially involved in plant growth promotion 

are used, followed by field application [26 - 

28]. Many studies have been performed in 

different species of agricultural interest, like 

maize [29, 30], wheat [31], potato [32], and rice 

[33.]  

In this study, twenty-one bacterial isolates 

obtained from wheat and Phragmites were 

tested as probiotic factor to enhance maize 

seedling growth. Among them, three endophyte 

strains showed high plant growth-promoting 

activity. The molecular identification of these 

isolates showed the sequence identity of E1S2 

to Enterobacter cloacae, MK2R2 to Klebsiella 

michiganensis and B2L2 to Bacillus subtilis. 

In this study, the identified strains might be 

able to produce some growth regulating 

hormones such as auxins based on the 

significant increase of germination percentage, 

length of plant roots and hypocotyls in addition 

to the increase in number of lateral roots by 20-

50% compared to the control. 

Enterobacter has been recognized as 

endophytic bacteria in several plants such as 

sweet orange soybean and other crop plants 

[34, 35], as well as maize [36]. Species from 

this strain have been identified as plant-growth 

promoters as they have multiple growth-

enhancing activities [37 - 40. ]  

Phytohormones such as auxins, and 

cytokinins41 can be produced by Enterobacter 

spp. and enhance plant root growth [42]. 

Enterobacter also promotes growth by 

siderophores synthesis [43] in addition to its 

ability to fix nitrogen [44] 

Several species of Bacillus have been 

reported as maize kernel endophytes [36] and 

they have been isolated from sweet corn and 

cotton [29]. Among various reported plant 

growth-promoting and biocontrol bacterial 

species, Bacillus showed the highest 

potentiality at in vitro and in vivo assays [45]. 

It has been reported that B. subtilis produces 

various phytohormones such as indole-3-acetic 

acid (IAA), cytokinins, zeatin, gibberellic acid 

and abscisic acid which transported into the 

shoot through the xylem, delay senescence and 

thus boost production of lettuce, tomato, 

cucumber and pepper [46, 47]. Some 

rhizobacterial Bacillus strains have been found 

to promote plant growth by releasing volatiles 

[48]. Also they have been reported to enhance 

growth in crops such as corn due to the 

production of growth stimulating hormones 

[49] and phosphate solubilization [50]. 

Some Klebsiella species are found to be 

naturally associated with plants as beneficial 

organisms [51] for their ability to fix 

atmospheric nitrogen [52, 53]. Klebsiella 
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michiganensis SBP-8 has been regarded as a 

potential PGPB for its 1-aminocyclopropane-1-

carboxylatedeaminase activity beside its ability 

to protect wheat from salt stress [17.] 

The obtained isolates Enterobacter E1S2, 

Klebsiella MK2R2 and Bacillus B2L2 showed 

the ability to promote maize grains germination 

indicating their significance as PGPB. Their 

characteristic plant growth promoting activities 

as well as their effect on maize plant under field 

condition are being studied. 

Conclusion 

Summering up, the obtained data from this 

study showed that not all the endophytes 

obtained from wheat and Phragmites were 

compatible with maize as probiotic agent for 

growth. The isolates E1S2, MK2R2 and B2L2 

those are closely relevant to Enterobacter 

cloacae, Klebsiella michiganensis and Bacillus 

subtilis respectively were selected as the best 

maize growth promoting bacteria according to 

the results obtained from the preliminary 

laboratory experiments shown in this study. 

These results pave the way for using these 

isolates to improve maize growth, a study that 

is being carried out under field conditions. 
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