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1- Plant growth promoting microorganisms
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3- Polymerase chain reaction
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1- Biopesticides
2- Indole-3-acetic acid
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1- Colony forming units
2- Rennie
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3- Tryptic soy broth
4- Salkowski reagent
5- Exopolysaccharide
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1- Acetylene reduction assay
2- Gas chromatography
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2- 1,4-piperazine-diethanesulfonic acid

oy

e L 8Y ity il B dise eds Ol
23 ak B Y Sideay 5 byl do 55 AT J 5L e
s B o gl A S sk 5l 00 TpM
051 33 el O Dot S e il g 3 e ile 3L
Oy Ao esls Sl 3 geda az s 00 gles L
Ol Qg 5 ol (5 Se3lhl Cgm,y ol S

A u,':)\}?gl'] <300 EPS W g
Sl S olad Pl Glls (g ,Selul
23 ekl iluldr oL S lag s GUlS o)
1)) el S Lame Sl T Slis JYl
VY i a0 SIS S e ol
0,5 Vo LaCly o 5«18 MgSO4THO 3
oslized (VY PH 5 e O 1) e Veve colisd
L S Dl S e Vs
iS e ) Jeo Yo 4 CFU/MIN Y Cones
YA Gles 53 55,805 0 Cdeay 5 LS 03538l ol
WWeorpm s b Sd SO Say g egeede 4200
O gm0 e Yo aalsl s al esls 13
Verre Ipm S b edd a5 Jbs o 6 SL
S e s S mle agds N Cdew
3ol ay; A YO IS 4 ) sl
Sl wspel Gome i he 0 0358l 5 ey
Lt pe Ad slilay e a4 ke OF L sl
ekl edls I3 i b3l glos ys aids Yo Dodeas
L el 8Ve e dsb 03 5 o e e
S o Sy T W [
Lkl o b odr gl avslie b i D
DFLS okl oy ol edd e
13,8 S g1 &) pma 5 anls KHLPO,

(Yq)

1- Sperber



ol ySod 5 55U oxee sy iles dllawsg

doys +/v0 (v/V) NP40 pH= 4 L V+ Tris-HCL
s Se 0/0 Jdsys 2/v0 (v/V) Trition X-100
el s 5l s S +/0 (/Y mM) dNTPs
Taq DNA polymerase ;)5 S +/Y )+ pmol)
V4/4 4 (CinnaGen Co., Ltd. Iran) (6 U pl™)
pll Ll s plnil Ot Jade O 2ds S
Tadsl G gy s S S 5 &) sea PCR
Voo s a2 ) Gl e s AE o
VGl ek s AF 3 il at
5 4i33 ) Gl g 453 00 5 Tl i
BERPIT A NP VU WP PSP TR 1
Slp s a3 VY s G605 aaS ol
ai3s Ve

S5 el 2SS 5l Jel PCR o
VY 55,81 J5 s 5ol dew s 16S TDNA
DNA Safe Stain L sl s IS, (V/V) Ao s
«/*4 M Tris base) TBE (1X) 3L s
L Yo mM EDTA ./+4 M sodium borate
e3ls jae Sl ) e S5 Ve 5L, L (pH=A
o3lizud b 5 0 OLLs UV 5 i I e
(TM1200) Alpha Imager Sls J5 o&ews
L o S5 aglie 38 S U5 gt
2S5 SOp) 5L s Vor e o3lul 4 DNA S
Sl L 1 55 sy se i
(5P WUT 5 lag 5SL16S RNA 05 b JI s
ol 16S TRNA o5 i3l Jol> PCR J o
sodd palls laalls oSl eslinad L by 5
sy oS Bioneer oS i 4 JIg s sk
G5 AS 5 Mg s Sl 5l e s S L

2- Initial denaturation
3- Annealing

4- Extension

5- Base pair

oy

e sl VU Jlows £ 055 0lal 51 g

53 A 63553l el ga 3 gloee 5 3L Jglone 4
ol bl Oy 5 el 053 pae Lol en sl
Gb s s wlsl Lol 4 Fe-CAS G me J o
sl A S )

« CFUMI V" Comar b oL SU 0 gl s

L3S SRy SRR

ciS b Ll Sk o @SS g,
L oSSl G 5o 55, T-0 Sdews 5 4y, CAS
LUls s 8L S e s YA sles
3t e SO i Sl stk M
S Ky ol A ol st o
S Sk 55 5Pk Sk WS me 4 200
A
1as L 168 rRNA 03 255 5 DNA ] sl
S e o S bl LS asw Ve izl s
S ke YO 55 b s ol s Ol oS i
\‘io,ugwju.ig;s\LBcﬁiSJaﬁm
Sl S S50 s a3 YA Sles 3 sl
glAsel sk Lad SE Y 1pm e L
DNA szl oS § las,SL _ey5 DNA
!z «8lus  ba (CinnaGen Co., Ltd. Iran)
A Gl el e 5 Sute S slags S
27F _oses s S5LT 51 16S IDNA 5 U
5 O-AGAGTTTGGATCMTGGCTCAG-3")
(§'-CGGTTACCTTGTTACGACTT-3") 1492R
YY) s S el

GTCI6S JSluse 5 K5l eslizal L 25
b s 15 S Yo s (Cleaver Scietific Ltd.)
Y/0 (0+ pgml") DNA )y So v/t Jols Sy
mM 0+ KCL mM] 10X i o s 5L als Ses

1- Luria-bertani



IAR (V) o5l 3 +) s plasly g 9SS Catpaite @y puid

53 SSke eSS 5 (U Log CFU/g leaf)
oalis (¢/¢) Log CFU/g leaf) olisjs= Ol
oo Nl R pemer () JS9)
Ol 53 s, Ol Ol Sl ey ags St
S SeS Gl ssba &S A ealis 58
Ol ol 31 5 5y 5 5o, Olul = Ol
[CRPWINS CL" e o | GOV e gt |

bl R S Gl g sla sy
Ashd 03 plSL melr s 5 1 oWl
LJL:A Q\y&@ (Yf, 9 Y AY A LV) .,\..:\0.5\2 QL.:..:
Cilize ba S s (g hegkd slas SU cﬂ\j}:
Lo g alin Hlan O SO s Tamarix o s
sble s &S Tamarix wlis b S ax S
\J>w.a ;s'iLiJ:‘SL’ Cﬂ‘j} 6‘)‘3 J.;'lebjs .,\..2) g_.d.txd
S Clly g Al sy ol LLOY) Koy
Wl S80S Ll sblir Ciltie gbla s
Lo ug:,.gj.lo) L;wjlmb cL;Js.;)L. cg):..ll...: 6‘)}[.0 axdl
CJ_}LL?A }JQ\)) Q,.:J.:J..a Sl C‘y c)L...i‘«jJ;
S SL S5 s e 5 s
S s e Jlazl LA sl SIS 36 a5k
BE L—i\j‘;’ ‘5)“].34.})&4' QLA)) Q)SC,.J,SO))J BE
Awskd 53 St ¢l Sl Ol
d\ﬁ;dk;\.wlemﬁﬁé@ﬁu@sp
Syse 2 LSSL“))U&\ cj.;é:;b J.:.M.L':' 6‘]; 9 J&.AJL;A

k3

5 ok Lol Vector NTI Bl Lo g bad s
e el it s a6l S8 g S
5l estizal UNCBI oL s KalS g JIg pl
Sled Lud awslis 5440 sla JIg L Blastn
fS ,a gl 168 TRNA 03 sl Ji5 5l ool
5 ol oKLl Gk 5l oS glaa e
s ol o MEGA 5.1 51580 5 SKaS a0
Lods el oo en (680 a5 T Gla I
dewsts SBiskd s Gl Sl Sl eslal
Ol G Olje 5 o MCighbor joining s,
o 5 0L s (8Y) WS e bootstrap s, L
Sl el giluldr oL SU clag s slabil )
GenBank s ol 16S rRNA 5
o (http://www.ncbi.nlm.nih.gov/Genbank)

LONEY

sty Ol 1 S ,a ol \w)u"w—’ ooled
el

Sy S e S Shs e sl ol LT
o3k S = b 5l e (3l (slags St oS
Golel e s 5w s eslinal LSS YL
5 SAS 9.1 Ll sl 5l eslizal b Laesls
g 5> LSD 0sa3l ln » LappSle alis
W ¢t>_u'\ Aoy 0 Jlax|

o g b
3 S sk L g YEY tlags S (s 3lalit
A0 AY I Olal 55 1l i ses abais V)
Ol Gl glaoliad 51 s S 4 s £ 50 08
bl (058 5 ol Ol (s 58,5 Olul &
S cls B glag SL Sl sl
;.&.l:m&lal;ﬂw);)ﬁzol;Agbm\&_
Comar 30k op S ke 3y Ssline Okl K

Sxos Ol Okl s jasdd e sSU

1- Accession number



ol ySod 5 55U oxee sy iles dllawsg

101

cd

Log CFU/g leaf

PLELFL.

O g, Ol &

T T T
Tehran Khorasanrazavi Alborz

P

Ghazvin Khuzestan Fars

S 55

9P ol

SNl o kiasOlis D gline By o . ilitee glallinl ) sl bl (5 0w s slas SL (Log CFU/E leal) come -\ IS

ol dile s OLES O (59, b 9 Ao s 0 Jlaz ch.u 25 Jls sme

Figure 1. Population (Log CFU/g leaf) of phyllosphere bacteria isolated from different provinces. Different
letters indicate significant difference at 0.05 level and the line on the plots represents the median.
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Table 1. Compare mean of measured properties of bacteria strains isolated from maize phyllosphere.
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-: negative response, +: positive responses and ++: strong positive response. Values are the means + standard deviation
(n = 3). In each column different letters beside means indicate significant difference at 0.05 level.
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Figure 2. The 1500 bp band amplification of the 16S rRNA gene region of the isolates. Numbers 1-10 represent
isolates of KHU32, KHU19, KHUS53, KHO51, KHO47, KHOS7, ALB32, QAZ26, TEH15 and TEH36,

respectively. M is a 100-1500 bp DNA marker.
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Table 2. Bacteria identified by 16S rRNA gene sequencing.
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Similarity (%) Closest NCBI strain and accession number Accession number Isolate strains
100 Pseudomonas putida KX349990 MNO099371 ALB32
99 Microbacterium arborescens KX404917 MN099379 KHO47
99 Bacillus pumilus KY316438 MN099364 KHOS1
99 Pseudarthrobacter oxydans MF077207 MN099386 KHOS57
100 Bacillus megaterium MH064437 MN099367 KHU19
99 Bacillus subtilis KT985358 MN099359 KHU32
99 Bacillus paralicheniformis MK070086 MN099362 KHUS3
99 Stenotrophomonas maltophilia KX018308 MN099392 QAZ26
99 Enterobacter hormaechei EU239467 MN099393 TEH15
99 Kocuria polaris KF924218 MNO099382 TEH36
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Figure 3. Phylogenetic tree of bacteria identified based on 16S rRNA gene sequencing.
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Abstract

Background and Objectives: The plant growth promoting bacteria (PGPB) inhabiting the
phyllosphere of different plants provides a tool for more efficient use of bacteria as a source of
biofertilizers. The use of molecular technologies leads to in-depth research of the phyllosphere
microorganisms and may provide new avenues for the development and validation of modern
agricultural operations and significantly increase productivity. The aim of this research was to
investigate the plant growth promoting (PGP) traits of bacteria isolated from maize (Zea mays
L.) phyllosphere cultivated in different geographical zones of country (Iran) and their molecular
identification by 16Sr RNA sequencing.

Materials and Methods: In September (2016), 116 samples of healthy mature leaves were
collected from the maize fields located in 6 provinces of Iran (Fars, Alborz, Qazvin, Khuzestan,
Tehran and Khorasan) and then, phyllosphere bacteria were isolated from them. Growth
promoting traits of bacteria including Indole-3 Acetic acid (IAA) production, organic phosphate
dissolution, siderophore production, exopolysaccharides (EPS) production and also nitrogenase
enzyme activity were measured using standard methods. Superior strains were identified based
on 16S rRNA sequencing method.

Results: The 10 from 242 bacterial strains isolated from maize phyllosphere were selected
based on their growth promoting traits. All strains selected demonstrated nitrogenase activity,
organic phosphate dissolution and IAA and EPS production capability. The highest nitrogenase
activity (70.31 nM ml" h™) and organic phosphate dissolution (75.05 g I'") were observed in
THEIS5 strain, while the lowest amount of these properties belonged to KHO57 (5.55 nM ml™ h™)
and KHOS51 (15.90 g 1) strains, respectively. The QAZ26 and TEH15 strains had the highest
amount of IAA production (31.56 and 30.00 pg ml”, respectively) and the ALB32 strain
produced the lowest amount of IAA (4.50 ug ml™). The EPS production by strains ranged from
0.120 to 1.805 g I"'. Among the strains investigated, only KUU32, KHU53, ALB32 and QAZ26
were able to produce siderophore. 16S rRNA sequencing revealed that the 10 strains selected
belong to Bacillus, Microbacterium, Pseudarthrobacter, Pseudomonas, Stenotrophomonas,
Enterobacter and Kocuria genera. The Bacillus with 4 different species (including Bacillus
subtilis, Bacillus megaterium, Bacillus paralicheniformis and Bacillus pumilus) was the most
dominant genus.
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Conclusion: Based on the results of this study, Bacillus was the most dominant genus of plant
growth promoting bacteria in the maize phyllosphere. Among the isolated bacteria,
Enterobacter hormaechei TEH15 was highly capable of nitrogenase enzyme activity, [AA and
organic phosphate solubility. Therefore, this strain deserves further research in greenhouse and
field studies of maize cultivation and maize family plants.

Keywords: 16S rRNA, Enterobacter hormaechei TEH15, Phyllosphere microbiome, Plant
growth promoting traits
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