- YEo o Sl S 0,kowd care W ¢ S 320LS 45 (dannt 5 50

FECRIEN
& Ol bdT Okl 30 19! Cudgnil S b o lubd § il

2 il el gal & oumi pl s 5 b1 debold < Mlghul (5HICE el ! Ol ygw (5368 plall o

Ot 0l et O g5 oty odhanl 33T oKl (5 ) g3 ,Sen 03,5 Skl (5 587 (s gomdils s 5 44— ¥ 5 )
ég)\).g_? %;)’UL:S G}j}d:)}ﬂT GQLS.:.;:J QLA)L.»' t)}i{ éﬁ'};a\:f QLE.:bJ Wy)\iét.w| L)W‘} c)li:l:.-ﬂ‘ g_,..‘...':'j: Q—Q)F Al

Ol !

azshek5713@gmail.com : fues! «0Mgiul (5, K rE.;l SIS J e

AANANAUSRFEY S A VEC VN 3l 5 Gy

o>

e

Olgea alpn 5 ST cobie ol s bl o8 Olbmly3T Okl 5035 Ol 53 5558 SV e o i ogn 51 (S 5!
Gladle 3 535 s 1) Cudsil Sl 3B 5 s STL 5l (s £55 gmamen o) & LT Sla 5 oo o gmimn 0T A 5 s
Gl S plelks Jrasn cpl 3l O (sl 43 8 15 a5 3550 0T 53 T e 3 Shes 5 sl i 5
33 5500 ol w5 e gla w5l sl (6Ll BV candllas ol 53 g o 20k Okl s Sl b sl
05051 5 S pshe ool ) cCamlus G S5 dhox I ol g Slogast o b (g5luli )TN JL
Sl AL e 035l i plasil s STU 655 p SSYS 5 DT Gy Glae 3T A5 GUl5 5 n) o Ol
Pseudomonas s Bacillus (gls i di aseie 5 Lus Ol 16S IDNA asb (0315 cponi olal p S oS50 olulis
_~= s Frigoribacterium faeni , Bosea lathyri 4;}? 93 Hls edd gLl laaldes o g ris Sl B
GBS Sl plemen Lgh s 3s 559l gl slas ST Olgea Oyl s L o3l sl Stenotrophomonas
L Chaetomium globosum s Fusarium sp. (Cytospora chrysosperma  fsls =, 45,? aw (S9) p b sl Slas ST
Pseudomonas kilonensis «Priestia sp. Juli s 5 4 Gl455 Gl43 GI6 alus 4w 5 A Q’\”J\ bl i8S Gy,
(b sl Glag STL Caenl @ a5 L sl Ol Lzl oyl Jlae s 1y s, Lf,u)b,'p Sl o i Bacillus sp.
IS 53 b SL cpl 5 015 oo O 4o 53 & s oo i (605 08 LA il Gl 51 T glulis 5 (ilulur

gmd pland U8 Gl ol 02 Sl 15 0T 503 0 0 OALS (sla 8ol o5

S5 g DS e B 16 gl s Sl s 05 Kl 6 STL (b sl 1 GAS™ (S0 319

Slsr 5 ST 5 o2l G oLl Coundsn (r3ls [
M5 5 5y okl 51 S iaslaS ¢l el
Wy 5 a8 5 b S NVAFO L 5 03y S
Mg slacds I (S Olssa iJpame 5 14VARD
o daly IS Sllas s sl e g ke S
) Sy sbas el odd DU OWLE 5 b 15 o
5 Al age i olE S 4t x4 Slasrge,
(Turner et Lo o5} Ll 5 sas (ALE OLjae LOT O

doddo
Vitaceae osl il 1 LS o 5 e ld 5 LSS Sl
N game op5egr S S 5 AL e Vitis i
(Setan 3l gn 5 s alty 5 51 U s OT 0500 5 0350 (555l
wns 53 Olgz ke 5558 03 5 (S Ol 4 01l
389 ST g Ol ki 5 03y e (A5
A0l 3T e ol s (FAO, 2018) 15 ol

L5l STy ol s OT Csllas Conds s 4


mailto:azshek5713@gmail.com

w959 gl (S5 S (alwlis g (sl 1ol en 9 ol yem (5589 WY

cbas S 45 edsi.  Chaetomium  globosum
S asl e 0WLE s ssley slag,6 i Cytospora
P igh o 0l s o Sl 5 8 e el
s Cytospora cincta <8 55 (Y)+) 0L
Ol 53 6347 la, I 51 1, Cytospora leucostoma
23 Gess &S5 s (YN Sley s byl s ST I
Ol ys 1 odd lus Cytospora slaalias Ol 5 Jled
2 SIS Ll s s aleT (b1 Jiss ek L LS
Sspot domd 5 o> JlF sy sy oS Sl
§8 4 sy edalie b 5800 Jlss edle L ol
Cytospora L ¢SG5dsse 5 S5 olulis 5 0T
g6 wdlas & s .oils ks chrysosperma
35 1 (e e 51,1 sla Sl 51 Fusarium sp.
s 2l olen SO L LG o0 2B opl & AD aiia
b sl (Akgul et al, 2019) s 45 (g5lew j9 0 4 e
- Fusarium lateritium 4 Fusarium proliferatum
59l Solewr ade S8 sy Julge Olge @ il
Compant & Mathieu, 2017; Mondello et ) . 5% ~ o
55 0blE i baes Chaetomium . .(al., 2019
RS 50 dlé b a5 o380 Clbles 15 5ley Jolse
Cool ok o3ls Olis puomen 3y iE SO5 e
Neofusicoccum i, 45l g5 o Chaetomium glaald
slyls s, 1 5l & 1, Diplodia seriata 5 parvum
(Silva— was ialS il oks a1 Jigs e
las SL 6 K& 51 Coas Valderrama et al., 2021).
Sl Sl w,, Chaetomium zb e
ol 2B ol ade et il sl slags ST
25 7S 5
2058 GVsb Cads b e Sl 3 0L
ol 03 Lsles Jolse 3525 o GULIS 5 0Ly
S S bl Gl Gosdoee Sl i) ¢ s
38 Syge Oyl Calies laoliul s SO byl
5 Gl e Cpl 1 Coda (il ol Ll
Ol Calzinn Gbla 5155800 b sl sl ST o lulis

lhond s Dl szt sy Cpiomad 5 g8 Ol )3T

ot Jil & glaensl S al, 2013)
a2 Sl D3k L p (o ol J5s 31555 (S5
sl Olgear Lyl sll 0T 3 ol oMo 65
O 4 bz, (sl el ol 1l 55 o oal
3 badas Lol sy s olE 3L 033 3 & Sy e
G135 53 & 15 S 5 S s
S Tl s Jseme (CBls 355 AL il
e a3 e 55 (S)BAT w5Ve b5l glags ST
Schulz & Boyle, ) ol [Sie T Cure e
LB g5 OLLE o s Cdsll sl SL (2006
Olglp las SSLaS (g b 4 das o QLS 1y (sladbe>Ms
e Lokl Olge 4 e GBS 5 b
las L ol .(Bashan & Holguin, 1998) Ll &
L s oo AL Oljee 3L sl by ol (S
dil et ALE 03l 5l 4 5 gdoee LOT S e dtels
25 Cwglas il (Kobayashi & Palumbo, 2000)
e Sl Jalse 5 AU hilen Jlss sl
oromen 3 Vb glos 5 STl an il ¢ (5 5 o St e
Khan et al., 2012; Santoyo et al., ) olS s, S o
b 515, ) e s S35 Olge @ (2016
Sl gopy i 35S0l (Slacad sl .l 0l &S
GRS s Olsie 4 T A8 &5 bl (e sen
S 4 s b slacd e iS5 5 olS s,
S bl Slags ST slaesl sl (o e 51 aCenl 0
— ke OB 4 LS s T el
Enterobacteriaceae  «Comamonadaceae Ol g
Neisseraceae Pseudomonadaceae [Moraxellaceae

3 ru f, Streptococcaceae s;Sphingomonadaceae

Zarraonaindia & Gilbert, (Pinto & Gomes, 2016;
B Sl gyl s sl &S5 4 4 5 L 2015)

Wil AE Gl Jelse e LSS
LT 5 Shes s I glald sl > )Bus Casls
Olsys Gl ek (lels 206 45 4w

s Fusarium sp. (Cytospora chrysosperma !



Y

YEeo Jl,w “.(\L b)lb&}&p@él?‘&}iblﬂf)b M})L&A

Je o pmedan 453 =Y 5 5 4 b pad 5 LN 4 sai 4

LA

(Hypersensitive Response > 899 (as719
Test)
O Sl s (Cwla 38 LS CL,'J sy
%’Tf':sg_slt‘ﬁﬁ J}L«:\'A Sy Loedd T L5f§l{
1 &S by OT 5 s San Vet g ags Oy s
St by S 5 0dd G5 055 amalS slaS
G”Jﬁ%w@\'a;ﬂ}‘_gW)Jgé)}nubVY

W) ) edkd e oL ST glas e 55l pis

(Fluorescent on KB) cuw ygld Camols oy
CiST 5 e iy o ey sk 4
B FA Sdeas ey King B ciS” boes 655 5 5,5
et 3 L8 8 515 gk y5 YA les 53 el VY
eon UV) iy sl L5 55 Slsly, b

AL

(Potato soft rot test)  swe ) wmw Oiled Og03T
o ) e e S S ol el sl

by 5 A el S S (S Slabis 4 stz
ST sl s 4 S 53 5 Gsieds Loy Ve S
Ojgm 3 oslimal b aalsl 3 i 8 415 el Jade
S e GBS S 2 S Lol S I b sl
U YF Cdeas lags 9 ol 03ls S8 (6las 0 Oy smas
)J.&Md)\b&ww@)JYA&\A))A\L&L&F/\
by oo wdl Ba8 Sadl obiy mb

s gl e i pde b J i Sy

balar glowge Dhogas (w5

Sl S gbedsn GBS Hs p e
0 ST, i oedle wdd (il sl
Ol 8 Oz SIS GYBST gladse 5T
55 Jgene sl gy bl 5 55,7 asde 5 Sl
.(Schaad et al., 2001) s ploxs! A ki S

gt sl Fhy sl ng Lol )5 o bds
Loojobe 4ol 3 Alg e o SLo ol oudy
SIA e e 5 S LS alE b Sl

.)ﬁ)}i\d}&:ﬁd)jaﬁ

B 595 9 g0
SIS g diged

Ol s adsy 5 a8l gla idw 51 YA ole OLT s
bl Calme Gble s Wl GOLSTE 5555
(b bl slas STU (gilula shte 4 )8 Olaml)3T
Sty sbanS 55 badigei 5 b plol ()13 1 4 pod
@'cgd;bw&\;,:,au 03ls 1 3 Iime 5 jued
L Jame oSt LT

Cad gl Sl L Silulua
s Cod skale & oddlor 4l 5 Lo Glad sl
Dlabad @ o 0 031 it OT 0L 5 o
plost LT (g5) (Jaieds oo 5 0dkd i ;S S
Oode 4y ez ;3 Ve J bl jo adiged S i opl & ¢l
5 RS> 53 Oe 4 43 O e Cu S g (alds 4w
03 5 odkd g abge drdy 93 Dde a4 Ao s Ve J b
(Costa et wus azud o 2l ade OT L L 4w Sulg
T o3l & olaks 4 & b bad gos caslsl s al., 2012)
Seie ST ool g OB s e 5 55 e e
Soldie Bl ol bl OT 51 aids Yol day clids gab 46
CiS Las (G55 (e Duge 4 s odd iy 0L
Las oS Nutrient agar (NA) 8T oo g
3 YA bz b L 5L 5o kel sl glacly
ke 4 LUl L;Jb&}”cu_.bmo.quw
ol 5 Ky (JKo b glaaS ) daaldr il Lalls
68T 5y S b ggy 5 olks bl O glize
Sde Vb o )1K gl s F ciS bt e
Cojp i8S lamee p3 i Ah) Gl e g ST
Voo mdS do)s #0 els (51388 Jdoue (il
Tris—=HCI pH=8 1M &.p,s Y/6 5 MgSOs 1M wws >



w959 gl (S5 S (alwlis g (sl 1ol en 9 ol yem (5589 e

sl S S T JgTg0 (Ll
Fa b 6 SL (555055 DNA (giluli
2 SASLE i e A el il i CTAB
Sy s i el S (NB) &l s 5 g8 CkiS s
448> T e Yorre IPM Co e b adisas ()
VOr )3 adal Cews 4 gy e 5 okl sty Sl
\ 5 pH=8 L Tris HCl ,¥ 0 Lo V) TE 3L s See
035 Lol 5l dn g ses b3 & J (EDTA Ve s
BRIRFIRR R AR L NS TN APPSR £
wlol b aalsl ys . ul 6)"& g = 53 YV (gles
4w U e Se 4 ki 505 SDS 10% s S B 03 7
eSS b w55 gk 453 0F ey > Sl
Ve 0 NaCl 2ds Ko Vo v o 3,8 Sy g sk
AS NV e A o o 4 L bk
CTAB 5 \+ 5NaCl p 5 ¥/\) CTAB/NaCl J s
2 el ¥ Sl a el ki OT 2 de Ar s
@ Jskee g e g 0ds Jo gk 4253 7O (les
Oode 4 g okd Bl ag god 4 (A3 okl ) o Voe
35 hE (6l S L gmakes a5 O (cles 43 4dds 0>
4 VP s b S ST sbp 5080 S 5 sl
S b 4ids 55 Sode 4 kel U3 S LS| bk gas
A ks § gty Sl gendis a2 55 F (gles 5 VP v erpm
YL 56 4 wEl e B an fold Ggad a a6 ol
A e a s atih bdsal o) mle ol
oS58 3 dm ki ges 3§ Ll T & /N e bl
I g a s =Y s Cele & il Se 4
S b4y 55 Se 4 I3dowe W gad limy ot
Al Jet Sl wgead a5 Fogles 5 VFererpm
0v 335 8L S DNA sl & Jol> g,y
sin & e 3 0kd o bl 05ims ST il S
L 16 pm 51 ol b CaS i 5 kS
1N 58T U5 S35 5 50885550 Gr b 5l s likal hale

Slp s a5 =Y Gles js ladises S L5

bug ke Sbm Pl W 2blg )y
b loe
ey m 3T g

Lo 51 Gy, w3T Ay U5 0 S
(Skim milk agar BT > 0sb Sist b oS
Sl CiS 5l ey Al eslaal (SMA), Merck)
YA sles 53 s s b SMA LS Lo 55, 6 STL
33 Lkd (15855 Sl VY B FA Soke 45 o gonden 4 5
s SAL S SIbl s Slad e S o
(Castroetal., 2014) 5 S 4. |, g5 ﬁ;T
ol 2 3T g

walts CiS Lo 31 (3Nl CIlb ) 6l
51 das .45 eslizal (Starch agar (SA), Merck),&T
G b SA S b 655 6 S L gl CiS
Celo VY B PA e 4 geds o j3 YA (glos 55 (6
55 oLt Al slowl dlagg STU i Gy Likd (6,154
S glon 038 6Ll 51 day bas ST ST ol bl
(Hankin & s ;5T ﬁ;T sy 3l Sl ol Aoy
Anagnostakis, 1975)
Yy m 3T Mg

<! Gelatin agar (GA) J8T 5V ciS Lo |
S G ey A eslamal LY m;T Sy sy
Celo FA 5 GA i8S L s 5L laalis
O5Y5 0dd e r g 453 YA gles ) &
35 30V 5T sl ali3 CAST Lo 55 5
.(Balan et al., 2012)
ied 2 3T g

CiS Lo Sl Glid w3 Mg e e
Egg Yollk Agar (EYA), ) ,ET § e o5 3,5 sl
S Je el T L ez plasil sl ks o3lizl (Merck
2 s Lo 6 Do 5 bl sy 50 o ST
S ole FA B YF I ey ks osls 0iS cdaes (55,
53 Ole Al yeh gk 4y YA los 5 5yl
s byl O3g Cuie eias Ol (S L ol b
(Tille, P. & Forbes, B. 2014)



VYo

YEeo Jl,w “.(\L b)lb&}&p@.ﬂ?‘&}iblﬂf)b M})L&A

G ST Jaes bglies g5y p Jline i8S 2y,
<% 5 $ 5 (Potato dextrose agar) 8T ;5 2.8 ey
A ikl Jasdly ses Hldis o)) A eslizul BT
4 (A8 L 4 5 S e ST Glakaome Sl plS
e iy s 6K S 5 ot (28,
odd agd S S 0o oy OB iy gy S
kel o b e s w8 5 (PDA+NA)
s Vehefuiml Clle b oo i s 5STL O guaslow gur
Olsie 4 s osls 13 256 Ss Ol bl I b ler
Bl S Lo 55 ol @ T Ss Sl dals
3 YOEY (slos b 5L sl 3 (58 g b . oslina
5l cele VY CtdE Sl e s 6,158 s
(Moreira et s § 1 5w 350 A pide Ala sl

al., 2014)

R

Pl

Cad gl Slas L Silulua

5 b SL sl wlds Y i adlas ol s
(s Jals g Olml3T Skl 5o Sl adlate 035155
(S o> S5k by Olle (Il il a5l
35 s e enljelel 5 b e Y ks (g S
OLEs Olwl a2 (535 p i pad (3l Gblia 5 S5

(\ JQJ) Sl ol 031>
b d
.9

v

%
J Q Mahabad
?

okds o (Slad gai o Ldl jhor Comdge ais —\ JSCa
s Olamby3T olwl )

Fig.1. Geographical location map of samples from
West Azerbaijan province
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Tablel. Biochemical characteristics of the endophytic bacterial isolates

Positive

Negative

Biochemical tests (Number of isolates) (Number of isolates) Not tested
General Test

Gram reaction 38 29 0
Catalase 55 12 0
Oxidase 50 17 0
Casein 31 36 0
Citrate 15 52 0
Esculin 44 23 0
Arginine dihydrolase 7 22 38
Levan 3 26 38
Potato rot 0 29 38
Fluorescent on KB 5 24 38
HR 0 29 38
Gelatinase 43 24 0
Protease 17 50 0
Amylase 32 35 0
Lecitinase 3 64 0
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Table 2. Taxonomical assignment of the endophytic bacterial strains

Isolates Geographic origin Variety AC(;\fgS'On Closest phylogenetic relative Idf(;:)'ty
. . Seedless ot
Gl6 Dizaj—West Azerbaijan . 0OK?284462 (MK318791) Priestia sp. 100%
Keshmeshi

G116 Dizaj-West Azerbaijan ~ Red Keshmeshi ~ OK284463 (MG709195) Bacillus sp. 97%

GI26 Bilukeh-West Black grape ~ OK284464  Agrobacterium tumefaciens (KP744141)  100%
Azerbaijan

GI36 Khoy-West Azerbaijan Asgari 0K284465 Stenotrophomonas sp. (MK737140) 99%

Gl43 Oshnavieh—\West Seedless 985051 Pseudomonas kilonensis (MK263024) 100%
Azerbaijan Keshmeshi

Gl44 Oshnavieh—West Seedless OK284466  Agrobacterium tumefaciens (KM884891)  99.93%
Azerbaijan Keshmeshi

Oshnavieh—West Seedless . 0

Gl45 Azerbaijan Keshmeshi 0OK284467 Bacillus sp. (JX010983) 98%

GI53 Zeynalu-West Asgari 0OK285252 Pseudomonas sp. (KU726259) 99%
Azerbaijan

GI57  Bezileh-West Azerbaijan Black grape 0OK323286 Pseudomonas fluorescens (KU963688) 100%

G160 Oshnavieh-West Asgari 0K284468 Bosea lathyri (KM114908) 100%
Azerbaijan

G162 Emamzadeh-West Seedless 0K284469 Frigoribacterium faeni (MK883079) 100%

Azerbaijan Keshmeshi
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Fig.2. Phylogenetic relationship of grapevine endophytic bacterial isolates based on the sequence of the 16S
rRNA gene. Bootstrap values related to Neighbor—joining analysis are given at branch nodes and are based on
1000 replicates. The isolates which have the Gl code belong to this study, Spiroplasma citri NR036849 is an
out—group isolate and others have chosen from NCBI for comparison. The scale bar reflects the number of 0.05

nucleotide changes at each site.

71|GI5T OK323286
Ecmjseudnmamsﬂunrescem KUS63688

Fseudomonas gessardii ATT86280

Pseudomonas reactans JXA91485

Straptomyces griseus NE042791
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Gli b Wledd Ozl auslas sbis 4 NCBI i laalu= 42 5 out—group ol se 4 Streptomyces griseus NR042791

el o a3 (5 1S Sl ks 4/ 0 Sl oS St

Fig.3. Phylogenetic relationship of G157 OK323286 isolate based on the sequence of the rpoB gene. Bootstrap
values related to Neighbor—joining analysis are given at branch nodes and are based on 1000 replicates. The
isolate which have the GI code belong to this study, Streptomyces griseus NR042791 is an out—group isolate and
others have chosen from NCBI for comparison. The scale bar reflects the number of 0.05 nucleotide changes at

each site.
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Table 3. In vitro antifungal activities of endophytic bacterial isolates against three fungi.

Isolates chr)ggts%ﬁ?r:: Fusarium sp.  Chaetomium globosum

GI6 (Priestia sp. OK284462) Tt +++ ++
Gl12 ++ + —
G116 (Bacillus sp. OK284463) +++ +++ -
GlI25 ++ _ ++
G136 (Stenotrophomonas sp. OK284465) +++ ++ ++
GI38 ++ ++ _
G143 (Pseudomonas kilonensis OK285251) +++ +++ ++
G145 (Bacillus sp. OK284467) +++ +++ 4+
G153 (Pseudomonas sp. OK285252) ++ ++ +
GlI54 ++ _ +
GI57 (Pseudomonas fluorescens OK323286) +++ ++ ++
G160 (Bosea lathyri OK284468) ++ ++ —
G162 (Frigoribacterium faeni OK284469) ++ ++ _
Gl64 ++ ++

(re oo Vo 2 ks 44 O< L3<A/48 ++ ¢ + < Lad<F/44 + ( i)
(— negative, + 0 <d <4.99, ++5<d <9.99, +++ d > 10 (d: diameter in milimeters))
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Abstract

Grapevine is one of the most important agricultural products in Iran. West Azerbaijan province is considered as
one of the biggest production centers of grape in Iran, due to its suitable climatic conditions. The aim of this
study was to identify grape endophytic bacteria in West Azarbaijan. In this study, 67 endophytic bacteria were
isolated from the stems and roots of grapevines. Then, biochemical properties such as hypersensitive reaction,
fluorescent and potato soft rot test and the ability to produce proteases; amylase and gelatinase enzymes were
tested. Eleven bacterial isolates were selected for molecular identification and it was found that the Bacillus and
Pseudomonas are the most abundant genera. According our knowledge, three species of Stenotrophomonas sp.,
Bosea lathyri and Frigoribacterium faeni are reported for the first time in Iran as grapevine endophytic bacteria.
Also, the antifungal effect of endophytic bacteria on three fungal species: Chaetomium globosum, Cytospora
chrysosperma and Fusarium sp. was done by dual culture method and three isolates of GI6 (Priestia sp.), G143
(Pseudomonas kilonensis) and G145 (Bacillus sp.) showed the most growth inhibitory properties against fungi.
Due to the importance of endophytic bacteria, their isolation and identification from different parts of the country
seems necessary, as the result, these bacteria can be used in biological control of plant diseases and can be
replaced by chemical control.
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