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Table 1. Details of sample collection sites to isolate
Bacillus spp. from cucumber rhizosphere.

Bacterial isolate Sample collection
sites
BalOb- Ba9c Bagher Abad
Ba5b Senus Company
Ba22- Ba23- Ba2%b- Ba29c- Halil-roud River

Bal7- Bal5 Ba2l- Bal6- Ba27. farms'
Ba20- Ba24- Ba28b- Ba4- Blouk Road farms®

Ba25- Ba26
Bal4- Baba Dosari
Ba8a- Ba7 Gol Dasht
Ba3a Dalfard
Bal2a Jahad Abad
Ball Kheir Abad
Bal3 Tal Shiraz
Ba30 Airport Road
Ba31l Dam Road
Ba34 Band Sargji
&l&’&o o Q,.o}'

O Lo 5 ¢S (Park, 1989) oS L, s, b

FS e el L 05l 25l S gadl- Sl g e Sl
Potato Dextrose ) PDA+NA i8S Lases (g ol (5 5

Comgn sl sty ALE Lad sy g8 A5 5 olS
Lil o S Gh3slen olge J S g orlie
Lewis & Shea-Wilbur, 1995; Kilian et al., 2000; )
3155 5w J 287 el s (Mahadtanapuk et al., 2007
s ol Jw mols gla T md 5 G b
ajlaS i e Loyl (Jolw so)l s 0 5
At Lags 5T ol oo ela 35 5 5 a3l ela IS8
Haran et al., )-U)‘b&‘}‘ﬁ%&\:’-‘))‘f}f‘)}{
(AL e b 23S a5 e (1996
el e o2l 1) p sl a0 OT O UL
(g sl 5 6 STL s L 5 (Czaczyk et al., 2002)
SLS 5 ol ey mmer 5 2 B saiun mlaw
oo 48T ol S sl als Os s ST (2l s
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==en (Rostami et al., 2013) .S J 287 L aomalS
sB. subtilis  TU-100 ¢ sb—l (galu 95
JiS s o Jsle 0ls2ea s B, megaterium A6
A Sleds gyl S 13 IS ,5S sclerotiorum
Jsams 3Ll Cenl 4 4 gL .(Huet al., 2014)
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National Center for Biotechnology ) NCBI s 5 = 5e

M (s > | , 5 (Information
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oo 3 eslial U (S sks St ys e 5 5 La JI o5
2 Lo aul=s bootStrap sae 5 Neighbor-Joining
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Table 2 The primers were used to amplify a
segment of 16S rDNA of Bacillus isolates.

Primer Nucleotide sequence Leght
Name (5--3) (nt)
fD1 AGAGTTTGATCCTGGCTCAG 20
rD1 AAGGAGGTGATCCAGCC 17
Sl by ) g

Ballb Bal7 glaasi= wslles Ol Sl ax g L
& zle3T Ll 5,5 Ba29c 5 Ba29b (Ba24 Bal4 Ba2l
3 b glaw SRl S js Lol Sl ol
Joe 33 Bl il i yay 5S> S sclerotiorum
GO o oy oo 3 515 dadllan 3 ) g0 4550
Aol > S
S Sbu > mil 4k G4

wela YP a8 SIS L sl =2 gule
23 6L 0 il A5 A NA C ST Lo 6,
D93 5 ey 5 4 DY eV p e Ol s
5Bl s (g e sy Sl 255 b sl (6 st
S e, a il SV CFU Ol bl
Kimetal., 1997) .& L5l

3 b Golow ¢ okl S &M F1 (ow)yy
S. scleratiorum
=15 555 5 G gaS canls) ST L Lt anes

YF salols s odd g i 5L 95 (VNP Gl 4 S Siw
AUV CRU) o il (6 ST slasglit b 5 sl

HJ))\-:&);-'\_:.-U.X_&J_;(SG(:J_?‘,A‘_;U‘A_:

SL s 53 593 Vv 53 e Bl aids Ve Sl ey
U1 ,ads S 00t 53 ol gy s O o)
Ve 3 aids sl Sdedr 5 o ()T 455 Ao 53 VO
b o gy 3B Tadoue 5 s 5 ek Sle dids 53 450
sles 53 B8 s (3, Bl )yt s 55
Ly oS ga s ke LOT JSIIG w515 GUl
3 BLSl s a4 il ke OT iy S Ve ltie
A L;)‘J& o edlal Ol b
(PCR) 3 youly (Slo puomiy iS1g —0

5116S IDNA (iU 3l glaabs , 2S5, 4 botaas
(Y Jsd>) (DUDD) Lo o )55 (o0 50e (sl 55T
(Weisburg et al,; 1991) 4i oslixw!

AccuPower PCR S jleslizul L PCR & 43T
YO o o PreMix Kit' (Bioneer-South Korea)
LT+ Sblea CDNA 2l Sn 6 ol (s 25 See
Le S5LT 518G o 5l s o &G s Sn 0 8
MgClp ls 51 =t s Ko VY o gme S V0 S bilba
CF RSP PR CS PN PRI NG PURp WAL
2 PT ds S /0 (Y50 Joa)+) (ANTPS) el
Cd s s 53 Al 0 o lile 4, Tag DNA Polymerase
i OT 235 S 1070 s PCR 3L s Se F/¥
gt AL g gles Ll 5.5 Splonl il
Dodnts o g (G20 5380 (las 53 ad sl (g luars july
les 53 g 5lw azd puly els 4 > YO J‘?“ﬁd‘j‘.‘;’@
L 55T Jlasl cash $O Sodaas o sandkr (g4 55 4F
23 b 5 e (s 53 FA (Sles 3 4ids & Sany
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Sy S e (A5 S 5 315 e 8
s oS Bioneer oS, 5 bw g 5l ey oy
sl BiOEdit 5 GeneDoc (sLa i3 o 5 51 s S plowil
Ol s 03551 Sy 1 oy oA o3lizal a g5 ol s s
16S ambay by e (5l S 100+ 4l (65 5] gon
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Table 2- Physiological and biochemical characteristics
of the isolates of Bacillus isolated from the
rhizosphere of cucumber.

Characteristics Ba Ba Ba Ba Ba Ba Ba Bacillus

14 10b 21 24 17 29c 29  spp.

Gram + + + + + + + +
reaction

Catalase + + + + + + + +
Starch + + + + + + + +
hydrolysis

Casein - + - + + + + +
hydrolysis

Levan + — - — b - — -
production

Lecithinase - + + + + + + +

Growth on + + + + + + + +
7% NaCl

.&)\{)u&}jcﬂ‘}c&xf)nﬁ)li)v\,)jL‘_}."‘SU2<+)
(+): Reaction, production or growth; (-): Lack of reaction,
production or growth.

rahl SLA I (s T Oiles b5
S. sclerotiorum due
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() JS8) s gl nn oMl (61l oo 3 ety el 5
Iy 290 Slaz 59 Ol § ST b5
S. sclerotiorum 48 p Wby ¢

BalOb (Ba29cBa2l ga—s > & 5T sl )5
AV/VF Ol swas 5 54 Bal2a s Ba29b (Badc Bal7
A o3 YVVY VA/VF VA/VE AY/FY AY/FY AF/AD
aalias oS sclerotiorum ds 51 Sas,ls L
SN (5513 s ys iy o 3 dals b 5 slaplEs
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S 235 sk Gl S ol Sl de s ST els ame
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53lal O e (>l S S G Bl LG 5b e
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L oosb, Lod gl o il DLALS Ll L o5
3 e ok 0l g Sl FA Sibeay Sz slaanS”
U s (G )3 YOFY (Gles s Ql.al:f s cbls
SRR < b s
MelS b 6 s 2T (Baharlovei et al., 2011)
L Oy Jols 1SS a il plowl ol

DS sl hmiasy b plnil (S 5le (o3 455 b (S sle

L S sylsa

SLaSI L OWLE ol S ad il Jomn ys o3Dle 436
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&= ol 4 Bl a8 5IV/Y 4l a5 (slaasd
S sk Bl S 4 bl anan g slaeSI L OLE
Lol pan 4l anm 57 LaaSI L OWLE 6l 2 45 5 el
(Christov et al., 2004) =L ol Slo KeuSls
s bl Solen L colo Do b 5 gy
tglie (LT Blod 4 bajlas 5 amlons 1SS 2 6y 5

(Caoetal., 2012) L
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ST 1530 5 Sl eslial L odaT sy (glaosls

AT iga baesls s S s 1 g 5 e (Y0F)
L oSl (semlin 5 SAS 1530 0 5 aslizal b il
g et (LT (sanl 3 STl glacals i 0 05T

Al rbu‘ Loy


www.SID.ir

e el Jl Ay ) 158 0l I (S pglewly (J S g (SS9 10l o 5 (LS e

Y/PY gl 4 adla sl L BalOb syl (¥ JSC2)
Lol Lal s god dd 5 1 515 5 00 5T 0 i e oo
omlas s Sl ;v_}JTJ:Jy” 4,2 Ba2la y Bald
2 03m 3 35 e s S Sl 2 bl )
A bl 6L gl 5355250 05T L
Looen 0 5n 5T sl o L2 Lae 53 i 5
CiS Lo 6Ky g onls Coms 1 545 Doy sdST ZiST
Sy om 5T b 4 s 5 LT 0y OBlid Oy
T IS sy ol 8l 58] Jama 3 0 5T

15y sl O (oo 5T Zlleb 4 05 oo
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Godasolis Ssh ks Sty — s NS
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Isolates of Bacteria

i8S 03T 53 2l S slanglts (S-S
la i SLa (S sclerotiorum z U Jolis s Jlize

bl S 5l eyl Slaslas s (Ssls5l
Bs d e 5 SKls (gaals A (39037 51 eslizal b Laesls

Aol oS e O OSS Jil oST a0 s (PS0.05)

I I Sae oDl o L 6)bl el
Fig. 1. Inhibition zone formation of bacterial isolates
in dual culture tests against S sclerotiorum. The
mean diameter of
treatments after analysis of variance were compared
using Duncan's multiple range test (P<0.05). The
columns with one common letter are not statistically
different.

inhibition zone in different
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Fig. 4 Clear zone around the bacterial colonies
grown on skim milk agar culture medium shown

production of protease enzyme by BalOb, Ba24,
Ba29c, Ba29b and Bal7 isolates.

S5 4 b o PCR U g (5, 85 2SI 535 -F IS
o3l ag gl glaas iV PSIDNA 0 5 i
Ao y3 VO 58T U5 53 S 2S5 N0 i
(Gen Ruler™ Fermentase, | ol 5 + 3101, olis (M
(Y Ba 21 gasla> (V.DNA 1Kb Ladder lithuania)
Ba 17 g4l (F Bal0b salis (¥ Ba29c salis

Bal2a gali (v Ba9C gulis (# Ba29b galde (0
Fig. 4. Electrophoresis of the PCR product of 16S
rDNA gen of bacterial isolates on 1.5% agarose gel.
M) DNA size marker, 1) Ba21, 2) Ba29c, 3) Bal0b,
4) Bal7, 5) Ba29b, 6) Badc, and 7) Bal2a
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| solates of Bacteria

PERUTY W Iy W PR NES U JCHENC g B ) (N
Ak, :Sils S sclerotiorum IS" as 5l s S ol
Laoals U,MJLL)U L;q;ﬁ)'luw.;q.l:;u slayled s g;.lf
Bus aslie STl (glaals iz O 53T 5 slinwl L
05 &S he O o &S5 il oS a0 g2 (PR0.05)
Fig. 2. Effect of volatile compounds of Bacillus
isolates to prevent of S sclerotiorum growth. The
mean diameter of colony in different treatments after
andysis of variance were compared using Duncan's
multiple range test (P<0.05). The columns with one
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Numbers in above the clade is represents Bootstrap with 1000 replication. Virgibacillus (NR_042744.1) and
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Abstract

Sclerotinia sclerotiorum is an important plant pathogenic fungus. Biocontrol agents such as Bacillus spp.
are promising candidates to manage the disease caused by this fungus. In this study, we identified 63 isolates of
Bacillus spp. obtained from cucumber rhizosphere based on morphological, physiological and biochemical
characteristics. The antagonistic activity of the isolates against the fungal jpathogen-was evaluated using dual
culture method and the production of volatile metabolites. According to the obtained results, the isolates Bal?,
Ba24, Bal4 and Ba29b showed the most inhibitory effects against the pathogen in'dual culture method. Volatile
metabalites of isolates Ba21, Ba29c, BalOb, Bal7, Ba29b, Ba9c and Bal2a, reduced the mycelial growth of the
pathogen by 87.14, 84.85, 83.42, 82.42, 79.14, 79.14 and 77.71%, respectively and had a significant difference
compared with the control. In the greenhouse trails, isolates Bal7, Ba21, BalOb, Ba29c and Bal4 decreased the
disease index of Sclerotinia stem rot, significantly. The isolates Ba29c, BalOb, Bal7, Ba29b, Ba24 were capable
to show protease enzyme activity. Results also showed that isolates Ba29c, BalOb and Ba21 were capable of
producing surfactin. Molecular identification of isolates with antagonistic activities against the fungal pathogen
by partial sequencing of 16S rDNA gene which amplificated with specific primers fD1 and rD1 was performed.
Based on this procedure, isolates showed high homology with Bacillus cereus, B. subtilis, B. licheniformis, B.
endophyticus and Lysinibacillus spp..
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