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W OB S PO IR A TEAE 22 4 (0 75 At AR B o v 538 753 281 % 25 o o8 A9 7 B LA R s B
TEYERI AN B R ZF 161, 1% 1 bR 75 i AW 55 1) T AR A 1) 32k B 70.51% . B4R ks 7R, Wbk ZF 161
o 2% A H A B B 97 78 AR IS B 69.83% . IBIT PR LA MEE . AEBIAENRRME . Biolog WIE M £ B R £
FREWGEE T, EREM ZF161 N ZERNH (Bacillus subtilis) . TR K45 R, Wk
ZF161 32 i B 2R B (B VA SR IA B 63.27%. B — 2B FHO IR 0 B 1 iR 06 45 S B oR, Wikk ZF161
ot FoAh 7 s o R AR L A IO . RS IR UL, Bk ZF 161 X om0 A A I B LA R
MBI, oo 2 Mo R B E B A HHIER, BA RN 1
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Screening and Identification of Antagonistic Bacteria Against Gray Leaf
Spot of Tomato Caused by Stemphylium solani
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(Mnstitute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, Chinas; *Plant Protection
College, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: Gray leaf spot is one of major diseases on tomato. At present, chemical control was the
only way against the disease. So it has a significant meaning to screen and use biocontrol bacteria to deal
with the disease. A bacterial strain, named ZF161, isolated from rhizosphere soil of tomato in a continuous
cropping system, exhibited a high antagonistic effect on gray leaf spot of tomato caused by Stemphylium
solani Weber. The plate bioassay showed that the inhibition rate on S. solani was 70.51%. The control
effect of ZF161 against tomato gray leaf spot of inoculated tomato detached leaf was 69.83%. The strain
was identified as Bacillus subtilis based on morphological, biochemical and physiological analysis. The
pot experiment result revealed that the control effect of ZF161 against tomato gray leaf spot was 63.27%.
The antifungal activity of strain ZF161 was tested by plate confrontation method. The result showed that
strain ZF161 exhibited a broad spectrum against seven pathogenic fungi. Overall, B. subtilis ZF161 is a
beneficial bacteria in biocontrol of plant disease.
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T AR B PR B BRI . SRR, AT, MR B Ak
RGN T E 2 ~ 3 d, BIiaMEREROR (ZBRGE %5, 2015). F i AN E2 B B 0k AR & (Stemphylium
solani Wallr.) FI& 5l K22 [ Stemphylium lycopersici (Enjoji) Yamamoto] 5|, HHAnmiNeE &3
BUREE (R S, 2009,

L, ZFMME (Bacillus sp.) R3] 1T 2008, RE SEBGIE I 28 A B 25 2 IR R
PR3, R AL B, JEE A AR W 2. PURIMAEYIERI 2R, A
TERARR SR e A5 G2 48, 2016; A E% &5, 2017; HIREE 45, 2019). HETCAHK
FRE T N AT AT YR FERBG . EARSE (2010) GRIER] 1 MK T A KBS B AR
SEFEPTRCR I VUSEWT 2EFAT B4 (B. velezensis); Chen 55 (2014) ik 1 #RXHZ A B B A H SR
RS S ZE AT (B, subtilis); Mohammad 25 (2018) KI 1 #EXTE R W A A PR KRS 21
e (B. subtilis) .

AHIEFTH T A AR BR 3 43 B IR0 e 1 AR OGT B At A e i B A B R A PO T AR T AR A
B, X HAE PR AT TP FE, DU 3 0 A 25 - B 1R AR P 7 va A A= 24970 B T R 1A
R BEA AN RL KR

O L SRS DARES

L1 R

BEARFE AR FERR], TR IER AR (R ED R AR 6 R A RN
(S. solani)~ % E¥eHIEE (Corynespora cassiicola)~ i FIRIELHIE (Colletotrichum orbiculare)
BMUZEEE R (Phytophthora capsici)~ KA % f1E (Botrytis cinerea)~ Kl E (Fusarium solani)-
SN Z2H% 1 (Rhizoctonia solani) FIBGEERSH (Alternaria solani) 55, ¥/ B AR F B 88 A6
WFFC T ARAE . Bl oRaE: PDA Bi9R0E (BR% 200g- L', ##&iki20g- L', Bfig18¢g-L); PD
Biopdt (DR 200g- L' HI&ME 20 L) LB ARSI REAM 10g- L' BEHERY) 5
g L' NaCl10g L', Biflf 18 g-L'); LB WifksEort (REAN 10g- L' BRHEIW Sg- L.
NaCl 10 g - L™); BifligFohissdt (RAM10g- L' WM 3g- L' NaCl5g- L', pH7.0, fBifig
45100 mL - LD X HRZGFIA 50% 5 wilR (BPE S REARRA RAFD iR .
1.2 HAENTE. G5t

MIIZRFF S AEURM RELTE 55 2 B SR A MR SEMR PR AL 14 By, (G
PR A i 2 [ S5 35 I ORAF AL

PR > 2P R PRI 10 g BFF, JRONEEA 90 mL LHE/KIHEEM S, BT 28 'C. 180
r- min” FIPEIR FARY 30 min {2 7840 89F, 80 CKIRALEE 15 min JEHAERFEE 107, 107, 4l
WZHC 100 L i inE| LB BRI g, HRMmEER G IEREFE 2 h, MRS i- v,
BAEREELE 3R FREIE T 28 CREIERRFRM T RIFR 2 do PRBURS A 40 0 B % 1 Akl
BaEA G AT i 5 IR AT

KBTI (BR7555 45, 2014) K EAE 5 mm I3 B S B # U2 R T PDA ik (B4
90 mm) HUL, KiFE 24 h J5, MEEEEEEFRILAC 30 mm AbPA258 SE ST 4 AL, AT P4
WOREER, DAMERGTE LB B fRBeE o i, A EE 3 IXE S, KEEFRILEE T 28 CHRIFRAE N



W, & &, WRRDE, AAEEE, SERTEN, W C, FEER.
B 90 7R A B - B S E AH RT 1 E
[ & 54%, 2020, 47 (4): 741 - 748. 743

Bt o M IR B VA T 2 R AT A PR, IR B MHIR (%) = [ WIREE EA -
WPFREVE EAR) / RBEETA EAR - WUFEAS) 1% 100.

£ LB ViR B3GR ZF161 5, PRI B vREM T2 200 mL ARR; 72551 250 mL =i
H1, 28 °C. 180 r- min #R¥HH; IR 36 h, ML B S HEL N 10° cfu - mL'. #HE #E PDA 1
Frkk B3R 3 d, FEREUSGHATILEI 6 mm MEYE, #Fh T34 200 mL PD #5775 250 mL =
fF, 28 'C. 1401 min BiFRIRY 7 d R, B BEARITRES .

SEMFI (2015) J5ik, EBOKN. ERAIERIF M F, F 75%CBER R, ALK
IKIBE 3 W BT JE SR W R A R B (10° cfu - mL™) AR WTIRZGH (3g- LD, SRIGHA
WEE B B, 28 °C, AHXTIREE 95% ~ 100% B 5 MBI R BRI FT 2 K. 1% CRZjHE
YRS UE Y ROV R AR 2546 AR s, 1993) &M A RWwtEm. & 3 WEE, §10EH 5
A

o 0t H AR B P R 0 s FE R B A o R R LR e 0 2, 05 1 G, 1%~ 5%; 3, 6% ~
10%; 52, 11%~25%; 79, 26%~50%; 9 2, 50%LA L.

PR =2 (Bl < B ED /1 CRERME < HESBE) * 100,

Bia iR (%) = W IRARIE A - A FRAARIE R E0 /S IRALm %0 < 100,

1.3 {EIAE ZF161 BNEE

ZEAANR KA E L E FM (Buchanan & Gibbons, 1994) fl % WAHE RELE T M) (RFHEH
b HE, 2001) BT ZF161 FITEAFE S AR B A AL RE I 04T

f§1F BIOLOG GENII a5 & (3% MRG0 G ui B ) e bk ZF161 ME—BRIEFIHH o

K H DNA $#HGAF & CRARA R (EaD) AR A A J$RELE P ZF161 114 DNA, FIFH 40
16S rDNA i JH 514 27F/1492R (Weisburg et al., 1990) %% H ArdE K ¥ i+ 514 gyrB-F/R . atpD-F/R
Al rpoA-F/R (3R 1) XfE#k ZF161 4T PCR ¥4, R MfKZ&R (50 uL): 2x Rapid Tag Master Mix (7
FVEMER AR R AT 25 uL EHFSIA T #5144 0.5 uL (10 pmol - L), DNA #i#% 0.2
uL (60 ng - mL™") , ddH,0 #MEF AR PCR F AR 4: 95 °C 10 min; 95 °C 305, 58 C 30
s, 72 °C 455, 34 MEH; 72 'C 8 min. PCR Y EENT (JLREEERBERERAT). &
58T B 755k T GenBank, ] MEGA 6.0, Sequence Matrix. Seaview4 %7 &E . b
SEANE RN 16S rDNA. gyrB+ atpD~ rpod 3EH, RABKURIFEMERZRKEN, 2HITHES
KR

®1 XHRTEASIY

Table 1 Primers used in this research

S5 (531 H b3k [ PCR ¥R/ bp
Sequence Target gene PCR product

27F: AGAGTTTGATCCTGGCTCAG; 1492R: ACGGCTACCTTGTTACGACTT 16S rDNA 1 466

gyrB-F: GCAGCAAAACAGTTATGATGAA; gyrB-R: AGTCTTCTCCGATACCTGTGC gyrB 1448

rpoA-F: TCAGCGACGATGCCAAA: rpoA-R: TCTTTGCGAAGTCCGAGTC rpoA 898

atpD-F: ACAAGTTTGTCTTCCTCGCC; atpD-R: TGAGGTCGCTCTTCATTTAGG atpD 1053

1.4 BE#E ZF161 M EMEWEM IR ZEGE
WARTENEKE 5 F EIH 0555 B ik ZF161 A BRI, LA 25 50% 57 B IR RT3 P 8 771 AL 7K R it BEL o
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P 2 T W T i SR P e T 5 s 1) 7 Qe R B AT 5 T T A R S TON AR VR 95%, I 26 ~ 28 °C
PP R F 48 h, ZJEHNIEH B MR =13, G 20 ¥EH, 3 KEHE., BF5 10 d
B K IR 7843 R Im IV A B VA RCR
1.5 Bk ZF161 IEEILEANE

K FH PR A IR 20 5 T Ak ZF 161 X5 7 A R B A TG . HiES IR 1.2,

2 RS0

2.1 HEIEEMSE. d{niEiE

MRAE LR IL I B TR 82 Ak, IEIL-PAROM ISR, IRAT 7 MRONJar 7R 5 T P ARV BT K
T 50%MEtk, HARER ZF161 BN ZCR A, WHHEN 75.64% (K 2).

®2 MERSH 7 REREEN NSRS RIRER

Table 2 Inhibition activity of acquired antagonistic bacterial strain against Stemphylium solani

b3 W EAR/mm ME /%
Treatment Colony diameter Inhibition rate
IVF19 23.0+0.4 de 70.51+£0.93 ab
IVF43 31.7£0.5b 59.40+1.60d
A-5 31.0£23D 60.26 £5.67d
ZF161 190+1.1e 75.64 £2.60 a
18051709-2-1 28.7+ 1.7 be 43.16+4.27 cd
18051709-2-2 247+0.5¢cd 68.38 £ 1.25 be
18051709-2-3 27.7+0.9 bed 64.53 +2.73 bed
7 35575 Control 78.0+0.4a

W RTINS YT BRI IR Duncan’s B =R ZZ T 27 2F (P<0.05. FH.
Note: Different letters in the same column indicate significant difference (P <0.05) . The same below.
JS2 Y B AR I B A i A L, S8 PURIAR ZF161 X0 2 7 H AR 25 H B BB R0L 5] 69.83%, X [ 24511
50% 2 B R AR I BT RO 72.34%, —HEREER (K3).

3 EMENK ZF161 MEDEINBM BRI MPIER
Table 3 Control efficacy of strain ZF161 to gray leaf spot

b7 AR B/ %
Treatment Disease index Control efficacy
IVF19 33.33cd 64.79 £ 4.96 abc
IVF43 43.70 bed 53.41 +3.68 abc
A-5 42.22 bed 55.03 £ 12.11 abc
ZF161 28.15¢cd 69.83 +5.96 ab
18051709-2-1 48.15 be 48.67 +3.85 be
18051709-2-2 35.56 bed 61.55+14.75 abc
18051709-2-3 54.81b 422241699 ¢
50% 5% B IR PTIE MR 77 Iprodione 25.93d 7234+3.02a

& /KXt #E Control 94.07 a

2.2 Etk ZF161 S ELER

ZF161 WANFRIR, EZRME, 72 LB BfAR etk B 2R A0, wWigALAMN, K

A REG
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AR R NARFIER B, BRPR ZF161 N 14N 4%, 7R85 10%h 1575 EARRAE K. REA
Koo Bl MERISIE RN . KER . V-P M. KEESERE . HoS F=4E. AL I B35 8 FH
M, SR EL LRI B Bacillus subtilis 168 WA EE A AL [ SRS AR TE]

Biolog Ml 7E 45 KR, Witk ZF161 REFIHEERE. FLbE. D - B¥i. D - K¥i. D - ##¥E. D -
HEERE. D - #E R 19 Mixdi, AREFIH D - ks, D - 44 W5, D - ¥ 8. KIFPE.
HIIRBESE 61 M. WP K E WMk ZF161 J& T 5 AT i B 4H i

FEE ZF161 M Z KN RGE K BN, KIIZE SRR A R R R — %, DRI e i
B ZF161 A EZEMAT R (B 1.

M B FBATE Bacillus subtilis strain (CP020102.1) T
100| #ELZEFFTE Bacillus subtilis strain (CP003329.1) T
MBI TBATE Bacillus subtilis strain (AL009126.3) T
ZF161 MK212346.1

T M BLFETEATE Bacillus subtilis strain (CP022287.1) T
100 F B FBATE Bacillus subtilis strain (CP002905.1) T
— FRIER F AT Bacillus amyloliquefaciens (FN597644.1) T

100 «ﬁ FRIER FFAFTE Bacillus amyloliquefaciens strain (CP029069.1)

100
100

100

100 || WERTZEAMF B Bacillus velezensis strain (CP026610.1) T
100 DUSERRZEFAMFE Bacillus velezensis strain (CP030150.1) T
[ HBAZEHUAT T Bacillus licheniformis strain (AE017333.1) T
100 WARZEFATE Bacillus licheniformis strain (CP034569.1) T
100 [ ERFIAAFE Bacillus megaterium strain (CP001982.1) T
L B RFEAATE Bacillus megaterium strain (CP035094.1) T
— MEREZERUATE Bacillus cereus strain (AE016877.1) T
100 AR ZEBIAF B Bacillus cereus strain (CM000721.1) T
99 { TGN Bacillus thuringiensis strain (CM000757.1) T
100" Fh =4 2 HUFT & Bacillus thuringiensis strain (CP020723.1) T

B 1 ETSEEAFIIGREENR ZF161 RERER
F55 N BR TR RTS8 1) GenBank B9 . T RAFM X H k.
Fig. 1 Phylogenetic tree based on the multigene sequences of strain ZF161

The GenBank accession numbers for nucleotide sequence data are shown in the brackets. T means type strain.

2.3 EFk ZF161 X EMBWEM BRI AR

BAhsd)E, BAKXMEIFGE R, ZF161 AF TP H L. 10 d J5X R IE e E0A 2 45.44, &
SR R, WA, SRR T-H, ZF161 A FRERMUR R . FEVLEM ZF161 X & 5N
B R 7 2% 63.27%,  REB 27 50% 5 B R AT IR ER 77 (3 g - L™ [IBiZCH 83.47% (3 4).

F4 HEFRTHE ZF161 LRMPTHER
Table 4 Control efficacy of strain ZF161 to gray leaf spot

yiseil Joi I T B3 V6 R %
Treatment Disease index Control efficacy
ZF161 16.93 b 63.27+3.32b
50% 5 B IR TR MK ¥ Iprodione 731¢ 83.47+549a

77K R Control 4544 a
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2.4 Etk ZF161 InEEIZANE

FIBE TSN 45 R, PR ZF161 BB ISR, X 7 Fhgl ik gm0 A = i S5 L
YR BT I RCR, Hrp xS IR B (2 EFEMUEE Corynespora cassiicola) NI RR
s IBE] T 62.00%, X ISR 2RI G (SLAS 224% 6 Rhizoctonia solani) WIANHI RUR AR, N 47.24%,
X He A J5 B A A1 29 1E 50% ~ 60% 18] (3R 5),

®5 R ZF161 MEMHEEREAIEER
Table S Inhibitory effect of strain ZF161 on plant pathogenic fungi

973 JEE A B 7% Ef2/mm Colony diameter MEE/%

Pathogenic fungi XtHE Control Qb3 Treatment Inhibition rate
PRI Colletotrichum orbiculare 79.7+0.9 39.8+0.2 50.00 £ 0.26 d
MRS Fusarium solani 80.2+0.5 37.7+0.5 53.01+£0.76 ¢
SEAE A% Rhizoctonia solani 81.3+£0.2 438+1.0 4724+126¢
IKFE T Botrytis cinerea 79.8+0.9 35.8+0.2 55.11+£0.24b
MEER B Alternaria solani 79.7+0.5 37.8+0.2 52.51+0.50 ¢
BHUEEEH  Phytophthora capsici 80.7+£0.9 40.0+0.5 5041+£092e
% MU Corynespora cassiicola 79.8 £ 0.4 30.3+0.2 62.00+0.27 a

3 g

YR FEPRPR 38 KEE N AR R E X R AP ER A S 5EY (Kloepper,
1992). ZFAIFF B2 A NPT SR BUEBE S V2 A AR, AR oRS B 2 PR AT B T A A 7
Wm0, MHT&FEMRRERNG . EHEFEE (2011) AL 7 B 2P R 2F fOAT 1w,
o ELRE AR 0 B A BUvE AR Ry, LA B AR TE 15 mm LL b TEESE (2016) MAS[E A Bi ik 1S
B 3 BRAG LS AR B S TER BRI AE 5 25 B B ALAE 40% LA F o A A0 T B A 35 1 72, A
JREE (2008) AR 338 Hh e 15 21 1 R X 7 0 2K B0 A 2 IR A1) 220K 83% (A B 2 AP jf s ok
JREE (20150 MR AR BR 338 rb 73 B 15 21 1 PRAG B SEFOAT 1, KT 288 At Al 25 90 AR 7 A 5 1) 97 R34
60%LA L.

16S rDNA JFHI43 87 CLF 32 N FH T A0 1 e AR B K e b o SR TERD 25 AT T S5 A 28 1
FrRSEg e 2RI, FAaAALE IR, 168 rDNA R 504 3 A AR HEL E  (Christensen et
al., 1998), #2305 (2016) L 16S rDNA 5 gyrB [FH M, X 1 PR 508 77 T 2R AT o b 47
HEWR %5 B EMEE (2019) 83T 16S rDNA. rpoD. pgk 2 gyrB BEE 50400, % 1wk DU3EH 2
TR B AT HERA 45 08 o A T2 FRSRAT 1 R 25 50 AV 25 B B A B v R B R AT B ZF 161,
Wit 16S rDNA. gyrB- rpoA U} atpD——VUKE R A dAR, 1A s 6 s DAt B 2 0 A 1

e o0 7R B I B B B R 25 7004 D, BRIV 45% 2.5 - R RECH TR ER R KM
S5 (2012) T P i B 16 -5 e bk ] A2 TC X 2% i 48 A9 2 P B LA IR s R R A 2B VR 2R R
B—, K RS A 2 R B A . A FT i 2 e R IS B 2 AT R ZF 161 X3
ot PR A B I BG4 B 76 R R AR B 63.27%, EARMIS T 2555, (H R A a8 A VB Ve i A 25 1T
DAL 22 A 2 A P B, AR T SR R B 2 M AR, il G 1 VRN b a8 e 245 5% B 1 ) 3
Tk NS A JE A i o B4, AR B B AL S 25 IR IR TG BT O AN 2R A, 20035 XIS 45, 20065
WHE 5, 2019). ABFLH ZF161 X HIE 5 HE 2 AN 7 Fho 5 R R B H B S BUscR, —
Ut FH AT CASERE 2 R . DR, RSB ZEROAT B ZF161 ] LU T35 A AR 2 B B B iR . FEER
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