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Screening and Biocontrol of Antagonistic Bacillus against Celery Soft Rot

LI Lei’, ZHAO Yurong , ZHENG Fei, SHI Yanxia, CHAI Ali, XIE Xuewen , LI Baoju""
(Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: A biocontrol bacterium ZF75 isolated from the rhizosphere soil of celery had significant inhibitory
effecton Pectobacterium carotovorum subsp. odoriferum. Based on biological characteristics, physiological and
biochemical characteristics, and multilocus sequence analysis, the strain ZF75 was identified as Bacillus
amyloliquefaciens. Plate confrontation assay demonstrated that strain ZF75 has strong inhibitory effects against ten
pathogens such as Xanthomonas campestris pv. vesicatoria. Potted plant test in greenhouse indicated that strain
ZF75 significantly reduced disease incidence of celery bacterial soft rot, with the control efficacy of 89.62%.
Meanwhile, strain ZF75 could significantly promote the plant growth, drenching treatment with strain ZF75
increased plant height and stem diameter by 24.18 cm and 0.51 cm, respectively. In summary, the strain ZF75 is a
potential biocontrol agent to be applied in the field.

Key words: celery; soft rot disease; Bacillus amyloliquefaciens; biological control
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W Klebsiella oxytoca C1036 W] if5 A RGPUHEARBTIIEIG B, TFABII™ A2 AAH AR 7y vl e A (e 1
A K5 KA R, Krzyzanowska 257N 1165 #REFR P ILE L 18 BRI WIS PUARE, (A eI
AR LRI B BN 22 BEARR, X R BT AR BT 24rT e 5 % EAT IR RIR R HAT, K7
SRR S DU R P RE LR /D, DRI IR AT 0 3 B BB IE e LE D va B U R b o 3l J LA 2 AT T
Bacillus 432 T ]2 N, ORGSR W] 28 AT 16 2 T W 3R A A 2 i, OF HLRE ™ BT 4, Bt
SOOI ZEMY, AEARR bR A ARG TR R S AT B IR TR B KR
FF# B. subtilis+ fEVER 2F MM B. amyloliquefaciens. ZE45 5F AT B. atropheaus %675 % AT

Brevibacillus brevs 25114,

KM T AR B -4 43 AR ) T — MO R B R A DR R B R ZF75, ARYE AR5
fE. 16S tDNA JFHREIE . A B4R L & Biolog 45 xt iz BB W HEAT TR %5E, #iE SLor A
R FCAW R R T WP, DU A 7 S8R 850 1R AR 7 v S S ) 2 70T R AR A i
1 #RE5ERZE
1.1 HHREk. AR S

JTSRERIEE W P. carotovorum subsp. odoriferum (4“5 QC14052001) , 8% 52 100 Jsl b H A Bk 20
71, B EARME R B 5 AR AT TUIT 3 B I ORAT o A28 iR A SCE RS PR R (1) 2 B RIS 77K ) LB
Bradk (AR 10 gv BEEPH 5 g NaCl 10 g« By 15 g, 7K 42 1000 mL) 75 it 40 B () 35 7748
NA ¥igidk (AR 10 g 4R 3 g« NaCl 5 g, BflEH 15 g, pH 7.0, J7K4 1000 mL) , 7§ J EL B 1)
B R M A5 PURE K H] PDA 55770k (THR 3 200 g, WI%HE 20 g+ BlERY 15 g, BN/KA 1000 mL) , TAA [#)
e DF B 75k (GRAME S g BERHEEU 15 ¢. A& 15 g« NaCl 5 g, pH 7.0, Ji7K% 1000 mL)
M DF+1: %5 (DF 85753500 0.5 g/L IEZER) -
1.2 #HAENS S

M ARFE G TACTE B JEHOR SO SRR R AR TS AR B R 20 4, A5 J0 B RE il A8y ] s
B3 M INHRAE AL BE . FREL 10 g H388RE 5, TN 90 mL JCB/K AT, S HE T T 28 °C. 180 r/min
PEIR F4EY 30 min, §2 7840 B0, 80 C/KVS AL 10 min JGE MBS 107, 1074, 107, 10 °ZHL 100 pL
WAT LB Fh b, AAEREETA 30, 28 CIHMRE IR 5597 2 do PRIBUE AR A0 41 B B 9 22 7 B &)
LA )G g 5 R AT
1.3 HEHAERFIE
13.1 HFEZBFEMNZEH R KRB EER T NB 853, SAEPUARER T LB ks 3530,
28 CHE 24 hJa, WA 10° cfwmL. EBUKSI 80 AR TCEDR RER T RINEZE
FALZUE R IR ARE, B 22 Wi % 20% A ZDIER, HRIE VIS em KIMZER, RREALHE 7 22,
JE S A5 21 o SR 25 B BV Bl A0 B P A B 18 A B AT 0 507 25 B LA AR 8T 10° cfw/mL
2 M R R B IR EE B, L 0.5~1 em [ZEFFIRIE B N B . W 1 h JEHUCH 2B, KP4
M pEat b, A EARRT 1 ho 1S DAAH )5 3700 J b B R 20 min, B SO AR B 5 A
AP CESS, AENTARAA IR 28 °C\ FIXHRIE 85%4 A T AR IEREFR . /KA R B0 AR
AR, AR BORN E AR AR R . R BN TR SRS, AR 8 h WS 1 YO SR 1%
JeRE I, 43 O AL R A B 90% L IRy, A &% AbBE S ZE B e S H R RO TS A it e
B hrdE: 0 G ZEBCCATM AR 1 Z: KWL ZBKER 10% LT 2 J: R ZEBK
FEM) 11%~30%; 3 Z%: KRIRAHL I ZEBKER 31%~50%; 4 2% KRIGHLEZEBKER 51%~100%. %%
TEIaEI=Y (IR ZHOAT AR / CRZRBEX m B IARED X 1005 Bisk (%) = (i
TR TSP 290 18 FR AL BP0 B FR D /3 AR TSP 3090 1 R 40X 100,
132 WERFEMEME R RAZRIRE ST 3w i o BRSPS R R R LB 55557
Seh, 28 C TR HFE 16 h, AT EMBIKE 2 10° cfu/mL. 75 90 mm PDA “FH 0B 5 uL 55 bk
(RO TR B, ARERTIRAA LB B3 2 (Xt IR, 28 °C 15 9% 24 h 5 0 XU A [ R0 3 A 15 22 A in N 3 mL
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A, FRE 12 h LZE TS JF KGR ZF75. K [ gl s Beph -+ NB Biadbdr, 28 CHe¥%H59% 36 h, i
BRI A 10% cfu/mL. 7E 4 mL 5% (m/v) WA 5535380 inN 100 pL BRI, 4G5I PDA AL,
VEN B2 o BEdRAfi b 537 48 h, WU SN P /N . R (%) = O K E-REAEKRE) /0
AKX 100,

14 XFHEMNERE

141 BANEF0 BN E W FEHURAR I IHE I, 15 20— MR 7 S 38 0 7 v 280 f5 I (1 1R
Pk ZF75, ¥ B mRRI R T LB J 953, 28 CHiFE 48 h, MEIZEMNEEES. KHE (aAY
W E T UM R G LA E R G T U8, 28 CHiJR 24~48 h Ja, XA B AR AR fcdk
IT%5E .

1.42 Biolog %5 {fi/f] BIOLOG GENIII A& (32 M & it B 4AE) e e —ms A . BT 1x
PFEHES A Biolog 24 w77 i

143 T4 x K% DNA WF S HEE PR ZF75 () DNA, #HAE N PCR RN IR DNA, 514
T 8@ Pk ZE75 K¢ 5). 16S tDNA A 514): _LiF514) 27F: 5—~AGAGTTTGATCCTGGCTCAG-3';
IS 1492R: 5'-TACGGCTACCTTGTTACGACTT-3's gyrB 5#): L5314 UPl: 5-GAAGTCATC
ATGACCGTTCTGCAYGCNGGNGGNAARTTYGA-3'; Fi#f51#: UP2r: 5-AGCAGGGTACGGATGTG
CGAGCCRTCNACRTCNGCRTCNGTCAT-3's PCR % 4cfF: 95 CHilAZ M 10 min; 95 ‘CAxE 305, 55 C
SIEYE 30, 72 CHEM 45 s, 34 MEIR; fe)a 72 CHEMH 8 min. PCR [V KM 50 uL 4A % : 2 X Rapid Tag
Master Mix 25 uL, [ RiF514)4% 0.5 uL, BEFEA DNA 0.2 uL, ddH,O 23.8 uL. PCR F=#JH] 1% Bifla bt
R HLPKAS I, DL DNA Marker BM5000 A S =4 73 75 FEIKINE AT HA T da =W G, FEFE ik
e AR, R MEGA 7.0 344 b i s RABSRIEA B IR ZF75 5 JLARAHIT TR 2 8] i 2R A AR o
1.5 Ekk ZF75 TN E

151 EWMEENE RIS IRE AT OB A I 5 « 45 90 mm PDA PR -0 /34 5 mm
P B BB SRR T FT, 28 C NE5IR 2 do Kbk ZF75 ERIFEWA LB Kigdkh, 28 C MR H: % 16 h,
T R R 42 10° efu/mL. 7EFR BB FR M0 2% 10 mm AbFIXT ) 4 23RN 5 L kK ZF75 BB, L
FERMBAA LB KR IR EIRT I, 28 CRERFR 5 d Gl s ¥R g e IRUAE K i (BT AR FIAR B AR K&
BN Ja A K242, R R RN R (%) = O AR KRB A KR /A KR X 100,
152 4AWAPEENE VLR 1.3.2 XUZEFRENEIHIZE o W Bk ZF75 X5 8908 [ 40 B R4 B 26
1.6 HEtk ZF75 7= 1AA BEWlE

FREX 0.01 g TAA 25T 1 mL oK SFEHr, JRAIEWE 100 pL N2 & /KM% 1 mL, A5
WLHL 100 pL A02: 3 7 /KB4 1 mL, 43 100 pg/mL IAA FEE . SR 52 SIBCHET N Z0H 5 B TAA /KK :
5. 10 + 15, 20. 25. 30 pg/mL . ¥ ZF75 £ LB ARG IR, LB AR 7R 1~2d, JFLL0.1%
B CERR/R IR0, vv) 22 BIERT DF. DF+E53R56d, 28 CH:% 7d, 12000 r/min &> 5 min,
U1 mL IS sS850 uL Solution I (10 mmol/L ) A 2 mL Solution II (1 mL
0.5 mol/L FeCl3 % T 50 mL 35% HCIO,) RN, VRS T2\ Y 25 min, £l 530 nm WO, 7E
PRUEITZE_EEEX IR TAA PR, LR TR AR, RACFES 3, 45 RIS
1.7 E#¥k ZF75 3 AR RER 2B ER
PR TC AT 25 cmX 60 cm B HHGEEKIG, WIETH T FEASEYTK R 3~4 R

(1.5~2 ) JFAHIR SR KkE N 10° cfu/mL HIHEFE ZF75 SRS 5 E 5 ),
AEET 5 emXS5em HEH T AR B TSRS B R R S AN WA E T, 961 3 d. £
BREATL AR IE T I 75 % P58 2 TV 25 A EE 07 SRR 20580 1~2 IRk, M EANEEIE, T 4 1
ABHENE 1< 10° cfu/mL S0% B #BW 2 mL. RRCEE 3 RER, FFEE 30 BTN . N THR0 5 RS,
B RIIMRHEIRE 26 "C~30 °C HIFHESE 70%~85%5 1 ARG 77 o 1 K Ak BR H 4255005 11 AN it A= 197 14
N AN SO B AN AE BT B o TSRS TG TR 8 h SR 1 IR RO IEOL, AR A TR 3R 1A
B 65%LA i, I 7 A5 AL FERLIR R 99 15 B0 T BB R
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1.8 HEHk ZF75 M A REERR

FEMR AT, BEHLE B OR WL R — 30 R D S Bl AT 3 P, FRh K 3~4 eI S
PP KA R A 72 emX 24 ecmX 25 em (WE AT, 0 1 BUEERE N 1X10° cfu/mL #Hk
ZF75 BRI L 60 L/hm? HEAT ML FT, LLbiias (1 LB B3R 3eAE 0 I, 30 d Ja & s b bk i Aot L
Oy 1 em AbIIZER . —ANMLFE 5 KRR, RRALEE 3 REKE.

2 ZR5SH

2.1 HFERAREMSBESFIL

KHRBEIRATEIN 20 037 AR BR L3RS 2 Bt 134 BRANERT, DL SR80 1 0 AR 49 R 4
W, SR SR BUEN T o B A AT RS UL, JEIRAT 78 R T SRR A U E I B A, I
H 10 BRBTRUOK T 60%, BERE ZF75 B i BT R W, ik 82.55%. FERHXUZEEFRIER 10 BRFHK
IR R AT IR, Frf9al RSB Real RARL, WPk ZF75 PR s, 4 60.56% (K1, B 1 .

R 1 AR B TSRS R E RIS HER

Table 1 Control effect of antagonistic bacteria on celery soft rot

QbHE Treatment )& Concentration 993175 75 B Disease index B AR Control effect (%) 1% Inhibitory rate (%)
ZF5 1X10® cfu/mL 27.86+£2.58 ¢ 70.631+2.72 b 57.3810.52 be
ZF28 1X10% cfu/mL 35.994+0.48b 62.05+0.50 ¢ 55.8010.44 de
ZF42 1X10% cfu/mL 26.07£9.15¢ 72.51£9.65b 58.28+0.75b
ZF48 1X10% cfu/mL 34.844+2.38Db 63.26+2.51¢ 56.69£0.58 cde
ZF58 1X10% cfu/mL 38.10+1.03b 59.83+1.09 ¢ 56.9440.62 cd
ZF75 1X10% cfu/mL 16.55£1.97d 82.55+2.07a 60.56+1.47 a
ZF76 1X10% cfu/mL 22.57£2.17 cd 76.201+2.29 ab 59.924+0.19a
ZF87 1X10% cfu/mL 36.041+2.88b 62.00+3.03 ¢ 55.91+0.42 de
ZF94 1X10% cfu/mL 364913410 61.52+3.60 ¢ 55.48+0.41¢
ZF104 1X10% cfu/mL 26.68+£5.12 ¢ 71.87+5.40b 57.77£0.76 be
CK - 94.84+3.28a - -

T Bl I E R hRER, AR TR 0.05 KF EEREH.

Note: data were presented as mean & SD, data with different lowercase letters indicated significant difference at 0.05 level.

A: kR ZF75 B LA Colony morphology of ZF75 strain; B: ik ZF75 4l 18 Inhibition zone of ZF75 strain
Bl 1 B ZF75 BEESEIEBERR

Fig.1 Colony morphology and inhibition zone of strain ZF75

22 EHEE
WKk ZF75 76 LB B350k LRyg ik s, AEW, LEGAHN, KOt (B 1A o ¥ (as
e ) A LA RG 42 ) R B AR ZF75 BB AAL SOV o R RE ZF75 Z8d 2% e
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IR R RERE, N EKHMERE, BAKAIR, 4 C~41 CHINaCl & & 1%~5%B kK, Hifsh
Ve, Bl V-P VO PAYE, FrERREL. WA AL SN R B, nT AR BT AR R R
ANREFIH RS (R 2) o DLEFE ZF75 JER 2] DNA BN 7R B, 16S rDNA J¥41K 1454 bp, i A%
NCBI W3 (FE3%& %S MK215647.1) , X} 16S rDNA H gyB FAIME S RE KB R, WKk ZF75
L ve by AT AR U bR DSM7 SRl —i% L (B 2) o i1, %Wk ZF75 b ZE R 1 s iR v
LEMATF B B. amyloliquefaciens .

£2 EFkZF75 £EEANE

Table 2 Physiological and biochemical characters of strain ZF75

WRITH Ttems 451 Results WRITH Ttems 25 Results
W2 G4 Gram staining test + R Pectin -
ARG Catalase test + 4 Cok 4l CHK Growthatd ‘C ordl C +
FrEEIR #5056 Citrate solution test - AALHE XN Cytochrome oxidase test -
BB AL IR Gelatin liquefaction test - V—P iR Acetyl methanol test +
kT-Rz {14 D—Arabitol + 1% NaCl +
H &% D—Mannose + 8% NaCl -

He RS G IR — TRz S R .

Note: + indicated that the result of the experiment was positive; — indicated that the result of the experiment was negative.

Bacillus subtilis strain 168"
7-| Bacillus subtilis strain NCIB 3610
Bacillus velezensis strain FZB42"
471 Bacillus velezensis strain M75
— Bacillus amyloliquefaciens strain ZF75
Bacillus amyloliquefaciens strain Y2
Bacillus amyloliquefaciens strain ZJU1
58" Bacillus amyloliquefaciens strain DSM7"

100 |[ Bacillus amyloliquefaciens strain XH7

100 Bacillus amyloliquefaciens strain MT45

- Bacillus amyloliquefaciens strain YP6

94 Bacillus licheniformis strain ATCC 9789"
Bacillus cereus strain ATCC 4342
100 ' Bacillus cereus strain ATCC 14579"

Bacillus megaterium strain ATCC 145817

Paenibacillus polymyxa strain ATCC 15970"

0.020
2 EtkZFT5 AL BR

Fig. 2 Phylogenetic tree of strain ZF75

2.3 HMEIEMELE RS

53 R SRR IR 2 002 B 22300 52 AR ZF75 %) 6 P TR ECEE R 6 P IR 41 1 K F0 k80 R 46 Sk
B, BEBE ZF75 Refe 0 BN P BT B A BUR 8L, N T AR A A EBOR AR S MR R
AT AR A . TR ER R QR AN EE . 2 BB TR IE 60% LA L, X4 12 AN @A A
B9 JER B B A0 SR AN B A — E B E T (R 3) o 2RO LA B4R, Wik ZF75 BA T R R EE
2.4 Bk ZF75 77 IAA BE 4R

T TAA ARVE S A R FE AR R IEAE 530 nm AR TR OGAE, 223 TAA FIbsifE 2kl y=52.507x+
2.1535, R*=0.9996, WRIErihil4 IAA P& (K 3) . Wkk ZF75 #:F0T DF F1 DF+8537 3, 7645 7d
KOMIPR B ZF75 1) TAA P8 45 KW, Wik ZF75 /65 A 500 pg/mL (A2 R 1K DF+35 738 e s 7 d wl ™
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£ IAA, WKRIZIEF] 6.86 ng/mL. MAEANSHORRK DF 7830, 87 d i, WEE ZF75 P24 TAA ik
FEh 5.43 pg/mL (R 4) o FIRGERERW, AAREET TR ZF75 774 IAA.

F3 B ZF75 EENE
Table 3 The effects of strain ZF75 on plant pathogens

993 I & Pathogens X Inhibitory rate (%)
BT T DZEUR R Clavibacter michiganensis subsp. michiganensis 70.19+£0.32 a
I EF M A BUR M Pseudomonas syringae pv. tomato 62.96+1.40 ¢
S e SR T M BB R B0% AR Xanthomonas campestris pv. vesicatoria 50.37+1.16 f
WA N KR WA IR SR IR P, carotovorum subsp. odoriferum 60.56+1.47d
T SR KT Ralstonia solanacearum 60.93+£0.64 cd
V4JKWE IR A Acidovorax citrulli 52.96+0.85¢
HEERE L Alternaria solani 48.124+1.23 g

e

it AR EE Stemphylium solani 61.34+1.75 cd

MRS Phytophthora capsici 39.8442.071

Z FHHIH Corynespora cassiicola 65.51+0.40b
JKALEE 2% Pythium aphanidermatum 43.14+0.42h
HIv RN Fusarium solani 41.38+1.72 hi

T Bl I E R hRER, AR TR 0.05 KF EEREH.

Note: Data were presented as mean & SD, data with different lowercase letters indicated significant difference at 0.05 level.
35
30

25 F

1=52.507x+2.1535
R*=0.9996

IAA¥K % Concentration of IAA (ug/mL)

0 1 1 1 1 1 ]
0.2 0.3 0.4 0.5 0.6

W56 JE Absorbance (A)
3 IAA fRERZR
Fig.3 Standard curve of IAA

F4 B ZF75 = IAA BEQNE
Table 4 IAA production ability of strain ZF75

Ab 3 Treatment ODs3 IAA 7=1 IAA production (pg/mL)
DF 0.02+£0.00d 3.32+0.03d
DF ZF75 0.06+0.02 b 543+1.05b
DF+ 0.04+0.00 ¢ 4.2040.00 ¢
DF+ZF75 0.0940.00 a 6.861+0.07 a

T Bl I E R hRER, AR TREOR 0.05 KF EER T

Note: data were presented as mean=+ SD, data with different lowercase letters indicated significant difference at 0.05 level.
2.5 EPE ZF75 X iR R fm A R B A R
XPREEEMOE SRR 1 d JEIFaR R0, 3 d G W IRE0AR] 90 L b, HEARBUC S BERE ZF75 78
WIE A 1X10° cfumL B, S AF2E BB IIBTIG AN 89.62%, HhiZE B 448 1000 35380 i 36 /32 4
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TWRIBTG RN 37.74%, F R E 1000 B0 TR BTG R 27.40%, Wbk ZF75 Bisd i & &
TR, RGBSR SRR (R 5)

R5 B ZF75 WTRRBHRAREHR
Table 5 Control efficiency of strain ZF75 on celery soft rot

Qb Treatment RS Concentration 993175 75 2 Disease index I 2K Control effect (%)
ZF75 1X 10® cfu/mL 10.194+12.28d 89.62+12.51a
4 1H 2 Zhongshengmycin 1000 X 61.11+3484 ¢ 37.74+35.89b
i # % Kasugamycin 1000 X 83.33+27.40 b 27.40+27.92 ¢
X CK - 98.15+6.14 a -

T Bl I E R hRER, AR TREEOR 0.05 KF EEREH.

Note: data were presented as mean=+SD, data with different lowercase letters indicated significant difference at 0.05 level.
2.6 Bk ZF75 W AEBERR

FroRAE BRG], WIRk ZF75 X TS B RAFHIEAERBOR, &k ZF75 B4R 30 d YR,
BIRR R 3) 2 2008 24.18 R 0.51 em, S /K0 ZE S 3, PRk RT3 200 23 039 0 4.39
0.07cm (K 6) .

%6 Bk ZF75 W ASBRERR
Table 6 The growth promoting effect of ZF75 on celery

KbBE Treatment Bk Plant height 254 Stem diameter
ZF75 24.18+2.40 a 0.51+0.08 a
LB 20.15+1.62b 0.46+0.07 b
X CK 19.79£1.83b 0.441+0.10b

e BT FRHER, AFEVNFRERTR 0.05 K1 EZER R

Note: data were presented as mean+ SD, data with different lowercase letters indicated significant difference at 0.05 level.

3 itig

PRIPE ZF75 & MO SR AR s 38 70 30 0 1 15 21— BT A SR 38 s AT R U Bl R 2R B bk . T80 1RV T
AL, APV E S 2 BRI G RGER G AT, B R AR S E A ek 28 MO T o ik 24 i
FFBAE AR TP A BT, KR AL BRSSO B A0 R P 2 VAR B - 12220 g 3 B 49 3, g
— P B A B R, SRR D T AR AN TR B R, A RS S 2R Y
R Faiki PO Rt o IO, 2 PR SR s AT B 1

AW FUTREAT B PIRESERD 2F BOAF PR ZF75 0 SB35 SR BRSOk I R B A 5 1 45
PUEH, XUZRFREIEMEE N 60.56%, @28 Bkl e BivaROR N 82.55%, i % AR50 B 3N
89.62%, 15 F G NRIG 25 BANL . YEFT IR 13—1 BEXF AN SO0 I (0 BE S 50080 w1 P AE RS PUVE I, ReAE
AR MRPs LA R AT e Y EOREEMAT B L2 5 LEA—3 Mo JBE 1 J0 603 TR AT L 40F (X3 v 1
26 GC-MS KL F= Bl N K LR B W FR LB RIZE AR FE G, 4 AR HTAL I 2 a5 ma 41 iy
Joe bt . BIOTN LR I 40 LR 1 R Bl B e AR S AR A IO iRk ZF75 3R R
W A5 I, TER ZE75 55903 B 4l B R SO R A i, (AP R e PEARN LSS, X AT e S A S Gk
PR RIIR R S S EE %, ARSI AR A RO 5 % LR . pH. EAEK
ARV I T RS RGO R 2R 15 m, SRR R R AT E, AR H BRI T A= B 28 B B 0 oK T
AT N R, AR 2F BT ZF75 FERIARR R 00 2 GE RE ) 5 Bt — P I o, DS A 12 B ok 1) FH )
MR IR 4E 5.

2 % xx #f
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