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The impact of Bacillus amyloliquefaciens strain HRH317 on fumonisin B,
content in maize seedlings infected with Fusarium moniliforme
and defense-related enzymatic activities
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Abstract: In order to analyze the impact of Bacillus amyloliquefaciens strain HRH317 on fumonisin B,
(FB,) produced in maize seedlings infected by Fusarium moniliforme, the inhibitory activity of strain
HRH317 was detected by using the Oxford plate assay system. The pot experiments were conducted
through maize seed inoculation, and high-performance liquid chromatography (HPLC) was used to de-
termine the content of FB, during different growth periods after trefoil stage of maize seedlings. The ac-
tivities of defense enzymes including superoxide dismutase (SOD), catalase (CAT), phenylalanine am-
momialyase (PAL), peroxidase (POD) were measured during different growth periods after trefoil stage.
The results showed that B. amyloliquefaciens strain HRH317 could obviously inhibit the growth of F.

moniliforme and resulted in inhibition zones on PDA medium, with a diameter of 33.31 mm; and the
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strain HRH317 showed great promise for inhibiting the production of FB, within one to six days after
trefoil stage. The inhibition ratio of FB, in maize seedlings reached 59.20%-75.70% by seed co-inocula-
tions with strain HRH317 and F. moniliforme (1: 1 mixed suspension); the inhibition ratio of FB, in
maize seedlings reached 76.77%-88.10% by seed treatment with strain HRH317’ s cell suspensions
first and then being submerged in F. moniliforme’ s conidial suspension. The enzyme activities of SOD,
CAT, PAL and POD in the leaves of maize seedlings under the above two different treatments were in-
creased to different degrees as compared to the control, with a peak value of 1.24-5.45 folds of the con-
trol. These results indicated that B. amyloliquefaciens strain HRH317 could weaken the infection of F.
moniliforme in maize seedlings through inhibiting FB, production; meanwhile, the strain HRH317 could
induce the expression of defense enzymes in maize plants and enhance the systemic resistance of maize
plants, and thus has the potential for preventing ear rot of maize.

Key words: Bacillus amyloliquefaciens strain HRH317; Fusarium moniliforme; fumonisin B ; defense

enzyme; maize ear rot
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HE M 52 W K #E AR 770l 59 & g (da Costa et al.,
2010;Ely et al.,2016;de Jong et al.,2018) , T Kf#
JE5 9 T Pl et TR 5 A, X 3R [ 2 KR 2
FEIX B E AT & P, BRI Fusarium moniliforme
S KA RS A3 R K o0 3 e e 1 P
BT (S, 2011) , Ho A BAR S ER AU oK
FERRAS B 16 ™ A KR BiR 2l i %
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ST A b AN [R) R B A2 B AR E RE R 75 4 (Pa-
gliuca et al.,2005; Mogensen et al.,2011) . 7EE &
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(LGP ,2006) . FB, 15 4Ll TR A & LI E
YU RS A, 2351 /N B E il (BT RARAE S i
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H i R 0 B i E 2 A2z i B
TARZTRE R 5 I i 24 1 S5 [l R, %of A AP 25 1
JSCHBEIR | DRI Bl 365 28 20 ) R B AU 24 AR
YIBisi6 , B A B TR A T A= P 97 IR fie AR Sk 4 6
TR A KR BEA ™ T L e A R L
VE M 2F MOAT 16 Bacillus amyloliquefaciens V£ M % i
Mo W — R AE B ) 2 W TR FE PG . s
UK (2015) BIFSE J AU 53 2 LT T T Pk SQRO TR 14

AR B B H R TR0 A998 Vi o R I AR B AT Verticilli-
um dahliae ¥ W Sclerotinia sclerotiorum . 23 1 %k
J1 B Fusarium oxysporum N 22 ¥ B Rhizoctonia
solani 1258 K24 T1 T Fusarium solani UL J X EDREE
% Phytophthora nicotianae WK & B YA BT
TR 5 0 AR 25 (2016) BIFFE 45 S 2 B i e k) 25
JRUFF BT /N2 B AR A AR ) 2B B SOR X o 1
i 2% 0] 1% 84.55%; Gotor-Vila et al. (2017) 43 fi#t
TER ZF MO AT B T Bk CPA-8 XiF 5 | RS B Ak G 3 () 4%
A% 25 B Monilinia laxa Bk 5 % B Monilinia
Sfructicola F K259 B Botrytis cinera 5 A5 411 4171 il
PERT s B 2% (2016) F1) gk S 3 24 IOAT 149 1 Bk TS-
1203 1l 7 A= B 12711 L HOXESp SRR B 2 g F Bl 2% mT 3k
78.56% . IR, 0T ER BRI 3 5 | B0 & 09 4= Y B
AW HGE R D . XA AE (2011) A7)
T 126 1) 6 IR IO e 0 EP BA S A0 T A7 410 A 5
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HEKAE Y S B RD : FOR S FPSEE 1662, FhF-F 1L
PaE A R B R AV BT PO AR . fRTE R 25
JHLAT TR TR AR HRH3 17 OR580 T o i A 4 v e DA
Zz 51 2l A Yot (45 CGMCC No. 7314),
EP R R0 TR DR T H N B E B AR MR BT (S
60603 ) , 4 LLIPG AR KA AE ) T AR S g 2 1L

A3 1 8 R LD P AR R K
SR EARAEAR AR PR £, S £ 38 10~15 em AR PR
4, T 180°C T K 4 h, B T J5 734 T HAR 15 cmx &
12 e 4B, 25 H -

BRI ARG R R B 0.5 g R TR
1.0 g S Ab#8 0.5 g Z81H 7K 100 mL, pH 7.0; 3Ll &
B R 77 3 A 2.0 ¢ R IR 0.5 g T REIR B
1.0 g AL 0.5 g Bl 1.0 g %18 7/K 100 mL, pH
7.0;5 B85 A BE B IE (potato dextrose agar, PDA)
RigR st . A2 200 g A A BE 20 ¢ Bilig 20 g Z51H
7K 1 L; PDA K5 IE TP INE G PD WA B 5758

IR 7 : 50 pg/mL FB, AREA , LA 551 Fermentek
YR A E] I EE (el T RERHERM A
PR 5 SAX AR HU T, K g AR BHY
A BR w5 il o ™ a4t

1X#% : GSP-9270MBE %4 i /K = fe iR 55 974 ,
T RS AT BRA R BT PR AT 5427 T L ZS R R
B0 ML, 72 [E Eppendorf /A H] ; UV-1601 45 78 AT UL 43
SO, AU 5T HE A o AT AR 7] 5 Agilent 1100 15
BB A (BCAT R &8 ) | S ZHEeFHL
A B F] 526080 FY[E AR AL UL, Jb 5 5 4 28 se 4
A RS 7 3 NAI-DCY-12GD A A S A, TR
YOG B AL A BR N T 5 JT-C R34 5 2, Tl g 1290 17
4 RIS AT T o
1.2 Ak
1.2.1 B AR HRH317 *F 2R 4T 04 3 4) VF A il 2

FHAZ DA PREU D A Mk HRH317 WK, /0 T
A 45 mL Bl K WM S IR B = A, 37°C
166 r/min £ F #5855 25 h )& , FICE K il ek 2 Ky
1.0x10° CFU/mL A IR . 7F 5 ERHF0 B R A2 R
HIn A 9 mL JG AR FRER K, 0 TR 3 3 4 1 BRI
o AR IR TS WM i 52 ke s R B
1 mL 434 27 T 9 mL Jo B A= BRER /K,
BRI Gt o R AT BBk B I C A
AR AICK M R 22 1.0 10° 4Y/mL, £

TCRARAE SRS 7R K A T4 A0 35 55 L i3]

15~20 mL PDA 35575, 8 [ 5 AR AR I 0.2 mL
FP BRI 0L PR o0 A 0 B T VR, PRV A 2 5 50 1
A JEFEREFE ML IS 1A 38, o inA 0.2 mL
FRVE RS 2 MO T bk HRH3 17 3 B 5 59 BLER 2R
TR 53 A A8 B T MR A J5 1 PDA A, L e
DAAEHR, A3 BN 0.2 mL JC A B ER 7K F10.2 mL
PRI SE IR R 2 OO R SR a3 R LG 1 3%
FRMLPAHCE T 4°CokAR T 24 h )5, T 28°ClH IR 3%
FEAE WG 2= N B 3% 3~5 d, WA AR A K I, BB %
i LI A1) 4 Rl B AR IR 5, AT I Pl B M F8 A
FEAE T PR HRH317 0 461 336 4 19 /N (X1 4 1 45
2006), AR 3RER .
1.2.2 H#RHRH317 % 2K 4% FB, A& 8% %
FH 1% NaClO %155 E 1662 T K Fh-F 7 10 min,
T 75% W AE X R TH EE 30~60 s, fefm I RZK
RZ hRBOR T A . AR S bR (1)
25 IR IR K58 2129 T 0.85% 19 30 mL G
P A BEER /K HP 20 min; (2) 30 AL B B AR PR . B OKFp
T 58 4R U T 1.0x10° CFU/mL 1Y 30 mL B tk
HRH317 B2 1 20 min; (3) 420 Ji b Ak 2 .
K Fh T 52 4232 W0 T 1.0x10° >/mL %) 30 mL & B4k
FOTE 23 A 0 TR PRI P 20 ming (4) 96 5 5 AR B
PIARFLLE 1: 1 IRA AL B . Tk Fh T2 4R 1T 1.0%
10° /mL A9 30 mL 5 B8 76 1 43 A 76 1 = 7R T A
1.0x10° CFU/mL [ 30 mL Fi#& HRH3 17 R AT
Eb 1 IR AW 20 ming (5) S A= By B 5 2R 0%
R PAANEE B FORFPFAE7E 22T 1.0x10° CFU/mL
() 30 mL B #k HRH317 B 29 1 20 min, FHE 0 F
1.0x10° /mL 119 30 mL = BR 476 8 o0 25 il 12 0%
% 20 min, Ph_I 54N T b B34 T 28 °C AH G B2
60% MR FEH G 2= hEA T, U S T4 KR 14
(RIAEZE N R RN, A 20 R 6 ks, A0 B 3 R A2, A
2304, R EORAN A K & 30, 4 e
1.2.3.4.5.6 AUl 25 DL AR 25 1] o
T[] — s (i) ) e Ak B [R] 25 0 A T R 4l i
FRA, BRI A), FRELZ 10 g TR A e s mie 505
R B TAR A 75% H BT 50 mL, 245
A4 3 min, R 10 min 5 B BOR A T BT
U SRR, FH 1 mol/L NaOH 15 I8 ¥ pH M 5.8~
6.5, %5 FH o 7 [ AH A B 1222 SAX [E AH 22 U/
FE,He 5 mL HEERGE , P 75% W B 7 5 mL itk
Ve, BRI 2 mL, DMK T 2 mL/min (49 38 2212 i
i SAX FAAEBUINVE , FH 75% H BRI 5 mL ik,
T 3 mL Rk /VE , PR EL 1:99 Y 2 1R -
F VT 10 mL, LAZNTF 1 mL/min (438 & 2818 i i
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ANKE VR FB, , B e R i T 1L ZE S T A
WA T 60°C A5 IR T, P | mL HH s pp e i
VAR BA Y AR ST, B i 50% HR S I 200 pl
Vi, rEfi AL A . e FB, DI E 1Y (it 4%
P8, 43I 3 S AR 2 d A KA R
FHEARSE BRI 20 L FITFB, BT 20 pL, R JH S
SSCHA 2,35% % (high performance liquid chromatogra-
phy, HPLC) Z: B £ 1 25 (2006 ) J7 ¥E#EATIN & , IF
WA 2Bl o AR BRI VR HH VAN [B) SR 1 FBL 1Y)
Ay, F B TR VR e ] v 0 B T SR
HFB, S e e i G R 45« ok
#: A Eclipse plus C18 4%, 4%E 4.6 mm>414: 150 mm,
FORHBUR. B4R S pum; 3 80 AH 4 0.1 mol/LARF 1 77:
23 (1) F B R — BN, BRI pH ok 3.3,
0.22 pm Y8 AT % 5 A A 0.8 mL/min; 2 VG K IU #%
Wk « K B oM 335 nm, & I A 440 nm; AR
g i R R 20 pL.o

BT KAl B I B RE S AR BRI AN FB, B A TR A4S
50 uL, 3 S A 150 pL A7 A= 581R 2) , 7E 2 min N1
0.22 pm JEME, FE T LR a3k 25 R H HPLC I
i FB, Erad o [AIET, b B B R HRH317 X oK
LA FB, BAMHIRCR , Wit 1A FB AR X
JE B 5 A BB 10 1 TR A A RN S R A B 7R I
3 JL AT Ak B )4 R R AT EX, FB A1 i) = (4%
o LRI AE i FB, 2 it IR R 5 A B I 12 TR Ak
BEFE i (S Fh A B TR e 2 s D T Ak B )
FB, & 1 ) AR JE A 5 FB, 2 1% 100%
1.2.3  HAARHRH317 xF E K By £l & M 6 %5 vey i) 2.

8 A AL W) 57 AL i (superoxide dismutase, SOD)
TEPEIE < 43 3 1.2.2 A A P E oK it 0.5 ¢
FHUA W, A S 1% 5 246 % B () pH
7.8 £ 0.05 mol/L #f R 2% il , 16 VK 1y T W% hii &)
I, PR R 2% th I E 25 2 10 mL, 4°C .10 000 r/min
25 TS0 15 min, YOHE LR, DA SOD KL -
SR AR DU SR AR 55 AN EE T B
P 560 nm Ak (4 IS, A S0 U ko' thaF
I 50% It (g 1S R (R R, 2006) o

1o B AL A il (catalase , CAT) 7% P 52 « 43 ) B
1.2.2 AL F KR 1.0 g TR AFER T, m
1 & pH 7.0 19 0.05 mol/L MR G2 il S /D& A Db,
FEVKTR T WRES BLAT 0, FIBETR 2 R 45 %8 10 mL,
4°C .12 000 r/min Z&5 4 #5015 min, W4 B,
Bk CAT MR . 75 25N Y6 BE T 1 s P
240 nm Ab 59 SCAE , BL 1 min P3G AE FEAK 0.1
1A B0 (R R XL, 2006) .

RN 2 R fi# % i ( phenylalanine ammomialyase,
PAL ) 3 PRI 5 « 23 S 1.2.2 H 4% 4b 38 K 4 i
R 1.0 g THAMER T, JImA 0.05 mol/L i i 2% nhifk
(5 5% B LIRS BERR 5% H Il 5 53k LB
1.0 mmol/L EDTA-Na,) ¥& & , FEVKI T AFES B S) 3K
FHUIMR 28 MO E 25 28 10 mL, P15 20 A b g L 4°C |
10 000 r/min 2515 F 5.0 15 min, Y8 W, BT N
PALFHBER . TE55M D OGEETT EE AR 290 nm
RE W SGAR DA R N W /N B WG (B 3 A 0.01 2
1N B (R 2R, 2006) .

i A ALY (peroxidase , POD) i 4 % - 773 751)
BU1.2.2 A AN EOR A 1.0 g TR aER
I/ s BERD FIBRRES , VKIS RIS 20 3%, Z5 18K
FEZR R 50 mL,4°C .10 000 r/min 2515 F &0 15 min,
W VS, RIS PODRBRRA . R FH AL RIA A B ]
4-H SRR (AR fE R NI, DA 9% 44 470 nm
AR EAE , LT min ITRGE AR 0.01 9 1A FlE
AL (R R, 2006) .

1.3 I\

FKHISPSS 19.0 584 748134, W H] Du-

nean [GBT R AR 22 1A RN A BA I 725 53 0 B AR 50

2 BERE5HM

2.1 BE#k HRH317 3t 8 BR R 7 = A9 HD 0 1E F
FRIRGRAU A 7E PDA B5 32 3 AR KRR 2 11
2R X BRZH A AR v 43 S A TS T 2B B ER 7K R
PR AR SR 5L, T B R ™ A (1 1-A) | Tk #E2H
A AR T i DE A ZF AT TR TR bR HRH317 TR
W, 35575 d 5 A= UM S BB 00 R R B 4000 R P T
I E AN 33.31 mm (& 1-B) o 3 B A= B 18 1A bk
HRH3 17 X995 Jit P H B i A0 TR A AR A A 4 il 3

A WTREEL, 1O TERIAEBIER K, 2 I AN AR S JR 0 5 B b
#igH . A: Control group, 1 is sterile saline, 2 is liquid culture
medium; B: treatment group.

Bl 1 MR E RSk HRH317 33 8 BRR A E A IR
Fig. 1 Inhibitory effects of Bacillus amyloliquefaciens strain

HRH317 against Fusarium moniliforme
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B RS« S EAD 2 MUAT AT TR R HRH3 17 X I 8 BRI IR F oKW IR O RE SR B, 5 ek MO DG AR 1 PR 5 i) 277

2.2 Bk HRH317 3 EK 40 FB, & EHZ0H

e JE R 1.0 pg/mL (Y FB, b i 75 W A6 WA (035
P H B 0 i 0 A B4 B 8] 4 4.234 min (& 2-A) , F1]
HPLC & F KL A 2 3 M) 2 diti /P A
FB, % &, 76 {4 B iF 1] 24 4.263 min &b H B R FB,
i B & (& 2-B) , il FB, 4583 T B 47
M43 L 1% HPLC Kol 64453 1 o

FoRAE AR ZE 3G 1~6 d, 42 R0 A B
HRH317 #) Fr A Ab BER 4 v R v FB, 2 i Y4 5
B o AL B AL B I S ARG, LS B A AR By R
HRH317 J& 322 Fhojps J5 B AL B4 - F b FB, & 1
AR T R B R B e HRH3 17 IR A b 313, 30
A 5 R HRH3 17 BEA3 500 ) 58 BR 70 18 12 G E KTt
80 7
70 -
60 -
50 4
40 -
30 4
20 S
10 4

FEAEFB,. BEE i AR, SRR e T TR Ak B 1Y
FB, & & AW, 76 FORMEMRAR N RR: R, A
K1dM3.24 ng/g BEF R EERK 6 AR 7.36 pg/g,
W97 JE7L T+ 97 T HRH3 17 Y45 42 b b BRI SG 422 b
A= B HRH3 17 J5 3R [ A PRAE S AR K 1~6 d
B, FB, &t/ IME TR, 43 5IE 1.23~2.90 pg/g F10.44~
1.65 ng/g Z 8], HA K26 6 KW FB, & &3 8 & & T
AR 1 RIS, R IAAE B T HRH317 X FB, BB 2 +F
SRR INRIVE (1), SR A B 7 HRH317
AbF 575 G HR I FB, 3 8 S A, G 24 T4
K. BRI, o] LR AR B HRH317 il s A 12
AT, A 3295 [ B =2 T LA T B T KA i
R

4.234

7.967

0_

350
300
250 A
200
150

K3RE Luminous intensity

100
50 1
0

4.263

2. .02
880/ \4.001/\ 50295237

6.985

0 1 2 3 4 5 6 7 8 9
{5 B B} [A] Retention time/min

A IR TR B AMERM; B: #E5h. A: Standard solution of fumonisin B,; B: treated sample.
El2 KBEEXEB MRIEEIER
Fig. 2 HPLC chromatogram of fumonisin B,
F1 EXMFEZ4MAR AN EEIHPHETHFFRESEBHEE

Table I The contents of fumonisin B, in seedling leaves at trefoil stage under four different treatments with maize seeds

o Kt ild = EXﬁﬁ ﬁéﬁﬁ)ﬁﬁ ﬁéﬁélzﬁ)‘i ﬁéﬁfﬁ%ﬁ%t@i% %T&é@iﬁ)ﬁfgﬁﬁ
Growth stage Negative Inoculated with Inoc.ulated with Inoculate.d with F. moniliforme Inoculated with strain HRH317
control F. moniliforme  strain HRH317  and strain HRH317 together first and then <. moniliforme

1 0.02+0.01 Ca  3.24+0.59 Ab  0.03+0.01 Cb 1.23+0.27 Bb 0.44+0.16 BCc

2 0.02+0.01 Ba  5.19+0.91 Aab  0.05+0.02 Bb 1.47+0.48 Bab 0.65+0.24 Bbc

3 0.03+0.01 Ba  6.60+1.44 Aab  0.05+0.02 Bb 1.64+0.43 Bab 0.82+0.25 Babc

4 0.04+0.01 Ca  6.88+1.21 Aab  0.05+0.02 Cb 2.40+0.49 Bab 1.31+0.37 BCabc

5 0.04+0.02 Ca  7.34+£1.29 Aa  0.15+0.06 Ca 2.38+0.36 Bab 1.49+0.30 BCab

6 0.05+0.02 Ca  7.36x1.17Aa  0.08+0.03 Cab 2.90+0.53 Ba 1.65+0.30 BCa

RPBUE R . RAT AR S bk | WS [F)/NE FRER IR 28 Duncan [RGB 22 2K 50 1E P<0.05 K- 22 5+
3% . Data are mean+SE. Different uppercase letters in the same row and different lowercase letters in the same column indicate

significant difference at P<0.05 level by Duncan’s new multiple range test, respectively.
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TR AR 2 35 4 d, 25 O IRA i A=
AR RAF, v 5 SR il (81 3-A) ; Bl B Fiois [
[T Ra e S N WA R 21 I 7 i INIER IS
Pgg, EF M B AL ZE (K3-B) ; A A= b7 1
HRH317 234y 1 AR TE 5, 528 FX R L JE B
825 5 (&1 3-C) ; T s Bt b+ B 1 HRH317 1R
BRI S e R A B A R R A T L
I BRI AR A Bt i SR 6t i (141 3-
D~E) , F W € 43 27 MUAT T8 R bk HRH3 17 7 R A= B

3

PRIE— R B b X6 D AT R AR TR (1) 1R e i e 3]
B AR . ELA= B B HRH3 17 AN [A] J7 A B
FRANF G X G R FB, B — s IR
SEHER A 7 TR R IR B A B2 X FB, A i 3
TE 76.77%~88.10% Z 8] , ¥ =5 95 Jit 11 + 2 B T
HRH317 18 A A b B 2 i vt B b BB, 1 iR
59.20%~75.70% , H. P 3 (400 il SR 7 B K 4 i ik
AR 1 df3 dif 2257 B (582),

A ARG By HEFRIETE ; C: HEFPEBTE s D BeMR IR+ BT s E: e E B S SRR I H . A
Control; B: inoculated with F. moniliforme; C: inoculated with strain HRH317; D: inoculated with F. moniliforme
and strain HRH317 together; E: inoculated with strain HRH317 first and then £ moniliforme.

El3 EXMTFRAMARARLIBESHEEKZIMNEA4 dEHTLLER

Fig. 3 Comparison of the growth of maize seedlings on the 4th day after trefoil stage under four different treatments with maize seeds

R2 EXMFZ2MARAXLEE 3HEALEM F PR DEERB,HMHIHR

Table 2 The inhibition effect on fumonisin B, in seedling leaves at trefoil stage under two different treatments with maize seeds

H1 2 Inhibiting rate/%

AR A]/d

Growth stage

PP I+ Bl T

strain HRH317 together

Inoculated with F. moniliforme and

SR B I S e e
Inoculated with strain HRH317 first
and then F. moniliforme

1 62.77+1.92
2 73.30+4.57
3 75.70+1.36
4 65.50+2.10
5 66.27+6.18
6 59.20+8.04

87.30+2.90"
87.70+3.36
88.10+1.17
78.57+9.29
79.27+£3.82
76.77+4.79

BB R R bR i R . *37R 2 FRAL SRR 22 ¢ IR TE A 36 7E P<0.05 7K F-22 5% 3% . Data are mean+SE. * indicates sig-

nificant difference between two treatments at P<0.05 level by ¢ test.

2.3 EHR HRH317 X & K48 5 B (0 B & 14 1 52 M
523 IO BRAR L, FORBh 285 4 Fhor =0 ab
G, B AR 2 3 W5 1~6 d i SOD . CAT .,
PAL .POD MG PEX A AR IR BB R (2 3) . oy,
PR AR B HRH3 17 AL FEE TR A A K 2 30
W5 %5 6 K, SOD i M ik i K{H 18.68 U-g™*min™',
3 T3 1S A K 2~5 d 47 %) SOD i
P, S [RIHZS B B AY 3.35 45 (P<0.05) 3 95 J i+
B8 HRH3 17 1R SR B AN S e e A B B HRH3 17
J B [ P A B A B IR AR K Z 3 R AR

6 KI5} SOD i ik fe KAH , 43717 30.35 Urg ' *min”!
12514 U-gmin™', HATHE 35 T &, M &
B 2w Tk A3 A K 1~5 d 4l 1) SOD i
P, 5 3R TR) B3 25 13 6 BRI 5.45 F5 1 4.51 £ (P<
0.05).

B Ab A B T HRH317 A BRI 5 K 40 i 7E
PEA 3 M4 K 1 dJ5 CAT 36 PE RN IA fe i (8, M
31.12 U-gmin™, Z J5 7E 4 4 3~6 d I CAT §i6 1 {2
ENRE, HA A 5 RFE 2 R AR{E 8.59 U-g ' \min™'; 5
JE TR A B TR HRH317 1R & e R AL BRA )1 1 () CAT
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TG 3 i 5 4 R GA e =i {E 37.58 Urg'min”', H.
9 25 1 T (R LA A0 AE B R HRH3 17 A AL SN
25 AN RR AT AT B 2.07 % . SedE AP B B
HRH317 J5 32 Flof J5 B b BEAS 40 ¥ 18 CAT 35 P 1
AR 315 6 Rk B i 24.90 U-g*min™,
T 3 0 4~5 d BTG CAT 1 M 0 35 (I8 T I B+ Bl
P HRH317 {5 $ R Ab B, {H 5 R i 25 3 0 BE G
R,

996 SR +44 B T HRH3 17 TR A 2 b kb B IS 6K
WA HEA 3 A 4 dIF PAL G PEIA B B (L, M
2700.09 U-g'h™', HAEAEAK 4~6 d PIREIE 14 /)M iR 3
3, E 5N E A T R R A By
P HRH3 17 2 BRANZS (O IR S22 R IR 2.76 4% 5
SEHERIAE B R HRH3 17 J5 B2 P I pa A 3 41 i AE

K2 3 1~6 d i PAL I PR 4ERF B ROIR S, TG
B3 K 4 d A6 d I PAL W& 1 A% T 1R
I 3099 D B H2E B T HRH3 17 RS 4R ab 3, Hoh A=
K25 6 RBT4IH A9 PAL 15 1 788.18 U-g-h' i}
F TS PO R RS O REAY 3.48 175

9 J5 B+ 5 TR HRH317 TR & 1A b B K
LH ) POD 5 PE7E A K 58 3 mH415E 4 Kk 3l i
{8, A 114.31 pg-g ' -min™", 3 = T [6 B £ b B AN
25 AN IR R 2s PG IR AY 1.24 % 5 Je 3 Fh A2 B 1
HRH317 J& $2 R s B Ak B 401 1 () POD 7% 1 7
3] 1~5 dAE LA IR, 5 25 5 50 6 K i B %
EHRARAE 57.16 pg-g ' -min™', HAE 3 M55 4~6 KN
() POD {5 P4 4 2K T R 303355 J5E i+ B 7 HRH317
IRATERNLBE (B 5 [R28 (IR 22 AR,

F3 EARREEFKXFRE EKEE T EK 3 FHEIS) & A48 X B B R L

Table 3 Activities of defense-related enzymes in seedlings at trefoil stage during different periods under different treatments

[EBSIINEES

LN R ST W A B T e ]

Defense- s} 1] ZRME ﬁéﬁlﬁ)ﬁ% ﬁéf’f‘ﬁi@ﬁﬁ Inoculated with £/ Inoculated with strain
related Growth Blank Inocula.tG.:d with Inoc.ulated with moniliforme and strain ~ HRH317 first and
enzyme stage/d control £ moniliforme strain HRH317 HRH317 together then F. moniliforme

SOD/ 1 8.33+0.81 BCa 10.21+1.13 Bd 15.51+1.04 Aab 6.52+1.31 Cc 6.52+0.74 Cc
(U-gtmin) 8.64+1.24 Ca 17.34+1.31 Ac 10.25+1.41 BCe 13.09+1.17 ABb 13.79+1.38 ABb
3 9.57+1.27 Aa 13.54+1.58 Acd 11.05+1.08 Abc 12.73+1.66 Ab 10.75+1.47 Abc
4 7.47+1.34 BCa 16.47+1.55 Ac 6.84+1.95 Cc 16.28+1.45 Ab 11.94+0.97 ABb
5 6.36+1.64 Ba 25.23+1.93 Ab 11.02+1.44 Bbe 6.99+1.91 Be 6.79+1.39 Be
6 5.57+1.59 Ea 38.56+0.28 Aa 18.68+1.45 Da 30.35+1.79 Ba 25.14+2.03 Ca
CAT/ 1 17.96+1.28 Bab 11.98+2.05 Ce 31.12+1.48 Aa 7.11+1.63 Cd 7.55+1.23 Cd
(U-gmin™) 11.51%1.54 Bed 9.97+1.83 Be 28.92+1.48 Aa 13.58+1.61 Be 14.80+1.96 Be
3 9.43+1.04 Dd 35.4141.83 Ac 12.26+1.14 CDbc ~ 14.55+1.39 BCc 18.43+1.81 Bbe
4 18.18+1.22 Cab 27.70+1.70 Bd 17.10+1.81 Cb 37.58+1.91 Aa 21.37+1.25 Cab
5 14.37+1.40 Cbe 66.84+2.71 Aa 8.59+1.59 Dc 36.80+1.67 Ba 16.76+1.22 Cbe
6 21.94+1.52 Ca 46.33+1.96 Ab 12.45+1.54 Dbe 29.26+1.80 Bb 24.90+2.10 BCa
PAL/ 1 1242.83+107.61 Bbc 1586.024207.77 ABc 2 195.45+259.87 Aa 1 853.13+231.67 ABb 2 036.78+225.88 Aa
(Ug™m) 5 981.824199.86 ABa 2 156.674220.75 Abe 2 045.81£8329 Aa  1397.165200.52 Bb 1 804.09£152.12 ABa
3 1283.27+113.38 Abc  1463.75339.22 Ac 1 175.55+218.41 Ab 1 698.72+166.48 Ab 1 417.66+450.29 Aa
4 977.42+495.08Bc  1678.14+23427Bc  1400.37+265.97 Bab 2 700.09+136.60 Aa 1 691.06+310.60 Ba
5 143524+150.95Bb 2 577.13+251.98 Aab 1 675.72+366.80 Bab 2 591.90+146.65Aa 2 167.89+223.68 ABa
6  513.85497.95Dd  3303.46+214.81 Aa 1694.73+169.01 Cab 2472.89+108.77 Ba 1 788.18+160.95 Ca
POD/ 1 71.95+6.45 Abc 76.06+2.44 Ad 88.34+5.66 Ab 88.68+6.23 Abed 86.83+6.56 Aa
(hgrg'min™) 82.5246.13 Bab 97.80+4.20 Ab 102.03+2.80 Aa 77.24+2.83 Bd 82.41+6.10 Ba
3 68.28+3.67 Bbe 89.31+4.56 Abc 68.2843.67 Be 93.25+4.66 Abc 94.46+4.47 Aa
4 92.21+2.72 BCa 101.60+4.07 Bb 56.66+2.01 Dc 114.31+4.96 Aa 82.33+3.40 Ca
5 72.5143.81 Dbc 147.6343.79 Aa 89.40+4.26 BCb  101.81+3.50 Bab 86.05+4.98 Ca

(o)}

59.44+5.03 Be

78.76+3.70 Acd

82.22+3.99 Ab

83.96+3.51 Acd

57.16+2.80 Bb

LR T BCARIER . TR RS 7[R9 R IR 736728 Duncan F BT 2R B 1E P<0.05 7k P55

1.3 . Data are mean+SE. Different uppercase letters in the same row and different lowercase letters in the same column indicate

significant difference at P<0.05 level by Duncan’s new multiple range test, respectively.
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SRR ZE MO R AL, R E R 2 AT T A
J Iz A A A B S PERAE L 2 A B iR R R
MBS . TR 45 (2012) 302 i Ve s 28 MOAT AT
& BE BS2004 #1151 35 4 9% B8 Ralstonia solanacearum
PIRFR SRR, R BRI T RE BS2004 X 7
PR A ()40 A P AR 3K 21.75 mm, Ko -39 PP AR firb 78
Plasmodiophora brassicae PRIRFLTF-FIFNHIRIA 62%;
RIS (2015)BIFST T A JE K 28 MUFT B 11 Bk SC1150
X 5 #E A 2595 1 Fusarium oxysporum f. sp. cubense
45 A= BR/INFI IR, S0 B AR 0K 28.33 mm;
ASBIETE e B TE R 25 AT BT T B HRH3 17 RE ] St A1)
Tl EP AR L TR B A, SRR R B4R PG4 33.31 mm,
5 AR a A3

FP RN TR g T R AT i 1) DA T T, 32 %
VIR TR B R G B R , H™ A i EL A
B R FB, 23X A bR BU™ F 05 %, 51k FOKRBE I
(Ncube et al., 2018) . HErA M5 Cidid s> 15
B EOK R E TR, DT BEAIR FB, X K1 il
(935 % , 4 Duvick (2001) 35 & 5 E KA 19 E
KB, T LA DB R ARG . (HHT BB K
i A I O A 52 R A 8 55 2 T R R B2
M, FAT — 2 ) Jry BRI (4 3BUT55,2017) o Aoyt
AR R AR R BRI - AR SRR A —E
AT A5CR  (H X A A 2 il — 2 75 4 (Yu
etal.,2015) . FIEFIPREEALF H P NS RE 2 4255
N, =W B GOk R AZ 3] )12 1, U Lizarraga-
Sénchez et al. (2015 ) P\ 55 P 5] £ KFPAE X 43 125 21 i
FEZEMUAT A Bacillus cereus FRk B25, Xt T K Fh T
AT AL B AR B8 R X B K5 YRR T 93.9%,
FIHA BB FB, 115 3 9 £ 2 4R th7E ik
Py FLRRE TR 0 AR S A ) B R e R T, Her
AR P 0o) 75 25 A A A 3= 3 A R IR, o LA
R EFHIRHATRI Fe b, WA B e 2=
A 4025 2% 74 (TR 55 ,2013) . Duvick(2001)
HEA LR ) CBLHG BB A A ) RE AR B
FHREE 2L =4 CO,, il an BA R T Aureobasidium
pullulans 7] LITE MR B35 2 e — B IR 257 1 A=
1, I A AR S8R R A . Blackwell et al.
(1999) & iR /MR B Exophiala spinifera 4555 37
Y REGE 73 1 20 M A1 PR , AR 3 R A O =R
ZItlE . AR (2010)AIFFT K A B 25 AT R
PR B-FSO1 (X 7 4 754 2 0 3R G ] 0 B TR DA

BRH A BT A FB, i . AN ST R AN IR 7
O F KA FHEAT AR B, 75 TR L A 2 3 00
o SR FH R 50RO 20 3% 2 000 2 41 i R BB
a5t , ORI i D B 2 MO B TR AR HRH3 17 Zb 2 1Y
FRFNF, Wi FB, S A — e AR,
i e 35 88.109%, A L T F) FH B vk HRH317 764
FRFFAELA IR, DT KA Y 5 S 2 — 25 45 3
FORAERE IR ) K

FF-TE AT F AT TR ) A B AL F2 B8 ik AR
AR Py il B B A, DLGE A R AR R
GEpirE GsR A B L LR s Uie e (TE4r4E
45,2017) . AR RAERE R SZ B R IR R B, 22
FEREARAS B P2 R Ge it 75 A S B A 2R T
RAEARE NI E 0 A . KREWFSE s E
YA N Y B A B 40 SOD | CAT PAL A1 POD %5 78 4%
PO S T A= Y 5 T KRG AR, b SOD A
CAT W] LIV BRIG MR A R 5, DA O A R A 8
F; PAL S —Fh i UL B 2 S8 ALl , d 2R fe
F14) X P AN PR il , AR A PN 2 A IS AT DR R
KRFTER IRA B EACE W AEH PTG L i
&, e R FE BB E s POD BEfiE L LA H,0, Ky
AT B AR JE R N T BRAR I R N R A R E IS
77 A B H,0,, Ph K S 5 OR TR S0 Y BT 0 G R
(Duan et al., 2014; Fortunato et al., 2015; Zhang &
Liu,2015) . 2F EAEMR " LE RGEPUrET, b AT
I 00 52 7 P9 A K B 0t 1k T VR S AR B 8 A
DL AR B T 27 12 5 2 B (Mehdy , 1994) o J& %5 1
Z5(2013) W50 & BILAE B 17 HH 5675 55 380 2F MO AT 1T Ba-
cillus methylotrophicus 7 Pk 4-L-16 1] L5 5 & A
FiH SOD .CAT ,POD ,PPO i P & A= 284k 5 ok HUM<5:
(2014) BFFEHRE T DE K 28 BT 127 74 1k TF28 mT %
S R N RS T T, AT BB 1k e i
IR XK AR e s B R 5 (2012) R R 45 R 3%
AF AR R 25 BT B B PR S37 1 S44 BEIA T & Ml RR 1A
P 540354 C 1 PPO . POD F1 SOD W M T , A 4%
HEHCR AR B 10 & A= 5 A T AT (2009 ) 38 43 i /)
LEMUFT B Bacillus pumilus T8 £ EN16 Zb PR 55h I A
J& PR E R TR, & P TE Ak EN16 BEYY 5 75 i A
#Erh PPO .POD FI PAL 45 B G A 16 14 . ASBIFIE 7
I FH BB BRI M TR A2 e FOR LT I, AR 0E 40 28 MAT I
R HRH317 i = EoKRG 77 4R R G pitk, it i
)5 fE1 B SOD , CAT \PAL , POD A4 36 PE 35 4 % B A
ANRIFR B () T e, FLE R X R Y 1.24~5.45 1%, &
KA A BRI IE 5 19 AR HURAS  RIRIE R 2F
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MOAT R bk HRH3 17 75— B2 b REHRAES 51 &
Az BREVER 2R TP A B AR X KA MR AR e B — 2
PRI, (DA AE — a2 B TE] 2 ] B A5 BT
it MR & T A Re R o B HEILAE R, LSRR A A7
BRIEH AR H B

2R L RTIR R UE R 2 AT DA TR AR HRH317 16 R
A= W5 DA B A I TS, BB R0 ) K AR AR
FB, 0774, [A] B 6 175 5 A Ak el L B = A= B 40 S5
N, i v B AR T 1) ek B SR R B PUR I A AL
TuBH E K 4 v R OB e ) & A R A R O
R R e I R A B R — A 2 (R A LA ERIL
WA R — IR AR o
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