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Identification of root exudate components during the Fusarium graminearum-maize
interaction and their antifungal activity

Wang Yun Jiang Lin Yang Qian Xie Shanshan’

(National and Local Joint Engineering Laboratory of Crop Stress Tolerance Breeding and Disaster Reduction,
College of Life Sciences, Anhui Agricultural University, Hefei 230036, Anhui Province, China)

Abstract: In order to clarify the effects of fungal pathogen Fusarium graminearum infection on the root
exudates of maize, liquid chromatography-mass spectrometer (LC-MS) technology and non-targeted
metabolomics were used to identify the differential components. The antifungal effects of these differen-
tial components were further analyzed. The results showed that a total of 34 root exudate components
were differentially expressed in response to F. graminearum infection, mainly including organic hetero-
cyclic compounds, benzene and organic oxygen compounds. Among them, four components containing
niflunic acid, ethyl caffeate, 4-methyl-3-nitrobenzoic acid and vanillin acetate, exhibited significant in-
hibitory effects on F. graminearum. The niflunic acid exerted the strongest antifungal activity against F.
graminearum. The inhibitory rate of 100 pg/mL niflunic acid on spore production and spore germina-
tion reached 96.0% and 87.0%, respectively. In addition, vanillin acetate treatment caused reactive oxy-
gen species (ROS) accumulation in the mycelium of F. graminearum; niflunic acid and 4-methyl-3-ni-
trobenzoic acid treatments not only induced ROS accumulation in the spores of F. graminearum, but al-
so caused cell death of mycelium and spores. Taken together, the four components have the potential to

control maize stem rot.
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T AR ZE T PR KR , 78 R
BEREEA R WA AR R, B
1675 ZE B RIARTE , AR YAT AR %) ZE BE 00 10 7 A 4
B, Bl AR AL IR 4 4 AR R, S5 AR Y
TR A3 IAE, e 20 WA W) Z5 5 58 T (Zhang et al.,
2016) . AR, FOKRZERNTEIR E A A3, ™
R 5 R Gk 80%~90% , 1 I ™ HE I P (B S XU
85,2017) 0 5l EARZEILIEE A 5 32 2 h
JIHH Fusarium spp. M85 # Pythium spp., e oRAY
Y J1H F. graminearum &5 | 2 T K ZEFEJE R 7 32 2
o (F8 T H55,2014)

TP A FAR AT S 2 R o, B AR T
PR R A A IR 55 A FAR PR A= PR B
B FEF 5T IR AT e 7 A TRLELAT E
YE ] (Surender Reddy et al., 2015 ; R 6HEZE ,2019;
BATHRIESR,2021) . X1T75574(2018) i@ 5T
NZ Panax ginseng 251 B 2 FH AL PRR 68 B2 4 T
F. solani BT 22 A=A B At A% 0 G 5 L =
N AR AL S PEAR A IESE AN SR R i
Py S R AR RS oo L A B S ) TR A AR
Ko B (2017) i Vb KGR TR
¥t 2% Stipa breviflora V% & Artemisia frigida #1761
[ F 5L Cleistogenes songorica WAR 2 43 W) , F5- 71
A 1% - B 15 RSO0 3% 3 FhAE AR 22 43 16 9
MY 3 AT 280, JF R AL iR B 4D AR 22 0
Yy i 3 F A 2] 53 % - 38 b AT R A LB Y 2R
e VR ZH A K - 458 IR s i, 2 TR R A3
WAy R ) R SBEATARIR = T R 1, 2- R
FITIRIE I e il W 2R T

H AT, 0T FOKRZE LT (14 Bl i6 LAk 25 700
F2, AE Ak 245500 () 3 AR i FH 0008 S B 7 A T T 24
P o 1 Z2FAE AR 22 5364 4% UE S50 Jir T AT
B AR CT 04, 20225 A4 P, 2022 Li et
al.,2022) . A, AWFFEH FHARRE ) f Q2 2R
XFARA ] TR S FNARAZ G 1) FORAR Rk A T
O3 I L2 S A X R AR i T TR e 22 A K
il fe AW A I T AR B S T s DA
WA B IR E AR B A E B oL

1 5T E

1.1 ##
PR PR S5 ALY - RS T oA 23 ROl B

5 BE A AR 5 A 7 i i B Y TR A I 4
fto FORMFCN BT3, L BURM RAEY P &
P55 I R MO B TR SR 2= it BB
fa BRI T, 1 70% R T I B 1 min, KB K Tk
W3, T EHAMAETE LB, 8T 25 C Ot
16 /7R 8 h 25 T A4 12~14 d fiEix,

P % 7 3« 4% 25 1) 4 B B IR (potato dex-
trose agar, PDA) 55 32 FL il o0 25 jz Th 45 25200 g (&
30 min J5 HUIER) HIZIHE 20 g J5IE 15 g, 21K
ERE 1 L; & AKE 7355 (synthetic low nutrient
agar, SNA)RAIAREFR L4 KNO, 1 g KH,PO, 1 g.
MgSO,-7H,0 0.5 g . KCl 0.5 g 7 45 4 0.2 g I Ak
0.2 g . NaOH 0.024 g, ZZIH/KERZE 1 L; Lk A5 5%
FERUr R T B W UE W 40 g ZRIBK ERE 1L,
7K 35 g (water agar, WA ) 55 72 3& 8 0.5%~0.8% Fri 5
INZERKERZ T L,

F AL A « — 4R 2¢GE (fluorescein diace-
tate, FAD) . fll ft 4 BE (propidium iodide, PI) , 3& [&]
Sigma /A ] ; 7% PRI R &, B A R AW+
AR A7 BRA 7] s HA ¥ B ™= Frdli. 1290
1R O B AN, 36 B L HER B A PR F] 5 AC-
QUITY UPLC T3 44 (4 100 mmx E 42 2.1 mm,
YRR 1.8 um) , 3 B IR FF A BR 23 7 5 Triple
TOF 5600+ %1% , 3¢ [ AB SCIEX /> 7 ; LSM880
WO E A B ES  DMS000B 1F B 2¢O s , i
Pk 28 7] s GZX-400E 6 BE 85 3240 , Wi v T st el
TR A BR2S 7 5 5425 /N e 5 B0 ML, 18 [ Bp-
pendorf /A .

1.2 Fik
1.2.1 AR Z 5 ikl Ao AX A 284G )

VAR R Z PDA AR E A TS AL, T
25 CHEm R 5~7 dJe , FFTHLa8 NI V5 1L 20 4T HR
B2 7 mm BB, B 4~6 1 F LS T4 U85
e F 28 °C 200 r/min &4 T RERE 2~3 d, H 2 )2
YU AR AT I 0E BB LA 6 000 r/min 250> 10 min, 57
IE W, UTVE TSR K TS PR 2 UK, B JC R K R R 96
TR FE 2 10°4>/mL, A i -20 220k
0.001% , il AR Hie V) AL TP W . BEIUAE K2
14 d 19 F KA f, R S 28 7E K ZE L300 1~
2 mm PRAGH T, ZE47 T AR5 20 pL R 2548 J B4
T-ETEM , VAT S5 5 TC s /K A BRAE X B, R
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Rig% 3 dJa , BUH A RR K, FHICER/K i R ARER
HAEK s B TR AK R, T4 CtE
24 h, 1h U8 R FORARFR AT, B IS A AR FR 43I
53%¢ T 50 mL B A B 29 30 mL, A -20 °C
UKFE TR | WSS 5578 RV UR TR PL, R VR T8 3~5 d
R TR, FEE RS 3] 2 mL K # B0 T T -20
{R:47%5 FHl (Lombardi et al., 2018 ; Xiong et al.,2020) .
RAHI TR G A AR G 1) T RAR 2R 43 06 451
£ 6 LI K ICHE AR S AR VK RO, el B S Hon
A1 mL W8 B H B - OG- /K W (R R R 222
1), IRHERA) AR 30 min, —20 C#+& 10 min,
1E4 °C LA 14 000 g &0 20 min, BU_E 5 R 0EF T E
2% T RIS 100 pL 25 K8 W (2
SRR 1 1) 3% iR iE , 7E 4 CF LA 14 000 g
B30 15 min, B IR FHVBOR (003 — T i 2 FH 4 St
AR AR AL o3BT, ZRFERTIN I A Py B AR e A7y
A BRA T 52
TRAH % 2544 AR 35 °C, %l 0.4 mL/min.,
K sh AR AR RZK (55 0.1% IR ) B AR 2
i (2 0.1% WIR ) , ¥ B 50 : 5% B, 0~0.5 min;
5%~100% B, 0.5~7.0 min; 100% B, 7.0~8.0 min;
100%~5% B, 8.0~8.1 min; 5% B, 8.1~10.0 min, [
R 45 < REASFEAR 43 I EA T 1 R OE B F R ACR AR
FNT R A7 B AREAOR AR, B YR B <A 30 PSI,
M T CREAO) AR 2 (B5S0) e 1341 14 60 PSIL,
B FIRIRE R 650 °C, IE B TR HL R 5000 V,
B AR L T -4 500 V., SRAEFHRE R R
B HE 4K 8 % 4E (information dependent acquisition,
DAV, A — D RETEIA T, —FRETH
1 60~1 200 Da, — 4 RAERS[E] 24 150 ms, 2R J5 I —
P P BRI T 1A I L fer (B B TR T 1A
LA ) I ARG 5 B R I 100 AT 124
55 B F AT QR 244, A SR AR A FE B
0.56 s JRIEAUKLIN %5 A 4 A3 18 , ik b 565991 E 1)
IR 11 kHz, A28 (4 R A5 % 2 40 GHz, B4
T B R TA5 5 B SR 6 4 D SR
FEIE A . R S S HEBRAT R E o 4 s
FERAE I RE R, B8] B 20 P REAR A T — IR AR 1E R
JERIE , R ] B 10 M REAS R T— U P A b
T T B AR [0 74 Joi o 2 B DR A 1E A At i A
P RFIRZE
F ] Proteowizard 1) MSConvert 2% {46 ffi ji%
HIL D s 30 7 46 mi mT 332 0 A% 28 mzXMIL; F1)
XCMS SAF A ISR O #EA T BT, X BN )

JtF) ] CAMERA %514 7 A7 110 F1 88 8 8 5 A1)
metaX FIF45 G BT ER AL 5 2L 240 A R4 15 (Kyoto
encyclopedia of genes and genomes, KEGG ) %4 #fi J%¢
X —2 i AE B TVC L , S5 R 5 in-
house F e i Bt FE EA TVE L3 A2 | Fe A5 2 AT {5 B
e AT 2 e 25 21 5 A1 T KEGG B840 P2 %) % 3|
AR A T TR i R (R P A~ M 5T LA
KAWEEE
122 Rifrdh & 2 Fo 2 F-Rah i ik

FIF XCMS B 1.2.1 5 7 51 (4 45 Fh ) 1
AN TR)BE b A5 o B R R AT 4 0, O
metaX FOFFEAT B « 1 S KRR i 0 (BT ]
FEA R R 3 509% , 535 S5 BRFE AR v ik R i i
80% ) , Fifi J5 | F K-/t 2B (K-nearest neighbor, KNN)
VLT IAR, PR MR A5 19— 12 (probabilis-
tic quotient normalization , PQN ) FlJit 4 il - & R A
25K 1 (QC-robust spline batch correction, QC-RSC)k
HEFTEE A — Ak, X R BT A T

K H AR T oy AT 22 574550 (fold-change , FC ) , ]
FH 562453 PAEL, 456 D de /N — 34511 53 #7 ( par-
tial least squares discrimination analysis, PLS-DA) 15
B A8 i 22 5 ST#RE (variable important for the pro-
jection, VIP) , ik 22 S Rk A . LA RIS if 2
FC>2 m{ FC<1/2 LU & P<0.05 1 VIP=1/E Jhnifi , 3
1522 S RIR MUY .
1.2.3 EZFA5 3 RE%TTH R L 2K FHmn 2

BT 122558 B0 EiR#RIR 22 A A o7
DIAH N A2 slibn o i A TR LS, SR TR 22 4R K
AR 3 22 AR X AR A i ) T TR 22 A= K
HIREE . K PDASSEFRIET 121 CF &R K 20 min,
FERE R ML 23 5 I AAS 5] Jo 2 9 55 1) 22 M o i
FIPDA H5 37 5L 780 1R A, A RE R 2H 3 1) 2% 35 531
30X BRZH ) .50.75.100 1250 pg/mL (5 1% —H
HE 7 X (dimethyl sulfoxide, DMSO) ) . HU L #2 2
7 mm P RAF RIS, S Bl A2 BN A AN [R) ik
531 PDA S-Hr v g BRI 1T, T°25 C
R IR BRI % o AR AR 9] TR TR 22 4 KAF DL, A
FEFRI SR 2 RIFUG R 758 SOE I 5 1 v BLAR T
ISR T H AR BRI 3 IR E R
Tl 2= O} RE4H B 75 AR — b B TR VR AR )/ (N R
YHRVE AR IR AR ) x1009% (4 P25, 2020)
1.2.4 R ALH ARSI H T2 W F a2

R FH IMLER 2200 22 1.2.3 7 158 21 4 300 7 2 45
XPARA e JI TR PR 52 . 7R 1% DMSO 4%
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SRS I AL A TR 53, R RN S Y
L i Jy 0 (IR (50 F1100 pg/mL. Bt 6 E A2
7 mm PRI A, e 22 LaRag Gt
1,25 °C.200 r/min F&504 N7 3~5 difs S AR5
Al ARUZ TR W E+, 725 C.
6 000 r/min 251 F 250> 10 min, 7 F 3§, H 1 mL
TR K BT BT A A0, BRI B T4k,
Gt A BRI P i fe . B EE 3 IR
1.2.5 A8 4L 5T RS9k 71 T T0F 97 L840 % ve ] 2
B 1.2.1 w1 28 B9 AR 45 e ) TR 460 7 BT 1 mL,
SRR ZH 53, i 2 B 15 100 pg/mL,
B HIR A E T2 mL B0, 78 28 CREFRA K
B dCPE PR BT RIEE S 1R, Z S5 W H 10 uL 7
T 0.5%~0.8% WA VA FixAtss], 728 ClEil
R FE 3.6 A1 12 h )5 Ge it 78 A1, TR
IF) B[] B 14 6 7 1 36 (T kL 20135 22 10 4%
2022) ., DAZFEARK R M I A B 1 — A R 4i
W & bR, AR AL BB A 100 707, A 3K,
001 & P ] 3= Ol BEF6L 7 1 % 30— A BT
B0 /% R 1 A < 100%
1.2.6 I3 R B4R SR AR RN E
FIH 2, 7- %N E LR TE (2, 7-dichlorodi-
hydrofluorescein diacetate, DCFH-DA ) £ £} 2 X} K
A AN R A R e =N R A ¥R i g coalll B Q)
1229 7 mm AR 5l T] oA B I 4~6 1~ B F 20 mL 2%
TR, T 25 °C 200 r/min S0 FHERS 12 h,
i 2~3 2T Ak i, A0 R B8 b 0w 22
F2mL B0, A 0.85% NaCl 28 ik 1 mL, IF
A3 ST B 20 3ol L B2 350 100 pg/mL. LA
1% DMSO IRALBRAE X IR, AR BR 3 A
F25 °C . 180 r/min 2544 F 5537 6 h, 7L 8 000 r/min
B0 5 min, 3575 FIHWR FUTTE T 0.85% NaClif it
3,1 mL 0.85% NaCl 2% ik , RS TR 22 .
] I, B 4~6 A3 & B i T 20 mL SNA V4
R T 25 °C 200 r/min S8 FHRES 3~5 dffiR
BT 5y T2, 205 FH 2~3 J2 T b A i ug
I ETE LA 6 000 r/min B5.0 10 min, 372 FIFWR, G
A 7K R 7R T B TR MROMR E & 10°/mL, B 500 pl
filFRPER T 2 mL B0, IR A 500 uL 0.85%
NaCl Z& M, 53 SIS [F0 TR 2 50l L2k Ji 4%
100 pg/mL. LA 1% DMSO ¥ W Ab B AE g %if B
A3 R EL , T 25 °C . 180 r/min 535 6 h, Ff
L) 8 000 r/min 5.0 5 min, 3 & E W, B UTTE R
0.85% NaCliE 13K, INA 0.85% NaClZZ i 1 mL,

FRAFAL PR T4

A3 BIAE b3 Ak 3R 1Y) TR 22 AR o A
0.001 pug/mL DCFH-DA, 37 °C &% 5% & 30 min,
B 5 min #8571k, 500 55 40 i 70 e ik o ik ]
0.85% NaCl JZ 2 W F] )5 , LA 8 000 t/min 0> 5 min,
F FIHW . BUTTE 0.85% NaCl ik 2~3 1%, LA
For RBRARHE AN ) DCFH-DA . &+ HU
W22 E TEIE R b R SRR T 22, 35 F sl
F BB 22 R 5 5 53 AN 10 pL A7 T 3803
I @ EESOT WA . FUHEOC IR AR
i S B LA A P TG PR R B BRI L, BRI R DK R
500 nm, FfEL SR A 525 nm, A MEHE3RES
1.2.7  F0H 20 5 % R -4k 71 B 4 B 76 e % vl

FIIH FAD Fi1 P XU S G (8,35 % R 43 5k ) Tl 24
JH B 35 PE R TR . FAD S — il AR R B
T B PEERAET , UE AT 40 2B 2R (0,
PR I 1 S 3 20 B P 5 7 40 5 T PTAE JBE i 05 1sf ¢
LA, A F LT AR . R 1.2.6 7
AR R0 B AL 53 B S A R A3 ] A B 24
T, A A E A 5 mg/mL Y FDA ¥ 20 pL
FHE N 1 mg/mL (9 PLVATR 1 uLo FEREDEAIE T,
ZE IR ICE 8 min, LA 12 000 r/min 250> 3 min, % I
TH W, 14 0.85% NaCl J 52 AT, 51k 4~5 Ik, 7843
FBRATE AN Y i) . B TR i 22U I
TR bR R 2, W SR,
PR TH 22 F o W10 pL ATl TR B A B
B A B o O R AR A
55 RS20 M5 VIR 000 , FDA B A &k I K A %
SF K435 h 488 nm 1 530 nm ; P10 & I
A S K43 59k 535 nm A 615 nm., FFPAbFE
3RER
1.3 T\

{6 1 SPSS 19.0 ZK A XA B A IE A TH 1 08T,
>k F Duncan BT & M 25 155047 22 5 W B TR 56

2 BER55H

2.1 REBINEELEEBEEXRRSDIRBAL
2.1.1 LC-MSH#4&XR

TER B SOE BT 5T WARA i ) T A= G
FORFRAZ R TR AR R Iy A 1 171 %
Y. PLS-DA &5 SRR, £ B T4~ ,PCl
FIPC2 A3 3 BIlJ2 14.23% F121.40%, H.2 ZHFE 5
e E A (B 1) RR B T) iR 4 oK
FIAAZ Y T KR Z2 500 2 7] 25 573 1 3 (P<0.05)
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Fig. 1 Partial least squares discriminant analysis (PLS-DA) of

1
—-100

differential metabolites in root exudates of Fusarium

graminearum-infected and uninfected maize

IIRTESR R R R ITH R G KRS R R Y
FORAIMRZR Y A7 491 Fh 22 AU B 75 5
ARAZYRE AR L, LI CHEES 7 294 B, T RACHY
BTA 197 Bl ARURES FIRAR GERE fh Z [ A K
R R R A 22 5 2, RO TR G &

0
pg/mL

50
pug/mL

A 75

pg/mL

100
ug/mL
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ug/mL

B 24K =R

AT AR A 2R LR B 5 TR
S ) DRI L A
2.1.2  EFRHAsHr

FIHH KEGG ¥ 22 X 25 At A 7 i i, 3t
Yo 34 Fh 2= SR R A HLASAME B R
K ANEAY A TR I 2R
R A R RERR L kS a Y A
PURR S HATT A= 55, Hoh LR Zak oty 22 Fh,
ARG OR R R IEERS | 2R | AR A B R
A R IRZRB BRI A 12 Fh A4 3-F S| L

SEELE R R A RSB R RS e

3 2 22 S AR ] REAE 1 KR 20 B, AR AT T B
(R Gerh R 2 E A
22 ERRESDYHEATHFEREIER
221 MNALZLAKARZRGYA

1E bR ek 2= A, JE R MIHERR £
Fits | 4-F 3L -3 2R T IR RN 2L R 7 22 R R REAA RX
IR SRR 22K (F 2-A) o 2353
eI 250 pg/mL B, JE JRURR IMERR £ B | 4-H 5E-3-fiFd
I R AN L R 2 R R T I 22 A K Y
I 243 518 59.0% .33.0% . 53.0% F121.0% , H
JE TR I B RSO S, Y MR FE R 50 pg/mL BF R
AT B SR AR R A i ) P R 22 K IR B S T
HoAh 3 A e 2 4 (1 2-B) .

60 3 50 pgmL
. = 75 pg/mL a
% 50 100 pg/mL a
k= B 250 pg/mL
= a
2 40r a
kS b
=
£ 30F
5
E c 2
g 20F b
2 b
m& o7 b - c C c
1 < 1 1
W ZEEZS 43 RIRE
L i HEFKFER  Niflunic
Ethyl Vanillin ~ Tetramethyl-3- acid
caffeate acetate benzoic acid

A REPEITH B 22414 3 AR, a~d 4350 I WIHERR T8 . LR A7 22 2K TR  4-H 2-3- A 2K R MJE R . A: Growth of

Fusarium graminearum mycelium for 3 d, a—d are ethyl caffeate, vanillin acetate, tetramethyl-3-benzoic acid and niflunic

acid, respectively.

B2 47 FARZESESNRSRITARLEK M
Fig. 2 Growth of Fusarium graminearum after treatment with four differential components
P Bt - bR e 2% o [l (RE B TR)/ NG 7 BER A ] b HR ) 28 Duncan [GHT 2K 22 TE K560 22 5 (.25 (P<0.05) .

Data are mean+SD. Different lowercase letters on the same color bars indicate significant difference among different treatments by

Duncan’s new multiple range test (P<0.05).
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222 MRBHERT R TR M

JEFIR HERR 218 | 4-F B3-SR R 2
MR A 2 R TR 1 e ) 04 o R 4 Bl T w96 1) 7 A
v JE JUR 1 AU T RIOCR B i, 2R B 100 pg/mL

I 410 5] %< 3% 5] 96.0% , 50 pg/mL &b B 14 1 1 %y
71.0% 5 4-H 5 -3- A JE 08 R AN O TR A 2 R R X R
A9l T TR A A R OR CZ  IMERR R A A )
MR (F ),

x1 MEES N RERITASREN T

Table 1 Effects of antifungal components on sporulation of Fusarium graminearum

0 pg/mL 50 pg/mL 100 pg/mL
415y PR/ (<107 YmL) IR ALY (<10 YmL) IR PR (<10 YmL) - R
Component Spore production/ Inhibition Spore production/  Inhibition  Spore production/ Inhibition
(x10° spores/mL)  rate/%  (x10° spores/mL) rate/% (x10° spores/mL) rate/%
WL 2, Ethyl caffeate 15.0+4.6 - 11.0£1.6 a 26.0+13.1¢ 10.0+4.5a 38.0£13.2 ¢
LTRF >4 KT8 Vanillin acetate 15.0+4.6 - 9.3+24 a 38.0+19.1 ab 6.3£1.1b 58.0+£9.5b
4-F L3 E A T R 15.0+4.6 - 9.7+0.1 a 350+1.0b 4.940.7 ¢ 67.0:53 b
Tetramethyl-3-benzoic acid
JE R Niflunic acid 15.0+4.6 - 4.4+0.2 b 71.0£2.3 a 0.6+0.1d 96.0+1.2 a

F B B AR i 22 . RIAA [N G AR 7R 48 Duncan [T 8 W 22 1546 560 22 55 L 2% (P<0.05) . Data are mean+

SD. Different lowercase letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).

223 ATRBHETIH IO AT

JE FUIR AN 4- HY 6 -3- il 2 2K R X R 4% ik )
PRI FBL 1 A 0 2 A A T, EG e T2 SRR 4
R AT, 5557 12 h PR A ik 0 TR0+ A 1 2 384X
4 40.0%, @ FAR TR, B 3% 3 hib X7 &

B3 1) 2 38 3 87.0% , i 3 1 T HoA 3 R B 41
435 HK R 4-F B3-SR IR , 5 9% 6 h A7 i
RFA T7.0%, AR T X B 5 117 2 R 75 22 = g A
MO R 2 e 18 400 3k SR e 22, K5 9% 6 h BT
oA H] 96.0% F1199.0% (F2).,

R2 MAASMN RS RITERF AL

Table 2 Effects of antifungal components on spore germination of Fusarium graminearum

3h 6h 12h
415 Wik i % Wik i % Wik il %
Component Germination Inhibition Germination Inhibition Germination Inhibition
rate/% rate/% rate/% rate/% rate/% rate/%
X H8 Control 97.0+£0.6 a - 99.0+£0.5 a - 99.0+0.0 a -
WMERR 2.7 Ethyl caffeate 94.0£1.0 b 3.040.8d 99.0+0.5 a 1.040.5d 99.0+0.5 a 1.0£0.5 b
LBRFF 22 Z Mg Vanillin acetate  88.0+1.2 ¢ 9.0£1.0 ¢ 96.0+£0.5 b 3.0£0.5¢ 99.0+£0.5a 1.0£0.5 b
4-F B3Rl R 70.0£9.0 d 38.047.5b 77.040.5¢  22.040.5b 97.040.5 b 2.0£0.5b
Tetramethyl-3-benzoic acid
JE 2 Niflunic acid 1254825 ¢ 87.0+2.1a 33.0+1.7d 67.0£1.7 a 40.0+3.4 ¢ 59.0£3.4a

F P BIE EE B bR e . WP R /NG Tk R 7R 22 Duncan [GHT 2 B 25 K656 25 57 .35 (P<0.05) . Data are mean=

SD. Different lowercase letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).
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Fig. 3 Effects of antifungal components on reactive oxygen species in mycelium (A) and spores (B) of Fusarium graminearum
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Fig. 4 Effects of antifungal components on cell viability of hypha (A) and spore (B) of Fusarium graminearum
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