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Fumigate Antifungal Activities of L.-Carvone against
Wheat Fusarium Crown Rot Pathogens

ZHAO Xiaocen, YOU Weichen, WANG Chunsheng, REN Wenjing, CHEN Lijun

(College of Agriculture, Xinyang Agriculture and Forestry University, Xinyang, Henan 464000, China)

Abstract: L.-carvone, a volatile monoterpene compound, widely present in herbaceous plants, such as
Labiatae and Umbelliferae, exhibits excellent antifungal effects against common plant pathogens. To
further clarify the fumigation antifungal activity of L.-carvone on wheat Fusarium crown rot (FCR)
pathogens and investigate its inhibitory mechanism, this experiment employed the mycelial growth
rate method to determine the fumigation inhibitory activity of L.-carvone against four FCR pathogens.
The infection ability and morphological changes of Fusarium pseudograminearum mycelium after fu-
migation with L-carvone were observed and analyzed to explore its antifungal mechanism. The results
showed that L-carvone exhibited strong fumigation inhibitory effects on all the tested FCR pathogens;
the EC;, (the concentration of the agent that achieves a 50% inhibition rate against the tested patho-
gen) for F. asiaticum , Bipolaris sorokiniana, F. pseudograminearum, and F. proliferatum were
2.13,6.12, 7.20, and 19. 05 pLL « L', respectively. After fumigation treatment with L-carvone, the
hyphae of F. pseudocercosporum exhibited abnormalities, breakage, and leakage of protoplasm, with
a significant increase in extracellular relative conductivity, reaching up to 232.07%. Leakage of nucle-

ic acids and proteins increased, with absorbance values at 260 and 280 nm reaching 2. 20 and 1. 33, re-
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spectively. PI staining results indicated that the cell membrane integrity of F. pseudocercosporum

was disrupted and permeability was enhanced after fumigation treatment with L-carvone. The study

demonstrated that L-carvone had a good control effect on FCR.

Keywords: Fusarium crown rot of wheat; Fusarium pseudograminearum ; L-carvone; Fumigate anti-

fungal activity

INAAE N B RO EAE Y 2 — A B 7
HIERRPIERME LS, A, i T A
VR BE A L /N 22 25 BE T899 (Fusarium crown rot
of wheat, FCR) 22 Bl AN Wi & S 5 hn & 8%, &
LA EWEFNE X EE RN EZ —, &
S T /N PR T AR R /N 2R SR g AN
2 0y BEM 2 A S AT Sy L 3 S A SR L
PRI 2R BE R AR 2 LB AERE IR . H R L 51k
/NG ZE LI 0 s T TR T AT ROR A iR A T (Fu-
sarium pseudograminearum ), R4 B M H (F.
graminearum) JJZ W HRILE (F. proliferatum) .
W B (F. asiaticum ) I 4% /8 5 (Bipo-
laris sorokiniana) ¥ AR (F. culmorum ) .
AR B E (F. equiseti ), = 2% 9 #1 & (F.
tricinctum) AR J& B U f0 & (Bipolaris sorokini-
ana) 5 . AN [) b DX /N 22 285 O 0 00 P
JELB TE N [ 1 4F 0y 8] A 22 S, R A& SRR
20082019 4F [] H [ fy /1N 22 25 Sk J3 9 g J5L 14 3k
FTT Oy B %5, RHL 20082013 4R # 1 42 X 1 1
g J5L R A AR T O 6 R A Bl T TR R T D ke £
B 5 2013—2019 4F 8] I 59 I 1 o 1B R A% 9k 160 7
MRS PRI . HoF T B Hr iS5 2 X/ & 255
JE& o5 640 1 A it T s 28 Ol RO A Bl A TR, 2019
A RGE R D TERE T 63 AN SR FEASURSE 4 B 15 3
224 BR/INAE ZEHE G g D TR HL v RO A e AR TR oS
FEak B T 89.73% ., AR A K] 2023 4F
WV L PG Y /)N 22 25 5L T8 3 15 T A 5 D A R
AORALE 5 IE 84, 7100, =R MR & 1L 8. 2470,
RAHAT L 3,530, WA EN T XAk
rh AN ) 22 DX 1% 25 66 1 D o o A 2 e AT T &R
SR BESE, A7 & 4 X Gl Rg LTt 2R L L i R
W DD I S SR O R A AL L T E R L X
CPN 5y B 2 7 R B IO P 3406 T o o fI R
A5 Pl 6 TR R B AR B, R VIR R i A X G L
BEORTL IR B4 0 35 D T Ay SI7. A 0 0 T | AR 4 e
FAREFER ARG . 286 70 Bl DUk B, T 48
RARR A AR TE C B W b T R E AL N
7 DX R B A A ISR . A A R R

SRR A Bl A6 T8 5 AR AT ik 6L 1 2 BE 5 RS /)N A2 25
BRI o E 2 MR A AL T 1 SO g SR

B A A% S A0 T L T 22 4408 AR A2 A7 P L ]
TSR AR AR K BB 2 AR Y i
FL RS INZE B2 A e 7 R ™ B R . BB BOX /)N
A2 ZE LT 1 B i 32 SR AR R AL A4 By i AR 45
BT BT E B0 W B iR /) 22 25 R 1 24
FVAT = BN E i ol Ak 39RO R L TN L A - TR
WA Tt 7 7R R TR O R fH B R AR A
i TH 245500 A TR B e TR T | R A, /N R
i 05 5 ) A 7 75 A JE B IC AR L (HL T AR R /N
ZE LB 10 A= By B A 9 2 T AR E ST B —
Su A 55 i A ) a0 ZF T B (Bacillus spp. ) FIAK B
W (Trichoderma spp. ) W) & BRI X 7N 2% 25 3 8 0%
BB Bl R W A P b b B AT DA
R ARAR PR AR W) h iS00 A Y B it /N 22
AR R UE M 2 AT B (B, velezensis) YB-
161 X i A 45 9k 76 1 1 22 A= K B 1 7 & A7
Wil /R T s H 22 58 55 55 B (Streptomyces spp. )
YC2-3 Xf /N 22 25 JE )8 i 1Y 2 N AR By AT ik
73.94 %1,

5 A 7 A= ) A — S W N i e H 3 B AR
I3 R AE D IR T A B A B R A L i Ay
T RE 52 A0 ) R A3 S 6L TR A AR G, T AR B BE
F AW AR A A6 A Bl wE A K A B
22 H RO AR A Bl AL TR A5 TR AT 5 Y R 2
MHAEH L ECy, ALK 6. 71 L« L7, L-F& /7
VEN B 22 4 R i B £ 2 — R B 15 &
PR B & Y o0 708 Co Hy O IR 8 B 500
0 (VR A A T Dt TR A 1 O A R, 2 0 TR
BEOR A EH L LA IR R /N2 0 B
BB A g0 o P LA e i % /s 22
SR 4 Pl T TR 110 BB 0 T AR L W A HC A
PTG R 5 WL 28 L7 ) i) S 2 Ak B MR 43 ik 9
A 22 {2 JL e ) RO 78 A0 AR 5 HAM AL L
TF A LA L7 7 B S =5 R 43 169 A8 9 5 2% T 50 RN
/INZE ZE LT AR W By R B HE S AR



%091

TR 45 485+ 1 e R X /)~ 22 2 558 o B T4 11 T 2 400 B S P BT Y .+ 1285 -

1 #MBEF &

1.1 R

PR bR  BRS PRALEE (F. pseudograminea-
rum) 2 HBRTEE (F. proli feratum) . Y. # #0
B (F. astaticum) R EEMLE (B, sorokiniana ) ;
IR/ E R 4 905 (Yunong 905) , 2 i1 {5
IFF1 A R 2 Bt 4R = e A ) i L S 2 2 A

aR L PT e Rl &, B TR R A
FRZS 7] s o 8 R L spurr AL BRG], 56 [© SPT-
CHEM 2wl 5 H A ial 50 349 4 [ 7 43 B 44

B R A - RSB A AR BUIR (PDAD 85 IR 2 1
I 4% SR A Bl (PDB) B 37 2

FEEALH% . DDSJ-308F A1 G R AL, g4
LR s TL3900M 5627 @ i 4, bl 4 1ot o
10 ER A BRZA 7] U-T1810D £ 4hal W40 65k BE 3t
iz AN i (D A BRA 7] s TGL-16G 5 30
DAL B B AL AR T 5 SU-8010 AL 4 H 455
1 H-7650 BUiE S HLBE , H A Hitachi 23 7] ; NE910-
FL 26 WA, ) M i B B R A IRA A
1.2 L-EFMRMNEZEEERRFRIMREENE
ZHDHIE RN E

o 5L T ) T 2 0 o A P R R T 22 20 K Rk
MEN . Wl 15 mL PDA P-4l By 5 5k, 4 Fo
A2 ZEIL G W DR B SR 72 b AR ARG T T D %
FTHE AR 0 5 mm W DE, 2250 2= PDA “F 4
Je, IR L35 A G s — sk 2 KR B AR
5 mm R UE 40 R, 8 X5 v BEAE R (R DY L-
B B AR g 4R b, LA U8 AR R AR SR X
M, 0L 5 0L X 0 3 A% & 5 . T 25 °CHE
R DEEE SR, BOMEL 3R, 72h )5
I 5 TR & BARIE IS 3R R ] SPSS 43115 3
BT FE(y =ax +b,y HE LA KIMH %, 2
2 X RO VECs, O k35 J50 7 7K 21 50 26410
Tl 22 B 1 245 5509 B2 R ECy0 ol T34 21 90 0
T A A 2R B

X HREA T B — AR R AR
X IR R B — W UE AR

1.3 L-FAFEIHEARE R R ERME L 24
1.3.1 SRR E ML e LIS

S 2% R R A AE S T 0 BOR A% S A0 DA 7
7% 3 A E W E L AT BUSA E (5 mm) B T PDA
G RO | s S DTN A VA 1 ) LR O O
1 EC,, & L-FAmmEad A, s Qg R

W ERNER= X100%

JgxtRE L W EE, T 25 °COlH R A R e R
F%.24 h Ja MBS R I8 L IR0 5 WA T~ MR
WIENGHAILE . WKL U PDA 855
F (5 mm X5 mm), 2. 5% % B AR E
fE 4 CHERAR i A B L 4T 43 4 H B A i
SRR TR LB TR 22 TR 25 T 20 L 45 48 1 28 4k
1.3.2 Boshd 55 R 4n i ft 52 b ) 2
SR ES R Ma T %k, BARS
BRI KR FR 72 h, WY TR VR IS T HURF, A 150
mL PDB i bk £ 32 51,25 C 180 r »
WIRG TR 3 d R WS W 224k, LK vh sk 3 K
e AR G S R g R W 22, PRI ] g W22
IMAZEA 100 mL 2% 85 7K B9 41 55 0 B, % 43 1
T ECs, Al ECy, ¥ BEXF N ) & L-7 ) Bl 1
UEAC R R TR o A, DUBCE S IR AR R
ERXT B, A2 3 RE R, B O E )5, 8 T
IRHP Ak 3%, o Bl 25 R AR 012,24 .36,
48,72 h B L IR TSR X HL
BRI S —0 h LR
FHXTHL e = 0 h A
BT AZ TR 2R W T A1 B 1 I E S IR T
PRI . AP BRI E F R R A ) 2 R Ak
B 0.12.24.36.48.72 h B A 4 mL BRI S O
HLH 10 000 r » min ' &> 10 min, fifi L4543
JEOGRE TN & H FIEWAE 260 1 280 nm P KT
A9 AR 43 A 1 A T 22 A 2 1 JB R A TR T
Tt 0, 3 b B EE A2 00 22 3 Wk, BOCF B
W PT YL 8 a] DLW SR TR 43 S 4 147 20 g g
SN, IR MK A 10 mL PDA }; 3%
FE L Tl B JEE A 5T S, o B R T R 5 )
bR EEAC, BOR A iR R R DR i E T B 4R
e, 25 °C FEIEREFR 36 h o, 76 L35 v g )
BT ECs, 1 ECy, # & L-7F 7 B 1Y 28 4¢
R DM 2 Hugat R X B A A 3 IR,
QRSB EE R 12 hJ5 /N 2 R O B AR 1Y
W22 A 5 mL B0 T, 10X PBS BE¥ 3 K,
JEIMA 5 pl PT YR ZE 95 pL B T, 141,30
C MBS TIEE 20 min J5EREOG TS T 3
(RRTACH Y -3
1.3.3 L-FHFAMBRASBRIBAIZLEN AR
2 MR R4 O D LA O R R
BHRAR Y NEZRE IR, FERIEEA 4 iR
I — T HUF M@ R B AR 905 /N2 R
FE 10 Y0 R A FREN T W = 3 2 min J5 FHIC R K

min ! {H

X 100%



. 1286 # K F W

2 45 %

3 WL E TS TEGHRT#H. 5 mm 1
FTALER 3 AT L& vk i o ECs, M ECyo 19 L-F
Frm M ZE AR B 72 h A Y DA B B DR G £ B
ANV R 23 (0t IR LB b R 28 A B BR 45
SR A0 T A DR VE N B0 X BE K TR DR I TR 2 R
FE/INAZ VI 25 JE 0 01 P R ff B8 [ L 2t 4 S Ak
B B A SRR 30 BR/ANZZ B RPN S /N 2 T
AN SR IF M RIE BT 25 C R R
72 o WA /N2 T R AL R B E AT IR

2 HEREHAM

2.1 L-ERFRAMNEZERKRITMFEEREZ
EEMEER

MG WA 50 15 B L A 6 4 o 5 B 1Y)
IR R RS, 72 h S SR I G T
S PIER A ECs F1EC,, (R D, &
B 25 R WOR , LA 7 B X /N 22 Z5 3L 5 4 P R
TR TRT 22 A K 1) T 28 400 3 A P B 2 vk 2 1% 386 7 3%
driam . AR PR M B AN 90 mm 1Y EE
Fr A5 6] P o L35 i i ok STV 9 450 6 T 1 B 0 96 A

IV R A5 e A6 A1 349 A7 35 A 910 B8 06 M L EC 43 )
H2.13.6.12 F1 7,20 pl o L5 %2 4 760 1 10
R IEPERS 55, ECse 2 19,05 pL « L', Hir,
L5 7 T % IV U 5 76 TRT 1) 0 T 205 2R e 4, 0 TR R
TEWRIE ] 2,67 pl« L' BFRIAT3AF) 68. 52 % 5 X
s R A Bl 60 BT R J5 e 7 BT 410 TR ASOR e B L TR
WRER 8 pl» LY BI85 50% UL |,
TEVRBE A 20. 00 pL « L0 B, X - i i 6 o 1 417
BNk 89. 74 %,

2.2 L-BAFEWERRAHRAEINEH MR

5E
2.2.1 L-AFERAKEEBASHRICHE A LR M

25 My Ao AR B 2 A 6 LR

TEG2 W T Al DAL 2 48 L-75 /7 B 2
FRAL IR 1 A8 OR A B TR TR B 2208 2 5 0 IR (CKO
HAERAM 2SS, CK 4 iRt EEil
WA E K (K 1AL K B)EC,, 4bFE4 (& 1C,
1D TR 2245 (il #5 TE . 33 43 TR 22 100 oty 30 Btk ™
ESECy, 4 (B 1EK 1F) W 22 M4l A3, 564 3
2 G S A — I A W AR O

F1 LEFAMNNEZEEERI4MREENEZRNAEANESR

Table 1 Determination of L-carvone fumigation inhibition on the four FCR pathogens
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Fig. 1 Microscopic observation of mycelia of F. pseudograminearum after treated with L-carvone
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Fig. 2 Electron microscopy observation of mycelia of F. pseudograminearum after treated with L-carvone
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Fig.3 Transmission electron microscopy observation of F. pseudograminearum mycelia after treated with L-carvone

=+CK -+EC,, +EC,

300
250 232.07a
200
142.63a
124.33a 126.85a 124.75b

%St
Absorbrance(0OD,,)

A TR
Extracellular conductivity/%
19
=)

ool 9571a
50
o0 2L80b7) 91 14.84c  1995c 2379
0 12 24 36 48 72
B[] Time/h

CK R 28 4 P B 22 5 AN ] 5 £k 3 R[] — e i) AS ] Ack 4L ] 7

0.05 7K 25 W3, & 5.4 6 [[,

CK: Untreated mycelia; Different letters at the same time

show significant difference at 0. 05 level. The same in figures 5

and 6.
B4 L-EFMLEERERAARAENRMIESE
Fig. 4 Extracellular conductivity of F. pseudograminearum

mycelia after treated with L-carvone
=CK -+EC,, +EC,

2.50 2.03a 2.03a 2.20a

2.20a

a 1.86a
© 2.00
g
Rg LS50
= 0.93b
5 1.00 0.46b 0.52b
5 0.50 0.10a 0.44b 0.145b - 3 0.41c
< = 12245176 _0.216 0. -
0.00 Ha 1
0 12 24 36 48 72

B} [6) Time/h

Es5 L-HEFRLERERASFEENHERZEBRERER

Fig. 5 Nucleic acid leakage of F. pseudograminearum

cells treated with L-carvone
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Fig. 6 Protein leakage of of F. pseudograminearum
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Fig.7 Observation on cell membrane integrity of F. pseudograminearum after treated with L-carvone
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A: Blank CK; B: Experimental CK(untreated inoculated mycelial plugs) ; C: Treated with ECs5y dose(inoculated mycelial plugs trea-

ted with ECsy dose L-carvone fumigation); D: Treated with ECyy dose(inoculated mycelial plugs with ECy, dose L-carvone fumigation

treatment).
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Fig. 8 Effect of L-carvone on the infection ability of F. pseudograminearum on wheat
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