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WA LT 2509 AL, FI R R A Z AL & 22 (propidium iodide, PI)YLES @ A B 69 45 4% 15 0L,
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Abstract: [Background] Fusarium solani, one of the most destructive soil-borne pathogens
worldwide, seriously affects the yield and quality of crops. Therefore, it is urgent to develop
broad-spectrum sustainable biocontrol agents and the abundant secondary metabolites of plants are
natural sources. [Objective] To explore the activity of carvacrol and eugenol against F. solani and the
possible underlying mechanism. [Methods] With the mycelium growth rate method, crossing method,
and spore germination method, the inhibitory effect of carvacrol and eugenol on mycelium growth and
spore germination of F. solani was analyzed. The scanning electron microscope (SEM) was used for
observing the mycelial morphology of F. solani, and propidium iodide (PI) staining was used for
observing the damage to F. solani cell membrane. Moreover, the extracellular conductivity, protein
content, and ergosterol biosynthesis were analyzed. [Results] Carvacrol and eugenol significantly
suppressed the mycelial growth and spore germination of F. solani in a dose-dependent manner with the
median effective concentration (£Cs,) values of 92.39 uL/L and 263.00 puL/L, respectively. According to
the observation under SEM, the cell wall and cell membrane of F. solani were damaged after exposed to
carvacrol and eugenol. As a result, the mycelia had bends, folds, and depressions rather than the normal
linear morphology. PI staining revealed that two essential oils broke F. solani cell membrane and
enhanced the membrane permeability, resulting in the outflow of cytoplasmic contents and the surge in
extracellular conductivity and protein content. After treatment with high concentration of carvacrol
(400 puL/L) and eugenol (800 puL/L) for 48 h, the ergosterol content in F. solani decreased by 78.61%
and 67.73%, respectively. [Conclusion] Carvacrol and eugenol inhibit the mycelial growth and spore
germination of F. solani, damage the cell membrane, enhance membrane permeability, and disrupt the
ergosterol biosynthesis on cell membrane, thereby exerting the antifungal activity. In conclusion, this
study lays a theoretical basis for the screening of biocontrol agents of F. solani.
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Table 1 Concentration of essential oils tested
iRl W

Essential oil Concentration (uL/L)

H B Carvacrol 0 40 60 80 100 150 200
T Eugenol 0 150 200 250 300 350 400

BB ST 28 °C [HEIGFRA b, Frxt AL
R 2/3 AbJa, Rt A AN R
AbFRRVE EAR, TR WA KM R, Bk
JEANEREE S 3 k. AR AR WG TR e D T A
KA 2 5 RE W ve B2 i AT 85 1 0 b, DA b3
ARSI BEVE XS BN x Bl 22 A KA 2o
y AT A 230, SR gy B 2 R . A
KRR A ECsoo
1.4 BRHGTERNEEREHBFIH
VA0l

B 10 mL LRE/KIEABEIE 7 d 098 ok
JIW PDA “FAlcrf, FHJCER iR B ) B
LT, AT RIEW IR K R v
g 2x10°4~/mL. 7E 1 mL T2 F R P A A
[vi] A R B B e M A LR BE AR B 0L 40,
80, 120, 160 pL/L, IRAIIAIFHL 100 pL i
JAE M gE R rpodke B MG R R A S A IR IR AR
MJCTE IR B F 28 °C B aRf i3,
10 h J5 ok BoeE, LIS KTHRTER—
KON A, GRS T HEmBAIEA
(0. 50, 80, 110, 140 pL/L)HE4 FiRHEEffE.
WHRE S 3 R, BRE AR 3 B, R
100 NMEF, TR Kk SR R
il 7 W K H (%)= & M+ /5 B 1T
$x100;
Wi A A 2R (%)= B A 1 R — Ak L 5
R ) BE AT &K <100,
1.5 SEM WEBFEJRIERS

J Rz B 1 4y B 26 200 pL/L 7 FE B A

400 puL/L T &I 2 d)5, HNZILHED A
U ER 2, 0.1 mol/L #R %% i
(PBS, pH 7.2)M¥E 3k, FFEHEIZET PBS
25 o LUAS IR 1k (AR [R] 4 34 A8 A i Sy % R
. FEBE Yo U HIRE, RR N S S
T ECAS YR TIRAL T, B I S 9% RS AL st
120 s, FrAFESLIITE SEM T ESIF4ARE
1.6 PI# &

L PTG AT AL 2 ik v %o i 1z ik
T A0 R SRR . NTEAL 7 d PR R e
TIW A G THOR F(E A4S 8 mm), M EIE
A AN [A) A A50Hk B RS I (B T B . 80, 200,
400 pL/L; T #M: 200, 400, 800 pL/L) PDB
Begederh, 28 °C. 180 r/min F£E53E 12 h,
5000xg. 4 °C .0 5 min WERE 21K, PBS ¥
W3W, HHHLAELST 5 mL PBS H1. #
i I 10 pg/mL PI e f5,, 30 °C BHEIAEE T
$EE 20 min, J@5EE)E, PBS IRUEFE M
3, DARBREREA MRl B JE AP0 M
5%(546 nm UK K AT 590 nm & 5O IR
i, A 3R, BIRBENLULES 3 DMHLEF . LIS
P IMAE2S I 6 B
1.7 MIMENBESEMEQRIENE

30 20 0 L A P A SR T R R B 1 R
S AR ARSI PR 2 il A B R R e ) B AN e
EE B PE G RRE . #% 1.6 IR TE EEF
F PDB K553k, 28 °C.180 r/min 537 2 d J5
NZ WS AL U R BE 22, I+ PBS Uik
3RLALBRIR RS, R 05 g 4 E T
BN TRRE R B A K P . A B S UE R
[F B fE] (0, 0.5, 1.0, 2.0, 3.0, 4.0 h)l&
HLT%, IFTE 4 h 5 223 K AL 2 15 min
JE 5 e L T3, THR S A B T A AR
HLS . AN 5T & i O n BT ik,
TEAC PRI 45 1 h B S mL F 3RO T 4N E 1A
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ERE I E o BB E A Sk
A 1L 3 B P MO o AR PR AR . bR ST v
HEE 3K,
1.8 R - & AERE S E/NE

KA Tian W rR 5, W 2 ROk 4
S X 9 AN R R b 2 A R R R,
L5 IERIG R 224K, SRR BES 2 Ik, If
WCoRE 22 E . 35 1E 85 °C KA FmA
5 mL FrfeE il 25 19 25% (AR50 2 B2/KOH
RAEWRIHEEK 4 ho BATEEANEEE,
A5 mL 1F Bk B F SR B A, 2000 e
15 min, JFFEEHEDZ 1 ho HEEESYH
TEIMH ORI (A A ERE 3 1K),
27 F (3] P R i1 it e ) A 24(28) 5 S 27 A [ A
230 nm 1282 nm Ab2sAE BUARRE M it 2, %
DAR 5 BT A T i
A [ B (%)=A 252/ (290% T 22 3% B )—A30/(518 %
W22,

1.9 HIEHH

AL RPEL 3K, BRELZRE 3T
AT, S I B 3 DLV 2 bR o R 25 3R
7No K F Microsoft Excel #1138 4% Aok i Xt
JE& B e 7 T 1% TR 22 4000 ot 38 R i O A ol 3R
FIH SPSS 26.0 BAFHATHI M5 SR
K E5Hr, I Duncan’s W HUMASTAEA ¢ K6
B TR LB, P<0.05 FoRiRIGFEA Z 18] 77
R EEES

2 BER504

21 ARIKREFEHFMANT HMXEEERT
B 24 KR AFIER

AN T e FEE 1) 7 T A0 T B T IS 1 ik 0 T
W22 R PRI AR 2, 2 A ks imIsaE
5 A B B e ) TR TR 22 1 A2 K (P<0.05), T
H AR 055 2 550 e B A IE B MRS Il B
200 pL/L B, I RE SE A0 R kT TR

Fz2 BHEAT EmMXEEERIIEIEIHR
Table 2 Inhibitory effects of carvacrol and eugenol on Fusarium solani
iRl W ERLIRE NS AR PECEROAE FHEREL
Essential 0oil Concentration Colony diameter (cm) Inhibition rate (%) Virulence equation  ECso (uL/L) R’
(uL/L)
&y 0 7.55+£0.05a 0.00g y=4.69x—9.31 92.39 0.969
Carvacrol 40 7.42+0.03b 1.77f
60 5.53+0.10c 26.71e
80 4.40+0.13d 41.72d
100 3.57+0.03¢ 52.76¢
150 2.60+0.05f 77.26b
200 0.00+0.00g 100.00a
T & 0 7.08+0.08a 0.00g y=1.84x—4.47 263.00 0.948
Eugenol 150 5.25+0.23b 25.88f
200 4.33+0.42¢ 38.92¢
250 3.60+0.10d 49.18d
300 3.03+0.57¢ 57.18¢c
350 2.70+0.20f 61.88b
400 0.00+0.00g 100.00a

T AFVINE FEERR 22 7 35 (P<0.05)

Note: Different lowercase letters indicate significant differences (P<0.05).
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W2z, T HBIHZRAC 38.92%, X%
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Figure 1 Inhibitory effects of carvacrol and eugenol at different concentration on spore germination of
Fusarium solani (A, B) and microscopic examinations (C, D) (200x). A, C: Carvacrol; B, D: Eugenol.
Different lowercase letters indicate significant differences, the same below.
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2y Y RES R SR LT e, U R 2240
BRESE R . PLYS (R B R B ik 2 F
VT A 25 il O R e 70 DRI TR 22 MRS, DA T
S8 0T 20 e P ) BRI AN, BRI
RS RS, mATFREERIT .,

2.5 BRFBAT EHEXE LR E AR
Chvogkd:0b-Al)

i e Bl ) R TR 24 L A L R R A N i 2 SR R
B, R T E&BAGHE 0-4 h N, W
HIBANEERE 2 S ol ob b < IS O SR i B a1 B2 X7 9
BN AR, SRR R, T
HEZH A H S (A S IR s - TH(ET 4AL 4B).
F ke BRI AL B IS 0—-1.5 h I, 2 b FRZH
Mo SR AR, Z e, He
Tt B A FRLZH TR 24 11 i A/ H T 2R (R B 2 A B )
() ) S S 2R PR RN, U B A A A B S R
BEIIEMIN K Na B B3 . Ah, )%
FEHRIITR A ek 2 R AR S, BYERh RO
JoT O E L RIS 5 H S 3 AL A I B AR B [ 4
HPEAS b3 (] 4C . 4D), BIREAME AR &Y

B2 BFFHMTEMMBRBENAHLESHEE A

13 b BHZH

SEXNIEA; B, HAmAaEaH; c. T

Figure 2 Effects of carvacrol and eugenol on mycelial morphology of Fusarium solani. A: Blank control

group; B: Carvacrol treatment; C: Eugenol treatment.
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C e
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. ’r".;«...:_‘,, = E"% & I‘ .
< S i y.. YN
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Bl 3 ARKREEFHATEHNERRADMBTEERIZIM@00x) A, B: FrHamgst
RO C. D: T & ByAb B4 ey Je 5 edh g
Figure 3 Effects of carvacrol and eugenol at different concentration on cell membrane integrity of

Fusarium solani (400x). A, B: Photographs of light and fluorescence microscopy of carvacrol treatments; C,
D: Photographs of light and fluorescence microscopy of eugenol treatments.
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T B: THBMAHAB SR, C: FHrmAMHAEARSTE; D: T HBGHAEA R
Figure 4 Effects of carvacrol and eugenol at different concentration on the extracellular conductivity and

protein content of Fusarium solani. A: Conductivity of carvacrol treatment; B: Conductivity of eugenol
treatment; C: Protein content of carvacrol treatment; D: Protein content of eugenol treatment.
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Figure 5 Effects of carvacrol (A) and eugenol (B)
at different concentration on ergosterol synthesis of
Fusarium solani.
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