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EE R R F R ARG, A ARSI AR R EL T 400 mg/LEFE & F A, RBF E4hm
BEEZRH A A G LRI RA S LERE, EAEAHDRAAFNG T L RESN,
KR : F EHh; AFm; & 26 MARRAR; R

Inhibitory activities of Origanum vulgare essential oil, and its main components
carvacrol and thymol against 16 plant pathogenic fungi
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Abstract: To evaluate the application potential of Origanum vulgare essential oil (OVEO) and its two
main components, carvacrol and thymol, in the control of plant fungal diseases, the effects of OVEO,
carvacrol and thymol on mycelium growth and spore germination of 16 plant pathogenic fungi were
conducted in vitro. Their control efficacy on grey mould was evaluated on cucumber cotyledons. The re-

sults showed that 500 mg/L OVEO could completely inhibit the mycelial growth of 12 plant pathogenic
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fungi, such as Alternaria solani, Botrytis cinerea and Bipolaris sorokiniana, and the inhibition rate
against Verticillium dahlia reached up to 97.66%. The EC, values of OVEO against the above 13 tested
fungi were 83.09-236.58 mg/L, and the toxicity of carvacrol and thymol against the mycelial growth of
the 13 fungi was higher than that of OVEO. Carvacrol had the strongest toxicity to the mycelial growth
of B. cinerea, Sclerotinia sclerotiorum, Gaeumannomyces graminis, V. dahlia and Fusarium pseudogra-
minearum with an EC,, value of 9.09, 22.45, 24.28, 28.40 and 28.80 mg/L, respectively. Meanwhile,
thymol had the strongest toxicity to the mycelial growth of B. cinerea and G. graminis with an EC;, val-
ue of 21.32 mg/L and 27.08 mg/L, respectively. The EC;, values of carvacrol and thymol against the
spore germination of V. dahlia, Setosphaeria turcica, Fusarium oxysporum f. sp. momordicae, B. cine-
rea and Colletotrichum orbiculare ranged from 3.78 mg/L to 289.07 mg/L. On the cucumber cotyle-
dons, the protective efficacy of 1 000 mg/L OEVO was not significantly different from that of 400 mg/L
pyrimethanil. The protective and therapeutic efficacies of 500 mg/L thymol were equivalent to that of
400 mg/L pyrimethanil, while the therapeutic efficacy of 500 mg/L carvacrol was significantly higher
than that of the control fungicide 400 mg/L pyrimethanil. Therefore, OVEO, carvacrol and thymol have
great application potential as plant-derived fungicides in controlling plant diseases.

Key words: Origanum vulgare essential oil; carvacrol; thymol; plant pathogenic fungi; antifungal activity
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22 = K AR ALK 97.66% ; T X 88 JTA 22905 14
FE 29 T R L R TR T 22 A K A i 3
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Table 1 Inhibition rate of mycelium growth of 16 plant pathogenic fungi by Origanum vulgare essential oil in 6 d %
DI I L EIETES L S LR ElIE RS

Pathogenic fungus Inhibition rate Pathogenic fungus Inhibition rate
T 5 T 78.49+1.79 EVINTE =] 80.93+15.97
Alternaria alternata Fusarium oxysporum f. sp. cucumerinum
I 100.00+0.00 EUNGESE 100.00+0.00
Alternaria solani Fusarium oxysporum f. sp. momordicae
EVI\E ) 100.00£0.00 HRAERG 250 7 100.00+0.00
Botrytis cinerea Fusarium oxysporum f. sp. vasinfectum
INZERR B R 100.000.00 INFEZE LR R 100.00+0.00
Bipolaris sorokiniana Fusarium pseudograminearum
SR GG B 72.16+3.36 AN Al T 100.00+0.00
Colletotrichum gloeosporioides Gaeumannomyces graminis
BB R 100.00:0.00 TR R R R 100.0040.00
Colletotrichum orbiculare Sclerotinia sclerotiorum
TR B 1 100.000.00 FKRKBEI 100.00+0.00
Corynespora cassiicola Setosphaeria turcica
INEARBEH 100.000.00 HAE T 2N T 97.66=0.00
Fusarium graminearum Verticillium dahliae

2 G R 500 mg/L; R H R NI KR EZE . The concentration of O. vulgare essential oil is 500 mg/L. Data are

mean+SD.

22 HEFBHMREIERS W BMFEERENSS

A IR/ NAZ A ooy DR RN AR P e T B 224
K7 dm , EC5, 435120 83.09 mg/L #198.33 mg/L,
XA 11 A A 9055 I EC A Y BC, 7E 132,07~
236.58 mg/L Z [A], A7 M A HLE % 13 A iAE
Yy )R EL A T 2 A K 3 0 ¥ T A A, He
BT B % B TR RS 990 1T L TH S BRI TR L /N2 42 ol
o DT RS A 2 TR RN A SR BRI TR T 22 A K

B J1E 3R, ECy, 23 %1 4 9.09,22.45 . 24.28 . 28.40 Fll
28.80 mg/L , HURIE XS M AL ARG 22905 T | B TN JHL 6 B
AT K KB I 1955 1, ECy 43531l 41.39 ,45.84 Fll
48.18 mg/L, X HAx 5 b A A [ EL A 19 EC o £
54.81~130.15 mg/L Z[] 5 7 L B0 2 JTOBK 26523 T il
/INFE Ao T R 22 A K B B T B, BC, 2 B R
21.32 mg/L F127.08 mg/L, % % >k K BE 55 12 Al 8 I
W IE G B 7 SR 2, ECy, 23 91 4 32.68 mg/L Fil
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40.33 mg/L, X HAY O PR L AU EC T°50.09~91.07 mg/L Z ] (%2).,
R HAEBHREFENSEFBTEEBRN BMEYREEEEZLNES
Table 2 Toxicities of Origanum vulgare essential oil against mycelial growth of 13 plant pathogenic fungi
AL B symprE R
Pathogenic fungus Chemical Regression equation Correlgtlon ECy (95% FL)/(mg/L)
coefficient r
TR 425 OVEO y=4.709x-4.383 0.998 98.33(61.97-156.01)
Alternaria solani 5 T Carvacrol y=2.812x-0.304 0.993 76.96(39.19-151.12)
H HL ) Thymol »=3.898x-2.161 0.994 68.70(40.03-117.89)
IR TR A 25 OVEO y=1.610x+1.521 0.950 144.85(58.07-337.72)
Botrytis cinerea 5 Fr Carvacrol y=1.970x+3.112 0.993 9.09(3.96-20.85)
' H % Thymol y=2.643x+1.488 0.997 21.32(9.95-45.68)
T AR B 425 OVEO y=4.910x-6.210 0.977 191.76(135.89-270.61)
Colletotrichum orbiculare 7 -y Carvacrol ¥=3.127x-0.194 0.974 45.84(23.96-87.71)
H 5B Thymol y=2.510x+0.970 0.983 40.33(20.09-80.97)
A B 4 Z K5 OVEO »=6.366x-10.113 0.971 236.58(179.47-311.86)
Corynespora cassiicola /7B Carvacrol ¥=5.626x-6.895 0.949 130.15(97.82-173.18)
H H 1% Thymol y=4.910x-3.791 0.975 61.74(36.16-105.40)
INFEFREER A4 Z K5l OVEO 1=5.549x-6.769 0.976 132.07(85.24-204.64)
Fusarium graminearum 1B Carvacrol y=6.622x-7.462 0.968 76.18(55.38-104.79)
H B Thymol y=3.538x-1.445 0.996 66.33(35.96-122.35)
T A 2SR £ FHEW OVEO y=4.508x-5.556 0.996 219.48(149.36-322.52)
Fusarium oxysporum f. sp. cucumerinum 7779 Carvacrol y=5.133x-5.585 0.948 115.38(79.49-167.48)
% Thymol y=3.166x-1.204 0.992 91.07(56.01-148.08)
A 2R 4 2K57 OVEO y=4.582x-4.776 0.988 136.00(82.45-224.33)
Fusarium oxysporum f. sp. momordicae F Tl Carvacrol y=3.813x-1.630 0.992 54.81(31.60-95.08)
H B Thymol y=2.373x+0.758 0.973 61.28(31.05~120.96)
W AEREZER TR 425 OVEO y=4.620x-4.998 0.953 145.91(94.61-225.03)
Fusarium oxysporum f. sp. vasinfectum 5 el Carvacrol y=3.295x-0.325 0.952 41.39(23.25-73.70)
1 5Ll Thymol y=5.135x-4.553 0.991 72.52(42.35-124.19)
JINFEZEIL T I OVEO y=4.966x-5.666 0.937 140.54(91.47-215.94)
Fusarium pseudograminearum I Carvacrol y=4.032x-0.884 0.982 28.80(13.55-61.23)
H BB Thymol y=4.820x-3.987 0.985 72.96(47.92-111.09)
TN A R - 2 X7 OVEO y=4.473x-3.587 0.990 83.09(56.63-121.93)
Gaeumannomyces graminis 7 /71 Carvacrol y=17.275x-5.077 0.870 24.28(18.16-32.45)
T L Thymol 1=4.300x-1.161 0.990 27.08(18.61-39.39)
R E R RN OVEO y=4.399x-4.504 0.948 144.68(94.50-221.51)
Sclerotinia sclerotiorum -l Carvacrol y=4.776x-1.454 0.970 22.45(13.16-38.30)
' H % Thymol y=4.863x-4.160 0.998 76.49(49.63-117.89)
FKKIERH L E K OVEO y=5.121x-5.916 0.957 135.45(85.35-214.95)
Setosphaeria turcica 75171y Carvacrol y=4.177x-2.023 0.987 48.18(28.78-80.68)
T HE % Thymol y=3.799x-0.753 0.999 32.68(17.37-61.47)
WAL ZSNR T £ F N5 OVEO y=5.134x-6.274 0.990 157.05(86.59-284.85)
Verticillium dahliae ¥ I Carvacrol y=2.719x+1.048 0.998 28.40(11.03-73.09)
H H P Thymol y=3.172x-0.391 0.987 50.09(18.27-137.36)

OVEO: Origanum vulgare essential oil.

2.3 EFBIEEBXY SHMEREFESERTHES

T I A ET L T S A A D LR A A
W R A AN IR B TG v . B XA AR B 2
S TR T KBRS BT o TR 20 BT 43 A 96 B A 1
B S5, BCy 23 9 M 3.78.23.41 F130.09 mg/L; Xif

T R BRI T R TR L8 T 20 A 9611 & 1 BC,
9 174.64 mg/L #1190.73 mg/L. 1 HLER IR 5 Ak
Vs I L T 3 AR A 1 Y e B B i AR
EC,, 41T 111.54~289.07 mg/L Z [i] (£ 3).,
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Table 3 Toxicities of carvacrol and thymol against conidial germination of five plant pathogenic fungi
B B Gmyprg  TOSRE
Pathogenic fungus Chemical Regression equation Correla.ltlon EC (95% FL)/(mg/L)
coefficient
EVIV G B Carvacrol y=T7.644x-12.139 0.973 174.64(150.61-202.52)
Botrytis cinerea 'H B Thymol y=1.333x-11.476 0.978 176.51(151.705-205.38)
B I AIEL I 77T Carvacrol y=4.184x-4.542 0.979 190.73(142.38-255.50)
Colletotrichum orbiculare 'H HLE Thymol »=1.905x+0.311 0.966 289.07(175.98-474.85)
BB e 7 FE By Carvacrol =0.753x+3.887 0.954 30.09(8.26-109.60)
Fusarium oxysporum f. sp. momordicae "B H.[% Thymol 1=4.023x-4.356 0.988 211.60(162.84-274.96)
FRK B T Carvacrol — y=0.519x+4.289 0.955 23.41(3.89-140.95)
Setosphaeria turcica 'H HL i Thymol y=1.793x+1.323 0.977 111.54(57.57-216.08)
FRAE v 2505 1 7 71 Carvacrol y=1.902x+3.901 0.997 3.78(1.95-7.32)
Verticillium dahliae ' 5Ll Thymol y=0.939x+2.970 0.959 145.64(41.31-513.43)

24 $EFHREFERS T EINKERHIBI
2440 B R 500 mg/L I, 2= K56 i K
B 1 T B R0CHR R 9T ROR 43 00 R 28.83% FiI
11.98% , 34 5. I T 2555 % B8 400 mg/L W5 5 e B 77
T B T 77 502 49.49% FIIRTT AR 36.45% 5 75 7
XTI B 9 1) T BT AU (37.769%0 ) AR T 24555 X6 R
AT R (46.24% ) W) &b 25 1 T 25 55060 5 i L 1y
X 8 TR 29 1) B T B A5 R FINRY7 A5 R 34 5 24 3

WO 225 . AL FRVR B4 5 21 1 000 mg/L 1),
A 2R X TR B 1) T B AR 46.35% , 5
400 mg/L W& 25 B 207 AR S (G TRCR AN I I
A B A EL IO B R IR T AR i
64.28% F147.70% , 33 . 3 15 T 25500 B TR Y7 A3CR
36.45% , It VAT T WA TT R B AT 5 2 Fh i o3 X
IR 25995 1) T 77 380 43 53l R 51.86% F1146.33% , 5
25956 R B B SR AR 2 (2 4) o

R4 FEBMREETZERSTAHNE BB ERREBFHTHBBRFIATHR

Table 4 Protective and therapeutic efficacies of Origanum vulgare essential oil, carvacrol and thymol against

cucumber gray mold caused by Botrytis cinerea

B Kb PR 7156 Prevention trial 167 155 Therapeutic trial
Chemical Concentration/ 55 £ 1%/mm B % S 1 #2/mm TR %
(mg/L) Patch diameter ~ Prevention efficacy Patch diameter Therapeutic efficacy

sy Rl 500 5.60+0.68 b 28.83+£2.74 ¢ 8.78+0.56 b 11984231 ¢
O. vulgare essential oil 1 000 4.22+0.39 cd 46.35+2.02 bed 7.55+0.38 ¢ 24.25+2.06 d
iyEN ) 500 4.87+0.52 ¢ 37.76+3.25 de 5.33+0.41 ef 46.2442.74 b
Carvacrol 1 000 3.75+0.85 d 51.86+4.43 ab 3.55¢0.21 g 64.28+1.48 a
o H 500 4.65+0.54 ¢ 40.61£3.14 cd 5.834+0.19 de 41.47+1.53 be
Thymol 1 000 4.19+0.33 c¢d 46.33£2.61 bed 5.21+0.53 f 47.70£2.19b
Wk 5 i 400 3.92+0.81d 49.49+4.64 be 6.32+0.76 d 36.45+£3.35 ¢
Pyrimethanil
X 8 Control 0 7.90+0.72 a 0.00+0.00 f 10.02+0.94 a 0.00+0.00 f

2 TRBE R BB MR . R A [F) 5 B2 78 25 Duncan [CHT B A% 22 K6 B0 76 P<0.05 7K F-22 5+ .35 . Data are mean+

SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

3 iTig

C AW R, 2020 25 @ R 4 XA 05 T
FABHAIIHIVER . 40500 mg/L & MK O. her-
acleoticum ¥ 1 AT 56 44 ] SR J A 4009 D 0 TRT K
2t | P o 7 R 55 A% AR R A B TR 22 K
1 000 mg/L ¥ AbFEn] 58 S R S5 5% Penicillium
expansum [ 2241 5 11 12 mg/L & 5K O. majo-

rana XM B K ZEMIFT 16 Bacillus megaterium %
BOR M IRAT B Clavibacter michiganensis . 85 HL 0 FT
& Xanthomonas campestris F1 T F R A Pseudo-
monas syringae pv. phaseolicola %5 % J& ¥4 9% IR 4l
B A A4 H (Della Pepa et al.,2019) ;300 mg/L %
AR 2% O. compactum Kl PTPHIR A /KRS _E A9 i
FLIE ANBEAR AR R T I IG 7 Bipolaris oryzae R4k
fE graminearum N T equiseti FIAS A 41t
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F verticillioides W 221K (Santamarina et al.,2015) ;
12.8 pg/mL B X O. syriacum var. bevanii K5l S FH
0.2 pg/mL % & Wy 24 1 5 4 410 ) 9 o0 o 7 2 6 )
22/E K (Soylu et al.,2010) . 4= Z KRG HERR LA T
T (AR B IS B4 B A 4E FH (Oliva Mde et al.,
2015; B SCHAF,2018) o ARWFFRAE A, 500 mg/L
A= ZORG IS 16 FhRE 45 i L TR A TR 22 A B
15 72.16%~100.00% ; X FH 13 Ff A 490 5 it L 1 19
EC,, 4 83.09~236.58 mg/L; 1 000 mg/L 4 %8 Il %
B I K B B T B 350 5 400 mg/L 15 75 i AH 24 .
AL, A 2R O AR i S B VR RS, LA
TEMESR , LEA Y 3 B v A BRI ) o

H AT 38 PR FAS R HB DX 4 28 AR AR v
RS IS M AT A R DRSS | TR R S e
50 ZMAL G, HRZ S A AR & i 1 i Al
A B iy (Rodriguez-Garcia et al., 2016; Khan et al.,
2019) . Elshafie et al. (2015) #F 5% & 1 500 mg/L %
i1 1 500 mg/L L X5 EAKAE B 1Y) 3 e
o 5L L TR 2 HAT 5 ZU | ZOR ; Abbaszadeh et al.
(2014) K& A By A e LI X 2R i I 4. fu-
migatus Y& % A. flavus ¥ M BE A. ochraceus %
KA KA A 6 AR Cladosporium spp. N H 5
Penicillium citrinum Y575 7 P. chrysogenum A5 41
F. oxysporum KR8 Rhizopus oryzae 3£ 11 Fh £ i
AH 5 LA Y SR /N ol e BE 490l oA 50~350 mg/L Fil
100~500 mg/L. ABFFTLERFRA , 7 By A e L
X 13 7l E A W) 0 D TR TR 22 2R K EC, A T
9.09~130.15 mg/L Z [i1] , X Hor 5 Fh B8 A 40
K Y ECyy A 3.78~289.07 mg/L; 500 mg/L 75 /7 i Xf
BRI IR YT BOR .35 00 T 400 mg/L 57 fie
BRI, 500 mg/L L X i JIBK R 1) T B AR
FIRIT AR5 400 mg/L W B B BRI A 2 . Al
W, 5 B R E A A A 2R T Y R
PR, BERT#EAT BT AR AT, IR TR e ik &
Y& RO T Al LU 25 . (B
KT A L 2 5 A P RIS S E I IME RS
DRV

AR LLRIR W) R Se AT S5 A 0 i 02
VLA E AR i hs o BRI TR R 25T 4, 1 itk 24
FIBVE DL S AR PR R R A D . CTAR T
3 HE I 1) 25 AR ] A A2 WE5E (Taleb et al.
2018; Spyridopoulou et al., 2019) , 7 & H X8 97 9%
JECECHR AP IPLEREE A il . Zhou et al.(2018) W5
TR IR T 1y R 1 0 R AS R 5 24 g
P, S 2N BT AZ RN B A A

1y % T A K 4 761 M9 A1 pH AL R 0T % iR R
(Zhang et al.,2019) ; Zhang et al.(2018) & Bl AR Sk L
2 H AR S A SN i A= ) G A i A
RIZIR T, 90 M pr AR g T LT SR & BUrn
2 i A i 1 R R SRk A GRS T e A
N 24 e 0 24 B A= ) 3 R T 3 B80T AR
R ANAEE AR e R R . A T A
T L T XA A9 i L A A FH B v AN B A
B, A BTl A e B VR AL T R A
WS, IXAMUA i T8 R AR 2 K, o 3
TAEFARA AR 2550 G HRES B

U5 T A 20K IR EL A X R 0 R T
e SEFRET, B R4 {IK (Elshafie et al.,2017)
Fxt g FL sh % JCF (Llana-Ruiz-Cabello et al.,2017)
SRR A RS T S R B A T I A e LA
28K e N Bl LR = AV [ R R P
Yy 5 AL B ) 4 BB 2R R 3L (H LN
FHOCHEHOAR , A H RIF R4 iR T A 45
v e E— 2P
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