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Abstract: Increasing concern over environmental and food safety caused by organic synthetic
pesticides has highlighted the need for alternative products. Pesticidal activity screening from
plants could lead to the discovery of new pest control agents. Antifungal activities of eleven
plant essential oils were screened against six plant pathogenic fungi by mycelia growth
methods. Results indicated that all tested essential oils possessed obvious antifungal activities
against the six fungi at a concentration of 2 g/L, especially the antifungal activities of citronella,
cinnamon, geranium, lavender, tea tree, and mint oils, which exhibited 100% inhibition
against all tested plant pathogenic fungi. The ECg, values of cinnamon oil against Botrytis cinerea
and Fusarium graminearun were 29. 05 ug/mL and 42. 96 ug/mL, respectively, and of geranium oil

were 34. 02 g/mL and 68. 48 ug/mL, respectively.
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HEYBERERBY B, 2 F RN, THEKESE
o IEERPR R, V246 YA AR Y0 TR
HAEMEEA. ZHEFMET 7 FEmxtR
AT EE LR, KIE16.0 yl/mL T,
e B T AT PR A R, MR R AR 2
A B3 2 4B 100% .99. 74% Fi1 100% .
100% . MA%2SBEET 4 RbRAORE A MBS 35
P, XA AR M B AT TR
EEME R AR, Faleiro %t H AR
( Thymus) X5 i R TS TG MEREAT RS, R BATX
A& 8 2 B & ( Candida albicans). XK g #F+ &
( Escherichia coli) #1& R+ 85 ( Proteus mira-
bilis) % ¥ B4 ™2 B A B/E . Romagnoli £L°!
R T HLEFEMSHI7E 10 pl/mL Fi1 1. 25 s
mL T X} JK % % 71 ( Botrytis cinerea) fl#8 R & &
( Penicillium digitatum) sg-43#l , 355 & ¥ fay B 0
WA R FEMER S . R RERATAE
&, YR MR AR BE R FRREGH T X
B H TR .

AR FpRARTTFHE YR, X 6 Firk
YRR BT R AR T TS ST, D Hh g 3
PRI RS W, JF X L R ML AT T A
ST, ME I ME YRS T o SRR AW EY 4T
T

1 #RERE

1.1 ke

BEIRRE T 2 5  BEAR REVH B5 AR 3 R
FrigEmh T E AT AT RS Th REEOR
WM AT . VBTN, W B REEIC AR
KAEMRAH.
1.2 #HidmEE

PRI A - A RAE B ( Fusarium solani) Fi1
JK# % H( Botrytis cinerea) 538 H &, XM BE
( Pythium ultimum) . JK 5 & & ( Pythium aphani-
dermatum) MI44E #8885 ( Fusarium oxysporium) 4y
B BTER, RS AE ( Fusarium graminearum) 4y
B B/NE BB ILRE KRB B R BT 3 B R
1.3 WEFEENE
1.3.1 HZ4EK*E

FAPERR 11 Folg i 2 3IARR 182 mg/mL, A
0.22 pl &L N40PEIEFF L IE/E B 0.5 mL fm A

45 mL PDA i BB (BEAZRETER
2 motEYET) ,BAER 90 mm BEFRIL, =11,
R SRS I A KIS R R R T e %
FITILSTER 5 mm WEDE. FEMAZWBKESR
FEEEE SRR T SRR PO XHN 0.5 mL
HRERAEE W, KERBEMEREE 19°CHER
2 ~3 d, RERIHAAIRATE 25°CHEF 6 ~7 d, K
BEM21°CIEFR 6 ~7 d, REEAE 27 CHE3:5 ~
6 d, fEXt BB R WS FR LA H 238 R T 20
EEA(mm)  BOPSHME, HEmRR, EE 3 Kk,
THREYE BAR — AR VR B4 o

S = X mﬁ%ﬁ?ﬁ é.éﬂiiiéﬁé <100%
1.8.2 WFHEEZ*

X R 22 A S R TR A R T A A
Ry —BRE TR . SBIFRBORETH 0.3 mg, i
A 20 uL WEIS##, A 980 L #9 0. 1% ntjE 80
TR R, e & R T B B vk 4 0. 3 mg/mL
B & 2RI 0. 5 mL A AR R /)N
BE, AR ST HAFE|O.5 mL, 5516
HRERTREERSREAYY, ARAREN
150 pg/mL, W ERBEERE I MBE A B, RE
RS, X BN SR T A A R R B B P I e R
KER. EE 3 K. RMNBEHAFHXELT
90% A LB, e & A B F I R E O, tHE A
FHR A XTI R,

1.3.3 EC,lizE

BT ETE AT 59 6 FOE M, 2 B B R
PIRERERN S RE, #%1.3.1 WTENE
NTR) o B YR AR M K R A AR B R S
EHE I RHEEBEFE y= a+bx RERPIRE
(ECeoft) '™, B E MEFIN KB R
HRMNARBRAER ECoo fBEAEA PR,

1.4 REFHTMXZLZEFhNREGERELES
ERSENZN

WK ETTE PDA Hi3 5 BIE5R 5 d ITER
5mm BE P, B A PDB EFREN, B 2 B,
25°C,110 r/min ¥EHIEFE 6 d, F22fhg, =8B FK
BE 3 K, WER 2k, PR 2 9 &% T PDB #;
FREH, IMARE M AYRE S 0. 2 mg/mL, X A
fnz4,48 h j5 ] Nikon Eclipse 80i Ji£2. F&4H,

Fr1.5 g W, B EB T KEYE 3 k. A
30 mLEBFK, AR MEEZBIRER 1 mg/mL,
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0.5,1.1.5.2, 25, 3h g FH, EHE3
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2 HRESW
2.1 FEHAIEEE

2 o/L BB BWRET , 11 FETHXT 6 FiEyris
FEEMEERSERLE T, P, FFH A&
TH PRI R 3 A TR VA T X 6 e SR
LR R R 2Rk 100% ; Hk , AR ELHXT 5 F
SRR IR ZRAE 100% 5 XA XF 4 FoiR R
RO 2 AE 100% ; 780 L) 22 2 M L B 45 8 s %t
3 P B I I R G 7E 100% , SRR, FHF M.
PRI R 2R i A A R X 6
YRR EMERE, AN e LA EY
R EE BB

IX 6 Bl BRCR B RN R R B G

ECefE3I7E 75 pg/mL BUF , XK B & #L 5 ECoofH
WAET 100 ug/ml, 5515 A A | K 223 R 1
R KB A ECo HH#RAE 40 pg/mL BIF (R
2) o LKA A B TE B AR T, R AR R
A PRA B AR R A AL B B B T A

PRI AR O S X R A 2 1 1 i K R
BRI 0% ik (W& 3) , I BN AN HI 2
A, T L AT B R A B A B R
2.2 AEBHEMXLZERHNAEERELES
BT

i AT 48 h BN KEHRELE
SEREWBEL(E), HLZNMHAENHE, 7
BB PR 3 b B U T 2 4 G P R 5 MO, 4
MR, WY R B 40l oh . R A& e mhab
BERRKBHAELESEZaXN BMER, 25
AR

F 111 R 6 FE M B R
Table 1 Antifungal activity of eleven essential oils against six plant pathogenic fungi
+S.E Inhibition rate (%
Esﬁyr?tial ER LY e m - ~
sen Plants RREME KRB MRS TIRE REAR RORRE

P. aphanidermatum  P. ultimum F. oxysporium F. solani B. cinere F. graminearum

HHF Cymbopogon citratus 100.00 +0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA
B34 Chrysanthemum indicum 100.00 £ 0.00aA 89.98 +2.42bB  85.31 + 1.89bB 100.00 £ 0.00aA 63.20 + 3.55cC 100.00 + 0.002A
HE: Laurus nobilis 100.00 +0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA
J"%EZ  Pogostemon cablin 100.00 £ 0.00aA 100.00 £ 0.00aA 70.96 +4.12cC 95.93+2.91bB 53.27 + 3.00dD 100.00 + 0.00aA
REZE  Pelargonium hortorum 100.00 +0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA
e Melaleuca alternifolia 100.00 +0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA
HKEFE:  Rosmarinus officinalis 100.00 £ 0.00aA 100.00 £ 0.00aA 86.65 +3.36bB 100.00+0.00aA 73.15 +4.11bB 100.00 + 0.00aA
BEAKE Lavandula angustifolia 100.00 £ 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 £ 0.00aA 76.72 + 3.26bB 100.00 + 0.002A
HIEE Cinnamomum cassia 100.00 +0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA
i d Citrus limonum 67.37 +2.09bB 100.00 £ 0.00aA 73.15+2.07cC 100.00+0.00aA 43.55 +3.29eE 100.00 + 0.00aA
b7 Mentha haplocalyx 100.00 +0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA 100.00 + 0.00aA

&E: BiRE WAR/NE 2 RFREl 2481 (Duncan FiEH28) 1 F 0. 05 KV LR BE, AR KE FBFR/REHFZ 447 (Duncan
FEMERE)PF0.01 KF LEREBE, TRF,
Notes: Means followed by the same letter, within a column, are not significantly different according to Duncan’s multiple range test
(p <0.05). The same below.

F2 6FMEMHEHIIRAT N RSRAENRFEAL EC, &

Table 2 EC,, value toxicity test of six essential cils and control fungicides against F. graminearum and B. cinerea

RERAE ik ki REGRAE ik ki
Esﬁﬁial %’ﬁiﬁt? F. graminearum B. cinerea Fui‘:g%j;ues F. graminearum B. cinerea
oils ECs, (ug/mL) ECsp(ug/mL) ECso (ng/mL) ECsp (ug/mL)
I Cinnamomum cassia 42.96 29.05
REFE  Pelargonium hortorum 68.48 34.02 HEA ) - 4.56
Procymidone

bt Mentha haplocalyx 41.10 38.03

HFF Cymbopogon citratus 68.12 74.31 FRMER

HE: Laurus nobilis 74.98 93.12 Thiophanate- 3.99 -

%M Melaleuca alternifolia 58.87 64.37 Methyl

H: ECo AHMPIRE,

Note: ECs, , Median effective concentration.
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Table 3 Inhibition effect of two essential oils on B. cinerea spore germination

& £S. E Inhibition rate (% )
Hah HFHY N - S
Essential oils Blants BTHRE R AT RS T RATRHW %
Pore germination rate Correction spore germination rate  Pore germination relative inhibition rate
73k=3 Cinnamomum cassia  7.00 + 0.58 bA 7.59 £0.68 aA 91.78 £0.79 aA
K3  Pelargonium horforum  9.33 £0.88 aA 10.12 £1.03 aA 89.02 +1.20 aA
E: BEENFEE XFER.
Note; Means followed by the same letter with the same meaning as in Table 1.
-
N -
? ; - é
50pm A £25um B #77 50um C

A X B. PUESRMALE; C. R IhAbE,

A. Control; B. Cinnamon oil; C. Geranium oil.
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Fig.1 Effect of essential oils on hyphal morphology of B. cinerea
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SRS MIE IR — B BT RS , VAR 1 i S 3R A Eh o R
SRR, ULIAWRIRE ThYAE B0 22 4 i I B AR
b, X IR F B 22 R B Y B i = AR R , AT
T B A s FR AR
80
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Fig.2 Effect of essential oils on cellular leakage

of hyphae of B. cinerea
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WY ME R LT AU EWARNERES

Y, EERAD N s R ALY, HAMNE
FiE.-W. e BRE, HPBRANEEE SRS, ]
PR B E BEEHAEERASE B,
TERBMNEERS THB FLEFE MM EER
AFEFBER A HRMBERER" , ABFR
RIRRER R 2R WM E AR AT, AT B 5 1
& £ BN REBRNESREE X,

PR, F B S 4B E R
A 20 PR 3 st e R 4 PR G 5 2 X A AR IR K
FEERR R B S A I A 0 A B A A Bh BT
THEY(IEER, EAR, Y% SB LRHE
BEEER ARERGUSFRABA SN
W' o 2 PR e S I, S A R A 1 L
FM. PIREI,VER T 40 M B BT Y R e i
BEER ZEB. 2B E T4 . Knobloch
S Br gy T 4 Fi s 28 X0 B 25 500 A BB B AR 38
NADH KT PR S8 (SDH) 15 4 | FRIR S AR A B,
TEB SRR, ZBAE 5 x10 2 mol/L i}, i
LIRSS AT BB _L 2R BN , WA T 532 1) B 28 1 I R
YEFI AR, AR R, ARSI E5
MASPEE, ERNEYHENBR. KRR M
A BB 308 1 e A1 R 7 5 70 1) PR IR AVE R, A T 5% i ]
MR TIRE , FRAK T B &
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Bhuyan 251" 3o S BRI VTR R B
BT TS, R BB IX LM 22858 ( Rhizoc-
tonia solani) FIRE Bt i%#uH ( Bipolaris oryzae) B
BIRGFHIARBEIEM. #id GC-MS 4387, B &
FETh 8 B R 4> b H I (54. 36% ) ALK BB
(30. 86% ) , 1 VL. At X5 v Y 2 B B2 b A A
(25. 9% ) FIRBERE (14. 6% ) , Pitarokili 252! 8F
T HRUBEE( Salvia fruticosa) ¥§1m*T 5 FiEYiR R E
WY EABIFRREER, e HEBEEERS A
R, 7E 500 ul/L B XJ 4% £ 88 ( Sclero tinia sclero-
tiorurm) F11 7 4k 7 5§ B9 70 i 38 4 51| & 51. 65% FI
64.86% , ABFFTHEES T —HAMEETE BT Y
Yo, TEAE Y B TR AR Y BA T A W e R
PriE, JUHRE 5 PR R 238 v A 5%
I FIHELAT X © b fib il I B B A 3 ) 2R 1 e 3k
100% (L3 2) , Bl AL TAraeh 2 B 357
THAERE , A TS R IS B R

LABSERIGE R R, X Sl Y PR S A
R R RS, IETE YA BRTE R T, M B
FroyEsaifl, i ATA B M I BGE , S HE v
AILSEEEH , B ] RS BITE M TR = A B R AR PR
SHLEY, BT R N BRI A I R
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