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MOOME ~ BRZESE ~ BTIETS - 2016 o FE I T EE R BB
B ER - HEYEEEL58(1) © 33—38 -
HMm LG AENEEKE (lavender) ~ AfE
(cinnamon leaf) ~ T#& (clove leaf) ~ BEXE (clary
sage) ~ #EEF (rosemary) -~ ZEE) (basil) -~
(eucalyptus ) ~ BHEHEEA (marjoram sweet) ~ HEETE (elemi)
EEBEE 7 (lemongrass) ~ A R & (evening primrose ) ~ KX
3% (geranium) -~ KB (ylang ylang) -~ #E#E (lemon) -
L&k (perilla) ~ 4L (neroli) ~ #AR(hinoki) ~ JHEH%H
(chamomile) ~ #jZ%&jfifi(grapefruit) K &M E (lemon balm) %
207 PIHTREH - &8 Tween 80FL (L& LA/KFRTE B5125 ~ 250 ~
500 ~ 1000 ul/L > 43 ARG HL 8 72 B B EEH E Fusarium
proliferatum BEFES-381C-1 7 18 F 38 2F Bl B 45 4= & 2 IR
R SR IRE RSN HE F. proliferatum 250 %6 HIH &
( Concentration required for 50% inhibition, IC50) K299 96T
J& (Concentration required for 99% inhibition, IC99) - 4&5HEH T~
FEHUERER ~ RZ3% - TEF -~ Wk - BAREAMEEY 2
FNHI5-38C-1 ZER Z fE T3 5 Be JIidE > 1C553 71 5300.1
555.1 ~ 629.7 ~ 676.9 ~ 655.0 ul/Lf2253.3 ~ 493.6 ~ 641.4 ~
649.0 ~ 691.0 ul/L ; MFEWETE ~ Wi - BARE=TEEY
ZORERAH]S-3B1C-1 T E M 2 W 4R B R RUR R 0 1C 7 il By
225.7 ~ 248.2 ~ 395.2 ul/LFz270.5 ~ 280.8 ~ 293.7 ul/L » %i& bl
WFRAS SREUR - YR A TR AR Y (R B 2 V8

BEdHE] © FAOH - AIRDRE - ERIRBLAE - TR - FsRE
12

&

EERRMEYIASREE ~ SO0 - R AR An R BBk
RO A TR KR SRR B T - (S
BN AR RE 0 0 > 2R (B B A el A B A T 5 22
PHH O B AR S T ) - AT - R RITEATR - =
MR Z o OREEAE S - URESS K ZEE T A 5
FCBRIRET » TEEEOR - SURAIEREE T - B G 2B R Y
LHGERE -

[l

HAEARF/INCEER (ORI )~ ARFEEERT ( SURE SR EE
SORTHM ) 2 EER R HIR RS MBI o B ISR
B BEEHG > W E A Y RAHEEE R Fusarium
proliferatum (Matsushima ) Nirenberg » [FZ41% 5 e 4= B S Y BE
FmBE > FEMEMRZIE > FRER S EE Y - KR
ENEERE TR 2EEF AR R LB
SR E T R B R A PLEEYE - W RRIREIS Sy o (AL > SoR%E
2 ARSS YL IV EERI S 6 T VA E Ry Y] o YR (plant
essential oils) BAHTFLRATENMEYE - BATEIGIT
PURRERE S SFRRES D % ERS R A R A Y fhE R
TR FRIACR o RN 7 s R B B2 ks
M S LATRAE BB (F. proliferatum) FRs¥$52 » R
[EEYIRE A RO - BAVE R R 2RBA R AME Y (R U
i -

M¥HERTT A

HEREMRZ BRI T

AT fEA I FT PO B A E AR RS 2 i B (TR PR B
D) o HERER  EERRET T S RAH SR o i o AHE
IE DA 7T U AL S0 BT 2 PR 4H AR (£90.3x0.3 cmA/N) o
K1 %R AMINR AT HE% > PR KFUREE=2 0 A2
B R /K AR IR HZ A SR R I /K 1) > BERIF AH SRR B R WASEAR
b RER NS AL G R HEF o PSSR T
USRI - Wi A S E & A EE B R (potato dextrose
agar, PDA, Difco Laboratory, Detroit, MI, USA) sV&ERmE T » 7
5RCHEBFETHERT- 10K » PREES-3 R C- 1 W1k - FR&SH B
ST BEREENPDAAR £5-TK » DO B R B 2 R B
YR T RIRED o

R BR B RS- 3 K C- | AU R APDASEAR _E5-TK - AR
EIEE YR A F](Tri-1 Biotech.Inc, Taipei, Taiwan) #EfTDNAZL
HYFIPCRI 1 5 F#(LAEF-1 ~ EF-2%5(F) > FFLANCBI (National
Center for Biotechnology Information) &} #1751 437 EL
¥ WY % 4 TS5 -

RERIMERIE
HRHE TR B 2 -3 e 42 B — el /NS B (T R T 4L &
1§55 20 » Cymbidium ensifolium (L.) Sw. 'Red Jade' and 'Tron
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Bone) B B a1 {5 (Cymbidium hookerianum Rchb.f, 932582-0316009
fnZ) b B A E R - ERPKERT L EEDLR
SEETAIEE R B RS G 0 > BB RS L > 60
B ERUREEE > EEEREBTE Y > FH2L20 mfg+#
SEIR(10° spores/ml)¥e AR SRR EES » DU KIERIE B
s > FRMHOER o KIEMFHEMEBITSE [ S BSEIR
B EVREE T (8925-28C) » FHEZHREERMER - —
{18l H 1% 5O 8% FEE T2 (disease severity) 354k » PRI 77 35 4R (0-3
) 1 08f — (EEF M EURBE ¢ 14% — B 0 R e (b (e 4
BT ¢ 24k — PG T IR BAGEIME/NET ¢ 3% — PG O R
GERPE A AR - TSR EARAT

P E (Disease severity) %= [ (ZHEREL x %SRBSR TE
B EHREER# x3) x 100% -

NS R AR ER B R A S i

AR R 22050 (EEETERERS
] » The Yih Chemical Co., LTD., Taichung, Taiwan) - fFE%E
HUEZEAKE (lavender) ~ [AFE (cinnamon leaf) ~ T & (clove
leaf) ~ BB E (clary sage) ~ #2K¥EF (rosemary) ~ ZEH)
(basil) ~ #45f Ceucalyptus) ~ B (marjoram sweet) ~
EFERE (elemi) ~ EE T (lemongrass) ~ H FE (evening
primrose ) K= %% (geranium) ~ {XFH (ylang ylang) -~
R (Lemon) ~ %R& (perilla) ~ #1E (neroli) -~ fR
Chinoki) ~ JEHZ(chamomile) -~ &ZfM (grapefruit) -~ &
€65 (lemon balm) SEHEY) RS o B & &Y H R R
Tween80 » DAY : 1| Z HeFOR GBI B EREE R S% - BEAE
YRR =R T REFHA -

RIREEERSE

A7 [ 0 M DR A S s B P AE AR I 98 v 2 F.
proliferatum FREGEIRS-3 0 C-1 > B WX B EE4i(biZ -
B APDASERIA - FA2522°C THEE > 492~38 10 ml
MEAKIMAREAE T » BRR RN G A EIE - 2L
MEREH R R TR » TR RRE R KR 2

10° spores/ml ©

TRIBREEMEEHEIREE FRFHRE

HEF 20FEEAE P JH B 25 DAJE TR /KA 8 5250 ~ 500 ~ 1000
2000 ul/L > R R E0 ulE R FLEB A E o &0
ANERERERREHETEFREESTE  [EEYR R R
%0125 ~ 250 ~ 500 ~ 1000 pl/L - RIS » DURE/KIE
F¥iELE o S FLERI A L= ABEIR RS B A S S mIfEE K
ZEEmp o EMEWN AR SR BEREET » 16
NIRRT T8 SR - S REEET TR
25 FHEERHE00{E T - 35 HIHI% (inhibition rate
of spore germination, %)= [ CEFHRAH 755 2F 32 — PR THAH 745
2R IR TTE IS AR ) x100 -

TRIREEYE RS BIREERE RO E
USRI PDAAR > APDARFE AR (2 81 A AR AT
YRR - JR G S BRI Ry 125 -
250 ~ 500 ~ 1000 ul/L » ZEHEEEE S A EH - KRBERES-3
BAC-1 M BRI BB R PDAPAR | > BER25+2°CEii ~2~3

B > BEIRHIE TS ZPDAARLERES mm T fLas UTHUE & 2
BZHESE - BEAGSRERIIZPDAAR T - UAlREE
B ERSE2C RS - FRHE =EE - DUEHEIIZPDAAR
RR - G HR#EKERER - B R EGE RIS
{1 (inhibition rate, %)= [ (HIRAHES EAC-IEHAEE H
),/ HIRAHEE 51K ) x100 -

MHEIREETE

FF4H IS > B P9 {EF DAICEstimator (Versionl.2)JE&R 1
[E st B I R AR B > SR B > A
HEARAR  REVHFAS096 12 99% 2 {H - B T8 I E G4 R
25096 HI 1 RE (IC50) EL99 96 HI IR (ICy,) 5 HOMIG 2~ #ifE =
R RE H B R RIS S © R BB RATER RS
SHH 37 R T L AR A SRR o

R

AERER T

ARG N R R 2R R E
WERNHATZHEIE > K/N3-10mm2 B > FEES S - %
8 Rt PR HETT AR AR oy R R I B R ER P AR
TE Ry Fusarium BEE o HaiEE 2 EEOCEEME &
TE A RAHRIIRZ KT > RELIN31.9~59.5umZ [E » /)
fio 7 ZFEARFES » 4.2~8.5um 2 [& > [ 43 2 18 118 2 AR K
KOMAR > S 4 S e AR 0 o BERNS-3EEC-1 ZERRLLS T
ALV E 2 455 0 5-3B R Z EFF S BANCBIE K H 2
Fusarium proliferatum JX868976.1 (GenBank accession number)
TN E99% 5 C-1E Mk 2 EFFP 5 BEINCBIE R E 1 2 Fusarium
proliferarum KJ001180. 1A 2£99% - s H M ba ik & &
F. proliferatum » C-1845-3F &R FE GenBank 5 $translation
elongation factor » M fA20164E9 A 13 H 47 FII LS K X 839262
KX839263 {1 & $%5% -

RERMERIE

DAS-3E3C- 1 Wi {E i ik 2 7 T~ R0 - RS A B i —(E/NE R
T el (4T R B3 2200 ) B — (B[ B i B i 22(932582-0316009) 2
ERRBESR » DI K R E IR » FEHoEE - N —E
AR S - SRR BRSNS R NMEE
o] B B ] B SR HH R B TS L R B S (B R BB 8 R AME LR
ERAEE > WHREREEEIRS - ERE TR0 R 2 Mk
Lo GOEEE B P ESR I EEE R HANEN » H%
A FMER R W —(E B R ATE S R B 2R
& B RBE A AR S EIREE S/ N 3mm » ANEEE RS
GO R > B B EE NRBE (R —) o T
ERERNE BT o ek R - 85 oyl ik Bl
BRI - A Bees B W SR ik B B AR - BmE T
b = (AR R A AR BRI - BT R B R
AT B4R 8 T VBN R o B R R BRI 4E 18

TRREEYE RS RREEFEFNEE
IS F SIS AR E S S F. proliferatum T
TEETFYRCEE o S-3BMRAE A Sl s 2 A0 35 2R3 593.5% »
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TABLE 1. Discase severity of black spot of Cymbidium caused by Fusarium
proliferatum isolates 5-3 and C-1
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TABLE 2. Inhibition concentration of plant essential oils on spore
germination of Fusarium proliferatum isolates 5-3 and C-1

Inhibition concentration (ul/L)" of spore germination

; Inoculum Disease severity (%)"
Plant variety )
(isolate) Wounded Un-wounded
. e 5-3 45.10 0
Cymbidium ensifolium
C-1 20.08 2.76
'Iron Bone'
CK(water) 0 0
Cymbidium ensifolium 2-31 ;332 2(())8
Red Jade' i ) )
CK(water) 0 0
Cymbidium hookerianum 3_31 25593 ;iz
'932582-0316009' i ) )
CK(water) 0 0

Disease lesion on each leaf of inoculated plants was rated, based on a scale
of 0 to 3: "0" = no symptom, "1" = black necrosis within the inoculated
site, "2" = black necrotic lesion extended out of inoculated site, "3" = black
necrotic lesions fused. Disease severity (DS) was calculated using the
formula: DS (%) = [ X (nd)/3T] x 100, where n = number of lesions in each
rating, d = disease rating scale (0 to 3), and T = total number of lesions.

PAFE&R RS (nonlinear regression) J7 2K S AEEYIE H 7R
ERRAE T3 FHYE BB (ICs) » &5 RBURIC B KA TiiE
FE R 7 Ry 5 L B R #R(300.1 ul/L) ~ REZEZE(GSS5.1 w/L) ~ TH
(629.7 ul/L) ~ FA(655.0 ul/L) ~ AFEE676.9 ul/L)ZF5H » %
fFEFREIaE (R » MRER S & LT £ A0 -
E6000 pl/L > AT HIHIE i - WER R A H
PR HERE T 2 20 5 199 % H IR & (IC ) 7 Ve P55 s B A T TR
KBS B R AEEL A R ER(1003.8 ul/L) ~ F97R(1037.0 ul/L) ~ K=
Z5(1042.3 ul/L) ~ TFF1051.0 ul/L) ~ AEE1053.2 ul/L)ZE k5
(F2) -

FHh o C-1EMRER S T8 R95.75% » SiEEY)
5 S S T R AL - 38 R Y S0 3 I (1Cy,) BB A1) T Al S
A B REEL R ER(253.3 ul/L) ~ REEE(493.6 ul/L) ~ T A& (641.4
ul/L) ~ PAIEE(649.0 ul/L) ~ F87R(691.0 ul/L)FHEPIE 5 M1CewH
RHT AR R P R R B R 25(781.5 ul/L) ~ %RER(885.3 ul/
L)~ T&1015.5 ul/L) ~ AHE(1027.6 ul/L) ~ F87R(1094.0 ul/L)EE
YIRS () o Kl C -1 Ekk 2 M B A s Bl 53 5
PR, » S A R B SN ~ TIEH R AN > e
6000 pl/L > IR T35 S BUR B A FE -

TRIREEYE R BIDREERE RO E

PLPRCHIECE S i iR R E SR B RIS > 308k
EHERER BB ERERIMGE > SFRESETZ
5096 F2999%6 fIHIRE (=) -

BRI B S- 3B AR 4 A R AT - B R P (1C o) B (AT
SHEMRP BAFERE T &(225.7 ul/L) ~ AHE(248.2 ul/L) ~ R
(395.2 w/L)FHEYIEH - BAREF ZHIERER (k=) 1M
[Co B AT =F 73 Al BEEHLE AREO11.3 ul/L) ~ T&(992.2 ul/
L) ~ FESHE(1230.1 ul/L)Z Y - TIC, =& R A ZEHL E

Essential oil 5.3 C-1
1Cy 1Cy 1Cy 1Cyy

Lavender 1762.5 3141.6 1133.2 1847.6
Cinnamon leaf 676.9 1053.2 649.0 1027.6
Clove leaf 629.7 1051.0 6414 1015.5
Clary sage 1914.7 3562.0 2093.0 4401.6
Rosemary 713.5 1129.6 763.55 1208.9
Basil 695.7 1101.5 855.1 1526.5
Eucalyptus 781.9 1238.1 765.7 1212.3
Marjoram sweet >6000.0 >6000.0 >6000.0 >6000.0
Elemi 772.5 1223.1 781.5 1175.3
Lemongrass 2694.1 5094.2 >6000.0 >6000.0
Evening Primrose 1448.1 3815.1 1161.7 2591.3
Geranium 555.1 1042.3 493.6 781.5
Ylang Ylang 576.5 1129.3 1089.6 2751.6
Lemon 3099.4 5863.0 4091.5 5921.8
Perilla 300.1 1003.8 2533 885.3
Neroli 814.0 2140.0 942.6 1626.2
Hinoki 655.0 1037.0 691.0 1094.0
Chamomile 875.1 2995.1 3068.2 5568.2
Grapefruit 4218.8 53229 4820.2 8867.1
Lemon balm 1950.3 3836.0 3555.1 6414.0

- Concentration required for 50% and 99% inhibition (ICs, and ICy) of
essential oils on spore germination of Fusarium proliferatum. 1Cs, and
1Cyy were determined by CEstimator software (http://www.antimalarial-
icestimator.net/runregressionl.2.htm).

% Pathogenic isolate of Fusarium proliferatum isolated from diseased leaves

of Cymbidium spp.

PSR - MRS - B EMYINGH o B e R TR -

B HEC- 1R S - HICREA =& BZIE T &
(270.5 pl/L) ~ PIEE(280.8 ul/L) ~ MR (293.7 wl/L)EHEYIKE M -
THIC & R BZEH E T & (763.0 ul/L) ~ (8574 ul/L) ~
WHE(1148.7 W/L) BN - 8m O E TR 2 A - fe
1B~ BIEESEEYI 2GR - IRE s TR (R =) -

& &R

Fusarium proliferatum ] 5 | FERIRHE Y0 fil B L8 SR
JEOY  HEEAREY - B Y SN SR E A 5[
O R EEBE O BB R RO (B R A E E ) (&)
EHE IR ) - AUFSeAORRE B2 » BTf$5-3F1C-1
BRI 88 7 T A8 WS R E AR (Koch's
postulates) 23 FMEHIE » 3B AR f 5 RLEEER BEH
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TABLE 3. Inhibition concentration of plant essential oils on mycelial growth

of Fusarium proliferatum isolates 5-3 and C-1

Inhibition concentration (ul/L)" of mycelia growth

Essential oil 5-37 C-1
1Cy 1Cy 1Cy 1Cy,
Lavender 5354 1871.7 673.1 1148.7
Cinnamon leaf 2482 911.3 280.8 8574
Clove leaf 225.7 992.2 270.5 763.0
Clary sage 890.9 23122 728.7 1818.0
Rosemary 538.5 1515.1 816.5 1292.8
Basil 805.6 12754 779.1 12335
Eucalyptus 571.5 1904.9 788.2 1247.9
Marjoram sweet >3000.0 >6000.0 >3000.0 >6000.0
Elemi 771.0 1230.1 762.1 1206.7
Lemongrass 789.0 1263.0 439.1 1761.5
Evening Primrose 801.8 1269.5 1792.4 3368.4
Geranium 974.4 3558.4 1261.1 4182.1
Ylang Ylang 489.8 23324 883.7 2923.9
Lemon >3000.0 >6000.0 >3000.0 >6000.0
Perilla 964.8 5514.4 1104.6 3046.3
Neroli 645.1 2700.5 559.0 2266.2
Hinoki 395.2 1588.5 293.7 1968.4
Chamomile 826.8 2571.2 517.2 2630.1
Grapefruit 1234.1 3656.9 634.1 1752.4
Lemon balm >3000.0 >6000.0 >3000.0 >6000.0

" Concentration required for 50% and 99% inhibition (ICs, and ICy) of
essential oils on mycelia growth of Fusarium proliferatum. 1Cg, and
1Cyy were determined by ICEstimator software (http://www.antimalarial-
icestimator.net/runregressionl.2.htm).

* Pathogenic isolate of Fusarium proliferatum isolated from diseased leaves
of Cymbidium spp.

EEZRF T > MY A G & 5178 RET 2 P E SN
PIERIREFEEEN AR - SERIEYE JEES ST -
FyiE - 88 -~ BE - BOE - EnE - Serge e e
% MiEEE i EE B - BE LRSI EEm> 2D
#Eugenol ~ Thymol * CinnamaldehydeZ 5 RAMEYIRE T - f5Y)
TEHEN B IEEY) R A E A L e - NS PR R A FH A
RENAERRAEGA SIS E AR RE S - Biks AR
PMEEREERI TG 2 0% » AW SR BERQOTEME Y5 H » I
PR E F. proliferatum 2 {738 SR EBLE AR A B 2 HIHIRCR -
HTHE S B ST 2 [ E B Bz - slinds S 20T 2
PDIEEE SRR~ R TE - Wi - ARESHEREMER
WEZ T3 IR » KT & - WL - MARE3ES
HIEE BA BFESE RIIHIER - A SRR EYIR R
RTINS - B2 B AT IL > EYREEINE] F. proliferatum
fil PP FIE S E R ZHREW A S » A HEBL T &5 i
5L £ e I (crown rot) B KoK FEIE RN F. proliferatum
HEAEA " - Hashem&(Q010)HEFEM A & F - %

B S RZEZRE S CHEURE 2, 456% ) 5% F.
oxysporum, F. solani, F. moniliforme, F. dimerum, F. equiseti F1
F. lateritiumZ5OTESRANE BATNEER - 16 LL4%pE #fE 1 7] [
(REBREREED - RFFEIMEHZERE AR - TERX
EILERYIR R R A B 2N ERCR o TR EE
F. proliferatum {83 BB 4 AE RG] (1Cs53 Bl 5695.7-
855.1 uI/LEA779.1-805.6 Wl/L) BCRINA - BHEYIREHIE » T
F G R AR B A T A E Y AT ST R R A
$I7 S B B A S 2R U IS (R SRR B A R =350 -

TEYIIE b AT & 2 B Ry K2 BB I K s e ™
9 BRI SE DA Tween 80FLALTE NI A B K ek g B vh 1 740
EaER - AT iR K e R A BT S B AR T2 b
R E R SRR & KM ~ 2B HIPR[E - T Tween 80
HIAALRERA — » AL w2 EHEE R 2 M & HX
B SR TP E Y E A R R KA Z o TS
BHAMERES ™ o L - R YR A S
B o S EDE PRI BRI AE &

AT Fii 2 LA O B T BB B R D o S R S
MR RZZE NS R H 7 B R D ~ HIEH
HISE Sl B U] 2 O AR 4% R K ARV P (e
P B Y R R E AR -

51 F 3Rk
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ABSTRACT
Zeng, S.-T., Chen, H.-R., and Hsieh, T.-F., 2016. Inhibitory effectof

plant essential oils against Fusarium proliferatum, the causal agent
of Cymbidium black spot. J. Plant Med. 58(1): 33-38.

Twenty plant essential oils from lavender, cinnamon leaf,
clove leaf, clary sage, rosemary, basil, eucalyptus, marjoram sweet,
elemi, lemongrass, evening Primrose, geranium, ylang ylang, lemon,
pereilla, neroli, hinoki, chamomile, grapefruit and lemon balm were
collected and evaluated for their suppression of spore germination
and mycelial growth of Fusarium proliferatum, causal agent of
Cymbidium black spot. Two isolates of the pathogen, 53- and C-1,
were selected for the study. The plant essential oils emulsified by
Tween 80 were diluted for the concentration of 125, 250, 500 and
1000 ul/L and tested the inhibitory effects of spore germination on
slide and mycelial growth on PDA plate. Concentration required for
50% and 99% inhibition (ICs, and IC,,) of essential oils on spore

germination and mycelia growth of Fusarium proliferatum were
determined by ICEstimator software. Data showed that among 20
essential oils, perilla, geranium, clove leaf, cinnamon leaf and hinoki
essential oils were the best five oils to inhibit the spore germination
of F. proliferatum isolate 5-3 and C-1. ICy, of the five essential
oils on 5-3 and C-1 isolates was as follows: 300.1, 555.1, 629.7,
676.9, 655.0 ul/L and 253.3, 493.6, 641.4, 649.0, 691.0 ul/L. In
addition, clove leaf, cinnamon leaf and hinoki essential oils were the
best three oils to inhibit the mycelia growth of both isolates of F.
proliferatum. 1Cy, of the three essential oils on 5-3 and C-1 isolates
was as follows: 225.7, 248.2, 395.2 ul/L and 270.5, 280.8, 293.7 ul/
L, respectively. Those results reveal that essential oils derived from
plants have a high potential in protection of plant diseases caused by
F. proliferatum.

Keywords: Plant essential oil, inhibitory concentration, Fusarium
proliferatum, spore germination, mycelial growth



