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Biological Control of Fusarium Head Blight on Wheat by
Polyacetylenes Derived from Cirsium japonicum Roots
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Chemical fungicides have reduced Fusarium head blight (FHB) severity. However, by the effects
of fungicide residues, they can only be used up to 30 days before time of harvest. Therefore, the
development of new biofungicides that are applicable until harvest is required. In order to select
plant extracts having antifungal activity against Fusarium graminearum for the control of FHB,
we investigated the inhibitory effects of 225 medicinal plant extracts on spore germination of F.
graminearum. Of these plant extracts, the methanol extract of Cirsium japonicum (CJ) roots showed
the strongest antifungal activity. Through solvent partitioning, repeated column chromatography,
and spore germination bioassay, two chemicals were purified and then their chemical structures
were identified as ciryneol C (CC) and 1-heptadecene-11,13-diyne-8,9,10-triol (HD-ol) which are
polyacetylene substances. Two active compounds effectively inhibited the germination of F.
graminearum macroconidia; HD-ol (ICs, of 3.17 pug/ml) showed stronger spore germination inhibitory
activity than that of CC (IC, of 28.14 ug/ml). In addition, the wettable powder type formulation of
ethyl acetate extract of CJ roots suppressed the development of FHB in dose-dependent manner, with
control values of 78.92% and 31.56% at 250- and 500-fold dilutions, respectively. Combining these
findings suggest that the crude extract of CJ roots containing polyacetylene compounds could be
Received August 12,2016 used as botanical fungicide for the control of FHB.
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Fusarium graminearum-2 4, 2.2, ¥ 5-of o]Atu}EH
Ggoli o) AP E Yot YAFOR FEY 4
S}eg 74417 Bk of 2} 9173} 71 o] 328 Bl
2~ 9] trichothecenes®} zearalenone& A A5l A1 &1} A}
7O AFAH S Bt AL 2x &2 A tH(Desjardins,
2006; Marasas 5, 1984). F. graminearum-2 73 A| 2 . 2 gt
3 Mo Yol A EHAF L2 opAlo, B, 4, ]
s F=°] Auli == DA ol A F.graminearume]] 27t v
o] WA glek. 2l uhebo] A 19634 W R 3]
of o] stk o] R A o] talshe] 15 S-8efo] B
A 2 Z 40%-60%, A 7+ A H-2 80%-100% 45} 1,
1998 o] &= T Y 3Fof X5 98%, X' 25% H 2] =2}eFo]
2 98 & 725 thHChung, 1975; Ryu 5, 2011).

F.graminearum®| &] 3t o] 2wt O] WA= At A AL,
A F5Y =9, &2 22 FEA < Akl &3 o]
Foj A Qe At A o FH4tEnto] 2E 0 A&7
o avpd oz AR = Qe e A os &
A Atk o] 23t o] f-2 A =4 | 52t F graminearum
of o3t o] 2tutEH WA of 8hehEofo] A &2 o2 AHE-E
of gttt ShAI T R P FoF o AHES FoF A RE <
3 Aol 54 AR ofYzt SF A, B A ek, A
P Lt T 5 A8 7HA BAE o714 713
(Barnard =, 1997; Steffens 5, 1996). T3} QF A gl = 2HE-of O
3 2vlAe] AEE} 27hgol ot $avets Zake
OECD 7HIHEE FA 2.2 B 5orel A8 43 oT
AAAFFARHS A Y ol AeFEE, AFTAE,
FEE TS ol & A A AT et AT = &
23] A= L et

AEFEed g g eds Easta gley
Aoz o] & 5 ‘71 o o] e A ol b staL, £
WA 7Y =& A FAE AAbol AHEE 4= Stk A
HE 7 1 %\E‘r(Copplng-L} Menn, 2000). Milsana™&= 4] &
3282 o8 HEN) 4Tohel A AAROZ A
He g EH ARALEA R, FEFD 2EEE 0|85
Fow 1 dhol = Macleayad; 41 &3

J}ﬂ 1o o

, cinnamaldehyde,

4»
My
m{u r

hohoba oil 5] 4l &% Yol FFE4Z 7FA 2L ok
I RIS Y A FAA AEFEE Attt
At & °] 7t Hof| A AE-Sh= Al E ol HeFA
£ die Y= ) o] ggt FE2EL A HEH 93,
A& v‘i'—ol“’ﬂﬂ FHAZ o] EEHI AR eH, FAEo S

Fhi g Aol et bR AT chopsiA B gt
=,2011;Yoon 5,2011a,2011b).
7 F(Cirsium japonicum)+= = 8}a}o]| &5t 2 EAEZ
2 AL 0F AR E T ALSE Ma okg o 2 A}
LA BTt A Lol e
d, E71AE D A AHEHI Yo

= dsto] v Shg R 24 E, 97984
2 1 o] Frol oA 24 & Fo] HilE o] 3lthLiao 5, 2010;
Yin 5, 2008). t) Al L2 ciryneol A-E, 1-heptadecene-11,13-
diyne-8,9,10-triol 5-2] polyacetyleneZ| 3}-3+& 2 licoricidin,
pectolinarin 5 9] Zg}H -o| & 3}3HES £t Qo
&H A JHKim2} Kim, 2010). Polyacetylene | 3+3H-&-2 AY
A o v FAIF A FUB/ol KT A=A
AW =G, ¥ APFHES, EvtE AU FBo|Y, B
ThE 99, 4 H251, B AVt W S Ao of
S AEA S 7H T B 3 o] 9.0 Lh(Yoon 5, 2011)
F. graminearum®]] B3t & A of) 3 A= o}&] B ¥ uf
7 gic

oo & ¢+t+= polyacetylene#| 3tgH=E E+= ol & Z 5}
< WAZ FEE0] ol ol st S48 A2 A
< YErH-S @35 L, ciryneol C2F 1-heptadecene-11 13-
diyne-8,9,10-triol©] F. graminearum®] i3t =2 4= 5
Atk gLo] & AFE Foto] dAZE FEES AP st
I g ojAmtEof th 3t A A S RAIF =N HAE
T THEZA Y 7S AAI St A} gt

[e)
T

M=

HIEH
oHd

=

MEANR, U EFESEIYCERE BF 23
2FA}| 225% 9] ethanol =& ©] F. graminearum®l| o gt &+
A A o] AH-&E 9l thH(Table 1). =3t F graminearumol] &
A& 2= B4 2 9517] Ysto] 33 rerA =)
A&l At Al Z(Dongkyeong Corp, China)2 A A ]| 2
st AHE-SHR T

AFTZ.  F graminearum ©FAE 7-3639 (BowdenT} Leslie,
19998 Al =F =8 A2 FE55Y FHE= 2AF
st7] gt o2 ARR ST AR 779 AKH) A
= potato dextrose agarg AHgstgon, HUd HAAH
2 A% ZAE YA 5] Y81 carboxymethylcellulose Bl
Z](CMC, carboxymethylcellulose 15 g, NH,NO, 1 g, KH,PO, 1 g,
MgSO,- 7H,0 0.5 g, yeast extract 1 g/l & A3} R thHCappellini
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Table 1. Plant extracts (85 families, 225 samples) used in this study

Family Number Family Number Family Number Family Number Family Number
Solanaceae 2 Euphorbiaceae 1 Sapindaceae 1 Zingiberaceae 9 Flacourtiaceae 1
Rhamnaceae 1 Myrtaceae 1 Oleaceae 1 Caryophyllaceae 2 Caprifoliaceae 1
Burseraceae 2 Araliaceae 3 Apiaceae 4 Simarubaceae 1 Paeoniaceae
Lemnaceae 1 Eucommiaceae 4 Ranunculaceae 6  Portulacaceae 2 Rosaceae 15
Cruciferae 1 Styracaceae 1 Cucurbitaceae 4 Lygodiaceae 1 Aristolochiaceae 1
Polypodiaceae 2 Dioscoreaceae 2 Asclepiadaceae 3 Cruciferae 3 Borraginaceae 1
Polyporaceae 2 Polygonaceae 2 Stemonaceae 1 Linaceae 1 Plantaginaceae 1
Dicksoniaceae 2 Loganiaceae 3 Liliaceae 11 Malvaceae 3 Fagaceae 1
Compositae 14 Valerianaceae 2 Gramineae 7  Primulaceae 1 Araceae 3
Rubiaceae 4 Verbenaceae 1 Typhaceae 1 Palmae 1 Campanulaceae 5
Labiatae 6  Ephedraceae 1 Selaginellaceae 1 Papaveraceae 1 Cupressaceae 2
Orchidaceae 2 Berberidaceae 2 Moraceae 4 Polygonaceae 1 Cornaceae 2
Zygophyllaceae 2 Meliaceae 1 Cyperaceae 2 Orobanchaceae 1 Leguminosae 13
Celastraceae 1 Convolvulaceae 3 Dipsacaceae 1 Gentianaceae 2 Vitaceae 1
Lauraceae 3 Aspidiaceae 1 Umbelliferae 6  Rutaceae 6 Scrophulariaceae 3
Ulmaceae 1 Chenopodiaceae 1 Saururaceae 1 Polygalaceae 2 Apocynaceae 1
Actinidiaceae 2 Magnoliaceae 1 Phytolaccaceae 1 Myristicaceae 1 Pedaliaceae 1

2} Peterson, 1965; Leslie 5, 2006). F. graminearum-2- %+ 7] 2.3
= 913l FAHAE 20% glycerol & o] @ EF5Fo] —70°Cofl 2
et

2255 Stefxi FEEC T Y HM. cmcH
Z] of| F. graminearum= 358131 39 5<F 25°Cof| A 200 rpm
O R et T B4 AZE A ZA YRS
ATk 4°Coll A 10,000 rppm . 2 1587 ZALHA RS 914
E235t & 452 w2 a1, Z 3 &< potato dextrose broth
£ 7t ZAE 345tk A= hemocytometer = 7|
43} 1x10° macroconidia/ml2] =2 A 235} %3 96 well
plate®] Z} wellof| 198 pl#] Y2 &, dimethyl sulfoxide (DMSO)
2 =91 225% THoFA ethanol =& 2 g A 7}sto] ghof
A ethanol & 2] 2% 57} 100, 50, 25 pg/mi7} H ==
A 2|3ttt ek 2 EY] R S 25°Coll A 244
7F A2 gt o] FAK Asf AR E o= WS
A 2] F-ofl &= 1% DMSOE A 2|3+ 11, 34t

|\
o
_?L
8
-
el

AZ =& { S0iE 28= gd 2. diAZS
(400 g)2 F5 TR =AM A= A= FA s}

=53tk Methanol & &5 o] ZHA| of] A& 3, residue]]
THA] 112} methanolZ 71t g ¥ ©f &5tk = Wl
AH F&510] & E 3 methanol &8 53t $ rotary
evaporatorg ©]|-83}o 7 531 %t Methanol & &
(23.77 9)= 500 ml&] 522} 59| ethyl acetate (EtoAq) =
23] E383}9 o}, EtOAc 3% & ¢f| anhydrous sodium sulfateS
7Foto] &5 &3] Al A gt - rotary evaporatorE: ©]-8-3f A
A FF5Hh "ot A= &350l 400 mle] butanol 23]
H7tste] £&835E & dojA butanolE T E5S 44 ¢
=53

o] 9} Zro] A o] 2 EtOAcE(4.52 g), butanol&(2.93 g), 25
(1213 g), 18] 2 ) A= methanol &5 2] F. graminearum
macroconidia®l] th gt 322} o} A A &4 of & 225 ghof
A FEEY T2 Y dMo 7gtt FAt o R
Z A} T EtOACE 2 acetone 2. 2, butanol 32 methanol
2, 532 10% ethanol= AH&-3to] &3t & =559 3
% 57} 1,000, 500, 250, 125, 62.5, 31.25, 15.625, 7.8125 pg/
mi7} B =5 A st A g 3ntE o g A5t o,
25°Co| A A2 ulj Fato] A 2] £ A7} B Hholgh A
ZH7-8A17hol| Ao} o RE st 2 wello]l Q1=
Hlj &F ol -S- micropipette2 10 pl# #3le] hemocytometero]|
A ZAroL o 15 & u| (1004, Harris Swift M1000-D;
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Swift Optical Instruments, Schertz, TX, USA) & 2 3+2-51 At
ZF welld 23] Au|F o2 Zx}dtol o HE 231 0
7} 3] 10071 & 2225 s T

g4 2Zo| 22| M ¥ FX 3. EOAcE(4.52
0) 2 2 EE| F graminearum®]] T3t} A BA S ol &
é‘ < £ 2|317] 913} Silica gel column (Merck, Darmstadt,

Germany)} Sephadex LH-20 column chromatography (Sigma-
Aldrich, Vienna, Austria) = ©|-&3} % o, B2 st &2 9] 5}35
T2E5 85| 7] 15t9] Yoon 5(2011a)2] W of] ket 7] 7] &

4. A S

2a|st 2%19| F. graminearum ZEX} Wop x| &
4. A2 ZRE B3 F 719 polyacetylene Al &2
9] F.graminearum Z Ao} A A| & AHZ Y5ttt F
222 DMSOZ 100 mg/ml =2 &38F th-2 2 & Yo
2% %7} 1,000, 500, 250, 125, 62.5, 31.25, 15.625, 7.8125 pg/
mi7t =5 A g5t on, ZAEol o 5 Af&3t uhe}
ol dn 3 o= st

EZEMAE5cm, =9|5
9] cool chamber°ﬂ/\1 3—7— %0} A2 A2kt #o]l £ 9
< 5EZEX ujz|sto] F ZE(A]F 20 cm, =°] 17 cm)of] A|
o 5tar o] Ato] W] a1 FHto] Hol= A7 of Tty 3uHE
o2 AU Aol AHEE Al A= £ 3A =, o
Al EtOAC 8 E(2 9)2 £2F 9] acetone 2. 2 =21 3 white
carbon (1.5 g)ol] 4 o] F acetone©| 53 = = hood <t
o] ZFA] ¥ o] &1t} Sodium dodecyl sulfate (CR-SDS, 0.5 g)2}
sodium poly (naphthalene formaldehyde) sulfonate (CR-WP100,
0.5 g), kaoline 5.5 g= 2} = 4] o] 245} % tH(Yoon 5, 2010).
o] ZA A H FE3HA= 50040 2 2504 = 3] A 5o
g o]Ato]| ZF 7|5 0]&38to] A7} o] 2o A EE w7}
2| Brsa 2A17F A 2] A1 7] 3 2x10° macrocondia/ml 2] F.
graminearum ZA@AE NS BRI S8 AHE &
ANAZ7] A8 ML 0|4+ 129 Fol A A AL
8Y & o4& 4%-;}0}9& q{&%kxﬂi—‘: difenoconazoIeI’Jr
propiconazole A& Z+Z+ 13% £ AFESA
o 3% o2 A9E a5 49 3
A 3ho] Wby = o MM &, Fusarium head blight (FHB) index %t

& At

1 £ (% disease incidence)=100x

i EEES
EEES

A o149

U PN
e I (% disease severity)=100x [ o{ij % A of ;H:’,'\__]

FHB index="a1 &x¥H =/100
2ot ¥ o

AR A i KBl ofel 1A el E
FoElof ST o5 B L Ak A, 35 28, W
N5 A, E2E 2 ARG, B B Futole s 2

€ 5 ode 7S 7HA AL Yok B s A Qlok(Kimz}
Kim, 2010; Ujvary, 2002). &3] A &F& 52| ¢F80% F =71 3
dZS 7= AL E AFEH o, XA SehE e
o] = 52 phenold &4, A 52 terpenoid, alkaloid & 1l
FA o] Tojst= AL R LA gthKang 5, 2010; Kim
=,2011;Yoon 5, 2011b). & AF = A AstA Q1 A+ &
HEAZ ol & A ERH A e - FH
53] A2t AA A EAZ o7 A7 = FR/Y ol AHtEH
=

A st s,

l:! m

StAMFEEEQ HTRE FAH =5 ¥ F
graminearum®] tt & FA S Ho|= AIEE A
3l7] Yot A EFESE2Y R HE 85379 &
5}= 2253 SHOFA 9] ethanol FEES 29 2HettH(Table
1). £ k2 ethanol & &S 100, 50, 25 pg/mle] F == F
graminearum EA}Fo]| A 2]8to] PO} A 852 £ A
A3 101709 A =27} A 2] 8t 59| A F graminearum 3EX}
dol Aol s A 1 5 ASS 23107 Al 59
78525 pg/mle] FEo A e 2 ZAT oL A 852 Ko
F. graminearum®] tj3te] -3t PSS Yetd S E
sttt A oLE A 8 &S 2 A] F graminearum®]] 2]t 4]
EYHNAE AT HAE Al FHARY 7He S HolE
10711 9] ZFoFAl F A& 9] T o] HF A o) aL HA|H o2 A
A5t F graminearum®] T3 Ao A o] G R A] g2
WA AAE Ao A 224 Aeste] k22 of o
gt AFE YTt

= S| '(‘ﬂ—

SFHY, FFEIL LS 47 2HA 2, A
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9 methanol FE =27 £33 S &5t 533
7N 2] £8 S0l tsto] Aol AR Y& 2ASH T 1
23}, Fig. 10] 4 2F ZFo] o Al ¢] methanol &=} EtOAc
9] F. graminearum®] EAEOLE FE Ol E A 0 2 # 3] s}
A1, butanolZ1t B2 AE FA L Ho|X &gt} ®
3t EtOACZ9| methanol FE& =Xt} ¢ 735 &S H G
olelst Aue Hgoz gAT BHEAL AY BE
EtOACE O 2 B H Ity BhE 9, BtOAcE 2 237 H
F graminearum®) E2Yro} 21 8} 7142 Skl T 9] 71

F84 2R Lesck

ST EE 2a|, +Z23Y A F. graminearum
E & Y AZLE F graminearum
o Expot AR B AFEAT 2%7) 3 Y
A A3}, F 70 9] polyacetylened] 3+3H&, & ciryneol C2}
1-heptadecene-11,13-diyne-8,9,10-triol 2 ‘ﬂ*‘é‘% A th(Fig. 2)
(Yoon &, 2011a). = &2 9 £ graminearum 3EA} ¥rolof o
3} G, 1-heptadecene-11,13-diyne-8,9,10-triol©] 3.17 pg/ml
0] 11, ciryneol C3= 28.14 pug/mlZ 1-heptadecene-11,13-diyne-
89,10-triol o] A} o} A s &g o] ¥ 73t A o = et
(Fig. 3).
Yoon 5 (2011a) =4GR o]-&3to] ¥ =EH, B
°‘7S FHuEY, EvtE AL FFoy, EvtE 99, 2 &
=9, 2 A7tRY 9 15 gAY 5 77HA A =R
1’41?4 in vivo &4 23S 543131, 371 9] polyacetylenes| &

Z = (ciryneol A, ciryneol C, 1-heptadecene-11,13-diyne-8,9,10-

100 A

901 - MeOH
. 80 —>< EtoAc
S 70 —— Butanol
S 60 —e— Aqueous
©
g 50 A
= 40
2
E 30 A

20 A

10 A

0 —a— B—T— R — T T & TR

7.812515.625 31.25 625 125 250 500 1,000
Concentration (ug/ml)

Fig. 1. Effects of methanol (MeOH) extract, ethyl acetate (EtoAc),
butanol, and aqueous layers obtained from Cirsium japonicum
roots on the spore germination of Fusarium graminearum. Each
value represents meanztstandard deviation of two runs with three
replicates.

o 2HE Bastan) 5 ookt AlER Y
8 020 ZABSANEH 7714 425l e invio

G4 kg i AAZ 2 2 ciryneol C7} 7H & 37}
S5 A S 2 eI, ciryneol A%} 1-heptadecene-11,13-

diyne-8,9,10-triol A 2 H| =%t A 0 & YEyi T sFA| 9k 2
& S0 A = ciryneol A= F. graminearum @) 3EZ}REotof o gt
A= A gl A2 UERgT) T3 F graminearum 2]
ZZ}dtotof o gt &7+ % 1-heptadecene-11,13-diyne-8,9,10-
triol©] ciryneol CE.t} =3t 2 © 2 L}E}LE, Yoon 5 (2011a)
o ¥ 113k A 7ke} Apol sheic.
AIZ F=22 YU o|MolEY WHEat, o]t
Sl et A A E £AFSH] 915t ti A EtOA 28]
E EUTIA FH 2 FRAE0] 20% T-5 A A AN C-
WP20)E A 23} 4t} CJ-WP202] 2504] 2} 500H] 3] 41 9 %] 2]
Al Z+ZF 7892%2 31.56%2] E o] AntEH WA A S B G
31, &EE] = 2,0008) o A 84.73% WA £ 1S X tHTable
2). CJ-WP202] 2501] ] A4 of 2] 2] A] 7892%2] WA A T}E X
of ok Ao GAT PALHE Bol wet o) F 2

R, OH

OH
X

Fig. 2. Chemical structures of two compounds isolated from Cirsi-
um japonicum roots having antifungal activities against Fusarium
graminearum. Ciryneol C, R,=Cl; 1-heptadecene-11,13-diyne-
8,9,10-triol, R,=OH.

100
90
80 -
70
60
50
40
30
20 A
10 A

0 T T T T T T T 1
7.812515.625 31.25 625 125 250 500 1,000

Concentration (ug/ml)

0
0
m]

—a— Ciryneol C
-0~ 1-Heptadecene-11,13-diyne-8,9,10-triol

Inhibition value (%)

Fig. 3. Effects of ciryneol C and 1-heptadecene-11,13-diyne-
8,9,10-triol isolated from Cirsium japonicum roots on the spore
germination of Fusarium graminearum. Each value represents
meanzstandard deviation of two runs with three replicates.
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Table 2. Biological control efficacy of the wettable powder type
formulation of ethyl acetate layer of Cirsium japonicum roots
against Fusarium head blight (FHB) on wheat under greenhouse
condition*

Treatment Dilution Disease Disease FHB Control
incidence (%) severity (%) index value (%)

Control - 100 80.35+7.51 80.35C -
CIWP20" X250  64.79+1551 26.45+3.42 16.94A 7892
CJ-WP20 x500  87.03+550 63.19+7.38 54.99B 31.56

Almuri %x2,000 65.37+1230 18.77£3.30 12.27A 84.73

*Seedlings were inoculated with macroconidia suspension of Fu-
sarium graminearum 2 hours after treatment of chemical solutions.
Each value represents meanzstandard deviation of three replicates.
Means with the same capital letter in FHB index are not significant-
ly different (P<0.05) according to Duncan’s multiple range test.
'CJ-WP20, wettable powder type formulation of the ethyl acetate
extract of C. japonicum roots.

A, AA A S0 4T

3
Fod AR SO AFS AL 5 9)

oj 74] <+ EtOAC &8 &2 invitro2} in vivool| A F. graminearum
of thsto] L4k Ao A BNE BHP o, o]t
7 7= ciryneol C€} 1-heptadecene-11,13-diyne-8,9,10-triol o]
gt Ao T 2 AFATL Y F T

F. graminearum A3 5717k &< ZHEof A Ydto] o] 4}
U}E‘*‘g Yor|a s Aas doZ Bt opyg, 5

3 it o= Yo A& E o] Azet AA A &4
I HEo] AlRY A FY MRS At Uth 55 ¢
T Helet e B & M7 2 F graminearum
o] AUt 208 WA 308 A= 557] LA o4t
ut2x1 o] 3 A X WA trichothecenes?} zearalenone
o] F. graminearum®]| &3l AJAtE o] &S 2 FA| 71 TH(Del
Ponte 5, 2007; Leonard 2} Bushnell, 2003). 3] 5o A &= 9|
AtutE2H S 1A 51 7] )35} metconazole, propiconazole,
prothioconazole, tebuconazole+prothioconazole, tebuconazole
59 demethylation inhibitor A & &] A A& =2 ARE-3H
ot 28, 244 JEo|PLat dH oFx|o] A (2R
A W ol -3 2 302 o WA AHgo] THg Tt B
A2 SUshol SN2 A7 s0% o]k oravt

$-3FA] X5 A o| th(Bai} Shaner, 1994). 3FA| T 4] &3
EES 08T HAETHY A A7 2AAY ¢l
of 13} AEjA o eHAs7] o == 2| A7 A AHE-o] 7F
Sotthe S 7HA AL itk whEbA] ti A 2ol A £ 2%

polyacetylene| 3t3tE2 ©] &3 HAEFF2 o2ut&5

B HAE $18) S5 AR 2 o] el AR AR
o A= 18 57Hmek ofu e} B s vhol = 5ot of
B RS YEE Fohe] YA TS FojabA L 4 dtHe B

A 7HA AL ok 3, ZH oA A 7Hett AEE F©
A &L 2 Agst7] 9fste] AL FEE WY ciryneol C2F
1-heptadecene-11,13-diyne-8,9,10-triol & =o| A A A
Aol ti gt A& T o G ol

2 o
o ukE e AT S RA o <) YA ol %
A5 A5 OF BAR Q15tel GA B ALG-L TF 48

309 W72 1 A2 7|zke] A@E ol ek uehA %
A7 Aol s A g Aol Aol s
o} 2 QP A= o2 utE WA S 9519 F graminearum
o tatol FRYAL ol A2 2B Ay Yt
o] F 853to]| &3h= 225 HeFA Al 5 9] ethanol =& &2 T
A0 2 F graminearum EALFo} QA B IS ZAFSHE T 1
2 & AL S 7 A Z S AL 5, S £,
A9 a2utE vt A=A HE A A F graminearum 3

Ao} oA YAH L FHA % Ao BEHEL HAs £
4L AFEAS YA 3B EA S T35 ciryneol C2}
1-heptadecene-11,13-diyne-8,9,10-triol 2] polyacetylene#| 3}
22 FA = ST} F graminearum ) EApEro} A B4 S
UEFY &= IC,2 1-heptadecene-11,13-diyne-8,9,10-triol©] 3.17
pg/ml, ciryneol C= 28.14 ug/ml= 1-heptadecene-11,13-diyne-
8,9,10-triol ] A3l &AJ o] ciryneol CH .t} T &k} ESF 2
o)A 2] oA 2 EtoAc 22 E BRSIA| 9] Y o] Atukg
v WA & 7= 25080 < 50008 3] 4] o X 2] A] ZH2} 78.929%F
SN §EE FI7 S RADIAS ol
th. 2 A4 3= polyacetylened| 3+
co) 222 B0 ol 4B BAE I8 A ER AT
At A 2 AHE-0] 7158t A= A AISHAL Qi
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