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Abstract

This experiment was conducted to test the fungicidal activity of extracts from 50 medicinal
plants to powdery mildew (Sphaerotheca fulinginea) and identify the bioactive substances.

Among the medicinal plants tested, the water extract of Rheum wundulatum was the most
effective in spore germination inhibition, which inhibited by 100% at 200-fold dilution. Also, 50-
fold dilution of water extract, 100-fold dilution of alcohol extract, 500-fold dilution of crude extract
from Rheum wundulatum and even 1000-fold dilution of refernce chemical inhibited powdery
mildew of cucumber more than 60%. 500-fold dilution of crude extract inhibited powdery mildew
of cucumber 100% by twice spray treatment. There was phytotoxcity at the 100-fold dilution, but
was not recognized this injury at the 500-fold dilution of crude extract.

From our research to identify bioactive substance using HPLC, GLC and Mass spectrum
analysis, it indicated that Rheum wundulatum extract contained tentatively 1,8-dihydroxy-3-
methyl-9,10-anthracenedione and 1,8-dihydroxy-3-methoxy-6-methyl-9,10-anthracenedione.

Key Words : Fungicidal Compounds, Rheum undulatum, Powdery mildew

* AZPatw % 7f & (College of Agriculture, KonKuk University, Seoul 133-701, Korea)
* % Z3 o) w(Joongbu University, Kumsan, Chungnam, 312-940, Korea)
— B d7E 19939E wgY Gedrazdn(Egatiepd g 98 A9

301



302 AR A13E A3E (1994)

ME

FEEY AAH Ao ojH wWEE wAle
s FRAHR Qe FAAolck A s Fd
AsA AMgEolAE PAYE {F718E s 9
& 3ehaE Aoy, HIo 9A Fok ALH
¢ AT Fgoz QE sk BPeFR <
Zd) g S4o] A Hog aA EAA 2 AU
o] ¥AFte RALE S2gElT Ao A
i W3 uig g4 B ¢ HIAHEA
B Aestuastedd BAE MHRA A

UR7] AEZ, gl L dP29 FAHEQ pyre-
thrin, nicotine ¥ rotenoneo] A&z 7M=L
o §71AA Y carbamateA] 5o /71845 <k ¥
3 ASAoln AFrt 5T B o} Ao ¢
At A= S5 B 9 JgEo] 5
o2 AEHYDIANAD HA Fo TR TN
3&_&*& }_\J%O’I %):q q ﬂ_—111.4.5,6,l(),l2,13.17,23.24».25.26,2'7,28.31)y fﬂ.
TALEE 5 onbiead) ojgg ojgF ¢t
A4 Asephdo) A& FIHL Y Ao

£ d7e favetdAM A Ee ol &HT Sle
kLA ERRE Qolxule] HAsrt N FsFFH
ol dis) gHE 7Ae 5L g8, AddE
HEA FEdo NG FTEH A L gHEAL
B, B3 FE2A ol4rts4e HESA
.

=

Az oy

1. 2A =

HEARZE FU FEAEZA AISHI e
503 FAIENI, LolF  HrLEW A (Sphaero-
theca fuliginea) & WAHPT o= AMgagch
2. SRMEIFE

AzE FENEY FEE FHRFG 115(W/WV)

2 Efs ALy 244 AARAFA A2
A#Y 3 Whatman No2 o FAA 2 AFHAH EF2
dg ANk = A2E dFPe 2L methyl al-
coholsz} 1:5(W/V)& &Efste] d&olr 2447
AAANFN AAZIE Ay JUF AYEEAA
GEFENE A9 = AxE F£LE methyl al-
coholzt 1: 5(W/V)2 E¥std 844 80°C2
147 B¢ §FEAAAS. olAE o3, 3EA]F]
2 oA & 50mlst @AY EF 100mgs ¥
g #8404 INBES AR AUTSE
10% FeCl;£-9) 20mlEg ¥ 1 208 &<t 71dAz
thE A o7le] FF g4t Smig Wi 208-F<t
7} A1 Z k. chloroformeo. 2 43 323 % 38 ba-
ckwashing® £-4& FHANA FA7l2o 283 S
A4

3. =&Y I HUH

Fte] QA AZEIE WA 1b5m’e AV
Hesla o] AL 2447t o & AL A
£3l7] Ao 83 FHFE AL g A=A
ok oyle] E2Ze 10ujje L Hojmagm
AZNNE A7 Fd T BAEAE Ho|= 3 pe-
tri dish&9] $HAE =9 AN 2447 Ad
& BAEALeLEE RAEIGTE 200X @] B A
A g 1040k 3utB oz AN

4. SHER|E U

In vitroo| A oA go] &L hE}, Bg, vix
B EFEAY9ds AFA triforine 5000 A4S =
AolA A e 393t potd] AFAIR 20
Yol AFETRIZ REa do] WEF HrSWF
ERAEAE duol nFA HF T4F ¥HEE =
Abstsich. aEla 471N BAER} JHE 2 AE
o EF&9, ¢ 39, 283, EFF(8-dihy-

droxy anthraquinone) £-& potol]x] A&A]7]l 20)



9 %NS REH L0lf7tR) g YAHED 4 2 B3 303

Ul At AFEHT EAEAS HE 9%
of WHMEE zAlEYT ER2ZAL 10, 50, 100,
2004, GFEZ0L 100, 500, 1000, 20008}, =&
A& 100, 500, 1000, 20008), ¥ZEZ& 500, 1000,
200080 BMuigE MUt PYEE AT
HALZ 01-20%%0 ALE 1, 201-30%2 A
E 2, 301-50%3 AL 3, 50%0]49 ASE 4
2 AT ZE A A wiAy 4urE
L2 3P, dPF5Ae HUEHPHoz wys)
o FAENE Aok

5. AIZEITAIE

WES B 500, 100004 7Y DAL 1
8, 23] 9@ 33) W] PALAHE wTahalch
B R 2APEE QYR FUSAC.

6. ofsiZHH

e F&H G o st oo FEE A
ZAFEI T
7. HE|@MERC M

e 223¢ F2F3F7&AKISD 9
3led HPLC, GLC, Mass spectometer2 545t th
2NzAe 22} Figl23 @ 0] UErd wish 2k

&

kl

éjl_l- al

1. &73 HE

50%¢ F8AE E324& FASMY in vitrod]
A ANEEFEY LoldA S A A, B
A 100%2] AAEA7}L AYx, o BeE, 52
geld A EFH7t JAHE D. g g 5
=4 zAlele 200M) M FEAME WolAEL
£ EEH(E 2).

Gilliver'= Ranunculaceaes Paeonia%2] A&

Table 1. Effect of aqueous plant extracts on
conidial germination.

% of % inhibition
Plant extracts conidiat of conidial
germination  germination

1 Angelica lenuissina 65.6 322
2 Sophora anqustifolia 639 40
3 Selaginela tamariscing 958 10
4 Rheum undulatum 0.0 1000
5 Aristolchia contorta 195 799
6 Ephedra sinica 45 644
7 Stellaria aquaticum 912 58
8 Solanum lyatum 573 408
9 Dictamus dasycarpus 873 98
10 Paeoria suffruticosa 337 652
11 Aconstum carmichaeli 9.0 08
12 Saururus hureiri 68.3 294
13 Phytolacca esculenta 700 217
14 Punica granatum 782 192
15 Acorus asiaticus 68.0 298
16 Achyranthes japomica 773 20.1
17 Lysium chinense 883 88
18 Anemarrhena asphodeloides ~ 84.2 130
19 Polygomum aviculare 72.8 248
20 Klaopanax pictum 66.3 315
21 Prunus armeniaca 705 272
22 Coptis japonica 96.7 0.1
23 Phellodendron amurense 62.0 360
24 Calendula officinalis 76.7 208
25 Equsetum arvense 826 147
26 Taraxacum officiale 828 145
27 Cassia tora 360 628
28 Pueraria thunbergiana 78.7 187
29 Lonicera japonica 913 57
30 Angelica acutiloba 94.0 29
31 Mentha canadensis 786 188
32 Pona cocos 84.8 124
33 Sophora subrosarata 89.3 77
34 Macrocatpium officinale 675 303
35 Epimedium koreanum 84.2 130
36 Viter cannabifolia 920 50
37 Poltulaca oleracea 90.0 70
38 Artemisia vulgaris 93.2 37

g Holx A% -
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% of % inhibition

Plant extracts conidial of conidial

germination  germination
39 Arctium lappa 718 258
40 Poeonia albiglora 922 48
41 Sanguisorba officinalis 913 57
42 Plantago alata 86.8 103
43 Xanthium strumarium 976 00
4 Taraxacum platycarpum 67.0 308
45 Thesium chinese 86.2 110
46  Pleuropterus multoflorus 854 118
47 Scutellaria baicalensis 96.7 0.1
48 Astragalus membranaceus 934 35
49 Carthamus tinclorius 978 00
50 Scrophularia buergeriana 990 00
control 9.8 -

o) Venturia inaequalis®) IxpdolE A, Timonin
=3 Coler-Smith £”, Amonker Y, Fliermans®,
Applaton B2 vlgel F&Eo| FHol9 #FAMA
oy, Powell®?-& 323} 57F&<] A EZFNA 6%2]
2| Zo| Phytophthora palmivora®) EALolo] 733
AAZgo] Jdckm Aok ¥ FPL HUEF Y0

Table 2. Effect of concentration of Rheum
undulatum aqueous extracts on co-
nidial germination of S. fuliginea.

% of % inhibition
Concentration conidial of conidial
germination germination
10 0.0 100.0
50 0.0 100.0
100 0.0 100.0
200 0.0 100.0
500 79.0 11.2
control 98.7

Alternaria alternated] W3y, & T2 gy
18] F&EZ8o| Valsa ceradospermad) tjsle &
#go] Fon Hu, YPAEwe SyuR, IFZ
o] ZZgo) Phytophthora spp.ol thste, ¢, z}
2 F, gy F2Y0o| Phythium wultimumd] o3}
o, 3 A2 F, 2@ 25 80| Botrytis cineread)
Wt dFAdel drkn Ao

B d7AM e 0% g2 E EFEAL ¥
Alste] g7ty wolddAlgg v Ao o

Table 3. Control effect of aqueous plant extracts on S.fuliginea.

Cucurbita sp.

Cucumis sativus

Plant extracts

-D.egree DMRT Value of Degr.ee'of disease DMRT Value of
incidence® control* incidence control
Rheum undulatum 0.0 c 100.0 0.25 d 90.9
Aristochia contorta 4.0 a 0.0 1.00 b 63.6
Pacoria suffruticosa 40 a 0.0 0.75 c 72.7
Fungicide(Triforine) 1.0 b 75.0 \ 1.25 b 54.5
Control(Non Treatmemt) 40 a 2.75 a
(AY 24,2 9.8
Sx 0.15 0.08

X : Disease incidence area per leaf

(0.1—20.0=1, 20.1—30.0=2, 30.1~50.0=3, above 50%‘:4),
Y : Duncan’s multiple range test at 5% level in column

treatment

z:(1 - control

) X 100
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A7) A Jebsn, BAFHCR f94do] AdAH
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Table 4. Control effect on S. fuliginea accor-
ding to extraction methods and con-
centration of Rheum undulatum.

Extraction Congen- Dsg:geOf DMRT Value of
method  tration . . X control?
incidence
H,O 10 1.00 e 75.0
50 150 d 625
100 225 c 438
200 3.00 b 250
control 4.00 a -
cv 149
Sx 012
MeOH 100 1.25 e 68.8
500 2.50 d 375
1,000 3.00 c 250
2,000 375 b 6.3
control 4.00 a -
cv 78
Sx 0.04
Crude 100 0.25 e 93.8
extract 500 1.00 d 750
1,000 2.50 c 375
2,000 3.00 b 25.0
control 4.00 a -
cv 78
Sx 0.04
Standard 500 0.50 b 875
(1,8-dihy- 1,000 0.75 b 813
droxy 2,000 3.00 a 250
anthra- control 4.00 a -
quinone)  CV 129
Sx 0.10

X : Disease incidence area per leaf
(0.1-200=1, 20.1--30.0=2, 30.1—50.0=3,
above 50%=4)

Y : Duncan's multiple range test at 5% level in
column

7:(1 — treatment

) X 100
control

718 eEPITHE 5).

oA AE S whE A s ojHe 1
3 Hashe AR 23] o Haste Zo| HWHAl
g ¢ Y F e Aoz Auych
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Table 5. Control effect on S.fuliginea according to application time of Rheumn undulatum crude ext-

ract.
Extraction Concentration App!lcatlon Degr'ee. of disease DMRT" Value of
method time incidence® control*
crude extract 500 1 0.5 b 875
2 0.0 c 100.0
3 0.0 c 100.0
control 40 a -
cv 13.2(%)
Sx 0.074
1,000 1 35 a 12.5
2 2.5 b 37.5
3 1.3 c 67.5
control 4.0 a —
CcVv 7.9(%)
Sx 0.071
X ! Disease incidence area per leaf
(0.1-20.0=1, 20.1—30.0=2, 30.1—50.0=3, above 50%=4)
Y : Duncan’s multiple range test at 5% level in column
Z:(1 — treatment Y X 100
control
Table 6. Degree of phytotoxic symptom when 3. ol ™
- Rheum undulatum extracts were o . 3 )
treated on Cucumber leaves. EFEY, dEFEYdM e g7t JdEA o
Extraction method Concentration Phytotoxicity® keu, ZEAAME 100M HY5mely <fafj&
1o 0 - e ok 5008 ol gelx oslh SIATHE 6).
2 -
50 - g FE4Fe d3E dod= AR e
100 B ¥ Thomas™e 7HEW|UFe) g&Eoel wapy
200 -
control - E|RAl 9] dele] 43 HHE Fon HAn 9P
MeOH 100 _ gl FZdo] 71F AEY AHd A HHE
100 - ZFohn Aot
o - 2 ATNNE g 2EYAA 10080 5%
2,000 - S o7t AR 5008 ol HHFEo
control - AE FE7t QAT o FEAME Be WALS
Crude extract 100 + Wehiz gl7) ol 500M ol S4ste] ALgat
500 -
1,000 _ A kit Az
2,000 -
control - 4. HPNEFS =W
a . — = no phytotoxic symptom

+ = phytotoxic symptom 3ol 2Edg HPLCZ 243t A# retention
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(Instrument . Analytical HPLC 1050 Flow rate : 1ml/min
Colum : 200X4.6mm ODS Hypersil 5um Detection : UV 254nm
Solvent : 40% Hy0 + 60% CH3CN

Al A3 M
1
A2
§

Fig. 1. HPLC analysis of crude extract of
Rheum undulatum.

time 5.09(A18%8), 7.68(A253H8), 1397(A33}
¥E) 2 1793(M37B)Q 4749 =2 B
Az (Fig. 1), ol F FolA A3gdFELS AFHW =z 4.
5%, ALSIRIE-S 1638%2 @A 90.92%¢] AW E
vebdth & GLCE 248 dgdMx & A%
oz Al, A2 peakt 2 YERJ L A3, Ade 3
vehd oh(Fig. 2).

Chromatogram Plot C . \MAGNUM\P0712A Date : 07/12/94 15:33:20
Comment : 30M X 0.25MM ID, DB -5,

Scan No: 2106  Retention Time :35:06  Ric 16464 Mass Range @ 40—505
Plotted : 1 to 2106 Range : 1 to 2106 100% = 1196815
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640 13:20 2000 26140 33:20

Fig. 2. GLC analysis of the antifungal com-
pound from Rheum undulatum.

Spectrum Plot € 1 \MAGNUMNPU7124
Comment : 30M X0.25mm ID, DB-5,

Date : 07/12/94 15:33:20

Scan No: 1471 Retention Time : 24 : 31 RIC : 231676 Mass Range @ 40~ 429

# Peaks : 158 Base PK :254 loniz: 6258us Int: 40775 100.00% = 40775
100% 254

INT 4

226

237
\ 281 341 429
LALLAAAAE A 00 M A 2 b AR A B A AR A
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6
ol uws w2 1P
Wi Ll |

" ™ lll I_,L 'Y
ik LI R LR W
5 10 150 200

Fig. 3. Mass specturm of the antifungal com-
pound A3 from Rheum undulatum.

AFEN7E olgsta] A3 2 AdEpHES 7=
2 38 247 A33gES T242 18-dihyd-
roxy-3-methyl-9,10-anthracenedione 2. 2 (Fig. 3), A
4832 1,8-dihydroxy-3-methoxy-6-methyl-9,10-
anthracenedione 2.8 ZAEA UK Fig 4). B}
283 7z A= 'H-NMR 2 “C-NMR &
B34 Faset deth

Bz A ¥ W Xuit A%, Sehgal®

lactones, quinones, ketones, phenolic compounds,
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Background Subtract C . \MAGNUM\ P0712A Date : 07/12/94 15:33:20
Comment : 30MX0.25MM D, DB-5,

Average of : 1777 to 1781 Minus : 1758 to 1763 100% = 4815
100% 8
SMP
BKG
254
Slop 128 18
“,[M“ la3 s a5 a0 563 em

50 100 150 200 250 300 350 400 450 500 550 600 650

Fig. 4. Mass spectrum of the antifungal com-
pound A4 from Rheum undulatum.

organic acids, ¥ $'”& berberine, ¥ F®&
paeonol Fo FFHYEAE ¥R, & TV, o
S®eo goa FEAHAE SR anthraquinone %
Ag FHEtn Pk

T35 7 EWe Streptomyces sp. W) o 2 HE]
£33 % anthraquinone §-%#¢1 emodin(genistein)
< nFAuiAlY) Ed e AHEY EFolgtn
THsged, B AN¥dME tfZzFo2 anthra-
quinone F%=A¢1 1,8-dihydroxy anthraquinoneo]
st Ayt YAEAE Hag A e
ZEASG vsF LAEAE A2 Sl HF =
EAqA B, ¥A3% 1,8-dihydroxy-3-methyl-9,10-
anthracenedione®} 1,8-dihydroxy-3-methoxy-6-me-
thyl-9,10-anthracenedione2 AJz]&Ao| U+ EA
2 #dHn o5 3{gE HA] anthraquinone %
A FAHUT

2 o

50%2 GFEHEFEAL FTAEY T
Hg dAERE ARz Agd 224E €9,
FAEAT. FAFRAEFAN HH2] EFZ2AL
20009] SN FEoME 100%2] EALopeiAl &

& UEhiA b3 E37 AL, DB BEE
A 50u), YFFZ 1008, =B 5004, TFEE
10008} Y FE=AAE 60%0] 49 AR LR}
ANew, =EH 5008 foA] 23] o] HxEsH
100% wHodx &371 et 28l &2 100
W ool okazt AR} 5008 ol E ok
7t 1ok

e s A= A28 AHEAL anthraqui-
nonef 549 1,8-dihydroxy-3-methyl-9,10-anthra-
cenediones}  1,8-dihydroxy-3-methoxy-6-methyl-9,
10-anthracenedione2. 2 24 FA AT
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