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Abstract

BACKGROUND: Anthracnose disease caused by
Collectotrichum spp. is one of the most important
worldwide devastating diseases in red pepper plants.
Fungicides using plant extracts have several advantages,
compared to synthetic chemical fungicides, because they
are naturally occurring compounds, are usually safe for
agricultural environment and are used for producing highly
valuable agricultural products. Efforts for seeking an
anti-fungal activities using naturally occurring compounds
were mostly conducted from medicinal plant extracts. Sap
of Rhus verniciflus was known to have healing effects on
several human diseases. Recently, the extracts of Rhus
verniciflus were actively tested for anti-cancer, anti-oxidative,
and anti-fungal effects. In this study, the extract of Rhus
verniciflus was tested for anti-fungal activity against
Colletotrichum spp., which cause anthracnose in red-pepper.
METHODS AND RESULTS: After neutralizing extracts
of Rhus verniciflus (urushiol contents 70%) with autoclave,
the crude extracts were used to investigate inhibitory effects
for mycelial growth and spore germination of Colletotrichum
spp. on PDA media. The mycelial growth and spore
germination of Colletotrichum spp. were inhibited 18-39%
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and over 50% in response to crude extract of R. verniciflus
(1.0 mg/mL). After spraying the extracts at the same
concentrations above and then artificially inoculating
Colletotrichum spp. on blue and red-pepper fruits, in vitro
inhibition effects were examined. At 1.0 mg/mL, the crude
extract of R verniciflus showed inhibition activity in
anthracnose incidence on blue- and red-pepper as
68.1-75.0%, through a artificial inoculation of Colletotrichum
spp. in a laboratory. For in vivo inhibitory effects, the
extracts (1.0, 0.1, and 0.01 mg/mL) were treated on
red-pepper plants grown in green house 3 times at the
interval of 1 week. Then inhibitory effects were determined
by counting diseased fruits at 1 week after final treatment.
The incidence of anthracnose was inhibited over 60% in the
greenhouse by treatment of crude extract of R. verniciflus
(1.0 mg/mL).

CONCLUSION(s): Extracts of Rhus verniciflus were
shown to have inhibitory effects on mycelial growth, spore
germination of Colletotrichum spp. in vitro and on
occurrence of anthracnose on pepper fruit in green house.

Key Words: Anthracnose, Antifungal activity, Collectotrichum
sp. Rhus verniciflus, Urushiol
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=, AT, Fed 5 o1& IEEH wok el
“41?* AT7F B3] o] FofA AL gt o5 JE FokES
UBEAA| = tARbES ol 8% vE wof, H=a, A

A=soolut HAE o]&sh= 497t thEA 1 oflo]tHLim
et al., 2006; Park et a/, 2006; Braverman et al., 2010;
Lee et al., 2011; Yoon, et al., 2011).

A=l FEES o83 A o Wdatoly dlFel
gk A WojEde] FHrE Sl AE FEES AF o
g3b7] wiEel AeiAed ehdst] FrpRATE =& WA
SAHES AAFEE 4 9l o] 9t Copping and Menn,
2000). 3414 A= FEE st A tiato] vkken]

ol o] &sh= Ao ]‘Jr SR E AR EE Aes tdoR
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A=z Ae] #AE AAG I} deras s, 249
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Ag)21934=9} potato dextrose broth (PDB)E 5:1% =3
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A B

Fig. 1. Photographs of colony morphology on PDA of
two pepper anthraconse fungi Collectotrichum sp.
and their characteristics of conidia.

A; DC8221, B; GC8252. Pictures were taken at 7 days
after culture at 28TC.
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Fig. 2. Inhibitory effect of crude extract compounds
from Rhus verniciflua against mycelial growth of
Collectotrichum sp. DC8221 on potato dextrose agar
plate for 5 days after incubation at 28°C. A; 1.0 mg/mL,
B; 0.1 mg/mL, C: 0,01 mg/mL, D; PDA.
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Table 1. Inhibitory effects of crude extract compound from Rhus verniciflua on the mycelial growth of Collectotrichum spp.

Isolate 1.0 mg/mL 0.1 mg/mL 0.01 mg/mL PDA
Colletotrichum sp. DC8221 5440.3% (37.2) o) 62+0.2(27.9) 86+0.0( 0.0) 86+0.0
Colletotrichum sp. DC8222 58+0.1(32.6) 65+0.1(24.4) 86+0.0( 0.0) 86+0.0
Colletotrichum sp. DC8223 52+0.3(39.5) 63+0.2(26.7) 86+0.0( 0.0) 86+0.0
Colletotrichum sp. GC8252 49+0.1(18.3) 52+0.1(13.3) 56+0.1( 6.7) 60+0.1
Colletotrichum sp. GC8253 48+0.1(20.0) 52+0.1(13.3) 55+0.1( 8.3) 60+0.0
Colletotrichum sp. GC8257 49+0.2(18.3) 52+0.1(13.3) 58+0.2( 3.3) 60+0.1
C. gloeosporioides(KACC40003)  67+0.3( 8.2) 72+0.2( 1.4) 7340.3( 0.0) 7340.1
C. gloeosporioides(KACC40896) 54i0.2(20 6) 64+0.1( 5.9) 66+0.1( 2.9) 68+0.1

“Diameter(mm) of mycelium.

%nhibiton rate(%).

The mycelial growth inhibition rates were determined as follow;

[(Diameter of mycelium on PDA—-diameter of mycelium on treated medium with crude extract compound from Rhus
vernicifiua)/Diameter of mycelium on PDA]x100. Values are averages of 3 replications.
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Table 2. Inhibitory effects of crude extract compound from Rhus vernicifiua on the spore germination of Collectotrichum spp.

Isolate 1.0 mg/mL .1 mg/mL 0.01 mg/mL Control
Colletotrichum sp. DC8221 22.63)i2.8(64.9b)) 47 5+3.4(26.2) 65.2+3.6(-1.2) 64.4+3.8
Colletotrichum sp. DC8222 23.2+3.1(67.4) 54.4+3.5(23.6) 69.5+4.5( 2.4) 71.2+4.2
Colletotrichum sp. DC8223 22.8+3.6(66.6) 52.6+2.8(22.9) 67.9+2.8( 0.4) 68.2+3.5
Colletotrichum sp. GC8252 34.3+2.7(52.6) 62.7+3.2(13.3) 71.8+3.1( 0.7) 72.3+2.6
Colletotrichum sp. GC8253 31.6+3.4(55.9) 58.3+2.7(18.7) 72.6+2.8(-1.3) 71.7+£3.2
Colletotrichum sp. GC8257 28.3+4.2(59.2) 57.4+3.4(17.3) 68.3+2.5( 1.6) 69.4+4.2
C. gloeosporioides(KACC40003) 31.4+£3.5(54.1) 63.6+2.5( 7.2) 70.443.6(-2.8) 68.5+2.6
C. gloeosporioides(KACC40896) 29.8+0.2(59.0) 68.2+3.1( 6.1) 70.842.7( 2.5) 72.6+3.7

dGermination rate(%) of spore. Inhibiton rate(%). The inhibition rates of spore germination(%) were determined as
follow; [(Germination rate in PDB — Germination rate of spore in treated)/Germination rate in PDB]x100. Values are
averages of 3 replications.

e

DC8221 1.0 mg/mL 0.1mg/mL Check GC8252 1.0 mg/mL 0.1mg/mL Check Treatment

Fig. 3. Inhibition effect of crude extract compounds from Ahus verniciflua on the development of anthracnose by
innoculation with Collectotrichum sp. Three hours before inoculation with Collectotrichum sp. crude extract compound
from Rhus verniciflua were treated (pictures were taken at 10 days after inoculation).

Table. 8. /n vitro inhibition effects of crude extract compound from ARhus verniciflua on the development of anthracnose
caused by Collectotrichum spp.

Green Peper Red Peper
1.0 mg/mL 0.1 mg/mL  Control 1.0 mg/mL 0.1 mg/mL Control
Colletotrichum sp. DC8221 - - - 16.77(75.0)° 28.0(58.0) 66.7
Colletotrichum sp. GC8252 31.9(68.1) 71.7(28.3) 100 - - -
C. gloeosporioides(KACC40003) - - 14.8 - - -
C. gloeosporioides(KACC40896) 0.0(100) 6.7(87.1) 51.9 - - -

¥ncidence rate(%) of anthracnose symptom. ®Inhibiton rate(%). The inhibition rate of incidence of symptom were
determined as follow; [(Incidence rate on un treated control fruit of pepper—Incidence rate on treated pepper
fruit)/Incidence rate on check fruit of pepper]x100. Values are averages of 3 replications.
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Table. 4. The effects of crude extract compound from Rhus vermicifiua on the occurrence of anthracnose on pepper fruit

caused by Collectotrichum sp. in the field

o 1.0 mg/mL 0.1 mg/mL 0.01 mg/mL Check
Replication
11. Sept 2. Oct 11. Sept 2. Oct 11. Sept 2. Oct 11. Sept 2. Oct
I 4.8 5.5 20.0 1.1 13.3 2.8 13.0 3.8
I 6.5 1.9 10.0 2.1 36.4 3.4 18.9 4.8
il 0.0 3.4 13.7 7.0 25.0 4.9 16.7 8.3
v 5.0 0.0 10.7 4.2 21.1 5.9 27.3 4.4
% 3.0 3.7 20.6 4.2 16.1 6.5 26.3 10.5
VI 5.0 3.0 7.7 0.0 10.5 8.9 35.0 9.8
VI 0.0 0.0 8.6 4.0 25.0 11.9 26.3 7.5
Mean 3.5+2.6 2.5+2.0 13.0+£5.2 3.2+2.3 21.1+8.8 6.3+2.1 23.4+7.5 7.0+2.8

Inhibition (%) 85.0 60.0 44 4 54.3 9.8 10.0 - -

e 78 AAELE o] &3 AEFS Estr] 93 AWt gAh 52 A4S B FE 158 52 150
ANEFEE2 T8 Al B3 AFHIE0] S 2 FENS AHEsta A AT AES & 3 A
A gkon, olgdt ATEL tiFE in vitroollA T AAAZHE /n vitroollX A8 A3} 52 1150 DC 5+
t}. Park 5(2003) 118F Uit A &40 Heks =& = HAF3RE A 1.0 mg/mL 55 A= 75.0%,
ol Rhizoctonia solanis 6% A& WU Aol o 0.1 mg/mL 5% AHgolx+= 58.0% & Uehtow, F2
st WA GYE A AR SUY FEE0] oY AE J3pof| o] st GC #55 AF S Aol 247
Wt us] =2 AdansE Yty sigith A& 68.1% % 28.3% &A1 E“ﬂo] AA At B dd-2el
5 o]gst yF BAHe| U AFHIE Choi & A YA o8 135 AuishaA 15 whxo]
(2006) ¥} Ko 5(2009)2] ®17} St} Choi 5(2006)2 43 ApAugsty] Al2gk 88 21*‘?—E1 2 FEAS 157U 74
o HE2UES FE3l0] 2o] AFFo|HA T o 2 33 A¥sty HE AXY 79 Fof HA 1F 4 F
St AdadE A4 Ay thyme 2Yo] 13 BAYA ol dujE Z/\P}C’i £ —ir%" o B w AATE P35k
(Glomerella cingulata)®] t& =& AgdAjo] Qttx A3} 12} 2418 99 11Ul FAg] g2+ vlef & =
Buseion, Ko 5(2009) &=l F+%=°] 0.1 mL/L FEIE1.0 mg/mL ﬂﬂ 5t A& oA+ 85.0% EHAH
FTENM C gloeosporioides?] dAMIS 2k 29% | Al A ERE By oy, 0.01 mg/mL Aol A=
AN7)= SdxgddaA o] oty Bauskgch 2 FEE9 43l 0.8%9] o AAg¥= Bk 9¥ 11 A T o) o

#2730l digt AFEIE oY Kwon 5(2010)2 24
F3ho] Fupite] RhEox]E= Qu)A}2] methanol F&E©
TMVeF CMVell tisl 98.7% o)<l SAlazrt olrtar &
13101, Choi 5(2004)2 A 33t 4952 Aok 55
Foll i} FZE0] o Alytel| digh xtEAdo] 7 =
il Haskgict.

B A% Ayl & 232252 jn vitro$} in vivoeld 11
e atel] o dxlatadtel W Ay A E A} Qlglon,
dow = %—%%Oﬂ o sk %‘47 ofe] kg AFE AX A
g o7 AEH

2 TR i—%%‘?'#ﬂ I35 gAg el disk 3

% urushiol/mL PDA &%
5%4 “Xﬂ]ﬁﬂrﬂ ‘il‘ii o, FE 5] ¥y
2 A GCADY] #FET= DCAIES o
a3rt =3tk Urushiol?] 5%7F 1.0 mg/mL
F70% AEE] A7} ol PDB oA Kt
= 1] EAPToR= 50% o1 AIH I s
EOW AP A v Roh= Eapdole] tigk oA

oo ¢
rﬂ JO r_?{_ﬂ

& 25 AAS o s ¥ Oi 2 FENE AEA

28k 109 290 AR Ax} 12} AL A7) R 2T
o] ol uhEo] FR e 7.0% o, & FE A ay
= A AY sEEE 721 60.0, 54.3 W 10.0%E FALY
Atk

A 2
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