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Protective Activity of the Mixtures of Pine Oil and Copper Hydroxide
against Bacterial Spot and Anthracnose on Red Pepper
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This research was performed to examine the protective activities of the mixtures of pine oil and copper
hydroxide against bacterial spot and anthracnose on pepper plants. As for bacterial spot, the treatment of
pine oil alone displayed high disease incidence (59.6%) and low protective effect (28.9%). In comparison, the
treatments of mixtures and copper hydroxide alone showed protective activities of 66.8—76.1%. The mixture
of pine oil and copper hydroxide (4:1) suppressed the most effectively bacterial spot on pepper. On the other
hand, the mixture of pine oil and copper hydroxide (4:1) also showed the strongest protective effect against
pepper anthracnose among the 4 treatments tested; its disease incidence and disease control value were
49.8% and 41.7%, respectively. The other treatments showed low protective activities with control values of
7.4-17.1%. These results suggested that the mixture of pine oil and copper hydroxide (4:1) can be used for the
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environmental-friendly disease control of bacterial spot and anthracnose on pepper.

Keywords : Disease incidence on leaves, Mixture of pine oil and copper hydroxide, Protective activity
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A0t DA

ahel @ olu} akekE B3t Helol ol AlEA Aol
djst ok makE AAs] 98] A ARL 55
1. Al AR o] 4 Ao A Sko.w Abw K PK4:
1 £ H2)7} b2 22 7o) vlmstel 27, o, THAlo) A T
7} AR K. B8] thzTol A Al R o]
G o|mae] AR WAL, 1 U WA ST ok

3710 B AROIA M Aol w5} v
A FIE 2 A CHTable 1). X187 A 0] AldA 5
W U B w, T 27 83.8%, 1}ol 9ol 27| 59.6%, PK
4:1 3 2] 20.0%, PK 8:1 &3} 2] 27.9%, 24} & ]2
23.1%2 Uehjo] Pasnke Aesh o 2o A 71 %
3, PK4: 1 Bk S:Ak8E 5 A 2ol W Hhalo] woreh Al
A AR o] i3k WA EVHE B, 2T 0.0%, 99 2.9
2] 2] 28.9%, PK 4:1 3} 2] 2] 76.1%, PK 8:1 3} 2] 2] 66.8%, 2=
A¥8} 55 72] 724%2 UEho] Bt 23 g &
T2} QAL PK 41 ST 548 5 2] 2o 4] 714 = okeh



Research in Plant Disease Vol. 20 No. 3 213

Fig. 1. Control effect of bacterial spot in field by mixing pine oil and copper hydroxide. A: Control, B: Treatment of pine oil only, C: Mixed pine oil
and copper hydroxide in the ratio of four to one, D: Mixed pine oil and copper hydroxide in the ratio of eight to one, E: Treatment of copper

hydroxide only.

Table 1. Controlling effect on bacterial spot by mixing pine oil and
copper hydroxide

Ratio of Control

. Phytotoxicity
Treatment diseased efficacy 0

leaves (%) (%) %)
Control® 83.82” 0.0d 0.0a
Pine oil only 59.6b 28.9c 0.0a
PK4:1 20.0c 76.1a 0.0a
PK8:1 27.9d 66.8b 0.0a
Copper hydroxide only 23.1c 72.4a 0.0a

“The PK is a mixture according to the mixing ratio of each composition
of pine oil and copper hydroxide.

"The different letters are significantly (P < 0.05) different according to
Duncan’s multiple test.

= Aol A ofelii= g akA] gkt
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AHollA 60%2] o adbak Qlal A= A= glow(Park 5,
2012), Bacillus sp. Y Pseudomonas sp.] 243} 242 £31 o
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2 A o] A A= Sl Ao m A Hils s Al
EJ—]'O] _(p_ol_q. /\}Q]. E_,] 4:1 1-61-_4. A}g} .9_ ;qﬂ-s].oﬂ
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Fig. 2. Control effect of anthracnose in field by mixing Pine oil and copper hydroxide. A: Control, B: Treatment of pine oil only, C: Mixed pine oil
and copper hydroxide in the ratio of four to one, D: Mixed pine oil and copper hydroxide in the ratio of eight to one, E: Treatment of copper

hydroxide only.

Table 2. Controlling effect on Anthracnose by mixing pine oil and
copper hydroxide

Ratioof - Control —  : toxicity

Treatment isease efficacy (%)

(%) (%) 0

Control® 85.4a" 0.0d 0.0a
Pine oil only 79.1ab 7.4c 0.0a
PK4:1 49.8c 41.7a 0.0a
PK8:1 70.7b 17.1b 0.0a
Copper hydroxide only 71.3b 16.5b 0.0a

*The PK is a mixture according to the mixing ratio of each composi-
tion of pine oil and copper hydroxide.

"The different letters are significantly (P < 0.05) different according to
Duncan’s multiple test.

A719) 2 Aol A B e Mg A Bk AL
ShicHTable 2). 217 Abaje] ehay MY ES W, 2T
85.4%, 101 2 A A 7] 79.1%, PK 4:1 =3+ % 2] 49.8%, PK 8:1 &
o 2] 70.7%, 4k8} 5 22 71.3%E Hof, bk A7
2T b 9k, el 2 41 EF el b s
o A g ol oeh A mkE M, T 00% 3}el 99 A
2] 7.4 %, PK 4:1 £33+ 2] 2] 41.7%, PK 8:1 &3t 2] 2] 17.1%, $=AF
35 2] 165%z Lheht P41 £3 A2l 4] 7 23k,

o ol A 7H Wkt BE A 2] tol| A oFslj= SR o
ottt o) 4e] AutE F3shH 15 v o) oigh 9ol 2 U9
WA A= O A2 E ks AR S 41 S A sl
o] Al AR npr A 2 7y kAl A o=
BT

259t a3 e o] ol X3k ApA| o] ®A| Evh= 7S
A 2k 43 v =S o] &3 B v} o o] ¢l (Banos 3,
2003). Colletotrichum acutatumeoll 23t - v of t gt 71-8-4
ol A aut= AAE W s A o] 7 AR oA 79.9%
o] of|v} FI}9} 25.6%2] x| & EIHE K oltk sl thPark 5,
2012). C. gloeosporioides®l] tht A} n| Y =2] A28 +
Bt 71y Aol A EQFoll A &gt Bacillus sp. w7+ 7H
Ay oletar 5F¢itHPark 5, 2012). 5HA|RE A 92 0] =2 7]
W Aol A Hlojut a5 Ao A 1l @ U3t AkHE o] &
HAE o] &3k x18H WA 235 HSTH AR O R 11 997}
UATE41.7% = F7F ] WA Avte] 14 WA 5uE =
A = = X2 A o] 8 ol thek A+t7t Fuketof
Sk Zlo|r}.
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3 AT gA o] i WA A ks g skt =36t
AT Aletd AR ol tigh WA Adks ghel e vt o
225t A9 W Y E 59.6%%} WA AT} 28.9% = LEHEA|
gh kel @ Af AkeES 418 £ A e W A E
20.0%2t WA A 76.1% = 7HE A I}A| o] itk hA o] et
WA A= okl e dnt v A2 g - Y E 79.1%9
Al &} 74%= e ANE ghel @ A3 AR E S 418 Z
& A25tAe o WHE 49.9%F WA B} 41.7%E 7P &
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