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This studies were carried out to elucidate the control effect of copper fungicides against some citrus diseases,
assess copper spray injury on leaf and fruit of citrus by spraying of copper fungicides according to growth
stages and spray seasons and by tank mixing with paraffin oil in field experiments for 3 years (2003-2005 sea-
son). As results, the control value was approximately 75% against scab disease in all tested copper fungicides,
85-88% to canker and 75-86% to melanose. In case of leaf, the copper injury was the severest in early stage of
shooting, and the injury was gradually weakened according to growth of leaf. In fruit, the copper injury was
more severe in midsummer (late of July and August) than early of summer and spring season (June and ealy
of July). Among copper fungicides, the bordeaux mixture which made by level of farm induced more injury
compared to other copper fungicides commercialized. Less copper spray injury was observed on treatments
in which copper fungicide was sprayed as tank mixtures with paraffin oil when compared to treatment which

sprayed with only copper fungicide.
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Table 1. Effect of applications of copper fungicides on citrus scab
diseas in open field condition in 2003 season

Treatment® % ofl geilsgased Contz(())/i )Value
Copper hydroxide 11.8+934" 86.7
0.1% Tribasic copper sulfate  154+9.7a 82.6
+ Calcite
0.2% Tribasic copper sulfate  124+82a 86.0
+ Calcite
Bordeaux CM150 (5-5) 189+15.1a 78.6
Bordeaux CM150 (2-4) 224+ 11.0a 74.7
Bordeaux mixture 10.8+x75a 87.8
Imibenconazole 105+73a 88.1
Non-treatment 884 +6.2D -

“Two applications since early of shooting at intervals of two weeks.
Copper hydroxide : 0.2% “Kocide”, made by Dongbu Hannong
Chemical, Korea.

Tribasic copper sulfate : “Saevinna”, made by Syngenta Korea.
Calcite : 0.5% “Clefnon” made by Syngenta Korea.

Bordeaux CM150 (5-5 and 2-4) ; “CM150-505” and “CM150-408”,
made by Choogang Plaza Co., Korea.

Bordeux mixture : 0.2% “Picher”, made by Byer CropScience,
Korea.

"Numbers within a column followed by different letters are signifi-
cantly different (p=0.05) according to Duncan's multiple range test.
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Fig. 1. Control effect of copper hydroxide against citrus canker
disease: Copper hydroxide : 0.1% ‘Kocide’, Dongbu Hannong
Chemical, Korea, Streptomycin : 0.1% ‘Agrepto’, made by
Kyung Nong Co., Korea.
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Table 2. Effect of applications of copper fungicides on citrus
canker disease in open field condition in 2005 season

Treatment® % of diseased leaf
Streptomycin 26.6+12.8 bc
Bordeaux mixture 34+36a
Non-treatment 29.1+188b

*Streptomycin : 0.1% “Agrepto”, made by Kyung Nong Co., Korea.
Bordeux mixture : 0.1% “Picher”, made by Byer CropScience,
Korea.

Table 3. Protective effect of applications of copper fungicides on
citrus melanose in 2005 season

N Severity Marketable
Treatment (%) fresh (%)
Bordeaux mixture + Paraffin oil 438+ 15¢c 498+48¢c¢

Copper hydroxide + Calcite 11.5+33a 932+3.7a
+ Paraffin oil

Tribasic copper sulfate + Calcite 220+45b 763+£38b
+ Paraffin oil

Bordeaux CM150 (2-4) 18.0£24b 820+£54b

Dithianon 6.7£49a 955+54a

Non-treatment 90.1£15d 00+0.0d

*Five applications : 6 and 27 June, 6 and 25 July and 16 August.
Bordeux mixture : 0.1% “Picher”, made by Byer CropScience, Korea.
Paraffin oil : 0.25% machine oil registered for miticides.

Copper hydroxide : 0.1% “Kocide”, made by Dongbu Hannong
Chemical, Korea.

Calcite : 0.5% “Clefnon” made by Syngenta Korea.

Tribasic copper sulfate : “Saevinna”, made by Syngenta Korea.
Bordeaux CM150 (2-4) : “CM150-408”, made by Choogang Plaza
Co., Korea.

"Numbers within a column followed by different letters are signifi-
cantly different (p=0.05) according to Duncan's multiple range test.
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Fig. 2. Copper spray injury. A: necrosis of young shoots, B: star melanose on fruit.

Table 4. Copper spray injury on citrus leaves according to copper fungicides and spraying times in 2003 and 2004 seasons

% of copper injuried leaf
Treatment” -
April 28 May 9 May 16 May 21
Bordeaux(24) 854 88.9 24.7 14.8
Bordeaux(2-4) + Paraffin oil 17.1 25.6 0.6 33
2003  Bordeaux(5-5) 97.1 87.6 554 15.8
Bordeaux (5-5) + Paraffin oil 78.9 479 6.0 6.5
Bordeaux CM150(5-5) 7.5 6.5 0.5 23
April 20° April 27 May 6 May 14
Bordeaux(5-5) 72 87 48 15
Bordeaux (5-5) + Paraffin oil 3 13 2 0
2004  Copper hydroxide 5 0 1 0
Copper hydroxide + Paraffin oil 2 4 0 0
Tribasic copper sulfate + Calcite 5 0 0 0
Tribasic copper sulfate + Calcite + Paraffin oil 3 0 0 0

“Bordeaux (2-4 and 5-5) : made by themselves in the farm with copper sulfate and lime (2, 4 and 5, 5 g/], respectively).

Paraffin oil : 1.0% (v/v) machine oil registered for miticides.

Copper hydroxide : 0.1% *“Kocide”, made by Dongbu Hannong Chemical, Korea.

Calcite : 0.5% “Clefnon” made by Syngenta Korea.
Tribasic copper sulfate : “Saevinna”, made by Syngenta Korea.
PEarly of shooting (shoot length was about 5 mm).
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Table 5. Copper spray injury on citrus fruits according to copper
fungicides and spraying times in 2003 season

Treatment* % of injuried
Spraying time Copper fungicide fruit
Bordeaux mixture a°0.0+0.0 2
2 May Bordeaux mixture + Paraffinoil a0.0+0.0y
Copper hydroxide a0.0+00y
Tribasic copper sulfate a0.0+00z
Bordeaux mixture a0.0+0.0z
4 and Bordeaux mixture + Paraffinoil a13+22xy
17 June Copper hydroxide a0.8+08y
Tribasic copper sulfate a00+£00z
Bordeaux mixture a80+21y
2 and Bordeaux mixture + Paraffinoil b0.5+0.5y
16 July Copper hydroxide a8.0+6.0x
Tribasic copper sulfate ab6.5+38y
Bordeaux mixture al56+27x
1 August and Bordeaux mixture + Paraffin oil b3.0+1.7x
1 September  Copper hydroxide b2.8+19xy
Tribasic copper sulfate al40+3.7x

*Sprayed with dithianon except the date which copper fungicide was
sprayed.
Bordeux mixture : 0.2% “Picher”, made by Bayer CropScience, Korea.
Paraftin oil : 0.1% machine oil registered for miticides.
Copper hydroxide : 0.1% “Kocide”, made by Dongbu Hannong
Chemical, Korea.
Tribasic copper sulfate : “Saevinna”, made by Syngenta Korea.

®a, b : Comparison among copper fungicides in same spraying date.
Different letters indicate significant difference (p<0.05) according to
Duncan's multiple range test.

°X, ¥, z : Comparison among spraying times in same copper fungicide.
Different letters indicate significant difference (»<0.05) according to
Duncan's multiple range test.
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Table 6. Diminishment of copper spray injury by mixing with
paraffin oil and copper fungicide on citrus fruits in 2004 and 2005
season

Copper spray injury
Treatment® Severity % of injuried
(%) fruit
Bordeaux(5-5) 553 715
Bordeaux (5-5) + Paraffin oil 435 544
Tribasic copper sulfate 344 26.6
2004 Tribasic copper sulfate + 19.0 1.9
Paraftin oil
Tribasic copper sulfate + Calcite 19.0 24
Tribasic copper sulfate + Calcite 18.6 1.7
+ Paraffin oil
2005 Bordeaux(2-4) 38.5 30.0
Bordeaux (2-4) + Paraffin oil 20.0 33
Bordeaux CM150 (4-4) 22 133
Bordeaux CM150 (4-4) + 13.3 10.0
Paraffin oil
Tribasic copper sulfate 20.0 6.7
Tribasic copper sulfate + 18.5 0
Paraffin oil
Tribasic copi;é; sulfate + Calcite 133 0
Tribasic copper sulfate + Calcite 12.6 0

+ Paraffin oil

*Five application on 3 and 23 June, 16 July, 3 and 20 August and
sprayed with mancozeb 1 day before copper spray.

Bordeaux : made by themselves in the farm with copper sulfate and
lime (5-5: 5 and 5 g/l, 2-4 : 2 and 4 g/I, respectively).

Tribasic copper sulfate : “Saevinna”, made by Syngenta Korea.
Paratfin oil : 0.67% (v/v) machine oil registered for miticides.
Calcite : 0.5% “Clefnon” made by Syngenta Korea.

Bordeaux CM150 (5-5 and 2-4) : “CM150-505” and “CM150-408”,
Choogang Plaza Co., Korea.
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Table 7. Content of adhesive copper on citrus leaves by spray
with bordeaux

Adhesive content (ppm)/
Treatment® 100 cm?® of leaf area”
Ca Cu
Bordeaux(5-5) 8.04+031a% 400+0.182a
Bordeaux (5-5) + 1% Paraffinoil 631+ 1.02b 3.30+047b
Bordeaux (5-5) + 0.25% Paraffin oil 8.54+0.87a 3.83+0.22a
Bordeaux(2-4) 7.03+£0.77a 1.66+0.21a
Bordeaux (2-4) + 1% Paraffinoil ~ 5.69+032b 1.33+0.08b

“Bordeaux : made by themselves in the farm with copper sulfate and
lime(5-5: 5 and 5 g//, 2-4 : 2 and 4 g/, respectively).
Paraffin oil : machine oil registered for miticides.

PDifferent letters indicate significant differences (p<0.05) according
to Duncan's multiple range test.
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Table 8. Protective effect of copper fungicide by tank mixing
with paraffin oil against citrus scab disease in 2004 and 2005
seasons

% of diseased  Control

Treatment® leaf® value (%)
Bordeaux CM150(5-5) 21.6+134b 64.1
Bordeaux CM150 (5-5) 213+115b 64.6

2004 + Paraffin oil
Imibenconazole 102+50b 830
Non-treatment 60.1+7.6a -
Bordeaux mixture 10.5+74b 76.5
Bordeaux mixture + 89+4.7b 80.1
2005 Paraffin oil
Dithianon 03+04a 99.3
Non-treatment 447+165¢ -

“Bordeaux (5-5) : “CM150-505" made by Choogang Plaza Co., Korea.
Bordeux mixture : 0.2% “Picher”, made by Byer CropScience, Korea.
Paraffin oil : 1.0% (v/v) of machine oil registered for miticides.

"Different letters indicate significant differences (p<0.05) according
to Duncan's multiple range test.
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