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Fig 1. Pictures showing the injury symptoms treated with simulated acid rain (A) and untreated control
(B) on garlic.

e}

Fig. 2. Comparison of healthy and injured leaf surface and epidermal cell treated with simulated acid
rain (A) and untreated control (B) by Scanning Electron Microscope (SEM).

Table 1. Effect of two kinds of simulated acid rain in spraying copper hydroxide on leaf injury of galic

Chlorosis area of leaves(%)”

Acid solution Varlet}'f of Application time” .
garlic Control”
1 5 10 15 30
H>SO, solution Seosan 1.2 27 51 31 0.0 03
Namdomanul 21 35 47 1.8 0.0 04
H:SO+HNQO; solution  Seosan 0.9 25 1.3 1.0 0.0 0.1
Namdomanul 1.9 3.3 3.2 1.2 0.0 0.2

“Data were evaluated at 10 days after spraying copper hydroxide.
YEach different application days of copper hydroxide solution after spraying simulated acid rain.
“Spraying with simulated acid rain only.
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Table 2. Effect of two kinds of simulated acid rain in spraying copper hydroxide on yield of garlic

(variety : Seosan)

Yield (g/15 bulbs)®

Simulated acid rain

Application time” Control
1 5 10 15 G o
H,S0; solution 700" 690% 697% 702 6937 695"
H,SO+HNO; solution 700" 703” 693" 698" 7029 695

“Values with the same letters indicate insignificantly different (P=0.05) according to Duncan’s new multiple

range test.

PEach different application days of copper hydroxide solution after spraying simulated acid rain.

9Spraying with simulated acid rain only.

d)Spr:cwin;z with copper hydroxide (500X solution) only.
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Table 3. Effects of copper ion on chlorosis of
leaves and yield of garlic

Copper ion Chlorosis area Yield”
(ppm) of leaves? (%) (g/15 bulbs)
0 0.0 705 a
40 0.0 692 ab
80 0.1 703 a
100 100 698 ab
200 40.0 688 ab
300 60.0 680 b

“Data were evaluated at 10 days after spraying
copper hydroxide.

'The values were measured by 15 bulbs of garlic
(Seosan variety). Values with the same letters
indicate insignificantly different (P=0.05) according
to Duncan’s new multiple range test.
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Table 4. Amount of copper ion in garlic leaves treated with copper hydroxide after spraying simulated
acid rain and copper hydroxide only

Copper residue in garlic leaves (ppm)”

Treatments Application time”
1 5 10 15 20
With Acid rain 87.2 126.3 104.2 93.7 103.6

Copper hydroxide ] .
Without acid rain 455 50.2 340 527 591

“Copper residue was 1.5 ppm in untreated control. ,
®Each different application days of copper hydroxide solution after spraying simulated acid rain.

D0l ol8t T +SHHl +=8AUF pHR 22 0l
S5 Hgl 10
EF vhso 9 F3A7E A Fo At 1000
WS W 72 o]29 §EREE A¥e] A3 7
¥ 3] 5008) 34 o] AFAGH S R At
5% +894& HrtstdA pHel Wstd e T2 o
& $EFE 2AE 2, 39 Al 93 pHut
woldE o §E%F2 F7HEAL pH 55 o]
st e ole §&%ol A3 Frsy] AlF
AT 3). ol FH F3A7 A¥dE Fo| pH 2253354455556657 758
55 olste] AgHIZE WW T3 FHAzRE T P

o] &) §Zo] BolxA uhz o FAEE v 2 Fie 3 Solubilitv of . .

% ; ig 3. Solubili coppe ions in copper
A Ao FREA, ° hydroxidety added 1}1)11t)h varying levels Pof
acid solution.

n r=

Copper{ppm
g 8 4

(]

OIZAIMH| A & FH +5HHD &XE= D=0l C
N Hel=l oIBAkdH|o] A&t g 4t

AAZ vy XA B33} &5 £ by AN AL AT F Ao 3id "oz ZAE
o7 ZAE AFHAAHE 5AT AYF Fo Ty Nl
FHAE AT oA AFTAEE Astd 1 o d
g3 =& A% dn, 739 F3A 4E¥ Fo o &g FA FUHE D).

b5
ul
1
Ry
i
o
i)
o
.—fx)‘:“,
iy
=)
jr
o
3
ol
2
rir
oft

Table 5. Effects of additional treatment of simulated acid rain after spraying copper hydroxide on leaf
injury and growth of garlic (variety ; Seosan)

Chlorosis area of leaves (%) Yield (g/ 15bulbs)”
Treatment
HiSOs soluion  PEOHHNG, HiSOs solution  FRSO+HNOy
Additional
simulated acid rain 55 25 697 a 693 a
No additional
simulated acid rain 5.1 13 702 a 698 a

“Copper hydroxide was sprayed at 10 days after simulated acid rain and retreated simulated acid rain one
days after spraying copper hydroxide.

"Data were evaluated at 10 days after spraying copper hydroxide. Values with the same letters indicate
insignificantly different (P=0.05) according to Duncan’s new multiple range test.



7 F8A LA vhse] BAE AFR 9T

181

Table 6. Yield and injury of garlic treated with copper hydroxide and calcium carbonate together after

spraying simulated acid rain

Chlorosis area of leaves (%)” Yield (g/15 bulbs)”

Seosan Namdomanui Seosan Namdomanul
Copper hydroxide WP and CaCOs 05 0.3 697a 538a
Copper hydroxide WP only 25 25 690a 548a
Untreated control 0.0 0.0 702a 540a

“Data were evaluated at 10 days after spraying copper hydroxide.
The values with the same letters indicate insignificantly different (P=0.05) according to Duncan’s new

multiple range test.
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Effects of simulated acid rain on garlic in spraying copper hydroxide solution

Bong-Jin Chung, Seong-Dal Lee, Eul-Jae Myung, Yong-Tae Kim, Seung-Ho Kim(Agricultural Technology
Research  Institute, DongBu Hannong Chemical Co., Botong-ri, Jeongnam-myun, Huwasung-gun, Kyungki-do,
445-960, Republic of Korea.)

Abstract : This experiment was conducted to investigate the effects of acid rain in spraying copper
hydroxide 77% wettable power(WP) on leaf surface morphology and crop injury of the garlic(Allium
sativum L.). Leaf chlorosis, hooked leaves, wrinkled epidermal cells and increased stomata open of garlic
were induced by foliar application of simulated acid rain(SAR). It was become to be severe in
application of copper hydroxide solution after application of SAR, but those yield of garlic was not
significantly different from the untreated control. Leaf chlorosis was sharply increased above 100 ppm of
copper ions. Amount of solved copper ions in copper hydroxide solution was remarkably increased
below pH 55 and the residue in garlic leaves was significantly increased by application of copper
hydroxide solution after spraying SAR compared with application of copper hydroxide solution only.
When calcium carbonate was applied together with copper hydroxide leaf chlorosis was less than
copper hydroxide only.

*Corresponding author (Fax : +82-031-354-6820, E-mail : chungbj@dongbuchem.com)



