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Abstract. This study was carried out to investigate the influence of copper concentrations in fertilizer solution
on the growth of and nutrient uptake by domestically bred strawberries. The characterization of toxicity symptoms
as well as tissue analyses based on dry weight of above ground tissue were also conducted to determine
the threshold levels in plants when toxicity developed in copper. The dry weights of the above ground tissue
were not significantly different among the treatments of 0.25 mM to 1.0 mM in ‘Keumhyang’ and ‘Maehyang’
strawberries and that of 0.25 mM to 3.0 mM in ‘Seolhyang’ strawberry. This indicates that the ‘Seolhyang’
strawberry is more tolerant to copper toxicity than ‘Keumhyang’ or ‘Maehyang’ strawberries. Application
of copper at high concentrations resulted in severe toxicity such as death of extensive areas of leaves. The
lower leaves became yellow and die rapidly as the symptoms spread up the plants. The leaf blades and petioles
died back to the crown and hang on by mechanical attachment. Symptoms of copper toxicity in lower leaves
developed as browning on leaf margins and in patches between leaf veins that became necrotic. The elevation
of copper concentrations in fertilizer solution did not influence the tissue phosphorus, potassium, calcium,
and magnesium contents based on the dry weight of the above ground tissue. The tissue copper contents
increased lineally as the copper concentrations in fertilizer solution were elevated. But the tissue iron, manganese
and boron contents were not influenced by the concentrations. When the concentration of copper at which
growth of a plant is retarded by 10% is regarded as threshold level, the copper contents based on dry weight
of above ground plant tissue should be lower than 71.4, 57.9 and 74.8 mg'kg” in ‘Keumhyang’, ‘Machyang’
and ‘Seolhyang’ strawberries, respectively. The symptom characterization and established threshold level in
copper toxicity would help growers to prevent the reduction of crop growth and yield in ‘Seolhyang’ strawberry
cultivation.
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Table 1. Influence of elevated copper concentrations in the fertilizer solution on the growth characteristics of ‘Keumhyang’, ‘Maehyang’,

and ‘Seolhyang’ strawberries 120 days after transplanting.

Cu Plfant P!ant Number  Petiole Leaf Lgaf Chlorophyll Qrown Frgsh D.ry
(mM) height width of length length width content diameter  weight weight
(cm/plant) (cm/plant) leaves (cm/plant) (cm/plant) (cm/plant) (SPAD) (mm/plant) (g/plant) (g/plant)
‘Keum- 0.25 226 a 421 a 10.6 a 1.1 ab 11.6 ab 8.52 a 398 a 15.7 a 422 a 879 a
hyang’ 0.5 240 a 434 a 86 b 123 a 13.8 a 8.50 a 39.6 a 139ab 332b 721a
1.0 206 ab 343 b 7.8 bc 9.1 bc 110 ab 6.94 b 38.2 a 132 b 256 bc 6.80 a
2.0 183 ab 336 b 7.6 bc 94 bc 10.1 ab 6.18 b 36.0 ab 11.8 bc 181 cd 442D
3.0 16.5 b 263 ¢ 5.8 cd 74 c 86 b 562 b 29.4 bc 10.2 cd 133 d 3.00b
4.0 89 c 134 d 50d 44 d 50c 292 ¢ 275 ¢ 9.3 d 39e 091¢
Linear ok ok - - ok ohk ok - - ok
Quadratic - - - - . - - hk ok ok
‘Mae- 025 271 a 46.9 a 80ab 114 a 13.8 a 6.38 ab 453 a 14.6 a 338a 8.04a
hyang’ 0.5 285 a 45.8 a 80ab 120 a 16.1 a 6.48 ab 432 a 14.7 a 315a 784 a
1.0 25.7 a 47.7 a 8.8 a 120 a 16.2 a 6.62 a 42.0 a 13.8 a 224 ab 5.65 ab
2.0 17.7 b 323 b 5.8 bc 85 b 11.4 ab 5.08 abc 322 b 116 b 16.1 bc 4.08 bc
3.0 151 b 262 b 6.8 abc 7.1 Db 88 b 4.74 bc 39.3 ab 10.8 b 12.3 bc 2.77 bc
4.0 152 b 281 b 56 ¢ 6.3 b 88 b 3.86 ¢ 319 b 10.3 b 82c 148 ¢
Linear - - o hk - ohk - hk *x —-—-
Quadratic - ok * ok o hk *x - *x -
‘Seol- 025 218 a 42.7 ab 9.2 a 10.2 a 11.7 ab 8.80 a 42.7 ab 139 a 30.7a 7.77 ab
hyang" 0.5 242 a 41.1 ab 8.4 a 115 a 125 a 8.86 a 411 ab 14.1 a 336a 891a
1.0 226 a 421 ab 94 a 10.1 a 11.9 ab 7.88 ab 421 ab 128 ab 304 a 7.57 ab
2.0 202 a 429 a 76 a 9.0 a 8.7 bc 6.92 ab 429 a 11.8 ab 21.0 ab 5.69 ab
3.0 18.6 a 412 ab 9.0 a 89 a 8.7 bc 6.86 ab 412 ab 113 b 232 ab 5.90 ab
4.0 16.7 a 36.0 b 76 a 85 a 74 c 6.06 b 36.0 b 13.0 ab 173 b 466 Db
Linear * NS NS * ox * NS * ** **
Quadratic * * NS NS ** * NS * * *

*Mean separation by Duncan’s multiple range test at P < 0.05. Values followed by the same letter within columns are not significantly

different.

5" Nonsignificant or significant at P < 0.05, 0.01, and 0.001, respectively.
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Fig. 1. Comparison of normal plants (A, B, and C) and the copper
excess plants (D, E, and F) of ‘Keumhyang’ (A and D),
‘Maehyang’ (B and E) and ‘Seolhyang’ (C and F) strawberries.
Application of copper at high concentrations resulted in the
severe toxicity such as a death of extensive areas of leaves.
The lower leaves became yellow and die rapidly as the
symptoms spread up the plants. The leaf blades and petioles
died back to the crown and hang on by mechanical attach-
ment.
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Fig. 2. Comparison of the older leaves of ‘Keumhyang’ (A),
‘Maehyang’ (B), and ‘Seolhyang’ (C) strawberries. Symptoms
of the copper toxicity developed as browning on leaf margins
and in patches between leaf veins that became necrotic.
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Table 2. Influence of elevated copper concentrations in the fertilizer solution on the tissue nutrient contents of ‘Keumhyang’,
‘Maehyang’, and ‘Seolhyang’ strawberries based on the whole above ground plant tissue 120 days after transplanting.

Cultivar P K Ca Mg Fe Mn Zn : Cu B Mo
(%) (mgkg™)
‘Keum- 025 037 a° 18 a 057a 057 a 76.0 a 788 a 36.6 bc 234 b 227 a 0.02 a
hyang 0.5 042a 24 a 050a 051a 76.6 a 67.7 a 39.2 bc 66.9 b 17.2 a 0a
1.0 044 a 22 a 046 a 046 a 63.3 a 754 a 317D 702 b 144 a 0a
2.0 033a 206a 046a 046 a 69.3 a 912 a 437 abc 2222 b 142 a 0a
3.0 033a 328a 054a 054a 76.1 a 809 a 528ab 3146 Db 145 a 0a
4.0 045a 182a 049a 049 a 64.5 a 712 a 59.0 a 688.7 a 17.0 a 0a
Linear NS NS NS NS NS NS * o NS NS
Quadratic NS NS NS NS NS NS * ox NS NS
‘Mae- 025 041 a 202a 045ab 0.52 ab 714 a 774 bc 40.0 b 354 d 233 a 0a
hyang' 0.5 047 a 228 a 054 ab 0.55 ab 69.4 a 76.6 bc 490 b 694 d 19.3 ab 0a
1.0 048a 220a 049ab 029b 714 a 1034 ab 417 b 96.6 d 21.0 ab 0a
2.0 032a 183a 029b 052 ab 726 a 73.4 bc 653 ab 3926 ¢ 13.7 b 0a
3.0 058a 209a 059a 068a 740a 1126 a 5400b 6214 b 19.3 ab 0a
4.0 034 a 218a 059a 0.55ab 68.0 a 700 c 840 a 902.6 a 17.3 ab 0a
Linear NS NS NS NS NS NS > ox NS NS
Quadratic NS NS NS NS NS NS * ox NS NS
‘Seol- 025 041a 225a 041 a 051a 89.2a 1273 a 5300b 252 b 19.3 a 0a
hyang' 0.5 033a 164a 044a 034D 67.1 a 938a 312d 265 b 14.6 ab 0a
1.0 036 a 205a 060a 046 ab 70.3 a 85.0a 364 cd 614 b 88 b 0a
2.0 033a 155a 040a 0.39 ab 65.3 a 759 a 393 bcd 947 b 151 ab 8.88 a
3.0 034 a 194 a 056a 048 ab 712 a 1144 a 479 bc 1327 ab 16.1 ab 0a
4.0 049 a 187a 063 a 051a 776 a 1278 a 836 a 3431 a 14.9 ab 0a
Linear NS NS NS NS NS NS * * NS NS
Quadratic NS NS NS NS NS NS * e NS NS

*Mean separation by Duncan’s multiple range test at P < 0.05. Values followed by the same letter within columns are not significantly

different.
5" Nonsignificant or significant at P <

0.05, 0.01, and 0.001,

respectively.
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Fig. 3. Influence of elevated copper concentrations in the
fertilizer solution on the changes in dry weight of above-
ground tissue and tissue copper contents 120 days after
trans-planting of strawberries (A: ‘Keumhyang’; B: ‘Maehyang’;
C: ‘Seolhyang’).
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