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Characterization of Toxicity Symptoms of Molybden and Determination of
Tissue Threshold Levels for Diagnostic Criteria in Korean Bred Strawberries
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Abstract. This study was carried out to investigate the influence of molybden (Mo) concentrations in fertilizer
solution on the growth of and nutrient uptake by domestically bred strawberries. Tissue analysis based on
the dry weight was also conducted to determine the threshold levels in plants when Mo toxicity developed
in strawberries. The leaf chlorophyll contents decreased lineally as Mo concentrations in the fertilizer solution
were elevated. The differences among treatments in chlorophyll contents were statistically significant. The
fresh and dry weights decreased significantly when the Mo concentrations in fertilizer solution were higher
than 3.0 mM in ‘Keumhyang’ and ‘Machyang’ strawberries and 1.0 mM in ‘Seolhyang’ strawberry. The elevation
of Mo concentrations in fertilizer solution resulted in severe toxicity and crops developed the unique symptoms.
The margin of older leaves became yellow and desiccated. Then, the margin of leaf blade rapidly became
bronze colored and died as the symptoms spread up the plants. The interveinal area of the young leaves
became yellowing. The elevation of Mo concentrations in fertilizer solution did not influence the tissue P,
K, and Mg contents based on the dry weight. The tissue Ca contents were higher in 1.0 mM treatment than
other treatments of ‘Keumhyang’ and ‘Seolhyang’ strawberries. The tissue Mo contents based on the

weight of ‘Keumhyang’, ‘Machyang’, and ‘Seolyahng’ strawberries were 76.5, 104.0, and 187.3 mg-kg

respectively, in the 0.25 mM treatments and 4,155, 5,367, and 2,190 mg-kg'l,

respectively, in the 4.0 mM

treatments. The contents increased lineally as Mo concentrations in fertilizer solution were elevated. When
the concentration of Mo at which growth of crops were retarded by 10% is regarded as threshold level, the
Mo contents based on dry weight of above ground plant tissue should be lower than 653.4, 686.2, and

589.7 mg-kg,

in ‘Keumhyang’, ‘Maehyang’, and ‘Seolyahng’ strawberries, respectively.

Additional key words: growth, nutrient disorder, plant nutrition, visual symptom
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Fig. 1. Comparison of normal plants (A, B, and C) and the molybden excess plants (D, E, and F) of ‘Keumhyang’ (A and D),
‘Maehyang’ (B and E) and ‘Seolhyang’ (C and F) strawberries. The elevation of Mo concentrations up to 4 mM in fertilizer solution
resulted in severe toxicity such as death of extensive areas of older leaves. The margin of older leaves became yellow and
desiccated. Then, the margin of leaf blade rapidly became bronze color and died as the symptoms spread up the plants. The
yellowing on the interveinal area of young leaves was appeared in molybden excess plants.
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Table 1. Influence of elevated Mo concentrations in the fertilizer solution on the growth characteristics of ‘Keumhyang’, ‘Maehyang’,
and ‘Seolhyang’ strawberries 120 days after transplanting.

Mo Pl_ant Pl_ant Number  Petiole Leaf L_eaf Chlorophyll Crown Frgsh D_ry
(mM) height width of length length width content diameter  weight weight
(cm) (cm) leaves (cm) (cm) (cm) (SPAD) (mm) (9) (9)
‘Keum- 025 144 a* 404 a 10.0 a 8.1 a 89 a 8.64 a 38.1 ab 13.8 a 304 ab 7.74 ab
hyang’ o5  186a 399a 100a 76ab 87a 1030a 405a 133a 320a 7.88a
1.0 174 a 441 a 9.0 ab 6.8 abc 8.6 a 10.16 a 39.1 ab 143 a 26.0 abc 6.30 abc
2.0 146 a 434 a 8.6 ab 6.6 bc 8.0 ab 10.34 a 26.4 bc 13.0 a 28.9 abc 7.18 abc
3.0 182 a 487 a 8.0 Db 6.7 abc 85 a 10.12 a 229 ¢ 12.8 a 234 bc 552 bc
4.0 164 a 440 a 88ab 6.0c 6.9 b 8.30 a 250 c 13.1 a 214 ¢ 5.08 ¢
Linear NS NS * ox * NS ox NS ** >
Quadratic NS NS * > * NS * NS * **
‘Mae-’ 0.25 186 a 399 ab 90ab 113 a 9.7 a 6.18 a 375 a 13.8 a 296 a 554 a
Vang' o5 182a 487ab 100a 126a 93a 590a 394 a 143a 209 ab 542 ab
1.0 190a 501 a 76 b 13.0 a 10.1 a 536 ab 262 b 14.0 a 246 ab 524 ab
2.0 208a 459ab 740D 12.3 a 9.8 a 5.96 a 324 ab 144 a 202 ab 494 ab
3.0 179a 415ab 70D 122 a 94 a 514 ab 145 ¢ 134 ab 186 b 3.98
4.0 16.3a 38.0b 74 b 99 a 74 b 470 b 134 ¢ 120 b 151 b 3.24
Linear NS NS * NS * ** x * * *
Quadratic NS * * NS * * x ** * *
‘Seol- 0.25 174 a 441 a 102 ab 9.1 a 9.2 a 7.44 a 41.0 a 13.8 a 323 a 8.90 a
hyang o5  164a 440a 98ab 92a 85a 652ab 402 a 137a 299a 7.86ab
1.0 170a 427 ab 104 a 10.0 a 92 a 7.80 a 430 a 12.3 a 255 b 7.76 ab
2.0 159a 433ab 90ab 9.1 a 8.8 a 720 ab 306 b 13.3 a 242 b 7.60 ab
3.0 134a 36.1b 96 ab 81 a 74 a 648 ab 316 b 12.8 a 188 ¢ 6.56 b
4.0 150a 369ab 82b 9.7 a 72 a 554 b 205 ¢ 12.6 a 16.6 ¢ 494 ¢
Linear NS * NS NS * * x NS wx whx
Quadratic NS * NS NS NS * o NS E o

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

different.

S""Nonsignificant or significant at P <

0.05, 0.01 and 0.001,

respectively.
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1.0 mM
Mo application

2.0 mM

Fig. 2. Comparison of older leaves of ‘Keumhyang' (A), ‘Maehyang’ (B), and ‘Seolhyang’ (C) strawberries. Initial symptoms of
Mo toxicity were appeared when Mo concentrations in fertilizer solution were higher than 1.0 mM. The margins of leaf blade
became yellowing and turned to browing as symptoms were severe. The browning area advanced from edge to toward center

of leaf blade and finally died.
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Table 2. Influence of elevated Mo 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.

Mo P K Ca Mg Fe Mn Zn Cu B Mo
(mM) (%) (mg-kg”)
‘Keum-  0.25 038a 194a 040D 0.40 a 584 a 515b 395 a 40a 16.6 ab 76.5 c
hyang’ 05 0.43 a 222a 047 ab 047 a 848 a 758 a 258 a 51a 141 ab 2342 c
1.0 0.37 a 212 a 066 a 0.66 a 1436 a 777 a 404 a 7.8 a 6.7 b 928.9 bc
2.0 0.42 a 220a 055ab 055 a 140.7a 778 a 56.1 a 6.5 a 70b 1,344.9 bc
3.0 0.35 a 201a 042b 042 a 583 a 468D 250 a 76 a 135 a 23754 b
4.0 0.39 a 211 a 047 ab 047 a 596 a 517b 33.6 a 76a 17.0ab 4,155.2 a
Linear NS NS NS NS NS NS NS NS NS o
Quadratic NS NS NS NS NS NS NS NS NS o
‘Mae- 0.25 0.48 a 208 a 038 a 0.55 a 634 ab 754 a 443 a 6.3a 19.0a 104.0 e
hyang’ 05 0.48 a 213 a 042 a 0.49 a 706 ab 73.4 a 413a 103 a 223 a 2226 e
1.0 041 a 174 a 041 a 0.55 a 946 a 86.0 a 56.3 a 9.0 a 83 b 9394 d
2.0 0.50 a 223 a 046 a 0.54 a 566 b 84.0 a 45.0 a 70a 187 a 1,681.4 ¢
3.0 041 a 226 a 049 a 0.46 a 734 ab 66.6 a 55.0 a 73 a 800b 27974 b
4.0 0.56 a 223 a 047 a 0.50 a 69.4 ab 62.6 a 61.0a 10.7a 193 a 5,366.6 a
Linear NS NS NS NS NS NS NS NS NS ox
Quadratic NS NS * NS NS NS NS NS NS o
‘Seol- 0.25 0.39 a 191 a 051 ab 044 a 947 ab 64.2 abc 439 a 88a 120 ab 187.3 c
hyang’ 05 0.36 a 188a 051ab 049 a 66.1 ab 79.6 a 448 a 76a 215a 123.7 c
1.0 0.42 a 209 a 065a 0.49 a 1020a 755ab 459 a 7.7 a 99 b 786.7 bc
2.0 0.39 a 202a 050ab 042 a 516 b 60.0 bc 40.0 a 65a 153 ab 806.2 bc
3.0 0.35 a 197a 037b 0.35 a 58.1 ab 57.5 bc 62.8 a 6.2 a 83 b 1,567.2 ab
4.0 0.35 a 215a 037b 0.34 a 571 ab 46.4 c 60.8a 110 a 6.2 b 2,189.5 a
Linear NS NS NS * NS ** NS NS NS **
Quadratic NS NS * * NS * 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.
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Fig. 3. Influence of elevated molybden concentrations in the
fertilizer solution on the changes in dry weight of above-ground
tissue and tissue molybden contents 120 days after trans-
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