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Abstract. Objective of this research was to investigate the effect of calcium concentrations in the fertilizer
solution on growth and development of Ca deficiency in ‘Maehyang’ strawberry (Fragariax ananassa
Duch.). The margins of the youngest leaves were scorched and they developed a cupped shape as they were
expanded in Ca deficient plants. The vein area of the youngest leaves became brown when the deficiency
became severe. The quadratic responses were observed in dry weight production to elevated Ca concentra-
tions in fertilizer solutions with the highest growth in 4.5 mM treatment. The regression equation was
y=2.4026+1.0209x—0.0985x (R?=0.3546"""). However, tissue Ca contents increased lineally as the Ca
concentrations in fertilizer solutions were elevated (y=1.2108+0.1333X, R?=0.9189"""). In changes of the
fresh weight and Ca concentrations in petiole sap, fresh weight production showed quadratic responses to
elevated Ca concentrations in fertilizer solution, but Ca concentration increased lineally. The equations in
changes of fresh weight and Ca concentrations were y=9.273+4.882x—0.4245x* (R*=0.4935"") and
y=52311+3.2917x (R?=0.6918"""), respectively. When the concentration of calcium at which plant growth
was retarded by 10% is regarded as critical concentration level, the calcium contents based on dry weight of
above ground plant tissue and in petiole sap should be in the range between 1.6 to 2.25% and 63 to 79

mg kg, respectively.

Key words : calcium, deficiency symptom, petiole sap, strawberry, tissue content

Moo

ol M, 1831 Jeong F(2001) ‘3E’ ©71e] Ca &

2Zo] Ca& FFeHA e Aol 4149
Ca §&o| 543] Zrasia, Aol gt A
Aol LHFTHBennett, 1993: Bould 5, 1983).
Bould (19832 AAstael 22 FG2EollA ey
Hv Ca Z¥E, Kim 520052 A3}=35 ‘Biarritz’
oM, Choi 5(2005)> 2|3 “Casa Blanca’

*Corresponding author: cjm@pcu.ac.kr
Received June 16, 2008; accepted September 3, 2008

HE4E Barsh vt Qlr}. o)de] Aolx] Zgo] 2
e 2E AL AN Z93de] veRdARE
LHEE S ZHE b 2lel7t Ak
Apiehe 2E-g AFsI BAsa FPdEE 3
©ale] mAHARIE S HAAEE 4] 9% ATs
ol FHEAT. T2 AFE A T AP g7
& T8l HEF 7Rt 2794 29S8 1A
Bould 5, 1983; Jeong 5, 2001; Kim 5, 2005;
Nelson, 2003), @524 77144 ¥ A48
&j(Park, 2002; Saikoku®} Sanho, 1995; Ulrich,

-231-



439 - 3N7) - 27F

Table 1. Composition of nutrient solution used to investigate the effect of each nutrient on growth and nutrient uptake of

‘Maehyang’ strawberry.”

NH,* K* Ca? Mg? Na* NOy SO~ H,PO4 Cr
Ca (mM)
(mM)

0 6 5 0 2 0 9 2 1 0

1.5 4 5 1.5 2 0 11 2 1 0

3 2.5 5 3 2 0 12,5 2 1 0

4.5 1.5 5 4.5 2 0 135 2 1 0

6 0 5 6 2 0 15 2 1 0

9 0 5 9 2 0 15 2 1 6

*Micronutrient (in mg per L solution): MnCl,+4H,0, 1.81; H;BO;, 2.86; ZnSO,*7H,0, 0.22; CuSO,-5H,0, 0.08;

H,;Mo0;* H,0, 0.09; and Na,FeEDTA, 0.79.
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Fig. 1. Differences in crop growth of ‘Maehyang’ straw-
berry at 120 days after transplanting as influenced by ele-
vated calcium concentrations in the fertilizer solution.
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Fig. 2. Induced calcium deficiency symptoms in ‘Maehy-
ang’ strawberry. The margins of the youngest leaves were
scorched and they developed a cupped shape as they
expand. The veinal area of young leaves became brown
when the deficiency became severe.
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Table 2. Influence of elevated calcium concentration in fertilizer solution on growth characteristics of ‘Machyang’ straw-

berry at 120 days after transplanting,.

Number of Leaf LF:af Petiole Crown F rfzsh Dry
Ca (mM) length width length diameter weight weight
leaves (cm) (cm) (cm) {cm) (g/plant) (g/plant)
0 12.5 6.52 3.97 12.0 1.20 8.89 2.15
1.5 185 7.48 4.90 14.6 1.19 16.11 4.18
3 20.5 8.63 5.38 17.1 1.15 20.20 441
4.5 21.0 9.70 6.32 18.9 1.08 23.08 5.14
6 22.5 9.75 6.08 16.6 1.08 22.41 4.70
9 22.0 8.50 5.78 15.1 1.16 19.09 3.71
LSDyg 5" 5.61 1.39 0.82 2.65 0.18 6.19 1.57
Linear o *k *kk NS NS ** NS
Quadratic %k k% A gk ok ok Kok NS kK ok %k k
Cubic Kk Kk kKK kKK NS k%% *%k

“Least significant difference at P=0.05.

NS."*%***Nonsignificant or significant at P=0.05, 0.01 and 0.001, respectively.
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®  Dry weight: y=2.4026+1.0209x-0.0985x%, R*=0.3546™"
8 Ca content: y=1.2108+0.1333x, R*=0.9189""
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Fig. 3. Effect of elevated calcium concentrations in the fer-
tilizer solution on changes in dry weight and calcium con-
tent of the whole above ground plant tissue of
‘Maehyang’ strawberry at 120 days after transplanting,
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Fig. 4. Effect of elevated calcium concentration in the fer-
tilizer solution on changes in fresh weight of above
ground plant tissue and calcium concentrations in petiole
sap of ‘Maehyang’ strawberry at 120 days after trans-
planting.
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Table 3. Influence of elevated calcium concentration in fertilizer solution on tissue nutrient contents of ‘Maehyang’ straw-
berry based on whole above ground plant tissue at 120 days after transplanting,

Ca T-N P K Ca Mg Fe Mn Zn Cu
(mM) (%) =mmmmmmmmmm s e T ) R

0 1.37 0.62 1.88 1.13 0.72 229.8 53.8 51.2 6.45

1.5 1.42 0.56 2.33 1.41 0.86 333.9 95.1 57.7 12.32

3 1.33 0.58 2.69 1.67 0.86 4149 67.6 53.7 9.88

4.5 1.37 0.79 2.85 1.82 0.83 2854 72.9 475 11.35

6 1.48 1.03 3.06 2.13 0.85 142.9 77.8 42.0 8.67

9 1.39 0.93 2.90 231 0.89 161.7 81.9 46.7 7.60

LSDy 5" 0.22 0.07 0.25 0.19 0.09 48.6 29.0 13.2 1.83
Linear NS *kx *hx *xE * * NS NS NS

Quadratic NS ki *kk *kx * * NS NS *

CubiC NS Hkk kdeck Kk &k kg NS NS F k%

Least significant difference at P=0.05.
NS5 Nonsignificant or significant at P=0.05, 0.01 and 0.001, respectively.
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Fig. 5. Effect of elevated calcium concentrations in the fer-
tilizer solution on changes in pH and EC in soil solution
of root media at 120 days after transplanting of ‘Maehy-
ang’ strawberry.
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