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Abstract.

This study was carried out to investigate the effects of tree-spray of calcium formate compound

extracted from oyster shell with several active agents on the calcium concentration, fruit skin shape and
quality of ‘Fuji’ apple. The tree-spray of calcium formate compound extracted from oyster shell (Os-CaF,
52.4 mg-kg™') appeared to have more effectiveness on the calcium translocation into leaves, fruit skin and
flesh than control. Addition of adjuvants to Os-CaF increased calcium concentration of ‘Fuji’ apple when
sprayed three times before harvest. Among the active agents examined, the treatment ascorbic acid and poly-
vinyl alcohol (PVA) in leaves, Ag-colloidal and PVA in fruit skin, ascorbic acid, Ag-colloidal, and PVA in
fruit flesh exhibited highest effectiveness. Fruit qualities (fruit weight, firmness, soluble solids, acidity and
Hunter value) were not affect by Os-CaF on different concentrations and solutions of active agents.
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Table 1. Soil conditions of the experiment field.

- 7T

A2, VA smm FAE HFOE Sk 2AH
3k 3 80°C X712 1047t =31 20mesh® &
A3l B8 AR AMEIIAT ] AL Hs
719 S8t s AR air gunoE HAE A
A s ] TR e AEE A7 Z=
50x50mm A3 & SEM(S-3500N, Hitachi, Japan)
£ olgsle] 1005} 50002 EF3ict FlEd 2
ARE 109 25990 Fgatd 2 Aed TS g
2 3, A%, 7N E, A 1 e
(Hunter value L, a, b ZABI9Y. 352 3079 I}
A BAE, BE= universal Z=Al(type UN, plunger
o8mm)Z =43l] Ngto 2 HA)EeH, 784 AL
e e UAd FHIEA (DBX-55 Atago, Japan)
2 23819t 4 g3k 0.IN NaOHE FH3)aL
Taite g kit Fa] e AEEA| (Color Tehno
System JX777, Japan)= #Hd ZEHAAN Y T 3%
21E =431 Hunter 3k L, a, b2 JFAIECE AlF
T HjRE GaPE ko =z AAEI

an ¥ oF

1. A5 BAlol k0|2 S

2 ZGul7leN FE3l Az et BEsdE
(Os-CaF 524, 262mg kg & Fio g FE314] A
3 Askds 3EFH(0s-CaC 356mg-kg™) vlaLsh
7] 951 Zg 8Ae FA o 8 90dHRE 7
HAo 2 33 S AFE Ql, Hy, 959 Jole
e A1 ZAE B (Table 2), Qo K FEke
)27l vlsld 0s-CaF 524mg-kg” Hele A
3] Zadou, 0s-CaC 356mg-kg’ APk & =}
o7k RIRAAL, Ca Tk FAE ] nigle] BE Azl
A RS =Tk Aujolde K ke FXgd)
H]8l] Os-CaF 26.2mg-kg™ H2)ollA BAsHA F718}
A3, Ca FFE O0s-CaC ¥ Os-CaF 524mg-kg™ A

Ex. cation (cmol -kg™! :

Soil depth” pH OM_I 13205_| ( g) Soil
(1:5) (g-kg™) (mg-kg™) K Ca Mg texture
Top-soil 6.0 12.2 236 0.25 3.5 0.25 Sandy
Sub-soil 5.8 7.1 80 0.32 2.6 0.32 loam

*Top-soil; 10 cm, Sub-soil; 30 cm.
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Table 2. Effect of tree-spray of calcium formate compound extracted from oyster shell on the potassium, calcium, magne-

sium in leaf, fruit skin, and flesh of ‘Fuji’ apple at harvest.

Treatment? Leaf (g-100 g™ Fruit skin (g-kg™) Fruit flesh (g-kg™)
(mg-kg™) K Ca Mg K Ca Mg K Ca Mg
Control 10.5a" 5.36b 4.26a 4.95b 0.63b 0.50a 7.38a 0.14b 0.25a
0s-CaC(356.0) 8.9ab 5.59a 431a 4.67b 0.71a 0.47a 6.77b 0.15a 0.26a
Os-CaF(52.4) 8.2b 5.52a 4.22a 5.0lab 0.74a 0.48a 6.01c 0.17a 0.24a
Os-CaF(26.2) 10.6a 5.59a 4.24a 5.37a 0.65b 0.50a 7.19a 0.15b 0.26a

*Os-CaC, calcium chloride compound extracted from oyster shell; Os-CaF, calcium formate compound extracted from oyster shell.
*Mean separation within columns by Duncan’s multiple range test at p=0.05.
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Table 3. Effect of tree-spray of calcium formate compound extracted from oyster shell with some active agents on the potas-
sium, calcium, magnesium in leaf, fruit skin, and flesh of ‘Fuji’ apple at harvest.

Treatment? Leaf (g-kg™) Fruit skin (g kg™ Fruit flesh (g-kg™)
(mg-kg™) K Ca Mg Ca Mg K Ca Mg
Control 94  546b  4.20a 535a  0.66b  0.52a 7.10ab  0.14b  0.25a
Xan 11.5a 5.50ab  4.29a 520a  0.61bc  0.48a 7.07ab  0.13b  0.26a
Aa 10.6ab  560a  433a 509a  0.61bc  0.52a 7.10ab  0.16a  0.27a
Os-CaF ~ Tw20 9.2b 504c  43la 498  056c  0.5la 6.46b 0.14b  0.23a
(52.4) We 102ab  5.36b 4.24a 544a 059  049a 6.80b 0.14b  0.25a
AgCo  108ab  542b  429a 5202 0.70a  0.50a 7.57a 0.16a  0.26a
NP10  113a 5.00¢ 439 539a  057¢  0.52a 6.97ab  0.15ab  0.24a
PVA 9.4b 553  4.23a 5692  0.73a  0.49 7.20a 0.17a  0.28a

*Os-CaF (calcium formate compound extracted from oyster shell) manufactured Xan, xanthan gum 5%; Aa, ascorbic acid
5%; Tw 20, Tween 20 (polyoxyethylene sorbitan monolaurate) 5%; We, wax emulsion 5%; AgCo, Ag colloidal 5%; NP 10:

nonylphenol 5%, PVA: polyvinyl alcohol 5%.

YMean separation within columns by Duncan’s multiple range test at p=0.05.
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Fig. 1. Fruit lenticel structure after tree-spray of calcium formate compounds extracted from oyster shell of 'Fuji' apple at har-
vest by scanning electron micrographs. *OS-CaC, calcium chloride compound extracted from oyster shell; Os-CaF, cal-

cium formate compound extracted from oyster shell.

NP-10
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Tw20

AgCo Control

Fig. 2. Fruit lenticel structure after tree-spray of calcium formate compounds extracted from oyster shell with some active
agents of ‘Fuji” apple at harvest by scanning electron micrographs (100x). *PVA, polyvinyl alcohol 5%; NP10, nonylphe-
nol 5%; Aa, ascorbic acid 5%; Tw20, Tween 20 (polyoxyethylene sorbitan monolaurate) 5%; We, wax emulsion 5%; Xan,

xanthan gum 5%; AgCo, Ag colloidal 5%.
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Table 4. Effect of tree-spray of calcium formate compound extracted from oyster shell on the fruit quality and Hunter value
of fruit skin in “Fuji’ apple at harvest.

Treatment* Fruit weight Firmness Soluble solids Acidity Hunter value
(mg-kg™) (® Ny (°Brix) (*0) L a b
Os-CaC(356.0) 253a* 31.4a 12.4a 0.25a 41.6a 19.9a 16.0a
Os-CaF(52.4) 246a 31.4a 12.7a 0.2%9a 43.1a 18.2a 14,7a
Os-CaF(26.2) 276a 32.3a 11.7a 0.25a 41.6a 19.1a 13.8a
Control 278a 32.3a 12.8a 0.31a 39.6a 20.9a 13.0a

“0s-CaC: calcium chloride compound extracted from oyster shell, Os-CaF: calcium formate compound extracted from oyster shell.
"Flesh firmness : Newton(N)/¢8 mm plunger.
*Mean separation within columns by Duncan’s multiple range test at p=0.05.

Table 5. Effect of tree-spray of calcium formate compound extracted from oyster shell with some active agents on the fruit
quality and Hunter value of fruit skin in ‘Fuji’ apple at harvest.

Treatment® Fruit weight Firmness Soluble solids Acidity Hunter value
(mg-kg™) () Ny (°Brix) (%) L a b
Control 269a* 323a 12.5a 0.28a 42.4a 19.2a 14.4a
Xan 288a 31.4a 12.4a 0.31a 38.0a 23.8a 12.7a
Aa 293a 30.4a 12.3a 0.27a 42.1a 18.1a 14.3a
Os-CaF  Tw 20 274a 314a 12.0a 0.29a 39.2a 21.3a 12.9a
(324)  We05 283a 30.4a 13.3a 03la 42.5a 19.6a 13.8a
AgCo 282a 31.4a 12.7a 0.32a 424a 20.3a 14.4a
NP 10 290a 323a 13.0a 0.29a 41.1a 20.2a 14.3a
PVA 283a 32.3a 12.0a 0.25a 38.8a 22.3a 12.9a

*Os-CaF: calcium fermate compound extracted from oyster shell, Xan: xanthan gum 5%, Aa: ascorbic acid 5%, Tw 20:
Tween 20(polyoxyethylene sorbitan monolaurate) 5%, We: wax emulsion 5%, AgCo: Ag colloidal 5%, NP 10: nonylphenoi
5%, PVA: polyvinyl alcohol 5%.

YFlesh firmness : Newton(N)/¢8 mm plunger.

*Mean separation within columns by Duncan’s multiple range test at p=0.05.
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