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Effect of Calcium Application on Fruit Mineral Nutrients,
Quality, and Browning in ‘Fuyu’ Sweet Persimmon

Na, Yang—Gi - Kim, Wol-Soo - Choi, Hyun-Sug + Choi, Kyeong-Ju -
Lee, Youn - Lee, You-Seok

This study was established to investigate the effects of Ca application on fruit
mineral nutrients, quality, and browning of ‘Fuyu’ sweet persimmon (Diospyros
kaki). Ca foliar application at 40ml/20L/tree had a greater fruit Ca concentration
than did control, Ca fertigation (40ml/20L/tree), and Ca foliar application (40ml/
20L/tree) coupled with IBA fertigation (40 ml/20L/tree). Fruit mineral nutrient
concentrations for Mg, B, and Mn were similar or lower in the foliar treatment
compared to other treatments. Fruit color was not affected. Ca treatment, whether
foliar applied or fertigated, was effective in maintaining fruit firmness and in
decreasing the browning symptom in fruit after MA storage at 0C for 60 and 100
days. Although Ca foliar application +IBA fertigation treatment improved fruit
firmness, the positive effect on the browning and decay occurrences in fruit was
not shown.
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z
&S E7Fs38HAl $H(Choi et al., 1998; Yang et al., 1999). H3]S¥= A4 FHY £
HE Edo] 4}, $&38te] detd HAE st ojzlo] A4 FHe JAEH A
FHol A Hehs Aog A&l & o] glor ol AAY T IAA W e F
71 1% olatR2 GolA AW o]itstetAavt 543 St W Fr]Egel 9% #5 W of
AE dHgtols, d3s 5 #3l dEol FA | TAs= Az g5 2
9} FrH-o] ®ETKChoi et al., 1998; Yang et al., 1999).

AExde] de Axere] 3ol ofeld Ax2HE AZAR He A7E29 7
Zo] F7Fgel w2} polyphenoloxidase 5ol 28t #H& &2 4lslo 7]Q1sh= Aoz Uy
Z] 1tHChoi et al., 1998; Faust et al., 1968). = #H& AMsl & 4o 28] F= AHslEo] &1
A= AEEEY AE5HQ TS AA depd AY A AT AgEo] o] &
HET 34 W Ca(Zg)2 o8 Alxute] x| &S vA ZhF o] A9 T3
A, A T B 3F, olgd WA 9 M xute] Fyo] #Hosle aAx8AdS 25
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EARS Aepd s gt 289 A2l 9 I3 FF A smx3.3mE A4 5
A 133489 Bf FFoA FRHAT AgAe A 25 (T84 Ca 17%,
(), M) o128 B2 (IBA 10% 3, FM S LEAL A2)o]dth A2 Ca §%
=2 2%E A3 FF X7 HFS 20LE 3] Ca GHA|HI(Ca-FA), Ca #5*]](Ca-FG), Ca
A2 ¢} IBAY] £33 2](Ca-FA + IBA-FG)E E3Haldth x2lE 20039 8¢Y 5¢, 9
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o] FIIHES A7) el o AdS
A et AXAZ F rhet . FARN = FARMHEOE si=H A8 0.5z
ol Fekaol] ¥al e A(HNOs) 15mLE H7HE F 180Tl A 3083t 7HE §F H0;
& FAMNFE AE7E @43 BalE F S/ 30mLE ¥ Y
Z}A1Z1 ¥ Whatman No.6 S| #A|E ©]-&3&t] oA stal SFHFE |83t 50mLE “g-83}
Gt F714E #2498 ICP(Inductively Coupled Plasma Atomic Emission Spectrometer, Pye-

unicam PU 9000, England)Z =73} 3t}

29 AL AMA| (Minolta CR-300, Japan)E ©]-8-3}%] Hunter value L, a, b3S =43}
Atk L A9 8715 at bate 27 o A Ao A5 FASHA T 83
F4S 0.06mm PE ZE0] HEa A = upZ #A-LA231(0C, RH 90%)°1 A 0, 60, 1002 &
kA & R AR AWES A2 vtE A A BAre 3 ST
2 WolA s A AT & HAH =A(TA-XT2, Texture technologies Corp., USA)Z =
Aotk HA-FTF9lo] 24 v olut 24w R-919 A Aol lem o4l AAS AWARE I

e AR sl Aeoln 023
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= o] g3l o) JHeA 1dEE SRS =AY
4. A= vl

AE] ZZ A= Park 5(2003)°] B3k WS wpsith v E HAS 98
7 Ao AR T Ixlem =719 F4H HHE AFHMNA SHE 2.5% glutar-
micaldehyde 2 90E7F 12} S AAEA = 24 A A5 24 Y 7|E= Y-S diA
AASAS. 123 24" AREE 0.1M QJASZE&ApH 7.2) 22 1583 53] A A o
1% tetroxide &40 2 907+ 22+ LAAIZ! F, THA] 0.1M Q1AHES8-A(pH 7.2) 2.2 204
7t 53 AH3AT E5-E Y8 A8 40, 80, 90, 95% olerEoM Z+zZt sE Tgaw
100% ol gF2-ol A 5, 15, 30%7F 33] &3ttt €5 Az A|E+ propylene oxideZ |
338k & epon® Z silicon moldel] EuEo] 60C LEA 4U3t AFsle] 183} AT
AEE 10pm 7|2 AdsfiA Qg ohs A4 A
5. SAIX

, A1 8l= SPSS Statistics 17.0 ZZ 17| A

1. Ca AHzloll wg 4 | FIAE H3t

I Aol 7 Bo] & 99 Ca TS Ca GHA 2ol A 023mgLE 732,
Ca B3], 18] Ca FHAZ+HBA BFA 2] Fol| Blste] E¢ktK(Table 1). Kim 5(2003)
< o] AAT|RE 84 Cas 109 HAOE 43] 223 AT Ca o] F-A el
Hlal =71 vdebgtthar Baskdoh Al 320 ¢ 593 8o dshdtg e o)
Al HF Ca ol dA38] SrHHEJEH], ol ade FEA7I7E SN (8~9¥)d
739 ¥ 438t tHChoi et al, 1990). Kim 5(2009)2 F @zl A g xzjd 74
W Ca gHFo] #FA2lol] HIsiA A d&Ho] 3R e A W Ca FFol= =
o|7} AdTtaL Bustet # A7 At dAEAH 18 Moon 5(2003)2 E =0
BdLES FUHEE oy dAH 989 Ca FEFS STk ou 3o Ca Tkl

£ zol7} itk Badkith kAR Moon 5(1995)S A% 717t & a3l 33] o]
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Table 1. Calcium concentration in ‘Fuyu” sweet persimmon fruit as affected by Ca appli-

cations
Ca concentration (mg/L)
Treatment”
Fruit skin Fruit flesh

Control 0.17 ab” 0.10 a
Ca-FA 023 a 0.12 a
Ca-FG 0.17 ab 0.11 a
Ca-FA +1BA-FG 0.16 b 0.11 a

“ FA = foliar application; FG = fertigation.
¥ Mean separation within columns by Duncan’s multiple range test at 5% level.

Table 2. Mg, B, and Mn concentrations in ‘Fuyu’ sweet persimmon fruit as affected by Ca

applications
Mg (%) B (mg/L) Mn (mg/L)

Treatment”
Skin Flesh Skin Flesh Skin Fesh
Control 0.08 a’ 0.07 a 1.6 b 128 b 9.1b 133 a
Ca-FA 0.08 a 0.07 a 27 b 246 a 33 ¢ 04 ¢
Ca-FG 0.08 a 0.07 a 13.7 a 1.64 ab 158 a 7.1 Db
Ca-FA +1BA-FG 0.08 a 0.07 a 124 a 220 a 12.2 ab 41b

“ FA = foliar application; FG = fertigation.
¥ Mean separation within columns by Duncan’s multiple range test at 5% level.

Choi 5(1990)2 Al A Ca 35 Wl o2 T4 W Mg FExtol= A=A sk
e 2 A3y 2o AxE B udr|%E §tHTable 2). 3] B ¥%E Ca ¥F4 Ca ¢
A 2+IBA #FAE7F T4} Ca @Uﬂﬂﬂ Bt fojHez wd<=d, o= Ca B
IBAS] #F A7} 25 B & FXsta FARY o5 s SIAAFAY] o

O AdHET #5 U B ¥5= Ca 99 Agd FHolA =4 UEuth Mne Ca g
A7 33mgLE w9 Wok=d], o]€ Ca$t Mno] 24802 Cavt BRFEHA Mn
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o] 4 2 o]Fo] FaE ukr] W E(Faust, 1989)C. 2 ARt wbA Ca 22]E MnY
HopErol o dEe ©ike] AW @A) 83t S AR o AZITh Ahn
(1977)2] AFANME 239 &L F71EH] B3, EY T N, P 2 Si9] FRELE
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s3)e] w7)sh A4 2e)3 G402 YEE Hunter L, a, bt A2|7ko] §-o14
7} 2% A Bkrh(Table 3). AT Ca AW AT ¥ AGae) e el 7
g RAFE, oled AT AalA FFAR FHA o) B e AN
HEAS AN o= HE 48 o nuwt.

F

Table 3. Fruit skin color in ‘Fuyu’ sweet persimmons as affected by Ca applications

Treatment” L a b
Control 479 a’ 11.6 a 384 a
Ca-FA 577 a 155 a 551 a
Ca-FG 594 a 115 a 528 a

Ca-FA + IBA-FG 499 a 163 a 40.6 a

“ FA = foliar application; FG = fertigation.
¥ Mean separation within columns by Duncan’s multiple range test at 5% level.

Ca A2le 5 GA9 AF4 o] HoE IFS HAA ot MA-AF 604 o] €
HGoM = Ca A7} T HlsiA 54 E7F AA38] & Fade As #&ES + 3
ATH17% 74 vs 4% FH4)(Table 4). ©]& Kim 5(2009)°] % ©bol] Cas g A ¥ 3
A% FFAE F7FeF A F At A HATE Bass XA A% 1
@ o= 60dA et FIRIAIR Cal A7t iE2TFET FoFoR
FAH=H, WERTFE 25.5N02 F73] olx AEFA EA7F =AU E]—(Table 4; Fig. 1).
5] Y HA] A 1008 $ tHET9F Ca GHAZHBA #FA 2Tl 234
© 2 =7 Uelth(Table 4; Fig. 1). Ca U 2+IBA #5277} ©7t Bg 2w ajo)
Aol FFE mAA ZRY AL ofrp HuxFe] v Ca vE #do] U= =it
(Table 1). A5+ Ca FHA Z+IBA BF2 o] w2 Az #3k Bt o A &3k 991
< e A7 doE 3. A 2o
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Table 4. Effect of Ca application on fruit firmness and flesh browning of ‘Fuyu’ sweet
persimmon, determined after MA storage at 0°C for 0, 60, 100 days

Firmness (N) Fruit browning (%)
Treatment” Storage period (days)
0 60 100 0 60 100
Control 36.1 @7 304 b 255 b 0a 84D 150 a
Ca-FA 36.5 a 349 a 316 a 0a 31c¢ 31b
Ca-FG 363 a 34.7 a 315 a 0a 37 ¢ 44 b
Ca-FA + IBA-FG 363 a 343 a 30.7 a 0a 143 a 163 a

“ FA = foliar application; FG = fertigation.
¥ Mean separation within columns by Duncan’s multiple range test at 5% level.

Storage of 100 days

Fig. 1. Effect of Ca application on flesh browning of ‘Fuyu’ sweet persimmon fruits deter-
mined at the room temperature right after MA storage at 0°C for 60 and 100 days.
A=control; B=Ca foliar application (Ca-FA); C=Ca fertigation (Ca-FG); and D=
Ca foliar application+IBA fertigation (Ca-FA+IBA-FG).
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MA A% 1009 F F49] FAL 2AG A3 FEE 23 PANE Ca Ael ot oE
TR AT Fuste] FLAA 1020] A Fol Ca FUAMSE BEAH YT A
o4 Qi Aol HFATHTable 5). 7484 LHEE Y277} Ca Al TR e
e BAT, GRE AN 23 YR 288 F7leie A%l Yepi 34
o 2ol &e Feo)M 08 FolE AU WHE Aol7t Yok 102 Fol 2 4
g0 EYY 2T Ca FUAHHBA BEALCNN EA epeh,

Table 5. Effect of Ca application on fruit quality of ‘Fuyu’ sweet persimmon, determined 0
and 10 days at the room temperature after MA storage at 0°C for 100 days

Treatment” Firmness (N) SSC (°BX) Fruit decay (%)
0 days at room temperature
Control 255 v 120 b 0a
Ca-FA 314 a 126 a 0a
Ca-FG 314 a 12.8 a 0a
Ca-FA +IBA-FG 304 a 12.7 a 0a
10 days at room temperature
Control 24.5 ab 122'b 133 a
Ca-FA 274 a 13.1 a 50b
Ca-FG 216 b 13.1 a 33 b
Ca-FA +1BA-FG 24.5 ab 12.5 ab 16.7 a

“ FA = foliar application; FG = fertigation.
¥ Mean separation within columns by Duncan’s multiple range test at 5% level.

3. Ca Aol w2 2 Ax7= W3

Ca A A7 FA T RP o Aoy x2S FEAF B= A4 1008 F
An| B Ao 2 AFAAS o, A% 1008 Fo FAolA AGES] dod= Bt i
A E o} o}y AEQ] &l sty Feo] 2o]S Kol Ao Z FALE I tHFig. 2). Ca A
g e QFue} ofsEy o] vid FHgd FEvt 879 E ApolE HolA ko Ca
FA g B g i 9 oty AZ] gdo] A Agpion B@dS S A
A& gdo] dxw i wE P FuHE FHEH AT Choi 5(1998)2 TH3He] 4
S Z2WAge B Axete] gEo] MEe] FHEo| 4stEY] A2 FEHE Fol
| o224 frlEe AoE FAATh E Zdde] 4A dojue HAHL 2Fo] &

X,
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Fig. 2. Fruit skin cells in ‘Fuyu’ sweet persimmons after MA storage for 100 days as
affected by Ca applications. F=flesh; H=hypodermis; OE=outer epidermis; SC=
stone cell; and TC=tannin cell.
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