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Summary

In order to determine the optimal harvesting time of the production of high
quality fruit, fruits on 15-year old ‘Okitsu Early’ Satsuma mandarin were
harvested on the different dates from Oct. 29 to Jan. 9. Fruit characters at
harvest and after storage, carbohydrate contents in the leaf of fruiting mother
branch and degrees of flower bearing in the following season were

investegated. The results obtained are summarized as follows;

1. As delaying the harvest time, the degree of coloring of rind progressed, but
the progress slowed down after the mid of Dec.

2. The thickness of both the rind and the segement membrane showed no
sigrificant differences among the harvest times. As the fruit size was larger,
the hardness was higher. The hardness of S-grade fruits decreased rapidly
after Dec. 29, that of the M-grade after Jan. 9, while that of the L-grade
decreased gardually after Jan. O.

3. All the L-grade fruits puffed on Dec. 9, both the M-grade and the S-grade
puffed 10 10 30% after Dec. 19.

4. The juice Brix incrcased significantly after mid Dec. and the total sugars
late Dec.. The increase in total sugar was represented by the increase in
sucrose. The citric acid content in juice decreassed to less than 1.0% by the

early Dec..



5. The juice Brix and content of sugars showed no significant changes but the
citric acid content decreased to below than 1.0% during storage. Peel color of
all fruit became dark orange color without effect of harvesting time. Harvest

in Oct. resulted in low fruit flesh ratio after storage.

6. The carbohydrate contents analyzed at harvest in the leaf of fruiting
mother branch showed increasing tendency from Oct. to Jan. next year.
Starch contents showed no significant differences, but contents of total and

reducing sugars showed increasing tendency.

7. The total carbohydrate contents in the leaf of fruiting mother branch
analyzed Jan. 9 werc not affected by the harvest time. Decrease in both
total and reducing sugar contents resulted from the harvest in early Dec.
and thereafter, and there was same tendence in the degree of flower
bearing in the following season. The degree of flower bearing showed
positive corelation with total sugar content in the leaf of fruiing mother

branch, but not with starzh, reducing sugar and total carbohydrate.

8. The total carbohydrate contents in the leaf of fruiting mother branch were
not affected by split harvest in earlv Nov. and late Dec. but total sugar
contents were decreased by the harvest of all fruit in late Dec.. The degree
of flower bearing in the foilowing season was not affected by the methor!

of split harvest.
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Table 1. HPLC conditions for analysis of free sugars

Column T sugar pak 1
Mobile phase water(0.1 gmol Ca-EDTA)
Chart speed 0.5cm/min
Detector RI
Flow rate . 0.5ml/min
. Column Temperature 8T
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Fig 1. Peel color index on the different dates of harvest in 'Okitsu Eariy’
Satsuma mandarin. Color index was evaduated by comparing the

ool of the eguatoria! zone of frait with the orange color chart
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Fig 2. Peel thickness as affected by diffe.ent dates of harvest in
‘Okitsu Early’ Satsuma Mandarin.
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Fig 3. Fruit hardness on the different dates of harvest in ‘Okitsu

Early’ Satsuma mandarin.
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Table 2. Percent of puffed fruits on the different dates of harvest in 'Okitsi-

Early’ Satsuma mandarin

Date of harvest

Frait size —— == —— - : - .
Dee, Y Dec. 1¢ Dec. 29 Jan. Y jan. 19 Jan 29
Larpe HESE 50 100 17¥3 250 0
Mediam 0 50 50 10 20 10
Small G 10 n 20 10 1)
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Fig 4. The degree of peel puffing on the different dates of harvest in
‘Okitsu Early’ Satsuma mandarin. Degree of peel puffing was

visually scored: O=not puffed, 3=severely puffed.
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Fig 7. The sugar contents in fruit juice on the different dates of

‘Okitsu Early’  Satsuma mandarin.
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Fig 8. Contents of acid as citric in fruit juice on the different dates of

harvest in ‘Okitsu Early’ Satsuma mandarin.
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Fig 9. Sugar contents in fruit juice after storage until Jan.29 as affected
by different dates of harvest in  ‘Okitsu Early’ Satsuma

mandarin.
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Fig 10. Juice Brix, total sugar and reducing sugar content after storage
until Jan. 9 as affected by the different dates of harvest

in ‘Okitsu Early’ Satsuma mandarin.

F9e 377 2823 27 1000 $99L Aol7t gol 39 Fohe
BB Age Zotl e MEETT AAHAG B¢ 29 75 vustel 2o 12
9 o)W 48 Byl AAF £ 2718 pAEd ok A 44 A i
o 1@ HEel waH nBUFel 2tol 4 Row Agdrh



1.5

ol

O.B r-reeermerrrremeesnnaneens

Acid as citric(%)

0.3_ .......................................................

29 9-Nowv. 19 29 9-Dec. 19 29 9-Jan.
Date of harvest
Fig 11. Contents of acid as citric after storage until Jan. 9 as affected by

the different dates of harvest in ‘Okistu Early’ Satsuma mandarin.
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Table 3. Effect of the dates of harvest on the changes in fruit characteristics

during storage in ‘Okitsu Early’ Satsuma mandarin.

Date of observation

Characters }I]):rt: of At
est DecO | Dec29 | Jan9 | Jan.l9 | Jan.29
harvest
Juice Bri Oct29 | 104 101 105 109 105 10.4
(“f,i: )“x Nov29 | 116 108 116 115 115 119
x Dec29 | 122 - - 124 12.4 129
Citic | Oct29 1.16 1.10 0.94 1.01 1.00 0.98
acid Nov.29 1.05 1.04 095 095 092 0.89
(%) Dec.29 0.84 - - 091 0.80 075
Oct.29 6.4 7.1 78 85 8.7 91
Color |
y Nov29 | 175 74 78 85 87 86
tndex Dec.29 8.2 - - 83 83 86
Oct.29 0 0 0 0 0 0
~ Peel :
e Nov29 . 0 17 07 08 02 03
- puthng Dec29 | 07 i = 11 03 0.2
Flesh Oct29 | 81 828 806 80.0 730 739
b Nov29 | 769 754 760 | BT | 750 753
JTEHOYOT T Deco9 | 85 L - | - 756 739 76.1

E 48 2o vs 119 299, 129 209 F£HTAM FUHEAeH,
109 299 F8FoMe HohE zol7h UM
A%ge 108 209 58FolA A S8A7IY 19 090E F 9% 7HF HA:
sglon 119 299, 129 2929 48 #4858 109 29% 34 {0
Falo] BTk
19 299 Mol ereHuztAl Zzt 2709, 1709, Atelol HA{ &L WE WO
I iend
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SR ANT0Z 17~20%71A #Fol Aok WEH fAHE AFelh
JE(1983)E L AFE LFURY] F£EAAVE JET A FES e
A|717F EoiA W EolxAl =3, BES flavonoid, limonoids & Mol WAH
wal ZAgcn s REH190)9 FERMY APdME &FURH plILA
2 FUAVE £33, F42 AR AY dxsh FE woRm A
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Zt 34 mioh A AFE 119 020 19 99 7HA BHARAGET &5
32 AFe 19 129 Eo
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Fig 12. Contents of carbohydrate in fruiting mother branch’s leaf on

differe: t dates of harvest :  ‘Okitsu Early’ Satsama mandarin.
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Fig 13. Contents of carbohydrates in fruiting mother branch’s leaf on
Jan. 9 as affected by the different dates of harvest in ‘Okitsu

Early’ Satsuma mandarin.
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Table 4. Effect of the date of harvest on contents of total carbohydrate and

nitrogen in leaf of fruiting mother branch on Jan. 9

E:’:e‘s’tf Total Carbohydrate(%) N(%) C-N Ratio
T Oct. 2 139177 208 473
5 Nov. 9 1467° 3.15% 466"
. Nov. 19 11.29° 2.87° 3.93°
i Nov. 29 12.21% 3.02% 404°
. Dec. 9 13.08% 2.98> 439°
! Dec. 19 1320 3.13** 422*
 Dec. 29 12.40%® 3.20° 3.88°
| Jan. 9 13.65% 3.27° 417

z)Mean seperation within column by DMRT at 5% level

~8A7E galde o thed HeFS 2AY ASE oS 2o

Table 5. Effect of the date of harvest on the degree of flower bearing

in the following vear in ‘Okistsu Early’ Satsuma mandarin

Following 'season . previous season
- Date of harvest ‘ leafless flowers/ ' flowers/ ! flowers/ ] Yield
o leafy flowers A adult leaf adult leaf - (kg/m®)
Oct. 29 7.0 I‘ 0.50°° [ 1.07 | 6.12
Nov. 9 42 L 055 o129 810
Nov. 19 6.2 042 117 . 191
Nov. 29 16 0.17* 121 803
Dec 3 4. 0.16™ I o
Des 19 2.4 024 1.06 £.63
Dec 29 27 0.14” 119 636

Jan. 9 1.4 61z 132 ‘ 6.71



A7t M2a FHSEF FF Gl BUY MdMe ATl A
o $A717 53 39 $Fo) AL TolME AUt FaHUAEH FHEE
F 19 9ol AT AARAN ASFRE, 3T, AE ¢ #4I3H o2 A3
Fuo] e ¥63 BT 293 FshFe) AAPPAL 1 149 2.

Table 6. The correlation coefficients between various carbohydrate contents in
fruiting mother branch on Jan9 and the degree of flower bearing
in the following season as affected by different dates of harvest in
‘Okitsu Early’ Satsuma mandarin,

Carbohydrates Simple correlation coefficient
Total Carbohydrates r=0.000173"
Starch r=0.170737"
Total sugar r=0.481825"
Reducing sugar r=0.231226"

Azlga @458 FFAlolde AQSFsE, Y, A3 F APl AH r =
0000173, r = 0170737, r = 0481825, r = 02312268 %3 ¥FH o33l %3
g el Ao Ar@ol Qgse] TE B4E adutE £9 $Fel O %
ol Peixls A ¢ 5 AU

oli- MHE (19870 ABF 1 A sty A¥e AF FIUYFAL ¥4
Aol AizE] ol ALl B 7IZHES stopy} Eiso] wEdle T AT
gAYl @AEA Wol AvHNY) dRoln AstFs FF FF Alold= 4
BV AREE B 2 APl
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3 Y=-1.2263+0.169x -
o
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p 0.4
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Total sugar(%)

Fig 14. Regression of contents between total sugar and the degree of flower

bearing following season as affected by different dates of harvest in

‘Okitsu Early’ Satsuma mandarin.
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Table 7. Effect of split harvest on contents of total carbohydrate,
nitrogen and C/N ratio in fruiting mother branch’s leaf on Dec.
29, and cropload in the following season in ‘Okitsu Early ’

Satsuma mandarin.

Harvesting percentage by date Total carbohydrate Nitrogen C/N ratio
(%) (%)
Nov.9 Dec.29
100(%) 0(%) 12.12° 3.05° 397
70 30 12.91* 3.03° 4.26°
50 50 12.23° 3.09° 3.96*
| 30 70 13.74° 3.09° 4.45°
i 0 100 12.91° 3.20° 403

Table 8. Effect of split harvest on content of total sugar, reducing sugar and

starch in leaf of fruiting mother branch on Dec. 29 in

Satsuma mandarin

‘Okitsu Early’

Harvest percentage by datei Total sugar(%) }Reducing sugar(%): Starch(%6)

Nov.9 Dec.29 | i i
~100(%) 0(%) ‘ 10.11% | 2.24° l 6.36°
} 70 30 | 943 | 1.68% 60’
50 50 | 9.33* ' 1.87% . 59T
30 70 079 191" | 630°

0 100 7.08° | 1.50° . 598
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guge ol Rolakx A=t

2 43 wed Oed RHFL BN Bu ZE HATAM $BAI M2
T 48 g0 ¥S4E WolANY MU HAAE Fot B 4 A

Table 9. Effect of split harvest on the degree of flower bearing in the follwing
season in ‘Okitsu Early’ Satsuma mandarin

Following season Previous season
Harvest percentage

by date leafless flowers/ | flowers/ flowers/ | yield
leafy flowers adult leaf adult leaf | (kg/m®)

| Nov.9 Dec.29

0 0ce o2 033 100 6.00
O I O
j a) a) X 0 . . .
- o 255 017* 098 | 661
I 100 421 0.26° 113 680
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Table 10. The correlation coefficients between various carbohydrate contents in
fruiting mother branch on Dec. 29 and the degree of flower bearing
in the following season as affected by different portional split harvest

in ‘Okitsu Early’ Satsuma mandarin.

Carbohydrates Simple correlation coefficient
Total carbohydrate - r=0.001377"°
Starch ‘ r=0.012033"
Total sugar | r=0.091707"°

Reducing sugar i r=0.008401"° |

-30-



P8 58 ¥ 129 299 AR Fo AESE, AR, 39 L 49 H o
8 3l e FBABA} A gl A 19 A} dEL ¢ F AN
=3

AN £8Fs F £9 F 109 2994A4 FH 119 2997-A= 89~
10.0%°11 129 99 o1¥¥E 1¥ 9d 7tAE 9 ¥IFol 83~862= ¥IF9
zlol7} FREA 942 Ao Kol 124 He7HAe ##E ¢85IAY £8 +3%
€ dHaAE M 5 £ A7V 129 Aol Holof H4g] 7 FSE
< 5% F oty A FF FF o33 APt A Fel ¢
AERA7] Qo oj=-Hxe] F3FL HRY 5 UL o2 qAIG

X %(1976)2 &F2AH AAAdd Ao St TN I 4¥L oI
69 7AAE ALt Yot slopE e wdde Yol AAHE @FHE 9
o] SR T AZHIYen AL APH Y9 FF FELZ nFo] B
ol £3 #Fo] F8F 802 ALHT U AR FFAHUL

@43 oo wE ZAzFe Fi e BY %0 JdAMx FAY + GATh
agez BAE S5AA 8% £ Ae HEHEES 4P xER Ad 3
E fx3lo SAIANEB & #BE 1991), Shuichi®t Shigeto %(1986)0] ¥ 1
3 ubsbzro] paclobutrazol 9 MR 238 F4S AP YFzHAT 48
3l kg oz AEY eyt USALE ALEHAUTH

_31-



EEEA 554 s 23 2o JAL WINPT +AYNE FHHI,
2@l BE A% Bgel o +AW BestEel WRs e sty
nAE 9 FHaA $9¢ A¥ARE acsd ohed o

1. £8A7)7F 2old42 e Fo] AAFNEH 128 F¢& °lFt F4x
o] 77 E3E Ak

2 543 SAsh gte] TAE SHAl0) GE FRE Fol7t e HAe
AT @ F4Y4 2 gEd SF AL 129 209 oF, M HAe 149 9
Q ol% ATst FA3 Rolpen LF 4L 19 99 olF Jud Ropach

3. L3 H4de 129 994 28 H4do] Ry eyt MaEdH S§ FH4AL 129 19
Q olF 10~30%9] FHAo] FHHUH.

4 2BA7IF 2ol wet BEY FHFo] FINE YEE 128 F¢ F

Ge 129 A% oF RH A S7EReH $HATL RolHdl ma} #3
A gt 277 At TAN $Fe 124 A4 oF 10% ol Wol
=

5 4% & AR /13 AFTE, A%, 37, #dIT2 ¥ @ Aded
A e HAk #Ase 10% oz A=At H¥] FML YA F
gaoz AR $& AE Aole goiFoen HHE&2 108 FHFAM W
oA A¥S B

_.32_



6. 8 do] HAF FARAFY ©43E FFL 10844 g2 192 2F
2 Zrlsied AR $FL FAAU YA T LI @Fol FU¥E
3% olunt.

7. $8% ZEF 149 9¥ AMAY AARAFT ASFEe §FS FRANY
garg uhA AT 39 L BUTS FFe 129 A& AR FHAIT
zolad42 FasAen gL AT FHolAEe APl ARNFL 14 9
Y AREAY EFEFH AP Aogol ARAA AR, $4Y, FesHE
e FREAV AFHA U

8 119 4¢3 129 3ed 2 £84F TAM AA(RA AdsoE ¥FL
A2 & Aoyt AT 39 FF L 129 A& 100% FHFTAA RopATh
o023 AsFe Ad {427



VI. 51 JH X &

EFme. 1991, ZEe) £33 Y43 IA APY A ¥ A7 F{E A
AF=F. pp 117~162, 170~181.

BT 1994 EX £EB HE. pp 256~283.

KE F, EEEE. 1985 Vv AV A ORROEMC ) BRBRORL. B
EER% 54(2) : 155~162.

RERE, ERRX BEEY, AR 1985 REXOBRMLTE RRE pp 7 ~
23.

m

Garcia-Luis, A. 1994. the physiology of flowering in citrus. £3EE— & BX

B & FEE, 69(6): 694.

Goldschimidt, EE., N.Aschkenazi, Y.Herzano, A.A. Schaffer an S.P.Monselise.
1985. A role for carbohydrate levels in the control of flowering in
citrus. Scientia Horticulturae. 26 : 159~ 166.

Goldschimidt, E.E. and A.Golomb. 1982. The carbohydrate balance of
alternate-bearing citrus trees and the significance of reserves for
flowering and fruiting. J. Amer. Soc. Hort - Sci. 107(2) : 206~208.

sAgHe, 8, FIEE. 1970, BAE #HH B £ BER BERE. 735~40.

-34-



MEEEE 1988 VLT Ay ORHOBERICHMT 2HE. B2 BFRD
BHOBESE LEERICOWT. BESH. 57(5) 2):28~29.

WMEETEE 1989, V1Y ihr ORFOBERCHT 2HR B12H) SEE
JOEHIzHOWT. HEBH 58 (7 1):14~15.

BT, 1992, BHHCBT 5 AMBUSE. BEAAER 117 : 81 - 8.

Gaurdiola, J.L., F.Garcia-Mari, M.Agusti. 1984 ~ Competition and fruit set
in the washington navel orange. Physiol. plant. 62 : 297 - 302.

Kawase, K. and M. Hirai. 1983. Growth, sugar Accmulation and puffiness
of the mandarin peel during coloring. J.Japan.Soc.Hort.Sci. 52(3)

231~237.

SWE. 1994, AZA ZEFF9 /HEAHAY BF A7, AFdEa ALY M AL
. pp38~39.

BAR{EF, 1988, 7RI A BB A RBEREORG EBTENE VTS
ErEAZ. AEESH 57 (3] 2) @ 589.

ARk, HREERE. 1978 pp 176 ~ 177,

WHaLy. 1989, REOWHELEE ¢ WE. B pp73~T74

TMEAE, EEES. 1991, B sroEEEs. LDnMs X VIcHT
3 REERE. AL DRBRERS3S - 39

._35_



TAAE, HBEHL 1900, ~TRIAVEHOBELETERONE HEESBHK
59 (3 1):20~21.

Tk, SR, 1992 2EY 9% 2 B Ay 2Ad A% FY e ALk} 7)
<M ‘92 BHARS ¢ )

wol& swsHy, BEE 1976 A7) - AR 2 A4S 2 A9 AP A
7 €31zt AP v . HEBHE. 17(2) : 151~156.

GE@E, ABEA 1989 vriav i oMEENOERBE,RROE K
EBIURENENRY PICRIZTEE AESH 58(1) : 97 ~ 103

mE FEY. 1988 X AL OWERMLrBEOETE-RRECRTYER BESH 57
(51 2) : 598.

EHEREE SARE, WA, FEB-, HIIEE HAKS 195 K2V
2ABBLIYY AT ORRC BT ABARMMR. DESBE 645
1):66.

HEE R, St8-, BHEE BEFE 1992 A xvoliriniBoES
rRRICOWT., HEBH. 61 (31 2) 6.

5 OB, E E, RERE, GRS, 1083 BN 4 RITORKES ORI L £
icE-S . EX ok L BRES. pp 38~87, 154~157.

NG B, FHIEZ, EF B 19BFHMEL > XY OEBERICBT SRIPRE RS
g HRFAB B 10 ° 60.



PMIMERY, NPEE 1985 7>vavisricBit2HEERs L EEL OMK BR
B 54 (5 2): 38

K R, PLRE BHE— 1989 7rravinriiBioEXEIRIBNL
HOBEARSIC>WT. BESE 58 (3 2) : 102~103.

WE M. 1990. LS Y X ORBEEICHT 2 EROHE. B AERRRE HE
#®E. 11 36~37.

BE K 1993 ~NUARBEBHRET LV L 2v0RAOKER. ABRHE. 62
(7 2) : 160~161.

wAEE BEWEE BERSE. 1976, BN I oRRAMICHT 2HR. (B4R
EESB L ABEEHMOMELEEREICOWT. JJapan. Soc.Hort.Sci 45(2):
123~134.

mAEXx BEEE BEHF. 1978 BMI 2 OXRARCHT 2HR. G5H)
ERHE AERBORKILDEEZ ST, BEBHE 46(4):465.

Shuichil and S.Tominaga. 1986. Increase in fruit-flush flowering of ‘Meiwa’
Kumquat Fortunella Crassifolia swingle trees by paclobutrazol.

Scientia Horticulturae. 28 : 347 - 353.

PAkRE, 1992 MEZHREZBCBT 7> 277 RENOL D5 ENRL.
A2 61(5 2) : 62~63.

_37_



MHRE, KMELE, TSR 1993, BEEREEICBTET 2T A
CEROL S 0O ESLICRT2~30ER, AEEH 62 (7 2) @ 8~
83.

MHRE, HELE, (TAMIEL 1992 T iavinroBETEMEBELE
EREY O UCHREORRAE LK. AESH. 61(1) : 39 ~ 47.

HHRE, KL, TAR_ES 1993 2> X VEOBETHRRBERROME
B4 REOKROEL. HEZERE 62(2) @ 305 ~ 316

PE . 1987. A A > XV OBRRARCHT AHE BXRAH B 981 ~ 9oL

SAME R, KEHH, ©BANCS. 1993 T raviAarRERBICETD
ERGBERUCEEROML. OESBHE. 62 (5 1)  602~603.

WTFHA, EAE, SHRT BEWEA 1990 BN 0FRARCHT S
1204 BEBRMRET. HEBH. 59 (5 2) : 36~37.



R =

R 94 8 F kA HAY BAY olE ASE 8 74 8 gk
Ax@4dA A4S BAE =dU

Hm Al FheElelE M4dstn A =2 v ol 24 5 FH. X 4E
ZEYAE F402 =G

B ojQy FHo2 stEH FAD o|Bo} FA EF @A LS, 4 HE us
o, B H% 24, B B 24Y ngaun

Wt AdelN FE B AW 8 ¢EAN AR 1 YL olrlA go
N HEATAE X #X 23, ¢ B9 d78d, A 3Y ARIAE ZA=Y
Utk £@ Al 82 go 8 & AMATAY, B8 & W, HAE g1
R F%, % FEK AT YL AU

mhxto g o] Aoty AW Tekg e S8 AEF g4 stna gu



	표제면
	Summary
	I. 서언
	II. 연구사
	III. 재료 및 방법
	시험 1. 수확시기별 과실 품질 및 결과모지내 탄수화물 함량과 착화량
	시험 2. 분할 수확에 따른 결과모지내 탄수화물 함량과 착화량

	IV. 결과 및 고찰
	시험 1. 수확시기별 과실 품질 및 결과모지내 탄수화물 함량과 착화량
	시험 2. 분할 수확에 따른 결과모지내 탄수화물 함량과 착화량

	V. 적요
	VI. 인용문헌

