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Summary

In order to develop the cultural practices for sustainable production and
improvement of fruit quality of 'Shiranuhi’ [(Citrus unshiu x C. sinensis) X
C. reticulatal] in plastic film house, several experiments on the effect of
rootstock and temperature on the tree growth and fruit quality during the
early growth stage and maturing stage, and on the composition of sugar and
acid and related—enzyme activities were conducted from 2001 to 2005. The

results of the experiments obtained are summarized as follows;

1. Effect of stock on tree growth and fruit quality.

Two treatments were compared from October 2002 to January 2003 such as
topworking of 'Shiranuhi’/'Miyagawa Wase’ satsuma mandarin/trifoliate
orange (interstock) and common grafting of ’Shiranuhi’/trifoliate orange
(control) in three areas. And five rootstocks were compared in 2004 to 2005
namely, trifoliate orange (Poncirus trifoliata), 'Swingle’ citrumelo (C. paradisi
x P. trifoliata), shiikuwasha (C. depressa Hayata), yuzu (C. junos Sieb.), and

natsudaidai (C. natsudaidai).

1.1. Fruit width, fruit weight, peel colour and flesh rate of 'Shiranuhi’ were

not different in two treatments.
1.2. The total soluble solid content in terms of juice Brix was also not

different in two treatments. Titratable acidity in interstock increased

significantly by 0.3% compared with the control throughout all growth stages.
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The sugar—acid ratio in interstock was 8.6 at maturing period, which was 2.4

lower than that in the control.

1.3. The free sugar showed increasing trend in both interstock and control
and there was no significant difference between the two treatments. The
concentration of sucrose tended to decrease while glucose and fructose

generally increased in interstock.

1.4. The trunk diameter, spring shoot length, and the height, and width of
the tree were significantly higher in 'Swingle’ citrumelo and shiikuwasha

than the other rootstocks in 2004 and 2005.

1.5. The fruit widths were not significantly different in five rootstocks. The
fruit height of ’'Swingle’ citrumelo was the highest compared with other
rootstocks, indicating a decrease in fruit shape index. The number of fruits
and the yield per tree in 'Swingle’ citrumelo were significantly highest

among the rootstocks studied in 2004 and 2005.

1.6. The sugar content and titratable acidity in 'Swingle’ citrumelo and

shitkuwasha were significantly lower than those of trifoliate orange.

1.7. The concentration of total sugar and glucose in 'Swingle’ citrumelo and
shitkuwasha rootstock was lower than those of other rootstocks, but the
concentration of sucrose in 'Swingle’ citrumelo increased with 55% of total sugar,
which was higher than other rootstocks. In 'Swingle’ citrumelo, concentration of

citric acid was lower and malic acid was higher than trifoliate orange.

1.8. The activity of sucrose synthase (SS) in trifoliate orange was higher

than in the other cultivars.



2. Effect of air temperature on the tree growth and fruit quality.

Three treatments were compared such as combinations of minimum night
temperature of 15C and maximum day temperature of 25C (15-257C), 18T
and 28C (18-287T), and ambient and 20C (control) during the early growth
stage from February 20 to May 30, 2002. And three treatments were
compared in 2003 to 2004 such as combinations of minimum night
temperature of 5C and maximum day temperature of 15C (5-15C), 10C and
20C (10-20C), and ambient and 10C (control) during the maturing stage
from December 2003 to January 2004, in cultivars 'Shiranuhi’, 'Kiyomi’ (C.
unshiu x C. sinensis), and 'Tsunogaori’ [(C. unshiu x C. sinensis) x C.

unshiu Marc.)].

2.1. The number of spring shoots decreased, the leaf area was broadened,
and the length of spring shoot increased in all the cultivars tested as air

temperature during the early growth stage increases.

2.2. The apparent photosynthetic rate in 'Shiranuhi’ increased as air
temperature during the early growth stage increases, showing that apparent
photosynthetic rate in 18-28°C was 167 uml CO:-m 2 s, which was 15

times higher than that in the control.

2.3. The date of full bloom in the control was April 22, which was 24 days
and 44 days later than that in 15-25C and 18-28C in 'Shiranuhi’,
respectively. The flower-leaf ratio had a decreasing trend as air temperature
during the early growth stage increases in all cultivars. The increment of
leaf—fruit ratio in 18-28°C was caused by the reduction in number of flower
inspite of the increased fruiting rate in ’'Shiranuhi’, which on the other hand,

was caused by lower fruiting rate in 'Kiyomi’ and 'Tsunogaori’
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2.4. The fruit size in all cultivars increased as air temperature during the
early growth stage increases. The fruit shape index in 'Shiranuhi’ was

especially lowered by increasing fruit height.

2.5. The increasing trend of sugar content in 'Shiranuhi’ fruit during the
maturing stage was similar in both control and 15-25C, but slower in
18-28C. The sugar content in fruits at harvest reduced due to the advanced

harvest as air temperature during the early growth stage increases.

2.6. The titratable acidity in all cultivars decreased as air temperature

during the early growth stage increases.

2.7. The results of this study suggest that the appropriate heating
temperature during the early growth stage in 'Shiranuhi’ was about 15T in

the night.

2.8. The relative humidity in plastic film house tended to increase as air
temperature during the maturing stage increases, indicating about 70% in
control and 90% in 10-20C. The relative humidity during the day in three
treatments did not change, except for a decrease in 3~5 PM readings in all

the treatments.

2.9. The sugar content was not affected by temperature during the
maturing stage. However, the concentration and percentage of glucose and
fructose to total sugar decreased, but those of sucrose increased as air

temperature increases.

2.10. The titratable acidity and total organic acid had a decreasing tendency

as air temperature during the maturing stage increases. The concentration of
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organic acid decreased significantly with high temperature, indicating that the
concentration and percentage of citric acid to total organic acid decreased, but
those of malic acid increased as air temperature during the maturing stage

ncreases.

2.11. The rate of rotted fruit increased significantly, with decreasing Hunter

b" value as air temperature during the maturing stage increases.

3. Changes in sugar and organic acid composition and activities of

related enzymes during fruit maturation.

Changes in the free sugar and organic acid composition and activities of
related enzymes during fruit maturation in 'Shiranuhi’ were compared with
sour orange (C. aurantium L.), sucarri (C. sinensis L.) and 'Okitsu Wase’ (C

unshiu Marc.) grown in plastic film house.

3.1. The juice Brix of 'Shiranuhi’ fruit was the highest throughout all
stages in four cultivars. The titratable acidity was highest in sour orange

fruit and the lowest in succari.

3.2. The concentration of total sugar in 'Shiranuhi’ was lower than that of
sucarri, in spite of the highest juice Brix reading in ’'Shiranuhi’. Moreover,
sucarri fruit had the highest free sugar concentration, particularly the glucose
and fructose concentration among the four cultivars evaluated and this
tendency persisted throughout fruit maturation. The concentrations of sucrose

in 'Shiranuhi’ and 'Okitsu Wase’ were high throughout all stages.

3.3. The concentration of total organic acid in 'Shiranuhi’ fruit was in
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between the levels of succari and sour orange, but malic acid was higher

than in sour orange in December.

34. The activities of sucrose synthase (SS) and sucrose-phosphate
phosphatase (SPP) tended to increase as total sugar content increases and
citric acid content decreases. SS activity in 'Shiranuhi’ was higher than in
'Okitsu Wase' and sour orange, but was not different with succari. SPP
activity in 'Shiranuhi’ was similar to ’'Okitsu Wase’ and in between the

levels of succari and sour orange.

_ix_



List of Tables

Table 1. Bio-LC conditions for analysis of free sugar and organic acid. -+ 18

Table 1-1.

Table 1-2.

Table 1-3.

Table 1-4.

Table 1-5.

Table 1-6.

Table 2-1.

Table 2-2.

Table 2-3.

Effect of interstock on changes in fruit width of 'Shiranuhi’ in plastic
fﬂm house‘ ................................................................................................... 26

Effect of interstock on changes in fruit weight of 'Shiranuhi’ in plastic
fﬂm house‘ ................................................................................................... 26

Effect of interstock on changes in flesh rate of 'Shiranuhi’ in plastic
fﬂm house‘ .................................................................................................. 27

Effect of interstock on changes in Hunter a” value of peel of ’Shiranuhi’

in plaStiC fﬂm hOUSG. .................................................................................. 27

Effect of interstock on changes in juice Brix of '‘Shiranuhi’ in plastic
fﬂm hOUSG. .................................................................................................. 28

Effect of interstock on changes in concentration of free sugars in

the fruit juice of 'Shiranuhi’ in plastic film house. «=---sooeeeeeeeeeeees 32

Effect of temperature during the early growth stage on the vegetative

growth of three citrus cultivars in plastic film house. «eeeeeeeeeeeees 52

Effect of temperature during the early growth stage on the apparent

photosynthetic rate of three citrus cultivars in plastic film house. 53

Effect of temperature during the early growth stage on the flowering

and fruiting of three citrus cultivars in plastic film house. - 55



Table 2-4.

Table 2-5.

Table 2-6.

Table 2-7.

Effect of temperature during the maturing stage on sugar content in
the fruit juice of 'Shiranuhi’ in plastic film house. «++esoeeeeseeeeeessene 71

Effect of temperature during the maturing stage on the content of

organic acid in the fruit juice of 'Shiranuhi’ in plastic film house. 72

Effect of temperature during the maturing stage on the fruit rot
Of ’Shiranuhi’ in plaStiC fﬂm house‘ .................................................. 73

Effect of temperature during the maturing stage on the peel

chromaticity of 'Shiranuhi’ in plastic film house. wooeeeeeeremeeeeeeeee 74

_Xi_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of Figures

1-1. Seasonal changes in titratable acidity of the fruit juice of ‘Shiranuhi’

as affected by interstock in plastic film house. -woeseeeeeeremseeeeeenes 30

1-2. Seasonal changes in Brix—acid ratio of the fruit juice of ‘Shiranuhi’

as affected by interstock in plastic film house. =ooreeeeeeeemsreeeeenneens 30

1-3. Effect of the kinds of rootstock on the trunk diameter of 2001-grafted

‘Shiranuhi’ Seedhng in plaStiC fﬂm hOUSG. ............................................ 34

1-4. Effect of the kinds of rootstock on the spring shoot length of 2001-

grafted ‘Shiranuhi’ seedling in plastic film house. - 34

1-5. Effect of the kinds of rootstock on the tree height of 2001-grafted

‘Shiranuhi’ Seedling in plaStiC fﬂm hOUSG. ........................................... 35

1-6. Effect of the kinds of rootstock on the tree width of 2001-grafted

‘Shiranuhi’ Seedhng in plaStiC fﬂm hOUSG. ............................................ 35

1-7. Effect of the kinds of rootstock on the fruit width of 2001-grafted

‘Shiranuhi’ Seedhng in DlaStiC fﬂm house‘ ........................................... 37

1-8. Effect of the kinds of rootstock on the fruit height of 2001-grafted

‘Shiranuhi’ Seedling in plaStiC Il house, wereereereereremresresrniiininin. 37

1-9. Effect of the kinds of rootstock on the fruit shape index of 2001-

grafted ‘Shiranuhi’ seedling in plastic film house. «eeeeeeeeememen. 38

1-10. Effect of the kinds of rootstock on the fruit weight of 2001-grafted

‘Shiranuhi’ Seedling in plaStiC fllm house, «teereerrerrsrserereenmnianininnan. 38

= Xii -



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1-11.

1-12.

1-13.

1-14.

1-15.

1-16.

1-17.

1-18.

1-19.

2-1.

Effect of the kinds of rootstock on the number of fruits per tree

of 2001-grafted ‘Shiranuhi’ seedling in plastic film house. - 40

Effect of the kinds of rootstock on the fruit yield per tree of 2001-
grafted ‘Shiranuhi’ seedling in plastic film house. = 40

Effect of the kinds of rootstock on the juice Brix of 2001-grafted

‘Shiranuhi’ Seedling in plaStiC fﬂm house‘ ......................................... 42

Effect of the kinds of rootstock on the titratable acidity of the fruit
juice of 2001-grafted ‘Shiranuhi’ seedling in plastic film house. - 42

Effect of the kinds of rootstock on the Brix-acid ratio of the fruit
juice of 2001-grafted ‘Shiranuhi’ seedling in plastic film house. 43

Effect of the kinds of rootstock on the concentration of free sugars

of 2001-grafted ‘Shiranuhi’ seedling in plastic film house in 2005. 44

Effect of the kinds of rootstock on the concentration of organic acids
in the fruit juice of 2001-grafted ‘Shiranuhi’ seedling in plastic film
hOUSG in 2005 ............................................................................................. 44

Effect of the kinds of rootstock on the activities of sucrose synthase
(SS) in the fruit juice of 2001-grafted ‘Shiranuhi’ seedling in plastic
fﬂm house‘ ................................................................................................... 47

Effect of the kinds of rootstock on the activities of sucrose-phosphate
phosphatase (SPP) in the fruit juice of 2001-grafted ‘Shiranuhi’

Seedling in plastic 1IN OUSE, oererrerreeremremrenetontitiitiiiiiiiiiiiitiinineeaaee 48

Seasonal changes in mean air temperature as affected by the different

heating treatments during the early growth stage in plastic film

- xiii -



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

2-2. Effect of temperature during the early growth stage on the fruit growth

of ‘Shiranuhi’ in plaStiC I OUSE, worrerrerrereereereereerenriiiiiiiiiiineaee 57

2-3. Effect of temperature during the early growth stage on the fruit

grOWth Of ‘I{iyomi’ in plaStiC fﬂm house‘ ........................................... 58

2-4. Effect of temperature during the early growth stage on the fruit

growth of ‘T'sunogaori’ in plastic film house. «eeeremremereeemiinn. 59
2-5. The distribution of fruits by size in three citrus cultivars as affected

by heating temperature during the early growth stage in plastic film
2-6. Changes in fruit weight of three citrus cultivars as affected by heating

treatments during the early growth stage in plastic film house. - 63

2-"7. Changes in juice Brix of three citrus cultivars as affected by heating

treatments during the early growth stage in plastic film house. - 65
2-8. Changes in titratable acidity of the fruit juice of three citrus cultivars
as affected by heating treatments during the early growth stage in

DlaStiC fﬂm hOUS@. ....................................................................................... 66

2-9. Seasonal changes in mean air temperature as affected by different

heating treatments during the maturing stage in the plastic film house. 69

2-10. Daily changes in air temperature as affected by different heating

treatments in plastic film house on January 13, 2004. «««ceeeeeeeeeeeees 69

2-11. Seasonal changes in relative humidity as affected by different heating

treatments during the maturing stage in plastic film house. === 70

2-12. Daily changes in relative humidity as affected by different heating

treatments in plastic film house on January 13, 2004. «:+--seeeeeeeeess 70

- Xiv -



Fig. 3-1. Seasonal changes in peel color, juice Brix, titratable acidity, and juice

Fig

Fig.

Fig.

Fig.

pH of four citrus cultivars grown in plastic film house. «++++ssssoeeee 76

. 3-2. Seasonal changes in concentration of free sugar in the fruit juice

3-3.

3-4.

3-5.

of four citrus cultivars in plastic film house. «rereeeermmnennnn.. 78

Seasonal changes in concentration of organic acid in the fruit juice

of four citrus cultivars in plastic film house. e 80

Seasonal changes in sucrose synthase (SS) activities in the fruit juice

Of fOUr CitrUS CUltivarS in plaStiC fﬂm hOUSG. ........................................ 82

Seasonal changes in sucrose—phosphate phosphatase (SPP) activities

in the fruit juice of four citrus cultivars in plastic film house. «---- 84

- XV -



e AFdsE Fod ofer] wiEel AAHom FHA TR0l 7T
2 N= 31 o™ (Davieset Albrigo, 1994), $-2]ugkel A=

71 7F gk Jaliqh Aok Al FA oA Ak gl
<2 153~16.2C(Jeju Regional Meteorological
Office, 2006)% z=Aw# T F& Aol AT sk Aujrt

=,
X
N
!
N
=

AFEEAA S AFT ]

AurstE WA a1k [(Citrus unshiu x C. sinensis) x C. reticulata)l, ¥ R.(C.
unshiu x C. sinensis), H:2&(C unshiu x C. sinensis) x C. unshiu Marc.)],
#WI(C unshiu x C. sinensis) x C reticulata)l & F%° %3 FF=
Z=dE AuiE o ek o] T AHIkE 1990 2HE A ] Al skl uid
A HA . Aol FrbEI 9lom 20059l HA EAAAA Y 5%
AE<Ql 1,103hacl A 15300=°] AJ4ks a1 Jok(Citrus Marking &  Shiping

Association, 2006). °©]<} o] Ak AulHAA I ArEo] FUleleE A2
eAA =4 2 g2 AAYLAE FF FUtA JE AAHo] FIlFEE &F

Aol diA FFo= A7I7F A7l wWEdd Ae=E ZAEUATHThe Bank of
Korea, 2003).

TEkE  BA Rl 1972\ @hel A 35 B2(Citrus
reticulata)= WA SAHAew A THEAEANEE FEe HE

125~15.8°Brix® U & 7t EZFHtl =2 Hola 3}

(1
=2
rlr
o\
_|>i
N
Y
lo,
g0
o
H

ka7 go] sk Wk ofyg} A7]E 7FA AL ) tH(Matsumoto, 2001).

THIkE 2FEAET o] ofste] 4
Fot 3T ol Al F= Aue=d Age] wep s 3 JEAEFE
ol 7 Atk o wimel w=AAE 7 iFE Aol W (Kawase, 1999),
FeEluetll = =Aol A AAAor Auistz]7E o H 9] o]l sh-g-2aol A
A v ¥ o} (Citrus Marking & Shiping Association, 2006).

Hit =% 165T o, HA7I=

-



olu g} #Au| 7t U5 Elo]

LN

HH

T A7 kA=

°

]—%i Oﬂ /\-] ZH HH

°

=

=

NHTK

Hox o N
J — N
vEEE wy_mﬂwﬂ%&ﬁyo}
~ o —~
I ma%ﬁmqaoﬂmﬁ%zgq
o mow = CCE K o5 o X o M SR ) ,
L o oo ix,%@é/uz% T o P o
~X e] == \U| S.L ]_/_Al — 0 AT o] \H_Tﬂ —_ o K —r Mﬂ mnAO s _E ‘:L
Hir ~ 21 X =o ™ | g = R = (= _ 7 N B T
W% X = ' R - IR N N B T
63 o A B = o (e = = do o g 8 - 5 ~ Nk ~ o =
= B sl L —~ o < 0 < m < 3 < mo o o
~ . 32 & o ow O = g x & X B <R IS i
o N3 T & F o\ <A R #om I e e # 2
PR agﬂsﬁmymﬂim%mmg@z B F T _ g
o o o = o 3 e PO A ) A Mo il P T w >
awqm T E T " b gt B o W ﬂﬁﬂaa%w%
. o ey ~ por— RRCE: ] H I s
& Mo LW o.M m ww % N M & e Mu RT g W] R = <u e W x
S Hr o= T X o MAw@@ﬂ_d@@aH " o N
— = x KB W o 21 WY 10 e = = &G to o Ne =0 ==
T ! @HA%JX_ZT 50 T ToE &
ey a ﬁﬁu T o - ™ok e e & AE €3 M Mo X “ now
AL - y o —_ ) ,.L.
Wa@fﬁ_@%? R ] B \ U et o B9 o
< = W T = = = T el RN A ﬂr I\ o - i OIS T
SN2 — K o of Mo w. ge > ) = K r w o B om <
%ﬂ_fmo%mﬁh%m jzwgmﬂ%ﬂmﬁm i )
— L e y T
MQM%%%ﬂ@ﬂﬂi%&@W%%%Oxo ﬂ%mﬂﬂﬂ%
o< OL K ﬂ = ,NL UT 5 4 :i N = = g w.:.u ﬂ Orl 1__/| ,AE wlArL
0 oo D R o of W L ) - S s G 0
T o oy P I S R #oa S i SO G Az
o —~ ‘Ur o ,ﬁ i xR Gl o= S ﬂ U~ w.;.u e o M_W A ,Ur ‘Wo ‘ﬂl
Bl sds 7w N, C 5o
p E B N o W K —— 5 Jo = W O3 - -
waqw%Mﬂ}@ ﬁﬂﬂwwgi@ﬁooﬁ_mﬂmx1 B
i Gl O PR3\ O A A T BNk
7Eoﬂaoya,_zﬂoq Wl G ﬂ_:ﬁmxiefﬂ1a%
PR R T 1%#mamﬂa%
o Moo OB o s oy X 5 g N R G
o = N © o aroR L > = B S -~ & B/ o =
o N oo o o= Mo Mo do oyl o U X o T o
_ 0 X0 -~ 5 . 1__/l E.u — E = U E = Lf = iUA z E = o<
AT U_x ‘_l_,_AI ,N _,_A/T ,ﬂl,._ ,UI E E W;.U ﬂ_OI 0o - __ﬁ X o ﬂa Ml_.x x — $ ﬂﬂ/” ‘El N
%ﬂaﬁﬁ##ﬂm ovz%lmx %ﬂmﬁﬂm
T v ook @ & o= o o o S SR~ 7 8
T T T ERXES RS
wro S ur = X M IS
N —_—
I= ﬂ_wﬂ =

O,

73@}‘;(4(}{
; Koh &, 1998), A]H]



1991; Tachibana, 1996; Tachibana®} Yahata, 1998; Tomida, 1972), d}-5-2~ =juj
(Kawano, 1984; Moon -5, 1995), =3 Al#}(Yakushiji &, 1992), =2o|%
vl (Kawano, 1988, Kim 5, 2000) & 3WeletA HAESHJ=d HHIKkANA
G AF 24 B A 54 gtk Ao SEA X dA ol

of A= MHIKY FAAYE R AAFHA HA= 1
HEol A% 7] 2 %7 2x9 9IS 78t & H A 24 #-
TagARe] #AE FEste] 5% 1Ed HEAANE 9F V120 ARE

A7) Sl =@ = AT



0. d5A

1 5o GE A% L HAE

L1 STdEY 9%

AAA ZE< E(Citrus spp.)S TFE ZHEo] vlg)] durH oz ASo] =1
A7) Eelr|7hA] oW 7ol A9 FHT] wEd EEES A e A
AA A o] A A &t} o] Wi FUHE S o] &3 wHPAL HnF

"ozl el FBol swen Fdel FRHE 5 odARE de

o] 850} & FZ 7 " olth(Sanderson %, 2005). FrtjEo] HEEZ
&

1996) & ©E FFolAE AFHo $v=d AHEAAAE o FF ZFAA
HEXo it}

Makita®} Hara(1979)+= JIEFER, AW, EZWELAA] jElEeA A,
Hr M= FhdEe] RAFdd nXe @& mnsa i 275 Es

S7HA AT 8k, Camara 5(2003, 2004)2 FelevdtED tiEd 2 H

—

a8y AN ES SRR oE ARY AF

At Castle?t Krezdorn(1992)2 d@lZoll A Tk BAE TR ECR o] &3 &
Wy FopA ANt sy RAFAE WEA gt sialon,
Ashkenazi 5(1993)2 AR #A] &

ste] m7 WOt e nHF AW F

4

=)
2 47 672%9 100%=  FUES ARES o] yFAT| 7}
Hdotar &Htt Girardi®l Filho(2006)% F7rti&o] oz} #Heke dl ) 9

U3 Aol zpolzt vt d¢lew, Morimoto 5 (1983)& &3zt B,

o
ot

1

N
P
>



SEM 2O 5E SUYEeR sto] dEedx, g 2 RS
Ealdls W 25Uy Swie HJeETe Fae AFd 2 99
nHou gRE AW EXSAS et stk o] 9ol Fkd
d 32 Yakushiji(2002)7F B A THE SFd ol AW, K,
7k W, AR E 2 Rk 58 agste] 54S AR 29 Y
SO ED 2 Aolrh AT &ew  Gil-Izquierdo 5(2004)&  #l-¢]
R wole 3RS SIFA7I7] flste]l 2 TR tiEel T FIUEE
£33 Ay HEAHMY FUHFA A
ol WU AAT ZErRwol= o] Z7E AT U AE Q3| H
aE Aekal shel
Okasima 5(1998)¥ Uchino %&(1998)¢] 7}&3t$-22 Wl AFEIkAAE 2F
=

o8
S|

i)
4
o

o\

o

=

FTF

(o]

N
o=

ZHAaE AAxEQca =0 Kitazono(2001)=

AEKAA FAA FFH AT Abelol Fo AdFATE dEET L Bk

A4y 3, 4555, FAFE, F2A9Y HIAAY T oy WHeA
S35l (Ferguson?} Charparro, 2004) Al5<¢] 7|43 Edx7dd AH3gschan

defA vk 2y mEel wmebA s ’Abel fF53 Ao] HAdEHES FAN

AFFEZ = 19079 s FdA e T vladAx
BAXHog fEorg olfgd AL 1980 o] Fo|t}(Castle’} Stover, 2001).

Castle®} Stover(2001)+= 293 AEFHZ7F Z7|vlEH, EQ 2H A vfo]g 2~



E3F Roose (1989)& 2912 AIFFH=R7E dddde]l Zsivtar gloH
Roose®t Kupper(1992)= WA A oz HEEF 4 F7MAAT skt
A EFAT BASe] Shaked 5(1992)2 AFFE] x| e} wv|&Ete] =2
FrFAZS BAE gEoR ARYS W 2Yge AFFEEREE 8x4 Hu
A= 4 kel BEEF Eual sl HlE wiAkel H
%A 7t Economides®t Gregoriou(1993) A9 & A FFHA=E

v gixldoz 784 ngdE AF shaFo] Egktha it o
AlFFE R 52 Hsjole Ao A tAlFoR s T AFHTE Ha
(Silva &, 1984)% 2t}

Takishita 5(2000)2 2=9= Al FFHZ

=AY AEke U S SAAATA S e, Takahara 5 (2000)<
RHIKE ol &sto] F7F2 ahfzolA sHEel] Aste] AFE A3 2=
Al FFAZIE B2 di o] Hls) Aol Ao A o] AAHAHD

st =3 Han(2001) 252729 5oz gz Mg, 293 AT

u
ARE e w Aol gAstL vt Ethal d3lem, Noda S(2001a)
ST WIFES 7THE diEd HEs] FEs 2AE 2
2 AFFaE 3l s eeoivs B FFEG
Ao s QAadA A agds AFFERAA @t
Noda 5(2001b) 7iE, B 292 AFFEE dE5S Husils W =92
FHlzoA Aol &Add #W oiY} T/REol E:a A A

=
243 S = EQl(Sakurai 5, 1985) abscissic acid(ABA) geFo] urkthar

Al FEFAEQl A ¢ Kawase S (1987)2 (AF7HS AlFobAke] HESGS u
FAZE FAE iAot s dl, Kojima 5(1995)  AlFeRAR7F
B z2tR ) Aol GAds AL ABA & A Sto] 7|dtia sl djE 3 ABA



gtk zlo] #Eo] g Aoz A9t Takahara 5(2000)% RE1K 7S
ohp-2ol A BHEE o] &F Al A AlFeRATE ’A e nlE] ui Aol

o,
o,
ol

P F59 A s AAARAAR sAld 9 FEE ARG
e, Inoue (200D)%= £ ZAIysE B w9ty 2k Matsumoto
S(2004) ®ASE AlFeAEE o8] AETL FEo J AF S AN A
Zpo]7F JATAL sto] FF Ibol|l Aol 7h Ade& AAFSEIT

Ao R BA7E 2R3l dA YEoew B HEVE Ho
Aol WolAlgow ZhgE wiie] ol &St uFIF Aopx i
HAFAE FEH7] el gty dFo= Fasvta delx dvk(Yahata
5, 2003). Ashkenazi 5(1992)2 TRfiE ti&Fo] UFA7]E 30~50% FAAFH T
skl o™ Kobayashi 5(1995)% /Mol g & =A<t vl
A%g el stk Kang 50005 ZEAde 4dss 9l

e
i)
=
s
rlo
oL,

S M GBS olgstel Hmlyk, FUEAS AEAL A% 2 HUSHL
AES A3 A REAA 2ol meAw 27 Aoy, AAF @ FFol
Z748 ® b BEE F7bso] oz A dutam starh ey

Takahara (1994, 19952 Q. @A|¢f =Lz AFoA JRiE HELS =79
U7 Agststa AZE HeiAl7] 7] dEel ZHFE A7 Aok
Uiy e EfZHA mlolHidd e fHo] AAAHI Aurt Erbed

|

FZAAE ARgol B7FsstAL FhEE, B3 AJ[E™A Feo] uiEAsitia
&t ot

o] 9ol%= Tkeda(1990)= HILEME HI FFTOZ dto] =€z FFHUZ
HAFAS v Ay diied we d= 9@ A el zbelzb it
st th Tuzeu 5(1992a) FH7 # =S FAbe] HESI9S TEY FHo]
FAHATEL 9o Tuzcu 5(1992b)2 AAHE YEodAA 9 TEo7A
ke, gtz ERolo]  AE#XA, ARFHEI 1452 =

o
Mutetgd o H Bowman¥ Rouse(2006)&= "ol HEEFo
= US-812 th&< 7BEs vp o

=+

7N
H| & 53] AFrd s F8 g FFo|AT H

32



eFagelt Fak SANE FAZ k@ ol EHoly] MR oF ued
fskth, AFAAE W FQ0De] e 2R
2olo] NEWA, C-35 AENA, 7Aux, 29T AFTAR, Ao,

v FHEAL wiZzd dE5s s o A iskEA Akk el

\&}

CeEd ME FAY % FUED

2.1. &ol, A% R IFVF

aEY AR x2S HA  125~130TC, HA  23.0~340C, Hxn
37.0~39.0C Hx=o|m(Webber, 1948) Aol we} 44 2=+ o4& Ae=
dHA dnt AES AAHA F2 UFolAs A ol 227 HWE Ao
Wopsto] A4 7|ko] At vy 2 Alee] HopolA thA] ho}stA] Rh(Inoue 2t
Harada, 1988) o} A|7|u Azte] AFF7]= Aol wel A A ¢ i(Kihara,
191) 2 =71 22 AFLdFSF Yol= wWE Ao=Z dHA Ut

eFUAA wols 229 G

filo
&2

o] WA wk(Inoue, 1990b; Moon¥} Kim,

2001) ol WL LE: AR Gk AFEY A e BolrlA 4

e

ieh

22 10T ooz Y i(Kim, 2002). =FL A4S dolr) FA 3
T Axe zmd Hestd AAEA Holstir(Kadoya, 1991),
dtol7l & ¢t¥ = A9 6-benzylaminopurine(BA) 9 AEZAAZAAS
Agstd wolrl =2 EHZhuet Matsumoto, 1987; Zhu %, 1989). Inoue$}
Harada(1988)«= x4 194 S5 15, 20, 25, 30C -4 A|oj A o] Fof &

~9NE Auiste] AlS] AR FE Fo RIS Ay

BN
0
ol
ol
2
2
\1



AaEe 720l &5 syt FXH = (Bustan® Goldschmidt, 1998;
Kobayashi &, 1967; Moon¥ Kim, 2001; Moon %, 2001), Okada(1985)+= 7]
25Col A A2 12C9 2xzx7o] &3S wA 3vtar 32t} Inoue(1990b)=

TS ol &dtel 12¢€5E 3¥€7bA 4MYzE 0, 5, 10, 15C9 oA
Al A4 257 =855 s ®EA] 15T T E =A4 BT BUHE
wertky ekl ®£3 Moond Kim(2001)& £59zF k92 ueA 19
TR HAAR 15, 17, 19C= 7+ed A$ 19T 7FeT9 A7 17C
7hetoll mls) 8Y, 15C 7F& el Hl&] 199 kvl & Sich

Poerwanto®} Inoue(1990)= 97 /3% Aeld wWsle]  w X =
7FedE 7123 Ao gkS Ay B Ay 7)o 7o AL AL 15ClA

0T == 9 olssl =9 v+ dastal 7|2k 30CTE =4 A7

kel
= U
Nz 54 2 sob walsh wee wAsh waste] AT A3 LEs

5 Bed WA wEn AGVRE HI oEE WAAAY A%

AAZIZE g Aohal 3T gk I5TTFoA = deaeS SAA & A57t
Ao 20ToAE FH3F HE&o] =i 25T9 30TCAdAAE AFE0]
A AR RAAR stE = FASA FATL s =H 20CT/A = o]
ARG 1 ool A= 3 5o YUzl aairt = o] w@ol
ATt Stk Yamanishi(1994)= 3hdo] Aj2l¥ &9 o] &3sto] 49

Yo & FAAG F g g S A A 22U 2S5 257
Hastal £ FAR Aoy o AgES FrrskA vk qith

=7 By AR = d8e] Wste] Bevington¥ Castle(1985)2
el AR EG2EUF 27C ol dd wf yP fASlaL 22T olstel A=
AaEAEH AGE Aol Agte wtelw ¥Ele 3 R AHES
ZFadta sl ew, Elfving® Kaufmann(1972)& rallAjolQ Al x| oA EoF
>7F 15T olstz Wer7kd Bl o3 EfFR 5 HaEo] Aiol
AoA Hem™, Inoue®t Harada(1988) % &FHito|A] %71 855 e 9
S S H Ao skl



2.2. 3497

e a2oA 937t @ow(Bustan® Goldschmidt, 1998; Kobayashi 5,
1967; Kihara®} Konaka, 2000) Qubd 022 22o] o] mw 27| Y7t Z7}3hd]
&8 rolx th(Guardiola, 1981; Takagi %, 1987).

L

ao oF Y4yt FXEE olf =2 Bustan®  Goldschmidt(1998)+=
adel =25 FE= vid 20,000~50,00070¢) & d5-Aw 2 Fol 05~25%7}
FE7]e) ded A o AA gesE v e 10~20%7F st
FaElez )3 Foke] mjd o] a7 it ©@FIEdS mjd Ao 93
AitE = grstERT B o
SN NSNS GSAA H3E ST ATk

Inoue(1989) = <=7t &5 23479 FHZ ol 37| HF
Me7kA o] A AR =S Aopx|=H Hito] H¥FS W= A9
Ay A7|% Fopxlom o] AL fF{istEtk AHsleA FElo] UEuTia

sttt Takagi 5 (1982)

4

rlo
rfo
N
)
N
=2
>
=
o
~
=
o
lo,

23 3L A F4

Nii 5(1970)2 =%7F A=F47e vy 9 FHd vX+s TS
Tl 15, 20, 25, 30CT= vFo] AReE A JAd Y 2 FHAAGES
20C, 25CeolA 714 <3 FTAvd= 22F95E %27 Utsunomiya

5(1982)8 eFwzt Ao £wE 15 23, 30CE Aojste] #ae] v thA &3}

30Col A ZhHgivkar ek Nii 5197002 =547 559 3 &3S 20T
Ao A Z7FEar 2 ke ngir]dE 25T, A%7ldE 20~25ToA %
AasAAT 15, 30T E A #askA Zdvta 9o, Utsunomiya

A
S(1982) HFTe FrI FEE HE2EVF meas W T dES
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Yamanishi(1994)

ol

PR o™ Mukai 5(1992)

S

L

o

o

2 3}

?:51_

=
=

15-20C A g

Fol  20-257C,

S

_(H

15-20C A el A A th7F & =a 3

NR

el

!

%

B!
e

o
!

7o

HK

Iwagaki®}  Hirose(1980) %=

(Richardson®} Blank, 1996),

ol w2
7N 3kA 7] 9F

13
=

TR

=9

4817] 7%

(1997)2  W7H 7] 5-E

=N
[¢)

Richardson

< 7Fsl s o
8~ 14F7}#]

-
1

Morinaga®} Tkeda(1991)

1

%)

bl ot

)

FAYEY oina

ds7]el=

o

o

o)

ﬁo
B

o
Nd

—

1

AWM = 2

314 4 o]

Zhatsietal skl

=
o

=
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1990)
gko] 7} oot (Syvertsend
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2w ohig
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Fo
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ol
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Albrigo, 1980) Iwagaki®} Kato(1982)%= %, =7 Astd 3}

ol

!

el
;OO

jgasel

o

!

92 =

5541 9]

S
T

(1972)

p=2
o

Matsumoto

3 200m
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-
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7

i

2 7}
e

]

TH BT BWb e E ST seH 2R veas At
7t

b= lelgta & 5 drh

i
of\
Ol

3.7 H49 F H A FFY A¥EL €4
e BFe 9 2
VA wSEdn ol F A A T(Bak, 1994). Ao G
FHEALE =2 75~80%5 A et=t, #5, s, Auied 31 A 5ol
gt ge@th(Davies®t  Albrigo, 1994). #H& 359 @& A (sucrose),
T2 (glucose), T (fructose) &2 o] FolAw AL olA7AE= Ao 2o
H&2 SAHG7E As717F AR EWEA 2] fJA el FA438 F7haH
A (Han &, 1970; Mataa &, 1996; Mukai &, 2000; Song, 1997; Song¥ Ko,
1997; Takebayashi %, 1992; Ting¥} Attaway, 1971). 2327 35 F9 9
g F7he 8974 FH AAEo 99FH 109l ol FUistEdl 8€F
9ddle= LD STt o3 H"ol FUMEI 10¥FEHE v 3ol

<7 s H(Iwagaki &, 1981) AFFel Aol da=HA= wWHFH ALE W
I

rlo
A
1t
ik
Ho
A
An
i
2
X
™,

How Frhetal A2 g

N

k)

Fe

ol
il
o,
A
i)
i,
.~
>,
N
X,
ro
&
Z
o
@)
o
5
o
o
—
o)
(0%e)
x

iga ohel = sk =E e
el wgo waEl asle] S| FAMoR FAbEe 1% u9rt
HAt(Iwagaki &, 1981). & IFFY F7I42 oA dFHol2 G/rE H5
TAA FEE AR SATAREGo] ALFAA f71AEe] A Fad
AEE sted ALt Aol e A IS 7)) Ak AExE Al
AAARS JA st 879 A T=E FAaAZItH(Sadka 5, 2000, Yamagi,

=
Wa o ueoll wpde] dd fiAY dpde] Hle] w=Fd Ao wet
g th(Daito &, 1981, Kim, 2002, Mukai &, 2000; Sites®} Reitz, 1949;
Syvertsen®}  Albrigo, 1980). Richardson %(1997)& Al A sl (e 2 A )=
A wlE] & e oAb §heko]l whE el AAE = o Y
!
g ek Aolrh gllvbar sklvh. L2y Utsunomiya 5 (1982)2

Zole AdgEe] Zo0 g Aoln A FFelM FANEe 28 7

o
o

rr

_12_



ARt Ao A% Skl 7190 thH(Hockema®l Echeverria, 2001; Moon,
2001; Mukai &, 1996; Yakushiji &, 1996). #2e] ¥-9jo] mape 7 243
Tt @efA =), 7 RE B A FHET B R A = oW (Haas¢t Klotz,
1935, Song &, 1998), FTAFHUT AR P FoA PGS v
H 32 = 3} A tH(Ting, 1969).

e e F2 AT FE(Moriguchi, 19972
Pzl o HAFet A A AP A4 EHAR= AAMAE
s e A A Fokrh. AW T A2 o ARF 2 A 3 £
A Frol Fuje] oste] ALY kom o] HFHEU, olwf AEE
At o] &  sucrose synthase(SS. EC  24.1.13)9F acid invertase(EC
3.21.26)7} unloading=S ZZ&tA ¥ a1, A¥ZAo| FEA3}i= sucrose phosphate
synthase (SPS. EC.24.1.14)¢} SSel 93] Age& AqgAEn HEZHoz H=E
W pHeF A ¥ adenosine triphosphatase(ATPase)o] Zgo w2 oY Lo 7
A#E o (Hockema®t Echeverria, 2001; Koch®} Avigne, 1990; Kubo %, 2001;
Song &, 1998; TomLinson &, 1991; Winter &, 1997).

dEoME F2 ATY I ZFi 5 BFIE it #odstes 24
Z oA SS, SPS ¥ invertase? 37}#] &47F YA g4A = dHAH gH(Akira T,
1999; Candance ‘s, 1987, Patricia &, 1991). AFd9] 42> SS9} SPSell <)3|
o] Fo]x|=1|, SS* uridine-5'-diphosphoglucose (UDPG)9} #3S o] &3to] 23}
uridine-5'-diphosphate(UDP)E &A3t7|= sla, WhE A4S Tedy
ygFog Easr|% Fvh(Hockema®t Echeverria, 2001; Winter %, 1997).
Aoz ofydely AL TGS FEaste]l MEe T Al o] g5
ol S Esleks SSGEsl s )k invertase®] &40l =A YEUY A5

A A FAdAe RS FAske SSEHEE)S SPSe &Aool =

_13_



SS AL %7 HuA B4l FAsAG ga wmE A8 & A
Hubbard &(1991)& H<Eol, 27|, ¥il SolA AsdAe wE SS 48
BAG A3t Bgold M Ss @Hel A%FA wek Frstm, @]
guo A gasAG A wsA ggda sgth Kubo 52000
eFagM Fupprtel e 7o 4 T YYOR SS BYL #
Hapigo] ge oA SS Bye] wgtom WE AelA A&7l @55 1

g ZFUstdvta &gtk 28y Richardson $(1997)& &3 7kol A

O

1%
ro
i)
i)

BEU SS FAHL wE 11F5E 27187 AFgoy s 253
AP 393, Lowell 5(1989)% 1#o]ZEFEA #&FY SS FAHL
QEVYV|AA = FrbetebE AE7)7E Hw fAsiddtia STk Song

Ko(1997) %= 'Z&llAoteall#] Ao A dF SS &4 o] gl we
daEe Aot sied B FEH FoHd AuS e A=
eyt a8y edllx FEEEs A9 FEFY SS g4 el fYE
ol daaAZt BEHATIL sl

Winter 5(1997)2 SS+& FiAo=z Agdury Astste] AlZu FdiALe}
AAFAG st9aL, Winter?t Huber(2000)= SS+= AEZde] 33+ 7HEd,

AFA A%Y, A9 s A I Fet EADL AU G

1

A Zds 2dstr] wjEo] AGEEd TAES AE 73 2 US5E
zA3Ed $23% IS PR Surm® Tang, 1999). 3 SS&= ©e
A& AP AL EE AAHFAA2]  loading % unloading,
TEFAANA S &= 5 &Eufol] wofdtha dH A Qlth(Balibrea T, 1996;
Moriguchi, 1997).

SPS+  fructose-6-phosphate(F6P)¢} UDPGE  ©|83}4] sucrose-6-Phosphate
(S6P)E  &A3tH, sucrose-phosphate phosphatase(SPP, EC 3.1.324)c 2]&f
HEHoZ fFE Aol FAEHLunn &, 2000). SPSE Y AEAAAE

=
=
F4Y3 MBYFY F b Gz AL, 3 2 L Fe BPacl

it

wtg} Al o] zo]= M lti(Doehlert®t Huber, 1983; Komatsu %, 1999). SPS+
RS Fete] AFFEA oA FLI FTS FtedH 53] Aoy
=

g 238kl 1 540 dddntal 4 A e (Moriguchi, 1997;



Tzur 5, 1992) & FAxHAe SPSE Aol o] we} 2
gdol F7ket=d o7l Citrus SPS1 f+xdx7F @3FS v ItH(Akira s,
1999). ¥y Kubo w(2001) SFE3elA SPSw= SSel Hl&| &Aoo
vmlst ASaA ] Mk = 2ol 7 glithal shalvh

HE W I A2 As FdF AXW CduAs TEste 78 "95dte

e o] L (Echeverria®} Valich, 1988) x2S F3k o3 tAlE2 o] o]

s
X
>
ke
i
)
>~
>
il
BN
i)
ol
ol
of\
fo
rol
e
]
o
rol
iu}
5Q
ke
=)
rlo
o2
oX,
>

THY H HZ, V-ATPase®t HE ddsi= F7] V-PPased 28 9
wEd ol H 71g7]el s dAx oz EHo] olFsted IAw
NIAYS FHF3L(Rea®t Sanders, 1987; Brune 5, 1998), T3+ HAX U H

7]

‘
-

$7]%= sugar/H antiporter, Ca®/H' antiporter, @ NO; A4z 7L 2
AGAAE 9t YA Yoe=zr AFEHTHMaeshima 5, 1996, Nakanishi®t
Maeshima, 1998).

]

AZA oA H-ATPase == H HZE A X

MNxars ¥k M EU A7 dhel] ofe] FFe] H -ATPase 7} EA31H, ol &
Z 4¥Ay 9 dxuro] H-ATPase’}t F3 ZAEAM AX e d9¥ Y=z

EAE usted 23 9skS st (Michelet®t Boutry, 1995; Sze, 1985;
H 3% V-ATPase: 324

o
=2 =2
(Marsh %, 2000), &+ AF &3 £ AYX pHE 2= g FTTEAA =&

44 S HQtHEcheverria %, 1997). Marsh 5(2001)2 ATPE 7]|d=& 3}

2459100 PP 24| oA
Jepstin shar,

_15_



gtelo]l A H/ATPH]

gelat 29E

(2002)2  °fA =

p=2
o

Brune

(2000)  °f A]

p=2
o

}l o™, Marsh

S

W

<]

ol
K

o
!

%

o

o

fvze)

[e]
A&

3}
=

ol A V-PPase

ghelol A 7}
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[e)

BA o =o]
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A

1

B B,

FA) vl 5 7t

cv. Miyagawa Wase)
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H5o /M8 1EE(Brix) 2 AR dHS AS5FE S48 F #S5ES
U R Bol o317t Sodle HAFV7IE #AFeal AFd dES AR
B RS R 7 AT 45 1% (NH-1000, Horiba, <€) Al&3ste] A2oA ZHAH3A
Fal = 7R LG ES A e v EE YER AT

1.13. 8% &F &4

Fod TdHEHS BFS millipore filter(0.4mE 33 T 3% FHFE
o] &-3ko] 1,0008) = 2]4]3F3L DX-500 Bio-LC(Dionex, " =h)2 #2413t}

Fed s BAMeEy] 93 =522+ fructose, glucose, sucrose
(Sigma Chemical Co., GR)E AF&stdlen fEd 4S5 9% BioLC

$AZAL Table 19+ 20},

Table 1. Bio-LLC conditions for analysis of free sugar and organic acid.

Item Free sugar Organic acid
Column Carbopac TM PA1l Ionpac® ICE-AS6
Mobile phase 100mM NaOH 0.4mM Heptaflorobutyric acid
Detector INT Amperometry Conductivity
Injection volume 0.5ulL 0.5uL
Flow rate 0.6mL 0.9mL
Column temperature 28C 28C
1.2. &9 F77F AAET £ L FZ A= I

1.2.1. A8 W&

W2 (Poncirus  trifoliata), =95 ANFFHUZ(C. paradisi *x Poncirus
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WA AEFARRE 10em floM FAsglen #& Aol i1, £% F
FARZE 2AEAT 200597 20061 29 102 A HAE F3h]
FA¢E Aa FAE 2ol 79 Ao %S dEdded F3 20749

FAF, HEE,

alic, citric, oxalic acid(Sigma Chemical Co., GR)=

AbgEtg o XS 93 Bio-LC &9 %18 Table 13 7k},

3. 34 24 2 99E FF £4
Fh BN 99 dAe 2 g484 542 Hockema®t Echeverria(2001)<]
WS 47 Wdste] stk
4 AHAAF 0 E A5 242894 10719 #AEAS AFAcE S
25835t #ZE3 & ImLE 1M 3-(N-Morpholino)propanesulfonic
acid(MOPS, 75M KOH pH 80), 14mM mercaptoethanol, 4mM ethylene
glycol-bis(aminoethyl  ether)  N/NN’N' -tetraacetic  acid(EGTA), 1.5%

—

polyvinylpyrrolidone(PVP)-40¢] E¢] 91+ 1mL homogenization buffer&

o]-&3to] 50mL Hloj7jel] EF ¥ F dE A= Ay 2 As
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50mL YAEEE FERA P, 2aH5Y4E87I(Beckman TL-100, " =)=
AToA 77,000xg2 4583 A e E AAlsta A AS AHFHSIS -80Tel
BAsAurE &4 ZA4¢ o] &8kt

AR NS sephadex G25 columno] FY3ta 10mM  4(-2-hydroxyethyl)-
1-piperazeneethanesulfonic  acid(HEPES, 75M KOH pH 7.0), 2mM
dithiothreitol(DTT), ImM MgCl:¢] E°] 31+ column buffer &8 5mL% 33
AE ZHEUY columns XA EAHS AHAS AT 24 A4S
Ak A g= BT ATAA AA A

Sucrose synthase(SS, EC 2.4.1.13) &4 : IM HEPES(7.5M KOH pH
8.0), 75mM uridine-5'-diphosphoglucose(UDPG), 100mM fructose, 20mM

MgCl; ¥ 100mM NaF 7} 599+ WFS buffero] §44S ¥ 5 30C &=
incubatorel A1 100uLE 0, 30, 60, 90+ 7t4 o =2 30% KOH7} 93U+ FE
Y3 100C #2 =° 1083 AHgsgdth. 42 anthrone Al ¢Foz 40ToA

FEAAIA 620mel A FEFEE AT T FEE UEY
Sucrose-phosphate phosphatase(SPP, EC 3.1.3.24) &4 : 1M
(2-(N-Morphilino) ethanesulfonic acid(MES, pH 6.5), 20mM

40

Sh

sucrose—6-phosphate(S6P), 200mM MgCly ©] 9] 3+ buffero] A NS Y1
wRke & 50uLE 0, 30, 60 % 90% HAS=Z 72% sodium lauryl
sulfate(SDS)ell ¥ i 30C &-2olA wh&S XPA AT 6% ascorbic acid®t 1%
ammonium molybate, sodium citrate, 2% sodium metaarsenite, acetic acid<
ol-gsto] WAAIZ & 895nmell A A FFS AFetol a4 S T
a9 3 0 BSAE ol&3te] 0, 10 2 20ug - mL & EFEEAOR da

Faost WANGS Ya A 10% F 5%meld FYEE SHFach
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Table 1-1. Effect of interstock on changes in fruit width of ’'Shiranuhi’ in

plastic film house.

Fruit width (mm)

Treatment”

Oct. 4 Nov. 5 Dec. 3 Dec. 30 Jan. 25
Interstock 79.7 86.6 88.8 90.5 90.3
Control 79.7 86.4 88.6 90.6 90.3

Not significant between treatments.
“Interstock, topworking as ’Shiranuhi’/satsuma mandarin/trifoliate orange;
Control, common grafting as ’'Shiranuhi’/trifoliate orange.

Table 1-2. Effect of interstock on changes in fruit weight of 'Shiranuhi’ in

plastic film house.

Fruit weight (g)

Treatment”

Oct. 4 Nov. 5 Dec. 3 Dec. 30 Jan. 25
Interstock 231.7 271.1 307.3 300.7 315.9
Control 228.1 269.7 303.1 297.0 306.1

Not significant between treatments.
“See Table 1-1.
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Table 1-3. Effect of interstock on changes in flesh rate of 'Shiranuhi’ in

plastic film house.

Flesh rate (%)

Treatment”

Oct. 4 Nov. 5 Dec. 3 Dec. 30 Jan. 25
Interstock 74.3 76.8 76.4 75.2 735
Control 74.9 75.9 75.8 73.7 70.8

Not significant between treatments.
“See Table 1-1.

Table 1-4. Effect of interstock on changes in Hunter a~ value of peel of

'Shiranuhi’ in plastic film house.

Hunter a" value

Treatment”

Nov. 5 Dec. 3 Dec. 30 Jan. 25
Interstock -1.2 18.2 25.7 27.8
Control 1.2 18.8 26.1 27.6

Not significant between treatments.
“See Table 1-1.
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o= d@ol AT AFAsM= F diFo] & Bk ofzt FHo

Table 1-5. Effect of interstock on changes in juice Brix of 'Shiranuhi’ in

plastic film house.

Juice Brix (°Brix)

Treatment”

Oct. 4 Nov. 5 Dec. 3 Dec. 30 Jan. 25
Interstock 89 9.7 109 12.1 125
Control 8.7 9.8 11.2 12.3 13.0

Not significant between treatments.
“See Table 1-1.
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Fig. 1-1. Seasonal changes in titratable acidity of the fruit juice of ‘Shiranuhi’ as
affected by interstock in plastic film house. See Table 1-1 for the

explanation of treatments. Vertical bars indicate the standard errors.
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Fig. 1-2. Seasonal changes in Brix-acid ratio of the fruit juice of ‘Shiranuhi’ as
affected by interstock in plastic film house. See Table 1-1 for the

explanation of treatments. Vertical bars indicate the standard errors.

_30_



1.13. 3% &%
e Fod FE(Table 1-6)2 Alzkol Aapetel wel F Ay EF
&

S ARe RAAT F AR foAt g Ao feP @

B 31 (Moon, 2001, Mukai &, 1996, Yakushiji = S
Azt e A9k Yahata w(2003)°] FeE]e] ZEo] ofg I thEQd REE
BEolx eFuUe A5 AgeE 4% @94 G=e W rEwd 39

vl go] Yra g v go] mdrthE Bl e old uid A4t Yoz o

olde THAM BHW L FFol wet s HAe T FAE A
+ UA"H(Ashkenazi 5, 1993; Castle¥} Krezdorn, 1992; Yonemoto %, 2004)
qAH oz w@r|3be e 3&Fo] Jleda FIEHE FERT F UAbde
Ao A (Camara &, 2003, 2004; Makita®} Hara, 1979; Sanderson 5, 2005) <<

Aol a8y ak FFQA AS 27 o g9 2 % FEE

X

3
Bhoz eFugd nPY 4% LAY AFS P B 3 A

_31_



Table 1-6. Effect of interstock on changes in concentration of free sugars in

the fruit juice of 'Shiranuhi’ in plastic film house.

Concentration of free sugar (g - LY

Treatment” Sugar
Nov. 5 Dec. 3 Dec. 30 Jan. 25
Interstock Glucose 11.1 14.8 16.2 21.3
Fructose b 16.8 19.1 24.0
Sucrose 26.8 N, 37.6 42.7
Total s 64.9 73.0 88.0
Control Glucose 12.0 14.0 16.8 20.1
Fructose 15.0 15.8 20.3 22.6
Sucrose 28.3 ] 39.7 43.0
Total S8m 65.1 76.9 85.7

Not significant between treatments.
“See Table 1-1.
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Fig. 1-16. Effect of the kinds of rootstock on the concentration of free sugars
in the fruit juice of 2001-grafted ‘Shiranuhi’ seedling in plastic film
house in 2005. “Mean separation within kind of sugar by DMRT at
5% level.
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Fig. 1-17. Effect of the kinds of rootstock on the concentration of organic
acids of the fruit juice of 2001-grafted ‘Shiranuhi’ seedling in

plastic film house in 2005. “Mean separation within kind of acid by
DMRT at 5% level.

_45_



126. 4 &4
200599 tHEE  sucrose synthase(SS) AL Fig. 1-180] eI

g YR G AATTE A= Aols: EHA=UH 2YE

JE

AlFFER O] SS HEAd 2 BARY =dou AATT 2L St Song ¥t
Ko(1997)= Q.&l#] oA njgddew g4 I S43e
eSS EAde= #@do] gl AATeE IbHs

HE s dFAkelel BAZE ATl dl=d o] AldelME VMY E

oA AT SS Fdo] wol 2 A3E HUTh
al

sk ZUhskttar 3l e, Hockema®l Echeverria(2001) %= 252 7Ho) A
TFEZEYAE ol 7MY ETFo] =& oA SS o] =A YEETH

oF ®izt= & Abol7t gloy A shEFo] vr2 A|F AR fxF, Al7EEE Sl
E SS g4 % A yegth Song# Ko(1997)&= @l x] EZFo| A AgstZa

SS B FAF FAGuBAL BAHAT H97, Chae SR0B)E B
2NN cthycholzate® HEFFAS W AFFYH S YD) FI8 Fu
BAZL YTty s ol NEE u%d s Bk

SPP &4 (Fig. 1-19)2 7teA41dE 9 o oz vusdS w #3537k

¢

==

AA3 Aol g Ao® eyt o]+ Hockema®l Echeverria(2001)7F &5
oA FEAEHRE Wol 7843 E o] w2 FolA SS &4 =

_46_



7.0

50

SS activity
(umol sucrose-mg protein '.h™")

20 1

a
I b b

1 1 I 1 I 1

Trifoliate 'Swingle'  Shiikuwasha Yuzu Natsudaidai

orange citrumelo

0.0

SS activity
S

ab
I | |
Trifoliate 'Swingle'  Shiikuwasha Yuzu Natsudaidai
orange citrumelo
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synthase (SS) in the fruit juice of 2001-grafted ‘Shiranuhi’
seedling in plastic film house. “Mean separation by DMRT at 5%

level.
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Fig. 2-1. Seasonal changes in mean air temperature as affected by the
different heating treatments during the early growth stage in
plastic film house. “E, Early; M, Middle; L, Late.
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Table 2-1. Effect of temperature during the early growth stage on the

vegetative growth of three citrus cultivars in plastic film house.

Length of spring

Treatment No. of spring shoots Leaf area

(Night-Day C) per 100 old leaves S&?n(it (cm')
‘Shiranuhi’

Control 578 + 1.7 143 £ 19 120 £ 24

15-25 412 £ 74 259 + 29 183 + 2.3

18-28 356 + 0.1 277 + 4.2 20.1 £ 35

‘Kiyomi’

Control 154~ 5.3 26.7 £ 5.0 26.7 £ 6.6

15-25 70.1 + 3.8 341 + 16 439 + 59

18-28 2.1 206 382 + 4.1 399 + 29
“Tsunogaori’

Control 63.2 + 2.4 252 + 0.7 223 £ 27

15-25 44.1 + 3.2 30.0 + 1.2 285 2.8

18-28 210 + 24 36.2 £ 0.8 371 + 48

X + SE. (n=hH).
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213 FgAH &=

Ak QA BIA £EE Table 2-2014 HE Hle} o] wvb
F5 SUele AYFE BEAew oA I HIZFAAME M=%
Aot exol i WAL Fak FFAA FrIed tizTolA
3umd OOy - m? s'& 2 FEFS59] 121~132 o 0, - m > s 'Kt}
=9 18-2C T #FH £%E 167 md COy-m” s 2 ThE
FEE9 155~165 pmol CO - m”. s B} Eol Rk FFol e FEEY u

Iwasaki®} Ogaki(1985)= #A#<9 FTHE IFFAo 71 A3 2=
HEEMN, SAXAAAM= 25T A, KHEZ 2 JIIFGiEdss 30T
AEH 1 &9 Onod Daito(1982)= =FU 7oA FgAdo] LA3 2xs

79RE 997AE < 29T, 109elE 2T dFom 40T A

nee odd FPYFYL Padudn sged Blnd e o

P

A= 227t w5 dAe= Fdol SN o2 s -9
ol

Table 2-2. Effect of temperature during the early growth stage on the

apparent photosynthetic rate of three citrus cultivars in plastic

film house.
T . . Apparent photosynthetic rate

emperature a 2

Elﬁglz]att_rll]ﬁ;é) measurement (pmol CO2 *m “s )
(C) ‘Shiranuhi’ ‘Kiyomi’ “T'sunogaori’
Control 13.3 113 + 0.6” 121 £ 1.0 132 £ 1.3
15-25 18.3 148 £ 2.8 139 £ 1.7 143 £ 0.8
18-28 23.6 16.7 £ 1.0 155 £ 2.1 165 £ 1.7

X + S.E. (n=hH).



21.4. /Mg 2 F3

Roke]l w7l 7)(Table 2-3)% 15-25°C, 18-28°C+7F Z+7zb 3¢9 299, 3¢
TEE xT9 4¢9 29HT 24, 449 W 227F ol wet st
e AL HHY RE2FAAE vmd AFgE Bk onk BE A glA
AEKZE W Al als) RSty wE SAS Zka AT =7
E5FE 27l Asste A2 oAy Haox &zl AR o] (Inoue, 1990b;
Moon¥} Kim, 2001) ©] A2 2 Aydg HIsd 53 Ak FEL
W Aol wE] aee Wzket Ao AmEdTh Ak Ag
TFAARE A7 7A 0Tl HALEE tET, 15-25°CTF 2 18-28°CF
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Zj]_./ﬁ&] = 75] 30}201 219.14‘ 125C

e
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o)
k1
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TEk el 3kgdn)E xT, 15-25°C+ 2 18-28°CtollA Z7 13, 08 ¢
=
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2 AU &7 8FF APl HAes AL
Inoue(1990a), Poerwanto®} Inoue(1990), Yamanishi(1994)7} R 33k A3} 7
A3dg HAT 7HEH ALHY Aoz slolEsirt F HW  FZshEol
wol x| =d|(Inoue®} Harada, 1988; Inoue, 1989, 1990a, 1990b; Okada, 1985;
Okagi¢t Tto, 1972) o] AReA L7} =575 3o HiaHeE AL

2EAY AN A9 ol o] A9l 2A%E AFEo] 1 WF o} o

AHKe Aabe2 AEzE Aolrh A HA FUAT 2LV meTH
S7tste A3 Bolow iy 2R S 227 5255 AT dade

e Bl #AEe Aol Y937 @i(Bustan?t  Goldschmidt, 1998;
Kihara®t Konaga, 2000; Kobayashi %, 1967) Zzo] o] ¥uwH %7] Y37}
Z 7 8=l (Guardiola, 1981; Takagi 5, 1987) W3 H:ZAol oA
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AZrE QT Rarkel AR JHueE A F R 100~ 1508 =2 Ao gt

gt A= o] AP A 18-28TC 9] QGiH|E=
e K E 2 eE SR FA 7 ATk

%4

HeEd B2 o=

Table 2-3. Effect of temperature during the early growth stage on the

flowering and fruiting of three citrus cultivars in plastic film

house.

Treatment Date of full Flower-leaf Leaf—fruit Fruiting

(Night-Day ) bloom ratio ratio 12;3/26)
‘Shiranuhi’

Control e WY S 1.3 £ 0.1 106.9 = 16.2 41 + 2.0

15-25 Mar.29 = 0 0.8 £ 0.1 ' " 42 + 2.7

18-28 Mar. 7 = 2 03 = 0.1 LG S 5.3 + 2.6
‘Kiyomi’

Control Apr.26 + 1 2.7 £ 0.1 2N .Gt 1.7 5.7 £ 3.0

15-25 Apr. 1 + 0 HOE=E1 100.0 £ 21.2 5.6 £ 4.3

18-28 Mar.13 + 0 1.7 £ 0.1 - 0
“Tsunogaori’

Control Apr.23 = 1 23 £ 0.1 20.0 £ 11.5 118 £ 57

15-25 Apr. 4 + 0 16 £ 0.1 251 + 4.1 79 £ 09

18-28 Mar.11 + 1 09 + 0.1 4454 + 1115 1.0 £ 0.7

X + S.E. (n=hH).
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Fig. 2-2. Effect of temperature during the early growth stage on the fruit
growth of ‘Shiranuhi’ in plastic film house. Vertical bars indicate

standard errors of the means.
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Fig. 2-3. Effect of temperature during the early growth stage on the fruit
growth of ‘Kiyomi’ in plastic film house. Vertical bars indicate

standard errors of the means.
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Fig. 2-4. Effect of temperature during the early growth stage on the fruit

growth of “T'sunogaori’ in plastic film house. Vertical bars indicate

standard errors of the means.
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Fig. 2-5. The distribution of fruits by size in three citrus cultivars as
affected by heating temperature during the early growth stage in

plastic film house.
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Fig. 2-6. Changes in fruit weight of three citrus cultivars as affected by
heating treatments during the early growth stage in plastic film

house. Vertical bars indicate standard errors of the means.

_63_



2.16. 718413 E Z FAHN §gF

1S

N
ol

!

}6]'

7 1°Brix 9]

|

oz

EES R

13.9°Brix7} o}

7} 1°Brix A% =

72717}

e

309

ol

!

2} <)

W g EmE RS 15-25TCT Tl E A7)

st th(Fig. 2-7).

bl o,

w5

<

<7kt

-
1

A RE - 18-28TC ol A

B

fite)

K

]_

Z717 )

XA

Bee g%

1980; Richardson¥} Blank, 1996),

(Iwagaki®} Hirose,

F91 =4 (Susanto 2}

S

ol A 18-28C oA 7}

3
T

Nakajima, 1990) ©] A

=

]

e AA R A

=
o

3}50]

ZFo} =] a1

3} 87 57}

ol A

:|1

18-287C

Al ol A 5

of H

:|1

12.0°Brix®2 &+ 15-25T

Aoz

sk
=

5] 0] 4 o

FehE A

259l o

Z::L

l

S

A

< EAZIE BEE AN

2 (Fig. 2-8)

13
=

A4

oM 2
- =

(1970)

e
o

B2 FAAE v skt Nii

™
BX

—
fite)

ol

s

H

Susanto®} Nakajima(1990)2 <54

1™ Yamanishi(1994) = kol A

S

A5 ATl

e

_64_



16

15 + 'Shiranuhi'

13 F

12 r

Juice Brix (°Brix)

—@&— Control
10 r —&— 15-25C
—m— 18-28C

8 1 1 1 1
Oct.30 Nov.30 Dec.30 Jan.30
Date of observation

12

11 'Kiyom

Juice Brix (°Brix)
©

8t
—&— Control
- L —A— 1525
—l— 18-28T
6 1 1 1 1 1 1 1
Oct.30 Nov.30 Dec.30 Jan.30 Feb.28 Mar.30 Apr.30
Date of observation
13
12 F 'Tsunogaori'
—~ 11 r
X
fin]
< 10
X
M
o 97T
o
=)
- —&— Control
—&— 15-25C
7r —— 18-28TC
6 1 1 1 1 1 1 1

Oct.30 Nov.30 Dec.30 Jan.30 Feb.28 Mar.30 Apr.30
Date of observation

Fig. 2-7. Changes in juice Brix of three citrus cultivars as affected by
heating treatments during the early growth stage in plastic film

house. Vertical bars indicate standard errors of the means.
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Fig. 2-8. Changes in titratable acidity of the fruit juice of three citrus cultivars
as affected by heating treatments during the early growth stage in

plastic film house. Vertical bars indicate standard errors of the means.
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Fig. 2-9. Seasonal changes in mean air temperature as affected by different

heating treatments during the maturing stage in plastic film house.
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Fig. 2-10. Daily changes in air temperature as affected by different heating

treatments in plastic film house on January 13, 2004.
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Fig. 2-11. Seasonal changes in relative humidity as affected by different

heating treatments during the maturing stage in plastic film house.
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Fig. 2-12. Daily changes in relative humidity as affected by different heating

treatments in plastic film house on January 13, 2004.
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Table 2-4. Effect of temperature during the maturing stage on sugar content

in the fruit juice of 'Shiranuhi’ in plastic film house.
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Table 2-5. Effect of temperature during the maturing stage on the content of

organic acid in the fruit juice of 'Shiranuhi’ in plastic film house.
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Fig. 3-1. Seasonal changes in peel color, juice Brix, titratable acidity, and
juice pH of four citrus cultivars in plastic film house. Vertical bars

indicate standard errors of the means.
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Fig.3-2. Seasonal changes in concentration of free sugar in the fruit juice of
four citrus cultivars in plastic film house. Vertical bars indicate

standard errors of the means.
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Fig. 3-5. Seasonal changes in sucrose-phosphate phosphatase (SPP) activities
in the fruit juice of four citrus cultivars in plastic film house.

Vertical bars indicate standard errors of the means.
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