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Summary

In order to improve the fruit quality of early-ripening satsuma mandarin
by increasing the sugar contents in fruit juice and inhibiting the
occurrence of peel puffiness, several experiments on the effects of the
season of drought stress and foliar spray of plant growth regulators were

conducted. The results obtained are summarized as follows;

1. Effect of season of drought stress on sugar accumulation in

juice.

Sixteen uniform potted 7-year—old ’'Okitsu Wase' satsuma mandarin
(Citrus unshiu Mark cv. Okitsuwase) trees grafted on trifoliate orange
stock in a glass house were randomly assigned to four groups;
conventional soil water supply at level of wn.x of -0.3~-0.4MPa during the
whole period from July 21 (fruit dia about 30mm) through Nov. 20 (WW),
mild drought stress at level of ymax of —0.6~-0.7MPa during the whole
period (DD), drought stress during 50 days from July 21 through Sept. 10
(DW), and drought stress during 50 days from Oct. 1 through Nov. 20
(WD). Fruit growth was monitored periodically, and the concentration of
free sugars and the activities of sucrose synthase (SS) and  sucrose

phosphate synthase (SPS) in fruit juice during maturation were determined.

1.1. Drought stress inhibited the fruit growth, but the growth became
most vigorous in response to supply of water after drought, resulting in
the largest fruit in DW.

1.2. The concentration of fructose and glucose in fruit juice was



increased by drought stress, and the difference between fruits with and
without stress did not changed during the prolonged drought, but the
difference disappeared in response to supply of water after drought. The
concentration of sucrose was also increased by drought, but the difference
between fruits with and without stress steadily increased during the
prolonged drought and maintained even under the condition without

drought.

1.3. The activity of SS and SPS was increased by drought, and the
pattern of change was similar to that of fructose or glucose rather than

that of sucrose.

1.4. It was suggested that the increase in the activity of SS by drought
represents the increase in sink strength, the increase in the concentration
of hexoses accounts for the degree of active osmoregulation, and the
accumulation of sucrose is the accumulated results of the increased sink

strength.

2. Effect of foliar spray of plant growth regulators

on the occurrence of peel puffiness.

The mixture (GP, 10 mgxL ', respectively) of gibberellic acid (GAs) and
n-propyl-dihydrojasmonate (PD]J), was twice sprayed, respectively, on three
different times including on Sep. 25 and Oct. 15, on Oct. 10 and Oct. 30,
and on Oct. 30 and Nov. 20, on 25-year-old 'Miyagwa Wase' satsuma
mandarin (Citrus unshiu cv. Miyagwa Wase) on trifoliate orange stock
growing in open field. GAs alone and GP at 10 mgXLfl, respectively, were

twice sprayed on Sep. 25 and Oct. 15 on 'Okitsu Wase’ satsuma mandarin



growing in unheated plastic film house. Fruit characters were periodically
observed with emphasis on peel puffiness until the following March.
Contents of free sugars, inorganic elements and pectic substances, and the
activities of polygalacturonase (PG) and pectin methylesterase (PME) in

fruit peel were also analysed.

2.1. GP sprayed just before the color break of peel (on Sept. 25 and Oct.
15) didn’t affect fruit diameter and weight at harvest, but reduced peel
thickness, delayed peel coloring, increased juice Brix, juice acidity and fruit
specific gravity, and inhibited the occurrence of peel puffiness. The above

effects sharply decreased in the later spray.

2.2. Both GA3; and GP sprayed just before the color break of peel
significantly inhibited the occurrence of peel puffiness, reduced the contents

of free sugars in peel and increased those of Ca and B.

2.3. The activity of PME in control fruit peel rapidly increased in
November when peel puffiness sharply developed, and the increase in PME

activity was inhibited by GA; and GP.

2.4. The activity of PG didn’'t show any trend in seasonal change, but

was reduced by GAs and GP, mainly after November.

2.5. The content of water soluble pectin in control fruit peel sharply
increased from November, and reached to the maximum level in January.
But the increase was inhibited by GAs and GP, resulting in the steady

state from December.

_iv_



2.6. EDTA-soluble pectin in control fruit peel reduced after the maximum

level in December, but the reduction was inhibited by GAs and GP.

2.7. No significant difference between GA; and GP was recognized for

the above effects observed .
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Ak B s 3FF A AV 5E53] FUeE EHlE A o] #d o]
dojupr GA FUAF¥ = 8 AAWT ofye} creasingdoNE AFAIA T
st tHTugwell 5, 1996). GA A% +8&4 A"y Zu dHAgol= ko]
ol AMxy QhAstel #AAUTI AWt tH(Fry, 1986, Kawase, 1984).
Gambetta 5(2000)%= Ul& ;Ao GAol 2% NHHPOs2F 2% KNO;E &

£ A¥3H  creasingd e A #FHAAZIvt sk 3H Van
Rensburg 5(1996)2> GAE g4 H$27|7F 2ue Aol Axstd W
ERQl vtk #d e A77F fo et Al S AT ST

2FAR A7 0 GA; A FITAE ARANAT, 454 2

R

)

FER2E ol AMA P E A3 »=3E5 AA3h(Garcia-Luis &, 1985;
Kuraoka 5, 1979). =% 1 AdAde] JHAE = FId o] FolstA
23ty Fyj o] YR o (Kuraoka 5, 1977). AW @ A9l Bz A48}
© ol Z 4 o =uko] ol AAFom= F 435 tHKim, 2002).

g 3o w3l oHdle] o %3 (Oh &, 1979; Purvis®t Barmore,
1981 % = wkde] GAol 93] AAEH. + dFEd GAsE Astd S
T F9U GA fAlE o] F7ksts Whdo] ABA T7he #Zasta, oEdS
AT = ANAES Agstd Sg¥l=W ABA % F7ket= whddl GA
FAFE AL 7F 430 Goldschmidt, 2000; Kuraoka %, 1979). Maotani %
(1983)9] H.iie] ojatd Ry o] At IuE AU TFdo] AA I
ddlle] APHIL TFo] Aedte] dFW AF FF2 Asteta, 3 FFES 2
24 gob @ ttaL st o oAE A= Fy A4S FXek= wkd
aminoethoxyvinylglycine @2 olg€#d S AA|shd 237 Fujukay
= A3 shel

Hyulo] WS AzeeE FARZE GAz foE SAA%<l ethychlozate
(Kawase &, 1985) T o] 283 ¥t} Ethychlozate®] A3 2AAje o1 &



2777 At H 2+ 100ppme xSt F3 AR art e Aol o
AL A &Aool o3t F9 9 wmstelA e} HEo]
{4 Hg gZo 7443 ¥bH sodium hexametaphosphate 7FgA #El W
HCl 7H&74d #Ad Shigo] S7FHA7] wiZolegtar AHstdtt(Kawase &,
1985). ®3F Greenberg 5(2000)% &3 719 UlE dllAo] S417F0] NAA 4t
¥ BHHOoE creasing WS AT soew, 1 9ok Parkd}
Lee(1987)= wdal 2z Ade EBvlE 3o dgtd #oshe

_1>4'

polygalacturonase& 4 284S A ow ofAdtta Busdet H, 2~
EAF F =42l n-propyl-dihydrojasmonate(PD])+= H] 24 2] o 2]
EAggrgo] W ¥ o (Fujisawa %, 1997; Ogawa %, 2006) = = =& v}
= AL E e Fe2 4y A Ed(Koshioka 5, 2005), GAs¢t PDJe] &
FEQ GPe dEAA FITAAR N Foltf. v s GPY 3

AA T37F vrjgk Ao2 ®auFEA=H(Kim, 2002) A3ZA] 7)o gt AE7}

o

ro

%

4. AW HE234 F9 A

FyE &5497 AyoA 94 9 Zdg TFS gasiioy 7 ol
7ttt ol Wi e th(Kuraoka 5, 1975, 1976). Creasing® <2 #@lx]¢] 3}

o= HAE Zajet 2w 2 ZFE A= 2 dAVE dvk(Bower,

HAA FyiAo] ZAHETy AW THKimI Kim, 1999; Kawase$t

Hirai, 1983). ¥ CaCOs°] ¥ += FHSAsHA 25238 F9& At et



o 93] &¥= gl A tH(Kawase & 1981). Kim(2002)% Z-A}L
S 2579 Axvld dxste] oA et 8 whdol] =] 3t
ylof ofwto] WFrE=thal silon AnpelE AsdAEE dxste] FydA &
e e =, AXAV7F Fasttal gtk Droby 5(1997)2 CaCly
FE 3y S50t As dAs AAAH AL st
e Axde gy Ay Agnz gudse=g BRAch b
122 homogalacturonan®} rhamnogalacturonan®| 435 ZAgsle] 4 %o
t}. Rhamnogalacturonan< 972 A BgS dtal 191 polygalacturonan
backbone C-6 carboxyl”] el methylester3t= A}, 213 3+ carboxyl”?] Ale]
5o 43 galacturonan AlE Alolo] Zrg3 #E o]leAddS stm Adrh
(Brummell ¥} Harpster, 2001; Shin¥ Kim, 1996), ¥} e A &3t A &5t
doju= FIPYAL ol F AW HEY HA 9 FF Wste AAQ A=
ol3] ¥ 1 It} (Nagy %5, 1977). Bower 5(1992)9l ©]s}
o] HAY A W= AxEe &8 YR A Tl dFS 7¥dga st
ATt Zhan 5(1998)2 7= #Elo]| = galacturonic acid®} rhamnose? H]& 9]
40:10]12F 3Tt Moon 5(1982)2 =2FE e el dux o A gF
< AE FHOE 747 1152%, 9.3%°lFrhal Hustdth A SFUFL 9

(e
o
h o)
)

<=

9 xHE Fy | F dede tjgt 4484 % hexametaphosphate 7H8-4 #€12
71, 129 sleol$ Aol wel 913ty +=d| hexametaphosphate 7}-84 =
g do] A th(Daito®} Sato, 1984).

Makebe 5 (1997)2 71%1 #Ao] A3+ E= &<t galacturonic acid &3]
7FE)™ 53]  homogalacturonan®] 3¢t #AZF o FATE Sean
Carrington 5(1993)2 EvlEoA ZTFHF 7144 & polyuronide?}t S 4dth
TR AEETE S/ H L AstE e Axdel CDTA 7183 NaCOs
7FeA BEo|A  galactosed] o]l AUt KBt Parkd
Lee(1987) % EntE FZ% $&4 A8 3FFe AA Asstdon Ay

(Byun &, 1992)¢] dslsoto= 84 A gaFo] 7143 dbdHo] EDTA

o]

Fl(‘
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25EH FET Zudtde fds A4 A | Fadrsd=d e
=84 FEAAE FFs ST el A A" R dE 8
4 ATl dFE vAA FdThal silvh B3 o] gt AR ¥

(@)
=
)
e
2
"1)[1
b

B2 HdzAoA gFg T AxE Zeairt EAEd=dH, AlE

1&
Mo
:?L_‘J
kol
F
il

ol

o 4 7} o] AtE &4+ polygalacturonase(PG, E.C.
3.2.1.15) (Dumville®} Fry, 2000; Nakamura %, 2001; Sean Carrington %,
1993), pectin methylesterase(PME, E.C. 3.2.1.11)(Brummell®} Harpster. 2001)
solH, olgo] AAE AEH dAtel FTostH PGY I} A4S AEMY

ol AAAQ &S & Wnk ofg} AEY =45 EFAIA S48 #-

3 ®
4 Aze dAE frldE Aoz naden Aste A

g4 Aol F7tstal 53] PGl B-galactosidases] & o] EvtEel T

5443 BolA 4% B7] oF F43] Frhse] Astel we JBe F

2 AdABErE oA AFE=eE A Wy e AoRE deAa it
(Shin¥}  Kim, 1996). #&lxde] F AFEQl  rhamnogalacturonan S+
homogalacturonans A@slE PGE EvEES FAo® de dATEdon,
Aol ®Watel] P 2 F¥dE HA= Ehda B tH(Sean

Carrington %, 1993). =3 PME &4t H8 A& Zh A$H$ methyl
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groupe deesterify stAY FgFS v x| el aEx AIHA
(Pressey ¢}t Avants, 1982). 3t EwntE 3o PME &4 ¢ =7}
o] AuZ | E F3lgth(Anthon F, 2002).

A S e B AExHY FFo SAstH AsEE E
(Nagy &, 1977). g1 29 Ast= Az Wst 53] #Hgd
a7 FEH WA Aoz 4 A ArH(Sean Carrington &, 1993). Nielsen}
Christensen (2002)2 <. #=x], g+, &, dolE, Z9Ere] 342 o PME:=
A& st AE(acetylesterase)= ¥ 3ol glitia it PME =&
g AMxy Fx HAS do7|i(Arias 5, 20000 A= HEHLS
endo-PGell & #al7F dojdth(Zhan 5, 1998). T3 Kang 5(20000%= %+
2ol A= AF FTol dojue Aol o R Ars HASIAL
exo-PG &4 3} pectinesterase@X 2 F7F5FA . B 3189t Pretel
(2005)¢] Haro] olstd el dHE AL Easty] 9aiAE PG £4Y

Ao 71 Festta 39ttt Guiavarc’h 5(2005)S white do]EFE ¥

[
g
0!
rD‘l
B>

2
iz
:(!)L_‘J
i
kv

<=
L

S
&

pol
B>

1

B>
rr

Sy

#%3% PME ##%2 237kDa F=olgtal B33t
H s A7 o AlEEa F50] EXASAY AYA oA 7l Al
> B3 &E4%0 PME® PG €40 F7tdl A3= 43 &35 il(Kang
5, 2000; Prssey$®} Avants, 1982), AlE£¥H 3} ZFo] EoA3 A7 HeE o
018 A&7 ~EY A w&Eo|tt(Bower 5, 1992). Park¥ Lee(1987)& EwntE
Ao A PG A7t 8% 54% 7 YEFNARE cellulase 97 w2
Feg AEF FAst EntE A A= cellulase Bt F2 PGY 2§
olgt= AL & 4 AT Dumville®} Fry(2000)= EvFE =4 A] endo-PGell
o&) #HE]d B A3} galacturonic acid’7}t §=%dthar 3F¢lth Poovaiah 9t
Nukaya(1979)ell ¢]3tH PG &4+ EvtgE 3ol A& #Hojsts F221%)
ot} cellulase EA+= #HARUTL At PG &) gle 4

(climacteric)2-&, ol€@l WA gzl Aol dojyx ko v pG &

&

gol FAd 5F FEAGol A £ LWL PG

M
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ZIA A &=t Byun 5(2003)% o A Bl Astol= AlxY E3 &
PG7} €83 A4d& o= Z2o® FA48Uth Brummell 5(2004)¢ ¢abd &
wotel A7t Ads] B E F polyuronide®] 7hgo] dojykal =3 dAd
¥ exo-PG, endo-PG PME, endo-1,4-B-glucanase, endo-1,4-B-mannanase,
a-arabinosidase, 18] B-galactosidase@X Al719} F7F A=+ <kt &
3l wj e} Al (Ben-Arie?t Naomi 5, 19799 A< A 5 el Ez2o] W3
PG % cellulase &7l 93 &84 Ao Eafol gt A Ut
3}

[

Ahmed 5(1980)2 wje] X4 A] PG, a-galactosidase®} a-mannosidase?] &
A Z7FE RBas9t Byun 5(1992)¢ 9stW SAlA 3 wAA|Q)
dichlorpropE A elstdl WA o] AAPE Fiste] PG &4do] S7H=2 A}
I 27 AstE FXA T sl 9 oAl mluy, HEE
2}, Fopul, Wil giutol 5o AsAA T AR WAy g Asld #oqste
endo-PG, PME, B-galactosidase, (1—4)-B-glucanase? 4S5 ZAF3 23}
t2te] 24 S48 JAddy uadFr=e] el o3k A Azt

_1\1

ol vkl A IL(AL 5 2004) Koslanund 5(2005)2 X3 349 A
9 F3fer FAdAsted = PME &47F #ofdrta Hilst sl
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m Az % ¥y

1. B¢ AzA A7k FFY 9 Ao s 3%

o] A2 A7 50cm o] 55em®] FEel A ®A diE Sz T
ZH(Citrus unshiu cv. Okitsu Wase) 73S Algd4=2 3to] AFd s o
S g 24 elA 20043 7ENE 119744 S

FAR7E G 74 219 (HE A 30mm)F-E 2711 1149 209 744
A 71 A5(WW), d 717 Ax=(DD), Ax4d S7H71(74 214959 949 10¥
7HA] 509) A ZX(DW), A4=71(108 1955 11€¥€ 20¢ 744 50¥), A=(WD)
s AR E FAH U 3 aF7F Aol e SRS Ad TR ko] 449 4

=

A05:00001 i 7 o 2viHE FAISY] AFE XA TS

(Moon, 1982)°0.2 8dd| ZA}s}Sth

34 B&% F2 24

2 108 EAse] 89 109%E 109 dFo=
97AwaE 2tk 98 2095 108 100) = Y 53 g3 119 20
A= Y 100 AAste BE, T, HA A, HRE, HFIE, fol

10
3 3E g4 X4 5 2AEAT
A

i)
i)
|
(il
-
oo
ol
ol
£

1154

oft
o
of

A FolFAoR e B7E Hohlo] thAl PAE gm ) AA g
AR AFelel YEEAY feld B Agam ARt T Ao sfopA
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2
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HA Dol FA] WEAA AL PEaL



(-70C)oll BAsT7E EAEA EAo o] &t iy AR R A 4
3 ZEs7] el 5o FAE do}
&5 A=A Y. FEdEs FUE d2A(PR-101, ATAGO, €E)E o]

of 5mlg F3ke] 1,000xg2 10¥7F 94 2eshgch 9ol s Azl
0.45¢m micro membrane filter (Osmonics Inc.,7]=)%2 o33t 3 100w = 3]
A3t HPLCZ #2lde 43tk HPLCE Waters 2690 XE (Waters
Co., "=), %71 Alltech ELSD 2000 (Alltec Co.,P]=)S o]-&3gom, o]
542 acetonitril¥} 32 THFE 75 ¢ 259 M| EE sl F7]EWE 025
um AIAAZ st & o] &l tt, FEA AW O ZE carbohydrate column
(3.9x300mm Waters Co., Pl=)& AR&stRon, Az % 1.0mL -

min, A|2F$] 10uL, FA7F 20802 A},

2L FE
Kubo 520008 e 9% wasld Fadaqrh & 442 A
0.5M N-[2-hydroxyethyl] piperazine-N"-[2-ethanesulfonic acid] (Hepes buffer,

ME
rlo

pH 7.5), ImM ethylene glycol-bis[B-aminoethyl ether]-N,N,N"N"-tetraacetic
acid (EGTA), bmM MgCly, 150mM NaCl, 5mM DL-threo-1,4-dimercapto-2,
3-butanediol (DTT), ImM CaClL= 3ttt Alx2 4gS 10mLe F&8&
3 E3tsle] Fuk 2 FH o2 9 whaslal miracloth(Calbiochem Co., W
)& o]&3ste] ot & 20,000xg(4T)oll A 1023 EA  EElsksTh
Desalting buffer [10mM Hepes(pH 7.0), 2mM DTT, ImM MgCL]E ] &3}
o A A% Sephadex PD-10 column(Pharmacia Biotech co., =gl gl)ol] A+
A d 25mLE loadingdr ¥ 35mLS 343, o5 2EAad o2 ALESIY
.
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ix &4
Song 5(1998)2] ¥ S dXF Wdslo] sucrose synthase(SS) % sucrose

phosphate synthase(SPS)¢] &/4& #AstAth. SS &4 F41& fste =8

A
ay

o

2o 160ulL® WFS-9[1M Hepes(pH 7.2) 48uL, 0.IM MgCl, 20uL, 240mM
uridine 5" -diphosphoglucose(UDPG) 20ulL, 240mM fructose 36ul, dH20
196ull] 220pLe] E3HS 30T F2FxE ol &3te 3087 A7l & 1

0CelA 23t 7kFEsto] Wbgs FAAAT. =xt2 d5S ol&ste] A7 F

()

=& 50uLs FHeka 30% KOH 100uLE 7tshe] 2 &33k 5 1007C ol A

—_
(@]
AL
o
N
e
ol
K
ot
oX
e
_|>i
oft
off
H

£ anthrone "' (Van Handel, 1968)2.%

AT vlg 3417 Aol A ste] ¢k 3 A 7] anthrone solution 3mLE

i

Wzte &t m 40ToA 1027 A 7131 620nmoll A A AR FFEE

Z4se] BF S0 Hu AFHAL. SPS BHS SS ARG 7]

()

Z fructose tAloll F-6-P9 G-6-P= #7}sle] U3k oz =43t

S|
~

The SAS system 8.02& ©|&3te] A 3+ *o]& DMRT WHo=

M

2. B =AA Zx7t BT vAE= FF
2.1. GP &3 ZEA7|7F B wA = IF

AFELBRA = AAEZA ] 91X AFdeta FAATHAFAE 72
strbsl E kel =] AQujE Q= WA Sl J5g 2698 S 2
Z(Citrus unshiu cv. Miyagawa Wase)S Alg42 3o 2003 10¥€H-H
2004 1€7bA] s Al Al BEolen wvlE 5¢ 11
Aol JHu 20-25 A== 2oy e
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A8 @A (GA3) ¥ n-prophyl dihydrojasmonate(PDJ, Nippon Zeon Co.) Zt

~

(GP)¢] 1,0008H (& zF 10mg - L)
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F-IA5=[{(1 x A9 FAP)+Q2 x T FAH)+3 x49 I
A 2 A (CR200, Minolta Co.,

°
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Hals W1l F (KE ol AFUE ol gt AFT Ao drE T
EAI(PR-101, ATAGO, d#)2 SAsto] 7164 1ge dFo= it 4
A2 e 3% SmLel 7 20mLe 713 v 0.IN NaOH=Z Z3} 274
sto] 7t SFow #aksto]l FASHSIT

2.2. GA3St GP A ¥7F Ryt 3y AL v F&

o] M2 AFE-AAE AFA F4H A s 150mell A3 F

he Bebad s Qo Bowbdo) FEW GaA s EAA AW

g HAE JdeFd mHI} TRAXA FUIHCitrus unshiu cv.
Okitsu Wase)= A& = 3ste] 2004

2 sglon ohalt 99 25U 109 159 2500 AA WdA L¥AE o

a
—
by
e
=
i
o
fr
W
-
ofl
=
(@)
&
X
o
:>'4:1“
j}_ul
ol
ol
0
i)

AEu FEY FEe A1 2L wew BAgen A U G

T FFE T4 23 Ay 1gol dletE 15mLe 7Febo] S0mLAFHell YL
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B39 ) 294 $F 24
T4 Az E 3y 05gel] 35 (HNOsH2SO4HCIOs = 10:1:4) 10mL
E Yo ¥ o WX sle] B3k the hot plated] AlEE =7 120To

A JHS gas(NOp) 7t B dopd wj7hA] 30248 %= 7FE3k & thA] 180T el A

T2 & M 50mLE 8] At o
zup AxutE F 3333 = A (Flame-EOP, Spectro Co., 5Y)&
o]-§sto] FA5EAATE ICP-AES®| 4 x712 Table 13 #3tom, 7+ f4d
wavelength (nm)+= Ca 317.9, K 766.5, P 178.29%}
B2B)x 4 1z 39 02g°] 05N HCl 20mLES 7Fshe] 2413 F<
Aol A J'EgE § o 3ete] ICP-AESE #4135kt
HAA AL E semi-micro Kjeldahl® & o] &3lo] A9t =, AlE 05gS
% HSOs 10mLe}F 23] =% Al (CuSO45K2S04) 3g 231 420TC A 60+
b #8ste] #ule] BE amino E& nitro P EI] AAE ammoniumEl 9] &
il

3t A7 & A &AF AR (Kjeltee Auto 1030 Analyzer, Tecator

o

Co., 29l d)el A 2489t} olw) 44 ele 0.IN HOIS A&

o

HEl E4 9] 782 Ben-Arie 5(1979)¢] AF&3t Wyoz RA3T
9 10gS 95% ethanol 50mLS 7}8}e] homogenizer= 3}2fsla, =&l
walaAsE B A717] fAsiA 80T AA 2583 THSATH 94 A

AL ZALE #E<Q ethanol 100mLS 7F§F 3 acetone 100mLE thA| 7

o
el
)

]_
a1 AEAAELDS AAS Fol €FAXEB0C)et] A2 AS g3
& & (AIS, alcohol insoluble solid)® 3}ttt AIS 100mgeS SHF
20mLE 7hske] 80TeolA g AF F=3 AE T84 FA=I(WSP, water

0.

soluble pectin)©. & 3}, = ZAbell 05% EDTA (pH 6.0) 20mL& 7}3}]
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Table 1. Operating conditions of ICP-AES for mineral analysis.

Inductively coupled plasma
Out power
Plasma torch assembly

1.2kw
One piece quatz torch

Sample introduction system

Cross-flow—nebulizer

Gas flows
Coolant gas flow rate
Auxiliary gas flow rate
Nebulizer pressure
Average sample uptake rate

1.41/min
0.51/min
2.5 bar
2.0ml/min
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FZ3 AS EDTA 7184 #EI(VSP, versene soluble pectin) & &t}
a8 3 #AE Yol Z(pectinase, sigma Co.)E 713t F&3 AL E84 FH=

=
(ISP, insoluble pectin)o 2 s}tk 2zt #Heldeo] A2 carbazole H| AW
(Bitter ¢} Muir, 1962)°ll ¢]ste] 7zt AJ5 9} 10uldl 57 490ul ¥ g Al
3mL7bete] & E9d v 201%F T@stal WAl $ carbazole Alof
100ulE 7hefl 2413 QA whg AL v 530nmeol A F3 =5 SAHESIH.
B gHZe FFEAQ galacturonic acidE A Jaf ArEdhe] FAE

AT,

B4 F& 2 EAHEA

Pectin methylesterase(PME, E.C. 32.1.11) &4 F=2 & 33 8gol
A7FE 88%(w/v) NaCl 20mls  7fstel 43 3 T3 miracloth
(Calbiochem Co.) F+ #Ho= ofIslar 20,000xg(4C)ell Al 103 L4 Halst
o xS AAS FA A 2N NaOHE #H7bste] pH 7562 A3 & PME
g4 Ao xash o= 9t PME 849 4 EAL 2349 100ul
o} HF2-H[05% pectin (pH 7.5, Sigma Co.) 2mL, 3mM potassium phosphate
buffer(pH 7.5, in 0.01% bromothymol blue) 150ul, dH-O 750ul] 2.9mL2] &
St S 25CE A 3F= temperature controlled cell holder(TCC-240A,
Shimadzu Co.)oll Al LA A 7HO, 20, 40, 60%) ¥F&Al7]aL 620nmel A &3 %
2 =43l tH(Hagerman® Austin, 1986). PMES] &4 & 25T oA 1# <t
o] lumole®] galactronic acidE AAsl= T2 FS lunit® 3+

Polygalacturonase(PG, EC. 32115849 F&& & Iy 4gol] e
homogenized buffer [0.1M sodium citrate(pH 45), 1M NaCl, 15mM
ethylenediamine—tetraacetic =~ Acid(EDTA), 5mM dithiothreitol(DTT), 1% poly
(vinylpolypyrrolidone) (PVPP)] 10ml& 7}ste] 238} g o} miracloth(Calbio-
chem Co.) ¥ Aoz o33t 20,000xg (4T)olA 30% 3+ 94 Hglste] =

AL AAZ T AAA 25mleS  sephadex G-25  column(Amersham
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biosciencea. Co.)9l lordingdl¢] 3.5mlsS Wrol ZgAh g oz ALY PG
g4 =L 10mM sodium acetate buffer (pH 4.5), 0.5% poly galacturonic
acid 0.omlel PG & 49 0.5ml& 30CAl water batholl 4] 2A]7F §E&-A| 7] 5
Iml 3,5-dinitrosalicylic acid(DNS) &< 7}stal 5&3F 2o HbgA|7]aL
575nmol A FHEE S4AHWang &, 1996). PGl &2 25TCAA] 1+
Zolo] lumoled] I FS WA= E4FS 1 unitE st g d g

2 Bradford®] Wwel wet =743k

_23_



V. 23 € 1%

1. B¢ AzA A7k FFY 9 Ao s 3%

AzxAE F AT Wna) SHXE -04~-08MPa Hedom o=
-06~-0.7MPa A= AxAHeE ¥ HF #AYE ¥e YFE 03~
-04MPa® e tH(Table 2). 27 AejolA 2FL3He] UhJt Sotd a5
et S7hE v Bavh A RHKim3}F Rho, 2002) T FH S HF A}
ANA FEE BAFf ol st Al Ut -0.7MPa oot & Ut

(Maotani ¢+ Machida, 1980). Mukai 5(1996)2 S xS oz 99 24

FH FEA7A] Bt WS 247 -053, -0.71, -1.156MPa= #2|3t A3 3
59 X=23Y B 5 39T FF2 EYo] A2TFE ZolHAT AFE
F2 -071MPa AZolA 7Hd =ok Ax FF I -0.71MPa A9t
-1.16MPa #g] Alole] =}o]7} fidvbar 3Fsith. Yakushiji 5(1998)& =54

7ol BEFL W, 035, 060, -1.00MPa 35702 24F A7 -0.60
MPa®l F3t Az AHolA #del T3 ko] 7 =ohvkal siiv. whet
A ool Ao dEAYAEE & FEFs S7MN7I=H A ETd FEolE
T AT
AzxAeg 7zt = #d F74 vzt dAEJ=dFig. D AdxA8 & 4
Fo2 B3 DWolA = Ax7IZE Bzt A HJATE AFo 2 vl &
) £57F whald Al AFoz A WWT Hox F38A] 7] o
AR #A FA WHsk(Fig. 2)% Ao wste} e AFoz {AxAg
ols FA F7H7F A E Ao DW oA A 7|3 S7F 27 we =8
Al #BFol b EAST Ax 2EHAES wrow Al H| b gAY
(Hyun %, 1993; Mukai 5, 1996; Peng, 1996), AZxAg] % 2 o] 23|
Aol FA43] vigst=d of7]de wedt 3]E o]ee] glo] #od= A
}a1 9l tH(Maotani ¢+ Machida, 1980). ©] AlgeolAl 4=2A] D

Oll

oiz‘[:
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Table 2. Effect of soil moisture control on leaf water potential before

sunrise (W) in potted 'Okitsu Wase’ satsuma mandarin in a

glasshouse.

Soil moisture Leaf water potential (-MPa)
Treatment” _

at observation Aug. 21  Aug. 22 Aug. 23 Aug. 26
DD Drought 0.8 0.7 0.5 0.7
DW Drought 0.8 0.6 04 0.6
WD Normal 0.3 0.4 0.4 0.4
WW Normal 0.3 0.3 0.4 0.4

‘DD, Drought stress for the whole period from July 21 to Nov. 20; DW,
Drought stress for 50 days from July 21 to Sept. 10; WD, Drought stress
for 50 days from Oct. 1 to Nov. 20; WW, Without drought stress.
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Date of observation

Fig. 1. Seasonal changes in transversal diameter of fruit as affected by
different soil moisture control in potted ’'Okitsu Wase’' satsuma

mandarin in a glasshouse. “See Table 2.
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Fig. 2. Seasonal changes in fruit weight as affected by different soil
moisture control in potted 'Okitsu Wase’ satsuma mandarin in a

glasshouse. “See Table 2.
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oA B4 MFEEe A% oAz pEd WDTAA RAe wd dz
A5ow Bl DWTIA 714 AdAn B4 fois A4HA
UYTH(Table 3). A HFH Wpote] AL Az Awd we @

-11MPa AEA = UnaZt W Z25E S A4S H o] 7P A A R

o

UnaZb 2 o8t 2 W w2 W, 7F W 255 v Sl Skt skl
(Maotani ¢} Machida, 1980). Kim(2002)2 &%= &

FS AxSHA B Ees FEA] A HFo] Fokuual skt dEA
Al Unax?’b —0.6~-0.7MPa Z=E o] A|FolA F<x7] old Ax
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W5 Wl G BAIA W= Fig. 49 2kth 99 109 ZAMAI - =

B AFwts FAT WW WD+ 7.3°Brixel] &3¢k wide] x

o

A BEvh S EQITh ol FolE Al xR #eld DD Al A5y
FAE WWT] @% F7F S57b Hlzdte] 99 109 #59 Aol7h 87
119 20d0 % R FAEAL. ARoA HFo2 viE DW ol E
P b AR AAE] S
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Table 3. Effect of soil moisture control on specific gravity of fruit in

potted 'Okitsu Wase' satsuma mandarin in a glasshouse.

Specific gravity

Treatment”

Sept. 10 Oct. 1 Nov. 20
DD 0.97 0.97 0.94
DW 0.97 0.96 0.93
WD 0.97 0.98 0.96
WW 0.98 0.97 0.95

NS within column.
“See Table 2.
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Table 4. Effect of soil moisture control on peel thickness of fruit in potted

"Okitsu Wase’ satsuma mandarin in a glasshouse.

Peel thickness (mm)

Treatment”

Sept. 10 Oct. 1 Nov. 20
DD 2.83 2.22 2.37
DW 2.86 2.22 2.21
WD 2.86 2.15 2.19
WW 2.76 2.20 2.41

NS within column.
“See Table 2.
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Pulp ratio (%)

70 F b -+ 0D -+ DW

WD

\
D‘L%CD :'-cn

Sept. 10 Oct. 1

Date of observation

Nov.20

Fig. 3. Seasonal changes in pulp ratio of fruit as affected by different soil

moisture control in potted 'Okitsu Wase’' satsuma mandarin in a

glasshouse. “See Table 2. YMean separation within date by DMRT

at 5% level.
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Fig. 4. Seasonal changes in total soluble solids of juice as affected by
different soil moisture control in potted 'Okitsu Wase’' satsuma
mandarin in a glasshouse. “See Table 2. "Mean separation within

date by DMRT at 5% level.
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WWTETH Wb g A vk =387 5= DDo v 2% Zagrt. 1#o] =%
Eul

BEA o YA E FR AEHAS dhol QFRFEI o] Yo 3
1=

=7F v A2 49 4EA vk (Hyun

S, 1993; Kim, 2002; Kim %, 2004; Maotani®} Machita, 1977; Moon, 1992).
Kim(2002)2 €% 538 dAZAS ez 108 ~thd 39 9% 3¢ 29
A 3 o GEZE 12°Brix 9o 129 ~39 @E 0.8°Brix =UA
W 10¥~11Y dee 9 7 &37F v silvkar Hoaskqlth 4 ©]
Az 2Efd2E 99 F FES 1°Brix o] =gt o] ol olF A%
HRom F57] Ego] AxTFE Aoz AR stk o] AlEelA Al

59 $Hd(Fig. 5)% EEI(Fig. 6) FF) FA2 st S mzay

. 99 104 o] AZA e S We DD DWiE AzAelE W

=
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=
=0
2
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X

N
ki
=
%
o
H
s

5
7t DD WWel A vl zske] 99 1099 Aol7F 37714 A4 = 3l
o DWT9] e AFo2 v & F717F A9 glo] £87] e WW
T vzt o WDT9 e dx= vt & 7t &

ol DDTel 7MA9Ath Ad & (Fig. 7)& 99 10de oln] dxzA o
gaA 1% Ak mokd = olF 45719 F7k= AE dxA s DDl
M7} AL AE5S AT WWrElA B ol F87)d= 99 1089 xto]
BT} 3u) o] Folut & 3% A9 AolE Hth DW & WWT Rt ghvkst

Llas]

712 Bl WDTE Ax=2 vd & F7F S5 wax Sl s
WD} DWe] 29 heFo] golzom WWESE §o27} A=A ¢
ATt TF FF(Fig. 8)9 Al W FFe Ad FEFe 24 s o

Astdtt AeEEe] 3 24 AT, 25T, FFOR o]FojXH =7
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Sept. 10 Oct.1 Nov.20

Date of observation

Fig. 5. Seasonal changes in fructose concentration of juice as affected by
different soil moisture control in potted 'Okitsu Wase’ satsuma
mandarin in a glasshouse. “See Table 2. “Mean separation within

date by DMRT at 5% level.
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Fig. 6. Seasonal changes in glucose concentration of juice as affected by
different soil moisture control in potted 'Okitsu Wase’ satsuma
mandarin in a glasshouse. “See Table 2. "Mean separation within

date by DMRT at 5% level.
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Date of observation
Seasonal changes in sucrose concentration of juice as affected by

different soil moisture control in potted 'Okitsu Wase’' satsuma
mandarin in a glasshouse. “See Table 2. *Mean separation within

date by DMRT at 5% level.
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Fig. 8. Seasonal changes in total sugar concentration of juice as affected
by different soil moisture control in potted 'Okitsu Wase' satsuma
mandarin in a glasshouse. “See Table 2. YMean separation within

date by DMRT at 5% level.
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g F=7F sl SUhEedH 538 Ao 4ol dAsHH(Daito$t Sato,
1985; Han %, 1970; Mataa %, 1996; Mukai &, 2000; Song¥ Ko, 1997,
Song &, 1998; Takebayashi &, 1993; Ting¥ Attaway, 1971). ;1% 2~E4Y
25 e AFY F FAS A=Y 58] AT FF S A
(Bower, 2000b; Hyun -5, 1993; Kim %, 2000, 2004, Mukai & 1996). Y&
QA oA vt FEREEA thEsty] 98t AAYo® ©stEs 48
of ME2HE 9 (Kaufman, 1970) =FUZAN = AFx 2EF2RE 2
Ut A g 23 dEo] F9stA BrhHKadoya, 1973). Yakushiji %
(1996, 1998)> Az ZEHAHCAA 587 HAde 3

HFEA 7)1 9ste] o] FoA = AH 2= AT 5 dERIF A

4 gEzAe Agdel gom oul Y HAe B Aol F4 =3 A

BE P9 ¥E7 JFA A48 BEete] 2EdAS AASE AP
HEEI} AR fASAY EEgs e 4EaAt el ol
@ ARRY Wite Az 2Ed2d NS BEF W Y FHoR AR

Aol s)Ee] HHe SwAGE Holgtn 4AHh aduy Az sEd

IEF 5 SS T4 AFig. 92 9¢ 10 o7 A
Ao W FFS AT AARGE JFoly ¥

= SS A9 Hwv] T/EEE WDTAAA 7HE wmEa

o
o
o
T
e
=

gl A Zolrt 119 2097bA 2R FA AT 5 F SPS §40FA
o] B X (Fig. 1005 227F AA 9¢€ 10¥ 3 11€ 20¢ A&zt 2ol7 e
Ol fFo)x7b ABHA FAAT A W e SS A A H

Zetith Table 5= 5% T #7213 $29 a4ad4de g dds &4
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Seasonal changes in sucrose synthase (SS) activity of juice as

affected by different soil moisture control in potted 'Okitsu Wase’
satsuma mandarin in a glasshouse. “See Table 2. YMean separation

within date by DMRT at 5% level.
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SPS (suc umol=hr—1=fw)
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| | l
Sept.10 Oct. 1 Nov.20

Fig. 10. Seasonal changes in sucrose phosphate synthase (SPS) activity of

juice as affected by different soil moisture control in potted

'Okitsu Wase’ satsuma mandarin in a glasshouse. “See Table 2.

YMean separation within date by DMRT at 5% level.
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Table 5. Correlation coefficients between sugar concentration and enzyme

activity in juice of potted’ Okitsu Wase’' satsuma mandarin in a

glasshouse.
SS activity SPS activity

Sugar

Date Sep. 10 Oct. 1  Nov. 20 Sep. 10 Oct. 1 Nov. 20
Fructose Sep. 10  0.6809™ 0.5041

Oct. 1 0.7358™" 0.8209™ 04613 0.8184™

Nov. 20 0.1564 0.4481 0.6901" -0.0137 0.4203 0.73117
Glucose Sep. 10 0.6753" 0.4927

Oct. 1 0.7293" 0.8194™ 0.4661 0.8241°

Nov. 20 0.1848  0.4972 0.7177 0.0338  0.4631 0.7336™
Sucrose Sep. 10 0.7334" 0.5675""

Oct. 1 06351 0.7653™ 0.6598"  0.8112""

Nov. 20 0.3833" 0.7299" 0.8228™ 05082 0.5996°  0.5739°

’ ’
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*Significant at 5, 1, 0.1% level, respectively.
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2. B =HA Zx7t BT wAE FF
2.1. GP &I 717F B E A v = FF

GP &ZA7|7F 3o Aol w3l 432 Table 60 Yetiltt. 274, &
A, }F 5 BAo =)= GP AEo S WA goron

2 A2 A 99 269 Ao oA QFolA| AL o] F o] oA F
AAA = Aot A5&S AT ghobxl 99 26U A E oA =obAl
t}. & F W 7H(Garcia-Luis %, 1985; Kuraoka %, 1977) vl ofye}l A2~ E
T (Pozo 5, 2000), 2=91E @ @l X|(Fidelibus 5, 2002) & olA ZHA7RA] =
A GAs Ax= 39 AdS 74420 Baez-Sanudos(1992)2 =@ WEQ]
Trti oA 109 159 o] % GAset BA AEA 109 15¢ A3 oA I3 F7
7h 7 gka o]l AIZATIVF e E FAHAY. o] AdolA GAz¢t PDJ

9

Bl g AgolAw 3y F

FHo+= 9 vRH Fevdu dHA  Jd+=d(Baez-Safiudos, 1992;
Davies &, 1999; El-Otmani®} Coggins, 1991; Pozo &, 2000), GP2] Z2} 7] A]
7l AR AxE wge] FRrF Sk 4k el S7hE 31 GAsst PD]

U7}
GP 2% 5 ©@%o] qAH= @] Flat3lrh. Table 991
A H= mkel 2ol i 1249 19 o] @5o] &ds] A H o A7

E=o] ds skl A 100% HAAE Aoz b AARE 2]
A Al A9l 99 269 AT B HAL 83%e] HERlen 14 169
A e g AR FAY oy 129 1Y FFste] Aol 1€ 179
B AT AAAA F 3}
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Table 6. Effect of the date of foliar spray of GP on fruit growth of

'"Miyvagawa Wase' satsuma mandarin.

Date of spray Transversal Longitudinal Fruit Peel Pulp
diameter diameter  weight thickness ratio

(mm) (mm) (g) (mm) (%)

Sep. 25 and Oct. 15 60.1 476 91.8 2.39p” 78.9a
Oct. 10 and Oct. 30 61.0 48.6 94.6 2.64a 76.6ab
Oct. 30 and Nov. 20 60.9 475 91.8 2.68a 74.5b
Control 60.1 48.2 90.9 2.53ab 75.8b

"Mean separation by DMRT at 5% level within column. Values without the

following letters are not significant.
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Table 7. Effect of the date of foliar spray of GP on the contents of total
soluble solids in juice of 'Miyagawa Wase' satsuma mandarin

fruit.

Date of observation”

Date of spray

Dec. 1 Jan. 16 Jan. 17
Sep. 25 and Oct. 15 10.2 114 10.1a"
Oct. 10 and Oct. 30 9.4 104 9.2b
Oct. 30 and Nov. 20 9.6 10.8 9.1b
Control 9.4 10.5 9.2b

“Observed at harvest on Dec. 1 and Jan. 16, but on Jan. 17 after storage

for 47 days.
YMean separation by DMRT at 5% level within column. Values without the

following letters are not significant.
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Table 8. Effect of the date of foliar spray of GP on the contents of
titratable acid as citric in juice of 'Miyagawa Wase' satsuma

mandarin fruit.

Date of observation”

Date of spray

Dec. 1 Jan. 16 Jan. 17
Sep. 25 and Oct. 15 1.26a” 1.00a 0.98a
Oct. 10 and Oct. 30 1.08bc 0.88ab 0.84b
Oct. 30 and Nov. 20 1.04c 0.85b 0.82b
Control 1.12bc 0.88ab 0.82b

“See Table 7.

YMean separation by DMRT at 5% level within column.
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Table 9. Effect of the date of foliar spray of GP on the percent

degreening of 'Miyvagawa Wase' satsuma mandarin fruit peel.

Date of observation”

Date of spray

Dec. 1 Jan. 16 Jan. 17
Sep. 25 and Oct. 15 83b” 96b 98b
Oct. 10 and Oct. 30 9lab 97ab 99ab
Oct. 30 and Nov. 20 98a 100a 99ab
Control 100a 100a 100a

“See Table 7.

YMean separation by DMRT at 5% level within column.
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Table 10. Effect of the date of foliar spray of GP on the peel color

(Hunter a value) of 'Miyagawa Wase' satsuma mandarin fruit.

Date of observation”

Date of spray

Dec. 1 Jan. 16
Sep. 25 and Oct. 15 15.5¢" 28.1b
Oct. 10 and Oct. 30 21.1b 30.9a
Oct. 30 and Nov. 20 23.9ab 30.0ab
Control 25.4a 30.1a

“See Table 7.

YMean separation by DMRT at 5% level within column.
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AxE #y FAe] AdRTE A2 #F YFHel =l (Baez-Saiudo,
1992; Davies &, 1999; El-Otmani®} Coggins, 1991; Pozo &, 2000), GP 4>
o YFE GAzSt miz7EA 2 ZATRAl A A A ZAMAA FHTE FE

o] ¥ (Fig. 1) a2 A2 Ao o S7FE A 2

dEx= JFol sldn 1249 1del= =77k 094 == 9¢ 25¢
AETE 0930 r =do 1€ 1697bA4 vHol 27 A= & Ao
4 1 s3] 14 1749744 =2 A7 dpdolr 2y 24 A2 d A
7o AR FTLE 092910 o] Ax Aot = 0888ttt HAe A
E(Fig. 12)= HAEA7I7F whEss =3t 79 H14 g2 25273 329
H T2 09 olelw Fa7F @AstH I A= wel HF2 0637hA W3t
tH(Torigata, 1968). 129 19 ZAtelA 99 259 GP X+ H|Fo| 0932
2 Fyrt ds EAsA] #skes & ¢ oy AxATE =2 7o gz
TollMe FyEAe]l AztEE= AAAM Ao 1¥ FAdAE 9¢€ 254
GP Zx 79 H|T2 Fyddoe] gle Heen & Ayl EF Y
7F A" "ol SAth

W

ol

y

09 259 AETE R} A8 AQOH o F HEFNAL B3k Mg @
9ee & F Ak 19 169 EAM ETe) RuALE 08 oldow
01 A==

_50_



0.94
aZ
~ At harvest on Dec. 1
0.92 -
0.90 b N
| b
0.88
> 092 - 4 At harvest on Jan.16
==
E |
o b
£ o088 [ N
D b
2, -
o]
0.84 -
a
09> - On Jan. 17 after storage
for 47 days.
0.88 b
b
= b
0.84
Sept. 26 Oct. 10 Oct. 30 Control
Oct. 15 Oct. 30 MNow. 20

Date of spray

Fig. 11. Changes in specific gravity of fruit as affected by the date of
foliar spray of GP in 'Miyagawa wase’ satsuma mandarin. “Mean
separation by DMRT at 5% level within the same date of

observation.
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2.2. GA3St GP A ¥7F Ryt a 3y A& vxe J

el B3, 4, 45 2 954 5 e A GA; = GP
Aol eks WA Ekti(Table 11). ZHANA] AW GAs Hxe TaEF
o] ¥ AGS AaAYE A 9y <A oW (Baez-Safiudos, 1992;
Fidelibus &, 2002; Garcia-Luis &, 1985; Kuraoka &, 1977; Pozo &, 2000),
of AFrollA GP FEAIZIYE AP E T4, I, 45 5 FHY dAHA
S GP X YIS A ot ZAIRAL A A 9 2694 FY 4
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Table 11. Effect of the foliar spray of GAs; and GP on fruit growth of

'Miyvagawa Wase' satsuma mandarin.

Date of observation

Treatment”
Sep. 25 Oct. 25 Nov. 24 Dec. 23 Jan. 31 Mar. 16

Transversal diameter (mm)

Control 56.9 57.6 59.7 59.2 60.9 58.5

GA3 56.7 60.4 58.3 58.9 59.9 59.4

GP 58.0 58.1 58.2 61.3 61.7 59.8
Longitudinal diameter (mm)

Control 47.5 46.9 48.6 48.2 49.4 47.9

GA3 46.6 474 455 47.1 46.1 47.3

GP 46.7 46.2 46.7 47.8 46.7 46.2

Fruit weight (g)

Control 82.1 34.3 37.6 90.4 387.6 79.3

GA3 82.1 94.5 36.3 38.3 36.3 85.0

GP 36.0 86.5 87.1 97.0 37.1 85.0

Peel thickness (mm)

Control 2.3 D 2.6 2.8 2.6 2.8

GA3 2.3 p.3 2.7 2.9 240 29

GP 2.2 2.3 2.4 2. 2.4 2.7

NS within column of each item.
‘GA; at 10mg - L', and GP (the mixture of GA; and PDJ at 10mg - L™

each) were twice sprayed on Sept. 25 and Oct. 15.
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Table 12. Effect of the foliar spray of GAs; and GP on the contents of
total soluble solid and titratable acid as citric in juice of

'Miyagawa Wase’ satsuma mandarin fruit.

Date of observation

Treatment”
Sep. 25 Oct. 25 Nov. 24 Dec. 23 Jan. 31 Mar. 16

Total soluble solids (°Brix)

Control 7.3 95 11.3 11.0 11.3 11.9

GA3 7.6 9.3 11.3 114 12.1 12.2

GP 3.0 9.7 ] 8§/ 11.7 11.8 13.1
Titratable acid contents (%)

Control 1.25 1.07 0.96 0.80b” 0.78 0.85

GA3 1.22 1.14 1.02 0.90a 0.82 0.84

GP 1.19 1.11 1.00 0.88ab 0.84 0.76

“See Table 11.
*Mean separation by DMRT at 5% level within column of each item.

Values without the following letters are not significant.
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Fig. 14. Changes in peel color of ‘Miyagawa Wase satsuma mandarin as
affected by GA3; and GP. “Mean separation by DMRT at 5% level
within the same date. No significant difference was recognized on

the date without letter. YSee Table 11.
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Fig. 15. Changes in specific gravity of ‘Miyagawa Wase  satsuma mandarin

fruit as affected by GAs and GP. “See Fig. 14. YSee Table 11.
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Table 13. Effect of the foliar spray of GAs and GP on

the concentration

of free sugars in fruit peel of ’'Miyagawa Wase' satsuma
mandarin.
. Date of observation
Treatment
Sep. 25 Oct. 25 Nov. 24 Dec. 23 Jan. 31 Mar. 16
Fructose (%)
Control 0.13ab” 0.36a 0.45a 0.53a 0.53 0.56
GA3 0.11b 0.34a 0.36b 0.44b 0.53 0.51
GP 0.15a 0.29b 0.41ab 0.46b 0.54 0.55
Glucose (%)
Control 0.10 0.32 0.40 0.44a 0.47 0.43
GA3 0.09 0.32 0.33 0.40b 0.46 0.43
GP 0.10 0.29 0.36 0.43ab 0.48 0.46
Sucrose (%)
Control 0.18 0.33a 0.45 0.48 0.39 0.37
GA3 0.17 0.31ab 0.36 0.42 0.42 0.44
GP 0.20 0.27b 0.33 0.48 0.42 0.43
Total sugar (%)
Control 0.41 1.01a 1.29a 1.45a 1.39 1.35a
GA3 0.37 0.97ab 1.06b 1.25b 1.42 1.38a
GP 0.44 0.86b 1.10b 1.37ab 1.44 1.44a

“See Table 11.

*Mean separation by DMRT at 5% level within column of each item.

Values without the following letters are not significant.
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Table 14. Effect of the foliar spray of GAs; and GP on the concentration
of mineral elements in fruit peel of 'Miyagawa Wase’ satsuma

mandarin.

Date of observation
Sep. 25 Oct. 25 Nov. 24 Dec. 23 Jan. 31 Mar. 16

Treatment”

T-N (%)
Control 1.07 0.88 0.83 0.78 0.82 0.77
GA3 1.04 0.90 0.82 0.81 0.79 0.76
GP 1.05 0.90 0.84 0.76 0.78 0.73
P (ppm)
Control 4.84 4.22ab 3.97 4.41 4.74ab 4.49
GA3 4.88 3.86b 4.18 4.39 4.2'7b 4.76
GP 4.84 4.56a 441 4.32 4.99a 4.81
K (ppm)
Control 92.70a” 81.04 66.05 73.25 76.02 75.41
GA3 85.52ab 69.16 1991 66.57 70.18 67.66
GP 77.26b 78.28 72.08 66.14 63.959 70.51
Ca (ppm)
Control 63.20 58.08 40.96b 39.52 40.70 36.93
GA3 73.50 55.85 45.50ab 45.97 39.00 34.17
GP 73.25 61.15 47.63a 44.02 42.77 40.22
B (ppm)
Control 0.20 0.21 0.15b 0.17 0.18 0.18
GA3 0.20 0.20 0.19a 0.17 0.17 0.18
GP 0.19 0.20 0.19a 0.17 0.19 0.18

“See Table 11.
*Mean separation by DMRT at 5% level within column of each item.

Values without the following letters are not significant.
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Fig. 18. Changes in the activity of polygalacturonase (PG) in peel of

‘Miyagawa Wase' satsuma mandarin as affected by GAs and GP.

“See Fig. 14. YSee Table 11.
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Fig. 19. Changes in the activity of pectin methylesterase (PME) in peel of

‘Miyagawa Wase satsuma mandarin as affected by GAs and GP.

“See Fig. 14. YSee Table 11.
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Fig. 20. Changes in the contents of water—soluble pectin (WSP) in peel of
‘Miyagawa Wase satsuma mandarin as affected by GAs and GP.

“See Fig. 14. YSee Table 11.
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Fig. 21. Changes in the contents of EDTA-soluble pectin (VSP) in peel of
‘Miyagawa Wase satsuma mandarin as affected by GAs and GP.

“See Fig. 14. YSee Table 11.
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Table 15. Effect of the foliar spray of GAs; and GP on the contents of

insoluble pectin in 'Miyagawa Wase’ satsuma mandarin peel.

Insoluble pectin (mg/g AIS)

Treatment”

Sept. 25 Oct. 25 Nov. 24 Dec. 23 Jan. 31 Mar. 16
Control 3.01b" 1.48 14.87a 10.08 3.17 6.75
GA3 4.13ab 1.42 14.13a 7.21 3.15 12.56
GP 7.08a 1.63 9.05b 6.55 3.46 9.08

“See Table 11.

YMean separation by DMRT at 5% level within column. Values without the

following letters are not significant.
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