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Fig. 2—2 The inflection nic, TEFEBELIERE (A pH/ Amé—NaOH) Offibs ki { k&
point on the titration s0BRDLNI(Fig, 2-3)
curve of a typical sample
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Table 2—1. The inflection points on the
titration curves of various citrus
fruit juice.

Varieties Inflection point(pH)

Mandarin

Satsuma 8.0

Kara 8.1
‘Tangelo
" Seminole 8.0

Thornton 8.1

Minneola 8.0
Orange‘ '

Washington navel 7.8

Fukuhara 8.0
Lemon

Lisbon 8.2
Grapefruit

Duncan . 8.1
Natsumikan ‘ 7.9

Table 2—2.Seasonal changes in the inflec-
tion points of the titration curves of

satsuma mandarin juices.

Month Inflection point (pH)
A pHBORIICEIELTH Y, Sl sz of8  July 7.5
OHFFSEL H{EVL T BiIchB L L85 &, . August : 78
otz WS, PEOETRMIC L b hRn&ss :"P:"“E)‘”’ ) : ;2
arly October R
5 & I , ‘
ZHT 50 THEBOMEILEL -» ThinS % Late October , 8.0
6 T T T T T T T T -
=1
Al B =~ -
VNN
&« 4 r -
° . -
o 3 o ‘ , -
el .
- .
& 2 ' -
) _———/A J ]
0 1 t 1 1 1 ]

Jul. Aug.

Sep. Oct.

ml of O, 1N-NaOH

Fig. 2—3. Seasonal changes in ratios (ApH/Aml) for satsuma mandarin juice.
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Table 2—3. The inflection® points of various citrus juices affected by dilution.

Inflection point (pH)

Variety © Juice ' - Ethanol extract juice -
S X3 X5 . X10 X20 X500 X3 X5 X110 X20 X80

Satsuma mandarin 80 80 79 80 80 84 82 81 80 80
Kawano natsudaidei 7.9 78 78 78 178 84 82 81 79 77T

Natsudaidai 78 79 79 78 179 84 82 81 81 -179
Hyuganatsu 79 79 179 79 179 85 82 82 179 18
Iyokan 76 78 77 77 18 85 83 81 81 78
Grapefruit 81 81 81 81 81 84 83 8l 81 81
Lemon 82 82 82 82 82 85 83 82 82 82

&i?acam%ﬁr&ao%ﬁ@%%x%w7W=—wmmmu%ﬁﬁ$&ﬁém%&1nﬁ ho%
v QS b5 YR— *mﬁ&mwTME@%wi¢acawréao
7% R OR[AFRBORCRELLAVSONTNE 72/ =721 4 CREE TG ETRMER
B SEVE2E 50 CERLMIEELIEVEN. UbL, ZOMOZRBFLEREVLOTIR
HWOT, BERZLENESREBLIATIE ERZENRUSECLVWEES, FAEROZLD
Hs i +AFALS 3 EER 5. '
@ M F <
1) 9ovav i BHOS ERREOBMUEREOPAIPHBOTH -1z, RNDE%ZF LTIV
2 — VI O 3 ERRBOBHEPHB A TH -1,
2) ¥yl - TRITOPRMIIRY Y, MﬂS~%2®ﬁ.K#Ebt,M4ﬁme&6
FREB LTI TLRMAR—ETH -1 :
3) vz/,a<w/oiﬁmCam¢mﬁéantca7ﬁmﬂnsmemﬂ¢ﬂmm0$r&%t
StIpHED LR LT, 18580 & 361 (ApH/ Amé —NaOH) BESWEE TR LI,
4) 80%xF A7 va— Vil 2B 4 4 K TRRULBE, SR 2HTE, PROROpHERET L,
ﬁofﬁﬁéiMbt%%?%ﬁﬁﬁ$é%&TsctKlb,ﬂ—¢ﬁﬁ&mwT®§MEﬁﬂ%f&
%, o

2. eBMRUHERONER

m#E B .
_ %ﬁ%%ﬁ¢mmﬁﬁﬁwﬁkafbvvhéiwtbLUfDﬁE&%Abt,wb@%,ﬁA&m
FHET 5. #oT, mﬁﬁﬁtbrowwﬁu%Aﬁééawr&ﬁbaUhﬁneaw W, Ee
R EEREIC X 5 381 4+ L RRBICE b BROTIC L, SBRERD, BRERL OZLHAHE
¥ B, CCTH, E& LT L ZREMAmberlite CG 120/ LED&MOVTHR LI, %
tz, BAL»LDB0%F A TN~ zvmmmmmmm IR e fRa bto

2) HERUASE

BBy = BARE ROLHEKED 2, 1 1%0KEHREL, Cﬂéﬁ/*)%ﬁwffwtbto
Amberlite CG 120 % Fig. 2—4 0k 5t ¥ 5 A TCTMU 2. B, AR E LTHRIAVLN
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A3HMPOBEMINI0MgBETH 0T, LRD

BB 10me (7 = L EBW100me i iBY) 2y, ch
B0 1 REAEBILF )22 THEL, BERLRDIE.

Ric, T By MY O ADIEH 2Amberlite
CG 120 O # 5 AL 120 Wi, #I50meDB4

*VKTH 5 AB R, KK BBREEDRT, T

ﬂ%OIREKQWfFUOATﬁEbtoCCT@B
ﬂfsiﬁﬁ-:ﬁi’eﬁ‘lidﬂsﬂf’iﬁiiﬁttt?ﬁ?é TEigd b,
Amberlite CG 120®Z\Eﬁ’é’;§&)to 3 65:: TF
A7 =R DEF V2D, chitonwTi i
ﬁbto

(3 ERLER

Amberlite CG 120 % Fig. 2—4 0)7-772”5'"0553
lem, 2cm, 3cm&0’4cmlc3'ﬁilﬁb 1%2 8B

b O LB10me BB LI, Kiid Table 2— 4 KR L
.

RDLMEPELSIC, 2= BF LY Y9 L100mg
%Fig. 2—4 0% 5 AECNHET BT 2cm D
IR e M I LV, BEERRAATAcm D
BERFEHRTH S, ' ‘

RROxF 07 V3 - VMR O 2BE ROBIEI

u,ﬁﬁxfW7w:—w%HET?%£btﬁmﬁ4'

4 U SBBIENE R 5 . COBE, MBEEBOSLL
B ED e BT, =

Connected to
8 tube pump
e ‘
§ S
w0

Cation exchange' resin
(Amberlite CG 120)

Fig. 2—4. Column of cation exchange
resin for the determination of

total acidity.

FATNI-VOBRERIEL . Table 2—4. Determination of the amount of cation

LIz, 44 %mis exchange resin used in the column.

Amberlite CG 120 L#bS Passing through the column

(Amberlite Y Treatment g € Recovery (%)

TEx30E»P 2RI LI, Before : After : A

Fig. 2—5ikf->T, 4o 1 em 16.63 16.55 99.5

TF N7 - B 2 cm 16.63 16.64 100.0

. 3 om 1663 . 1663 1000
4 cm 16.63 16.63 100.0

PEB(D~(5)2 0.1 BEK

BT M)V ATHELHER 2RO LRAMIC = BiF b Y9 ABHE LT, TOBE6mE DML S
FY D LEAml OIS A L IKBAB LD H T L 2TAWTHO 2 2 LB F MY 9 A BHOBK T V7L

3 = VREEHETET U1 (Table 2-5),

LN 6D % Amberlite CG 120 A8, MR 1 F Lk L ADHT100me & LB A3 B L CaEix
EE2RDIZ. Table 2—5 THL»L LI, ZOHE, PRSLERRD SATNIELFL 7L~
VOBBRBO N ST, 12120, TF AT T —Ab50%%RA 2B ALK AHBYT 7 2 B
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4 A2 pRBEOFEE LB Thdid 5, Citric acid 1g ——dissolved in 20m¢ of

. %ﬁﬂ’-]lu;,' 80%= )v7}v:f-_;vmajm : : pure water
20mé 2REA & LK T3 BN L b ‘ 1mé + 49mé of T 100% ethanol (1)
AVNExF L7030 - VS 5'.0_'%;9,'1: : A I 75% ethanol (2

LD, B4 A AR TR, B4 : 50:/a ethanol (3
2 L KEBDET 100me & LI b DOHA : S ‘iiﬁ :zzd 8
S pHB.2 & 22 h BHOHFL8.0 (Fig.
2—1) EREZVDOTHFELYL.
@ I & P
4 4 Bl Y, w/$/Q%H&U%ﬁ¢®£$&wi?6ﬁm%mmaw7Aﬁmﬁﬁé
wwli, ¥t %ﬁODSO%I-TWY ra - SR OLEEIET A HA TS, 7 -V ERET S
ten < . Atmﬁiﬂ %Ebﬁ]“l‘a’caba LEEBELDIRL, WEDMMEER 12,

Fig. 2 —5. Preparation for various ethanol
concentratlon of cltrus fruit extract

Table 2— 5 Ef fect of ‘ethyl alcohol concentration on the abili ty of cation
exchange resin.

Alcohol Passing through the column  Recovery
Treatment® concentration
(%) Before After (%)

i 784 6.13 6.13 100.1
2 588 .- 6.14 6.12 99.7
3 39.2 6.12 6.10 99.7
4 19.6 ‘ ' 6.12 6.12 100.0
5, :

00 - 6.12 6.12 ' 100.0

%See Fig. 2—6 for the explanation of the treatment.

3. 1—7?»:27nmhxéﬁzan7h7774—o%£¢ﬁﬁﬁﬁﬁmmmm
m& 8 :
ﬁﬁ%@(’)ﬁiﬁﬁ&t b‘tli R=—r=2aIbF537 4 (60) 14y ow b 57 4 -(102,

121), mifzkﬁ o b 777 4 —(99) RUEEARE(8T) BEBHB. LU, ThbRERESSE

{, BE, —BOILAVONTEORYIBF VNI LI 02 b5 37 4—Th-1, Bulenb (11);

Clements 5 (17)&0&% % (96) Rz AW TREBOREPERBEARZH SGHR LTS, XD

#, Kesnerl’o (61) m.; h Emﬁﬁ&wﬂﬂ%énm AR (64) RO BBHRFH ZRAVTH 2D ) O

ﬁﬁ&ﬁﬁ%ﬁoto Lirl, Y0 a5vhIas0ebs37 4 —3AWSHOBE S IH TR

EOHK:ENM>EL, 2RE7 7o AEERELT S, L b, BEBOSCIRESES QT

W5,

—f, BEEUVREZZETCNAFRA2 07574 —(GLC) 2HREMICERT 28A055

B, REOHBEBIZOWVWTIEGee(36) 13 # # 4k, Brunelle5 (10), Johnson 5 (46), Martin 6

(T5) BRURFES (117G by 2 F 2 ) bd 5 Licd DCLC Tt eEsTHE, 1, WTFH

(148, 149) 13 7Frxz 7 aqbick h SR CAMREAH RBORR SR 2 TRILLTED, KB
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ﬁ@ﬁ®%¥¢®ﬁ%ﬁﬁ&%$wrwaobmu,&eoﬁmvéﬁﬁﬁoiﬂmﬁ$%ﬁwﬁénr
VW3, ' ’

CLTR, TFMIRFMUCEBGLC RN v 3 Y REOHF BB ANICET 3 L 5 KA 2R a1z,

@ HRRUFE

BRERIEERBRSED HIIBE oSN
BPrEDFA4XL, 80%-"’-5"1»71»:—;1«'6%' l'— Connected to a tube
REREMH L, 14 o2uNis0E (Fig. 2—
6) It s VEIRMESD LD, 86N 1S
BES 277 vz 27 1L (150) & Lz, RS
BME LT a—F5 7006 %~F4 B %
MAT . SHCHRIRBE ROLHRE) O+,
*7@,7n61y&,ﬁ@,f9:—w@,
HEE Y208, o8, oVl Ton
B, 79+%v0E, VTl BE® 1V
YIVE, YRATIE ) FRRU ZUBE T
fW£3?yMbko‘r

AR 0w b 557 4~ FHEROE Y TH
=1, -

M. %EGCSA@(K%&41/wﬁ&%
o : , ‘ ‘ o

BS54 @20% Silicone DC 550/ o Fig. 2—6.‘ Colu{nn of ion 'exch_a.nge resin

o ‘ for isolation of - organic acids.
Diasolid L (60 —80mesh), 1m><3mm ‘
id. ZT./I/:UJ?A ®10% Slhcone DC 200/Dxasolld L(60 -80 mesh) 25m><3mm

id. z-r./uzfavl-

& : J'-l/7 I~nX #— ®‘§’§102M9 V/./ 16mV., *ﬁﬁﬂ35m€/mm . ?Eﬁﬁﬂﬂ 95
£/min., % 'J7 ﬁZGd:i‘ » J’é’}ﬁb‘ﬁfﬁiﬁ 20m€/mm & bf:o ﬁﬂ:ﬁﬁﬁz35t &Higgﬁlﬁ
%yveunowvAﬁgmm%summem:%o&mwnﬁ ﬁm%trsﬁmﬁﬁ Z Ot
6°C/m1n't‘30ﬁf’a‘]§iﬂb 235 CIRR L 148, ‘E‘@iilSﬁ'Hﬁéﬁbto 10%Slhcone DC 200 %
i 1A% 4 iiﬁ@ﬁKﬁﬁﬂﬁ%oiimﬁﬁT%ﬁbto A

BEHE LT, ﬁ&ﬁ%%%4tz*ﬁ%mb101~i%ﬁ%ﬁb HBME LT05~10mg O
BRiciz3 Xk 9‘64~5&%®ﬂﬁv«;béf'ﬁato 1L, 7z EBOA1320~100mg ORI 2 X
ez, Cn&zzwlfﬂ:b iiﬁﬁﬁétﬁf’ibf.o

3 HReEBE : .

¥, VoM, FOCAUE, BB, VoL B, Ya0B volE anSE, v
YIARVNE, Yo TH, BEM, AV, YRAT3=, MERU Y 2 BOIERORA R
B7FNvxR 7 V{E#, 20% Silicone DC 550 K:T¥10% Silicone DC 200 # 5 A 2HWTHR % o
ThTIT 4 - %fTolic TDEERFig. 2—7, Fig. 2—8586hi:, 20% Silicone DC 550 %
ROWLBER, Y- VBeHBOC - s BBEL, 2/ L LR702, MDY -2 § Bl o 12,

pump

Cation exchange resih
{ Amberlite CG 120 )

( Amberlite CG 4B )
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10% Silicone DC 200
2HLICSER, AEEY
OB T - ) T RREL
Utzo UbL, anZEid
TeNEE, dHIRA4VI X

VEEYA7I =y NEID

E— 23381, a—Y
FEAEVER CAE R,
AxGoaniflh, v¥3
@EU#*&%%ﬂfﬂ@

naAvﬁﬁéﬁAtﬁm>

BB LT E D o
%12, BEREICOWVWTIS,

4~5mg Ll TORDED
R TCsboto, M
T, HEMkBRECS VB

so | s

16

i |
0 10 20 30 40 50
' ' Reteation Time (min. )

Fig. 2—7. GLC separation of butyl derivatives of
organic acid on 20% silicone DC 550 column.
1. formate, 2 acetate, 3.butyl alcohol, 4. propionate,
5. buiylate, 6. glycolate, 7. lactate, 8 n-dodecane,
9. oxalate, 10.malonate, 1l.succinate, 12.fumalate,

&()‘ﬁ!ﬁfﬁiﬁ&ﬁ?‘}%&@ . 13,g13joxylate, 14. malate, 15. tartarate, '16. iso-
ﬁﬁ‘tﬁ!/f'iff’”4'ﬁ?f citrate, 17.cis-aconitate, 18 citrate.
1213
1 of o ulff I 17 r118
16
L L 1 L 1 _ L ] A 1] 1 1 1
0 10 20 30 40 50 60

7 Retention Time {(min)

Fig. 2—‘8.v GLC separation of butyl derivertives of organic acids on
10% silicone DC 200 column, Numbers on the chromatogram are
the same as Fig. 2—8.

BENTEVEEZ 6NE, LHLESHS, » %y RRAIERRE ATV 3 ARBOESKTR 2
FHRET AL X, KT F LIk 20% Silicone DC 5507 5 A 2HWA L LItk > TSRS
R+ 3L EAONS. COTMANIL, WTSHEROBERBAHTICRIA LI Reoplex 400 IRENT
—254 UBBEELTED, 74 X6FHLLLEBV, #-T, 72 BREFY v IREBITHE~THORE



DEBBHU Dm0 vk Y RHOMRICE >THATH b, EEMIES & & b RIS KHIETHE
bﬁacam%emaaonoéem Ronlreo= by 58365297 5 TORRILTESIR—BL
THH, zﬂoﬁxfwmﬁﬁ&m%ttaa%zT/uzw7Aoﬁm&m?&Eb&wrééaor
XU, Fig. 2—TR&Nh3 & 5i220% Silicone DC 550 TRONIEE T ABD - 3T 5
rw,cnoﬁ%mum%mm1m¢&memm%&mbawnua6&u Lisl, & vBEEi
omrmﬁbtaca,77»@@&&&&&&3nf,:n7m®am$—u—atbrﬁ6ntoﬁ
»T, FHABE BT 20% Silicone DC 550 DB—% 5 4 THATH5. HiBle LTY o a
DN RRFOERBOY 2 0w k554 % Fig.2—9iIKRLI,

“3 :
' 4 9
- 8

10 20 - 30 40 50

Retention Time (min.)

Fig. 2—9 GLC séparation of butyl derivatives of organic acids of satsuma
mandarin fruit on 20% Silicone DC 550 column. 1. formate, 2. acetate,

3. butyl alcohol, 4. n-dodecane, 5. oxalate, 6. malonate, 7. succinate,
8 malate, 9. citrate.

¥§,ﬂ7@,9zo@.%u>$.=n9&,uyﬁm&daxyﬁo7ﬁﬁﬁ%mm&&3nra
D, ChETOLDLHBUTHNBETHLBEC LDBBOEDTH B, 7%y RATICETICED 5
N, Ld$ 75z 27 0kicd 3 GLC THRTIEL BRI S W CRAH SR, BE% Fig.2—10
KU Table 2—6ILRLI. WINS FELHIERESA, BOERELSED iz, BEEO ARG
BORLEHE 2N 4~ 5mg UTODROBAIRERS TE L b1,

NC RIS -
C1=TFANIRFMEREBH RS 02 b 55T 4 —OFEBATERHEL, b FvERSFICE
BLB2bDE U, RERERAMNSRZL, = Be, Vo THEEDE TIHRBOBAYCHE Y
* v REPOBBRHEHAR 20, Ll DESOEHICHT UGS C L 2RABLE, -7, SHER
Ul ORE AT R RORM SIS £ > 2o $1, BUINED S & B, RIEREI L 2L
BeMBICREAB/EIL IR, ChICL > TRESB DA LIMT ARBT — 228 52 & HTE
B ek, R TLEBMICRESMBBOMTICL b, RENGREBEANO TSI 2
> ¥e BUARKIIKER 2Z C AUBMR CRRIBE 2T T 3BOFICH LTIRES TRV EZL 603 °



] ] 1 1 I 1 I 1
4
100 = - 10}= -
~ P
E E‘ al- -
75} -~
9 2
g g 6= —
S sof- - °
< 3 4f -
o =
25}= -
2 d —
1 1 1 I L1 L
o I ™04 0§ 1z 16
Peak area ratio Peal; area ru,‘tflo‘
Fig. 2—10a. Calibration line of * Fig. 2—10b.Calibration line of
citric acid. ' malic acid.

Table 2—6. The relationship between the content of oréanic acids and the
ratio of their peak area to the internal standard.

L Retention Relationship i Coefficient of correlation
Acid ] . , \

: Time(min.) formula (r)
Formic o 60  y=506x 0.977
Acetic 8.5 Cy=432x . 0.998
Oxalic 26.8 y=T7.28x 0.999
Malonic 285" y=5.07x 0.998

- Succinic - 3.2 y=4.31x 0.995
Malic 33.0 y=6.T5x Co 0.999
Tartaric 35.0 y=14.87x+5.63 0994
Citric 48.5 y=23.78x 0.999

4. BRBORMEAE

1 & 8B S ‘

Btk h b B I T 218, —RiEMKkb=F A7 ~ABSENGNE . T FIREOHS,
HiaEs i I skD BN E ShTRY, ChidFEe LT FoREROKAMTHIBLEY Y vodx
FAFPNI-AVRBETHBIDTHE (124, 149). X T, # >+ v REOHRWBMUTEL, EIL
e gALTHRE L. - S

) MRRUFE

Yovaw T AR RE D FAXUNLE, K BK 80%=FN7 v~V RURB0%TF VT
T = BT > 1o TR IR E O F 4 X UMK 30 2ILY, BLROBA F LKEM, BE
REUFAZL, 200meICER LI, BukiiHiz €2 54 X URIN 30g B4 4 > Ki9150me
BMATe TAUTKHHTE R L TR 2 BHR U5 & BER 18 fhicT | RSk 200 me iIER L 12,



80%xF L7 3 — iz, x4 XULRRY30gILI5%F L7 r2—AE)150me 2MA,
BESESF A XH, 88%rFATAVI -V T200ml KEBLI. 2480%=F 07 o — viilihi,
2EUF4XUITERKN30g iC895%Fu7 40— % 150me MAKBHE 2T LEBRPT 1 FEH
HUTo %D 80%x # 7 43 — LT 200 me KRR Uiz
FHMHBERHSBEBRULE, ChesBLE. 5B LOBARIMThOMMETEMRL THRILED
TEE200ml KEB LT, FHEO—ReI Y, 28, HEMRRCESROSI|/EIEL,

B) FHREER

A EOBVICE ZERMBOER S Table 2—TiICEE DIz, P 6L, AL S 1T, FMHE D
B, ol b xF 7 Ao - VIR IREARDT LB S EHWHEZR UL, COMEMIGRSEICAE
WY, ERBBIKPRAVEMEBETETT 20880 60, 7 FyRECOERE (124) ¥ooy
AU IR THETRES L OB SN, MBLILERBO MBI E(HR2 6126 38 h 1,
HABOMBIMBNE TPPRVIRZR LI BZOER/NI P12,

Table 2—7. The acid concentration of citrus fruit by various method
. of extraction. ‘

Acid % (as citric acid)

Method Free/ Total (%)
Total Free Com bined
Pure water 1.141 0.721 0.420 63.19
Hot water 1.169 0.737 0.432 63.05
80% ethanol 1.023 0.702 0.321 68.62
80% hot ethanol 1.041 0.696 0.345 66.86

BLT, w3 vREDSOHEOMBIX, ZOMET AXEROMBEY T FORREREID, [k
OBMLE 2EiIHE DREL LV, 5T, BREBS2RE, WINOMAEZRANTEREZN
EREBEoh 5, KA, BEOITS, MREGOME, BRORERRFMYRORFE 2%
HBULT, 80%xF 73— viHESRBATH S EBA 23,

4 N IE

KO 7 v 7 v 3 — VIBEKIZHS, D3I LENHZR LI, INRNEIIEEBHROH
HePRENZ LIz, LdL, WTFhOXELWPTHY, # o3y REOHRGETFOOEELRLD,
HABRE BZPIVC L BT -7, BHHSHE2RE, REOMTS, /RREBOME, B
FOTEE R CHMHEORFHE2ZE/LT, 80%F 473 - VHESRETH B VA 5,

5. ERBAICKIRAPHAEDOER

m # B ,
hxVRERHREMERICT L RAREVSEL AL L HBLLASN TS (5, 21, 86, 90,
144), L LMoz hbid, EhLERRICOVTOADOHEHTH IO TRARZED TORH %
viav i BHHL T,

2 HERUGE

1975 R 1976 FEIC BB EEHBRBRIRBREINTWS ‘RIS AL 5’ 165EE (19754



) % 3EHBLA UTe 3, SEREBIBIEC 55 %@BH & 3 25iH: Ch 3, HEOHARILOEHED
Lilid o &, ERRCEHTEABL b, MLERELI0~I5ERIUIHICEL 12, BEZEY & RS
i, TNTNOERLWE URBFELRDIL, §61, BN FU 2 =4 —2HORHL, B05
% (3,000rpm 10538, LEB S SBLIRRKS Uz, 2BMBROESRBE 2N (B 25 52 1)
REHBEIEL, @onifiis oMBmReiitLi.

Q) #RLER

K% Table 2 —8ITRUIL, 1975F I >0 DB B ICH 3 BED HESZEYD b, TDEIL
WENRSHEL BVAL D o, LibLd 6, 1976 EIIX, REGE, SHMDE, SABREROE
BRBICERESBY S Wit 2ENOAITIR, REFS, SHONR SERBIEICERESTD 6
hice 1975 FIBFEESBY bNigh - IO INBEORIADEISNS Do 12 LIC KEHD 22D - 12
1mHEER 3, '

Table 2—8. Comparison of the quality of the fruit from various parts of
satsuma mandarin canopy.

Peel % Acid %(as citric acid)
Part ’ Total Free Combined
75’76 Ave. '7T5 76 Ave. 'T5 76 Ave. '75 76 Ave. 'TS '76 Ave.

North 26.3 282 27.3 1.51 1.55 1.53 1.08 1.13 1.11 0.43 0.42 0.42 71.6 73.1 72.3

Free/Total %

East 25.7 26.9 26.3 1.36 1.55 1.46 0.97 1.14 1.05 0.39 0.41 0.40 71.2 73.3 72.2
South 29.3 293 293 1.33 1.46 1.40 0.92 1.02 0.97 0.41 0.44 0.43 69.0 69.7 69.3
West 25.6 291 27.4 1.38 1.43 1.41 0,98 0.99 0.99 0.40 0.44 0.42 71.3 69.4 70.4
Inside 24.7 265 256 1.40 1.72 1.56 1.03 1.25 1.14 0.37 0.47 0.42 73.1 728 72.9
Top 25.8 28.7 27.3 1.38 1.51 1.45 1.00 1.09 1.04 0.38 0.42 0.40 72.2 720 72.1
Signif. NS #% % NS #%* & NS =+ « NS %« NS NS #* NS
Le.d 0.05 — 171 159 — 012010 — 013010 — 002 — — 29 -
el - - - - 017 = - - —- — 003 — - - -

*##8ignificance of F at 1% level, *Significance of F at 5% level, '
NS Not sifnificant.

REHEX 1976 ERF2FEMAIH e t HERUABTHOHLETL, HEABCENELR U, T
bbb, ARORWERLUTERSEL 580 %R Uls, BRI 1975 £2B0 ISR OTR T
&<, AN, RHRFILBTHCERTS 12, 1976 FER U2 EMSHIC BV THER OTHROREN
Wi, RERCIEROREL HEVCEIRLRT ORERE OMHlEE 2 RBT 2D TH 3, HE, %
5 (86) 1AM EEBD N ERIEHUTI Y, TS (90) RUAHE 6 (1420 #EN RO £
KIIRBO 6 DICHB L THBEN & 28E L. BIBROTEBHRE 2K 1S, SEBICILERS
BUI L ALY, SEBECERBICRAL HLERENSSH H, EHOX S MERERMURB L 2R
OHEZEBED LN, L0 LIBARIABOYBICMAT, OKE, BBEEROBBL2ZI 3L
LETRT D THB, -7, HRMBOILL 2REFBXEIHBOHE (R, BFLL) &£ %5 Tl
BEBHHL EHMEE NI, LbLAS b, WERRO R ARSE S RIFTH 5 IR LBBKILE
ETi >z FRMREBERKICERLLBEAS S, ZOUDFREREBHMOE O BFRE-T



WAEEZAONB, COBEE ABMUM CHIRELRL AL LPBTELNIE 2EIT TS,

sk, BERAOFREEICE Y, BEKERCERENBRIIS 12D, REORSRL2AD LT HHE
BRICESEL AL 2P DILLIL, > T, FHRKLOEREICSH 12> TidF —HRALE DRE 2N
T 3, 2AEOIERTALEBH S LHEL S,

@ I B

RO BY 3ERUBOXERIL Y, KREABRICENEL 3L & 2RUIL. HIKBRIKOVWTI,
HEEO 5/ 6 FHABICLED HHL L 25 bIC LTz, 21, RESHOBERIKE HVEUTHS
%e,%avuw%%ﬁaacame,Bﬁ%#wﬁmxafoattésntﬁ%fua<mwﬁﬁ
LS LTVE Z bR NI, WIFhite JHBORRMBORV L » TREKEESH S IIDI,
AR PEOFRCH 12> T}, A—HERUBORELENT 2, 2UHEOREBAS L H IENTHL
EBRBETHS,

6. RAROBAUINBRBEARRTREOER

m# 8

B rFVDOREICBOWTERM 2RiCT 5 & nEEERHRAE(3) PBRE (128, 138) 4 LitEBED
bhaesh, —BUIEROPTERELME {ZY 282 CBREESEL & Wbh3 (141). LbL,
Lo ORBIIRERBERZSVTOLDOTH Y, RPlL OBEME2ET 5ILE-> TV, KT,
HHREBEZHEL BIRL, ZhTHCSWTHEBIREBN LI,

(2 ¥MERBRUAER

1975 12 A i @R EESHBBED ‘Gl ALe 5’ ORERFML, HEICEREILSRY,
Fig.2—11 o EETRLERN, RER NUSROHL
Bo 4 LI BER2FI 2. ThThicsd i ohiz il
PrECFAXL, AIE (E2H, 4 OHEKT
80%zFu7Fra—nict YERE 2B LI, MK
ISEED (B2, {3 0l -FTFrzzr7 nfbicd
ARy 02 bS5 7 4 -t bERBOSFIER S
2312,

3) BREBR

B shrFREL, ¥8 Y08 Y9 <v
VB, IR Vo TBRGICBTH D, BT
Lo TREUEFRBRPRIBINAT LR b1, B
AOEHERE 2R L IR (Table 2—-9), AR
& hAROLHOABENEZRLII, $4bb, A%
{CZUF AN CHRBENSECER(141) DR T e HTERE L {—H LIz, B, Ting (138) %
CNLrUT RREUIHER, REOPOBTHERESHECORZEDTWE, —F, RENE FERE
B USSR THRERSTHVEBELRRULI. ChoDRIITL 3BBEEBAE{BELTELE
BREN, 405, 72 BREORWBNTEERREBESHEZ->THH, Vv THREZOM
OHEERBOLEHB~OXERNZED T/ Hab 1,

Fig. 2—11. Organic acids from
various parts of satsuma
mandarin pulp.



Ting (138) IRREDOHLE T ABHEEDIEHEN: DEBLSBEDTEL 5L b BEDTH
b, TRPLBOMBYMORR L VBRE D EBR LTS, EXLRERTIEdH 20, GGG
B (Table 2—10) RAED LN L LERT, ZTORMOBNIZHE D AS LIIMNEE R B0 o
T, 23y RAPORFBEM 2 ERICTSLEDS 3 B3 —EFUO RN 2R $20, Tt
TEANYEBUORALI O ED ZEBSHBETH 5,

Table 2—9. Organic acid concentrations in the flesh from various parts
of satsuma mandarin pulp.

(mg/ 100g of flesh)

Part -

Formate Acetate Oxalate Malonate Succinate Malate Citrate Total
F1 4 6 9 1 3 66 636 725
F2 3 5 9 2 3 54 709 785
F3 3 5 8 2 3 73 801 895
F4 5 5 10 2 2 65 797 886

Table 2—10. Organic acid composition in the flesh from various parts
of satsuma mandarin pulp.

(%)
Part
ar Formate Acetate Oxalate Malonate Succinate Malate Citrate
F1 0.5 0.8 1.2 0.1 0.4 9.1 87.7
F2 0.4 0.6 1.2 0.3 0.4 6.9 90.3
F3 0.3 0.6 0.9 0.2 0.3 8.2 89.5
F4 0.6 0.6 1.1 0.2 0.2 7.3 90.0
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Fig. 3—1. Changes in the weight of various citrus fruit during their maturation.
Open circle : Natsumikan, solid circle : Fukuhara orange, open triangle :
Hyuganatsu, solid triangle : Satsuma mandarin.
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Fig.3—2. Growth curves of the pulps of citrus fruit during their maturation.
See Fig.3—1 for the explanation of the symbols.



Table 3—1. Changes in the pulp percentages during citrus fruit

maturation.
(%)
Dates
Natsumikan Fukuhara Hyuganatsu Satsuma
Jul. 22 12.55 19.16 20.28 54.94
29 20.87 31.26 34.75 60.18
Aug.5 28.38 38.75 38.97 66.17
12 3104 39.42 46.97 67.57
19 41.10 45,06 49,03 70.99
26 44.08 44.95 48.92 © 73.78
Sep. 2 50.97 52.29 54.19 76.87
9 52.47 52.217 57.02 78.94
17 59.36 57.42 61.03 77.88
24 62.40 60.75 -60.90 78.81
30 .60.52 62.67 63.47 81.07
Oct. 5 62.79 63.13 63.32 80.83
14 63.91 63.87 63.88 80.49
21 65.82 64.52 64.46 78.91
28 66.82 ‘ 67.62 65.59 78.57
Nov.5 67.27 69.06 66.05 79.73
11 66.94 69.46 65.87 79.36
18 65.43 67.83 63.59 77.06
25 65.58 71.75 67.71 71.20
Dec. 2 66.57 68.50 66.71 71.58
-9 - - = 1727
16 66.03 ‘ 70.68 66.23 76.32
25 65.88 67.81 66.55 77.52
Jan. 7 67.98 65.39 67.25 75.34
20 67.78 65.39 66.84 - 74.66
Feb. 3 68.69 66.10 66.66 75.68
17 66.78 66.00 65.39 73.25
Mar.3 64.38 66.03 64.90
17 66.69 64.56 65.57
Apr. 4 65.69 65.60 64.12
14 62.02 62.05
28 60.88 59.38
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Fig.3—3. Seasonal changes in total acid concentration in citrus pulps.
See Fig.3 -1 for the explanation of the symbols.
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Combined acid ( % )
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Fig. 3—4. Seasonal fluctuation in combined acid concentrations in citrus

pulps.

See Fig.3—-1 for the explanation of the symbols.

Table 3—2. Variations in the ratio of free acid to total acid in the pulp
of citrus fruit.

(%)
D
ates Natsumikan Fukuhara Hyug anatsu Satsuma
Jul. 1 15.10 16.58 16.40 22.16
8 2717 14.42 16.96 43.57
16 14.79 17.11 1717 56,21
22 14.52 29.92 57.02 84.04
29 21.81 43.57 74.93 84.31
Aug. 5 56.50 68.75 78.66 86.88
12 68.87 72.99 82.06 80.91
19 79.06 79.25 87.07 86.76
26 80.51 82.33 84.67 86.44
Sep. 2 84.44 83.95 86.81 86.74
9 85.20 84.60 87.80 86.70
17 817.78 86.66 87.60 85.06
24 87.97 86.56 88.63 85.25
30 90.10 86.56 85.69 82.01
Oct. 5 89.75 85.99 86.99 82.06
14 90.68 - 84.92 88.91 79.17
21 90.90 87.90 89.17 78.93
28 89.40 87.96 87.86 76.49
Nov. 5 90.22 85.34 87.63 75.63
11 90.84 85.57 87.90 74.90
18 89.10 81.35 87.98 73.48
25 91.28 85.68 89.47 75.71
Dec. 2 89.90 85.36 88.04 73.27
9 — - - 73.73
16 88.97 83.97 85.91 70.68
25 88.66 81.89 84.79 70.59
Jan. 7 87.37 81.48 84.93 66.81
20 88.42 80.26 85.13 69.28
Feb. 3 86.14 79.65 84.95 67.47
17 86.29 79.32 82.18 66.86
Mar. 7 86.70 79,00 83.36
17 87.00 78.40 82.57
Apr.4 88.20 74.35 82.06
14 88.53 79.82
28 85.28 76.08




Table 3—3. Seasonal variations in free acid concentration in the
pulp of citrus fruits.

(%)
Dates
Natsumikan F ukuhara Hyuganatsu Satsuma
Jul. 1 0.174 0.134 0.132 0.198
‘ 0.136 0.122 0.120 - 0573
15 0.118 0.116 0.107 0.945
22 0.120 0.264 0.820 2.704
29 0.187 0.481 1.795 2.723
Aug. § 0.798 1.249 2.304 3105
12 1.307 1.613 2.903 2.881
19 1.965 2.104 3.187 2.502
26 2.305 2.574 3362 2.566
Sep. 2 2.518 2.425 3.342 2.331
9 2.556 2.627 3.209 2.183
17 2,688 2.828 3.272 1.806
24 2.980 . 2.806 3.397 . 1.649
30 3.420 2.762 3.073 1.349
Oct. § 3.622 2.449 3.279 1.296
14 3.416 2348 3.246 0.992
21 3.355 2.253 . 3.059 0.994
28 2.993 2.099 2.644 0.840
Nov. 5 3.030 1.822 2.581 0.859
1 3.045 1.857 2.559 0.776
18 2.945 1.743 2.447 0.797
25 3.161 1.808 2.344 0.752
Dec. 2 2.687 1.666 2.347 0.728
9 - - — 0.816
16 2.830 1.737 2.087 0.719
25 2.667 1.468 2.000 - 0.745
Jan. 7 2.554 1.472 2.024 0.668
20 2.872 1.399 2.027 0.734
Feb. 3 2.572 1.374 1.964 0.699
17 2.430 1.397 1.753 0.573
Mar. 3 2.595 1.302 1.954
17 2.423 1.198 1.739
Apr. 4 2.452 1.119 1.885
14 2.350 ‘ 1.454
28 2.130 1.195

6 (67) BEERH2RICLEBESORH BRI FEEBIC I VEL B & 2RLTVE . KRBT
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Fig. 3—5. Seasonal changes in total acid contents in citrus pulps.
See Fig. 3-1 for the explanation of the symbols.
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Fig:. 3—6. Changes in combined acid contents of citrus pulps during the
- maturation. Sec Fig.3-1 for the explanation of the symbols.
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N2 Fy REBPEFICES (KON T, HERBE LA ELLT, BRBVEBETTSL 105
EBHRIR, COMITRH pHIS LR TR L oRTE eIt (B) /(B EBE Y IKESLC e %
Bk¥ 5. $4db, RN pHEADER & Zhich > RO AR, BUESREL»{, ROdIZE T
1Lt 2HRTE40TH 3,

RRPORRBESFULER WThOoRELL L7, VB, aNJE, <o, va
VB, HYBRUFHO THSSRESN, 5 (88) OMO L D LBREALTH 120 UL, BE
B, 78, FovALE, BE »TorBREDSAY, 351, BES (63) MU LIREER
BRHTE LDz, Chid, BICDLDb st e e, | —TFA2 27 VMETRBIECEZVEBTH
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Table 3—4. Seasonal changes in free acid contents in the pulp
of citrus fruits.

(mg /pulp)
Dates
Natsumikan Fukuhara Hyuganatsu Satsuma

Jul. 22 4 11 24 206
29 47 39 133 318
Aug. 5 97 169 237 437
12 . 196 . 249 387 498
19 575 417 636 551
26 875 713 795 759
Sep. 2 1366 891 1000 907
9 1623 1050 1127 956
17 2016 1292 1294 896
24. 2469 1502 1456 906
30 - 3021 1594 ' 1458 803
Oct. § 3768 1599 1631 797
14 3710 1634 1823 691
21 4318 . 1701 .. . 1774 . 689
28 3948 1737 1760 655
Nov. 5 4425 1694 1718 654
11 4686 1746 1791 599
18 4460 1675 1727 584
.25 5009 1855 1666 540
Dec. 2 =~ 4284 1677 1749 516
9 - - - 584
16 - 4393 1829 1657 494
25 4305 1518 1664 ~ 509
Jan, 7 4104 1441 1715 454
20 4729 1359 1714 474
Feb. 3 4156 1316 1708 463
17 - 3743 1355 1519 369

Mar. 3 3959 1240 1649

17 3809 1108 1494

Apr. 4 3866 1072 1650

14 3483 1232

28 3152 1004

BE&ed5 (8, 1T). UL, ChiZBREPHRBESHEHICEVREB->TEDSNTHEDTHY,
—RiTiz 7 = UBESEEINCE N EHBAIS N TN (58), AEBTHS NIRRT L, PAHERKO
{EVWBIEE SRR O ECETE iz, ~ L EBOSHERETSBY s hit,

Y = L BEBEOKINEL (Fig. 3—8) 13, SMOBNRIL S IHET—HUIE 2RUK, L
TRV 4HiE b, 7 2 BBEANRS NI EHEEITS, SHROMERIZ Y = L BOBBERILic
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Fig. 3—=7. Changes in malic, citric, and the other minor acids
composition in citrus pulp. Upper the dotted line, under
the straight line and between the two lines show malic,
citric and the other minor acids, respectively. See Fig.3—1
for the explanation of the symbols.
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explanation of the symbols.
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RBThs, —7, EHROMM () X 3RELER (ET) i (C:—C1) /P1X100%, 18%H
OBELR (ET) fizch2DcHl-nflie s, ChPEEBYRETH 3. ZRYBLEIRDED

vy C2=C1 100 (G Ciy, 100 _ (C:_ Ciy ., 100 .
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HYOBORE LR (ET) ez 3,
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Table 3—5. Changes in the pulp weight and free acid
concentration of satsuma mandarin fruit.

Pulp weight (g/fruit) Free acid (% as citric acid)
Dates Miyagawa Sugiyama  Imamura Miyagawa Sugiyama Imamura
Jul. 22 7.6 4.7 4.2 2.70 1.40 1.37
29 11.6 8.3 7.2 2.72 2.16 2.04
Aug.5 14.1 12.6 10.1 311 2.78 272
12 17.3 15.8 11.5 2.88 2.53 2.95
19 22.1 21.8 18.1 2.50 2.50 3.23
26 29.6 319 26.3 2.57 2.31 3.26
Sep. 2 389 381 343 2.33 2.21 3.20
9 438 41.1 37.8 2.18 2.21 3.11
17 49.6 48.3 41.4 1.81 1.94 2.99
24 54.9 54.56 46.9 1.65 1.84 2.84
30 59.5 66.3 51.1 1.35 1.47 2.63
Oct. 5 61.5 70.3 53.2 1.30 1.27 2.41
1| 69.8 75.6 65.2 0.99 1.15 2.00
21 69.3 76.8 72.7 0.99 0.97 1.74
28 771 79.9 75.3 0.84 0.93 1.57
Nov.5 76.1 79.6 76.6 0.86 0.86 1.47
11 81.2 78.7 0.79 1.34
18 ‘ 80.1 76.8 0.78 1.20
25 78.6 76.7 0.79 1.15
Dec. 2 ‘ o 76.9 1.04
9 75.9 1.07
16 ‘ 76.3 1.00
25 76.3 1.04

‘ELEN MSRESHEICET 280 SHBN L R, ‘BINRE SiI-—|Li, -1,
WHRRNEORBHLTIHRIRI VY9 v a9 90 Va0 DERTRT D LRWVA L T,
BESE & WERE RSO ORAMZEL 2 < 1f] (37, 55) BdH 1285, H o7 2iBL, ARAR2EIL
1o 7 =5 RARUS I,

SEATIRE 3 SR TIHBINE ¢, e LT1%I BT 52 b1 (Table 3—6) 45, LIk~
ED L, 118 RIRERE2RL, T0k, EFERL, RRRES, 48, HeBREoANICL
BEFED bhi,

<BAPOEBEOERD> RRPOHEHEREOERRIL, REOETFICH »THIML, BREFEICHELICE,
W MOGH T § NI S THELBD 2R U (Fig. 3—-10) . '

TV ORI YOV LY. PICHELT, BROBHEMREL»SHHEED, Lt BEEHCET O
BRboti, ThabBL, CENRE 129A LMK, HILEM, R SHREM’ 1ktic 9 ATOIRER



Table 3—6. Changes in the concentration and total amount in
combined acid of satsuma mandarin pulp.

(% as citric acid) (mg/pulp)
Dates Miyagawa Sugiyama Imamura  Miyagawa Sugiyama Imamura
Jul . 22 -0.51 1.04 0.69 39 50 29
29 0.51 0.60 0.70 59 49 50
Aug.5 0.47 0.48 0.58 66 61 59
12 0.43 0.45 0.59 75 70 67
19 0.38 0.51 0.54 85 119 97
26 0.40 0.34 0.59 119 109 154
Sep. 2 0.36 0.34 0.51 139 131 173
9 0.34 0.27 0.41° 147 i 155
17 0.32 0.32 0.42 157 152 173
24 0.29 0.29 - 0.38 159 159 178
30 0.30 0.29 0.37 176 189 188
Oct. 0.28 0.27 0.37 174 188 195
14 0.26 0.26 0.34 182 196 224
21 0.27 0.24 0.30 184 - 186 215
28 0.26 0.26 0.30 201 205 226
Nov.5 0.28 0.30 219 225
11 0.21 0.30 197 235
18 0.25 0.30 200 237
25 0.23 0.27 180 208
Dec. 2 0.28 215
9 0.31 232
16 0.35 263
25 0.32 240

fHICE LT, HA S (55) ORBMBO I SIRENWF -2 0647 T v a9E 790 T 02U TH,
HEHBROBRTRICHT ZHAICES HE LB IPBALE, THDE, Yo vav ih dHEiiict->T
BNhOEREESRSBRE 2 RIBHSRLS VALY, ‘BLURN OHSERED RN ‘B
MR TEh o208, RUROBEHMBRLL 7YYo 290 ‘SHBM &—BUI. T74bbB,
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L72VOT Y aoDELL HHBICRTORBRTHS S,

Sinclair 6 (131) &, RELEFEIWO 7 = VBREOHPRBFRICL > TOAEL B BT S, L
L, AERBOZBRICINE, WFhOEEIBWTEHL > IIERROBSICE AREETHBD 6H
3,52, DY a0 i A LRBVWTRBROACE 2REETORMBIELALBD LAY, Thby
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TH oY, HRYGELBERRYE L LE Fig. 3—10. Variation in the total amount
Ay, HEREREOROKETEL, B of free acid during maturation.
3T, EHROBMDIIEE 5725, (O) : Miyagawa, (A):Sugiyama,

(®) : 1mamura.

BHRZDE BB L TR REETHE
T3, MEOFE4HIL, FYRE /NS
R APHRICHEEL, BRBRERRLET L TRBMICE -1,

TP vavETVIILL A VDER, FE2HRCEIMCBO SN, vEI LY 290D CEI
BE @8A»L 9828 T (B2i) OBEMNBORIMMB 7 v oY vy dic~xTHi Ty, Wi
BREOWPENE L1, 2L, “ENRE BEIMN2~IBHRELAD, REETY, 7
YOO YaICHRTREAOBED NI, VY o0 “EINRE &, $HRICBIT 2 5H0E
OEREHTE (EHRIEIRLS M E W) SAk, RLEHROBMO 2D, 79990 a0
KHERTRERBREOBTHETTAIDLNA 2, AL, 72voorv.o0 ‘BILEBN & ‘4
HEMN o, F1,3MeBDohi, ‘SREMN K 3ERBOBNROBIMIFT LD, 5
2~ 3 BMBRTA- . L, BIMcH1ERENT AT, ZhIRE LT, $3 41oks
BREDHRICAEOES 0D  SHEN OWERAKETSEL, L EhI:,

@ n B

Vrvav i AOREORNIE AHMREECEL A BREEELH bITLE S L LT,

1) HREREORASHETIE  SIWERN & CENRE’ BRICTH b, SHEMN 1mEE X YiBhi,
ToC sid, ERROBERILCRAHCHBOESRNILAVT L ZRLTV S,

2) FHEBBIEIHT TREEME WY, REORRLED & HLETL, L HRHUSAORTIN
TN E otz T, GHHECHSICL AZIHARMIBIBY oL 1, HE-T, HECHBICL



Rate of the variation in free acid

concentration ( %/day )

0.15

0.10

0.05

-0,05

-0.10

X

iy 1

J.22 A, 5 AJ19 Si

2 5.17 Si30 Oi“ OI.28
)

[ 1 |
A! 5 4,19 8. 2 S.17 5.30 0.14 0.28 N. 5

‘stage { Month )

Fig. 3—11a. Effects of dilution due to fruit enlargement and of the total amount of
free citric acid per fruit of the pulp on the diurnal variation of free acid

Fig.

concentration in the Miyagawa fruit.

" Solid bar: effect of dilution.

open bar:

effect of the total amount of citric acid, open circle: the difference of the two
effects. (=) :The period of each phases of changes in acid concentration.
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Effects of dilution due to fruit enlargement and of the total amount

of free citric acid per fruit of the pulp on the diurnal variation of free acid

concentration in the Sugiyama fruit.
the symbols.

See Fig.3—-11a for the explanation of
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Fig. 3 —11c. Effects of dilution due to fruit enlargement
and of the total amount of free citric acid per
fruit of the pulp on the diurnal variation of free
acid concentration in the Imamura fruit. See Fig.
3—11a for the explanation of the symbols.
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Table 3—7. Changes in fruit weight during development.

Variety and strain (§)

Satsuma Sweet orange
Dates

Miyagawa Sugiyama I mamura Fukuhara

Jul. 22 Co139 10.8 10.9 19.8
2 19.3 15.1 14.9 25.7
Aug. 5 213 22.2 18.5 34.7
12 25.6 26.7 20.3 39.1

Sep. 2 506 52.2° 49,2 70.4
9 55.5 56.1 52.6 76.6
Oct. 5 76.1 90.8 70.9 103.4
14 86.7 96.7 83.2 109.0
Nov. 11 97.9 106.0 100.0 135.4
18 95.1 106.3 1012 - . 141.6

Dec. 9 92.6 990 -
Jan. 20 865 . - - : 97T 148.5
Feb. 3 .= - 875 ' 1000 145.0
coowo 818, R 98.0 145.5
Mar. 17 e ’ 143.3
Apr. 4 ' - 146.0
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RET & leb o1z, Fig.3—12. Changes in the citric acid concentration in

1, VLI BBEIR the pulp during fruit development. (O) : Miyagawa,

v RRICHER LT, (®) :Sugiyama, (A) :Imamura, (A) :Fukuhara,

B ZDEDBIEVS A (M, S,I, F) :Harvest times of Miyagawa, Sugiyama,
Imamura and Fukuhara, respectively.

e, FER O 2 ! pectively
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Fig. 3—13. Changes in the malic acid concentration in the pulp
during fruit development. Symbols are the same as Fig.3-12.
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Fig. 3 —14. Seasonal changes in the absolute amount of citric acid in
the fruit pulp. Symbols are the same as Fig. 3—-12.
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Fig. 3—15. Seasonal changes in the absolute amount of malic acid in
the fruit pulp. Symbols are the same as Fig.3-12.
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Hie, 7z BOEHRSBOLUED 26 (53 MoMREEE) & UE O Rk OB » 12,
OBz v i e BRALVY D RPHEBLIGSIKEBY LRI, T4abb, NEHOR
VWHBIR ERL s = U BIBHROBED 24b 5 CE3MICAS) OBHLb L T,



BAE REREVICIVREDRBRRIZTHE

N2 %) DFERRFRMICL > THBL2RIBL0DNBUT, 71, 84). ZBEODTHICAK M
ﬂ@%wﬁ&ﬁa@ﬁﬁws%@mowruﬁﬁ,mzﬁtﬁﬁ(mﬁﬁﬁﬁﬁﬁ)%ﬁﬁbtémﬁg
{, MIRERHULPRIIZEA LTV, 1, RELOEL 3 BECEIELHRICL 118 13 2 Kine
Vo TN,

%cvxﬁfuﬁﬁ§#®¢?,ﬁm%@oﬁwaénaiﬁoﬁﬁ,&E.ﬂamzaﬁ&mbtm
N6tk Y REFRASZG 582 T & U THRER UKL BORRN Ui, BIcH BENCS VT
RESAHIC S DIREZEOL LS BESWOIIULS & U,

1. TEOBENI a9 I hoOBRRBICRIZTRE

m & = | o

THOHBERICT SHEEL 3 REGAOER, WKABHOBUVCL 3 (47, 70) EZibh
TV, EEFRLEEE L (31) RAZOEL 2 BECEBIEIC O WTRH URTIRILIZ & A E B,
LLTRY Y29 3 H 2L, RBEOFRT L BICHITF BEESF- CEREZI Y L+ RO
PRICTECEICE >TREZOEL 3BERFEELMEE LY 5 & Uiz,

(2) BHEHRUF®

19755, BRKUBBRICHHT 51EC S E8LH R ROS=CELE BE) REsShTL
3 HIRE BexhTh3ETy>BEL, SECE C3BPEBELL, 2h oA & TMHES
B 3TUE | MICHUTIRN L, RN%IMOMLTHE 974 X8, Fernandez—Fiores & (33) OFIE
iatf;%%17w7w:—wvﬁﬁ&&mmbt,36K,cwm&&w—%%mwfﬁzauvby
57 1~ (150) K& YARMOAIERD 7% - 12, HREDEICRARR 2RL T —BR %) 00
e Liz,e '

(3 BREEZ

REOEFHRIIOE 00U SFLRL, HFBLEEH S bbsbhiz (Table 4—1), WEAIEC 52
EimiO6%@&%5&@i&®%%?%&$eﬁﬁ<aakw,ﬂuﬁﬁwﬂmﬁiféoft%ﬁ
ﬁﬁmuiﬁmib§#%¥%w6ﬂtoﬁ&&%%u%me(m)miatﬁﬁénrﬁb,—&M%
B L ORBECRESE VLB 2, RESAOBOEEL XS LK S hTins,
RADzFv7 2~ VIBOH 22 0 <+ 79 s 1Lid THSIOEBBSREI Nz, 7 = L BHBE
B S <, Vo THMH LB, ChUNDFHERE (¥, Y28, > .78 <o BMRFaN
TH) REFOEOMRILBNT L 2ERMO 5%KRIETH b, REIERRDELELET 2B0R Tt
K otc, '

<HBREBED> 7= B BCRETREBRNERETS - 1205, ETSHEL RONTREHS
ZhH, BAIRBEICGE LI, O, I (11A11A) iwh I TEAEIET Lz (Table 4—2). —F,
Y2 THRBRRSECELORES N, REOETE LICIESET L T8 AU II—EOREIc
ELotle ROPEDEMIBILY = L BEICHNTELLNS Y, VoVl o v BRFINSERIZY v
SHRE, FROETIMENREZRUI, —F, MRECXBR Y s BIETRE IR shi,
THOHBAic A RS, PELEBERK TR = U BINES S ATHLHB VT, Biclte 528
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‘Table 4—1.. Seasonal changes in the fruit growth of satsuma

mandarin.

Granite * Tertiary **
Dates Weight(g) Percent Weight(g) Perciqnt
Fruit Pulp Pgel Fruit Pulp P%el
Jul. 10 10.6 3.6 66.0 12.1 3.2 73.6
.25 26.0 15.5 40.4 24.1 13.9 42.3
“Aug.1l 36.4 24.6 32.4 36.1 24.1 33.2
28 55.8 42.0 24.7 55.1 409  25.8
Sep. 11 72.0 56.5 21.5 69.4 - 53.9 22.3
Oct. 8 110.5 0.1 185 108.7 88.8 18.3
Nov.11 131.0 104.4 20.3 129.2 100.6 22.1

#Fruit grown on the granite soil.

## Fruit grown on the tertiary soil.

Table 4 —2. Changes in organic acid concentration of the pulp

of satsuma mandarin fruit. (%)
Dates .
Acids Soils .
Jul.10  Jul.25 Aug.11 Aug.28 Sep.ll Oct.8 Nov.l1

qumic Granite (G) 0 0 0 0 0 0 0
Tertiary(T) 0 0 0 0 13 0 0
Acetic G 0 0 0 2 0 2 Tr.
: T 0 0 0 1 3 3 Tr.
Oxalic G 17 8 3 7 Tr. 2 3
T 14 6 3 5 Tr. 2 4
Malonic G 31 8 7 5 6. 3 4
T 25 8 8 7 6 5 5
Succinic G 16 12 8 7 6 4 3
T 16 14 8 7 6 3 2
Malic G 318 293 192 148 139 116 91
T 361 331 199 153 133 92 87
Citric G 1232 1871 2162 2265 1384 840 618
T 1316 2357 2303 2114 1696 924 690

HTHib o1z, =, Y v THBERREOEFTMNICE=LCERETH V026, hoRTE
WL e AEEDB b1z, bR BEIZ b ) L THEREK, TEoESIcE 2ER2(BYohy
olle #-T, TEOMBICE AHBERTEOX XY = LEREOHBICL > TELIIEWE TE 3,
<HBEENR> 7= UBRRROET I > TR RSEML, 8 ATa» 5 9B LENCEEfIK
# L7 (Table 4—3). THOMEHMcABE, 72  BIEFTHNM2H U TESRERECBLTH
WHBR Uz, —F, BEEIIGET 2MIEC SBRETRL, ThXORIESBE 3 LRI,

_42_



Table 4—3. Changes in the total amount of organic acid per

fruit of the pulp of satsuma mandarin. (mg/pulp)
Dates
Acids Soils .
Jul.10  Jul.25 Aug.ll1 Aug.28 Sep.l11 Oct. 8 Nov.11

Formic Granite(G) 0 0 0 0 0 0 0
Tertiary(T) 0 0 0 0 '5 0 0
Acetic G 0 0 0 1 0 2 0
' T 0 0 0 1 2 3 Tr.
Oxalic -G 1 1 1 3 Tr. 2 3
L T 1 1. 1 2 Tr. 2 4
Malonic G 1 1 2 2 4 3 4
: T 1 1 2 3 3 4 5
Succinic G 1 2 2 3 3 4 3
T 1 2 2 3 3 3 3
Malic G 8 47 48 62 = 78 105 94
T 8 45 48 -63 - 12 82 82
Citric G 44 290 532 951 782 757 - 645

T

47 328 555 865 914 821 694

Y TEORNRETIR I L EOMBIC L 3EMBIZLAE Lo 1D, BEILRIEC SERR Y
REWHE S -T2, Thid ) v oESETREICRI—ERE»TTORMYL, PRNERSIEL > SRET
ol L RBERT B ¥a VEH2IRUDZOMOHBBICELHOMMICE 3232 BY shish
-l LLEDFR, —RATHRBETROLBOMEIL 2% = M BOENROZICE hEL BT
EWAREE /L1, ,

<7z BEREO 1 BEYNERD> REOLEFICHES TRENEOLILIX, REEALEEBOEN
BRIZX DIREINIY, RO 5 RFICy 2 BOBBSXENTHIOT, 72  BBEICKITH
Resx  BENBROZE 21 BYH TRDTAL (Fig. 4—1, Fig. 4—2). HHEIHEIT, H2H
(a4 Vg Y

7ﬂmﬁwaﬁm%%uk%wﬁ,cn&t@a&:a@mﬁﬁﬁmm%%ﬁaatwaxuﬁmﬁu
FHEIERUI 8 AIRA-TH3| 25t & BB L ENHIMMBIIIA S D 1205, THRIIART 5
1, LOWD 7 = BORETALIR/NE o1, 9 A IREBERSEITHA TR RBDYRIEL 212
», 7> BREOHEUWETHSED i, 10A L, T CRARR e ERBOSELG DS »7
2314kt E B 5N HAKL Y 2 BMMEOET2RLTOA, THOMIC LS s = L Ml |
B ) IRROZIBAKOBALTAE, BRINHOERNUD IR ¢ iKBs bl $4bL, F=
KRARKTIR 7THIRB T AENRIOMBESTEL S BREOHN% L EMHEZRLTE Y, DT &,
LOFHOBZALMREORNPERBOUREL o Lt eBEAbh 3, 36ic, COMHDY =
MBESBZLERE TIEC S BRBIENTU~IS%EWEL R LI C & & REERERIGO B 284
UTHH, XOLH7 = BOREDEE- 1 bDEHERE, —F, 9ALAIREWTIR, BELHRE
TR, X7 = BOEMBHMMBRSEY cha il bbb o, T 5 BRETIREICETIEEE L%
RPBENTE D, /2 UBBEO I BYYOETRIEKERZAEL, ZDHIET 58 REDD T FESE



Rate of the variation of citric acid concen-

tration ( %/day )

Rate of the variation of citriec acid

concentration ( %/day )
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Fig. 4—1. Effects of dilution due

Fig.

to fruit enlargement and of
the total amount of citric
acid per fruit of the pulp on
the diurnal variation of citric
acid concentration in the gra-
nite soil fruit. Solid bar:
effect of dilution, open bar:
effect of the total amount of
citric acid per fruit of the
pulp, open circle: the differe-
nce of the two effects.

4-—2 Effects of dilution due
to fruit enlargement and of
the total amount of citric
acid per fruit of the pulp on
the diurnal variation of citric
acid concentration in the
tertiary soil fruit. Solid bar:
effect of dilution. open bar:
effect of the total amount of

citric acid per fruit of the pulp,

open circle: the difference of
the two effects.



(B DEVA S, ZOHDFBRBOFBRDE, EHRDRILEIINI D, ZOIALGD
= BROBIROELDOESNEREFOTRBRMICRE (HBLILLEAOoN S, Dk, TROER
itk ZRAPERBREOER, 7THOBAROBRASRKEO 7 = L EHEFIRE 9 BORRBOE BHO
I EHNERDECL T RO INB L EDEL D LT,

@ n» %=

1) A = BRI S ATH2BR T IEERPEZLBRECEH VLR L. —5F, ) ITHREE
REEOETOBIIEBEERETH R 2R LY, OB CRENIZLAEL» T, DRI
b Eh TV AMOBEEICIIWFNORIBRBVW T HOHESOERE @D b1,

2) BAGs = oEBOENRIZ, REOLETHMN 2E LTEZLREALTHWHER LI, —5, ¥
T U EBOBRRYIBEHICET AMMIZIEL S BREOHHRL, TN ITRRMBETT 2055 vdibh
3o Y I BOBHRIZEFTIECRIIBOMSIC L 5 R3BY LN 10, #RICRIEC S BERE
T A > THWHZRUIZ, 2OMOBFERICRIBOHMBOZRE{BD b1,

3) 7z BRI TRNDELEHRYR L RDICL €5, BAERORBRBINTH 3 7 B
BINPREBE=LERETH%EFHlEZRLI, 1., BRUOERNTHS 9 HItBWTESLH
REOHHE & THRIHBMMSHR 2R U1z, ULED 2EBEZLRRED /7 2 D BBKER, M Tk
ARBRRE L B SEAFETH -1,

2. WHERHMDO D a0 I AOEERICRITTRE

m & 7

REOAMLOR/T R4 OEEIZL R T V2, SR CBRIISRICEERKRT 5 Litic, 20
RESHLBROASTH 2 L HBIRBBLHE L shT03, S OO RED Fh CHE R B O
AKER2ED, £, BRHRZNLHINOZPRERAHEOFE L TR LR, RRPOHO
R, REEHRCREREZERL DRESEEINACEBBESNTVLE 47, 72) 8, h
b O TS i MITMEEETRE (B) ok 3TARERDO/TH b, BoRJEEIMFEITIN
TWaEWV, ZOIHDERNRAR2E5A 3 IRBEFIW,

BETIX, Dy av i h  RIEPOBBROET IS L2 L hicy 3 L3k, MERMHICL 3
HHEROZEERICRD L S & Ui,

2 HERUEE

1972 SEICRMHERHEE RS ETICAE § 576 5 BHLE, BECEE R USEIEL S
fEshTvs HIRE HEORCHRERE LItEELBEGT TV AML2E 3BT >BE L. #5210
FEELLISEED DL LI, 8AITHRE 1 @E L, LENI0A208E T4@ichiz-> TRERFML
1o HRIIEDOREE 4 K06, ThTIEFOLEN/L b D2 HEORBEELORHMH LD,
RERGOEE FASZNAVFYL—Y—TUIEH, FRULRT 205 FHEBOIEL, LBERZ S
A (AN 2) THABALTHFtEBE LIz,

BH oAt ERR LRI IREE ) TRU, BudkEHMbr b o sk bR L
7 = EREITRD 12 (92), MOAFIERITIE Ting (137) OFEILL DT 1,

(3) HREBR

HERBO LB MY L2 2D 2 ORHGHEOBNELICRIZTIHE % Table 4—41IZR LI,
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Table 4 —4. Effects of soils on the juice quality of
satsuma mandarin.

Dates
Factors Soils #
Aug.17 Sep. 7 Sep.28 Oct.20
G 7.2 . 7.4 8.3 9.3
Brix (%) T 7.5 7.3 7.9 9.2
D 7.6 7.4 8.5 9.4
G 3.99 2.65 .76 1.07
Acid (%) T 4.42 2.83 1.81 1.04
D 3.91 2.65 1.76 0.95
. . G 1.8 2.8 4.7 8.7
i:z:Acld T 1.7 2.6 4.4 8.8
D 1.9 2.8 4.8 9.9
Total G 3.29 4.55 6.14 7.61
sugar (%) T 3.44 4,36 5.67 7.44
D 3.93 4,70 6.33 7.69
Reducing G 1.96 2.54 2.89 3.22
sugar (%) T 1.96 2.32 2.60 311
D 2.16 2.65 2.97 3.25
Reducing - G 59.6 55.8 47.1 42.3
Total sugar T 57.6 53.2 45.9 41.8
ratio D 55.0 56.4 46.9 42.3
Total sugar— G 0.8 1.7 35 7.1
Acid ratio T 0.8 1.5 31 7.2
D 1.0 1.8 3.6 8.1

*G :Granite, T:Tertiary, D:Dilvium.

B IRREOET & i LR =LERCEHREHMORE T 8 1786 9 A7 Biz i THIED
BFETFULL. ZhidEE LT/ VEBOELWETIKERT A6 0L HEESh 5, BiTE (B3E §1

i) ORBRRDHSHOL LI, COBMPTIREN 2 = L BOEIRBEDT 3B TR SLD T,

7z BREOETIRERBORH ROSB LML 2H/RICL 26D ZAbNE, BT HEBELE
DREOBHBF IR B OMKRTEOBL % 5 L LOAIEERERYORIMb S - 1o -, coBoss
BOBOBBDONB L1 DTH5 5, SRR ELEOET & I 2R U, MERGER A
1B, RIELE TR E 2R U5, Mo TiakED L 512, £33, 1965 F £1972
ED6ADL10AILH I TORKROZEILICEBNTE ARFI HRTHEDEILIZLAEBD S hiahoi:
b, 7TH, SARCGIOATIXI972FEDHFHEL { BKRIE o1z RitPORMEM IR REDEFH
e e CEHE 12, BELHORETRIARBY 3 2WMBRESHOLHD LD L b b BNfZRUI.
MEB(54) BEBRRF T TREHBPLY LV AOESRSIMA SRS T 2 L HEL T3, &
5T, FEREORETIBLEHARMBEL K-1DixTB RIS BOBKEABE -1z, HkD
BNFZLETOIAOLIKRADEL 1L LILL B EERD, 6L 5 BRELHBIERE O Ritd 2
HEREDEL, BEAEBD LNz, BITHRE & SWMRE & TR UHBNELL2RL, &



RPEBT A ICREOCENMEZRU I, BRI, SHHNCAT, 2ERESEGTTS, BB E
WHER U EOHEMIIE > 12, UL, RECEFHSHEL & & b ISP L TRl
m/h& 555 1z HRTEEEEIX 8 AD# 60%D> 6 10H D 40 %IRRBIET LT o1z, INBREPOR
TEHR IO H v L IZIIEETH -1 (56, 115),

R oo 5 JIER S 2RANIITV, SEEREORL2RKD Fig. 4 -3 DRELEI, s
2—-24x8 H17TB®#0.8% »310820H DiX
BTz 1.5%iT, 732 b —2i38 1%
BHLB%I, La—20—-RiEH13%DH oF 7]
#4.5%Ic, WIhbEF L UCERE R TR

Ulzo ZNWENOBREDMMBIZA 0%, ~ | i
B0%RTF250%ThHY, va-rso—-20H
MEBRETH >0 T, £EBEMICE g
O AEEMEO LRI LTIk va —se -2 B 3 -
OWBILL 5 LT BHRTH I, vamts &
o - 2OHIKIENT 3 BEEIZ 2 o L RBET §
EBHENTHH(24), vovavinvd o | 7
BRI HROE L VWiLkid x-S o — ﬁ
ADWEILE 5 b DLEONE . WERGH & L i

A IS, BRBREDREHDITIVTIE,
W & R Wfie R LI, TEC 5
R ¢ B SREEE IS RSB 5N O ' .

72 BEIHLMAICED BRI % Table 4 — Aug. Sep. Oct.
SIRLIZ, 73 —~2id8 AITHDK2T% Stage ( Month )
DRI IZIS%IIET, 7354 b —2138 Fig.4-3. Changes in sugar concentration
33%5 22%ILETF, ¥a—v 0 —-2i3H during fruit growth in various soils.
40%5 58%1c LR L1z (Table 4—5), (O) : tertiary, (A) :granite, (@):

dilvium, €¢--9) :glucose, ¢—)-:fructose,

Fva—2x&E732 b —202diIz 5D
-) :sucrose.

ZHEORBBINELIZIZEAE—BLTE D,
MEOLIR EORRIC BT S 1 IBEWMHRZR U, —H, Ya—-%8—-2¢5 03— 20k3HEOR
BE(LDOELRBRLT 8 AI7TADII2 5 & UG43 e 3 THEILL 1 (Fig. 4—4).

Widdowson 5 (146) 34 v v HRHOPOEE 2ERL, YV —-28925%, 757 b -2
25%, va—2v—ZAP50%THELPEL TV, ChiICHLY v Do BTV -2
#20%, 730 +—A20%, v a2—2 0 —2PFE0%EL>TED, AL roBiith~3Eva-s0
- 2OFEDENOBRYTH - 12, HERKIMCAIIEE, SAITARIIEC SEBRORHHTI L
A-ZRRUF77 7 - 20REHHL, REOEFUEBNAFHESRD oI, 98 7 ARFBAITILE
EREREICBNT Y2 — 2 0 - 2DHIEH O —FIRHE~RTHL, REOEBTHLPEA T WA EHA%
MU UL, LhooFEid, b ThHh, RN EORE LINIRUEERS2TL, $EEH
OERBDONLL s, BLE, 9o vad i v BHOMSROBREFTES TIL 2RI, T



Table 4—5. Seasonal changes in suger composition of
fruits from various soils.

. Dates -
Soils Sugars
Aug.17  Sep. 7 Sep. 28 Oct. 20

Glucose 27.06% 2879%  22.80% 18.79%

Granite  Fructose 32,52 27.03 24.27 23.39
Sucrose 40.43 44.18 52.93 57.89
Glucose 23.26 26.38 20.63 19.35

Tertiary  Fructose 3372 26.83 25.22 22.45
Sucrose 43.02 46.79 54.14 58.20
Glucose 24.17 28.51 23.06 19.77

Dilvium  Fructose 30.79 27.87 23.85 22.50

Sucrose

45.04 43.62 53.08 57.74

OHFILE AEEROE, HEBBRET
e =F & HER\OBED S hiz, UL,
TECIBEPBERBMOEIIRIILALRD S
iz 1z F1, LHlicE 2 EMOER
Booh T HHARIIIAESZL, 2O
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BoRyEREshs0 s dE2RICLI,
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Fig. 4—4. Seasonal changes in the ratios
of fructose and sucrose to glucose in
satsuma mandarin juice.

(-----) : sucrose/glucose,

(—) : fructose/glucose, See Fig.4—3
for the explanation of the other
symbols.



3. EEMNIVLaADIAVORE, EELUTHRSRICRIETRS

m e E

ESLREAHcE L RITERL ax 3 h, B 0fEMBA 605 (71, 84, 85, 89). UL,
LhoOBREORTREXRBROZDE L 2 BECRIEBNIL DIV, LLTR, vrvavidy
PHRICERIIC X b REE, HICERBIRICENSEL IBEPEELZHL pICL, HERPOHEPX
BOIDORBAM 2L S L LI

(2) BERUAE v

197 5£E @M IIPAER () 18T Iz 3 W T, £52549 100m (A 1006, &£#200m (B 2006) othsic
BEEMsET ERT  BIIRE’ B2 ThThl BT >ERE LI, BEOHTEEFHHG >HRBEDOH
23H OB, chb LA L, AXIR7H298» 56118108 F TH2EMc 1 B, 38 BIKHME
Uizo BABEHOEER LICHE LIRELBEOR I >HEREL, THRELRYD, COFHKES
BT 3RE26~8E HEOSHAL bEERLE,

28, REAERFRAE2MEL, RESG2HEHLIL. FRO— e+ A XHB0%F VTN
2 - A E LTRBHM LI, B BRI, $LDTALETa—$-TUIEY, 5B (RE N
2) & AHonBHEEYR2EAGEICE 28 LT, FIOEREBRY 0.1 REKEIESF YD
LITEAMWELRICEL Vo x VBB TR DI, WEOf» il 2HH LI, 80%xFr7ira—n
B2 AT, 44 35mias 28, H2M) ok ol BB MEEREERRD, tho
IWRAELZE LT, —RAYS Y ORR 2RO, RAE s —RAPERROGNRD 6, HRBIVED
ZLIEIEITREEXR (HFR) oPRe, BREBOBNROT %L, Wik CB3E, M2H) KE-TK
23
- B BmREBR

RROLEFMEIZOS LS FRRURRALET 5 phsbhiz (Table 4—6). A 100ETii8 A
1360 % Gz, £BEE L 1ICB200BIL b ENrd, ToOHRIZB200EHSE b, EHITIIAZ L
oto BRI, FEOEFMMEELTB00ETHVEZRL, 0k DRSS ¢ 2WHLBLT

Table 4 —6. Seasonal changes in the fruit growth of satsuma

mandarin.
A(100) B(200)

Dates Diameter Weight(g) Percent Diameter Weight(g) Percent
of of
(cm) F* p ** Peel (cm) F* P** . Peel
Jul. 29 3.84 26.4 18.4 31.6 3.74 24.0 14.7 388
Aug. 13 4.44 40,2 29.7 26.1 4.39 - 318 26.8 29.1
27 4.89 52.1 41.6 20.2 5.05 56.8 44.0 22.5
Sep. 12 5.25 70.2 58.5 16.7 547 1733 60.0 18.1
26 5.61 84.0 69.7 17.0 5.91 89.7 724 19.3
QOct. 9 590 '96.3 79.1 17.9 6.24- 1028 83.9 18.4
. 24 6.34 112.4 94.0 16.4 6.52 117.3 93.6 20.2
Nov. 10 6.56 1234 100.6 185 6.73 124.3 99.5 20.0

#F: Flesh, ##P:Pulp.



B, ROBWRE -1 TS (71) IHBROB X 1T 3 B oBBE s LT 555
PR (BN REEMSH L2t EEBEL LI & 2BUTVE, AREBIZNES & —B U,

R OWMERT Y = MBI, 13&A SRS L TB 200 M CERMEZR U, SiE(bicE A
Eds e >1:(Table 4—7)o S § EIIOERNE LA TD Y = L EDOT S h 2BHTVB L, i
HEROH 5L » REBRICOTHE 2 A THEE L 1434 5 (85) DEE T § BT 200m 28 A 5 & 3%
BRRSHEE B L 2BNTVE, EROBVE LA TREESENL D, BEOFEBL s Loh, F
REHRTHS @o)zﬁﬁwbm\f.wﬁéﬁmﬁ BT 2DTHS5,

Table 4—7. Changes in the juice quality of satsuma mandarin
fruits during their growth.

A(100) B(200)
Dates ' (%) Brix—Acid (% Brix-Acid
Brix Citric acid ratio Brix Citric acid ratio
Jul. 29 9.0 4.29 21 9.8 4.23 2.3
Aug. 13 8.2 4.05 2.0 8.1 4.11 2.0
' 27 8.4 3.13 2.7 9.0 3.64 2.5
Sep. 12 8.8 2.60 34 © 9.0 308 2.9
26 9.0 1.76 5.1 9.5 2.15 4.4
Oct. 9 8.9 1.32 6.7 9.4 1.45 6.5
24 8.7 1.09 8.0 9.4 1.18 8.0
Nov. 10 9.5 0.97 98 10.8 1.13 9.6

KNP OHERRIIRROER L LILBBLREET 2R U2 A100BIIREFTORE X B 2008
HESBBE 2R U Izhs 8 ABMLBIGMEEL, B200 DS\ BB 2T U (Fig. 4—5), BA
ROERBEOENRISEE OEFIRICI2M LML RU, 9 APEICRESFEIEL KL, P HEA
HizgP LTz, EFEOER Oz A 1008 TESBESEHOCE2T U (Fig. 4—6),

HMARBEI 8 ATHE TIHEMNE A ZRU Y, 9HLBRIEDE & o, £Ficpk> BRIt
b/ E (IIT—EDfHi %R LI (Table 4—8), BIFfIc L 5% ¢ WRAICHB L TEBL 5 313 E/Ns b
-1, KABOERIR, =, Z0fMNEs 5 00, £EHN%E L TRIIMBRTS ~12. - THRY
TRIRELBDRENS T EGERRRIEN, RBIhE eV RbI LB LEbLS,
1, NEREZORANTRL2EOENRODDI 20 ~25% 2 KAFEHB LD ZICTEY, hDT75~80
% HERBTED 5N TV (Tabled—9), ORI REETODM 2RV I-fiD3 & A & DB iic
BHoNTEH, 2EMOB) X LERERICE HYXEMICELEIN B C ST NI, BESRE RER
KA L BOEHROMBICE hEEIN 3, 22T, LRLOMHR% 1 A4 ) OERBIEDOL L
R LTSI (Fig. 4—7, Fig. 4—8)o EAER, REWAR Y BRI BB L RT3 LD -
s, ERROPRIEASSBELRITLIL, T4b5, A100BE Tk B200@ick~T, 8H13~27
HORSROPIESEL IS b o1z, £, 8A2TE~9 B2EORNROYRS 25D 1 LTFTH -
2o =%, 9 A12~268 O ROMALHE & B200E TR E b1z, 748D, A100Bick~B 200
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Fig. 4—5. Variation in the free acid s L ]
concentration during maturation. e

(0):A100, (@):B200.
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Stage ( Month )
Fig. 4—6. Variation in the total amount

of free acid during maturation.
(0):A100, (@): B200.

Table 4—8. Changes in the concentration and total amount
of combined acid of satsuma mandarin pulp.

% as citric acid mg/pulp
Dates
\ A (100) B (200) A (100) B (200)
Jul. 29 0.69 0.64 125 94
Aug. 13 0.25 0.36 74 96
27 0.31 0.40 129 176
Sep. 12 0.24 0.26 140 ‘ 156
26 0.27 0.21 188 152
Oct. 9 0.23 0.23 182 193
24 0.23 0.25 216 234
Nov. 10 0.20 0.26 201 259




Table 4 —9. Changes in the concentration and total
amount of total acid of satsuma mandarin pulp.

% as citric acid mg /pulp
Dates
A (100) B (200) A (100) B (200)

Jul. 29 4.31 4.07 793 598
Aug. 13 3.22 3.18 956 852
27 2.51 3.06 1044 1346
Sep. 12 1.92 2.52 1123 1512
26 1.40 1.57 976 1137
Oct. 9 1.13 1.25 894 1049
T 24 0.91 1.14 855 1067
Nov. 10 0.80 1.02 805 1015

Rate of the variation of free
acid concentration ( %/day )

3,29 A,23 A2T 5.2 8,26 0.9 0.24
a23 al27 shiz sl26 ol 9 o'2g wlio

Stage ( Date )

Fig.4—17 Effects of dilution due to

fruit enlargement and of the total
amount of free acid per fruit of
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Fig..4—8. Effects of dilution due to

fruit enlargement and of the total
amount of free acid per fruit of

the pulp on the diurnal variation of
free acid concentration in the A100
fruits. Solid bar:effect of dilution,
open bar:effect of the total amount
of free acid, open circle: the differ-
ence of the two effects.

the pulp on the diurnal variation
of free acid concentration in the
B200 fruits. See Fig.4—7 for the
explanation of the symbols,
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CRvrvy REAOBBEBSRIESSHBZT L 2BDIT, Sbic, BRARIKCBWTSE, £Exh2Y
YV av i A OR/BIHMBEDS BT EHBEEINATVS (19). L L, BRI S s AEBRI
bat»&—w%lf%bwzctmt%fﬂZMﬂﬁ%mibaﬁlwﬁﬁut6#(tbrmﬁmi
BREFEEDED 3 BECEIE S 4 b BEICR LIfliz 20, L TirEmRoEEEH TS 3R,
B, REBiczhehfREMo oL v o@2EEL, & LTRAMESHERICEGEL 288
RE2PHoIRLE S EHAT,
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DOX6iz] X2, ChoEmICERET AR FICHET 2 REIME TR LTz, BT 19754
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K& BIERICE b & = BIREITRS, § 5 AIAEER Y2 BRMEHICE YEIFe LTRDT,
EODU £5D5 0FRBALORANZMOBY, +r2T Lo F—ThEUF 1 XK, 80%F L7102
— MBHT, BEEZAE L. COBEO—B2AV, 14 T0iiEkict ) 28, BRR Son
BE% 7 x  BBETR® 12, 186N & EREEIC AR 2 % U—508 472 bR e Uiz,

R ERRIE I RIT T REEA GR) o8 cEYROTEL H 3T, B2 ML TRD:,
(3) HEREER

<EBEOEB> REOHBRERIGEVWILh4MYE, BRiIZ02ehiSFlhGgels, Wi
N ERLEROET 2 BAY 1. (UEREHE, BRECBARE GRS ), FERE, LIS
K ez, DM 8 AT 68D 6N, BRESESIISHIIT EEE2ZTL, EFEIITETUL,
WNRE Tz 9 ATR, HE, BARETIRI0A LACRE[IZEL, 20RBrLERU., RGRE
DREBEFBRABECRISE 20, FE, WIRR eH Iz, BROK X VREEERRBASED -
1t HREE RO MBI 13 HLBHVN S 9> 72 (Table 4—10) . BRASASPROET O S CRIEMS

.~ Table 4—10. Seasonal changes in the fruit growth of satsuma mandarin.

L ) D D'. Weight Percfgnt
ocation r :
0 ate l.?cl::S)te Fruit @ Pulp pZel
Jul, 29 3.99 321 19.8 38.3
Aug. 13 4.30 383 26.5 . 3808
27 5.02 55.5 417 24.8
Shingu Sep. 12 5.47 ‘ 75.6 59.6 21.2
26 5.96 96.1 788 - 180
Oct. 9 6.31 117.0 96.8 17.3
24 6.61 1275 104.2 18.3
Nov. 10 6.72 129.0 - 104.3 19.1
Jul. 29 3.61 21.6 12.0 44.4
Aug. 13 . 4.46 388 25.7 33.8
27 5.19 61.3 457 25.4
K uroki Sep. 12 5.61 77.2 60.4 21.8
26 6.06 99.3 79.0 20.4
Oct. 9 6.30 115.0 93.3 18.9
24 6.60 126.5 99.8 21.1
Nov. 10 6.89 134.2 104.1 . 224
Jul. 29 384 26.9 18.4 316
Aug. 13 4.44 40.2 29.7 26.1
27 4.89 52.1 41.6 20.2
Yamakawa Sep. 12 5.25 72.2 58.5 19.0
26 5.80 87.0 72.2 17.0
Oct. 9 6.15 107.0 87.8 17.9
» 24 6.44 119.5 98.0 18.0
Nov. 10 6.60 . 126.0 102.7 18.5




RIZ EREFEEL @D L BOTVBLLATHY, NBRBAOBLL2IHET 253 b, WEH 2T
GRIBOHAZ & IRONREELHUBT I EREIDTHEELL 80, E12, $EiRE h, Rfick
REBPGESHITELARMTHY, ChorMATHRIREZ2E 2 T@D SNz,
<EH@E> RHOUBHERHEREIRIONUBIR EFO—RET LI, ThUFNIEEHLAS L,
REOEFHEFIRIEKICH BRORLWM R 32 £455 bz (Table 4—11),

Table 4 —11. Changes in the quality of fruit juice during the growth of
satsuma mandarin.

Location
Date Shingu Kuroki Yamakawa
(%) Bx—Acid (%) Bx-Acid (%) Bx-Acid

Brix Acid ratio Brix Acid ratio Brix Acid ratio

Jul. 29 89 3.05 2.6 8.6 3.89 22 84 4.29 2.0
Aug.13 75 336 2.2 7.7 3.64 2.1 8.1 4.05 2.0
27 8.2 2.62 3.1 7.5 3.35 2.2 8.4 3.13 2.7
Sep. 12 8.3 2.47 3.4 7.7 2.63 2.9 8.8 2.60 3.4
27 8.1 2.22 3.6 7.6 1.80 4.2 8.6 1.76 4.9
Oct. 9 7.6 1.27 6.0 7.6 1.19 6.4 89  1.32 6.7
24 78 103 7.7 7.9 0.91 8.5 9.0 1.09 8.3
Nov. 10 82 096 8.5 8.3 0.79 105 9.5 0.90 106

FEHRERE, ZEFYUMZE L THIRSEL, UbdbETEREOBROINLIT I DREHI RS (L,
EBREARRL Zo0zo WIIRFIHE, B SIS (ROBVEREL 27, BAREISIERITSRSE
EREELL, BEWAZRULY, BOUNSED - 2B I RE e KER L1z, B
FRRBERFERE TR 8 AL BIES2RTUBO 2 — L 2R, BARFUWIEE s
H0D% — &R LT, Clements (18) RURIE (3T, M2 /) wWREhL i, 4 v vBRY
¢y9;§2ﬁy?u,Eﬁ@ﬁ(@ﬂmﬂﬁiﬁﬁﬁﬁ@(,%o&tﬁbrﬁUﬁTTaM@mﬂﬂ
B, T, BARFUNRETE, $-> RO TIEILBD Y - L 2R LD E
Bbhz, AT FEREOMNETSENLL DEEZLLN S,

<RAPHERRE> 2EHR (2H) 318 ALBIBXHELTTWED ¢4 — L b HERETIIR
L1zds, flad 2 HISORETIRIET—HTH 12, fdD L 512, CHIFEREZOETHEN TS L
LERTSDTHS 5 (Table 4—12) . WEHEH (R L 2REROHPNELLTRUL. BED
REEIILN, BA, FEOWEE -0, RERFAREIHE, W, BROEE LY, KFLED
RN R BRI LS o1, COZ &id, REOFEHMDFIETEE, HroBR%2Y
BLLeSDHBDOEILDTHE. —F, MAWEE (RIS BN ILERCHBL TlE/IEL, B
JAZSTh S L iz dr o 120 FiC 9 A LG EREEAE OO R INIT—EORBE 2 F- 1. 21, Hific
BERBEALEBDO WL b1z, BE-T, MICE ABBEERE & LTHEEBIRX>T 125 3hiz,

<FAPHEROENE> 28oORHRIIFTERECIA268, BARETSALTA, WIRETI
RR2AIERHEICEL, TORELIET Lz, REREDOLHMBEOECERIZF B 2BENRD
BOSEICE LI, - T, BESRISEZTIRHNL b, BRSNS 2RI Hds, NEREH
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Table 4—12. Seasonal changes in the concentration and
total amount of the acids in the pulp of satsuma

mandarin,
Titratable acid
Location Dates (%) {(mg/pulp)
Total Free Comb. Total Free Comb.
Jul. 20 232 1.90 0.42 459 376 83
Aug 13 262 2.32 0.30 694 615 80

27 2.46 2.17 0.29 1026 905 121
Sep. 12 193 172 021 1150 1025 125

Shingu 2% 147 123 024 1158 969 189
Oct. 9 114 090 024 1104 871 232

' 24 1.00 0.76 0.24 1042 792 250

Nov.10 092 068 024 960 709 250

Jul. 29 379 295 084 455 354 101

Aug.13 313 263 050 804 676 129

27 267 230 037 1220 1051 169

Kuroki Sep. 12 175 151 024 1057 912 145
% 125 102 023 988 806 182

Oct. 9 109 084 025 1017 784 233

24 083 059 024 828 589 240

Nov.10 077 052 025 802 541 260

Jul. 29 431 362 069 793 666 127

Aug.13 337 297 040 1001 882 119

27 251 220 031 1044 915 129

Vamakawa SP- 12 192 168 024 1123 983 140
‘ 26 140 112 - 028 1011 809 202
Oct. 9 113 090 023 992 790 202

24 091 068  0.23 892 666 225

Nov.10 0.82 0.60 0.22 842 616 226
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I AP E LD ROEMIC L DELTRIOYH 6 & 8- 12, HHBOBRX, FERETIA
116, BARET8ATA, WIRELTIANBREMHRZRL, EHOFTLICEHELIL Tz, (UERE
ROBEREBIEOR S EVRBARE TR B GESRVBEICEL 12, AR RRFHRE TN
‘YD L, EFEOENS S pdbhiz, UL, #FEGERicmL, o 2ticiEvonic, &8
BRI T 3 L PR TH Y, HBEERPNI DT,

ERBRERRIITRARYR LENRHED> RO PERERRED AR T T HR BN RO
B8 % 3 Mo RK IOV THE LI (Fig. 4—9). FERKR, EFDBORRYRIIS LI, &
RIS RHB A X L, Ly EL T CRMeRYT GB3 HoMKEGENRS) 12 DIEREPO BRI
B Es 2 atc, WIIHRE X 7 A28 5 8 H27TR T TOEMRMMRIZBARRICHBLTELL
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Fig.4—9a Effects of dilution due Fig.4—9b Effects of dilution due to
to fruit enlargement and of the fruit enlargement and of the total
total amount of free acid per amount of free acid per fruit of
fruit of the pulp on the diurnal the pulp on the diurnal variation
variation of free acid concentra- of free acid concentration in the
tion in the Shingu fruit. Solid Kuroki fruit. See Fig.4-9a for the
bar:effect of dilution, open bar: explanation of the symbols.

effect of the total amount of
free acid, open circle:the diffe-
rence of the two effects.
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4 —9c¢ Effects of dilution due to
fruit enlargement and of the total
amount of free acid per fruit of
the pulp on the diurnal variation
of free acid concentration in the
Yamakawa fruit. See Fig.4-9a

for the explanation of the symbols.
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Table 5—1. Relation of nitrogen rates to average leaf mineral
contents analyzed from 1968 to 1979.

. Macronutrients (%)
Treatment

N P K Ca Mg

N-0 2.83 0.253 1.99 3.03 0.291
N—0.5 2.92 0.193 1.90 310 0.300
N—1 3.07 0.174 1.80 314 0.296
N—2 319 0.167 1.79 3.00 0.285
N-3 3.28 0.165 ‘1.82 3.09 0.300

r 0.929 —0.773 —0.661 —0.024 0.080

Significance - = »* NS NS

##* Significant at 1% level. # Significant at 5% level.
NS : Not significant.

11 EEHO SHISH THEZ -SL i
wHEsR» s F Y, —~

VO BERTA VY AD=H £ :z: : I S TR K T I A
FILONT, 1969 4EH 6 § Sl .
1979 EE THREC L DI A~
MEHERDE Fig.5—2 F o || © . ININIBINIRINIREE
Tﬂyﬂbmmﬂtﬁ'ﬁfﬁ ; e N | ini .
VEBECRTERALSEE D o ] : = T e w
SERESBOLNE, —  F U U
B, HhY B, L8 3 iy J U U J L 1
®3EEDS, Whnyy -1 — U
LAREMOPT 6 EMD ' 169 170 'TY 'T2 T3 t74 75 76 'TT1'78 ' 79
&F oV OlRARE B : Tear
BB LIz, ST . Fig.5—2. Relationship between nitrogen rates and N, P,

- ; L ‘ K contents in leaves during llyears. ## Significant
Y BEELSEIE b b i 4F at 1% level, #sifnificant at 5% level.
¥ CREF » Y QMRS & ,
BVHBERY (r =0.663**%*~0.927%%) C L i3, Brh7 o VB % 7 o VIEEOHEF L LTHAVWESC
EBTRTEDTH 3,

<IiRA> BENERN- 1K (F 9 v EHARIS— 25Kg « 10a- - yr-) TBohiz, Zhi s Fo
VHERRSB L 85 L BRESD L 2, HARBDEL 83 L RESPI LT, WERSINRSS
{ET L (Table 5—2), MEDERES 655, F o 2@BRIHEMLIZK (N—3 K) Ti 1975
ELRE LORERRSRD bR, —H, 79 YBRRLEE (N—0K) TEEHER 5 b iURo fmss
Dighrotie THGIENS EF Y OBEREHM U LK (N- 1K) TiREFRLMAREMNSED 5hi:
(Fig. 5—3)% o
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HTIE D (R=0466), EHIRD &R IBENIIEHF » v B 2.93%DOBICB5 1 (Fig.

5_4)0
Table 5—2. Effects of nitrogen fertilization on the yield of
satsuma mandarin.
Average of 11years . .
Treatment - Fruit weight(g)
Number /tree Weight (Kg/tree)
N-0 345 45.3 131
N-0.5 344 45.9 133
N-1 347 48.6 140
N-—2 : 305 42.4 139
N-3 308 41.3 134
L3 ] T T 1 ) T v 1
. 1L
, T T T Y
K] 2
i 8 ]
2 3
"9" ~
' -]
7 C )
. b -
Y=-330,5+257,5X-43,96X*
30 -
= =
i 2 . 0 2 .1 3t 3 9 OE 1 1 H
70 '72 74 176 '78 2.8 3.0 3.2 3.4

Year

Fig.5—3.  Effects of nitrogen

fertilization on the
changes in yield expressed
by kg per tree. (@) :N—Q,
(0O):N-1, (A):N-3.
The value of yield was
obtained by averaging the
data of three successive
years; e.g. the figure for
1970 was the average of

values from 1969 to 1971.

Leaf N content (%)

Fig.5—4. Relationship between leaf nitrogen
content and average yield of satsuma
mandarin tested for 11years.

KEH Y 7 2 0= FHICEHY 34 L2 SORBER 2 I D
E EDIRRE, Embleton 5 (28) BidhF » VIBE 23%
THREEPEONZ E LI, 7Y/ HHlILEIT3,
Sharpless (122) O#RIX 2.2%ThHY, BY 74 0=7
DEELL b b BETFES LT3,

Reitz 5 (106) B Calvart (12X, # V7 x4+ =7D
LOMEIRT vH ) LIRS hE 70 ) ¥ D NLLy P
PF I (Citrus templehort. ex Y. Tanaka) iT$



BRTEALERRUIL, YV —-F7 0~y OBRS(28) RENEHRF » v BEOBHEI 2.0~2.2¢ 4
S>TH Y, MOBMPIENTES T3, GE(4]) BRBEICESY 2EM 2w ORBEE &5,
IR 2 b S B DIHBELER F 5 v BT ORER% 3.05%& L1,
CNLOERD B H B LHSUCE > TN F o VOBRABRE->TED, SL—FIN—, FLo,
Dovat IR VOETENMEL L >TV5, Ei, #EIRL > T BECETOESH 5003 bdsb
h5, REICH LY o 2KED GROMICGAL, EBFS €3 LERF 5 VOB 3%L LIRS &
#, LELEERSNTE Y, BRI > T 3h7 » v BEOBHIEDT 3 b DL EX b N5,
AEBICL > THOAIEBNANICET 39w a9 Ih o 0EERWT 2%h 7 v iBEOERII2
293%Th b, BRUD) PLEMNICE L DT23.05%IKH L, BTENMHE L -1z,
<BELKE> FEHEWR, FovOERARSLEVRTET LR, 7L, SR bERIHERLT
bELCERT 30D TR 120 THIREBFEICERS LU b D (20~30%) BHEET 3128 T,
C NEEERICRE OWAHSHIAS SO TRB VDS THS 5o MON L3 IETEF oV BBRAT L
RELBEL LB EBHONTED (30, 151), REDEL L1 RESEBMUIEDEER 2,
REZ25FTLT231cnicy, BrhF o VEESL2 3NLUTRESL EVBEYTH 5, ¢ OHEMITEREILIC
BNTERBOLNI, FIAE, N— 1 KO3 22188, BERF 5 v EREY 3.0%UTOFER, BEEES
b 27%L T #RUL T3 (Table 5—3) . :

Table 5—3. Effects of nitrogen rate on the percent of peel of satsuma

mandarin fruit during 11 years.
%)

Treat Year

ment g9 70 71 72 73 74 75 '76 117 78 '79
N—-0 271 25.1 26.3 248 214 224 226 23.0 25.2 237 216
N—05 26.8 25.0 27.4 26.1 226 242 233 250 27.1 26.9 24.7
N—1 280 251 280 271 231 257 247 265 280 290 250
N—-2 283 274 286 269 244 26.2 25.7 213 217.9 286 26.0

N—-3 287 263 284 271 252 259 254 268 281 292 258

rS .914%* 540  .645* .707* .914™* .704%%.B48% .766%* .617%.727** .750%*
Leaf N %
o?aN—l 347 276 317 306 281 296 315 295 328 325 288

§ : Relation of N rate to percent of peel.
#% Significant at 1% level, *significant at 5% level.

RBHOWE, /x> 8 $iBHOIENORSfie, 7o VOKBAREOBEBELRDI L L5, ThE
h, r=—0459, +0.758%% —0.765** DHEMFESEO NI, % THRECTE OHBENERDI:
ET A, WREX1971, 73, T6fEIA, 7 @2 19T0FE2RRVIZTNTOECE, #HEEHIX 19708
BERROWIITRTOERAOFZ L BMER 2R U (Fig.5—5)0

REOHGBL 1978 4F ¢ 1979F 0 2 7 EH, MBELHTHELLER, BRAF - vESSLZVRIE
PHRESEESNE T EHBD NI, B afiSN—0K, N—0.5ETHL { BUMEE 22 - 12 (Table
5—4),

_&_



FU=FT V=Y ERNT L
OHBT, Martin (76, 71 | B 1 ]‘T N N ]
HREDEEIL L > TEFD L g - n
F oV RRENY, HEOF Ef SE = T S n
yUBBTEBLRABT 8 X | a . . .
SHBBEUL, Joness  § & | J

(53) WEMEALTF»Y o 2 -5F| | 1 i L -
sBMYseREReRy, 3 ¢ [ - - -
REHHL, R EL 2B :‘Egl'» o “ & e
cermEL. Lk, B S 5| U “ U ]
assilh, EHhoRiEiE z2 L 1 | 1

{, 7= BV EEASLC -1

EBIRLIL, ‘XL v7?

EXL—Fon—vDRET

b donesb (48) HEEDF Fig.5—5.' Effects of nitrogen r.ates o.n the juice
quality of satsuma mandarin during 11years.

o VAR, ErhF o VRE

## Significant at 1% level, *significant at
%J:ﬁé‘ﬁ‘étﬁ. %”"P%& 5% level.

DF oV ERIIFE2RIT ,

SIVE Uz, £1:, BEOF - VAR » VOYROF - VERLNMI €T, BHPRED
F o VBERREEESA LV EBRINTVS(30). AL U BAVEF » v BEOREBROKRT
b, FoveZMTIEREMBELLSB (4, 27, 50), WEBTHY 7 = VEEESEE 5 (53), #HE
HENE (49, 106, 108) LEDFAHBHLNTHY, Yoy 29 T 1 o TORRBRERE—HL T
3,

'69 170 '71 '72 *73 '74 75 '76 *77 ‘78 '19

Year

Table 5—4. Relationship between nitrogen rates and
peel color development.

1978 1979
Treatment
L a b L a b
N—0 68 27 27 64 42 24
N—0.5 65 25 25 62 35 23
N-—1 63 15 23 64 = 27 24
N—2 64 14 21 62 25 23
N-3 61 6 23 62 23 23

Relation of N rate

- —0.862 -—-0877 -—0.689 —0.433 —0936 -—0.360
to peel color (r)

Significance % L L * NS S NS

#* Significant at 1% level, *Significant at 5% level, NS:Not
gignificant.



DEDRER, 7oV 2FATACLERARAEBETEE6L, FE UL AVOTEELBEET IR+ 4
RoozHohid, RhDEOF Vv ERWEWISICERT L ¢ ¥, BRAREORELEE~ET
DUEDEER D, EBANIRBIT B L 29 L hoDF o VIBRARIIIRA (15~ 2054) TEER
210a= b4 r o BEICUIZEE, 25Kg - 104! » yr! BESERTHY, L b, Ebr o v
2293%bI NIRRT IONHEE LV RT3,

<R hBAER CEREMR> RHOWMARE 1972FERE, TRBERYE 1073 FERER>
WTKRD I, K5RiXTable 5—5, Table5—6DHb ThHH, HEBOS HIE RIFICI T 28BRHY
R7av b5 L% Fig.5-6ILRLI,

Table 5 —5. Effect of nitrogen rates on the sugar composition
of fruit juice of satsuma mandarin.
{December,1972)

Total Reducing = Sucrose Glucose Fructose
Treatment sugar sugar
(%) (%) (%) (%) (%)
N—0 8.24 3.35 4.89 1.37 1.98
.N—0.5 7.54 3.21 4.33 1.34 1.87
N-1 7.65 3.29 4.35 1.36 1.94
N-2 8.19 3.39 4.79 1.29 2.11
N-3 7.32 3.29 4.03 1.25 2.04
Correlation
coefficient —0.396 0.094 —0.463 —0.734%* (0.643*
to N rate

## Significant at 1% level, # Significant at 5% level.

Table 5—6. Effect of nitrogen rates on the organic acid
composition of fruit juice of satsuma mandarin.
(December, 1973)

(mg/100ml juice)

Treatment
Total Acetic Oxalic Succinic Malic Citric
N—-0 1268 2 18 21 93 1134
N—0.5 1155 12 16 21 90 1016
N—1 1163 6 21 19 82 1035
N—2 1387 tr. 21 23 86 1257
N-3 1422 tr. 18 21 88 1295
Correlation :
coefficient —0.728%*% 0291 0.659 0.225 0.998 **

to total acid

#» Significant at 1% level.
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Fig.5—6. A gas chromatogram of the butyl derivatives of organic
acid in citrus fruit juice. 1:acetate, 2:di-butyl ether, 3:n-dodecane,
4 :oxalate, 5 :succinate, 6 :malate, 7 :citrate.

M REBFUBXHCETOEBBD oI, L, ZOERF -V OHEAREBEL2RTLOT
3 h- 12, RIS W TRTHRI BN —EOHZRUIL, #->T2HOEIFHERTHOEITL B b
DTH-To —H, BUBIZB TR IAVI- L7772 L —ZAOHEH2IHITHHITITII +—2DF
BRPEWMHEZR UL, Fo vOBRARKE Y v —2i3AOHEB(r =0.734**%) 25RL, 752 b—24
R EIJEORAMERLL (r =0.643%*),

Y o TRERESHULKER (62) R, PHIRICERBNSSRICZTN TV Y, R - TEY
BRBO L, EABEML TW5, MIRORRE2A3 &, REOEFTOMHICIGRTHESEL ML, BE
B—EDOK & JILET 3 LFHFRTHMHSHINT 5 & ST VB, LLEOFERD 5/ (62) ZREDEFIK
o T, BBl IERTH, OLERESBATADA TV EZEL TS, Vv 29I T
B RRSEAESTOI TV S e TR, fi5e LTORKEY TS 3 FETMOREIREIC L b
hofiafbEEshstoeEishs, ‘

BEREERICONTH, 72 B0 0%e ERMRS ¢, ) v IO 1% C hickinic, L
TFTanz@, “av8 Y I/BOFTH-10, ThbiRVThifERTHD, GILTE 2%l
1 IXP% A -

ERBHEBRORS L FHE, 2HMABLF v VOlEARZHT ¢ LMY 32 eBH ohi, 28
ERERBOoBNIIESW TR 7 2 v BEOEBEBRIBV L LBBD Iz, chitHl, V) TEHED
REIR{ED -2 (r =0.225) THOLLEBIBL LD DL Y L THRAKRILEN SEOMZR AT
BB LI, ) v THRIBESEHEN—EDOH 25 2 L1, Clements (18)i2 ¢ »xLv v 7' 2R
Vv, HAS(125) IR ¥ 2D i v 2ANTRBDTVE ELATH Y, ZOBIBBEILB/NENED
EEAOND, EHERICHT 3 3Ny BRUY s BOMEEIZZhThr =0.659, r =—0.728** &
WHZRLIZ, UL, ChsOBIESESELASLWOTEHIRICBIITHBIIRALSS,
D LRy 6 2RIBITHL TR 2 MIBYBFIEMTH D, 7o VOBRARDELL DEL I LR
BROZEL, T4LLY 2 BOETHIC EPPTINI,
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@ hn B

v a T A LRV, 35T, REERLC L, RIBHE (11 FE[8) 7o v oRBRBEYE
;Y U AN

1) #oVOHREZINTICERF & v BRIERERNMEER U, HOHBIZEIE r =0.663%*
~0,927** ¢ 7L, WrhF o VKR F o VIBEOHEEL L THWMIZZ L 2RTEDTH 5,

2) Wrhyoen Yo 2BBERF- VERARLAOHBESZRL, prvvi e o2y LBEIKIEE
BoMEE» s hia» -1,

3) BENEIF o VHEMAE%Z 15 55 25Kz« 10a ' yr ! WBHLLBSIE N, 79 VOl
AREBIZHAI OB TEL L THNARETL, BESRLEL {812, 1EHORENE & §ig
Fo VREOHAMERDIIL LS, ZREKD S L HTEE Y, BIRIND6RD RN TS
F oV B 293 %DRILG NI,

4) BEFERF o VORBHRBDLOKTET LIz, REHE2EL T3IC3EHF » VRES 3%
DTRETIELI W ERE NI,

5) Fo vOBRAREE O BT, WELSAEOFELEMGED 6 hicy, BELREES
HEBB oz 1o, BEE SERLHERSBD b1, ->TF oV 25HTEL I/
BREOEY, ERARRICLLL LEPRINI,

6) REOBEL, FoVERARBSOURIIEEN,

7) BHoOWEREF o~ OMARICE - TKREIBBI L, 11, FREEARE, 7o voOkEHA
BOZWKIFE s 2 U BOBRLBE 20, (LOTFRBORICIZERL L -1,

2. AVYDLADOBREND L a0 HOEPRRS, R TICKRFAICKIITRE

m& ¥

BV TLRF o VILRWCIREEE & UCORBESEW(69)., Z01t®, Y)Y -AOHEARDOER
FlixEATIR S, ChitlT2EAIIO T LD ETDRTNAS (29, 30). 7YY AHBREZERR
ETRHEORTHERRZINT LR Y 4 XOMKT 2 & 053 BEIB (100, 108, 135)e AL Uk
Crv—-F70=-y T, #YYL0BRAREMT & BREHSEL 231 p2RicHT 3R HRIEaBEDL
7z (108, 135)0 %1z, 7V Y ADMHERRZ YT L RROBMBRELEE 5 (25, 52, 104, 132) 1-HHK
HOBETTEEBALN TV, —F5, OBHEEDIRT 33HRIL, ELELTH5, 10, vEUK
GidMos o3y RELBRELRICLTEY, Y9223 RT5 L REOEY 2HL, 2RHTS
MtEabmT iy, vELBIBIRESTHNTHELELLNTNS (25, 26),

YV OLRSHTICEREYBEDBEL S -10h, RHOBBESHE ALY, GEBOREDEE
HTREBRMC A T2 2BHLTV S, L3, UEDOH Y Y A0BERBROFT — 213 W h i B
T, L {BoHBERWTEHONIL D THD, Vo9 i v REISTEE2D0ELTBETHE., B
BRTLO Y29 A 089 9 AEEABRS S VDY TRV, BEEAT U —BLT i,
LT, BATEARZHV, BEARRTIC LKLY, EESMLmAMIREITZ2 1Y v RO
el SBNsERREZRDLS & LI,

2) MERUEE

ERR R HBMENOH LR S AHBE I 3.6mXT.2mOBEDI 7 V- F b 2R, &b



(R2EIFOBHINTVET w9 T2 BHISALSS® 2V 1968FE S hELEEL T2,

HRUNIEETH >, 7Y o 20MAHRIE, 0(K-0K), 6 (K-05K), 15 (K—1K),

24 (K—2KX) ®©r36 (K—3X)Kg« 10a™ yr & Ut F oV KUY o BIX15, 10.5Kg » 10a
yrTl BREE SFEREALI, 1974 FEDY, 5, HEHOKMEZRL, » 99 ADHERER% 0,
10, 20, 40, 60Kg - 10a™". yr-  REXHIELT. I6IkKF oY, Vo BerThaTh2s, 17.5Kg»
10a™2 yr-\ iifgmu iz,

IX 282 RETHBE 21T 1. 7Y 9 L ORENEEHE40%, HIE30%K FKE30%Td h,
MEATERBERE D Vo L & LT, Fo V#7294, ) VEHMARY Y IROECHERA LI, 5
FriztesE (116) RUAER (40) OFHICHE U, RESTIVBERBE I, HEoREELL HETH
MEREL2RRULIT- 1,

RREREERPUEL, 1R<EL, RARLHELL. MEOHEHCPRSARFRRSE2RD
2o RABBHY 2 —% - (¥ a7 VM] 1008) 2HCEH 208 LI, Chi S 6158 GRELE
Na2) UTHERB & UTco MITRESHIZE W%, 72/ — 478 LA U 2H5REE T3 PRIEGEEIC
&b BEREERE R 2RO, 3 S5IKMHZAGTHEL 2 BHL 12, I, FEIZB G, 18ice
A E Bit ek,  OFHE O, 6—RPGRLRH LIz, 1 pH (KC1) %2 #'5 2 BEHE01),
EC*BAGBAEHE GDIRIOFELI, F12, & a—LrxaH—-%F%HT (68)EHHE IzOW
TRpEERR 2HEL 12,

(3) HRLER

% | S HYOBRBRBRRCERTRD I (Table5—7) . SEMFEED 1 HMb OFRIL300~
67T, NHEXMOEFRKE b ~10h5, BHILE 2 —EOHEMIBDOILEh 12, FRRE >THY Y
LOBRARE HERBOBIIZE b UKRAOBWEM2EDLH 6 b, 9T 5 ¢ —EoRAMIIED S h
BTz (r=0276) o ERE HRBEERLHEMER LI, T4b5, 19694, TIH, 75
chxhny o LOEARe WRITIEr =—0.634% —0637%, —0.600 L ADHEE, 19744, 764
&, r=0.734**, 0.713* ¢t EDHEMZRLID, B7rEROPHTCIEr =0.257 LHEBALIE L 22 - 12,
HRER CEBSHCHBRNBNPREZ B R 2RUTE D, 3 6RRBIMICBERLROBELEDh
T3, LOID, FRE/RCHBEROEHHAE LY, 99 L lEIRL AMR~OZENITHE
TUESZ3DEER B, VOBIANE, 2 Y Y L ERONRICHS 5B B3, BEOLEBORA SET,
TR bOLMBAMOIKICH S UEOARMHGED 5 WA, BHLTL WL, ILILHAE, B
Rz EMBLERELRT 5 RUSEHPRAREOHB L b/hS vz e fEE iz,

—RPHGAIL 1970 SEE/RTF T1HEIL, r=—0.657* —0.598 t LENH O ADEMERLIY, %0
{bDIE ICIF AR S RS D S s o 12y 8 7 EMD P 133 ~13Tg TH b, LEHEOET i3/
&L, YV LOBARE OB E S (r =—0.289) # VY AORARMIURICHT 2 B 25
HULEIIB O, BRIBHTLE BTV, AAIEBahrt 5 (1 ¢ /SL v o7’ | Sitesd
(13342 “ SLoo 7’ RE A&y, Smith b (135) 27 L—F7 v —, Jones b (51)idLe
YRXNTNAATHRULEE, #9) 9 20BARSS VR EENEL 25 & 2D 1. —75,
Reuther (107) 42 * v v 7’, Deszyck 5 (22) i3 v—F7 0~ /AL (110) B rva9
THURIRS, b)Y AGRRMSREICRIETHE NS Ve BELR, £, ERON Y Y ADMA R
DINERICEET AHEAR LU TLEBRICBRIPRIR LS I TH Y, BHOFREBORE Iz, Nitic



W32 Y oL BEROBEIIHBN LT 2RESD I (38). FhH Y O LBEN 1% 5L 55EL
WRZIRBIZER > TREVBET T2 BRPBH N TS (2, 133, 135). ZKHE T, » Y 9L 0%
PRETELIREZ, BROMERT DAL, K-0RPK-3RIRBVTIALEHH VYL BE
IEROWHi@AE > Tz (Table 5-8),

Table 5—7. Influence of potassium fertilization to fruit size and yield of
satsuma mandarin.

Year
Factors Treatment Average
Influenced 1969 70 ' 72 '3 74 '75 76

K-0 290 140 257 565 272 317 426 422 336

K-05 226 201 262 553 300 271 417 327 320
No. of fruit K-—1 214 223 21 460 219 340 323 413 300
per tree K-2 244 242 263 562 282 444 386 512 367

K-3 198 244 207 497 217 408 311 466 319
r —-0.635% 0.567 —0.393 —0.269 —0420 0.712** 0.683* 0626* 0.276

K-0 385 209 398 670 410 387 606 510 447
K-05 304 275 418 685 408 352 573 420 429
Yield K-1 2710 316 325 567 326 446 460 524 404
(Kg/tree) K-2 323 311 383 706 415 585 581 643 493
K-3 249 306 298 595 325 530 446 579 416
r —-0.634% 0.434 -0.637* —0.247 —0.415 0.734*%* —0600 0.713* 0.257

K-0 132 149 155 118 151 122 142 121 136
K-=05 134 136 160 124 136 130 137 129 136
F ruit size K-1 126 142 154 123 149 131 142 127 137
(g /fruit) K-2 132 128 146 126 147 132 151 127 136
K-3 125 126 145 120 150 130 143 125 133

T ~0.033 —0.657* —0598 —0.032 0.196 0397 0417 0259 ~-0289

*# Significant at 1% level, * Significant at 5% level.

7YV LOMARERILTY, BOL )9 AFBRBIRIZEALRELEL kb 1o C & bIURIE
DBED LN LHEHO—2EEAONE, # ) 0 LAOMARPINT L BHY A XHHMT 3 & VWO
86 24 (100, 105, 108) »3, WRESED ohishr - D EFLHEAT, FBTIZZOEANED S
Nt DEER S,

EPSRERBBINT 529 U 2 GEOKE% Table 5 -8 ICR LIz, # 9 VEEL 5 ) o sfERG
OWITHE 1975 FICREVRDHBINE 6 i 8EMOPYITIE, £ MMED 6N LD 1
(r =0.014). ¥ RET, 1969 Ficiifh, 1976 i EOEMMEB NI, WMET 2 & FAL
RGO Eh -7 (r =—0295)s # 9 Y LABER, » Y9 20MARPAEBIRBAIICEbIDS
T8 EDOLHTRIABLEMZED I L BT E b1, 1212, 19713 RI1976 FEicixrh Th
BOWIEOHNr =0560, r=0.780** 2D T3, ¥V Y 20A26F, OB REEILBINTS
INODORHMEE L 7 ) Y 2 EMROMIBMBBOH O NBEL, T 5 TAVEND Y, BHTIZS (B



Table 5—8. Relatioship of macronutient concentration in satsuma
mandarin leaves to potassium fertilization.

Year

Nutrient Treatment Average
19 70 ' 72 "3 14 75 *76
K-0 3.38 2.71 327 - 2.73 3.00 3.23 289 - 3.09
K—05 341 2.62 322 - 2.73 2.93 3.19 2.88 3.05
N K-1 358 2.35 3.14 - 2.61 2.89 291 295 3.01
K-2 3.65 2.62 3.01 - 2.76 2.76 2.95 3.12 3.08
K-3 3.49 2.83 3.01 - 2.74 318 2.89 3.15 313
r 0 0.377 0812*F -~ —0.195 0.229 —0.743%* 0.826%* 0.014
K-0 0199 0139 0176 0170 0175 0.176 0.180 0157 0.171
K-05 0199 0130 0189 0.166 0190 0.199 018 0.58 0175
P K-1 0.182 0117 0170 0168 0183 0.91 0187 0160 0.169
K-2 0.167 0125 0.181 0.166 0.170 0.175 0162 0.161 0.165
K-3 0.174 0121 0.175 0173 0182 0.183 0.178 0.164 0.167
r —0686* —0.483 0125 0230 0.118 0205 —0.439 0.639* —0.295
K-0 196  2.00 1.96 1.73 1.83 1.82 2.10 1.59 1.87
K-05 197 1.98 1.95 1.77 1.87 1.80 2.20 1.72 1.88
K K-1 1.93 1.79 1.81 1.67 1.81 1.63 2.14 1.79 1.93
K-2 1.86 1.90 2.09 1.74 1.85 1.63 2.02 1.81 1.86
K-3 1.90 1.87 2.05 1.78 1.95 1.68 2.18 1.91 1.92
r —0.161 -0487 0470 0172 0.560 —0.600 —0047  0.780%* 0.193
K-0 3.74 2.80 3.27 3.20 2.79 3.67 328 3.25 3.30
K—-05 368 2.52 3.22 2.64 260 . 341 3.24 2.68 3.06
c K—1 3.44 267 3.08 3.04 2.79 3.79 3.15 2.96 3.18
2 K-2 3.25 2.35 2.81 2.94 2.73 3.61 3.33 298 3.08
K-3 2.97 265 281 2.87 2.66 3.83 3.14 3.05 3.09
r —0.806** —0.358 0.791%* —0415 —0.149 0.378 —0.418 0 —0.742%*
K-0 0.27 0.30 0.31 0.30 0.31 0.30 0.37 0.27 0.30
K-05 0.27 0.31 0.31 028 029 0.28 0.35 0.26 0.29
M K-1 0.23 0.28 0.31 0.30 0.30 0.29 0.32 0.25 0.29
£ K—2 0.26 031 031 0.30 0.28 0.28 0.28 0.24 0.28
K-3 0.26 0.31 0.31 0.29 0.28 0.28 0.34 0.23 0.29

r —0.172 023 0010 0103 —0630*-0392 —0546 — 0906™**—0.666%

L Signifiéant at 1% level. #* Significant at 5% level.
NS:Not significant.

AESADOLNAEY H o1z, INREPBEERFEITORMBRICE > TR 3 L &%, RBUMBHICE
EULBATHERL > TRESRILIZ DL E AN A,
By HBEOBEI 1969 ERF 19T ERAOHBESED 6 hTBYH, 8r EHOPIFTH
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r =—0.742%* ¢ BAOBNSED oM, 252> 9 LB 19734 ¢ 1976k hThr =
—0.630*% —0.906** FMEDOYM TS r =—0.666** ¢ FRLADHAMENGED 6 hic, Reesed
(1) b AL oM EEBT, 7)Y 2OBARBDLVKIBEERIL S OL E S 2 LY L0OHB
BB ERTICLEHBRD TG, 5T, B 20lARLHEL{BLIB HERTihoERE x5
ZPLONBBENYBHE E0AL D,

RERABROT CRESE, W, HERKRCHBBILICNTI» ) Y ABEOZE 2 Table 5—9 iC
RUT. REFEIX 19694FE L 1976 FILHBLIEOMHM 2R D120, 8y EMOTSMTIRE  HEBEB
Dohih otz (r =0073). RHOWEREIX 1971 FERE, PIERIE 10694, 10714 KM 19734
E, 1976 FIL3ADHELHENERLUIY, 8y EBMOFHM TR r =0.218, r =0.389¢ (&
WHBLDBO N1, 101, h Y O AXTHRERBEHSENC L 58D b hiz, Wi b HE
ERIED o g 512 (r =0.000). —BZ, # 3V REORZRIHYT 20 V0 sEROLEL, B

Table 5—9. Effect of potassium fertilization on the quality of satsuma
mandarin fruits.

. Year
Factor Treatment Average

1969 '70 T 72 73 74 *75 '76

K-0 264 252 287 248 251 269 248 269  26.1

‘ K-05 213 237 274 261 247 247 240 257 255
Peel K-1 279 242 286 211 237 263 243 263 261
(%) K-2 286 243 273 269 240 263 252 272 262
K-3 282 252 271 271 234 251 243 276 260

r 0.830% 0.196 -—0.244 —0260 —0.647%—0.288 0070 0.621* 0.073

K~-0 14 97 108 112 112 104 108 104 107

K—-05 1.8 109 108 1.0 115 113 114 109 112

Bri x K-1 1.4 106 110 1.2 115 111 1.3 103 111
(%) K-2 120 106 112 111 113 106 112 100 110
K-3 1.7 107 112 112 114 110 113 96 110

r 0.477 0430 0.826®* 0.105 0127 0073 0460 —0599 0218

K-0 122 118 124 121 101 102 L19 107 1M

K-05 125 121 124 119 106 094 114 105 114

Acid K-1 125 118 123 119 101 098 113 108 1.3
(%) K-2 135 L15 125 124 110 095 119 100 115
K-3 143 122 128 122 104 091 116 097 115

r 0.982%* 0084 0.656* 0243 0.797*—0532 —0045 —0.778** 0.389

K~0 93 82 87 93 1.1 102 9.1 9.7 95

K-05 94 90 87 92 109 120 100 104 100

Brix —Acid K—1 9.1 90 89 94 114 113 100 96 98
Ratio K-2 89 92 9.0 9.0 104 112 94 101 9.7
K-3 82 88 88 92 110 121 9.7 99 97

r —0.936** 0.170 0316 —0245 0212 0372 —0.507 0010 0.000

##* Significant at 1% level. # Significant at 5% level.
N8:Not significant.



BHMEL 755 (108, 135), MREELHEE 5 (51, 52, 132) e LTMbE & H LN TWAHS, T LT,
LhODEAIIEL(BDLNTE 5T, Thid, 2 Y Y 20EARREILSE T chitBLBo%
BREBIREZ > TV L OBRETHE 5,

7YY AOBRAROED HOFRIRE G K+IRBshisdh - 12RAZH S fcpic L8P0
T h ) o LB RRELT (Table5—10)0 # YV AREVWRIBRINIBETHS L VWb B
KL TRZBRORERRIBELS EMBSLEN-12, 1972F 1973 R COR/IABUTK - 1K, K—2KK T
K—3RoXZiE» )V o+ BELAEL, COFEL2E-1:.

HBHWKELLE 59 2 2L REX COBPEE S AP CHONED DT 1976 FiIIZK — 0K, K
— 05X b MACHhO LHPLREL Y 9 LOBRFERAGEL 2 (Table 5—11), RFRICH Y 7L DK
BT RLEZALONAEBL LTHIN Y Ia L2520 0 bERAIRLIL, £ OKER, HERMENT
¥R, LHROZRES ) VLD ZHERTHE-TRY, FTETHAEBRXBOZIL, 3EAEBD S
Nighotz, 405, BHUGERO? Y 723 EFCERILIC ), MUPERILT s s b, @

Table 5—10. Changes in pH(KCI), EC values and exchangeable bases
of treated soils in relation to potassium fertilization.

(a) pH value and EC value

Years
Factor Treatment Average
1969 1970 1971 1972 1976
K-0 5.0 4.9 5.4 5.8 6.1 5.4
K—05 4.9 4.8 4.1 5.5 5.9 5.0
pH(XCI) K—1 5.1 4.6 6.4 5.2 6.0 5.5
K-2 4.7 4.3 4.5 4.9 5.9 4.9
K-3 5.1 4.5 4.2 4.2 6.2 4.8
K-0 0.155 0.300 0.400 0.358 0.205 0.284
‘'K—05  0.255 0.285 0.245 0.225 0.194 0.241
EC K-1 0.440 0.305 0.420 0.368 0.226 0.352
(mS/em) K-—2 0.325 0.350 0.295 0.406 0.234 0.322
K—3. 0.780 0.305 0.320 0.421 0.365 0.438

.(b) Exchangeable bases

me

Layer Treatment K Ca Mg
‘ 1972 1973 1972 1973 1972 1973
ooe K—1 1.07 113 640 9.25 0.68 1.56
(Op_pz; , K-2 1.06 1.34 5.07 7.75 0.77 1.29
@) k—3 1.35 1.64 5.99 9.70 113 1.49
L. K—1 0.67 0.72 3.06 4.10 0.36 0.65
(;(;"_e:O my K72 0.61 0.57 3.29 3.70 0.58 0.53
em) k-3 0.66 0.81 2.23 3.30 0.41 0.45




BEEOBWTHTORRED V9 LOR~ORELBULEDEZEAONL, —F, SESHROTHREY
YO AREIRE, TRE LYY AEAROS VIR EIRNMARRL, COC LM 19764EDOHEHH Y O
LREEH VY LOBAROHMSEE -HFRETH»E :ZA o603, Tibb, # Y Y4 EEORES,
HEE L B oL B TRENE T, HisveBiohns, Ldd, 8y ERE» VD AR T, £
ERBE? ) O LB RIZOBRIBBE>TWEWCELEDHLEATS, » IV vAERICL Y, BEIES
EHTARRHELRRTH 3 LHfEESN B, '

Table 5—11. Analyses of the soils after eight-year treatment.

Exchangeable bases

pH "EC

Layer Treatment : {me)
H:0 KCl (mS/cm) K Ca Mg
K—-0 5.8 5.2 0.679 1.2 11.5 - 2.5
K-05 7.1 6.1 0.257 1.8 13.1 2.5
Upper K-1 6.4 5.5 0.254 2.0 89 2.8
(0-20ecm) K-—2 6.4 5.4 0.198 2.1 9.4 2.5
K-3 6.4 5.5 0.368 2.7 9.4 2.4

r 0.263 —0.195 —0.329 0.916 —0.474 —0.168

K—0 6.4 5.5 0.378 0.8 1.5 2.1
K—-05 6.1 5.1 0.164 1.4 5.8 1.7
Lower K-1 5.8 4.8 0.133 0.9 8.7 1.7
(20—40cm) K-—2 6.0 49 0.131 1.6 4.8 1.2
K—3 5.9 5.0 0.235 2.1 5.4 1.2

r —0.259 =0.272 0.235 0.801 —0.292 —0.824

1969, 70, 71, 72, 764Eic pH(KCI) & EC 8L (Table 5—10). %Y ¥ AfAROS K
REBUTHVEC RL, BEOHEHSBS bhrs, pHEKC)HIEAZHESD 6h ¥ Bt
ﬁaanamﬁruahé,M§7yf:¢A&Eimmﬁﬁwmﬁﬁbamﬁmcabnt,ccm&
MUILHOL 3101 9 0 sORBRBBROSETI, FHFICL DTy 9 & AR LBEL T, 7
NHSEROWEAICS SBER, ) v A0MAREEERD 250 1 UFCRLTEELEALNEER
BB, 2L, @H VD AT S ERAPRD T L AL bNE bDLER SN EDTEY 2 UL
BHlu, 1, BHEEHO LS KEMIC S ) v ARSOHSEEHRITIE, 99 L0MEHEROREIC
& B RRINE CEERED AL TE SN DLEELS,

b B

1 B2 b o0 SAEMTE EHL 300~367H, TIIEIR40~49Kg, & MBREDOEW A & 5> 12 35,
B Y YLD L ORMINE L, EICHT 30 ) O AIROHEIL, BEACED bRk T,
—RRGRI, 133~137gTHOIMMICE B3, BEAERD T,

FHZERBEICH T2 70 9 AORMROBEE, FEAZBD BNl oTe WAL DLETH A
VOLRYEIR A VY A DfERRE ADEMLRL, TEYUS LY Y LHERREPOERE S L 2B bT
tosfEINI,



RS ER CRHBECIREOESRY bNith 512, 101, H Y 9 AR THEEDE - DIIEEH
ONSNERERELL S L5 p3bhitc, LHEHANORER, BRALS Y ¥ ARNO BEIZN B,
5EEMME TIE LI LBV 21, B Y YARKOTET & UGBS U & & BYE S 75 Lkt
UTWBL EBED S iz, UEORR, HBLUEDHETH VY LOBITHENLE, 3biks) Y
LORREREROZ WEH T, MROAHOZWTELOZH]EED v L WETELE LV, #EH5T,
7Y o ARRORED, BHERE NBISIKPEERE~NEBRIIIKI, A YREBHEETI O LH
Eh, ®RLE, 299 L0lRROSDiCE >TRERQBELELL & 625 5 T &G
OB TIHEBETH 5, R |

3. FHOBHKBREAEBNO VA AVORERBICRIZITHE

m& = '

% vy D EHICHY 5 GHRBRBR A RE O M2 Ry, KEMLOZIEIZE DS, N UHOR
BEHOEL, BEARIITHESK F0E ShTVA (74, 140), 2055, BREREDEESAL h
BB, CORMSHEERMME Msh T, ECAMEE, Doy 2y U OSBRI & /s
b, BEIEHO:HRE KROMHS ALY, ChoRBTFEMIBEQET »ZET 5 BEH ML
PERBELAE LG5 D& LT, BE, RELEShAELS L1,

FEE~ORIRERE L, FEK, REALESIEGE O VDL S Y, FIBRES, RHPOME
| CHEBERA~OREE MR LIIRE LA L 2V, T TR, LEAEEZHRY AL, ChooHR
PHET 3 & 3tie, TR, WARLFCHRRERICRIITRERRELE,

@ MRRUE®

BRI RIS Rty L YA vt 0y IS ALY 5’ ISR L1z, BatEI2
Wih g 3FERHTYTTH O, BHETICE big—itfibh, wIhiEFRPHTH -1, 1977
£ 6 A ERD —A I RABRRENE BERK), & 5—AK, RENEE GMER) 213U,
o le—K P MMM E Uiz (Fig.5—T)o
BREEMEDHS, EHEOMED#20%
BYIDISFIEDEEH LI, 1K 1E
HeL3R6HETRBLI, o1, X
RERAIRE T HELZIIY,
FIMIX 3% HALC AT 5 & 5 ICEEL

1z (Fig.5—8).

8 A TAIRAERREL L, Wik A, : B.
(40, 116) itk bESF 21T, 128 Fig.5—7. Treatment on the main boughs.
hEICEEZEREL b 8~10MIFML, B A :double-saw-cut girdling, B :bark up-
B (92) T W BN BT 10 28, side-down girdling. About 20% of main
WABEIERE § 20~30 R2EY, B Il;c:::ihAc.lrc_umferen.ce was left for treat-

EOMBELHE L. RHTO—Riz 95% »
TFAMT A -NEMA, WB0%ERE L, BRCEREODERDIF 2T > 12, #X TinglK(137)
DIEYVY {7+ 4 FIEGE FEERX] —TFrrzsfitlsrzxsoe 537 4 (15004



L babrii.

3 #HBReLER A < /f
Hrb F Y BRBIBAXICE

WTiEO ZK & b FBIEN c T

fizRUIz, & hPADHEH

T ' c
8 B )T
RS BRE W 1L D 8 ¢ A
B bl d -1z (Table s £
5—12)0 L Y "
( A : ¢

A

BEE I 578 12 b

DD, X I3 AL FRIX 1 .
BAX & Fig.5—8 Arrangement of the tree fested. A :double-

NTF 9V eN Y VLDFYE saw-cut girdling, B:bark up-side-down girdling,
DBEL, BT LRSS C:control, T:trunk.

WHABZED b hics —ic

ARV CRESUEL L ERF AL I LRI ERL, IR SALKEESPAT I HIRA Y VL0
BMET T 5L 0bh T3 (82, 83) - T, BEROHENLEBKIC K~ TREE L Fiss > o
Bbhhi, TLWAKX, BPEXOERF » v REHENT (RRROBHEALIBHL b0 EeELLNE,
T4 7 TERE—RALZUHOTIBE, 2 HETTORSBIUREILZLS Evvb T3 (35), &EBR
REET2AB I TVA D, BFEHIIEBNZ2BELLEZAONEY, b - ERLEIFE2EBLT
B EHBOBSHIC b BRESED bl hb L,

Table 5—12. Effects of girdling on the nutrient concentration in leaves.

(%) (ppm)
Treatmentt —
N P K Ca Mg Mn Fe Cu
A 3.07 0.160 1.63 3.25 0.381 32 77 38
B 308 0.159 175 312 0.389 32 82 4.4
C 315 0.162 1.72 3.14 0.386 33 76 4.4
Significance NS NS NS NS NS NS NS L 1

+8See Fig.5—7 for the explanation of the symbols.
#% Significant at 1% level. NS:Not significant.

IO AL REHBELRBEL, RECANOKEL R LI (Table 5—-13), EOBRIcH~, 0E
2 U2 RIGSLICREEASEE S his, NEBSO LR Tk, BRERKILDOERENERT I 1D
NT3(74) ¥, TOIDRPE~DYAEROBYBE (L HREMANE LT OV DEZLLN
%,

IREERE 2 HEL 1R, REEE, BB SiEsBdohgb o1, 212, ROEBICIIER
EVBD o o100, HERRIEEX ThO KL DI 6B iR Y, BERORE
REBEORWESEREL L1, BES (1403 ERMMIC L bEEEEL, 2 U BIZEL 2 b,
BBEORRI Y S EBVHELB TV B, HOoRKREATE 2mmiKHT 3 THOUTHH, T T HE
PE it DeEiIsh3,



Table 5—13. Effects of girdling on the fruit quality of satsuma

m andarin.
Fruit Percent  Percent (%) Brix -Acid
Treatment* diameter of of
(cm) peel juice Brix Acid ratio

A 6.38 27.5 64.5 11.8 1.07 11.2

B 6.27 26.7 64.9 11.6 1.15 10.1

C 6.07 27.1 64.3 11.5 118 9.8

Significance * NS NS NS » *

1.s. d. (5%) 0.18 - - - 0.05 0.9

+See Fig.5-7 for the explanation of the symbols.
#Significant at 5% level. NS:Not significant.

KHD80% 7 v -V IIHB 2 AWTHER, WESTLICKER (Table 5 —14), 28, MR,
FBEXTRLEL Y AEICREET 2R U, ¥z, REORAK LT LEODNIGAEES, BAK
TRILERL Wl RL, BEXOREORABEED 5 pisbhis,

Table 5—14. Effects of girdling on the acidities of 80% ethanol
extract of satsuma mandarin fruit.

Acidity (%)

Treatment*

Total Free Combined Combined/Total

A 1.47 1.10 0.37 25.3
B 1.56 - 117 - 039 24.8
C 1.59 1.22 0.37 23.4
Significance » . * *
L. sd. (58%)  0.10 0.05 0.01 1.5

+See Fig.5—7 for the explanation of the symbols.
£Significant at 5% level.

SOV, WIRE & FRIC N, BITH, JERFEHIOVThIC HEERBY s hisd - 2 (Table
5—15), '

Table 5—15. Effects of girdling on the sugar composition of
80% ethanol extract of satsuma mandarin fruit.

Sugar (%) (%)
Treatment* - -
Total Non-reducing Reducing Reducing/Total
A 9.16 4.78 4.38 47.8
B 8.92 483 4.09 45.9
C 8.87 4.60 4.27 48.0
Significance" NS NS . NS

+See Fig.5—7 for the explanation of the symbdis.
NS:Not significant.



ARRODIEDADFOHKE, 7= BRAFIEIK ¢ MLEROMIZEEEBED bNhizds, Vo
MBI AEESED o -1 (Table 5 —16). ->T, EHHORERBEDE, & = BOM
ROBROEIL L eWRENI, ¥, VU TBOMRESFNEX L b, EARTE L, &
BXOREDORBBEATNIL L 2TTEDE VAL S,

Table 5—16. Effects of girdling on the sugar and organic acid
composition of fruit juice.

Sugar (%) Acid (%) (%)

Treatment * Malate
Sucrose Glucose Fructose Malate Citrate Malate + Citrate

A 478 2.06 2.32 0.098 1.096 8.2

B 4.83 1.94 2.15 - - -

C 4.60 1.98 2.30 0,102 1.270 7.4
Significance NS NS NS NS » *

+ See Fig.5—7 for the explanation of the symbols.
*Significant at 5% level. NS:Not significant.

—%, BODIERIFOLED 6 INBR L 3ETERBD Sh b1z, -T, BIRBELED
HEMAR S b  FREMRICGRCRN A e b e Botc, 1, BURBRBOA I, RRELHE
NELY S, BELEDHGHRBENL AR SN, CMERLEOS I RS DERBHSSEICE
HxnTraDicyl, REPERREROARDO0%BEINTWI1DTHS5, UL, #ETEH
R e T 5 LRBRBEMLER L VL, ZOKE, REIWPAL, REOBRMS BiEs v, AR
BONTIR, ML) 2 BONPEKREE Y, HERBRSEIL, TOKE, BBHOMOEARERL s
AT LMo ELT, 1L12L, BIRBBERBEONRIET 2 12 6 TREBRES2HF L TWv3(74, 140)
12, BERCREFTEBCB > THWIONEE LU,

4 B & .

R, (RERFEH 2 0RICRIRRELELS RESFHICRITREBLRE LI,

ERrFoRES, BEXKTHERCMORL YETUR, AEZRED shad-1d, BEHXCIZE
WEXich~, ThHF v ER) Y LOREHETL, #re o ABENERT AEASH -1 -7,
EEXTIIED RS 3 FAVT shit. REOEKE, BAK, PERKE $ WABKE DK S
iRz iz, BHOMBRIBABOFEEER Shoioh, BERRIEARTHO—K L hHEICE
TUlz, BB Chbfii KM LT, EEXTHEBRBVHLZRL, o=X: b i BRERE L
»1z. £, EHMEAR TRULER CRLEIXS b ERIET Ui, MHEX T & BRI RLEx
LY EFRCETU I, 2RICIBRUESED o s -1z, 28, BT, JERcficiiEREsg
oMY, La—s0—2R, FrI-R, 752} -RARICEETEIE L1,

FRBOBIERAFOME, 7z BRKICE, EHXEBLBEROETEHBD bhids, Yoo
BRBECIAEENRBD ohiuh o1,



B6E B & & ¥

7 ¥y RRORMARIBWT, PAROEERS T H MM L CHEREBER, 7R, s
hTHbh, ChoBREOSL MY AVECE (TCA) 44 7 viciliT 2 HRE 2 HER ST 5 &
12, #r¥yREOKRAER: SANRERERNT 25 ABYTRELC L TH 3,

REkor L % v REOFHREMMENL, LI HEOMH LRI EHEL, UL EHORIE M
Sk, AFEEENTAMIZLIZ 0L LTHBIRESh TV A1), WIhOoGTE2AWTE oD
EOBRBYCIEBEEE2RF -2 e, BRAKBTAEHBROTL2ABICL AL LB TELD
oo Bith o3y OMlE, AERCRIERNE - BRI 2 TREBORER e RO ZL 2 B
R 3z pici, EROENY S ERAHKEIE CO—BLIEANBELHEYT 30ESH T, £
T, ENRBREMAL RN L, BENIIGRERY « RRURBBI B 2% v ¥ vVRE O BETE
ROWFEORLER - 12 '

7o R OBERER, BEBAERERICLIRDoNS, REICLIULY) VEREIRR50%L 2
ELAN(129) 5 A, BREBESET oy, BEMIEREL 72 7 — V72 LA ViEEL H IERESH
BBoNE, LdL, HEdE» s PELRD 2FRSRMT EL 100, BERE TRETERK s =
HOEHS pH 8.5 2V A &M H N (43),

ETADEBILH v 2y OHEMchMAZRDIZE TS, pHT.8~820RARICEEL, Lb b R
O D IZEDTAD pHE 3B » 12, T, REOEFTOHNI LA pH /Amé NaOH DED /P 2L,
hRIAD pHIEIR(ED T, € ->T, BAENE CHELRD 2B, 23 v0lH, REOCLETH
ik b hMAMS RIS C & ICHBRAIL SV,

KI5 BRO = F V7 42 - VARHRO @S 1 4 L RREIRHIC L > THET 354, BHK
OEHE L BUEHETERICRD SATHE, Fv7 00—V 2RETIDRESLSZVC L 2RBRBLI,
ERCiE, =FATVI-ADBHBETH S L4 4 LRl 2 08 T M KasE CTRESEE
ZAHAKR, PHENREHOLO» 6 RE{BAZIOTHYTHL, MHBZH A 4 /K T3 EEEILHER
LIt OBRBTH 5,

HREODWERDIWICIIER, I w5 avns56r02 557 4—, Blks o= 0774, ¥
ABREESEE LTHWS N, UL, ThoOHEAIME (61) § 3D THEHEOEH & BRFH%
Y 3, BERYRI0< b5 57 4 —OFRABEAS O 2 F 4L (36), TMSIL(117) itk 25 H G
DBH3, IITFH(150) 7Frx 27 bz & bifiFE, THREBRORRIFETMEC LI, HoBR
EhOHRBEIFICBWII #5413 Reoplex 400 2FBLIZ D TH Y, 20%Silicone DC550 i3 A~
BRI TVS (149). UL, #1720 x4 2 o5 2+HHZFTA 1 20% Silicone DC 550434 5
PIEETAIIBR-2F7 4 OTRBES IR L35 2, Reoplex 400 it H_THLL 7 4 X ks
Wwity, 7z EBEEMNREL, ZTOMOEREIBRTH 25+ v REOMTICIIREON 5 4T
HHCE2BALDIL, T > THEOFREAL HES(METES LI RE-T,

1, BUFVRERBOEBROMBEELOMK, Ok ®80%xF 7o -, OKB0%
TFATN D —MCONTHR U RER, MR, REoliEs, MEEERBOME, BROFFEHL,
MR OREFHS 2 BEL, 80% 2 F V70 a— VIS FRBOERIMFCRETH 3 L EHT 5.

351, WEOHIEBURF 1 >OREOWONC L b, FHRERMNK, FERENRFZOMOBEERIC
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ET%C&K&D,ﬂy$v%¥®ﬁﬁﬁ&iﬁﬁﬁ.Rﬁﬁ%@%?mﬁfﬁﬁm.bbéﬁ&ﬁ(ﬁ
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CFAB LSRN, MREEEEADTRENORISHERBLN L 5K >, HRBIERY
SAEERT & 5 & W ERER TS H Y, EBMOEERKEV, -7, TORNELHSHESERL
haced, REABOMRLEREHSbDEHEXS,

CL TR ANl —TFANZRFMUREBF A 0T b 557 4 —BAVT, Trvav IALR
HeDOH S 2 IR U IR, 8, B8, o8 <o VB, 2N/, VU TRRUTYE
LRI LT, EING (55) 1%, * EHNIR4’ ¢ $KEBMH’ (Citrus unshiu Marc. cv. Hayashi)
O ENThy LB, VU8 VaVB, a-T oA vE, a0 B, RAIE -] RU#
M RABED T BN O ZHERL, HES (44) 13 HBEM’ (Citrus unshiu Marc. cv,
Miyasako) iC3\WT IAES OFRBRERIBL TV S, B1ENCH 7Y VB, » T o 8, o —BE,
nFY)NEE, 2ESIIE S A L, T ) VEBETATNBEL, 3ICIRER, 4itderErE,
7O LEBORBE, SKIZT7e— L, 6IIRFEEI VS U, TGRS —k Fox v UBREE, 8IC
Wansg B o — s bIVENE, QIO LER 10RIBYaVEEE YR T72=y MEE, 11
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Summary

Overproduction of the satsuma mandarin has been an economic problem in recent
years in Japan. In order to solve this difficulty, an increase in public demand and
coordination of the marketing period are required. To this objective, producing high
quality fruit and decreasing the percentage of satsuma mandarin of all citrus fruits
are necessary. o ,

Because organic acid is relevant to tase, fruit quahty is evaluated and marketing
period is usually determlned by .its content. Therefore, it should be most effective
to ,study',organ_ic‘ac‘id, in fruits for the purpose described above. However, few
reports dealing with organic .acid in citrus fruit have been published.

In the present study, I tried to clarify the effects of various factors which
influence fruit quality, especially organic acid.

The results obtained are as follows :

1. The usual analytical methods for organic acid of cltrus fruits have required
skillful techniques. Also, no attention has been paid to methods for samples,
Therefore, a repid, accurate and handy method for organic acid analysis must be
established throughout the whole analytical process (from collecting samples to
acid a.n‘alysis‘)’.v
Effect of the position of the fruit in the canopy, the part of the pulp and
extraction method on the acid content in the fruit, were investigated. As a result,
methods for collecting samples and extraction of acid were determined. Secondly,
the potentiometric titration method for free acid and an improved gas chromato-
graphic method for organic acid were established. After these methods are
combined into one procedure, organic acid in the fruit can be analyzed success-
fully.

9. When new varieties and strains are introduced to improve the varietal composi-
tion of citrus fruits, some indices for maturation characteristics are needed. The
ef fects of dilution due to fruit enlargement and the absolute amount of the acid
which can be measured by the method devised in this study are valuable for a
comparison of maturation characteristics.

Furthermore, it is obviously recognized that the peak of the absolute amount of

free acid or citric acid can serve as an index for maturation period.

3. Fruit quality is strongly influenced by environmental factors, especially by soil
type, altitude and location. The mechanism of the effects of environmental factors
on organic acid content were shown by their effects on dilution and absolute
amount.

4. The effects of cultivation factors on organic acid were investigated. Fruit



quality, yield and leaf analysis were affected by long period treatment with
nitrogen and potassium fertilizer in the orchard.

Excessive nitrogen produced higher acid and fruits with thicker peels. Color
development in the peel was delayed with much nitrogen. Accordingly, it is clear
that nitrogen fertilizer has a negative effect on fruit quality. Nitrogen content in
the leaf can be used as an index for nitrogen fertilization. Maxmum yield is
expected when the leaf nitrogen content is maintained around 2.9%.

Potassium has less effect on fruit quality than nitrogen. As heavy granite soil
supplies much potassium naturally, it is impractical to control fruit quality by
changing the potassium level in the soil. Girdling a tree hastens the maturation
of its leaves and produces lower acid fruit,

5. As the organic acid of citrus fruit can be analyzed rapidly at the place of
production, the results of orchard experiments can be evaluated properly. Seasonal
changes in the organic acid of typical varieties and strains of citrus fruit were
obtained. At the same time, indices for fruit maturation characteristics were
determined. As a result, new varieties and new strains can be introduced effecti-
vely.

If the processes' and mechanisms of the effects of environment and cultivation
factors on fruit quality are clarified, it will contribute to the selection of
suitable places for citrus orchard construction and the improvement of cultivation
techniques for producing high quality fruit.
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