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Fig. 1. Seasonal changes of growth of citrus
fruits (1974 -1975) (O Ponkan, @
Common satsuma mandarin, A
Early satsuma mandarin).
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Fig. 2. Seasonal changes of peel weight of
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@ Common satsuma mandarin, A
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Fig. 3. Seasonal changes in the value of a color difference meter of the rind of citrus
fruits (1973-1974) (O Ponkan, @ Common satsuma mandarin, A Early satsuma

mandarin).

Table 1. Seasonal changes of some compositions in citrus fruits (1974-1975)

Aug. Sep. Oct. Nov, Dec. Jan,
24 7 25 8 22 1 11 21 4 14 26 7 18

Early satsuma mandarin

Brix 6.4 6.9 7.1 7.5 7.9 8.5 8.7 8.9 9.2 9.2 10.1 9.9 10.7
Titratable 3.07 2.36 1.72 1.26 1.18 0.95 0.93 0.90 0.88 0.84 0.87 0.82 0.88
acidity (%)
L 46.2 47.0 54.8 59.2 68.5 61.6 60.7 59.0 57.2 58.1 56.7 56.4 55.9
-5.3 —5.8 —2.1 —2.9 1.6 13.6 18.2 21.9 24.2 245 25.4 23.3 24.8

38.3 355 34.6 34.7 33.4 32.8 326

w

9.2 10.4 9.5 15.6 25.1 38.

Common satsuma mandarin

Brix 6.8 7.0 7.0 7.2 7.5 8.1 8.5 8.6 9.1 9.2 9.7 9.8 10.2
Titratable 3.43 3.12 2.43 1.88 1.51 1.24 1.22 1.12 1.05 1.02 0.99 0.93 0.9
acidity (%)
L 44.7 49.3 50.6 50.9 55.1 47.9 55.0 57.6 57.1 56.5 56.7 55.0 55.4
a -2.8 —-7.7 —0.9 -0.4 —-2.0 —6.2 3.0 14.9 22.7 246 25.3 25.7 27.3
b 6.5 10.3 5.2 5.6 10.5 27.1 32.7 34.8 34.2 33.9 34.1 32.4 33.3
Ponkan
Brix 8.8 8.5 8.9 9.1 9.4 9.3 9.7 10.2 10.1 11.0 11.3 12.0
Titratable 5.60 4.35 3.23 2.33 1.88 1.42 1.14 0.95 0.88 0.81 0.79 0.76
acidity (%)
L 48.8 ,50.0 49.9 52.0 34.3 38.6 51.8 553 58.2 58.0 57.5 56.3
1.1 —0.4 —-0.5 —1.2 -10.3 —12.8 —6.7 3.8 13.8 19.5 21.8 22.6
b 3.1 4.8 4.4 6.5 15.0 19.5 29.4 32,5 34.8 34.7 34.1 33.2

L, a, b : Value of a color difference meter.
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Fig. 4. Seasonal changes of Brix in citrus
fruits (1973-1974) (O Ponkan,
@ Common satsuma mandarin, A
Early satsuma mandarin).
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Table 2. Seasonal changes in physical characters, Brix and acidity of ponkan on the tree and during storage
1977. 1978.
Aug. 12 Sep.5 Oct. 5 Nov.8 Dec.6 Jan.7 Feb.7 Mar.7
Fruit weight (g) 20.9 40.3 76.7 143.3 162.9 153.6 139.4 128.9
Fruit flesh weight (g) 24.9 56.1 107.4 121.5 114.0 101.1 91.0
Fruit peel weight (g) 15.4 20.6 35.9 41.4 39.6 38.3 37.9
Flesh per fruit (%) 61.8 73.1 75.0 74.6 74.2 72.5 70.6
Brix 10.3 8.1 8.1 8.9 9.3 11.0 11.1 11.3
Titratable acidity (%) 3.03 4.49 2.63 1.00 0.63 0.50 0.46 0.44
Brix-acid ratio 3.4 1.8 3.1 8.9 14.8 22.0 24.1 25.7
= L 31.2 43.4 55.6 56.5 54.6 54.3
. = 7
& & z o a -8.1 —9.3 7.8 304 293 28.0
S E b 129 268 30.8 32.0 30.6 304
o Q
g % . L 35.2 42.0 53.1 59.5 59.5 59.0
S E 3 a ~10.4 —11.1 0.6 22.4 29.4 28.6
S 7 b 13.6  19.7 27.2  33.2 33.6 33.6

Fruits harvested on Dec. 20, 1977.
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Table 3. Seasonal changes in sugars of ponkan on the tree and during storage
1977 1978
Aug. 12 Sep. 5 Oct. 5 Nov. 8 Dec. 6 Jan. 7 Feb. 7 Mar. 7
(g/100ml )
Fructose 1.96 5.19 4.10 2.30 2.00 2.55 2.34 2.64
Glucose 0.76 0.66 1.12 1.47 1.37 1.94 2.13 2.19
Sucrose 1.00 0.68 2.74 4.82 4.66 5.36 4.34 4.10
Total 3.72 6.53 7.96 8.59 8.03 9.85 8.81 8.93
Fruits harvested on Dec. 20, 1977.
Table 4. Seasonal changes in organic acids of ponkan on the tree and during storage
1977 1978
Aug. 12  Sep. 5 Oct. 5 Nov. 8 Dec. 6 Jan. 7 Feb. 7 Mar. 7
' (mg/100ml )
Glutamic 232.8 106.5 69.9 71.9 70.2 83.4 95.7 119.4
Glucuronic 5.9 + + 0.6 0.9 1.6 1.8 2.3
Pyro-glutamic 1.1 0.8 0.2 0.3 0.4 0.6 0.7 0.9
Lactic 4.4 0.9 0.1 0.1 0.0 0.1 0.2 0.2
Acetic 0.5 0.1 0.1 0.2 0.1 0.4 0.6 1.6
Pyruvic 1.0 0.5 0.5 1.2 0.9 0.8 1.1 1.1
Malic 278.2 463.5 266.9 181.2 154.0 100.0 223.2 260.3
Citric 3,382.8 5,333.3 3,652.2 1,286.6 632.0 621.9 576.3 545.0
Succinic 0.6 + + 1.7 3.2 2.2 2.9 4.7
Iso-citric 11.2 19.0 9.6 3.0 2.3 0.8 1.8 2.3
a-Keto-glutaric 7.1 6.3 3.4 0.9 1.9 0.4 + +
Total 3,925.6 5,930.9 4,002.9 1,547.7 865.9 812.2 904.3 937.8

Fruits harvested on Dec. 20, 1977.



Reh o RENZE L

25

ml7:. v atg&Ri3, 8 A& 9HITIZ1g/100 ml
UTOECERTH-7204, 9B S 11 BicHiFT
KIBICHML, ZO%IIEEEBAD 1A £ Tk
L7z, EFEPIEE L 7. A RIIs AL
LILAETKREEICHEML, 20k 1 AETHmML
7o, BTEHICIHME TS H - 72,

W58 StoRMBMEROREITIL
MHEEF &

E1H, ER2 THEL-REORTDOEKE
MR B L 20 EROBNELIZOWTHEL .
RERERCI->TIHTL, Rtz 20z
KBt (BRERNERRN2HE, S-603 2 )
B &) BB EIT -7 B, 9N
FIEE (X Nakajima 522084 ICHMICRNT H
5LBNVTHS., 72 0BBIVY v ITBOSFTIC
BRRTZ02NERTIOECHERL, 2040
BT ICIIRERT 220 3 THW -,

] R

ESET, RHFOERBMERE LTIV S 3
CBR(TI/BE), Z7VuLk, FuZry iy
M, L&, MR, LU, )R, 7T,
ANTBAV I BBE S a-7 P ILINEBD
11 BEOF#RBEIRIL S e,

RITIAREDO S L7 o BOLEDAEADED
&<, RENKRBLEIATIZ86.0%~91.2% TH -
72, REFEBRTZICONT 22 8OED 284
ETL, WFBR%EEED 1 AICi276.6% 127 - 72,
W37 2 U BOBAIETL, 3AICIE58.1%
THot2, Z7ZURRIZOWT) ¥ TBOENSHEH
~72, ) ITMEROEAIIEETIZRD L2,
SR ICI3gmL, IFERTRO 3 HICIZY) > o8
DENEII27.8% ICLZEL, 20O
[IRhE D7 D{EH» - 72 (Table 4).

7T MERITIIAICH5.3mg/100 ml D EW
HEZRL7HK12AZTEHICETL, 28088
13#70.6 mg/100ml & % 572, FD%iTbTHICHE
DL, VoTBRERIISAN»SIBITHITTHM
L7z, 2D% 1 BiCHh I TED L2hs, IFEdo 2
A6 3RICIMmMLA. 70y o8B (Zo4E
23, TI/BOTRTIHEINILDEEZ LN
)8R, 8A»S 12 B TEA Lo, Bl
DIA»LIABRHLFTRERL AV I &

Z39RDPL1IAZTHREERL L. a-r 7090
MERIISALLFEIAITRHRL LT, BF
BERERIZIAICH6.0mg/100 ml @&\l % 575
L72H, F01RIZ 12 BIChFTRKICED L, &
IS, 10 A2 6 11 AOEARIIBODTRKED» 572, 12
AL HZVEEB L o720, 1A»S3I AR
T TiImn L 7z,
INIa 8, EunrZng I om, ik ME,

EVECR, a2 7RBIRETE 2SR HIE R
BRIESIWMETE L b7,

Weli RAD7 I /BERORBIITIL
MHEH &

B1H, ER2 THAL-REORHHRT I /B
MR B L UERORESIZELEZR/E L 72,
TI/BOFNMBEERIUTHOEBY -7,
Rt20ml Lz FLPALa—180ml & 2RSS
L, —B&mit L7z, B#iiciz Rt 80% =4 /
— N ERICZ LSk B, 2oMB#E 10 m] %
WHERRE L72%, pH2.2 D7 = o B4BE % 10 ml
WCIERLT I /BUEAREE L, —F, W%
10ml iZ2NIE® 15 m! # M2 —BEKE L72%, B
HEEL, pH2.207 = BEEHK 10 ml ICiER
L, 73 FRIZFAREIE L2, MRBE2T7T 3 8y
et (WIARERTS L- 78) T L7,

L] R

RitHpicis, 7R85 ¥ 8, Xvt=y, &)
Yy INZIVER, Ta)r, )Ly, PI=
VRF, N s, AFF=s, ALYy, B
Ao, Fuiy, 7220VT 5=, v-T3I /B
B, Vor, EXFVY, TAX=L0 18EEHOT
S8, TR/NSXL, NP2 I D2EEOT 3
ko & e,

KA rORTHRT I/ AR OB IZ
Table 5i2/R L7z, TRNS¥L, 793, +
3y, TN I B Y DERIIEENKRRILEY
ITI3E <, 20S%EE TR TR L, Y
PyERIEML, 7o) o ARIIHREEYEL
LHELHEB L, 1 ALUBOITESICIE, 7X/%5
X, 7V I AR EICH &R L.
TRANRGXL B, AvEA=r, FVP 38, Tu
Vo, 7Ny, T5=v, AFF=r, {Vn4
Ve, udiy, Fudy, 7xIATI=, g

’



26

EkEA

Table 5. Seasonal changes in amino acids of ponkan on the tree and during storage
1977 1978

Aug. 12 Sep. 5 Oct. 5 Nov. 8 Dec. 6 Jan. 7 Feb. 7 Mar. 7

(mg/100ml )

Asparagine 89.40 71.55 41.72 39.18 28.79 9.90 6.29 6.96
Glutamine 45.08 20.58 14.91 12.04 4.4] 2.30 0.51 0.72
Aspartic acid 3.15 14.46 6.05 3.19 0.43 0.54 1.55 2.06
Threonine 0.15 0.92 0.15 0.24 0.12 0.52 6.15 12.09
Serine 32.54 19.36 7.89 11.07 4.25 1.75 2.41 1.99
Glutamic acid 3.01 12.17 3.03 1.44 ++ 0.48 1.91 2.16
Proline 14.37 5.55 4.46 11.15 5.45 13.34 23.54 28.39
Glycine 3.01 0.91 2.98 2.75 2.42 0.12 0.44 0.91
Alanine 3.84 3.38 9.57 1.27 + 1.44 2.74 3.63
Cystine - — - - + + 0.05 0.05
Valine 0.63 1.95 + 0.50 0.58 0.13 0.05 1.40
Methionine 0.05 0.13 ++ + + + 0.09 0.16 0.24
‘Isoleucine 0.18 0.27 0.08 ++ + 0.07 0.28 0.72
Leucine 0.13 0.47 0.07 ++ + 0.02 0.27 0.77
Tyrosine 0.52 ++ + + 0.10 + 0.17 0.78 2.65
Phenylalanine ++ 0.36 ++ ++ + ++ 1.64 4.17
y-Aminobutyric acid 4.15 4.14 1.29 0.13 - 1.63 11.18 13.51
Lysine etc. 0.58 1.01 2.16 9.29 9.68 5.93 2.99 7.26
Histidine - - - — + + 0.36 0.67
Arginine ++ 0.61 0.77 2.46 0.56 3.14 26.06 44 .22
Ammonia 2.14 4.04 1.64 0.33 0.29 0.39 0.64 1.07
Total 202.93 161.86 96.77 95.14 56.98 41.96 90.00 135.64

Fruits harvested on Dec. 20, 1977.
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Table 6. Comparison of characters of fruit on 6 ponkan trees

Tree No.

1

2

3

4

5

6

Mean C.V.X(%)

Mean C.V.(%)

Mean C.V.(%)

Mean C.V.(%)

Mean C.V.(%)

Mean C.V.(%)

Diameter of
pedicel (mm)
Fruit weight(g)

Color index

Shape index

Granulation index

Flesh percent
Brix
Titratable
acidity (%)
Value of color
difference

meter

L

b

3

153.
4.
1.

73.
10.
.80

51

.25

44
25
14
¥
29
75

.06
14.
30.

54
06

12.27

15.46
39.48
7.21
3.95
3.75
16.10

6.66
46.03
8.61

3.

135.
4.
1.
1.

73.
11.
1.

53.
14.
31.

06

31
60
21
54
24
11
11

12

16
40

.99

.33
.52
8.
50.
4.
4.
19.

53
91
04
77
21

.86
41.
.56

31

50.
18.
29.

.42

.90
.55
13
.33
69.
10.
.98

46
94

59
86
76

10.

13.
34.
5.
56.
4.
5.
18.

91

63
20
70
60
96
62
97

.48
35.

07

6.56

2.

156.
.83

1.

0.
73.
.72
0.

4

10

50.
13.
29.

97

26

10

99

46

76

78

17
81

13.04

20.27
43.45
5.87
93.59
3.69
5.74
18.32

6.33
59.74
8.44

3.15

145.76
6.32
1.16

69.52
11.52
0.94

52.41
20.09
30.75

13.17

14.23
32.89
7.08
4.86
7.48
16.99

4.81
29.36
6.58

3.21

141.53
5.10
1.14
1.76
69.31
11.57
0.83

52.51
15.66
30.84

12.50

22.92
36.28

7.74
47.86
12.08

4.94
33.18

4.72
45.68
6.06

X 1 ‘C.V.=Coefficient of variation.

Y ! *‘-’=Missing value.

E2l RELWNMBAEFOHMARZH & £

Fig. 102, 614, 3600 F %7 —n L72HL,
F&»LDOHME, W EISOEINNOREFHER
L7,

AR THRA LK A o HoREE, HHAIC
A5 LM, FMA, BEEAITRRLur o7,

REOERMED ) HEBRD L DOFBERNICRED
MEABIHS, KA RESER?»S0.7Tm~1.7

MR HE

F1EHTHA L 6 K4, FH600RET—NLL,
KL, £8» H0HME, HELLNEIHDORED
EESMERAELL. FREBE1EICELL,

B C
70}
°
60 1 ° sf® e
° 3
. .
50 _ ° o
° ° ® g o °
. - °
40 o 2F °®
= .
o o0 °
° X °
30 ° 3] °
= ° .
20 d [ ] 1F o :
° b °
L] )
10 ¢ o ° i
oo . %
P Y Y X , . ® . . N
S o0 i 2 0% 30 4

Distance from trunk (m)

Fig. 10. Distribution of the number of fruit of ponkan.
A : Direction of fruit location within canopy.
B : Distance from trunk to fruit location within canopy.
C : Height of fruit location.



Ko REOSE L 33
(22) i Diameter of pedicél ;2{ Shape index (23)-. Granulation index
— r 40}
20 204 ]
30F
20
10 10F
10F
0 0
“2 3 4 (mm) 0% 10 12 14 0 1 2 3
(1;2’- Fruit weight &2} r Flesh percent %" Color index
— | r
20 ] 20 1
10p
10F 10p
0 by 0 -H-—‘s_‘_J o 0
100 200 (g) 60 70 80 ® 1 5 10
L valueX a value* F b valueX
60 30 60F
() (%) )
40F 20F 40F
20F 10k 201
1€t | — R
03¢ 40 50 60 0 0 10 20 30 0 ‘20 30
Brix Titratable acidity
20r 20 —
() @)
— ]
3
10 10}
9 10 11 12 13 0 10 20 %)

Fig. 11. Distribution of fruit percentage classified by characters of ponkan fruit.
X . Value of color difference meter.
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MEORB IUEEHD afis 3EEL ENHE
DB, RAFE, RitowE, BEEEE, GE
DL, bl IEELHOMEY H -7z, HRERR
sk, E, EFHOL, a, bELIIARLE
N, BEROR, TLEFVE, RARLIARLA
DD - 72, T LAY EIREROB AR
FoMByH -2 b0, HEE, REHER RA
#, RHOHERAER, AEHD aHlLB3EELR
O H - 72, Rito¥sE (Brix) 3F6E, R
FAs%, T LE»Y, RitokEBEE, BZ£5H0L,
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B BARLIEELHEHOHEBYES 2. RiTOH
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Table 7. Correlation between fruit characters of ponkan

Diameter Fruit Color Shape Granu- Flesh Brix  Titrat- Value of color
of pedicel weight index index lation percent able difference meter
index acidity L a b
Diameter of CCk 0.538 -0.189 -0.080 0.194 -0.205 -0.148 -0.053 -0.374 -0.089 -0.338
pedicel Sig.Y * ¥ * %k * * %k * ¥ * %k NS * %k * * Xk
Fruit C.C. 0.021 -0.069 0.022 -0.099 -0.220 -0.237 -0.317 0.123 -0.235
weight Sig. NS NS NS * * %k % % * % * %k * %
Color index Cc.C 0.242 -0.189 -0.192 0.552 0.058 0.539 0.863 0.562
Sig. * %k * % * % * % NS * ¥ * * * ¥
Shape index C.C -0.136 0.079 0.187 0.271 0.251 0.256 0.241
Sig. * %k NS * % * % * % * % * %
Granulation C.C. -0.313 0.090 -0.311 0.022 -0.150 0.012
index Sig. * % * * ok NS * % NS
Flesh C.C. -0.190 0.139 0.026 -0.218 0.009
percent Sig. * %k * k NS * % NS
Brix C.C 0.117 0.325 0.539 0.313
Sig. * % * ¥ * %
Titratable C.C. 0.092 0.066 0.050
acidity Sig. * NS NS
. & L C.C. 0.599 0.938
- Sig. Xk Kk
Syl oa c.C. 0.652
by g Sig. * %
2 & | b c.C.
> B Sig.
X . ‘C.C.’=Correlation coefficient.
¥ . ‘Sig’=Significance level (% * P=0.01, * P=0.05 NS P>0.05).
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% & (Table 8, Fig.13), HE, REigkKk, ¥
K, £ L, a, bl EEH» 5 0ME L G5
IEDHBNH 72, —F, RAEE E8%H» 50
CRBHBELAOMM Y H 72, Thbb, #iENE
BERPETEORHEL LA BBEOREE |z 2
ZENHLITH -T2,

WEPLHDES ERESERRER L OBIEFEE A
% & (Table 8, Fig. 14), FHEHOE, BREFE,
HOE, RRK, WIS, BEmaR, X0 afl
L@ EOMICIIHE L IEOMBEN D - 72, —FH,
RAREGIOMICIIHELAOME»H 7. +
bbb, REOERMEIEL 05138, £Eizk
&, L @EFRIRB S EDH LT H - 72,

AR L7c k9, L BEME L OBEIIE—
EDBIANE SNl - 72D T, BEOEE K &
MALH I RERZBFE LT, ®EHAH 2 I3EL
HEDEEH 6 DMl BEFE & OBEEHE L
iZL&o &L,

Y, REZEEF 0 H LT EH» SRl
AR L2 A 0fLE 2 REDRE H A0 ERAE
R IE, P B) X L, 20 E8%5 50 x
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Table 8. Relation between characters of fruit and fruit locations within canopy of ponkan

Diameter Fruit Color Shape Granu- Flesh Brix Titrat- Value of color
of weight index index lation percent able difference meter
pedicel index acidity L a b
East-west* CC* -0.070 -0.013 0.049 -0.013 -0.053 0.006 -0.114 0.016 0.016 0.090 0.025
Sig.¥ NS NS NS NS NS NS * % NS NS NS NS
North-south® C.C. 0.095 0.136 -0.034 -0.049 -0.030 0.032 -0.208 -0.085 -0.032 0.007 0.025
Sig. * * % NS NS NS NS * k * NS NS NS
Distance® C.C. -0.036 0.042 0.205 0.106 -0.087 -0.091 0.190 -0.038 0.086 0.210 0. 080
Sig. NS NS * %k * % * * * * NS * * %k *
Height® C.C. 0.322 0.234 0.229 0.093 -0.036 -0.274 0.353 0.221 -0.077 0.322 -0.051
Sig. * %k * ok * ¥ * NS * x * % * %k NS * % NS

* I Distance from trunk to the point which was projected on the east-west plane from the south at the right angle

(East+, West-).

® . Distance from trunk to the point which was projected on the north-south plane from the east at the right angle

(North+, South-).

¢ ! Distance from trunk to fruit location within canopy.

® Height of fruit location whthin canopy.
¥ ‘C.C’=Correlation coefficient.
¥ ! ‘Sig.’=Significance level (* * P=<(.01, *

P=0.05, NS P>0.05).
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Fig. 12. Relation between the direction of fruit location within canopy and fruit charac-

ters of ponkan.
x = Value of color difference meter.
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Distances of east-west and north-south directions are those from trunk to the
point projected on the east-west and north-south planes from south and east at

rlght angle, respectively.
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BHLH D, chnid, KA itBWTLHAT
X53NnEEZHND,

— RS EREEEN DL, REMEICH
{pBY pRuE, BEt, BNERLYORREMN, LT
B, BITERENL Y OENEE, SREFFED
B OBREMEEIBRRBICREI NS L IT8Z
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Fig. 16. Effects of different concentrations of
ethephon on coloration of ponkan
fruit (Experiment 1) (O Control, A
Ethephon 150ppm, @ Ethephon
300ppm).

IZRKILEE 3 (XL ) A, TR VIVERAR, R
M ZEOfFIFZ. 2L, DRV YL E L2200
ppm %, FLE(I5H 7 HX 15 B 2 [, BKLE 3
10 A 25 HICEUA L 72, BROLERt% 2 BRI 2 IR
EREETRAE L. BAEEE L HEIIER 3 L
THdH, =8/ —NREDKE, T FTLFEFR
ERLME L,

5 #

KR I ZZAVIDOBAREIIR S o BRENE
a2 (B4 L, ¥ 300 ppm AKX THR»SZE LH -
72 (Fig. 16). 300 ppm {MHX TI3BE%EFE L X< &
B E - 72hY, WHEHOBEIC L 2 5 0/RE L,
150 ppm A LIZLAEE LT, AEERIROLN
Lol boDEEMX L Y #E HmIZH - 72,
INHEREIC 1) 5 %R a fliiZ = X L)L 150 ppm,
300 ppm BRAEX & b ICEBMAX SV FAEEZ V- T
&< (Table 9), ZDHE»5H I TR VAKBEROE
EIIHFEOHEATW LI EHRENS, —F, HHEE
REERER, H5VIEITEXIEICO TR
XiliczriZbosnih»r -7, 10830H, 1186
HBLU11 A30 82, =21 300 ppm BAX T
BRLUCRERZ, HLoBBHREELBRLE
A, 300 ppm BFX OB RRETIIHMITELL
AT, BE, HEmaRIizZ oD
HENDRELRILRBETH -2, =X 1L 300 ppm
BAX TIIHERI £, $RBEELILVALNL
%%, 150 ppm B X TI3EBMHMX EIRE, FR, HBE
BIZEAEED N -T2,

EBR2 I T A VARIABAEX T, Bk
B0 BICEAIEE D, IHERICE W T D ER
X & D FBEHIEA T2, —F, T2 VILVEEBES
XT3, SUBPBRICE T L T zodh, SRt
MBIIHFFTVED LN - 72h%, DUHERT I |3

Table 9. Effect of ethephon on fruit quality of ponkan (Experiment 1)

Fruit Value of color difference meter Color Titratable Granulation
Treatment Brix
weight L b index acidity index
(g) (%)
Control 119 51.4 7.2° 28.0 6.4 11.0 0.74 1.1
Ethephon 150ppm 140 52.4 14.0° 30.5 7.6 11.5 0.70 1.5
Ethephon 300ppm 151 48.6 13.5° 28.3 7.5 10.8 0.72 1.1

Means with different letters are significantly different at 5 % level by Duncan’s multiple range test.
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Fig. 17. Effects of ethephon and methionine
on coloration of ponkan fruit (Exper-
iment 2) (O Control, @ Ethephon
early treatment, A Ethephon late
treatment, [ ] Methionine early treat-
ment, A Methionine late treatment).

13

HX &) @& arR W EmmLs R b/ (Fig 17,
Table 10). Zn/ehaZEitn afid =X L IILVEM
BAX CIRHERHBX L) @melmz Rl JS

EULICHALERICHERRITZS ko7, BER
HEBRSRBIUTENNVEIZIIZRVIL, SFF
U BAEOHEBIIRDLNT, TLABICLEED
E LW EHBD SN (Table 10),

EEB3 I T RVLEBHIIRENEALIEEL, —
F, VRV CEAIZEREBES Y (Table
11). =2V VEIE X O FFEIL, 8f 2 Btk 11 A
9HIZ, TTICHEL2RT L, RAOBELRT
b b2, 12 8 12 BAED ERAA R L (ZIFFE L
%R L7 (Figl8, L, bfl). L2 LZNkiTL1HE
bEEDICI2 AN TIZEAYELT, LIt
o TYHERRIZ I3 EEAR LRI LEBEICL 72, h
R LT, REanBEL/RT afiil, =X VIVEE
2 B ICRIFHHOEBAGX & ) @ - 2hs, £D
#yLWmERT, 12 BOIFEERICBW T L EBR
Er)EoEBICH -7 (Fig. 18, afl). o
arbAbE, TAVABMICE > TRy AV RE

RLT, AFA4= 80 TIIREM, BESRARX  oRB 2 BMEEREI N —F, Ixv)r
Table 10. Effects of ethephon and methionine on fruit quality of ponkan (Experiment 2)
Fruit Value of color difference meter Color Titrat- Granulation
Treatment Brix able
weight L a b index acidity index
(g) (%)
Control 148 55.2 14.0°¢ 32.0 7.7 11.5 0.78 0.8
Ethephon early treatment 143 55.5 20.0® 32.6 9.0 11.0 0.76 0.9
Ethephon late treatment 153 54.4 17.08° 31.9 8.5 10.9 0.84 0.6
Methionine early treatment 154 52.5 13.3¢ 31.0 7.4 10.9 0.78 0.5
Methionine late treatment 149 53.7 13.9%¢ 30.9 7.2 9.7 0.76 0.4

Means with different letters are significantly different at 5 % level by Duncan’s multiple range test.

Table 11. Effects of ethephon and gibberellin on fruit quality of ponkan (Experiment 3)
Fruit Value of color difference meter Titrat- Granulation
Treatment Brix able Ethanol
weight L a b acidity index
(g) (%) (mg %)
Control 126 45.9 8.5% 24.1%° 10.32 0.96 3.1 2.1
Ethephon 129 46.8 10.3% 24.6° 9.9° 0.96 2.9 1.8
GA 124 44.1 —0.8¢ 20.9¢ 9.9° 0.94 2.4 2.1
Ethephon+GA 127 45.1 2.2° 22.5% 9.7° 0.82 2.1 2.1

Means with different letters are significantly different at 5 % level by Duncan’s multiple range test.
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Fig. 18. Effects of ethephon and GA on the

value of a color difference meter of
ponkan fruit (Experiment 3) (O Con-
trol, @ Ethephon, A GA, A Ethe-
phon+GA).
Values with different letter on the
same date are significantly different
at 5% level by Duncan’s multiple
range test.

BAXTIE, LERESGREIILAYELL -
72%%, aff, b L b IC, BmLIUEICE 2 3 TEE
X ENEHr 72, XL+ NV LA

XTI X VAEAHR E vV S8R O HE,
TLHOLEBMR LIIFL L 2 HFARKRELRL
72, 7220, a fEITEBARX & 0 1ED - 72, AUHERE O
BERTZVERHRX, v~V B EbIch
FTHATIRIHEY, BEEZLZL - THRBRX IV EL-
72(Table11). HEMARIZ10 B 25 H DL C
131.8% TH - 72h% IUHERFIZ12 0.8~0.9% 2R
L7, BRERXBICIEEZZZObN L 7
(Table11)., F/:¥ EA)ELOBXEICEESIZ
BOLNL -7 RENZY /) —LE&RIZ12H6
HETIF1.0mg B LITFEEA, 725, 128 12H
DUFEREIZIZ 2.1~3. 1mg % ~EZEL B L 72,
L2 LRBEXEICEEZRZIZD LN » - 72
(Table 11), HEIZ L 2% R, FEIZIFLAYAD
5% (R T A

EBR4  EHEOVRVY UBHRIIR VAV RENE
o, B, RRICLALOBELRIZZ k-0
T, UBROBRIEITRTELELZEBRL TRL,
KOZZAVIVEAGIIREDERLEEL, T2
VIV RO BER D Lil, a 38wk b7 <
AR L DB Lo ht, DRI 3B
BEAEEPES o0z, L L afliZIVHER:C B
WTHZ AV ABARDO P EEAR LD EEE
boTEWEZRLZ(Fig. 19), —F, ko v~
) CEAMIIERERELEL, YRV VEHRROR
ERILMHE afil DICEBRBFOREINVE» - 72
(Fig.19, Table 12), $EE I3UHHICEY S I2oN T
mmL, —%, BESRSRIIEL L (Fig20),
g/ - NERIZI1IZA6E»5 17 BICHIFTEA
BewmmzmR L7 (Fig2l), ChobE, BERS
B 9/ —-L&8, TEIFPLFEFESEILA
RREDEIIL, KOZIVILEHH BiFv~xL
VBRI > TREIN L » -7 (Fig2l), o
ICE %, FRIIFIEACEDLN L7z,

Table 12. Effects of ethephon and gibberellin on fruit quality of ponkan (Experiment 4)

Value of color difference meter Titrat- Acetalde- Granulaion
Treatment Brix able Ethanol
L a b acidity hyde index
(%) (mg %) (mg %)
Control 47.9%° 6.2° 24.1%° 99 0.90 6.7 0.3 0.8
Ethephon 50.2# 11.32 26.8° 9.7 0.90 7.6 0.3 0.6
GA 42.2° —2.2¢ 19.2° 9.5 0.97 6.4 0.3 0.5

Spring GA treatment had no effects at all , so only autumn treatment is shown here. Means with different letters

are significantly different at 5 % level by Duncan’s multiple range test.
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Fig. 19. Effects of ethephon and GA on the

value of a color difference meter of
ponkan fruit (Experiment 4) (O Con-
trol, @ Ethephon, & GA).
Values with different letter on the
same date are significantly different
at 5% level by Duncan’s multiple
range test.
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Fig. 20. Effects of ethephon and GA on Brix
and titratable acidity of ponkan fruit
(Experiment 4) (O Control, @ Ethe-

phon, A GA).
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Fig. 21. Effects of ethephon and GA on eth-
anol and acetaldehyde contents of
ponkan fruit(Experiment 4) (O Con-
trol, @ Ethephon, A GA).
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L7,

ER2 DERITHOZ R UMEHOBRROE
BROKR A o2 L7, UBKIIZF 7o
— MREAX, —F 7 ot — FRRAERAGIX, S
XN IXE L, WEBEESE 3 KETERL .
ITF7ut—OEMEEIZIT~NT 100 ppm & L
72, BRARCAR XIS 75 H & 90 Hod 2 [, #4&17
AR DX iMBA 90 H & 105 H o> 2 [l&kAs L 72, 1845
7B o 1 BMFETO 12 H 8 BHIZ, &ith 5 518
TOOREZIHEL, EBR1 LFEL L5 CRESE
PEREL .

EKER 3 OB K B I P A R R e
ENTYVB204ED2XER 2 2082t L
722 EX (T F 7 ot — b 67 ppm BRIEAX,
F7v¥— | 67 ppm HIEMAX, =F 2 ot —
100 ppm FHEAAX, =F 7 ot — + 100 ppm %19
ARIX, AR 5 WBEX & L7z, FRASCH 120
PR 65 H ¥ 85H o> 2 [l A L, TAUAERAG (3B %
85 H & 105 B 2 [n]#kAw L 72, BxAntk, 1984 4£ 12 B
10 HIZHEB L D REZ OEFMINL, REEE,
REDBEFRE, HOE, WE HEReR ¥

EXNVEEZRELL, RENGERE 30 EE
At GRORE R TC-3600U &) IC X WHIEL, Zo0ft
D BRERERIIHERCLVMEL., 4, &8
NERFE 12 H 14 HIZIUHE L 72%%, HRlod~T
DRELOWTRHRICERELZFEL, FQEND
REBRNEGEFEL .

5 2

FEBX1 : Tablel3 I, 2F 7 n¥—b 2Ll
DEAP R 7 P REDREICRITTHEICIONT
RL7z, ZF7p¥—t, Z2LLELICRIA L
RENE@OERELZ, #5—F v — M2 L 214
TS, MEFREDIZREDOVHLO L TH, ML,
EORETADLE, TF 70—z 2L %2R
L7 AT 3R 2 MM TR L7 BA L 0 L4
K@ o7, TF 70— MAIIEY A L8 E
DYEEZ DT rIzED, WERE L ICHEHRER
BIUCTELXDEIZIZREL b -7,

KEBR2 KR LM =F27o— IRy
YRENECEGDL, HEOETRT L, BEHX
RELOBIC, BHHBMX R ET 1.6, BIERAm X 2

Table 13. Effects of ethychlozate and ethephon on coloration and fruit quality of ponkan (Exp. 1)

Fruit Color Value on Titrat-  Granulation
Treatment Brix able

weight index color chart! acidity  index

(g) (%)
Control 157 6.7 6.6° 10.3 0.97 0.3
200mgl-! ethychlozate 155 7.8 7.9¢ 10.9 0.99 0.3
200mgl-! ethephon 153 7.9 8.1° 10.7 1.03 0.4
200mgl~* ethychlozate+200mgl~! ethephon 159 8.7 8.2° 11.1 0.95 0.3

' The area of peel with the most advanced color was assessed by viewing it through a round hole, 2 c¢m in

diameter, in a color chart'®®. 0, dark green ; 7, orange ; 12, deep reddish orange.

Means with different letters are significantly different at 5% level by Duncan’s multiple range test.

Table 14. Effect of ethychlozate on coloration and fruit quality of ponkan(Exp. 2)

Color Value on Titrat-  Granulation
Treatment color Brix able
index chart! acidity  index
(%)
Control 4.1° 3.2° 10.6° 0.73° 0.2
Early treatment (75 and 90days) 5.780 428 11.28° 0.952 0.2
Late treatment(90 and 105days) 6.2% 4.5% 11.7¢ 0.892 0.2

! See Table 13.

Means with different letters are significantly different at 5% level by Duncan’s multiple range test.
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ET2.10ENH-72(Tableld), /2, =F7 v
P—rOBEIIR A RENEE LRERERE
ﬁﬁu%btzﬁﬁﬁﬁémﬁTét,%ﬂﬁmm
A RIAEAE & D R & T,

#B 3 : Table 15 iRk T &g, =F 7t —}
R A BREOFEATHLMIEELL £LT,
BARETCIIBEHD afiEbRIBICESCLY), RKD
T4y »5& BT & ®RLT.

IBNLEER 12H M4 BIERRLT, HeroR
ENEBREI OEBENORERINAZBLL
(Table 16). EEMAXICHNT, =F 7ot — MK
HX TIIEBRTRENHALKIBICHMLI.
IF7u¥— FEBRDOERE 7-10 DRENEIE
13 37~56% T - =Dkt L, BEAXDFEEBE
DREENEAIT20% THo72, T, HBEL1-2
DREDE A ITEMAX TIZ26% TH 72D
L, =F 7 o¥— FAHEXTIZ3~10% TH- 7,

IF7ur—bEAICE-T, BELHERSE
I3EE ML 72 (Table15). K> 7y FEREIC
3 B EIIBAIRA TR EL -2, BMBENE
RiITH LN o1z,

WIH BRERHINCILOBHHIFRRARICRET
TER

MHECFE

HNEHEREFTHOBROERED, 7273
AVICEEELTTEBNE L) RRy A v 2
H L7 REXIIREA VLT L (CaCO,) 2 BIEAR
X, REEANL YA ERAR, ARSI RX L
L, BB TABRETIT 72, RKEBAVT AL
DUABEITTNTS504%E L, 2 FEEARXIE 1978
#£11H15HE12A8AIC, 1HEMXIZIZAH 8
Hiz, HtRELWICHH S L ICHm L, LB,
1978412 B 22 HICREL ML, HEE, RER
BEPFHELE 0 REEFI2A30BETEAT
FHL, FH®ROSAELREERELHAELL. £
D, BEIIEIE 8°C, 1T 90% DI TR
L7, 2H8HE3BSHICHEBELRERSE,
B 3 AABICIERE RAR BE
(Brix), THERR, BEHER, AEBEXB LUT I/
BRAB IO W THEE L2, BRI ESE#E7 o>
k75 7 (B A4 TRIROTAR-II &, Bi3FI3R

Table 15. Effect of ethychlozate on coloration and fruit quality of ponkan(Exp. 3)

Val f
alue of color Titrat- Granula-

Treatment \Px;zl;igtht difference meter i?ill::); Brix ab.le. Fion
L a b acidity index
(g) (%)

Control 186° 51.3° 6.9° 264> 4.8 11.1¢ 0727 1.2
67mgl~! early treatment (65 and 85 days) 1582 53.8¢ 1542 2878 6.6 12.0¢ 086 1.1
67mgl~! late treatment (85 and 105 days) 180° 55.42 15.02 29.52 7.0* 11.8° 0.81° 1.1

100mgl-! early treatment (65 and 85 days) 182 54.1* 11.20 28.9° 5.9° 11.4*¢  0.91° 1.2

100mgl-* late treatment (85 and 105 days) 162° 53.4% 12.02 28.3¢ 6.0° 11.5° 0.75° 1.2

Means with different letters are significantly different at 5% level by Duncan’s muitiple range test.

Table 16. Effect of ethychlozate on percentage distribution of fruit in each color-index category (Exp. 3

=

Percentage fruit in each color-index category'

Treatment

1-2 3-4 5-6 7-8 9-10

Control 25.6 31.6 22.7 171 31
67mgl-! early treatment (65 and 85 days) 4.0 18.9 28.6 17.7 30.9

67mgl-' late treatment (85 and 105 days) 3.2 14.0 26.6 41.0 15.3

100mgl-* early treatment (65'and 85 days) 9.6 27.7 25.6 25.0 123
100mgl-! late treatment (85 and 105 days) 5.7 23.9 27.6 21.9 21.0

! Range : 1-2, almost green ; 9-10, fully colored.
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ZRITED), AHERAERI AL K BT (R
EHKS-603 2ATRY), 73/ BERIEE2 o
TE777 BARSRERTR L-78) ST L7,
TDMIIHEIT L -7z,

& R

RBANL T LB R B BRENESR, BE
ERBIUVTFEPORERICRIZTHEIZOWTIZ
Table 17 IZ/R L 72,

12R 22 H DR D F BRI 1 BB X T8EE
X L) BEmIcH - 72, B e X
ICEBENEIED LN h -7z, VHRORES

B MEHX CEMAR L DA W EHEICH -7,
SrBAE P ORBRE AL L, REBEHL LY LA
CENEBEREIKRES L7, BiC, BFREHOR
BB LPICKEDL ST,

R (3 H 23 H) ORESE % Table 18 io7R
L7e, HEERFOFEEICIIOBIC L 3E3A L1
Mol REBAN DT LA L ) RBRED RAEH
EL ol WHERNOREERZ, WL CRES
W LABIHRXTIE o7, RRARIZREA LS
VA TEBMGX L) Er o7 B osE
HEMERIINBEIZL 22X I r -1,

HEERE D R OFERERK % Table 19 (2R L 72, 8

Table 17. Effect of calcium carbonate spray on color index, fruit weight and loss of fruit weight of ponkan.

Dec. 22 Dec. 30 Feb. 8 March 8 March 23
Treatment Color Fruit Color Weight Color Weight  Color Weight Color Weight
index weight index loss index loss index loss index loss
() (%) (%) (%) (%)
Double spray 5.25 118.6 6.70 3.85 9.67 15.94 9.87 24.79 10.00 27.45
Single spray 5.78 119.9 7.14 4.13 9.86 16.60 9.92 25.47 10.00 28.19
Control 5.06 1329 7.02 3.18 9.89 13.31 9.97 20.72 10.00 23.38
Significance - ns ns ns - * ok ns * % - * %
L.S. D.(5%) 1.46 1.29 1.93
Table 18. Effect of calcium carbonate spray on fruit quality of ponkan (March 23, 1979)
Color Rind- Fruit Flesh . Titratable
Treatment . . Brix L
index oil-spot weight percent acidity
(%) (g) (%) (%)
Double spray 10.0 59.63 844 66.88 13.63 1.002
Single spray 10.0 56.67 86.4 65.88 13.67 1.059
Control 10.0 36.67 102.1 64.59 13.73 1.018
Significance - ns * %k ns - -
LSD. 6%) 9.1

Table 19. Effect of calcium carbonate spray on sugar constituents in fruit juice of ponkan (March 23, 1979)

Treatment Fructose Glucose Sucrose Total
(g/100 me)
Double spray 3.36 6.46 12.45
Single spray 291 6.84 12.08
Control 3.25 6.21 12.01
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B, 7 FUE, Va0 SHBREBIUVERLNA
AL b 2 MEHER THRL S ST,

W RERS: ) Rt AR AL % Table 20 iZ/R L 72,
1 AR 7 o8B L B E RS R EE
oz DE»-iz,

WRERDORH DT I /BRI Table 21 1278 L
72, BT I JBERIIRBAIN S T LABMICL )
SMEFLZ. #hdRVE=Y, 7))y, XY
ZENEEIVELIEBNC EITHERL TS,

W E %

1. TIXALLOHBEHF REERICRETESR
IZAVNVOEMAIZE T, D H > X v HFE,
Ko v BREOEBMEEIN, 0D, H
RHHEY L72BA0ER 1 ~ 2 8MIZY R %S
TTHEEATIRD & 472, BRI, afiom TR EI NS
O RBEBCBITAAEDRROEEIHE L
LOTH -7, TAVNREIZBWTIIRENTRD
RBIMEESINT, HERHERARORD PR Y
HEwy T kldhhroiz,
ArFVRRENOEF@IIZIoO T ANDEELS
OF /)4 FOEREICE>TERBT 5314950 T
b oH, 7aa7 4 VOFREHKITERTEES N,
BE TR I N 72D, BIC, BERKBLRBAR,
BEBEL Y DR TIIRENBORARIIEA TS
bbb, [BIMETLEVADICRENE

BHBNYSLTHS., THbLRAAREREEL
TWBI LRI L7:EBYTHD, DL K
MicBWTlE, TALVALICEAEEEEL FRICHE
SUHENREIIEETH L. KALYIIEEKRBIC
BWT 11 B® 100 ppm DX LV VERA DR~ 7~
BENFEEPEEL, CNTE->TIHZEDHE
ENTEBEHRE LTS, ZhITEY, kKiF12
Baici LT 1 Ah~TaE ThHBL, HE%
EEIEBEEL Th20p8, 12 BICHEITREIC
eh, 72, TEXDBEFEPBICLEMNTSDT,
COHEIC & 2 HFOREIBENICT LA 28
BWERELHETLH 5.

ML aIAVIZBWTH, TALVAICE B
EToEREENRA IR O L N, BHREED
BERIZRD LT, FEDORD, RKOREERKD
BT, HrVEHEELECOMEEIEHI LT
29 LhpL, ®FEHOR A ICETERY, =X
LILIZE > Th TR HrED IO,
EBEDOH>TDIZABRDOERD I L 1HDOATH
D, 7, BRRNMETRERORELZOLNLH
72, HRELER 110 ABRHIICE T 5 300 ppm
OB T3 7 D BB LI H, D EERTD 10
H F4I~11 A L4112 $1F % 200 ppm LI T DD EL
HTIRITLDOTELTHY, 28I, KELOREF
LU9NY L 2 I AL TORREIZIZ-EL .
BKA 593 100 ppm BOBAA TR > A v DEER

Table 20. Effect of calcium carbonate spray on organic acids constituents in fruit juice of ponkan (Mar. 23, 1979)

a-Keto
Treatment Glu. Gluc. Pyro-glu. Lac. Acet. Pyru. Mal Cit. Suc. Iso-cit. | Total
glu.
(mg/100me)
Double spray  160.5 6.7 1.6 0.1 0.9 1.3 116.5 11415 3.9 114 2.6 1447.0
Single spray 166.8 8.3 1.6 0.2 0.8 1.4 111.1 12829 4.6 12.3 3.7 1593.7
Control 158.6 8.0 1.7 0.2 0.8 1.3 135.8 1174.6 3.3 12.8 1.9 1499.0

Table 21. Effect of calcium carbonate spray on amino acids constituents in fruit juice of ponkan (Mar. 23, 1979)

Treatment Asn. Gin. Asp. Thr. Ser. Glu Pro.

Gly. Ala. Cys. Val. Met. [Leu Leu Tyr. Phe Lys His.

Arg. y-ABA. Ammo. Total

713 235 395
Single spray 85.7 300 490
Control 25.9

700 69.0 255 8140 115
705 845 285 10690 140

Double spray

470 15
56.0 0.5
15 775 12557920 675 14990. 185 1375 10 185 15 55 55

(«M/100 mg)
70 3780 5675 8.5 24635
437.0 5075 1170 27927
4150 2975 1100 32326

130 125 1247
140 130 1135 70
180 220 1173 60

940 20 30 35
880 1.0 30 40
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BRTERAMHMICIBELRZZWERELTW 3,

AR TIZRERNIE L 72 - 728, S 5 Gk
RE) DX o ANDZRVAEBHRBRTIIESEH
0.01% DMAIZE > TZ AV ADPEEE # 1 1ITER
TEBHILPADLNTVEDT, BHFED 200
ppm W EXAR (2B A 590 1B 35 #) i FH 100 ppm ¥ Bk
MEIZTHMTEIRBTHLEE) LHTa L
J. BE, BRIBAROSR L LMET V0T,
ARELTIURFAPVETH 25, —, KR
TRLZZE S ICERERZMAL % 200 ppm 2 T
DRENDT AL N % 10 A ThH~11 H Al 8m+
52LIRE-T, HE EREZFNITILLEETIC
EHNLECREZ T EDBETH B L EZ L
na, F/, BEREMZAZEICENZ 2L
BEZ100ppm fLicE TR T2 L ATHET H A
JI. ORI, A% L5ICTRET 5.

B LTw3 X912, 4> %2 non-climacter-
ICRHORET) VIR EICRONS LS e BREL
I, RBISOWT LR SAE N, = F
L@ A2 2I2B8WCiizaon 74 VoS
OF /A FOERRREL TRREOF Y RET
51070, RENBORBRIZBEL LWL I NTW
5. Fishler 53  » AF 4 XL IO 2L
BRIIREOFGLREL2H, BaRL Ytk
BERIZE U oz BE L, LAL, L 59%
HFLNIT L a2y Ih oD 2 LAY
REFOBEL WAL I CL L ME LTV 5, AFET
DR 7 DT AV NI RO & 5 1o R EH
DBEE (Brix) 280 € 2 M0t H - 725,
FREEVADOOLNDIZ4RBF IEDATH Y,
TR, TAVAEAICL 3EERER~OBEIZE
DL r 72, 72, Davis & 343530 89z 7y g i
PRTRWIEEL LB L2y ) —LRTP L P
NTEFDERBICLHBE L7,

UEDES I AV VB REDERIZEET 2 5,
RADERICIIBL LB, LATY, KALBE
ZPRIZESLWCEMELITH -7, TEMYDOE
HH—2% LT, BL & 5 DSMUDKEE X NI T
RICE A 7SI L DRI D ERRZALD R H# 2
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POREERITT LR IN, TR LAN
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LMEBERIZE o1,

AFF= AV EIZRLY, RN TT
FULORBEWREE L T@M I ExmsnTun

5180 ZLT, XFF=vBHEHIAF I REORK
PEZRET I LV IREODH L, ZWLTY
AT IR DYNE ST ARFMBETIIAFF
=YHTFUVODFIEME L LTI X ERL,
KR TIIAFF = DBRICTA LDOMBDLRE
Lotz I3, BEIETE2M, RE~NDZ
BOEL, REMBPICHIAL WD, +48
DIFVREN L0 E#Z 505,

IRV 3T aIh n3RERbiv
5%, HERERD b AL RELBER EMREL L, ©
LAFGRERLE DI LHHE I LT Be58299
FHRTIE, TALVAOKNBERE LT~V &
PR L. 2R, FOEPBEIELY, T+
PN RZEDLERENTOSEICIIHEYRIT An
272, COREIIERDOHIAE R4 L 12T —3 L 72,

PDEDESIIC, 2 2AVvAE L A v BENEEE
#HRE LTERCTELZ 2L Ic L, B
RIS & > TIIEBEDLERED e Wb T3 2 v,
HELIMEH N7 LOFMICL > THIETE 29,
S1ki3, BARHORB L DR L OMBRICOWTE
MR 2 M B2 FETH 5,

2. TF/nE- FOBBHFRRAR-RITTESR

ITF7o¥—bML, T aIhLHIBREA
LTBRREI N9, ZDMREIBICHO W TIZHE
ﬁ{)ﬁ&ob;%é55.103,l53). 5 ﬁ)‘:, 1%7 U't'"" }. ‘ir?
a7 IAVITBWT, HEAREBESRY LA
mEZMEICIMBEIDLEBEINT B,
RREZIE, BMARLIIY L 2y I L nERDE
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3752273 DEBDREICHE» DB &
G L, 2, BEALOLEM, BRI LA
REKEBMECHREI S, BELEBSEIZ100
ppm #AA & 1) 200 ppm WEAOSRLKE {, FH
B L aEH D afiom i i3 100 ppm # O 8 A6
DNFEHENC & 2R,

—%h, TF7 0¥ — FOBAIEIBREORYE ICRE
THILLHLPICENTWS, MEIZ7EY L
27N LTI0FEBZF 70— b 23 88H L
LIS, BEOBERRVEA LWL~
THY, TR, HEEMRITEEMEICI~TH
PR/ LT3 (HH, RRBEK), HTF5100
bZF 70— RECSEEAL:SHOEER
AL, Z0%2FEMEBEAEL 2D 5722 L 28
EHELTWw3,

IF7oX— MEAORKES L XV EORER
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KFENDEL A IcBWTIE, =F7a¥— M
ik > TE Y H v DR O F AR T IR &
D QRERLET 52 LD L. T, WU
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MEARHEROHERICIIMICALL W, L2h-
T, TF7a¥— FEAIC X > TERIRFTEARED
FAEEDDLI LY, R AU RIEBRROBENER
EWDLUHD,

IF7o¥—hritr—F riEEE LOLEMT
HBY, FOEEH Y X VERENEARLOM
DEHE %A LS LERAREIPALP T, &
L FITF I aXr— DA —F L VIHEHICOWTH
HICHE L, ZOHTIF 7 o— MIHENDEK
ER»Ic, BE, 8, MBICBITL, £ZTR#H
SREINDBEL, EBICBWTIZZFREYHIK
LAY ORI E B, FORERE L TRENWE
PHEIEZELTWS, —F, HFH103EAMmR
1~ 3BMICEOBANIETL, THICHE-STE
FRNABOBNBRDIETL, 2DV SRER
Bzt > TEABRORENREF M ETH L LT
3. AFROEL A v THARREENHERERD
BIMLTWAILIICNILEZEDITTWHENR
9.

L toiERrbiad e, ZF7uXr—F3KR 7
CORERBERERELTHBETELLNEEZS
s,

—%, AmTERLZZEYIS, ZAVALERSS
VRENEATRET S, LL, TRAUIVIIHEE
RBEBERN L LRANAEICIFIZ LA LR
Liwvwalcsl, =F 7 o¥— b IEFaEEN,
BAICE-TIE, bTrLEELEAMRLBFTE,
BKDKFICLDOUH D, FDl2D, KAV RE
nEAEECIEZRVLENZF 72— FDITH
AEWTWBE NS I EHTES,

IF 7 o¥—FOBAGEEEBIRICOWTASL,

HBATR 65~105 B HREIC#7 20 B k& T 2 EIHEE T
T+ Th bH, AREDHRELLHAS L, WP
#85 H X 105 H OB B L MRTH 5. —H,
BA12 70 HLIBIOBAE I MRS RRBE 2 05
B EERBWLDEEZLNS, Ty a7 I
L DB 60~80 HHMIC 2 MIEAA T %, £ 72131l
BES0H ICHBELZHMELTEHML, 361
70~80 HiC 2 N H OB % 5 & v ) Bt @I
e, SORYH BT 38 ER IR
W, Siug, KeAarTidmriaw Ihvichkx
THREODKBMELFEL, RAUBRICERT
P SLLUD IR IS B R MR & F (N

AT, =F 7 ot — ki3 65ppm A5 200
ppm ¥ TORETIEFEL &) LHRERLE, 2D
WHIIW L L2 I Ay TOERE R LTV,
— BRI, HTRENTWwEZF 7o —F% 20
9% & 5 & F % 2000~3000 1%, ¥ % b H67~100
ppm TEAT AL RWTHH ).

3. BEEANLS Y LDOKBES REAR S LU T,

ERECRIEITER

RBANLLT AL, Pria7 IV RETKE
M TH HITRBIEAE L TRBRPBEBIN, 7
VLA IA ORRERLEE L ERB LT
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#HR LR H Ol EREOEBIIREBAN S
YLADBAMICL Y, SR L EBICHT. R
BT B LI, REANY T LA L 2EBIEE
MEIERNEAICLZ LD LEDbNS D, BN,
KB ¥ ORBERMIC X - THEREICEENIEL,
HEEEEDRICENET LTI LS.

BB AN T L3RI BIERRES D70 DKLV
720, BEAMBE LTHEALTY S, SKRLPIIC
FRERBANY T LD GRIIFRENOTILICEE -
T#OBME T, F0l20, REL» HDOHFMIIR
AN LREM LA VWREEICHERTKREN, B
F L 0ORMFEES I L a7 I DB TSR
EE DD L ®, WEE L ETHDRYDH D
ZERBAHTWE, AFECBNTYH, Ry R
EoOB EFHRGELRDL. TN i, REZEK
BT ABBDKRELFE LGS,

37, WEPORBREE LREI VST LZEM
LEzBETKE» -7, b3 FEL LTREDKE
BickabnThor, ALK IS, REINV
U ARBRREODILCET > TEFOBBEY, &
BT 2150, IUERIIREIIEED L DR
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Wb 20, IHERED TR IS T
HWHRLDII22ICKE, FHBPORBREE
bREDPobDEEI LIS, 21T, 20RE
BAUCEBEETIRETRER LD KIBIckXh -
12DTHA9.

WP ORKEETH 2 RBHEIIHBE AL L T A
BARETKES, COMEBIREIERT Lo
WE->TBIBILRHERLL, ZHHITOWTIE,
PR T VS L) ISREEA LS ™ ADEFYE
RIBROHEEEZ 12D, HERLFNT Lo L
KE->THRTEZLINDEEZ LD,

RADBBICHT RN L T LA OREIT
PEET o7z, T3, REEANL ™D L IZIERE
PO TEND, RERLEANICEEET, 20
BRI EE L CRILBBEESE» SR LT
WEEEZLNBLDICKRNZETH D, 72771,
SRVLIR» D DFBAVEZ LN, 2D LS 4l
IS, T I/ BERICHEIREN LD L HEI NS,

DEnESiz, Reph L BEZPHSBEZL TH
T 58, REEBAN LT L8 ETHERE LT
RATE3Z @b LNL, LarL, FEBTOKE
WREBELZ L, REENREN E N L HURE
THD, INLERET HHEIL, A®RBFMICHE
TEDTHEIL LW, o, HE, BEAILLTL
B2 a7 I rDEARE - FRBIERE LT
ERBED LN TV B,

WSH ® 9]

HERAES o X VEOREREOR LR K 2 72002,
IRV, TF 70—}, REHILVLY LD
PR EROEFE, RESBEICRIZTHELHL DI
L7z, 272, Iribo¥t, REE RELBEOE
RICOWT LML RIT L, BRI TFoEBY T
5,

1. TZAVLDOBAHIRIR AL BRENEGMF{E
#LZ, 20MRRBBESEIIY, BAREIZE
WIREE P HT, ZRVIC L B REDEBIEED
RIZE-T, RKehroliikizl ~ 2 BETRL %3
TREMEDRD LI, TR VA IIREE, EER
BRPLATHPICIIHE L 57, TALAD
200 ppm BOBA TIIHEIZIZ LAY A LN -
727%, 300 ppm OB TIIHEN E 0 - 72,

2. IRV CORERMIZ, REOEBEE
HEZY, RHOBERHERSRE LUREOK
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Fig. 22. Seasonal changes of fruit growth of
ponkan cultured in open field, under
plastic roof in spring and under plas-
tic roof in spring and autumn(O
Plastic roof in spring, @ Plastic roof
in spring and autumn, A Open field).
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Fig. 23. Seasonal changes of fruit shape
index of ponkan cultured in open
field, under plastic roof in spring and
under plastic roof in spring and
autumn (O Plastic roof in spring, @
Plastic roof in spring and autumn, A
Open field).
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Fig. 24. Seasonal changes of fruit weight of
ponkan cultured in open field, under
plastic roof in spring and under plas-
tic roof in spring and autumn (O
Plastic roof in spring, @ Plastic roof
in spring and autumn, A Open field).
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Fig. 25. Seasonal changes of flesh percent of
fruit of ponkan cultured in open
field, under plastic roof in spring and
under plastic roof in spring and
autumn (O Plastic roof in spring, @
Plastic roof in spring and autumn, A
Open field).
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Fig. 26. Seasonal changes of color index of
fruit peel of ponkan cultured in open
field, under plastic roof in spring and
under plastic roof in spring and
autumn (O Plastic roof in spring, @
Plastic roof in spring and autumn, A
Open field).
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Fig. 27. Seasonal changes of value of a color
difference meter of fruit peel of pon-
kan cultured in open field, under
plastic roof in spring and under plas-
tic roof in spring and autumn(O
Plastic roof in spring, @ Plastic roof
in spring and autumn, A Open field).
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Fig. 28. Seasonal changes of Brix of fruit
juice of ponkan cultured in open
field, under plastic roof in spring and
under plastic roof in spring and
autumn (O Plastic roof in spring, @
Plastic roof in spring and autumn, &
Open field).
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Fig. 29. Seasonal changes of titratable acid-
ity of fruit juice of ponkan cultured
in open field, under plastic roof in
spring and under plastic roof in
spring and autumn (O Plastic roof in
spring, @ Plastic roof in spring and
autumn, A Open field).
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Fig. 30. Seasonal changes of Brix/acid ratio
of fruit juice of ponkan cultured in
open field, under plastic roof in
spring and under plastic roof in
spring and autumn (O Plastic roof in
spring, @ Plastic roof in spring and
autumn, A Open field).
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», BEVMRBUIEXICEL L h -7, BHIERIIE
XDOFHEICEII L <, AR L LEIMRKIZ DN E»
-7, RERRZ, #HBEXTEMX L VHELLICK
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Table 22. Comparison of fruit characters of ponkan cultured in open field and under plastic roof

Open field Plastic roof
Tree No. 1(182 fruits) 2(113 fruits) 1(113 fruits) 2(105 fruits)

Mean CV.X(%) Mean CV.(%) Mean CV.(%) Mean CV.(%)

Diameter of pedicel (mm) 3.20 18.57 3.13 1541 3.57 17.24 4.00 22.86
Shape index 115 7.62 112 6.06 1.15 6.94 1.15 5.50

Fruit weight (g) 155.83 15.02 150.33 12.74 196.21 13.35 202.37 14.52
Color index 6.68 33.29 7.50 19.05 7.07 26.84 519 41.57
L 42.54 12.80 42.22 13.23 39.19 16.83 40.20 16.47

5 g "—i g a 17.63 45.65 20.69 30.61 16.74 50.83 11.78 70.56

g 8 |7 b 2162 17.95 2187 17.35 1385 3753 18.26 26.43

__; % _ L 53.27 6.20 54.33 3.61 53.31 5.28 49.90 8.08

= g § -'?'é a 16.47 56.42 22.40 26.19 18.05 44.08 7.89 118.78

b 31.07 10.21 32.75 5.04 26.99 7.96 26.42 13.73

Granulation index 0.80 60.09 0.79 57.42 0.75 67.72 0.24 188.94
Flesh percent 73.45 4.07 7241 4.50 73.75 3.67 76.62 3.83
Brix 10.54 7.38 11.09 5.60 10.16 4.08 10.40 4.80
Titratable acidity (%) 0.85 12.67 0.77 12.04 0.64 14.34 0.79 12.94

¥ 'C.V."=Coefficient of variation.



58

BAREN

LIC R ERR TR E D o 2h, BNEEIIHK
BRCAkEWERICH -7, TEXDERERXE D
EEMREDK & b o 72, RARIHEX THEED
Fx(, BEERINIEEICH -2, BE
(Brix) (3 E¥Ml, EIMRKE b ICEHBRX TR EL -
7. EERESBROTHEIIEEX TS RIS
o129, BEMREKIIEXICEL L7,

FIl RRLRMEREEOHBASH
BHECHE

O T/IT— 2 ITOWTHA, ERP LD
B, LA L0ESHDRENG L AMBEBRER
DBAFHEIA L2,

5 #

FEHAE AL EHERR A DL ET
L2, E8» 60, mErsnmd3l LD
BEHHMEA%E Fig . 3LIT/RL 2.

Tk & BB O RO 1Y ) ORERKIZE
nEN182MEE 113 @B L 113 F & 105 TH -
72, 2HWOAFTREMBEIT S, ST,

KO BRESMEADL L, EZNT ANV LHEER
B, Emkstr b, EROREIELZC, OWT

EE LRI RI AL £ h -7z, B L RO
BlickELE 3L, EBRPLOEMICLLR
EOFME AL L, BEHETIEIE®R?S50.6~1.0m
DRENEP STz L, HBEBTIZ0.7~1.4m
DRENEDI -T2, HELLDOESHNORED TR
2ALE, BHBTIR0.5~0.8mDEICEZLD
BaEpamm L2, B2 1.5m U TOREDOEHEH
Eh o7, HEBTIZ0.8~2.1m DMLEDREREH
Eh o712, EOERMEOREDE AV RIS &
N &7z,

BHER A EEERR A DORESERRER
D FEIZ W T Fig. 3212 L7z,
BIEROBEZIIER TI32.0~3.8 mm OFIH
WA L7725, 2.5~3.8mmADIDIEr -7, #H
B TIIEE L ) RIEROBERICERI»KES,
2.4~6.8 mm DFEHE I L7245, 3.0~4.6 mm #
Lorgh o7, BERKIIWEE L LBBURER
S, BB TREERERLOUTOLDEH -2
b, RBXEOERIZIIEAE -T2, REEER
2ER S IC B TR £ ) KE o7, B
TIT70~200g &P Mm L, REER150g L)
TOREINEH - 7245, GRS TIZ100~280 g NEE
Bicaml, REER200g U EDLDFENP ST,
FHRE (IO DGERRIC 2 BRI OEIH D L D

B " C
b
o D e
2%} 251@
@ b e
r ol )
oe
I @O
20 20} o
o )
o e
L ’é Ll o °
r 8 = o e
15_— o = 15F Oo..
(oXe] = e o
v o
i o ® T e O
10 10k ® o)
[ o 1 ®0
I @ ©
LA °® )
5- oo I [ ]
r Ce ° 05 @O
® I ®
I o) ° o)
i 0. o "~ .0
(0800 . o L% 0. ..,
0 05 1.0 15 0 5 10%)

Distance from trunk (m)

Fig. 31. Distribution of fruit percentages of ponkan cultured in open field and under
plastic roof (O Open field, @ Plastic roof).

A : Direction of fruit location within canopy.

B : Distance from trunk to fruit location within canopy.

C : Height of fruit location.
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Fig. 32. Distribution of fruit percentages classified by its characters in ponkan in open
field and under plastic roof (O Open field, @ Plastic roof).

X

: Value of color difference meter at stylar end.

¥ : Value of color difference meter at lateral side.
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BICEELELNIREER, 0%, TEMDE,
Bk, WE, HEBRaELrPLIILT, UTIZE
DEERE RS,

REERIS, BHHEETRIRERDOER R
e, HeE, REAESOBEEFD a, biE, T L
HNELAEELEOHE S ), RERERNHE
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Table 23. Correlation between fruit characters of ponkan cultured in open field

Diameter Shape Fruit  Color Value of color difference meter Granu- Flesh  Brix Titrat-
of pedicel index weight index Stylar end Lateral side lation percent able
L a b L a b index acidity
Diameter of CCrx -0.122  0.224 -0.112 -0.181 0.071 -0.223 -0.262 -0.016 -0.216 0.117 -0.235 0.073 -0.019
pedicel Sig." * * % NS * * NS * ok * % NS * * * * % NS NS
Shape index C.C. 0.198 0.224 -0.232 0.035 -0.099 0.209 0.156 0.200 -0.162 -0.023 0.042 -0.029
Sig. * * * % * % NS NS % % * % * * * % NS NS NS
Fruit weight C.C. 0.127 -0.501 0.092 -0.375 0.061 0.159 0.118 0.250 ~-0.193 0.039 -0.106
Sig. * * % NS * % NS * % * * %k * %k NS NS
Color index C.C. -0.196 0.431 -0.035 0.602 0.854 0.555 -0.108 -0.393 0.600 0.103
Sig. * % * % NS * % * % * % NS * * * % NS
= L CC 0.196 0.874 0.013 -0.251 -0.042 -0.227 0.464 -0.215 0.199
5 ¢ Sig. * * * % NS * * NS * % * % * % s ok
QEJ —~: a CC 0.368 0.295 0.430 0.266 -0.129 -0.181 0.408 0.040
| @ Sig. Xk kK kK Rk * **%  *% NS
§ b CC. 0.100 -0.131 0.062 -0.147 0.340 -0.158 0.159
;t_‘\ Sig. NS * NS * * % * * * *
'f ° L CC 0.544 0.685 -0.159 -0.009 0.281 -0.027
-1k Sig. % %% x%x NS %% NS
5 E a C.C 0.674 -0.115 -0.396 0.673 0.067
b ig Sig. * * * * % * % NS
s (= b CC -0.126 -0.045 0.295 -0.056
Sig. * NS * % NS
Granulation C.C. -0.081 -0.035 -0.112
index Sig. NS NS NS
Flesh percent C.C -0.361 0.148
Sig. * % *
Brix C.C. 0.010
Sig. NS
Titratable c.C
acidity Sig.

XY See Table 7.
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Table 24. Correlation between fruit characters of ponkan cultured under plastic roof

Diameter Shape Fruit  Color Value of color difference meter Granu- Flesh Brix Titrat-
of pedicel index weight index Stylar end Lateral side lation percent able
L a b L a b index acidity
Diameter of C.Cx -0.192  0.590 -0.165 -0.420 -0.016 -0.229 -0.263 -0.052 -0.178 0.019 -0.259 -0.068 -0.019
pedicel Sig.’ * % * % * * * NS * % * % NS * % NS * % NS NS
Shape index C.C. -0.002  0.032 0.086 0.044 0.110 0.047 0.020 0.057 -0.065 0.093 0.019 0.056
Sig. NS NS NS NS NS NS NS NS NS NS NS NS
Fruit weight C.C. -0.051 -0.665 0.014 -0.487 -0.164 0.039 -0.097 0.184 -0.477 -0.186 -0.131
Sig. NS * Kk NS * % * NS NS * % * % * % *
Color index C.C. -0.112  0.586 -0.123 0.739 0.872 0.669 -0.046 -0.353 0.366 -0.391
Sig. NS * % NS * ok * * * % NS * % * % * %
k= L CC 0.078 0.837 0.105 -0.221 0.092 -0.119 0.565 0.143 0.294
ko 2 Sig. NS * % NS * % NS NS * % * * %
qé —3 a C.C 0.121  0.520 0.555 0.468 0.037 -0.300 0.247 -0.262
| @ Sig. NS ®%  kk  kx NS Kok ok ko
§ b C.C. 0.049 -0.237 0.175 -0.300 0.570 0.286 0.433
,‘fg Sig. NS * % * % * % * % * % * %
'E L CcC 0.704 0.880 0.017 -0.190 0.244 -0.384
5|32 Sig. k% xk NS k% Kk ko
5|8 a cc 0.621 0.054 -0.475 0.209 -0.470
g 2 Sig. * * NS * * * %k * %
= 3 b CC -0.144 -0.071  0.392 -0.213
Sig. * NS * %k * ok
Granulation  CC. -0.385 -0.241 -0.381
index Sig. * % * ¥ * %
Flesh percent C.C. 0.106 0.483
Sig. NS * %k
Brix C.C. 0.172
Sig. *
Titratable C.C.
acidity Sig.

XY See Table 7.
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Table 25. Relation between fruit characters and fruit locations within canopy of ponkan cultured in open field

Diameter Shape Fruit Color Value of color difference meter Granu- Flesh Brix Titrat-
of pedicel index weight index Stylar end Lateral side lation percent able

L a b L a b  index acidity

East-west* C.CX 0.033 0.042 0.056 0.075 -0.126 -0.057 -0.130 0.002 0.066 0.065 0.032 -0.054 0.192 0.003
Sig." NS NS NS NS * NS * NS NS NS NS NS * * NS

North-south® C.C. -0.003 -0.116 -0.327 0.011 0.202 -0.048 0.173 -0.072 -0.056 -0.093 -0.116 -0.118 -0.205 0.091
Sig. NS * * % NS * Xk NS * % NS NS NS * * * %k NS

Distance® CC. 0.302 0.078 0.032 -0.114 -0.128 0.037 -0.153 -0.194 -0.142 -0.201 0.006 -0.070 0.104 0.057
Sig. * % NS NS * * NS * % * * * * % NS NS NS NS

Height® C.C. 0.488 -0.199 0.120 0.004 -0.103 0.127 -0.227 -0.165 0.089 -0.168 0.035 -0.231 0.296 0.126
Sig. * * * % * NS NS * * % * % NS * % NS * % * % *

ABCDXY Gea Table 8.

Table 26. Relation between fruit characters and fruit locations within canopy of ponkan cultured under plastic roof

Diameter Shape Fruit Color Value of color difference meter Granu- Flesh Brix Titrat-
of pedicel index weight index Stylar end Lateral side lation percent able
L a b L a b  index acidity
East-west* cC* -0.154 0.021 -0.170 0.091 0.067 0.055 -0.002 0.075 0.065 0.079 0.013 0.024 0.065 -0.142
Sig.¥ * NS * NS NS NS NS NS NS NS NS NS NS *
North-south® C.C. 0.286 -0.086 0.156 0.050 -0.193 0.047 -0.214 -0.048 0.149 -0.038 -0.036 -0.107 -0.239 -0.143
Sig. * % NS * NS * % NS * ok NS * NS NS NS * % *
Distance® CC. -0.147 -0.156 0.059 0.214 -0.185 0.153 -0.226 0.269 0.251 0.193 0.107 -0.358 0.002 -0.221
Sig. * * NS * % * % * * % * % * %k * % NS * % NS * %
Height® cC 0.472 -0.237 0.373 0.265 -0 428 0.190 -0.359 0.116 0.396 0.100 0.157 -0.453 0.044 -0.256
Sig. * % * % * % * % * * * % * % NS * % NS * * % NS * *

ABCDXY Gee Table 8.
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Fig. 33. Relation between direction of fruit location within canopy and fruit characters
in ponkan in open field and under plastic roof(O Open field, @ Plastic roof).
¥ : Value of color difference meter at stylar end.
¥ : Value of color difference meter at lateral side.
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roof).

X - Value of color difference meter at stylar end.
Y . Value of color difference meter at lateral side.
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Fig. 35. Relation between height of fruit location within canopy and fruit characters in
ponkan in open field and under plastic roof (O Open field, @ Plastic roof).
: Value of color difference meter at stylar end.
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- Value of color difference meter at lateral side.



Ko REDSER L 67

L ° Diame.ter Shape index Fruit weight
5 of pedicel 15
il °T ° '
i 14} I a® ©
®
Jo ® 2007 8 ee®®qq *°
oe o ® 13} (g) o
° ge 09 _0p0C000
o ° ge o 12F ° ® 8 g (o}
°© o e80C8088s3s [
3k 1.1k ® 8 -
by P T .Ol .o.o. PR IJL‘ 1 .O. PRREEE W S S SR VNN U SN IOO'J;. 1 l 1
Color index | L value* a value®
10, ° o} 30
00 08008 o
8 o ©400° o Se® e ®0 o i
6 o o _e ) Py P
6F® o 0 g ® 1 8 fo) - @ 20+ @ OCoe
o [oX®) 00 00
4 ® 30k . o® .00
b S VT ST T S T T S T b o SN ST WA N NS ST VT SR W o
°® L)
10k ® L
b Valuex L ValueY P | Pl IS TN WO WNIN 1
- o o 60F
000 Opp _© o a value?
201 8 - (o Xo) 30
o ® O O o
10.. G ° °
L = (o]
i | P S Y Gy el '.f:‘ | B S N S TS ST T 20 O o oo O 0
o]
Granulation index : L
L b value" ® O o ©® ® 8
1 6,2 .® 0,0 35} o 10 o ° o
oexe) Y o0Oo
L ee® 0% ® Ll 000 “ o %96 }
° ° o' ®ee_ 04 0% o o
0 Lea — . ® 251 .. [ ] 0 | S P R |
Cod s s, PUY 1 A
11 . . ‘1. Flesh percent
Brix o T
° o itratable acidity gg) N °
- O O (o) 0.9 s
X ® O s 9 oo 0070 ! 1
o o © o,
- 00 e ° 0 ¢ 0® %, 75 F ° 00
oo o ° ® ° + ¢® 00 , o
] [ ] - @ t @ (o) 0o~0 [ X J
o0 ® i
IOJ:. [ } O.SJ.". 71+ © ©
Tk o o ) B o DU WU U U SO GNP U S S 2w, 1 . . [} N ]
1 0 1{m) 1 0 1m) 1 1{m)
w E W E w E

Fig. 36. Relation between distance of trunk of east-west directions and fruit characters
in ponkan in open field and under plastic roof (O Open field, @ Plastic roof).
Distance of east-west direction is that from trunk to the point projected on the
east-west plane from south at right angle.

X . Value of color difference meter at stylar end.
¥ 1 Value of color difference meter at lateral side.
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Fig. 37. Relation between distance of trunk of north-south directions and fruit characters

in ponkan in open field and under plastic roof (O Open field, @ Plastic roof).
Distance of north-south direction is that from trunk to the point projected on the
north-south plane from east at right angle.

X . Value of color difference meter at stylar end.
Y . Value of color difference meter at lateral side.
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Summary

In Japan, satsuma mandarin has been on overproduction for the last decade. Consequently, it has
been recommended that satsuma mandarin trees should be changed into other cultivars of citrus not only
by replanting the nurseries but also by execution top-working. Ponkan (Citrus reticulata Blanco) is
one of these species. Currently, ponkan, as well as other species, is required to be of high qualities in
both taste and appearance.

Series of studies were designed for the improvement of the practical management in production
and storage conditions to enhance the fruit quality of ponkan. The following items were investigated :

1) changes of fruit qualities of ponkan during fruit growth and storage, 2) some effective practical
techniques affecting fruit qualities on the tree, 3) ascertainment of the fruit qualities of ponkan cultured
under a plastic roof in comparison with those of ponkan cultured in an open field.

The results were as follows.

1. Changes of fruit quality on the trees and during storage

Fruit weight

In Kagoshima, fruit weight of ponkan increased until early December, while in Kagawa, fruit
weights of ponkan reached their plateaus by early November.

Peel color

The ‘a’ value of the color difference meter of ponkan in Kagoshima reached its maximum by late
December. That in Kagawa increased markedly until late December.

Brix and titratable acidity in juice

Brix in fruit juice of ponkan increased gradually in accordance with its maturation. Titratable
acidity decreased markedly from September to N ovember, thereafter it decreased gradually until mid
December.

Ethanol and acetaldehyde contents in juice

Ethanol and acetaldehyde contents of ponkan fruit went on increasing slightly from December to
January.

Respiration and ethylene evolution rate

Respiratory rate of ponkan fruit went on decreasing from early August to early November,
thereafter it remained constant on the tree and during the storage. The evolution of ethylene from
fruit on the tree was low and invariable.

Changes of sugar constituents in fruit juice

Sugars in juice of ponkan were consisted of fructose, glucose and sucrose.  Fructose continued to
be the predominant sugar in the juice from immature fruit on the tree, reaching its maximum by
September, thereafter it gradually decreased. And thereafter, it was replaced by sucrose as the season
advanced. Sucrose was the predominant sugar component in mature fruits. Glucose in the juice of
ponkan increased slightly from August to September and then remained constant during the maturation.
Sucrose in the juice of ponkan increased gradually in accordance with its maturation, and increased
markedly during October until November.

Changes of organic acids constituents in fruit juice

Organic acids in the juice from fruit of ponkan consisted of citric, malic, glutamic, glucuronic,
pyro-glutamic, lactic, acetic, pyruvic, succinic, iso-citric and a-ketoglutaric acids.  Citric acid was
predominant component, composing 50-90% of total acids in the juice, followed by malic acid. Citric
acid contents increased markedly from August to September, showing its maximum by September ;
thereafter it decreased rapidly until November or December. Malic acid contents increased gradually
from August until September, thereafter decreased gradually on the tree. Malic acid contents in the
juice increased during the storage.
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Changes of amino acids constituents in fruit juice

Amino acids in the juice of ponkan were consisted of asparagine, glutamine, aspartic acid,
threonine, serine, glutamic acid, proline, glycine, alanine, cystine, valine, methionine, isoleucine, leucine,
tyrosine, phenylalanine, y-aminobutyric acid, lysine, histidine and arginine. ~The shares of asparagine,
glutamine, aspartic acid, serine and glutamic acid contents in the juice were higher in immature fruits,
and decreased gradually in accordance with maturation. On the contrary, proline, y-aminobutylic
acid, arginine, alanine and phenylalanine contents in the juice were lower in immature fruits, increased
gradually during the maturation on the tree, and increased markedly during the storage.

2. Variation and distribution of fruit characters among and within the trees

In ponkan trees, the coefficients of variation for fruit weight and Brix of fruit juice in the canopy
showed figures of 13.6-22.9% and 3.8-7.5%, respectively. While those for color index of fruit peel
and titratable acidity of the juice in the canopy showed comparatively the large figures of 33-44% and
16.1-33.2%, respectively. The number of the fruit on the south side in the canopy was larger than
those on other sides. A greater percentage of fruit was found at the fruit location situated 70-170cm
distant from the trunk and 80-260cm high from the ground. Distribution of the fruit on the canopy was
cylindrical. At the harvest time, the variation in color index of peel was larger than in other
characters, while other characters were scattered, following the near-normal-distribution. It was
between the color index and Brix as well as between Brix and the titratable acidity that some positive
correlations were ascertained ; while it was both between the fruit weight and Brix and between the fruit
weight and titratable acidity that some negative correlations were confirmed. The larger was the
distance from trunk in the canopy, the higher were the shape index of the fruit and Brix of juice. Fruit
weight and shape-index of the fruit increased in accordance with the height of the fruit location. And
the higher was the fruit location, the better were the fruit qualities judged by color index, Brix and
titratable acidity. In the fruit on the south side, Brix and titartable acidity were higher than those on
other sides.

3. Effects of plant growth regulator spray on fruit quality

Ethephon ( 2 -chloroethylphosphonic acid) accerelated the degreening of ponkan fruit. The higher
the coneentration, and the earlier the time of application, the more effective results were obtained.
Ethephon altered neither Brix nor titratable acidity in the fruit. Only slight leaf-dropping was
observed in the case in which 300 ppm ethephon application was carried out, however, 200 ppm ethephon
application showed no leaf-dropping.

Autumn GA spray retarded coloration considerably, although spring GA spray had no effects.

In ponkan, spraying 67-200 ppm ethychlozate (ethyl- 5 -chloro-1H- 3 .indazolyl acetate) twice at
20-day intervals, between 65 and 125 days, after full blooming, enhanced coloration and Brix consider-
ably. The best result was obtained when spraying was carried out 85 days, and again 105 days, after
full blooming.

Calcium carbonate (CaCO,;) spraying on fruit on the tree slightly accerelated coloration of the
ponkan fruit peel, while showing pretreatment effects for storage. CaCOs spraying increased weight-
loss during the storage, it did not affect the fruit-quality, but, increased rind-oil-spot on fruits.

4. Fruit quality of ponkan cultured under a plastic roof

In early July, when a plastic roof cover was removed, the fruit size of the trees under a plastic roof
was larger than that in an open field, fruit weight being about 15¢ heavier when under a plastic roof.
A plastic roof cover during autumn enhanced fruit growth.

Degreening of the fruit on the tree under a plastic roof was earlier than that of the trees in an open
field. Brix was higher under a plastic roof than in an open field from September until October, but in
December when the fruit were harvested, no difference was found. ~ Titratable acidity was substantially
higher in an open field than that under a plastic roof in September, thereafter the difference was reduced
in accordance with the maturation. In fruit under a plastic roof, the diameter of pedicel, fruit weight,
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flesh percentage and color index were larger than those of fruits in an open field. While in the former
case Brix and titratable acidity were lower than those in the latter case. In trees under a plastic roof,
the coefficients of variation for flesh percentage and Brix of fruit within the canopy were lower than
those in an open field, but there was no difference in the both systems concerning the following items,
namely, pedicel, the shape index, fruit weight, color index and titratable acidity. And fruit of the trees
under a plastic roof were found in higher and more distant location from trunk within the canopy than
those in an open field.  Brix of fruit from trees under a plastic roof was distributed mostly around 10°
and was evidently lower than that of fruit from trees in an open field, while the distribution of other
characters in the both systems showed the same patterns with different modes. In fruit of the trees
under a plastic roof, positive correlations were found between the diameter of pedicel and the fruit
weight ; the color index and Brix ; Brix and titratable acidity, respectively. On the contrary, negative
correlations were found between the fruit weight and titratable acidity ; the color index and titratable
acidity, respectively. In the fruit of the trees in an open field, positive correlations were
found between the diameter and the fruit-weight ; the fruit-weight and the color index ;the color index
and Brix, respectively. On the trees under a plastic roof, the color index and ‘a’ value of the color
difference meter of fruit became higher as the distance from the trunk increased within the canopy ;
while the diameter of pedicel, the shape index, ‘L’, ‘a’ and ‘b’ values of the color differnce meter, flesh
percentage, and titratable acidity of fruit became lower. On the trees in an open field, the diameter
of pedicel became larger as the distance from a trunk increased within the canopy, but the color index,
and ‘L’, ‘a’ and ‘b’ values remained relatively low.  On the trees under a plastic roof, the diameter, the
fruit-weight, the color-index, ‘a’ value and the granulation index of fruit became higher as the height of
the fruit-location increased. And the higher the fruit-location, the lower the shape index, ‘L’ and ‘b’
values, flesh percentage, and titratable acidity of the fruit. On the trees in an open field, the diameter
of pedicel, the fruit-weight, ‘a’ value, and Brix of fruit were higher, and the shape index, ‘L’ and ‘b’
values, and flesh percentage of fruit became lower as the height of the fruit-location increased.




