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Summary

This study was conducted to identify key factor of sugar accumulation through
analyzing the change in sugar concentration and activity of related enzymes
including sucrose phosphate synthase (SPS) and sucrose synthase (SS) in juice
at fruit maturing stage of 15-year-old satsuma mandarin trees (Citrus unshiu
Marc. cv. Miyagawa Wase) grafted on Poncirus trifoliata as affected by foliar
spray of ethychlozate (ethyl 5-chloro-1H-3-indazolyl-acetate), direction of fruit
apex (upward and downward), and portion of fruit (blossom half and stem half).

Foliar spray of ethychlozate increased total soluble solids (TSS) and sugar
concentration of juice, still with similar tendency at all developmental stages.

Direction of fruit apex did not affect TSS and total sugars in juice, but
affected sugar composition. Upward fruit apex resulted in higher fructose and
glucose concentration, and lower sucrose concentration.. Blossom half of fruit
showed significantly higher TSS and sugar concentration during all developmental
stages.

Ethychlozate increased SS and SPS activity until mid maturing stage with
higher extent in SS than SPS, but increased in SS and SPS activity by
ethychlozate was not recognized at late maturing stage. Downward fruit apex
resulted in higher SS activity. Blossom half of fruit showed higher SS activity.

The significant positive correlations between SS activity and juice characters
including TSS, sugar concentration, and sucrose concentration were recognized.
Consequently, these results suggest that SS is a predominant factor controlling

sink strength in the pulp of satsuma mandarin fruits.
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concentration of juice in ‘Miyagawa Wase’ satsuma mandarin.
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Table 1. Effect of the foliar spray of ethychlozate (A),
apex (B), and portion of fruit (C) on the total soluble solids (TSS) of

juice in ‘Miyagawa Wase’

satsuma mandarin.

direction of fruit

Total soluble solids (TSS)

Ethychlozate Direction Portion
Sept.28 Nov.09 Dec.07
Spray
Upward
Stem half 8.74 10.55 11.06
Blossom half 9.01 11.53 12.05
Mean 8.88 11.04 11.56
Downward
Stem half 341 10.18 10.68
Blossom half 8.74 11.81 12.39
Mean 8.58 11.00 11.54
Mean 8.73 11.02 11.55
Non-spray
Upward
Stem half 7.94 9.79 10.43
Blossom half 8.13 10.99 11.63
Mean 8.04 10.39 11.03
Downward
Stem half 7.80 9.74 10.09
Blossom half 8.64 10.94 11.54
Mean 8.22 10.34 10.82
Mean 8.13 10.67 10.93
Significance” A,CBxC C A,C.BxC

“Factors significant at 5% level are indicated.
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Table 2. Effect of the foliar spray of ethychlozate (A), direction of fruit apex
(B), and portion of fruit (C) on the fructose concentration of juice in
‘Miyagawa Wase’ satsuma mandarin.

Fructose concentration (g - LY

Ethychlozate Direction Portion

Sept.28 Nov.09 Dec.07
Spray
Upward
Stem half 1.36 2.11 2.18
Blossom half 1.47 2.28 2.41
Mean 1.42 2.20 2.30
Downward
Stem half 1.34 1.88 1.92
Blossom half 1.45 2.11 2.21
Mean 1.40 2.00 2.07
Mean 1.41 2.10 2.19
Non-spray
Upward
Stem half 1.30 1.95 2.00
Blossom half 1.41 2.23 2.32
Mean 1.36 2.09 2.16
Downward
Stem half 1.22 1.76 1.81
Blossom half 1.37 2.09 2.01
Mean 1.30 1.93 191
Mean 1.33 2.01 2.04
Significance” C B,C B,C

“Factors significant at 5% level are indicated.
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Table 3. Effect of the foliar spray of ethychlozate (A), direction of fruit apex
(B), and portion of fruit (C) on the glucose concentration of juice in
‘Miyagawa Wase’ satsuma mandarin.

Glucose concentration (g - L)

Ethychlozate Direction Portion

Sept.28 Nov.09 Dec.07
Spray
Upward
Stem half 1.15 1.78 1.79
Blossom half 1.19 1.87 1.92
Mean 1.17 1.83 1.86
Downward
Stem half 1.10 1.58 1.50
Blossom half 1.20 1.77 1.78
Mean 1.15 1.68 1.64
Mean 1.16 1.76 1.75
Non-spray
Upward
Stem half 1.11 1.63 1.63
Blossom half 1.13 1.83 1.90
Mean 1.12 1.73 1.77
Downward
Stem half 1.03 1.48 1.46
Blossom half 1.14 1.74 1.62
Mean 1.09 1.61 1.54
Mean 1.11 1.67 1.66
Significance” C B,C B,C

“Factors significant at 5% level are indicated.
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Table 4. Effect of the foliar spray of ethychlozate (A), direction of fruit apex
(B), and portion of fruit (C) on the sucrose concentration of juice
in ‘Miyagawa Wase' satsuma mandarin.

Sucrose concentration (g - LY

Sept. 28 Nov. 09 Dec.07

Ethychlozate Direction Portion

Spray
Upward
Stem half 2.99 4.70 5.22
Blossom half 3.20 5.44 5.84
Mean 3.10 5.07 5.53
Downward
Stem half 3.00 4.68 5.56
Blossom half 3.49 5.46 6.54
Mean 3.25 5.07 6.05
Mean 3.18 5.07 5.79
Non-spray
Upward
Stem half 2.56 4.22 473
Blossom half 2.83 4.90 5.65
Mean 2.70 4.56 5.15
Downward
Stem half 2.54 4.20 512
Blossom half 3.18 5.34 592
Mean 2.86 4.77 5.52
Mean 2.718 4.67 5.34
Significance” AB,CBxC C B,C

“Factors significant at 5% level are indicated.
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Table 5. Effect of the foliar spray of ethychlozate (A), direction of fruit apex
(B), and portion of fruit (C) on the total sugar concentration of juice
in ‘Miyagawa Wase’ satsuma Mandarin.

Total sugar concentration (g - L)

Ethychlozate Direction Portion

Sept.28 Nov.09 Dec.07
Spray
Upward
Stem half 5.50 8.66 9.19
Blossom half 5.85 9.60 10.18
Mean 5.68 9.13 9.69
Downward
Stem half 5.44 8.14 8.98
Blossom half 6.13 9.34 10.53
Mean 5.79 8.74 9.76
Mean 5.74 894 9.73
Non-spray
Upward
Stem half 4.96 7.76 8.35
Blossom half 5.37 8.97 9.87
Mean 517 8.37 9.11
Downward
Stem half 4.80 7.45 8.39
Blossom half 5.69 9.17 9.55
Mean 5.25 3.31 897
Mean 521 8.34 9.04
Significance” A,CBxC C C

“Factors significant at 5% level are indicated.
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Table 6. Effect of the foliar spray of ethychlozate, direction of fruit apex, and

portion of fruit on the sugar composition (%) of juice in ‘Miyagawa
Wase’ satsuma mandarin.
Sugar composition (%)
Treatment Glucose Fructose Sucrose
Sep.28 Nov.09 Dec.07  Sep.28 Nov.09 Dec.07  Sep.28 Nov.09 De.07
Ethychlozate spray 20.2 196 18.0 244 235 224 55.3 56.7 59.6
Non-spray 211 20.0 183 255 241 225 534 56.0 59.2
Direction up 212 20.3 193 255 245 237 533 551 570
Direction down 203 19.2 170 245 230 21.3 55.3 577 61.8
Stem half 212 203 183 251 241 227 535 556 59.1
Blossom half 201 194 180 247 235 223 55.0 571 59.7
HAgH FojoA A 2A¥7E A vElg ey =9y g 2AdHE we
Ae mavha @ A7ABsh AA sk Aol
Ethychlozate® W axsl & 3pao]l SS S ZALS A3E 7 79 YEHY
Atk Aol AALFE sse] BAL AR FAAAEY A% 719 LLAAE
A F7F FAE el vls] SS Aol A yElyt. 53], 1192+ A9

$ol mAaBAol FAS Frhskel EA o] B SS B9 Ho|7t
ae 22 ethychlozated) A 7HEA Fel Sk SS BA 9 Frksh BT E
Ao nolATh 53, A

|79 Aol g F FEe

A 710 1EAA e 3 s=7F §43] kst
2ol = ZAAstRA oM (£ 5), olwfe] SS A= A

2 Z7)el 1197hA= 2ol 7} 9oL} o]F o7 gl Ao =
(£ 7), ethychlozate A glo] W& o Z717F F2 AL 2k &

slo} BAIHE= Aoz AZErt. 18y ethychlozate A 2ol

of

Wl BT Aolk AARAGN FFE W AAA i A o] Fe] ©A
N FFse AA, ohyE GuAFe Aold] sedstE A Ax A %k

on, oo dielME o FAF A7t Do
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Table 7. Effect of the foliar spray of ethychlozate (A), direction of fruit apex
(B), and portion of fruit (C) on the SS activity of juice in
‘Miyagawa Wase'  satsuma mandarin.

SS activity (umol - h'' - ¢ FW)

Ethychlozate Direction Portion

Sept.28 Nov.09 Dec.07
Spray
Upward
Stem half 2.95 3.38 4.58
Blossom half 4.26 4.37 5.25
Mean 3.41 3.88 492
Downward
Stem half 2.79 4.43 5.40
Blossom half 4.39 494 5.86
Mean 3.59 4.69 5.63
Mean 3.50 4.29 5.28
Non-spray
Upward
Stem half 2.13 2.10 4.37
Blossom half 2.25 2.38 5.43
Mean 2.19 2.24 4.90
Downward
Stem half 2.67 2.73 5.36
Blossom half 2.86 297 6.36
Mean 2.77 2.85 5.86
Mean 2.48 2.55 5.38
Significance” C,AxC AB,C B,C

“Factors significant at 5% level are indicated.
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Table 8. Effect of the foliar spray of ethychlozate (A), direction of fruit apex
(B), and portion of fruit (C) on the SPS activity of juice in
‘Miyagawa Wase  satsuma mandarin.

SPS activity(umol - h™' -+ g FW)

Ethychlozate Direction Portion

Sept.28 Nov.09 Dec.07
Spray
Upward
Stem half 1.75 2.43 3.17
Blossom half 1.77 1.98 3.36
Mean 1.76 2.21 3.27
Downward
Stem half 1.59 2.77 2.76
Blossom half 1.85 2.95 3.02
Mean 1.72 2.86 2.89
Mean 1.74 2.54 3.08
Non-spray
Upward
Stem half 1.08 1.48 3.20
Blossom half 1.13 1.82 3.25
Mean 1.11 1.65 3.23
Downward
Stem half 1.61 1.63 3.32
Blossom half 1.92 2.00 3.99
Mean 1.77 1.82 3.66
Mean 1.44 1.74 3.45
Significance” A

“Factors significant at 5% level are indicated.
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Table 9. Correlation between the SS and SPS activity and the total soluble
solids (TSS), total soluble sugars, glucose, fructose, and sucrose
concentration of juice in ‘Miyagawa Wase’' satsuma mandarin.

SS activity SPS activity
(umol - h ' - g FW) (umol - h ' - g FW)
Sept.28 Nov.09 Dec0.7 Sept.28 Nov.09 Dec.07
9/28  0.49030™ 0.32445
TSS 11/09  0.49907"" 0.45452" 0.24760 0.22870

12/07 0518517 0.41942°  0.28085 0.27156 0.20686  0.02899

9/28  0.36885" 0.10340
Fructose 11/09 0.19313  0.1667 0.15664 0.11085
12/07 021958  0.13147 -0.05422 0.10194  -0.09088  -0.04889

9/28  0.29105 0.08446
Glucose 11/09 0.16587  0.15178 0.22093 0.14645
12/07 0.18377 = 0.04003 ' 0.05931 0.14364  -0.11980 0.01121

9/28 0.57278™ 0.16617
Sucrose 11/09 0.49451" 0.44105" 0.21557 0.27855
12/07 0462727 058456  0.35560" 0.29279 0.44145"  -0.09564

9/28 0.55359™ 0.15949
Total
soluble 11/09 0.41508° 0.38194" 0.22683 0.25080
sugars

12/07 0.44168"  0.45933" 0.21402 0.27518 0.24564 -0.07901

* and ** indicated significances at P<0.05 and 0.01, respectively.
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