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Abstract

The study was conducted to investigate the effect of fruit bearing type with
leafy (LY) and leafless (LS) fruits on fruit growth and sugar and acid
characteristics in some very early- and early-maturing satsuma mandarin
cultivars. Fruit length and diameter, fruit shape index (diameter/length), and fruit
welight were measured for fruit bearing type during fruit development from 70
days after anthesis (DAA) to ripening stage and fruit size ratio at ripening stage.
Fruit length and diameter showed rapid increase from 70 to 100 DAA and very
slow increase thereafter. Fruit shape index increased due to the growth of
diameter lasting longer than length. Change of fruit weight was similar to those
of fruit length and diameter. However, there was no difference in fruit growth
pattern including fruit size ratio with different fruit bearing types. Total soluble
solids (TSS), acidity, TSS:acidity ratio, soluble sugar and organic acid
composition were also determined for fruit juice from 100 DAA to ripening stage.
TSS increased and acidity decreased continuously and then TSS:acidity ratio
increased with fruit development. Soluble sugar was continuously increased,
whereas organic acid decreased. Theses tendencies were related to increase of
sucrose and decline of citric acid, respectively. However, there was no effect of
fruit bearing type on TSS, acidity, and TSS:acidity ratio, and soluble sugar and
organic acid composition. Photosynthesis rate and chlorophyll index with SPAD
value were evaluated from leaves adjacent to LY and LS fruits during 70 and
130 DAA. Photosynthetic rate was higher at fruit enlargement stage than that at
maturation stage, whereas there was no change in chlorophyll index between two
different stages. Also, photosynthetic rate and chlorophyll index were not different
between leaves adjacent to LY and LS fruits. The results indicated that fruit
growth including fruit shape index and size ratio, TSS, acidity, and soluble sugar
and organic acid composition were not affected by fruit bearing type with LY

and LS fruits.
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Fig. 1. Change of fruit length in leafy (LY) and leafless (LS) fruits of some
satsuma mandarins with different developmental stages. Vertical bars

represent meanstSE (n=15).



Fig. 2. Change of fruit diameter in LY and LS fruits of some satsuma
mandarins with different developmental stages. Vertical bars represent

meanstSE (n=15).



Fig. 3. Change of fruit shape index (diameter/length) in LY and LS fruits of
some satsuma mandarins with different developmental stages. Vertical bars

represent meanstSE (n=15).



Fig. 4. Change of fruit weight in LY and LS fruits of some satsuma
mandarins with different developmental stages. Vertical bars represent

meanstSE (n=H).
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Fig. 5. Ratio of LY and LS fruits harvested at ripening stage in
early-maturing satsuma mandarin cultivars, ‘Okitsu Wase’ and ‘Haryejosaeng’

and. Vertical bars represent meanszSE (n=3).



Fig. 6. Fruit size ratio in LY and LS fruits harvested at ripening stage in
early—maturing satsuma mandarin cultivars, ‘Okitsu Wase’ and ‘Haryejosaeng’.
Fruit size was classified into nine grades in fruit diameter. Vertical bars

represent meanstSE (n=3).
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Fig. 7. Change of total soluble solids (TSS) in juice extracted from LY and
LS fruits of some satsuma mandarins with different developmental stages.

Vertical bars represent meanstSE (n=5h).



Fig. 8 Change of acidity in juice extracted from LY and LS fruits of some
satsuma mandarins with different development stages. Vertical bars represent

meanstSE (n=H).



Fig. 9. Change of TSS-acidity ratio in juice extracted from LY and LS fruits
of some satsuma mandarins with different development stages. Vertical bars

represent meanstSE (n=H).
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Table 1. Change of soluble sugar in juice (g-100 mL)* extracted from LY
and LS fruits of very early-maturing satsuma mandarin cultivars, ‘Ueno

Wase' and ‘Sangdojosaeng’ with different developmental stages.

) Days Fruit Total
Cultivar after bearing Fructose Glucose Sucrose
anthesis type sugar
Ueno Wase 100 LY 1.1+0.1 1.1+0.1 1.7+0.1 3.920.2
(28.8)" (29.0) (42.2)
LS 1.2£0.1 1.2+0.1 1.8+0.1 4.1+0.3
(28.4) (28.6) (43.0)
ns ns ns ns
130 LY 1.3+0.0 1.3+0.0 2.9%0.2 5.5+0.2
(24.1) (23.6) (52.3)
LS 1.3+0.2 1.3+0.2 2.7+0.2 5.3+0.5
(25.2) (24.7) (50.1)
ns ns ns ns
160 LY 1.8+0.0 1.6+0.0 4.8+0.2 8.2+0.2
(21.7) (19.8) (58.5)
LS 1.6+0.1 1.4+0.1 4.3+0.6 7.3x0.7
(21.4) (19.6) (59.0)
Xk Xk ns ns
Sangdojosaeng 100 LY 1.1+0.1 1.1+0.1 1.7+0.1 3.8+0.3
(27.9) (28.4) (43.7)
LS 0.9+0.0 1.0+0.0 1.4+0.1 3.2%0.1
(28.2) (29.7) (42.1)
ns ns * *
130 LY 1.1£0.2 1.1+0.1 2.2+0.2 45%0.1
(25.4) (24.9) (49.7)
LS 1.2+0.0 1.2+0.0 2.5%0.1 4.8+0.2
(24.7) (24.1) (51.2)
ns ns ns ns
160 LY 1.4+0.2 1.3+0.2 4.7+0.3 7.3x0.7
(18.9) (17.1) (64.0)
LS 1.3+0.1 1.2+0.1 4.3+0.8 6.9+1.0
(19.4) (18.1) (62.5)
ns ns ns ns

Values represent means+SE (n=3).
YValues in parenthesis indicate percentage of total sugar.

"*Indicates nonsignificant or significant difference at P<0.05, t-test.



Table 2. Change of soluble sugar in juice (g-100 mL)* extracted from LY

and LS fruits of very early-maturing satsuma mandarin cultivars, ‘Okitsu

Wase' and ‘Haryejosaeng’ with different developmental stages.

Days

Fruit

Cultivar after bearing Fructose Glucose Sucrose Total
anthesis type sugar
Okitsu Wase 100 LY 0.8+0.1 0.9+0.1 1.3£0.2 2.9+0.4
(27.4)" (29.7) (42.9)
LS 0.8+0.2 0.9+0.1 1.1£0.2 2.8+0.5
(29.3) (32.4) (38.4)
ns ns ns ns
130 LY 1.2£0.1 1.2+0.0 2.4+0.2 4.8+0.3
(25.7) (25.0) (49.2)
LS 1.1+0.1 1.1£0.1 2.1+0.2 4.2+0.5
(25.8) (255) (48.7)
ns ns ns ns
185 LY 1.4+0.2 1.2£0.1 5.8+0.5 8.4+0.8
(16.8) (14.5) (68.6)
LS 1.6£0.1 1.3£0.1 5.3+0.5 8.2+0.6
(19.1) (16.4) (64.4)
ns ns ns ns
Haryejosaeng 100 LY 1.0+0.0 1.0+£0.0 1.7+£0.2 3.6+0.2
(26.4) (27.9) (45.7)
LS 0.9+0.1 1.0£0.1 1.4+0.2 3.3+0.3
(27.9) (29.9) (42.2)
ns ns ns ns
130 LY 1.2+£0.0 1.2+0.0 2.8+0.1 5.2+0.2
(23.6) (23.4) (563.0)
LS 1.2+0.1 1.220.1 2.6+0.4 5.0+0.6
(24.4) (24.1) (561.5)
ns ns ns ns
185 LY 1.4+0.3 1.2+0.2 6.3+0.5 9.0+0.9
(15.8) (13.7) (70.5)
LS 1.5+0.1 1.3£0.1 5.7+0.5 8.4+0.6
(17.3) (14.9) (67.8)
ns ns ns ns

Values represent means+SE (n=3).

YValues in parenthesis indicate percentage of total sugar.

"*Indicates nonsignificant or significant difference at P<0.05, t-test.



Table 3. Change of organic acid in juice (mg-100 mL ') extracted from LY

and LS fruits of very early-maturing satsuma mandarin cultivars, ‘Ueno
Wase' and ‘Sangdojosaeng’ with different developmental stages.
Cultivar ar%:%gis b%rsigg O;(Cziaéic Tz;rctiadric l\géail(ijc (;13‘(110 Total
Ueno Wase 100 LY 30.8t133 256%83 3016344  20025+723  2360.5%102.8
1.3y 1.1 12.7) (84.9)
LS 53465  23.0+94 4020346 19103355  23837+276
(2.2) (1.0) (16.8) (80.0)
ns ns ns ns ns
130 LY 32.1%7.7 99+49  467.7+207  11651%737  1674.8+61.0
2.0) 0.6) (28.0) (69.4)
LS 41,0445 25t04 558569 85141251 145341261
(2.8) 0.2) (39.1) (57.9)
ns ns *® ns ns
160 LY 619+83  33.0+28 4723474 631.4£60.3  1198.6+110.3
(5.2) (2.8) (39.4) (52.6)
LS 1084+356 2307  425.7+92.0 5729942  1109.3+2186
(9.4) 0.2) (38.1) (52.3)
ns * ns ns ns
Sangdojosaeng 100 LY 386+0.8  333:1.0  3853%17.0  1769.4+127.9 22266%1459
(1.8) (1.5) (17.3) (79.4)
LS 222427 122403 3521190  19945+91.0  2381.0+110.4
0.9) (0.5) (14.8) (838)
* * ns ns ns
130 LY 461+102 13637 65911098 1232.7+2225  1951.4%1075
(2.4 ©.7) (34.6) (62.3)
LS 442438 16922  6724%555  12046+1526  1938.0+168.1
2.3) 0.9) (35.1) (61.7)
ns ns ns ns ns
160 LY 35.0t51 37263  6658+41.7 5084345  1246.456.9
(2.9) (2.9) (53.4) (40.8)
LS 80.3t137 333%41  509.2+636 647.1£653  1269.8+334
(6.4) (2.6) (40.0) (51.0)

%

ns

ns

ns

ns

Values represent means+SE (n=3).

YValues in parenthesis indicate percentage of total acid.

"*Indicates nonsignificant or significant difference at P<0.05, t-test.



Table 4. Change of organic acid in juice (mg-100 mL ') extracted from LY

and LS fruits of very early-maturing satsuma mandarin cultivars, ‘Okitsu

Wase' and ‘Haryejosaeng’ with different developmental stages.

Days Fruit

Cultivar N r?t%ggis bet;gélg O;C?EC Tzrctﬁlc l\fgiléc Cdlctféc Total
Okitsu Wase 100 LY 2.4+1.0 7.9+3.8 549.7+406  2244.4+1934  2804.5+184.4
0.1 (0.3) (19.8) (79.8)
LS 15.7£75  29.0£106 752.84221.4 2403.0+3184  3200.6+530.0
(0.5) (1.1) (22.5) (75.9)
ns ns ns ns ns
130 LY 30.9+174 144463  511.9452.3  1042.5+199.3 1599.7+231.3
(2.1) (1.0) (32.5) (64.4)
LS 287106  9.1£7.6 552.7+19.8 1254.2+82.3 1844.8+72.9
(1.5) (0.5) (30.1) (67.9)
ns ns ns ns ns
185 LY 20.0+13.3 732493  416.6+176 662.6+98.5 1172.5+113.9
(1.7) (6.3) (36.0) (56.0)
LS 53+34  255£152  587.6+35.7 7470+125.0  1365.3+107.2
(0.4) (1.7) (43.9) (54.0)
ns ns * ns ns
Haryejosaeng 100 LY 182455 421459  414.7£39.1  2110.2£161.0  2585.2+165.0
(0.7) (1.7) (16.1) (81.5)
LS 11.3464 20.8+2.8  352.7£459.6  1997.6+314.8  2382.3+363.2
(0.6) (0.9) (14.7) (83.8)
ns * ns ns ns
130 LY 55.8+4.1 8.0+3.2 526.1£10.8  1051.0+61.6  1640.9+52.4
(3.4) (0.5) (32.2) (63.9)
LS 32.8+13.7 37.7£124  488.5+53.2 1403.8456.4  1962.8+121.6
(1.6) (1.9) (24.8) (71.7)
ns ns ns * ns
185 LY 115455  62.7+21.2  253.5+36.2 549.3+87.1 877.0+89.1
(1.3) (6.8) (30.0) (61.9)
LS 5.7+0.3 68.9+3.7  2145+34.1 355.5+19.8 644.6+56.7
(0.9) (10.8) (32.8) (55.5)

ns

ns

ns

ns

ns

Values represent means+SE (n=3).

YValues in parenthesis indicate percentage of total acid.

"*Indicates nonsignificant or significant difference at P<0.05, t-test.
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Table 5. Photosynthetic rate and SPAD value at leaves adjacent to LY and

LS fruit in very eraly-maturing satsuma mandarin cultivars, ‘Ueno Wase’ and

‘Sandojosaeng’.

Cultivar ];f?e]rs bgéillrlilr;cg Photosyntheticﬂraﬁtlez SPAD’
anthesis type (umol CO2'm “s ) value

Ueno Wase 100 LY 8.3+0.3 71.6+2.5
LS 6.7+0.4 75.7+2.7
130 LY 12.6£0.5 78.7+1.8
LS 12.9+0.5 74.6%2.2
Sangdojosaeng 100 LY 8.2+0.4 84.5+0.9
LS 8.6+0.4 83.4+1.1
130 LY 13.2+0.4 86.1+1.0
LS 14.4+0.5 779+1.8

Values represent means+SE (n=3).



Table 6. Photosynthetic rate and SPAD value at leaves adjacent to LY and

LS fruit in eraly-maturing satsuma mandarin cultivars, ‘Okitsu Wase® and

‘Haryejosaeng’.

Cultivar ];f?e]s bggilr;cg Photosyntheticﬂ ra,tlez SPAD’
anthesis type (umol CO2'm “*s ) value

Okitsu Wase 100 LY 8.4+0.5 75.8+1.7
LS 8.3x0.4 74.8%£1.4
130 LY 9.9+0.6 79.2+1.3
LS 9.5+0.4 77.6+1.6
Haryejosaeng 100 LY 7.8+0.5 77.4+1.5
LS 8.8+0.4 73.7+1.7
130 LY 7.8+0.2 79.8+1.6
LS 9.3+0.3 76.2+1.8

Values represent means+SE (n=3).
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