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ABSTRACT

The study was conducted to investigate the effect of soil moisture and
flower or fruit thinning on fruit splitting of 'Kanpei’ [((C unshiu x C sinensis) x C
sinensis)) x ((C. unshiu x C sinensis) x C reticulata)] mandarin hybrid cultivated in the
plastic film house in Jeju, from 2010 to 2012. The occurrence of accumulative
fruit splitting were 5.0%, 9.0%, and 12.9% at the different soil moisture levels
with 50 ~60%(sufficient), 30~40%(normal), and below 20~ 30%(insufficient)
based on volumetric water content (VWC), respectively and fruit splitting
decreased with the increase of soil moisture level. As VWC declined, fruit
shape index based on the ratio of diameter to length increased, which
resulted in higher fruit splitting. There were no significant differences in fruit
growth and quality except fruit weight at harvesting time among the soil
water treatments. Treatments flower- or fruit-thinned in late May (flower
thinning), late June, late July, and late August and not fruit-thinned resulted
in 32%, 1.1%, 3.0%, 7.5%, and 19.29 of accumulative fruit splitting,
respectively and fruit splitting was lower as flower or fruit thinning time
earlier. Fruit splitting decreased and peel was thicker as flower or fruit
thinning was earlier. The highest rate of fruit growth was obtained from the
treatment flower-thinned in late May and fruit growth rate was similar from
the treatments fruit-thinned in late June, late July, and late August and was
lowest in non-fruit thinning. As flower or fruit thinning time was earlier,
fruit diameter, length, and weight was higher, but soluble solids and acidity
were similar from the treatments of flower or fruit thinning time except for
non-thinning. Lower fruiting load by fruit thinning resulted in lower fruit
splitting and peak time and accumulative fruit splitting rate varied depending
on the year. Above all, the situation with dryness from late July to early
August and heavy rainfall thereafter promoted fruit splitting. To reduce the
fruit splitting and alternative bearing, fruiting load with the ratio of leaf to

fruit at 120:1 or less was desirable.
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cultivation of 'Kanpei’ mandarin hybrid in Jeju, 2010.
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Fig. 2. Occurrence of fruit splitting at different soil moisture levels in the
plastic film house -cultivation of 'Kanpei’ mandarin hybrid in Jeju, 2010.
Lower case letters on bar graphs indicate mean separation by Duncan’s
multiple range test at 5% level in each date and no any letter

non-significance.
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Table 1. Accumulative fruit splitting affected by different soil moisture levels

in the plastic film house cultivation of 'Kanpei’ mandarin hybrid in Jeju, 2010.

Accumulative

- - splitted fruits Reduction Regression
Volumetric soil water content p?rc)ent percent (%) equation
%
50~60% (sufficient) 50 + 3.08a" 79
y=-0.25333x+
30~40% (normal) 9.0 + 1.57ab 3.9 129.66667**
R"=0.7631

Below 20~30% (insufficient) 129 £ 320 b -

“ Mean * standard deviation.
Percentage of splitted fruit of insufficient — (Suf fieient or Normal)
Percentage of splitted fruit of innsuf ficient

Y Reducion ef fect = <100

* Means followed by the same letter are not significantly using Duncan’s multiple range test at
5% level.
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Fig. 4. Changes of daily fruit shape index at different soil moisture levels in
the plastic film house cultivation of 'Kanpei’ mandarin hybrid in Jeju, 2010.
Lower case letters on line graphs indicate mean separation by Duncan’s
multiple range test at 5% level in each date and no any letter

non-significance.

Table 2. Quality characteristics of fruits obtained at harvesting time” after
treatments with different soil moisture levels in the plastic film house

cultivation of 'Kanpeil’ mandarin hybrid in Jeju, 2010.

Volumetric soil water Width Length Weight Soluble solids Acidity Peel color

content (mm)  (mm) (9 (°Brix) (%) (a value®)
50~60% (sufficient) 87.0 612 24223 14.9b 1.00 26.4b
30~40% (normal) 86.8 622 246.7a 15.5a 1.08 28.6a
Below 20~30% (insufficient) 78,5  62.7 201.7b 15.3a 1.16 25.3b
Significance ns ns * ns ns *

* Harvested on Feb. 14, 2011.
¥ This is the measurement value by the spectrophotometer (CR-700, Minolta, Japan).

* Means followed by the same letter are not significantly using Duncan’s multiple range test at
5% level.
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Fig. 5. Effect of flower or fruit thinning time on fruit splitting during fruit

development in the plastic film house cultivation of 'Kanpei’ mandarin hybrid

in Jeju, 2011. Lower case letters on bar graphs indicate mean separation by

Duncan’s multiple range test at 5% level in each date and no any letter

non-significance.

Table 3. Effect of flower or fruit thinning time on the accumulative fruit

splitting and SPAD of current year and the flower to leaf ratio of following

year in the plastic film house cultivation of 'Kanpei’ mandarin hybrid in Jeju,

2011.

Ui finning | AGUalve solled | gpupr | Flonerlolea raton
Late May” 32 a* 719 a 1.06 a

Late Jun. 1.1 a 704 ab 0.33 ab
Late Jul. 30 a 696 b 045 ab
Late Aug. 75 a 66.0 c 008 b
Non-thinning 192 b 640 ¢ 012 b

* Flower thinning was performed.
Y Measured by Chlorophyll meter 502 (Minolta, Japan) in the mid-Nov.
* Means followed by the same letter are not significantly using Duncan’s multiple range test at

5% level
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Fig. 6. Effect of flower or fruit thinning time on fruit rind thickness during
fruit development in the plastic film house cultivation of 'Kanpeil’ mandarin
hybrid in Jeju, 2011. Lower case letters on bar graphs indicate mean
separation by Duncan’s multiple range test at 5% level in each date and no
any letter non—significance.
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Fig. 7. Seasonal changes of fruit size affected by flower or fruit thinning time
in the plastic film house cultivation of 'Kanpei’ mandarin hybrid in Jeju, 2011.
Lower case letters on line graphs indicate mean separation by Duncan’s
multiple range test at 5% level in each date and no any letter
non-significance.
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Fig. 8. Seasonal changes of soluble solids content and acidity affected by
flower or fruit thinning time in the plastic film house cultivation of 'Kanpei’
mandarin hybrid in Jeju, 2011. Lower case letters on line graphs indicate
mean separation by Duncan’s multiple range test at 5% level in each date

and no any letter non-significance.
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Table 4. Quality characteristics of fruits obtained at harvesting time” after
treatments with different flower or fruit thinning times in the plastic film

house cultivation of 'Kanpei’ mandarin hybrid in Jeju, 2011.

Flower or fruit| Width Length  Weight Soluble solids Acidity ~ Peel color
thinning time |~ (mm) (mm) (), ("Brix) (%) (a value)
Late May’ | 924 a* 646 a 2738 a 119 b 0.82 349
Late Jun. | 766 ab 593 ab 220.1 b 11.6 ab 0.93 355
Late Jul. 829 b 61.0ab 2224 b 11.7 ab 0.93 34.2
Late Aug. | 756 b 560 b 1752 ¢ 12.7 ab 0.92 352
Non-thinning | 739 b 562 b 1656 ¢ 134 a 1.01 34.8
Significance * * * * ns ns

* Harvested on Jan. 9, 2012.

Y Flower thinning was performed.

* Means followed by the same letter are not significantly using Duncan’s multiple range test at
5% level
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Fig. 9. Occurrence of fruit splitting during fruit development resulted from
different fruit thinning levels based on leaf to fruit ratio in the plastic film
house cultivation of 'Kanpei’ mandarin hybrid in Jeju, 2010-2012. Lower case
letters on bar graphs indicate mean separation by Duncan’s multiple range
test at 5% level in each date and no any letter non-significance.
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m2010| 395 | 1875 | 770 | 991 | 536 | 3385 | 1116 | 185 | 327 | 270 1.0 97.0
m2011)| 0986 10 308 | 1405 | 278 | 781 | BDO | 125 | 197 0.0 64.0 7.0
®2012| 790 | 595 55 321 | 1080 | 7866 | 846 | 1085 | 0.1 00 00 33.5

Fig. 10. Amount of rainfall during the period of fruit development for three
yvears from 2010 to 2012 gathered at the nearest weather station, located at

Seogwipo city, to the experimental fields.
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Table 5. Effect of fruit thinning level based on leaf to fruit ratio on
accumulative fruit splitting in the plastic film house cultivation of 'Kanpei’
mandarin hybrid in Jeju, 2010-2012.

Leaf to fruit Accumulative splitted fruit percent (%)
ratio for fruit
thinning 2010 2011 2012

150:1 7.3+354 &’ 1.5+093 a 12.8+3.08 a
120:1 7.2+349 a 40+236 b 16.5+0.88 a
100:1 - - 19.9+1.09 a
80:1 10.5+028 a 89+0.88 b 209+1.30 ab

Non-thinning 343371 b 19.3£8.53 b 289+108 b

* Values indicate meantstandard deviation (n=3).
Y Means followed by the same letter are not significantly using Duncan’s multiple range test at

5% level.
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Fig. 11. Seasonal change of fruit size affected by different fruit thinning
levels based on leaf to fruit ratio in the plastic film house cultivation of
'Kanpei’ mandarin hybrid in Jeju, 2010-2012. Lower case letters on line
graphs indicate mean separation by Duncan’s multiple range test at 5% level

in each date and no any letter non-significance.
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Table 6. Effect of fruit thinning conducted in late Jul. and late Aug. on the
base of leaf to fruit ratio on fruit quality at harvesting time” in the plastic

film house cultivation of 'Kanpei’ mandarin hybrid in Jeju, 2010-2012.

Leaf to fruit  Soluble solids content (°Brix) Acidity (%)
ratio for fruit
thinning 2010 2011 2012 2010 2011 2012
150:1 137 b’ 13.3 12.2 093 a 0.99 2.13
120:1 154 a 12.3 12.6 115 ab 0.86 1.96
100:1 - - 12.5 - - 2.20
80:1 142 b 12.9 12.3 090 a 1.07 1.97
Non-thinning 156 a 13.6 12.1 121 b 0.91 2.00
Significance * ns ns * ns ns

* Harvested on Feb. 14, 2011 for 2010, Jan. 9, 2012 for 2011, and Nov. 1, 2012 for 2012,
respectively.

¥ Means followed by the same letter are not significantly using Duncan’s multiple range test at
5% level
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