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Summary

‘Hyuganatsu’ (Citrus tamurana hort. ex. Tanaka) is a species that plays a key role in citrus industry in
the Izu region of Shizuoka prefecture. Since ‘Hyuganatsu’ has self-incompatibility and poor
parthenocarpy, and hand pollination or mixed planting of pollinated trees are required for fruit setting. But
their fruits contain many seeds that need to be removed when eating. In order to meet the demand of
consumers for easy-to-eat, it is desired to introduce and spread new seedless varieties. ‘Koyama New
Summer’ , a bud mutation of ‘Hyuganatsu’ discovered in Kawazu-cho, Kamo-gun, Shizuoka Prefecture,
is a newer species with fewer seeds and more seedless fruits. In this study, we researched the factors for

produce seedless fruits and how to stable fruit production.

1. Characteristics of Pollination and Fruit Set of ‘Hyuganatsu’ Bud Mutation ‘Koyama New Summer’
‘Koyama New Summer’ is a bud mutation of ‘Hyuganatsu’ (Citrus tamurana hort. ex. Tanaka),
which has the characteristic of producing more seedless fruits than ‘Hyuganatsu’. We examined the cause
of seedlessnessin  ‘Koyama New Summer’ . In the self-pollination process of ‘Koyama New Summer’
and ‘Hyuganatsu’ , the pollen tube elongation stopped in the upper part of the style, and there was no
significant difference between the two. This indicates that ‘Koyama New Summer’ has
self-incompatibility like ‘Hyuganatsu’ . The fruit setting rate after physiological fruit drop of ‘Koyama
New Summer’ under the non-pollen condition was 60.8%, being higher thanin ‘Nishiuchi Konatsu’ ,
‘Muroto Konatsu’ ,and ‘Hyuganatsu’ . This indicates that ‘Koyama New Summer’ has highly
parthenocarpic traits compared with ~ ‘Nishiuchi Konatsu’ , ‘Muroto Konatsu’ ,and ‘Hyuganatsu’ .
In addition, parthenocarpy in ‘Koyama New Summer’ gives rise to autonomic parthenocarpic traits
because it was induced under non-pollen and non-agent-administered conditions. In conclusion, after
examining the causes of seedlessness in  ‘Koyama New Summer’ , it was determined that it exhibits not

only self-incompatibility but also highly autonomic parthenocarpic traits.

2. Fruit Setting and Quality of ‘Koyama New Summer’ Covered with Cheesecloth during the Flowering

Period

‘Koyama New Summer’ is a bud mutation of ‘Hyuganatsu’ (Citrus tamurana hort. ex Tanaka),

which has highly parthenocarpic traits compared with ‘Hyuganatsu’ . We investigated fruit setting and
quality of ‘Koyama New Summer’ and ‘Hyuganatsu’ that had been covered with cheesecloth during
the flowering period. The number of ‘Koyama New Summer’ fruits harvested per area occupied by tree
crowns was larger than that for ‘Hyuganatsu’ . It was considered that the factor determining the larger
number of fruits in  ‘Koyama New Summer’ was the fact that there were more leafless fruits than in

‘Hyuganatsu’ . It was considered that ‘Koyama New Summer’ is capable of achieving sufficient fruit
setting through parthenocarpic traits alone. In addition, the pulp ratio per fruit of ‘Koyama New Summer’
was larger than that of ‘Hyuganatsu’ , and in the case of peeling by hand, its edible portion is larger than

‘Hyuganatsu’. Using decision tree analysis to clarify factors determining the high fruit quality (defined as
fruits with a large diameter, high Brix, and low acidity), the results showed that height above the ground
should be >142.5 cm, the fruiting mother shoot length should be >12.25 cm, and the number of leaves on the
fruit-bearing shoot should be >0.5. The results indicate the importance of maintaining an optimal sunlight

environment and strong tree vigor for producing high-quality fruits of ‘Koyama New Summer’ .

3. Possibility of Seedless ‘Koyama New Summer’ Fruit Production by Fruit Thinning under Natural
Pollination Conditions

34



‘Koyama New Summer’ is a bud mutation of ‘Hyuganatsu’ (Citrus tamurana hort. ex. Tanaka). We
examined the possibility of using fruit thinning to increase the production of seedless ‘Koyama New
Summer’ fruit under natural pollination conditions. We found that 40% of the fruit produced in the field
were seedless under natural pollination conditions. Examination of the relationship between seed number
and fruit quality showed that fruit with more seeds were larger in size, had a lower Brix value, and had
thicker peel. Furthermore, many of the fruit with a prominently nippled on the apex contained seeds.
Consequently, we considered that the transverse diameter of the fruit and the presence of a prominently
nippled on the apex could be used as indices for fruit thinning to increase seedless fruit production. We
estimated the number of seeds and seedless fruit ratio in the harvested fruit by these two indices of fruit
thinning. There was high seedless fruit ratio in the harvested fruit when fruit thinning was undertaken in
July by using the prominently nippled on the apex of the fruit compared with no fruit thinning. It was
considered that the prominently nippled on the apex of the fruit is easier to use as an index of fruit thinning
than the transverse diameter of the fruit which have to decide the criterion for annual fruit thinning. In
conclusion, we recommend that fruit thinning is performed in July using the prominently nippled on the

apex as an index to remove a part of seeded fruit and to increase seedless fruit production.
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