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Effects of pollination on the fruiting and number of seeds
in Hyuganatsu (Citrus tamurana Hort. ex Tanaka)

Yoshikazu Nakajmma, Hiroyuki OnoE, and Shozo MURATA
Laboratory of Pomology, Faculty of Agriculture

Abstrsct : Self and cross hand pollination, open pollination and spraying of 10 ppm GA
solution for the leafy flowers of Hyoganatsu (Citrus tamurana Hort, ex Tanaka) in the vinyl
house set up in the winter were conducted to investigate the behavior of pollen tubes in the. style
and ovary, the fruiting and the number of seeds in fruit. Self pollen tubes stagnated in the middle
or bottom of the styles and hardly penetrated into the ovaries at 10 days after pollination, but cross-
pollen tubes (Citrus hassaku) reached the outer and inner integment within 5 to 7 days after
pollination. A few pollen tubes open pollinated penetrated into the ovaries, whereas a many
of them eclongated in the styles. Hyiiganatsu insufficently parthenocarpic set a many seedless
fruit when the trees became vigor and their abundant leafy flowers appeared for keeping warmth
in the winter. However, the fruit set of seedless fruit self or non-pollinated were lower than that
of seedy fruit cross or open pollinated and of seedless fruit GA sprayed. As the set of seedy fruit
increased, the set and weight of seedless fruit in the same tree decreased. Therefore, the tree
not bearing seedy fruit tends to produce more and larger seedless fruit. The seedless fruit
had 24 to 40% and the seedy fruit contained 1 to 6 seeds had 38 to 57% of the fruit set under
open pollination respectively in this study. In this case, honey bees visited flowers about 40
times per 5 hours in the day, and the ratio of pollinator (Citrus band) to Hyaganatsu in
number of flowers were about 2 to 7% in the vinyl house.
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Table |. Elongation of pollen tubes self and cross pollinated

Pollinating Days after pollination
method 1 3 5
_ o Self 2.7£0.1 3.5+0.2 5.3+0.3
N M yopgation in Cross (open) 4.7:£0.3 4,80.7 6.2:£0,7
Cross (hand) 3.2%0.2 4,3%£0.3 4,8+0.8
. Self 35.3x1.6 42,7x2.0 58.8+3.1
&ﬁ;;ﬂé¥my“w“‘°swh Cross (open) 57.1+3.8 57.8+2.6 64.9+6. 6
Cross (hand) 42,2421 56,03.0 65.3£6.5
Table 2. Situation of pollen tubes in the ovaries
Days after pollination
Situation of ovary S 1 10
Cross Cross Cross Cross
Self (open) | (hand) | Self (open) | (hand) | SeIf
Non-penetration 100 75.0 22,2 100 78.6 0.0 100
Upper part of ovary 0 0.0 0.0 0 14.3 0.0 0
Placenta 0 0.0 22,2 0 0.0 0.0 0
Hairs from stylar canal 0 0.0 0.0 0 0.0 i1 0
Outer integment 0 12.5 33. 4 0 0.0 55.6 0
Inner integment 0 12.5 22.2 0 7.1 33.3 0
Ovary number | s | s 9 6 | 14 9 9

Values in the situation rank are percentages of ovary number
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self and cross pollinations.

Left: self pollen tubes in the center of the
style, right : cross pollen tubes penetrating.into
"the outer integment.

Fig. I. Behavior of pollen tubes at
various days after open polli-
nation.

Upper left : one day, upper
right: three days, bottom left:
five days, bottom right: seven
days.
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Fig. 3. Behavior of pollen tubes at seven days after
self and cross pollinations.

Left : the ovary not penetrated by self pollen

tubes, right: cross pollen tubes penetrating
into the inner integment.
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Table 3. Effect of pollinating method on the fruiting and secd content

Method frl:a";’:é number Fféftcrslé?ge of | Fruit weigle; Seed content
Non-pollination 78 23.1 141£10,7 0
Castration 148 12,2 7 167+ 8.4 0
Self pollination 196 22.4 1 177+ 8.5 0
Spraying of 10 ppm GA 182 - 44,5 141+ 7.1 0
Cross pollination 42 50.0 . 268+ 7.0 37.5+2.1
Open pollination 177 - 35.6 141% 8.9 3.7+1.0

Cheese cloth and paraffin paper bag were used to the insect protection
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Table 4. Effect of pollinating"method on the fruif quality

i

Methoq Brix index Acid éénté}lt(‘%) ‘F'rii‘it form* &?éifgséz&?l
Self pollination |, 103203 | 2.70x0.000 | i180.07 0,180,010 .
Spraying of 10 ppm GA :'gi&SiO@ » L87ibzmj{f“C.leinl " 0. 16£0:01 .
Cross pollination | . 105000 | 2mwoin | LBE00l | 0,180,001 * °
* ‘Tranéverse/léngitﬁdinal d_iaméter:. = l{’eell-tihicv_:k'nésié X'Z/transyérsé diam'é,f'tc;n of fruit.

Table 5.. Relation between the set of.;;ézrth*é/’zocaréi'c.' and. se.e:z_iyfruit

Percentage of

| ' Fruit-‘weight (g)

Method of fruit set Percentage of| .. . ”
ot - -~ = |'Seed content™ — -

pollination Seedless l Seedy S"'edY fruit | | Seedless Seedy .
Non 2.1 . aoy 0.0 | o000 ] 0T —
Open 14.1 215" | 60.3." 5.0£1.4 120+ 8.2 154+9.3
Cross 0.0 50. 1 1000 | 4422 - 268+7.0
Open, in the A R I
cross plots 1.0 15.1 94,1 19.2£2.0 87.6 144+8.0

Fig. 5.

* Average for seedy fruit.

Fig. 4.
pollinations.

Fruit characters related to various

From left to right: non pollination,
castration, self and cross pollinations.
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Set percent of seedless fruit
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Seed number in fruit

the same tree.

Relation between the set of seedless
fruit and seed content in fruit in
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Fig. 6.

A

of pollinating times.

From left to right: non pollination,
one time, two times at intervals of

L

Fruit characters related to the number

three hours, and 24 hours.
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Fig. 7. Fruit characters related to the diffe-

* Transverse. diameter (cm)
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rent application of cross pollen grains.
Left: much, right : a little.

“VSeedless protecting insect

s

-~ ) Seedless with seedy fruit

8. 26 9.27 1123

Date

10.25

Fig. 8. Seasonal changes in the development

of seedy and seedless fruit.

Table 6. Ejffect of the number of pollinating times on the seed content in fruit
Pollinating time Average Minimum ‘Maximum
0 0 0 0
1 27.2%1.6 7 38
2 atintervals of 3 hours 38.2x1.8 21 45
at intervals of 24 hours 38.1x2.1 31 47

Table 7. Effect of pollinating volume on the fruit characters
Volume Number of seeds Fruit weight Fruit form
Much 39.243.4 221.5+23.6 1.16+0.02
A little 31,242,0 237.1+11.0 1.15+0.01
Table 8. The number of flowers of Hynganatsu and Banp at open pollination
Number of flowers
Flying days of honey bees* Banos/hytiganatsu
Hytganatsu Bano
%
Apr. 16—17 2,490 50 2,01
24—25 7,150 370 5.117

* A nest box containing about 10,000 bees was transfered in the vinyl house at every flying day.
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In vinyl house

In the field
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Fig. 9.

Fig.

5.1
Date

6.1

Seasonal changes in the flowering
of leafy shoots.

10. Seedless fruit in the tree with and

without seedy fruit.

Left : produced by open pollination,

right : by insect protection.
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Table 9. The numfer of visiting times of honey
bees to the flowers (four flowers)

Apr. 16 | 27 36 40 41
25 1 27 38 41 60 41

Average 39

Photographed from 10 a.m. to 3 p.m. every
four seconds

Table 10, Effect of the number of pollinators on the fruiting

Percentage of fruit number in
The number Flower Percentage the range of seed content
o number of Seed content -
pollinators * | labelled fruit set 0 1—6 Over 10
0 285 13.4 0.0 100 0.0 0.0
2 283 18.0 4,7x1.5 23.8 56,7 10.0
5 1,202 25.3 6.7+1.7 36.5 37.9 16,1

* Bano/Hyaganatsu, see table 8.

Table 1l. Relation between the number of seeds and fruit quality

Pollination | Seed content | Fruit weight Fruiiltdgc))(rm* Rért)eee(l)f i Brix index | Acid content
thickness
Non 0 140£7.9 1.16+0.04 0.1240.004 | 10.5+0.15. 2.4+0,20
0 1208, 4 1.18+0.02 0.130.004.{ 10,40, 16 2.4£0.21
Open 1-6 135+6.5 1.17£0.03 0.15+£0.005 | 10,240, 11 2.6x0,07
Over 10 21149.7 1.13£0.02 0.14+0.004 | 10.8%0.22 2,6+0.16

* See table 4.
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