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Relationship between Seedlessness of Keraji (Citrus keraji hort. ex Tanaka) and

Female Sterility and Self - incompatibility
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Summary

We characterized the mechanism of seedlessness of Keraji (Citrus keraji hort. ex Tanaka),
cultivar grown in Kikaijima island, Kagoshima. This cultivar is a diploid (2n=18) that produces a
medium amount of fertile pollen which readily fertilizes other citrus cultivars. It is highly
parthenocarpic, setting 30-50% of unpollinated flowers. When Keraji flowers are hand-
pollinated with ‘Hassaku’ pollen, these fruits produce only 2 to 3 seeds. However, 19-20% of
these hand- pollinated flowers set seedless fruits, whereas 30-38% of open-pollinated flowers
set parthenocarpically. Self-pollinated flowers resulted in 91-93% parthenocarpic fruits; the
remaining 7-9% of the fruits had only one seed. Six days after pollination, the self- pollinated
flowers had 1.4 pollen tubes at the base of the style, a figure that is much lower than that in cross-
pollinated flowers with ‘Hassaku’ pollen (61 = 7.4). These observation demonstrated that
seedlessness of Keraji results from strong female sterility, self-incompatibility and parthe-

nocarpy.
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Introduction

Keraji (Citrus keraji hort. ex Tanaka) which is culti-
vated in Kikaijima island in Kagoshima Prefecture has
relatively small fruit with little or no seeds but excellent
flavor. Seedlessness is a very desirable characteristic in
citrus, so that several studies have been conducted to
elucidate the mechanism of seedlessness (Iwamasa,
1966; Soost and Cameron, 1969; Yamamoto et al.,
1995). Male and female sterility and self-incompati-
bility influence seedlessness in fruits derived from open
pollination; triploid individuals produce seedless fruits.

However, there is no report about the mechanism of
seedless fruit production of Keraji. This research was
conducted to determine ploidy, male and female steril-
ity/fertility, self-incompatibility/compatibility, and par-
thenocarpic ability of this cultivar.

Materials and Methods

All trees were grafted on trifoliate orange (Poncirus
trifoliata Raf) and grown in the Toso orchard, Faculty of
Agriculture, Kagoshima University.

In late April 1999, 100 flowers of ‘Kawano natsu-
daidai’ (C. natsudaidai Hayata) were hand- pollinated
with pollen of Keraji. The flowers were emasculated and
enclosed in bags to prevent open pollination. All hand-
and 50 open- pollinated fruits were sampled at random
in December 1999, and their weight and seed numbers
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recorded.

Pollination experiments, using Keraji as a seed parent,
were conducted in late April 1999 and early May 2000.
The three treatments were: pollinated with ‘Hassaku’ (C.
hassaku hort. ex Tanaka) pollen, self-pollinated, and
unpollinated. In both years, 100 flowers on each treat-
ment were emasculated and enclosed in bags, but only
50 flowers were pollinated with pollen of ‘Hassaku’ in
1999. All treated fruits and 50 open-pollinated fruits
were sampled at random in November 1999 and 2000,
and their weight and seed numbers recorded. The seeds
from 100 open-pollinated fruits of Keraji were also
counted in November 1998.

Pollen tube growth in the pistils of self-and cross
(‘Hassaku’)- pollinated Keraji flower was examined on
May 2000. Six days after pollination, 10 flowers were
collected and fixed in methanol - acetic acid (3:1, V/V).
Squash preparation of pistils were stained with decol-
orized anilin blue (Martin, 1958) for fluorescence
MmiCroscopy.

Keraji chromosomes from root tips of open-polli-
nated seedlings were stained with 2% Giemsa solution
(Merck Co.) and observed as described by Yamamoto et
al. (1999).

The pollen fertility and the number of embryos of
Keraji were determined according to Ueno (1986) and
Okudai et al. (1981), respectively.

Results and Discussion

The number of seeds per fruit and the percentage of
seedless fruits for open- pollinated flowers of Keraji in
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1998 to 2000 were consistently 1.6-1.9, and 30.0-38.0
%, respectively (Table 1). Chromosome counts con-
firmed that Keraji was diploid (2n=18) (Fig. 1). Those
results indicate that seedlessness of Keraji is caused by
the sterility of reproductive organs and/or incompat-
ibility at the diploid level. However, Keraji is not male
sterile as it produces a medium yield of fertile pollen
(Table 2); ‘Kawano natsudaidai’ fruits produced 29.5
seeds on an average after pollination with Keraji versus
24.2 seeds per fruit for fruits resulting from open-
pollinated flowers (Table 3). Furthermore, fruits ob-
tained from Keraji- pollinated flowers were larger than
those from open - pollinated flowers (Table 3).

In 1999, Keraji fruits resulting from pollination with
‘Hassaku’ pollen contained 2.6 seeds per fruit (Table 4),
whereas self- pollinated fruits contained only 0.1 seed
per fruit; thus, 93.1% of these fruits were seedless.
Although 30% of unpollinated flowers set, those fruits
were relatively smaller than the pollinated ones. Similar
results were obtained in 2000. As many as 61 pollen
tubes were observed at the base of the style six days
after cross pollination, while only 1.4 pollen tubes were
present at the base of the styles in self-pollinated ones
(Table 5).

Since Keraji and ‘Hassaku’ are cross-compatible

Fig. 1. Keraji chromosomes at metaphase plate (2n=18).

(Table 5), the low seed number of Keraji crossed with
Hassaku, demonstrate female sterility of Keraji. Because
female sterility/fertility which is directly related to
seediness (Yamamoto et al., 1995), female sterility of
Keraji is almost as strong as those of Satsuma mandarin
(C. unshiu Marc.) and Navel orange (C. sinensis (L.)
Osb.). The latter cultivars are considered to be female

Table 1. Number of seeds per fruit and percentage of seedless
fruits in open - pollinated Keraji fruits.

¥ Number of Number of  Percentage of
ear

fruits observed seeds per fruit  seedless fruits
1998 100 1.7 £ 0.19 32.0
1999 50 1.9+0.28 30.0
2000 50 1.6 £ 0.29 38.0

Table 2. Pollen yield and fertility of Keraji.

Year Pollen yield” Pollen fertitity”
(%)

1999 Medium 73.8

2000 Medium 70.0

’A standard cultivar giving medium pollen yield is Miyauchi
iyokan.

YPollen fertility was determined by an acetocarmin method
accrding to Ueno (1986).

Table 3. Number of seeds per fruit and fruit weight of
‘Kawano natsudaidai’ fruit pollinated with Keraji or
open - pollinated (1999).

Number Number  Number Fruit
Pollen parent  of flowers of of seeds weight
pollinated fruitsset  per fruit (g)

295+ 1.06 412 =84
242 %061 37779

Keraji 100 34
Open - pollinated - 50

Table 4. Pollen source effects on number of seeds per fruit, percentage of seedless fruits and fruit weight of Keraji.

Pollen parent Number of flowers ~ Number of Number of seeds  Percentage of Fruit weight

or treatment pollinated fruits set per fruit seedless fruits (g)
1999

Hassaku 50 39 2.6 £0.38 20.5 78 £ 4.2

Self- pollinated 100 29 0.1 +£0.13 93.1 69+ 2.1

Unpollinated 100 30 0 100 5725

Open - pollinated - 50 1.9+0.28 30.0 82* 15
2000

Hassaku 100 73 22%022 19.2 69+t15

Self- pollinated 100 45 0.1 £0.04 91.1 57 £ 1.7

Unpollinated 100 50 0 100 55+ 1.7

Open - pollinated - 50 1.6 £ 0.29 38.0 62+ 1.7
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Table 5. Number of pollen tubes observed in the style of
Keraji six days after pollination (2000).

Pollen parent Number of pollen tubes

or Top of Middle of Base of

treatment the style the style the style
Self- pollinated 294+ 6.5 4.6+ 4.6 14+ 14
Hassaku >100 >100 610+ 74

sterile and usually produce seedless fruits (Nishiura and
Iwasaki, 1963; Yamamoto et al., 1995).

The production of seedless fruits and inhibition of
pollen tube growth after self-pollination demonstrated
self- incompatibility in Keraji. Self-incompatibility im-
pedes seed formation (Yamamoto et al., 1995); several
cultivars grown in single plantings produce seedless fruit
because of self-incompatibility (Soost, 1964; Iwamasa
and Oba, 1980; Li, 1980). However, mixed cultivation
of self-incompatible cultivars with male fertile ones
yield seedy fruits unless they exhibit female sterility. In
this study, Keraji trees, surrounded by various male
fertile cultivars, formed mostly seedless fruits (Table 1).
These results confirm that Keraji is female sterile and
self-incompatible, and therefore produce seedless or
fruits with few seeds even if mix-planted with male
fertile cultivars.

Keraji usually sets parthenocarpically, e. g., the per-
centage of fruit set on unpollinated flowers was rela-
tively high in both years. However, unpollinated fruits
were smaller than pollinated ones. Since the average
fruit size of Keraji is smaller than those of many other
commercial cultivars, the reduction in size of seedless
fruit may be a disadvantage in the market.

This study reveals that seedless Keraji results because
it is inherently strong female sterile, self-incompatible,
and it sets parthenocarpic fruits. Self- incompatibility in
Citrus is ruled by a gametophytic S-gene (Soost, 1969)
so that female sterility and parthenocarpy are heritable
traits (Sykes, 1998; Vardi et al., 2000; Yamamoto et al.,
2001). Thus, we think that Keraji has value as a parent
in the breeding of new seedless cultivars. It is sometimes
difficult to obtain many hybrids from sterile parents
(Nishiura and Iwasaki, 1963). Keraji is not suitable as a
seed parent because of its female sterility and high
embryo count (15.9*1.12) which probably impedes
production of hybrids. However, it is a good pollen
parent to conduct seedless breeding because it produces
sufficient fertile pollen.
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