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This study was carried out to develop new varieties which are dwarf and tolerant to winter cold in the Aurantioideae by
intergeneric crossing. To do that, the reciprocal crosses of Hwanggeumyooza and trifoliate orange, yooza and trifoliate
orange were done and in vitro immature ovule culture of their hybrid was carried out. The callus formation from immature
ovule was good in order of Hwanggeumyooza, Hwanggeumyooza X trifoliate orange, yooza, and trifoliate orange and
best at 1 to 3 mg/L NAA + 0.5 mg/L zeatin on MT medium. In vitro germination percentages of 20 week old hybrid of
Hwanggeumyooza X trifoliate orange and trifoliate orange X Hwanggeumyooza were 41.3% and 37.7, respectively. The

phenotype of hybrid (95%) of Hwanggeumyooza X trifoliate orange and that (100%) of trifoliate orange X
Hwanggeumyooza were similar to that of trifoliate orange. After Hwanggeumyooza was pollinated by pollens of trifoliate
orange, the pollen tubes grew on stigma after 3 h of pollination and entered into micropyle after about 24~28 h. One gamete
in pollen was fused with polar nuclei after 2 days and other one fused with egg nucleus at 3 days after pollination. The fruit
set percentage by intergeneric crossing was 14.0% in Hwanggeumyooza X trifoliate orange and 17.5% in trifoliate orange
X Hwanggeumyooza. The fruit set percentages of Hwanggeumyooza and trifoliate orange were 342% and 39.5% by
artificial self-fertilization, 34.2% and 39.5% by artificial cross fertilization, 3.1% and 1.4% by parthenocarpy, and 13.0% and
3.0% by natural fertilization, respectively. The somatic and gametic chromosome numbers of Hwanggeumyooza, yooza,
and trifoliate orange were 2n=18 and n=9.
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Table 1. Effect of 24-D in Murashige and Tucker's medium on
callus induction from immature ovule of Hwanggeumyooza, trifoliate
orange, and F1 (Hwanggeumyooza X trifoliate orange).?

After 24-D Hwanggeum trifoliate  Hwanggeum
pollination (mg/L) yooza orange  yooza X
(week) trifoliate
orange
6 00 + + +
01 ++ + +
05 ++ ++ ++
10 ++ + ++
20 + + +
9 00 + + +
01 et ++ ++
05 +++ HEE
10 ++ 4+ ot
20 + + +
1 00 ++ + ++
01 +++ 4 ++
05 +H+ ++t +++
10 et bt
20 o+ ++ ++
15 0.0 + - +
0.1 ++ + ++
05 ++ ++ +++
1.0 +++ ++ +++
20 + + ++
15b 0.0 -(0) -{0) (0)
0.l -(0) -0 (0
05 -0 -(0) +(0)
10 -(0) -(0) ++
20 -{0) -(0) +
aCallus formation (radius); - : none, +: ~1lmm, ++: 1~3 mm,

+++: 3~5 mm, ++++: above 5 mm.
bAfter taking out ovule and sterile, (0): plantlet from ovule.
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Table 2. Effect of plant growth regulators in Murashige and
Tucker's medium on callus induction from immature ovule of yooza,

Table 3. In vitro germination percentage of intergeneric hybrid of
Hwanggeumyooza (HY) and trifoliate orange (TO) by reciprocal

trifoliate orange, and F1 (yooza X trifoliate orange).

Cross.

Plant regulator Citrus junos Poncirus Citrus junos X Year Cross combination No. of seed  No. of seed  germination
(mg/L) trifoliata Poncirus trifoliata germinated percentage

NAA (01 ++ + + 1993 HY x TO 70 29 414
0.1 +++ + +

10 ++(0) + + 194 HY x TO 80 3 413

20 ++ + + TO x HY 50 18 360

1995 TO x HY 56 2 303
Zeatin (101 +4 + +

0.1 +++ + + Total HY x TO 150 62 413

10 +4+4 + +4 TO x HY 106 40 373
a0 +++ + ++

HY 120 79 6.8

NAA 05 + Zeatin 05 +++ + ++ TO? 132 83 66.7
NAA 0D + Zeatin 1.0 +++ ++ ++

aField test after burying underground.

NAA LU + Zeatin 05 ++++ ++ ++
NAA 1Ot Zeatin 10 ++ + +
NAA 30 + Zeatin 05 ++++(0) ++ ++
NAA 30 + Zeatin 1O ++ + +
24-1D 05 + Zeatin 05 + + +
21D 05+ Zeatin 10 + ++ ++
24D 05 +(0) + +(0)
24D L0 +(0) ++ +

aCallus formation ; +: 10~20%, ++: 21~30%, +++: 31~40%,
++++: above 41%, (). Plantlet formation from ovule.

Figure 1. A, B. Embryo culture of hybrid of Hwanggeumyooza X
trifoliate orange
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Figure 2. A: Fi(Hwanggeumyooza X trifoliate orange); B:
Fi(trifoliate orange X Hwanggeumyooza).
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Figure 3. Growing pollen tube Trifoliate orange on stigma of Hwanggeumyooza at 4 hours after pollination.
Figure 4. Entering of pollen tube into synergid at 3 h after pollination.

Figure 5. Entering of sperm nucleus into polar nuclei at 48 h after pollination.

Figure 6. Entering of sperm nucleus into egg cell at 3 days after pollination.

Table 4. The fruit set percentage of HwanggeumYooza (HY) and Table 5. The fruit set percentage of Hwanggeumyooza (HY) and
rifoliate orange (TO) by intergeneric crossing. trifoliate orange ('TO) by self- and cross-pollination ("94).
Year (ross combination No. of No. of Fruit set Pollination Species No. of No. of Fruit set
flowers fruits set percentage flowers fruits set percentage
pollinated pollinated
199 HY x TO £5) 20 211 Self HY 2 10 454
TO x HY 0 12 200 TO 2 8 276
1993 HY x TO B¢/ 48 122 Cross HY R 13 2
TO x HY 43 6 140 TO R'S] 15 395
Total 1Y x TO 47 63 14.0 None HY 4 2 31
TO x HY 103 18 175 TO 70 1 14
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Figure 7. Mature embryo
at 20 days after pollination.
Figure 8. Meiotic metaphase
(n=9) of yooza (A),
HwanggeumYooza (B), and
Trifoliate orange (C) at
about 15 days before
_ flowering.

Figure 9. Mitotic metaphase
(20=18) of yooza (A),
Hwanggeumyooza (B), and
Trifoliate orange (C).
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