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Summary

The present investigation deals with the effect of pollination on formation of

mature seeds on excised placenta cultivated i,n ui,tro.

Artificial pollination was performed by the two following methods : ( i ) pollen

grains were dusted directly onto the ovules with a placenta (placental pollination) ;

( i i )  styles were excised aseptical ly, cut into about 7 to 10 mm in length after

applying pollen grains onto the stigma, and then were inoculated on or around

ovules with a placenta (stylar pol l ination).

Placental pollination. In self- and cross-pollination of the clone W166H, 3. 1 and

2. 9 mature seeds per ovary were obtained, respectively. The mature seeds which

were detached from the placenta were sown on a fresh medium containing agar

alone, and then some of them germinated.

Germinating pollen grains were observed on both self- and cross-pollination explants

of the clone K146BH, but neither of the combinations produced mature seeds.

Stylar pollination. A number of mature seeds were obtained by self- and cross-

pollination of clone W166H, that is, 12.2 seeds per oYary in self-pollination and

11.5 seeds in cross-pol l ination, respectively, were obtained. About one-fourth of

these seeds germinated.

In self- and cross-pollination of clone K146BH, 5.2 and 5.9 mature seeds per ovary

were obtained, respectively. Some of these seeds which detached from the placenta

were germinated normally on a fresh medium containing agar only.

It was concluded that the number of mature seeds per ovary depends upon the

technique of pollination, that is, stylar pollination was substantially more successful

than the placental pollination.

Introduction

The overcoming of self- and cross-incom-
patibility has been undertaken by seYeral
workers(1, 4,6,LL,12,13) since the technique of
test-tube fertilization was developed by Kanta
et al (1962). Some of these studies have been
proved to be successful in several species.

It has been reported in the previous paper(6)

that self-incompatibility of Petunia hybrida
canbe overcome by test-tube fertil ization.
However, the number of seeds formed after

fertil ization in uitro was relatively small and

very variable. This appeared to be caused by
various factors, for instance, the technique of
pollen application and the composition of
nutrient medium on the development of

fertil ized ovules. Appro- priate composition

for the nutrient medium has been investigated

through ovary and ovule culture of this

species (7, 8,  9) .
The inhibition of pollen tube growth due

to the self-incompatibility of P. hybrida,

regularly occurs when pollen tubes elongate

about 15 to 18mm in length(3).  Hisuchi
(1969) reported that, when excised styles of

the clone W166H of. P. hybrida were in uitro

self- and cross-pollinated and were cultured

on a certain medium, many pollen tubes were

observed at the cut end of styles(3). The

author modified his technique and employed it

as a mean of pollen application for the test-

tube fertil ization. This paper describes an

attempt at obtaining viable seeds and for

overcoming self-incompatibility by a refinedReceived for publication June 16, 1975
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technique, "stylar pollination".

Mater ials and Methods

The two seif-incompatible clones of. Petunia
hybrida, W166H (Sr, Sr), K146BH (S., Sr)
grown in a phytotoron at 23-+7oC, were used
for the experiments.

The ovary was excised from the flower one
day before anthesis. The ovary wall was cut
off with a sterile tweezers after being surface-
sterilized with 10 /s hypochlorite for 10 minutes.
After the bare ovary was vertically cut into
halves, the two pieces were placed into the
same flask containing the culture medium.

Artificial pollination was performed by the
fol lowing two methods: ( i )  pol len grains
were dusted directly onto the ovules with a
placenta (placental pollination) ; ( ii ) styles
were excised aseptically, cut to about 7 to 70
mm in length after applying pollen grains onto
the stigma, and then were inoculated on or
a round the ovules with a placenta (stylar
pollination).

Aseptic pollen grains were obtained by
techniques similar to those described in the
previous paper(6). Aseptic styles were obtained
as follows : flower buds, one day before an-
thesis, were surface-sterilized by swabbing
with a bsorbent cotton containing 70 o/6 ethyl-
alcohol and then the style was excised with a
tweezers.

The culture medium was prepared as shown
in the preceeding paper(9). The flasks were
kept in the culture room of about 25oC under
diffuse light for 30 days. The mature seeds
thus obtained were then detached from the
placenta and were sown on a fresh medium
containing 0.5 % agar alone. Normal seedlings
with two cotyledons and roots were counted
after 10 days of culture.

Results

I. Placental pollination
( 1) c lone W166H.
Pollen grains of both the clone W166H and

the clone K146BH were dusted directly onto
the ovules of W 166 H. Three days after
self- and cross-pollination, 2to5 ovules began
to enlarge, and at the 10 th day these
ovules were clearly distinguishable from the
atrophied ovules. Post-heart embryo and

massive endosperm were shorvn in sectioned
preparations of such ovules on the 15 th day
after pollination (Fig. 1). This suggests that
double fertil ization in uitro takes place. Thirty
one mature seeds in self- and 23 in cross-
pollination were yielded on the 30 th day after
pollination. Of these seeds 19 in self- and 13
seeds in cross-pollination germinated normally
on a medium containing agar only, and normal
seedlings with t*'o cotyledons and roots were
obtained (Table 1).

(2 )  c lone K146BH.
Pollen grains of K146BH and W166H,

respectively, were dusted directly onto the
K146BH ovules. Germinating pollen grains
were observed on both self- and cross-pol-
linated explants, but neither of the combina-
tions produced mature seeds.

U. Stylar pollination
It was investigated in the preliminary experi-

ment whether or not polien tubes grow suffi.-
ciently in self- and cross-pollination of the
clone W166H and the clone K146BH. Many
poilon tubes were observed at the cut end of
each style in self- and cross-pollination of the
clone W166H and in cross-pollination of the
K146BH, but not in self-pollination of the
K146BH. Therefore, styles of the clone W166H
were used in self-pollination of the K146BH.
In such a combinatioa, many pollen tubes were
observed at the cut end of those styles.

(  1) c lone W166H.
Self- and cross-pollination were made by

the use of an in aitro cultured style. A style
w-as used for one placenta. The K146BH
pollen grains were used to perform cross-

Table 1. Effect of placental pollination on iz

seed setting for clone Wl66H.

Number of pollinated ovaries**
Number of ovaries with

mature seeds

Mean number of seeds per
ovary with mature seids

Total-number of germinated
seeds

Mean number of seedlings per
ovary with mature seeds

* The K146BH pollen grains were used.
** The bare ovary was vertically cut into halves, and the

two sections were placed onto the culture medium.
The two sections were counted as one ovarv,

J .  I
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Table 2. Effect of stylar pollinatin on iz ttitro seed setting for clone W166H and clone K146BH'

ClOneヽ V166H c10ne K146BH

Self-polli nati on Self-pollination

Number of pollinated ovaries+t+

Number of ovaries with mature seeds

Mean number of seeds per ovary with mature seeds

Total number of germinated seeds

Mean number of seedlings per ovary with mature seeds

* KI46BH pollen grains were used.
**  Wl66H pol len grains were used.

{<'*'ft The bare ovary was vertically cut into halves, and the

two sect ions were counted as one ovary.

pollination. After inoculation, many pollen

tubes were observed at the cut ends of style in

both self- and cross-pollination and then were

spread onto the ovule surfaces (Fig' 2). Within

10 days many milky-colored enlarged ovules

were observed (Fig. 3), and after 30 days the

black mature seeds were obtained by self- and

cross-pollination. About one-fourth of the seeds

obtained germinated on a medium containing

agar alone when detached from the placenta

(F ig .  a ) .
(2 )  c lone K146BH.
Styles of the clone W166H were used in

self-pollination of the K 146 BH. By such a

combination pollen tube gror,vth was promoted

and many pollen tubes were observed at the

cut end of styles. However, several ovules

which are only present in the vicinity of the

cut end of style developed. The number of

mature seeds was, therefore, not so many as

that of seeds obtained in the self-pollination

of the clone W166H (Table 2).

In the stylar cross-pollination of the K146BH,

the development of fertil ized ovules wassi milar

to that of the W166H. ' Two days after

culture, pollen tubes were visible at the cut

end of the style. The ovules which were likely

to be fertil ized began to enlarge on the

placenta and thus were clearly distinguishable

from the unfertil ized ones. About 6 seeds

per ovary grew until maturity (Table 2). They

germinated immediately when sown on a

fresh medium containing agar alone-

Discussion

To attain a good result in the test-tube

fertil ization, both pollen germination and

developrnent of ovules should be taken place

two sections were placed onto the culture medium. The

successfully on the identical medium. However,
polleng ermination of. P. hybrida is relatively

poor on the nutrient media which facilitate

the ovules(6). In the present experiment,

pollen germination and pollen tube growth

were found to be possible by the use of stylar

poilination techniques on the same nutriert

medium that ovules develoP.
Two pollination techniques, stylar pollination

and placental pollination, were employed' The

former is a more useful technique for obtaining

mature seeds than the latter. The latter has

been applied by Rangaswamy and Shivanna

(1967), and they succeeded in overcoming the

self-incompatibility of Petunia arillaris(I0,

11). According to their experimental results,

they dusted pollen grains directly onto the

ovules of P- acillaris, because among the

media there w'ere some differences in the

composition of nutrients v'hich were favorable

for pollen germination, pollen tube growth

and/or development of f ertil ized ovules'

Balatkova and Tripy (1972) have reported that

the number of mature seeds formed per culture

was relatively small t 'hen the placental pollina-

tion technique was applied, and that better

results were obtained in case of maintaining

certain distance between pollen grains and

ovules. They concluded that a great many

pollen tubes formed after dusting pollen

over the entire placental surface unfavorably

affected the development of fertil ized ovules'

The present author (1970) previously suggested

that, when pollen grains were dusted directly

onto the ovules, certain substances'which'diffuse

from pollen grains interfere with fertilization

and the development of fertil ized 'ovules(6) '

Due to these factors, it would be reasonable
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Fig.  1-4.  Test- tube fer t i l izat ion in Prtuniu hvhr ida,  c lone W 166 H.

I r ig I  Longi tudinal  sect ion o{  young seecl  formecl  l5 c lays af ter  cul ture by nreans of  the

placental  pol l inat ion technique,  showing post-heart  embr- ' -o (  e )  and massive endosperm (en).

F- ig 2-4 Pol len tube growth,  seecl  c levelopment and normal  seedl ings in the sty lar  sel f -

pol l inat ion technique :  F ig.  2,  pol len tubes on the ovules 2 days af ter  inoculat ion (s ;  s ty le,

1 r ;  po l l en  t ubes ,  o ;  ovu les ) ;  F i g .3 ,  ova r i es  wh i ch  r ve re  cu t  i n  ha l f ,  l 0days  a f t e r  s t y l a r

se l [ - po l l i na t i on ,  show ing  en la rged  m i l k y - co lo red  ovu les  ( s ;  s t ] - l e .  o  i  ovu les ,  p l ;  p l acen ta ) ;

I " i g . . 1 .  no rma l  see r l l i ngs  ob ta i r . r ec l  by  se l f - po l l i na t i on



to expect that more favorable results might

be obtained by the use of the stylar pollination

technique. It was shown in the present

experiment that stylar pollination overcame

certain faults in the placental pollination

technique which have been observed by

Balatk6va and Tripy (1972) and Niimi (1970).

Furthermore, stylar pollination was superior

to placental pollination in a few respects : ( i )
pollen tubes elongate greatly on a relatively
complex medium ; ( ii ) the division of
generative nucleus occurs normally during
pollen tube growth in the stYle'

According to the experiments using stylar

pollination (Table 2), theie is a little difference
in the number of mature seeds between self-
and cross-pollination for both clone W166H
and clone K146BH, while there is a great

difference between clone W166H and clone

K146BH. In addition, the in oitro setting of
mature seeds w-as very low even for cross-
pollination in comparison with in aiao setting.
This may be due to various factors, for in-

stance, the lack of nutrient elements necessary

for development of fertil ized ovules. Therefore,
the growth factors of. in aiao fertil ized ovules
must be clarified from a physiological point

of view to attain the most suitable composition
for the nutrient medium.

Acknorvledgement

The author is grateful to Profs. Y. Kato
and T- Takano for a critical reading of the
manuscript.

Literature cited

1. Belaffiovi, V. and J. TuPf. 1968. Test-
tube fertil ization in Nicotiana tabacum by
means of artif icial pollen tube culture. Biol.
Plant. 10 : 266-270.

2. and -. 7972. Some factors

17t

5 .

affecting the seed af.ter in aitro pollination of
excised placentie of Nicotiana tabacum L.
Ibid. 14 : 82-88.
HIGUCHI, H. 1969. The physiology and regula-
tion of heteromorphic and gametophytic self-
incompatibil i ty in plants. (In Japanese). Ph.
D. thesis, Nagoya University.
KAMEYA, T. ANd K. HINATA. 1970. TCSt-tUbE
fertilization of excised ovules in Brassica,
Japan. J. Breed. 20:253-260.
KANTA, K., N. S. RewceswAMY and P. MA-
HESHWARI. 1962. Test-tube ferti l ization in
a flowering plant. Nature 194:.72I4-72L7.
NIIMI, Y. 1970. In uitro fertilization in the
self-incompatible plant, Petunia hybrida. (In

Japanese). Jour. Jap. Soc. Hort. Sci. 39 :
346-352.

,7 7977. Effects of concentration of

inorganic nitrogen, KNO3 and/or NHaNOs on
growth of embryo in uitro in Petunia hybrida.
(In Japanese). Ibid. 40 : 56-63.

1973. Influence of iron, boron, and
sugars on viable seed production in excised
ovule culture in Petuni,a hvbri 'da. Ibid. 4L 

"
163-169.

1974. Effect of Fe-EDTA on the

development of isolated ovules of Petunia

hybrida. Ibid. 43 :77-83.

RANGASWAMY, N. S. and K. R. SHIVANNA.
1967. Induction of gamete compatibility and

seed formation in axenic culture of diploid

self-incompatible species of Petuni'a. Nature
216 : 936-939.

and -. 7971. Overcoming
self-incompatibility in Petunia arillaris. II.
Placental pollination in ui,tro. Jour. Ind. Bot.
Soc.  50 A:286-296.

ZENKTELER, M. 1965. Test-tube fertilization
h Dianthus caryophyllus Linn. Naturwiss.
5 2  : 2 3 .

1967. Test-tube fertilization on
ovules in Melandrium album Mill. with pollen
grains of several species of the Caryophyl-
laceae family. Experimentia 23 :775-776.

NIIMI: EFFECT OF .STYLAR POLLINATION" ON IN VITRO SEED SETTING OF

3.

4

6.

8.

9.

10

12.

13.



172

摘

自家 不 和 性 植 物 ル′“"づα″bγ′′α,系 統 W166H

(S2S3)と系統 K146 BH(S6S6)を 用いて試験管内受精

を行なつた。受粉法 として次の2方 法を用いた :(1)

Rangaswamyと ShiVanna(1967)が 使った,花 粉を未

受精はい珠に直接散布する方法(Placental pollination);

(ii)無菌的に摘出した花柱に,あ らかじめ用意 した花粉

を自家受粉または他家受粉したあと,花 柱を 7～10 mm

の長さに切 り,そ れらの花柱の切 り口をはい珠にできる

限 り近づけ置床す る。 この新 しい受粉法を Sty l a r

pollination と呼ぶ.

Placental pollination:W166Hの自家受粉および他

家受粉 (K146 BHの 花粉を使用)で , それぞれ子房あ

たり3.1粒 ,2.9粒 の種子が得られた。それらの種子を

胎座から切 り離し,新 しく用意した寒天培地には種 した

ところ多数の実生が得られた。二方 K146 BHの はい珠
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要

に K146 BHお ょび W166Hの 花粉を散布したが,は

い珠表面での花粉管伸長は良好であるにもかかわらず,

完熟種子は自家受粉および他家受粉区とも全 く得られな

かつた。

Stylar pollination:W166Hの 自家受粉および他家

受粉区で子房あたり 12.2粒 と 11・5粒 の完熟種子が得

られた。また K146 BHで も自家受粉区で5.2粒,他 家

受粉区で 5.9粒の完熟種子が得られた.Stylar pollina‐

tiOnで得られたこれらの種子を寒天培地上には種 したと

ころ多数の正常実生が得られた.        ~

以上のことから試験管内受精で自家不和合性の打破を

試み るさいの受粉法 と して,Stylar pollinationが

placental pollinationょりも有効であり,多 くの種子が

確実に得られることが明らかとなつた。




