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Production in Excised Ovule Culture
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Summary

The present investigation deals with in wvitro growth of ovules on a half of the
placenta of Petunia hybrida, W 166 HxX K 146 BH (each clone is self-incompatible), with
special reference to the influence of iron, boric acid, and sugars. The culture medium
of NITSCH (1951), modified by the addition of 500 mg/l KNO; and 80mg/I NHNO;,
was used as a basal medium.

The optimal initial hydrogen-ion concentration was at pH of 4.5~5.0 in the basal
medium and at pH of 6.0 in the basal medium with Fe-EDTA at an iron concentration
of ca. 2.5 ppm instead of ferric citrate.

The number of viable seeds per ovary increased with an increasing concentration
of ferric citrate from 10 to 40 mg/l in the basal medium. Iron complex Fe-EDTA
composed of 50mg/! FeSO,-7H,0 and 40 mg/! disodium ethylenediaminetetraacetate,
dihydrate (Na,-EDTA) was also an effective compound and was favorable for the
viable seed production.

10 mg/l or above boric acid should be added to the basal medium containing either
ferric citrate or Fe-EDTA. Medium containing 50 mg/! boric acid was superior for
the viable seed production to those with any other concentration. The efficancy of
boron was influenced by the organic forms of iron. The medium with Fe-EDTA at
an iron concentration of ca. 2.5 ppm was superior to that with 10 mg/! ferric citrate.

Basal medium containing 7.5 per cent sucrose or 5 per cent fructose produced the
maximal viable seeds and that containing a mixture of sucrose and fructose or sucrose
and glucose was inferior to the basal medium.

From these results, experiments were conducted to clarify the interaction among
three components, iron, boric acid, and sugars. About 5~6 normal seedlings with
two cotyledons and roots per ovary were obtained in the medium containing ca. 10
ppm Fe as Fe-EDTA, 25mg/l boric acid, and 7.5 per cent sucrose. This was about
six times as the number of seedlings produced in the basal medium.

In the basal medium containing fructose instead of sucrose, however, the higher
concentrations of boric acid and/or iron failed to bring about the noticeable effect.

Introduction

Previous paper(5) has shown that several
seedlings were obtained from Petunia hybrida,
a self-incompatible plant, by a technique of
test-tube fertilization. From this result the
author is greatly interested in the culture of
-ovules soon after fertilization.

To obtain many normal seedlings, it has
been investigated whether or not NitscH’s
{(1951) medium used for the test-tube fertiliza-
tion was suitable for the growth of ovules.
“The result(6) showed that when ovules on a
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half of the placenta excised 3 days after cross-
pollination in wivo in Petunia were cultured
on NitscH’s medium supplemented with 500
mg/l KNO; and 80 mg/! NH,NO;, many viable
seeds were obtained, as compared with Nitscu’s
medium only.

The purpose of this study is to clarify the
influence of concentrations of chelated iron
(Fe-EDTA), ferric citrate, boric acid and
sugars on the viable seed production in vitro,
using a mass of ovules on a half of the
placenta excised 3 days after cross-pollination

in P. hybrida.
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Materials and Methods

Clones W 166 H and K 146 BH of Petunia
hybrida, a self-incompatible plant, were used
as the materials. Plants were grown under
controlled condition at 23+1°C. Flower buds
of clone W166H one day before anthesis
were emasuculated and bagged to free from
open pollination. In vivo cross-pollination (W
166 HxK 146 BH) was made immediately or
the next day, the corresponding date of an-
thesis. They were harvested 3 days after
pollination. Then the petals, sepals, and style
were removed.

15~20 ovaries were used in each experiment.
After washing with tap water, ovary with
pedicel was surface-sterilized by dipping in 70
per cent ethyl alcohol for a few minutes and
then in 10 per cent hypochlorite water for
10 minutes. Ovaries were washed twice with
sterile water and transferred to sterile Petri
dishes containing two discs of filter paper to
absorb the excess water. The ovary was then
longitudinally cut into two pieces with a sterile
knife with a thin blade. The ovary wall was
then cut off by a sterile pincette. Two pieces
of excised ovules on a half of the placenta
were then placed on nutrient media in a flask.

The basal medium used here was virtually
identical with that as described earlier(6).
This medium was fortified with macro inor-
ganic nutrient, 500 mg// KNO; and 80 mg/!
NH,NO,;. The medium was gelled with 0.5
per cent agar. Except where otherwise stated,
the basal medium contained 10 mg// ferric
citrate as an iron source, 0.5 mg// boric acid
as boron, and 5 per cent sucrose as carbon
source. The pH was adjusted to a difinite
value with 0.1 N NaOH and 0.1 HCI before
agar and sugar were added to medium. About
20ml/ of medium was distributed to a flask
and autoclaved at 1.0 kg/cm? pressure for 10
minutes. The flask planted with fertilized
ovules was kept under scattered light condition
at about 25°C for 30 days. Ovules were then
cut off from the placental tissue and sown on
a fresh medium of 0.5 per cent agar only.
Normal seedlings developed from seeds were
counted 20 days thereafter.

Results
Influence of pH and organic forms of iron
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Fig. 1. Influence of initial pH of medium on
the growth of excised ovules in P. hybrida.
Note : Filled circles, the basal medium;
open circles, basal medium with 2.5 ppm
Fe as Fe-EDTA instead of ferric citrate.

on the growth of excised ovules.

The first experiment was done to determine
the optimal pH of the basal medium and of
the medium with 25 m/// Fe-EDTA (designated
BM-Fe-EDTA medium in the text). Fe-
EDTA stock-solution consisted of 0.5grams
FeSO,-7H,0 and 0.8 grams disodium ethylene-
diaminetetraacetate, dihydrate (Na,~-EDTA) per
liter of redistilled water.

As shown in Fig. 1 more viable seeds were
obtained on the basal medium at pH of 4.5
and 5.0 than 5.5~6.0. On the other hand,
the largest number of viable seeds was obtained
on the BM-Fe-EDTA medium at pH of 6.0.
In addition to normal seedlings, many abnormal
ones were observed in the pH range studies.
on media containing Fe-EDTA (Fig. 2).

Therefore pH was adjusted to 4.6+0.1 in
medium with ferric citrate and to 5.9+0.1 in

Fig. 2. Normal(A) and abnormal(B) seedlings
developed from seeds in P. hybrida on the
basal medium with Fe-EDTA instead of
ferric citrate.



NIIMI : INFLUENCE OF EXCISED OVULE CULTURE IN PETUNIA HYBRIDA 165

)

z2f —
3]

-

o

wr

o i

-2

ofx]

s

>

= - 1 I j
= 10 20 40 80

Concentration of ferric citrate mg/!l

Fig. 3. Effect of concentrations of ferric citrate
added to the basal medium on the growth
of excised ovules in P. hybrida.

that with Fe-EDTA in the following experi-
ments.

Influence of iron and boron concentrations in
the basal medium and the BM-Fe-EDTA
medium on the growth of excised ovules.

A mass of ovules on a half of the placenta
were cultured on the basal medium with the
range of 10~80 mg/l ferric citrate concentra-
tions. The maximal viable seeds were obtained
at a ferric citrate level of 40 mg/l and the
viable seeds on its medium were about twice
as many as those on the basal medium (Fig. 3).
Influence of Fe-EDTA prepared by several
combinations of FeSO,-7 H,O and Na,~EDTA
was also investigated. Abnormal seedlings
similar to those shown in Fig. 2 were also
observed in all combinations. The best result
was given on the medium containing 50 mg//
FeSO,-7H,0 with 40 mg/l Na,~-EDTA as Fe-
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Fig. 4. Effect of combinations of FeS0O,-7 H,0
and Nay,~EDTA as Fe-EDTA added to the
basal medium (without ferric citrate) on
the growth of excised ovules in P. hybrida.

EDTA, and about 2.5 normal seedlings per
ovary were produced. Other combinations
were proved to be toxic to the growth of ovules
except the medium containing Fe-EDTA in
the original combination of 0.5 grams FeSO,-
7H,0 and 0.8 grams Na,~EDTA (Fig. 4). If
any, there was little difference in viable seed
production between the basal medium with 40
mg/l ferric citrate as an iron source and that
with 10 ppm Fe as Fe-EDTA composed of 50
mg/! FeSO,-7H,0O and 40 mg// Na,~EDTA.

Another experiment was designed to deter-
mine the optimal level of boron as boric acid
in the basal medium and the BM-Fe-EDTA
medium. As shown in Fig. 5 the number of
viable seeds per ovary increased linearly with
the increase of boric acid from 10 to 50 mg// in
the BM-Fe-EDTA medium. The largest
number of viable seeds was observed at a boric
acid level of 50 mg/l which was about six times
as many as those on the basal medium. At a
boric acid concentration of 100 mg//, however,
the productivity of viable seeds fell off sharply
on the BM-Fe-EDTA medium. The viable
seeds also increased in number on the basal
medium when supplemented with boric acid,
10 mg/l or above and these on the basal medi-
um with 50 mg/! boric acid were about twice
as many as those on the basal mediym.

From these observations the following deduc-

Index of viable seeds per ovary
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Fig. 5. Effect of boric acid concentration on
the growth of excised ovules in P. hybrida.
Note : Filled circles, the basal medium;
open circles, basal ‘'medium with 2.5ppm
Fe as Fe-EDTA instead of ferric citrate.
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‘tion may be drown: Boron itself enhance a
viable seed production and its efficancy is influ-
enced by the complex organic forms of iron,
e.g. ferric citrate or Fe-EDTA.

Influence of several kinds of sugars and their
.concentration on the growth of excised ovules.

In preliminary, experiments were done to
ascertain whether or not viable seeds were
obtained on the basal medium containing fruc-
tose, glucose, maltose, and raffinose singly
at the molar concentration comparable to 5
per cent of sucrose instead of sucrose. Fruc-
tose and glucose served for the growth of
ovules to a limited extent and for the viable
seed production. Maltose and raffinose com-
pletely failed to support their growth. From
these results, experiments were designed to
clarify the influence of three sugars, sucrose,
fructose, and glucose in more detail.

A mass of ovules on a half of the placenta
were cultured on the basal medium containing
0.0, 2.5, 5.0, 7.5, and 10 per cent sucrose.
Without sucrose the ovules could never grow.
At the concentration of 2.5 per cent, their
growth was also poor, but a few viable seeds
were formed. The largest number of viable
seeds was obtained on the medium containing
7.5 per cent sucrose. When the concentration
was raised to 10 per cent, the ovules did not
grow at all. On the medium containing 5 per
cent fructose, the number of seed-set was al-
most the same as that with 7.5 per cent sucrose

Index of viable seeds per ovary
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Fig. 6. Effect of concentration of sucrose and
fructose separately and in combination on
the growth of excised ovules in P. hybrida
on the basal medium.

but a seedling-size was small. On the medium
containing sucrose and fructose in combination,
only a few viable seeds were obtained (Fig. 6).
On the other hand, the medium added a mix-
ture of 2.5 per cent sucrose and 2.5 per cent
glucose or added 5 per cent glucose only
produced approximately the same number of
viable seeds as on the basal medium with 5
per cent sucrose. Viable seed production on
media supplemented with a mixture of any
other combinations such as sucrose and fructose
or sucrose and glucose were inferior to that
on the basal medium.
Interaction of wvaried concentrations of Fe-
EDTA, ferric citrate, boric acid, sucrose and
fructose on the growth of excised ovules.
From the results indicated above, tests were
done to determine the influence of concentra-
tion and/or organic forms of iron, kinds of
sugars, and boron in combinations on growth
of excised ovules. Treatments and results are
shown in Table 1. The maximal viable seeds
were obtained on the medium containing 10

Table 1. Influence of varied concentrations of iron,
boric acid, and sugar added to the basal medium*
on the growth of excised ovules in P. hybrida.

| Boric | Index of normal
Medium Sugars Iron forms acid seedlings per

) mg/l | ovary
Ferric citrate 0.5 1.0

10 mg/!
.. 0.5 1.8
Sucrose Ferrlc4(61'rc:‘lat/(; { 25 2.5
5% E 50 3.1
Fe-EDTA 09 3.3
25 miyir*| | 2 £o)
50 2.1
Ferric citrate { 25 1.3
10mg/l| U 50 2.2
& 0.5 3.1
Basal Sucros;a Femc;lglgztﬁ { 25 i 4.3
medium 7.5% ! 50 | 5.6
Fe-EDTA Us [ 2.2
engiv| 12 | 6.6
i 50 4.3
Ferric citrate { 25 I 3.4
10 mg/! 50 3.4
| (0.5 2.0
Fructose | Ferric citrate 25 | 1.0
5% 40mgll, (50 | 0.8

|

Fe-EDTA 0.5 1.0
wmie| | B | L2
=) 50 0.8

* Basal medium: Ferric citrate, boric acid and suc-
rose are excluded from the composition of the
medium.

** A stock solution containing 2 grams FeSO,-7 H,O
and 1.6 grams Na,~EDTA per liter of redistilled
water. 25m//l Fe-EDTA corresponds to about 10
ppm iron.
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ppm Fe as 25ml/l Fe-EDTA, 25mg/l boric
acid, and 7.5 per cent sucrose. The number
of viable seeds was about six times as many
as those on the basal medium. In these experi-
ments sucrose was superior to fructose as an
effective source of carbon and energy. On
the medium containing 25 m{/! Fe~-EDTA or
40 mg/l ferric citrate and sucrose, the follow-
ing deduction may be drown: (1) the number
of viable seeds increased with the increase of
boric acid level regardless of Fe-EDTA or
ferric citrate as an iron source, (2) on the
medium with Fe-EDTA the optimal con-
centration of boric acid was at 25 mg// and
on that with ferric citrate it was at 50 mg//,
(3) the medium with 7.5 per cent sucrose was
always superior to that with 5 per cent sucrose.
While on a medium containing 5 per cent
fructose instead of sucrose, the higher concen-
trations of boric acid and/or iron such as 25
m!/l Fe-EDTA or 40mg/l ferric citrate de-
creased the number of viable seeds.

Discussion

Few reports have been made on the influ-
ence of boric acid on the growth of ovules
in vitro. Its efficancy was proved in the
present experiments by the fact that the viable
seed production of Petunia hybrida increased
with an increasing concentration of boric acid.
Boron has often been reported to be toxic to
an intact plant even at the low concentration
of 5~10 ppm(9). In these experiments, ovules
tolerate the very high concentration of boron
and the best results are given at 25~50 mg//
of boric acid.

Boron is recognized as an essential micro-
nutrient for higher plants, but the principal
role of this element in plant growth and
development is not so clear. The prominent
works on the roles of boron are the following :
(i) sugar translocation in plant(2), (ii) cell
division(11), (iii) cell wall metabolism(12), (iv)
phenolic acid metabolism(4), and (v) nucleic
acid metabolism(1).

The concept of sugar translocation postulated
by Gauch and Duccer(2) is more widely ac-
cepted than any other physiological roles.
Werser et al.(10) has given a different opinion :
boron does not enhance sugar (photosynthate)
translocation but does enhance the uptake of

foliarly applied sugar. O’KerLiey(7) showed
that during pollen germination and tube:
growth in Tecoma radicans boron stimulated
the absorption of both sucrose and glucose
but the absorption of fructose did not increase:
with addition of boron. The results obtained
in the present experiments show that the
number of viable seeds of P. hybrida increase
with an increasing concentration of boric acid
in the medium with sucrose, however, in the
medium with fructose the viable seeds did
not increase in number at a very high level
of boric acid, 50 mg/l. Thus, the efficancy of
boron on the growth of excised ovules is.
influenced by the kinds of sugars added to the
medium.

Relationships between role of boron and
metabolism of phenolic acid also should not
be overlooked in the growth of excised ovules.
Lee and Aronorr(4) have indicated: boron
plays a role in the regulation of phenolic
synthesis by interaction with enzyme 6-phos-
phogulconate dehydrogenase; in the absence
of borate, the inhibition of the enzyme is
released, and excess phenolic acids are formed
which caused necrosis of plant tissue and
eventual death of the plant. This phenomenon
may possibly occur during the growth of
ovules in P. hybrida cultured on the basal
medium with a low concentration of boron,
however, on the medium with a high concen-
tration of boron the absorption of nutriment
and also the uptake or the translocation of

'sugar must apparently have been kept through-

out the long period.

An efficancy of boron is also influenced by
the organic forms of iron, Fe-EDTA or ferric
citrate added to a medium. There was a
great difference in number of viable seeds.
between two media with Fe-EDTA and with
10 mg/! ferric citrate. With the increase of
concentration of ferric citrate, however, the
difference disappeared. There must be a certain
relationship between iron availability and
boron action.

Each medium with ferric citrate or Fe-
EDTA has its own optimal pH. This may be
attributed to a difference of iron availabiliy
due to pH in media. Streer et al.(8) have
reported that ferric and ferrous salts are readi-
ly soluble at the acid pH but their solubility
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decreases with the increase of hydroxyl ion
<concentration, and little of the iron will be
retained in solution at pH of 5.0 or above.
At a higher concentration of ferric citrate,
however, the pH range may extend to 5.8 to
6.0(8). On the other hand, the solubility of
Fe-EDTA is proved to be extremely stable
even at alkaline pH(3). StreeT et al.(8) sug-
;gested that media containing this iron complex
:showed a more pronounced acid drift on auto-
«laving than the other iron source, and at
initial pH of 5.5 or above, this drift was of
the order of one pH unit. The similar phe-
momenon may also occurred in media used in
this experiment. Some suggestions about it
are as follows: both the basal medium and
the medium containing 40 mg/! ferric citrate
support a similar rate of growth during the
first period of culture, and iron availability
in the basal medium decreases with the alkaline
Jdrift as time goes by. However, the medium
with 40 g/l ferric citrate is considered to show
a less-marked reduction of its activity at high
pH. Moreover, in the medium with Fe-EDTA
‘the widening of pH range for iron availability
«occurred. Thus, media with Fe-EDTA or
40 mg/l ferric citrate will maintain an iron
.availability over a long period of culture.

The author concludes on the basis of the
present findings that under the condition of
boron sufficiency and iron deficiency, and wice
persa, the uptake or the translocation of sucrose
for the growth of excised ovules of P. hybrida
will not proceed normally.
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