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Summary

The effects of the addition of sulfurous acid into culture solution and of cold treatment of the solution were
examined to simplify the culture of detached wheat ears. In the simplified method, detached ears could be
cultured at room temperature on the liquid medium containing 100 g/l sucrose and 0.075% sulfurous acid
without any sterilization. The immature seeds in detached ears cultured by this method were treated with low
temperature or with chemicals known to have vernalizing effect. The chemical treatment did not affect the
chilling requirement of immature embryos, although photoperiodic response and narrow-sense earliness
were reduced by kinetin and trypsin. The low temperature treatment drastically affected the chilling
requirement, and fully vernalized mature seeds having normal germinability were obtained by treating the
detached ears in culture with low temperature from 10 days after anthesis.

Introduction

Heading acceleration through artificial treatment
is desirable for wheat breeding and genetical re-
search. However, in some varieties, chilling treat-
ment for more than two months is necessary for
vernalization.

Chemical treatment of sprouting seeds (Barabas
& Csepely, 1978), and low temperature and chemi-
cal treatment of intact immature seeds (Weibel,
1958; Pauli et al., 1962) were examined as the al-
ternative vernalization methods. However, there is
no chemical which is effective enough to change
winter growth habit into spring growth habit. As to
the vernalization of intact immature seeds, there is
a difficulty in synchronization of flowering among
tillers in spite that it is important to get uniformly
treated seed in large amount. On the other hand,
the use of detached ears (Pauli et al., 1962; Suge,

1970) makes it possible to treat all tillers at the same
stage, though the treatment date may be different
among tillers. However, it was difficult to get well
matured seeds, because detached ears were sup-
plied no nutrition. A new method to vernalize im-
mature embryos can be established, if it becomes
possible to supply nutrition to immature caryopses
in detached ear.

After Jenner (1968) reported that starch content
of immature caryopses increased through the cul-
ture of detached ears on sucrose solution, Donovan
& Lee (1977) and Singh & Jenner (1983) improved
this culture method and succeeded in getting well
matured seeds by aseptic culture. Kato & Hayashi
(1985) tried to simplify this method for chemical or
physical treatment of immature embryos. Germin-
able seeds could easily be obtained by the culture of
detached ears on sucrose solution without steril-
ization. However, there remained several prob-
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lems, such as small grain size and often decay of
culture solution and stem base.

The effects of the addition of sulfurous acid into
culture solution (Yasuda, 1948) and of cold treat-
ment of the solution (Donovan & Lee, 1977) were
examined in the present study to overcome the
above problems, resulting in the establishment of a
simplified and reliable culture method of detached
ears. Using this method, immature seeds were
treated with low temperature or with chemical sub-
stances, and the treatment effects on heading were
evaluated.

Materials and methods
Establishment of culture method

A highly spring wheat variety ‘IL 171’ was grown in
the field in 1985/86. When terminal spikelet just
emerged from the leaf sheath, the ear was cut with
stem at the middle of the second internode and leaf
blades were removed. The basal part of such de-
tached ear was put into a test tube containing cul-
ture solution without plug. The detail of culture
conditions in each experiment is described below.
Grains became dry and hard after about one
month. Fertility measured as grain number per
spikelet, grain weight per ear and average one
grain weight were used as the criteria to determine
the best culture condition.

Experiment 1. Sulfurous acid and cold treatment.
Detached ears were cultured on 100 g/l sucrose so-
lution (Kato & Hayashi, 1985) containing four con-
centrations (0, 0.075, 0.15 and 0.225%) of sulfu-
rous acid, combined with or without cold treatment
of the solution. Cold treatment was carried out by
dipping the lower part of test tube in water bath
kept at 5° C. The controls were maintained at room
temperature (ca. 25°C). Nine ears were cultured in
each treatment. Besides the characters mentioned
above, volume of culture solution decreased in 24
hours was measured at an interval of 10 days from
the beginning of culture. Although this measure
was the sum of absorption by detached ears and

evaporation, the quantity of evaporation was small
enough to be neglected.

Experiment 2. Sucrose concentration. The opti-
mum concentration of sulfurous acid was proved to
be 0.075% from the result of experiment 1. There-
fore, detached ears were cultured on 0.075% sulfu-
rous acid solution containing seven concentrations
(0, 25, 50, 75, 100, 150 and 200g/1) of sucrose,
combined with or without cold treatment of the
solution. Nine ears were cultured in each treat-
ment.

Treatment of immature seeds in detached ears

Three wheat varieties covering a wide range of
chilling requirement, that is, a winter wheat ‘Fuko-
ku’, a spring wheat ‘IL 13’ and a highly spring
wheat ‘Norin 42°, were grown in the field in 1985/
86. Just-headed ears were detached and cultured in
the same way as mentioned before. For the cold
treatment of immature seeds, the detached ears
were first cultured by the standard method, that is,
on the solution containing 100g/l sucrose and
0.075% sulfurous acid, at room temperature with
cold treatment of the solution. Five, ten or fifteen
days after anthesis, they were transferred into an
incubator kept at 5°C. After 60 days at 5°C, they
were again maintained at room temperature until
their maturation. For chemical treatment, de-
tached ears were first cultured by the standard
method until 10 days after anthesis. They were then
cultured by the standard method until their matu-
ration, except that the culture solution contained
the chemicals whose vernalizing effect had been
reported. The chemicals and the concentrations
examined in the present study were 1Xx 10~M
kinetin (Barabas & Csepely, 1978), 1 X 10~*M gib-
berellic acid (Weibel, 1960), 1 x 1073% trypsin
(Tomita, 1973), 1 x 10~*M cytidylic acid (Tomita,
1968) and 1x 107*M uracil (Suge & Yamada,
1964). Besides these, detached ears were also cul-
tured by the standard method as a control to check
treatment effect. Fifteen ears were cultured in each
treatment.



163

g)
(A) Seed fertility (B) One grain weight 41} (C) Grain weight/ear
(No.Seeds/Spikelet)(mg)
O
QO 3 .
1.5¢ L * 3 .
0 15 \
| N
© ®
|
t.of \ 10k .2 o)
@) 4 Q/
8: S O\
0.5t @ s| @ b ®
L
0 I 3 I i 0 " N A e 0 " P 1 3
0 .075 .15 .225 0 .075 .15 .225 0 .075 .15 .225

Sulfurous acid concentration (%)

Fig. 1. Effects of sulfurous acid concentration and of cold treatment on the culture response of detached ears. (O, Cooled; @, Not

cooled).

Three heading traits, chilling requirement, pho-
toperiodic response and narrow-sense earliness of
treated and control plants were evaluated. For the
evaluation of chilling requirement, just sprouted
seeds were subjected to chilling treatment at 5°C
for various periods from 0 to 70 days, and then
grown in phytotron under a 20°C and 24h day-
length regime. Chilling requirement, which was
expressed as the minimum duration of chilling
treatment necessary for full vernalization, was
evaluated by comparing the days from the first leaf
unfolding to flag leaf unfolding (D1f) among treat-
ment durations. Twelve plants were examined in
each case. The detail of the cultivation and calcula-
tion methods is given in Kato & Yamagata (1988).
For the evaluation of photoperiodic response and
narrow-sense earliness, just sprouted seeds were
fully vernalized by chilling treatment at 5°C for 70
days and then grown in phytotron kept at 20°C
under a 12h or 24 h day-length regime. The days
from the end of chilling treatment to flag leaf un-
folding under a 24 h day-length regime and its dif-
ference between day-length regimes were regarded
as narrow-sense earliness and photoperiodic re-

sponse, respectively (Takahashi & Yasuda, 1958).
Six plants were examined in each treatment.

Results
Establishment of culture method

Experiment 1. Sulfurous acid and cold treatment.
Although seed fertility tended to be improved by
sulfurous acid (Fig. 1A), it was statistically insignif-
icant. One grain weight increased at 0.075% sulfu-
rous acid concentration (P < 0.01) (Fig. 1B). Grain
weight per ear was the highest at 0.075% and de-
creased with the increase of sulfurous acid concen-
tration (P < 0.01). The effect of cold treatment on
grain weight per ear was positive in the absence of
sulfurous acid (P < 0.01). However, it was statisti-
cally insignificant in the presence of sulfurous acid
(Fig. 1C).

The amount of culture solution absorbed by the
detached ears generally decreased in the course of
culture in each treatment. As the decrease was the
least, from 4.44 ml on the 1st day to 2.0mi on the
20th day, at 0.075% sulfurous acid concentration,
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Fig. 2. Effects of sucrose concentration and of cold treatment on the culture response of detached ears. (O, Cooled; @, Not cooled).

more than double solution compared to sulfurous
acid-free solution was absorbed on the 10th day and
the 20th day from the beginning of culture. Such
advantage in absorption capacity is considered to
explain the increase in one grain weight and grain
weight per ear. On the other hand, cold treatment

(days)

D1f

did not affect the absorption capacity of detached
ears.

It was concluded from these results that the addi-
tion of 0.075% sulfurous acid into the solution was
more effective than cold treatment of the solution
to improve the culture method through the sup-
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Fig. 3. Effect of chilling treatment on D1f of the plants raised from the seeds treated with low temperature or kinetin. (O, Control; 8, @,
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Fig. 4. Effect of chemical treatment on the days to flag leaf unfolding of fully vernalized plants. Plants were grown under 12 h ([0} or 24 h
() day-length regime. Days to flag leaf unfolding is expressed in the relative vatues of control plants. (C, Cytidylic acid; U, Uracil; G,

Gibberellic acid; T, Trypsin; K, Kinetin).

pression of often decay of culture solution and stem
base.

Experiment 2. Sucrose concentration. As shown in
Fig. 2, fertility, one grain weight as well as grain
weight per ear increased with the increase of su-
crose concentration from 0 to 50 or 100 g/l. How-
ever, grain weight per ear drastically decreased
with the increase of sucrose concentration from 100
to 200 g/l, mainly due to the reduction in seed fertil-
ity. Such a tendency was independent of the cold
treatment, except that one grain weight increased
with cold treatment at a 25 g/l sucrose concentra-
tion. Therefore, it was concluded that the optimum
sucrose concentration was from 50 to 100 g/1, when
0.075% sulfurous acid was added into the solution
or the solution was cooled.

Treatment of immature seeds in detached ears
Mature seeds with normal germinability were ob-

tained, even when immature seeds were treated
with low temperature or chemicals during grain

filling period. However, by low temperature treat-
ment from 5 days after anthesis, one grain weight,
grain weight per ear and seed germinability de-
creased exceptionally, though seed fertility was
hardly influenced. Therefore, the effect of low
temperature treatment from 5 days after anthesis
on heading traits could not be evaluated.

The change in D1f with the increase of the dura-
tion of chilling treatment given after sprouting is
shown in Fig. 3 for the evaluation of chilling re-
quirement. In winter wheat variety ‘Fukoku’, D1f
of control plants decreased with the increase of
chilling treatment duration, and then became con-
stant by the treatment for more than 40 days.

Therefore chilling requirement of ‘Fukoku’ was
evaluated at 40 days. As to the plants raised from
the seeds treated with low temperature from 10
days after anthesis, the change in D1f by chilling
treatment was statistically insignificant, indicating
that ‘Fukoku’ had been fully vernalized by this
pre-treatment. On the other hand, the acceleration
of flag leaf unfolding by the treatment from 15 days
after anthesis was not so large, and DIf was de-
creased by chilling treatment. Therefore it was sug-
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gested that ‘Fukoku’ had been partially vernalized
by this pre-treatment. Chilling requirement of
spring wheat variety ‘IL 13’ was evaluated at 30
days (Fig.3B). And ‘IL 13’ was also fully vernalized
by the treatment from 10 days after anthesis and
partially from 15 days after anthesis. On the other
hand, in highly spring wheat variety ‘Noris 42’, D1f
of control plants showed constant value irrespec-
tive of chilling treatment duration, indicating that
chilling requirement was 0 days (Fig. 3C). There-
fore, further reduction in chilling requirement did
not occur even by the pre-treatment with low tem-
perature.

The DI1f of the plants treated with kinetin
changed with the increase of chilling treatment du-
ration in the same way as that of the control plants
irrespective of the variety, indicating that the pre-
treatment with kinetin had no effect on chilling
requirement (Fig. 3). The same tendency was also
observed in the plants treated with the other chemi-
cals (Data was not shown).

Fig. 4 shows the days to flag leaf unfolding of
plants raised from chemically treated seeds ex-
pressed in relative values of control plants. Flag
leaf unfolding under a 24 h day-length regime was
accelerated by kinetin, uracil and trypsin in ‘Fuko-
ku’ (P < 0.01), by kinetin and trypsin in ‘IL 13’
(P < 0.05) and by kinetin in ‘Norin 42’ (P < 0.05).
As the plants were fully vernalized by chilling treat-
ment given after sprouting, these results indicated
that narrow-sense earliness was shortened by the
treatment with these chemicals. The days to flag
leaf unfolding under a 12h day-length regime,

Table 1. Effect of chemical treatment on photoperiodic re-
sponse

Chemical Variety and photoperiodic response (days)
Fukoku IL 13 Norin 42

Control 6.3 14.5 44

Cytidylic acid 9.7 13.5 5.2

Uracil 9.2 17.0 5.4

Gibberellicacid 8.0 13.6 4.9

Trypsin 8.2 10.7 2.0

Kinetin 7.3 8.3 4.3

which was controlled by photoperiodic response
and narrow-sense earliness, tended to be shortened
by kinetin and trypsin in three varieties. In variety
‘IL 13’, whose photoperiodic response was rather
strong, the acceleration of flag leaf unfolding by
such treatment was statistically significant (P <
0.01). The difference in the days to flag leaf un-
folding between 12h and 24 h day-length regimes,
which showed photoperiodic response itself, was
also reduced in ‘IL 13’, though it was not reduced in
less sensitive varieties ‘Fukoku’ and ‘Norin 42’ (Ta-
ble 1). These results showed that photoperiodic
response and narrow-sense earliness were reduced
by both chemicals. It was concluded that the chemi-
cals known to have vernalizing effect, were not
effective in reducing chilling requirement, and that
some chemicals, such as kinetin and trypsin, could
accelerate heading by reducing narrow-sense earli-
ness and photoperiodic response.

Discussion
Establishment of culture method

The vernalizing effect of chemical substances can
be studied in culture, if immature wheat embryos
treated with chemicals can develop and mature
normally. Kato & Hayashi (1985) tried to simplify
the culture method of detached ears for this pur-
pose, and obatined germinable seeds even without
any sterilization. Although this method was appli-
cable to more than 100 wheat varieties, it was still
necessary to change culture solution and to cut off
stem base every 2 or 3 days because of often decay
of the solution and stem base. In the present study,
the addition of sulfurous acid into culture solution
was found to be effective in suppressing such de-
cay. The addition of 0.075% sulfurous acid en-
hanced the absorption of culture solution, resulting
in the increase in grain weight per ear through the
increase in sucrose uptake. Although similar effect
was also observed by cold treatment of culture
solution, chilling was less effective for the increase
in absorption capacity and grain weight per ear.
According to Yasuda (1948), the addition of sulfu-



rous acid enhanced the absorption of water in de-
tached spikes of sugarcane.

The pH of culture solution changed from 5.8 to
2.4 by the addition of 0.075% sulfurous acid. How-
ever, detached ears cultured on the solution whose
pH was adjusted at 2.4 by HCI had lower grain
weight per ear than those cultured on sulfurous
acid-free solution (Kato & Hayashi, unpublished).
Apparently, the positive effect of suifurous acid
was not due to change in pH of culture solution.

The optimum sucrose concentration of culture
solution was so far reported to be from 20g/1 to
50¢g/1 (Jenner, 1968,1970; Donovan & Lee,1977;
Singh & Jenner,1983). However, in the present
study, it was rather high and ranged from 50 g/l to
100 g/1. Though the reason for such discrepancy is
not known, it may be ascribable to the difference in
the variety and in the culture method.

Kato & Hayashi(1985) reported that the opti-
mum culture temperature was at 15°C, as both one
grain weight and grain weight per ear decreased at
higher temperature. However, grain filling period
was about two months at 15°C and was twice long-
er than at 20°C and 25°C. It was suggested from
these results that there were two kinds of optimum
temperatures: 15°C to get large grain, and from
20°C to 25°C to save the time without any loss in
germinability. Therefore detached ears were cul-
tured at room temperature (ca. 25°C) in the pre-
sent study.

Treatment of immature seeds in cultured ears

Using the culture method established above, it was
shown that low temperature treatment was and the
chemicals examined were not effective for the ver-
nalization of immature embryos, though some
chemicals were effective for narrow-sense earliness
and photoperiodic response.

Embryo stage is an important factor for vernal-
ization of immature seeds. Chilling treatment had
to be started from 9 to 12 days after anthesis in
wheat (Weibel, 1958) and by 14 days after anthesis
in rye (Gregory & Purvis, 1938). In the present
study, both winter and spring wheat cultivars were
vernalized fully by the treatment with low temper-

167

ature from 10 days after anthesis, but partially by

the treatment from 15 days after anthesis.

The vernalizing effect of chemicals may not be
ruled out altogether by the present resuits, because
the effective concentration may be different de-
pending on the treatment method, and we used
similar concentrations as have been employed pre-
viously in other methods. On the other hand, some
reports showed negative results on the vernalizing
effect of chemical substances, such as Kkinetin
(Tomita,1964; Sharma & Gill,1982) and gibberellic
acid (Gott,1961). Furthermore, even in the reports
that showed positive results of chemical vernal-
ization:

1. The chemicals were used at low temperature,
except Pauli et al.(1962) and Tomita(1964,
1973), therefore, heading acceleration might be
due to chilling treatment or the interaction of
two treatments,

2. Vernalizing effect was evaluated by the days
from the end of chilling treatment to flag leaf
unfolding or to heading, resulting in the confu-
sion with the effect on narrow-sense earliness
(Kato & Yamagata,1988). Tomita (1973) grew
wheat plants under a natural day-length regime,
resulting in the confusion even with the effect on
photoperiodic response, and

3. No report so far showed full vernalization of
winter wheat by chemical treatment alone.

Further studies may be necessary to determine the

possibility of chemical vernalization.

In conclusion, the easiest way to get a higher
number of germinable seeds from detached wheat
ears is to culture the ear at room temperature on
the liquid medium containing 100 g/l sucrose and
0.075% sulfurous acid without any sterilization.
Although the grains were smaller in size than those
obtained in aseptic culture reported by Singh &
Jenner (1983), the present method should be suit-
able for chemical or physical treatment of imma-
ture embryos because of its easiness, being appli-
calbe to physiological study on embryo develop-
ment and rescue of the interspecific hybrid em-
bryos. It was experimentally confirmed that the
present method was applicable also to vernaliza-
tion treatment. Fully vernalized dry seed obtained
by culturing at low temperature possesses the same
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genetic constitution as the original seed, but is dif-
ferent in chilling requirement. Such material is
equivalent to the seed of iso-genic line carrying Vrn
1. Therefore the present method should contribute
to the genetical and physiological research on
heading traits. Furthermore generation accelera-
tion method should become more efficient by the
use of this vernalization method, because chilling
treatment can be accomplished during grain filling
period.
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