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The application of a shoot tip culture to the problem of the multiplication of male
sterile plants of Welsh onion was examined. Shoot tip explants of Welsh onion
were grown on Murashige-Skoog medium containing various levels of kinetin and
NAA under certain conditions. Formation of adventitious shoots or roots depended
on the hormone levels used. Proliferation of adventitious shoots was the maximum
in a medium containing 2mg/l kinetin and 0.5mg/l NAA. Moderate temperature
(20°C) and long-day was optimal for adventitious shoot formation. Furthermore, for-
mation of adventitious shoots was more active in explant isolated from stock plant
which was more advanced in age. Adventitious shoots were rooted and grown into
normal plants or were used to start new culture which formed more multiple shoots.
The procedure for the transfer of the plantlets from nutrient media in aseptic
containers to soil also was established.

This technique will be useful for multiplication of male sterile plants of Welsh onion
and the practical seed production of F,; hybrid will become possible by applying this
technique to the multiplication of female parent.

INTRODUCTION

Male sterile mutant appears spontaneously at a considerably high frequen-
cy in Welsh onion (Nishimura and Shino, 1972). Unlike the case of onion,
however, the genetic mechanism which controls the male sterility is compli-
cated and a breeding technique for raising the male sterile strain has not been
established as yet. Propagation of male sterile plant is possible to practise by
division of the tiller shoots but the multiplication rate is low. In view of this,
F, seed production of Welsh onion utilizing male sterility has not been put to
practical use and furthermore, as other suitable crossing method has not been
discovered, there is no possibility of utilizing heterosis in its breeding.

Micropropagation by tissue culture is regarded as a favorable method of
vegetative propagation for plants which are difficult to propagate by current
methods. The advantage of the technique is that it is possible to produce a
large number of offspring, which in theory are identical, from a limited
amount of parent material. It is for this reason that the technique has been
applied to the propagation of orchids (Wimber, 1963; Reinert and More, 1967),
carnations (Hackett and Anderson, 1967), asparagus (Takatori et al., 1968) and
Chrysanthemum (Earle and Langhans, 1974). Furthermore, as inbred parent
of cauliflower (Walkey and Woolfitt, 1970) and brussels sprouts (Clare and Col-
lin, 1973) have been multiplied by tissue culture recently, attempts are being
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made on utilizing this for F, seed production. If a technique for multiplication
of Welsh onion by tissue culture is established, the long-awaited practical seed
production of F; hybrid will become possible by applying this technique to the
multiplication of male sterile female parent.

The application of shoot tip culture technique to the multiplication of
Welsh onion was therefore investigated for improved production.

MATERIALS AND METHODS

Field grown plants of the Welsh onion (Allium fistulosum L.), F; ‘Senju’
x ‘Kujoo’, were used throughout as sources of cultured tissue. Seeds were
sown in a plastic house on November 25th, 1975, and the seedlings were trans-
planted to a soil bed in an open field on February 26th, 1976.

To obtain explants from shoots the outer leaves were removed, and the
exposed shoot, together with the adjoining disk tissue, was detached from the
plant. The exposed shoot was surface-sterilized in 70 % ethanol for 5 seconds,
0.5 9% sodium hypochlorite for 10 minutes and washed 3 times in sterile water.
This material was trimmed to obtain the shoot tip explant. The explants iso-
lated for culture contained the apical meristematic dome, a few leaf primordia
and the adjoining disk tissue. The height of the explants ranged from 2 to 4
mm. They were placed on the agar medium with the apex up.

The basal medium contained the Murashige-Skoog inorganic components
(Murashige and Skoog, 1962), plus 0.1 mg/lthiamin-HCl, 0.5 mg/l pyridoxines
HC1, 0.5 mg/1 nicotic acid, 2.0 mg/1 glycine, 100 mg/! inositol, 30 g/l sucrose and
7 g/1 agar. Kinetin and a-naphthaleneacetic acid (NAA) were added in the
stated amounts. The pH of all media was set at 5.7 prior to agar addition
and autoclaving. Test tubes, 24x100mm, were used, and media were distrib-
uted in 10 ml per tube. The tubes were sealed with a folded aluminium foil.
Sterilization of media was achieved by autoclaving at 121°C for 15 minutes.
Ten tubes were prepared of each test. Each tube of culture was inoculated
with a single shoot tip explant.

Production of plantlets

The primary cultures budding many adventitious shoots were used as
sources. The small sections with one or two shoots were cut from them, and
each section was grown in 100ml Erlenmayer flask with 30 ml test medium.
The composition and preparation of the medium was treated in the same way
as in the shoot tip culture.

Preparation of plantlets for transfer to soil

When the plantlets showed vigorous leaf and root development, each plant-
let was removed from its flask and agar was washed away from the roots.
Plantlets were then transferred to baked rice chaff in ‘My Garden’ (automatic
solution culture equipment for home garden and its nursary bed is made by
baked rice chaff, Sumitomo Kagakukogyo Co.) with the plastic film and net
covers. The ‘My Garden’ were placed in plastic house. After 1 week under
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the covers, the plantlets were hardened by removing the covers for 2-3 hours
each day for a week then the covers were removed altogether.

RESULTS

Development of adventitious shoots

a. Effects of kinetin and NAA

Kinetin and NAA were examined in these concentrations, in mg/1:kine-
tin, 0, 1.0 and 2.0; NAA, 0, 0.1, 0.5 and 1.0 (Fig. 1).

Explants were placed on the media on November 25 th, 1976. All cultures
were maintained under a 12 hr light regime (circa 3000 lux from National Hi-
light FLR 40D/M) at 20°C. After 40 days the percentage of explants with
roots and the number of adventitious shoots per explant were determined. The
results are shown in Figure 1.

Formation of adventitious shoots in explant took place on media containing
kinetin. Significant differences in the number of adventitious shoots were not
observed between the medium containing | mg/l and 2 mg/1 kinetin. Further-
more, on media in which NAA were present together with kinetin, a tendency
of enhancement of shoot formation was indicated proportionally to the con-
centration of NAA up to the range of 1mg/l tested.

On the other hand, formation of root in explant took place only on media
containing no kinetin. NAA alone resulted in increasing the number of roots
per explant with increasing concentration, but at the higher NAA concentra-
tion these roots were thickened.

b. Effects of temperature
Explants were placed on media containing 0.1, 0.5 or 1.0 mg/1 NAA and 2
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Fig. 1. Effects of kinetin (K) and NAA (N) on adventitious shoot and
root formation. The shoot tip explants were cultured for 32 days on Mura-

shige-Skoog medium with different kinetin and NAA levels.
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mg/1 kinetin on August 13 th, 1976. The cultures were maintained under a 12
hr light regime (circa 3000 lux) at 20 or 25°C.

On the 10 th day after isolation of the shoot tip, formation of adventitious
shoots in the explant became visible in all trials. After this the number of
shoots per explant increased rapidly, but the rate of increase became slow af-
ter 25 days. As shown in Figure 2, the increasing rates of shoots were some-
what larger at 20°C than at 25°C when explants were incubated on media con-
taining 0.5-1.0mg/l NAA and 2.0mg/1 kinetin.
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Fig. 2. Effect of incubation temperature on adventitious shoot formation.
The shoot tip explants were cultured on Murashige-Skoog medium with 2.0
mg/l kinetin and three NAA levels at 20 (solid line) and 25°C (broken
line). The concentrations of NAA are indicated on the right side,

c. Effects of day-length

Explants were placed on the media containing 0.5mg/l NAA and 2mg/1
kinetin on December 16th, 1976. The cultures were maintained under a 12
hr, 16 hr or continuous light regime (circa 3000 lux) at 20 or 25°C. After 40
days the number of adventitious shoots per explant was determined.
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Fig. 3. Effect of day-length on adventitious shoot formation. The shoot
tip explants were cultured for 40 days on Murashige-Skoog medium with 2
mg/1 kinetin and 0.5 mg/1 NAA at 20 and 25°C.

As shown in Figure 3, the multiplication of adventitious shoots was most
enhanced under a continuous light regime, next in order was a 16 hr and a 12
hr.

d. Effects of growth stage of stock plant

The shoot tip explants were isolated for culture at three different growth

stages of stock plant. The three stages were as follows: pre-tiller stage (June
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17th), tiller stage (August 13 th) and flower bud differentiation stage (Decem-
ber 16th). Explants were placed on media containing 0.1, 0.5 or 1.0 mg/l NAA
and 0, 1.0 or 2.0mg/l kinetin. The cultures were maintained under a 1'2 hr
light regime (circa 3000 lux) at 20°C. After 32 days the percentage of cultures
with roots and the number of adventitious shoots per explant were deter-
mined. The results are shown in Figure 4.
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Fig. 4. Effects of growth stage of stock plant on adventitious shoot and
root formation. The shoot tip explants were cultured on Murashige-Skoog
medium with different kinetin (K) and NAA (N) levels.

Formation of adventitious shoots was more active in culture isolated from
stock plant which was more advanced in age. That is, on media containing 1
mg/1 kinetin, the simultaneous presence of NAA was necessary for adventitious
shoot formation in case of explant isolated from plant of the pre-tiller stage.
Also, adventitious shoots were formed in all trials containing kinetin in case
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of explant from the tiller stage and the number of adventitious shoots per cul-
ture was larger than in the respective trials of pre-tiller stage. The forma-
tion of adventitious shoots was more active on media containing 2 mg/1 than 1
mg/l kinetin. Furthermore, proliferation of adventitious shoots was the max-
imum on a medium containing 1 mg/1 kinetin in explant from the flower bud
differentiation stage. In that case, NAA added had no effect on shoot forma-
tion even with increasing concentration.

NAA alone resulted in root formation and no shoots, but in case of ex-
plant isolated from plant of the pre-tiller stage, the percentage of explant with
roots was smaller than them from the tiller and the flower bud differentiation
stages.

Production of plantlets

The divided sections with one or two adventitious shoots were transferred
on media containing 0 or 0.1 mg/l1 NAA and O or 0.5mg/l kinetin. These cul-
tures were maintained under a 12 hr light regime (circa 3000 lux) at 20 or
25°C.

The test was repeated 2 times, from July 22nd to August 11th and from
September 15th to October 9th, 1976. The adventitious shoots grew rapidly
when transferred to new media and roots were formed in 80 percent and over
of the sections after 20 days in amost al trials (Fig. 5). With respect to me-
dium, the roots became thick and short on media containing kinetin and this
tendency was further enhanced in a medium to which NAA had also been
added. Most satisfactory plantlets were produced in the absence of both growth
substances. With regard to the incubation temperature, the shoots of the
plantlet appeared to be fresher at 20°C than 25°C and formation of roots also
was satisfactory.
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Fig. 5.  Effects of kinetin (K), NAA (N) and incubation temperature on
plantlet production. The adventitious shoots were cultured on Murashige-
Skoog medium with or without 0.1 mg/1 kinetin and 0.5 mg/1 NAA at 20
(white column) and 25°C (solid column).

Preparation of plantlets for transfer to soil

Plantlets regenerated on media containing 0 or 1 mg/l NAA and O or 2 mg/l
kinetin were used as materials in this test. All plantlets transferred to
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Fig. 6. Adventitious shoots formed on shoot tip explant. The explant
cultured for 30 days on Murashige-Skoog medium with 2 mg/1 kinetin and
0.5 mg/1 NAA.

Fig. 7. Plantlet produced from divided adventitious shoot. The divided
adventitious shoot cultured for 20 days on Murashige-Skoog medium without
the hormones.
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‘My Garden’ grew healthily irrespective of the kind of medium on which the
plantlets were produced. All plants tillered to 4-5 shoots. Seedlings divided
into one shoot each were transplanted to soil and all of them matured normal-

ly.

DISCUSSION

Asexual multiplication through callus cultures is now possible in many gen-
era. It has also been shown that a high frequency of plants derived from
callus deviated genetically from the original plants in Liliaceae, such as edible
asparagus, Asparagus officinalis, and Wakegi, Allium wakegi (Murashige and
Nakano, 1966; Malnassy and Ellison, 1970; Shimada et al., 1973). To avoid
genetically aberrant plants our efforts were turned toward the formation of
multiple plantlets directly from a single shoot tip.

The technique of shoot tip culture of Welsh onion obtained from the pres-
ent series of experimental results can be summarized as follows. 1) The
shoot tip is placed in Murashige-Skoog medium containing 2mg/l kinetin and
0.5mg/l NAA and the culture is kept in a long-day regime at 20°C for 30 days.
Ten-odd of adventitious shoots will form in the culture by this porcess (Fig.
6). 2) Each of these shoots is isolated onto Murashige-Skoog medium contain-
ing no growth hormone and the culture is kept in a long-day regime at 20°C
for 30 days. Up to that time, the divided shoot forms roots on the base and
grows into plantlet that can be removed from the container (Fig. 7). 3) The

Fig. 8. Plantlets after the hardening-off stage. The plantlet removed
from flask and grown for 30 days in ‘My Garden’ under plastic house
condition.
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plantlet is removed from the container, transferred to a bed made of baked
chaff and grown with a nutrient solution. The plant is tillered into 4-5 shoots
after 30 days and when these divide, 4-5 seedlings which can be transplanted
to the soil can be obtained from 1 plant (Fig. 8).

It therefore means that about 40 seedlings can be obtained from 1 shoot
tip in about 90 days. It was also confirmed that several adventitious shoots
which could be divided could be regenerated after about 25 days when subcul-
ture of the adventitious shoot was carried out on a medium containing kinetin
and NAA. The number of shoots can be increased rapidly by repeating such
subculture of adventitious shoots.

Adventitious shoot formation was strongly dependent on the presence of
cytokinin in the present investigation, while auxin only had a modifying effect
on the cytokinin influence. Similar conclusion was reached by Fonnesbech
(1974) for tissue culture of Begonia x cheimantha. It was also shown by Earle
and Langhans (1974) that application of high level of cytokinin to the base of
the shoot tip explant of Chrysanthemum morifolium acted as a ‘chemical pinch’
causing the formation of multiple shoots.

As stated above, the presence of high level of cytokinin in medium strong-
ly stimulated the multiplication of adventitious shoots but completely inhibited
the initiation of roots. These shoots could be excised and, if placed back on
the same medium, adventitious shoots reformed. If, however, the shoots were
placed on the medium with the hormones omitted root and leaf formation was
stimulated so that a plantlet was formed.

Several tens of Welsh onion plants multiplied by shoot tip culture were
grown in the field. All of them matured normally and plants in which geneti-
cal aberration was indicated were not observed among them. Detailed stud-
ies, however, must be carried out in the future on plants regenerated from
shoots by repeated subculture using a medium containing kinetin. If genetical
aberrant plants do not appear in clone regenerated in such a manner, there
will be possibility of establishment of economic F, seed production of Welsh
onion by applying this technique to the multiplication of male sterile parents.
As Welsh onion can be multiplied further in vivo by division of tiller shoots,
its realization is a large possibility.
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