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Summary

In in vitro cultured bulb-scale segments of Lilium longiflorum Thunb., adventitious bulblet
differentiation can be induced when the segments were cultured on the medium containing
cytokinin and auxin. If the bulb-scale was transversally cut off to several fragments. the number
of bulblets per bulb-scale progressively increased in proportion to wounding area of bulb-scale.
When one of the presumed wounding hormones, traumatic acid, were added to the culture
medium, the bulblet differentiation was significantly promoted. The short term treatment with
solution of traumatic acid was also effective only when it was given to the explants just after their
excision from bulb-scales. Simultaneous application of anti-auxin or anti-cytokinin did not
affect the promotive action of wounding and traumatic acid in bulblet differentiation.

Key words: bulblet differentiation, bulb-scale culture, Lilium longiflorum, traumatic acid,
wounding.

Introduction

Since Skoog and Miller® reported that adventitious organ differentiation in callus
culture was controlled by a balance between auxin and cytokinin applied to the culture
medium, many researchers reported that same phenomena were observed in a large number
of plant species (review by Thorpe!®). When organ fragments were used as explants,
however, adventitious buds could be formed by the addition of cytokinin alone to the
medium as reported in Torenia*®, Perilla'V and Rudbeckia’®. Promotive effects of cyto-
kinin on bud initiation in stem segments of Torenia was counteracted by auxin which was
either applied or already present in the explant'® **'®, The differences between a piece of
callus and an organ explant with regard to their response to phytohormones may arise
from the fact that the former is not wounded while the latter is damaged during excision.

The adventitious bulblet was usually formed by addition of phytohormones such as
auxin and cytokinin!®. About 4 bulblets were formed per bulb-scale explant in L.
longiflorum™® and about 5 in L. speciosum®. The number increased significantly when
wounding was given to the explants, about 13 bulblets were formed in the explants cultured
with naphthaleneacetic acid (NAA), and application of triiodobenzoic acid (TIBA) also
stimulated the bulblet differentiation in non-wounded explants?”. Van Aartrijk and Blom
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-Barnhoorn?® demonstrated that wounding and NAA interacted in influencing the regener-
ation process, and NAA could be substituted for wounding.

Wounding treatment applied to plant tissues is known to cause several changes at
different levels such as protein synthesis?, DNA synthesis?®® and cell division”. These
results suggest that excising organ explants from mother plants may provoke a series of
biochemical events which are closely related to adventitious organ differentiation. In fact,
adventitious bud initiation in Torenia stem segments was induced when an anaerobic
treatment was given just after the excision of explants'®. The treatment may favourably
modify some physiological or biochemical processes which are triggered by wounding,
leading to the formation of adventitious buds. Furthermore, additional wounding treat-
ment promoted the bud initiation and the wounding treatment did not affect the uptake into
explants and the distribution pattern of cytokinin applied to the culture medium®.
Therefore, we tried to examine the exact roles of wounding on bulblet differentiation in
bulb-scale explants of L. longiflorum.

In Torenia stem segments, application of traumatic acid (TA) stimulated bud
initiation'”. This chemical was thought to be one of the plant wound hormones¥, and
Margara® found that TA promoted bud formation in explants of cauliflower heads. We
also investigated the effects of TA on bulblet differentiation in the bulb-scale cultures.

In case of that wounding and TA stimulated bulblet differentiation, the effects seem
to be interacted in phytchormones such as auxin or cytokinin. Thus, correlative effects of
anti-cytokinin, 4-cyclobutylamino-2-methylpyrrolo [2, 3-d] pyrimidine (CB-P) or anti
-auxin, TIBA, and wounding or traumatic acid on bulblet differentiation was also-
examined.

Materials and Methods

Apical parts of Liliwm longiflorum Thunb. plants were sterilized with 159 NaOCI
solution for 30 min and rinsed with sterilized water. These apices were excised from the
apical parts and cultured on medium containing Murashige and Skoog’s mineral salts®, 4%
sucrose and 0.25% Gelrite (hereafter referred to as MS medium) with 0.1 xM NAA. After
1 months of culture, bulbs formed in the basal part of regenerated plantlet. The bulbs were
developed to 15 mm in diameter after 3 months, the outer 2 bulb-scales were used as
materials. The size of material bulb-scale was about 12 mm in length, 8 mm in width and
6 mm in depth.

The bulb-scale was transversally cut to several fragments (Fig. 1), and cultured on the
basal culture medium containing MS medium with 0.1 4M of NAA and 1 4M of ben-
zyladenine (BA). Solutions of TA, TIBA and CB-P (kindly supplied from Dr. H. Iwamura,
Kyoto University) were sterilized through a Millipore filter (0.22 xm) and added to the
culture medium. The short term treatment with TA was performed as follows. The
explants were taken from bulb-scales, cultured on the basal medium for various durations
(0 to 24 hr), then incubated in 1 xM of TA solution for 1 hr and then cultured on the basal
medium. The cultures were maitained under 16 hr long day photoperiod (6,000 lux) and
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Bulblet differentiation in various kinds of bulb-scale explants.

The bulb-scales were transversally cut to several fragments (ex-
plants), and the explants were cultured on the medium containing 0.1
#M of NAA and 1 4uM of BA. For each treatment, at least 200
explants were used, the experiments were repeated at least 3 times
and the standard errors were then calculated.

constant temperature at 25+2°C. After 3
weeks of culture, bulblet differentiation in
the cultured explants and the number of
bulblets formed in the explants were obser-
ved.

Results and Discussion

Effects of wounding

The material bulb-scales were transver-
sally cut to several fragments (shown in Fig.
1 as explants A, B, C and D), the wounding
area per bulb-scale was measured, and cul-
tured on the MS medium with 0.1 M NAA
and 1 M BA. After 3 weeks, bulblet number
initiated in each explant was observed. As
shown in Fig. 1, the numbers of bulblet for-
med were 1.4 per explant in the explant A to
2.5 in the explant D, and 1.4 per bulb-scale in
the explant A to 15.0 in the explant D (Fig.
1).
bulb-scale and the number of bulblet was
shown in Fig. 2, and the bulblet number in-
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Relations between wounding area
applied to the bulb-scale and number
of bulblets formed in the bulb-scale
explants. The bulb-scales were tran-
sversally cut to several fragments, and
the fragments were cultured on the
medium with 0.1 ¢M of NAA and 1
uM of BA. After 3 weeks of culture,
the number of bulblets formed in the
fragment was counted. Relationships
between wounding area applied to the
bulb-scale and number of bulblets for-
med was expressed. For each treat-
ment, at least 200 fragments were
used, the experiments were repeated
at least 3 times and the standard
errors were then calculated.
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From above experimental results,
dependency of bulblet formation in
wounding area was clear. In Torenia
stem segments, additional wounding
given to the middle part of explant
caused a significant increase in the
number of buds and this treatment did
not affect the uptake of cytokinin into
explants?. These results suggested
that the wounding treatment induced
some chemicals favorable for adventi-
tious organ differentiation.

Effects of traumatic acid

As the wounding treatment
stimulated bulblet differentiation in
the above experiments, effects of TA,
one of the wound hormones, on bulblet
formation were investigated using the
explant C and D. The number of
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Fig. 3 Effects of traumatic acid (TA) on bulb-

let differentiation in bulb-scale explants.
The explants C (O) and D (@) (shown in
Fig. 1) were cultured on the medium
contained 0.1 M of NAA 1 xM of BA and
various concentrations of TA. For each
treatment, at least 200 explants were used,
the experiments were repeated at least 3
times and the standard errors were then
calculated.

bulblet formed increased in the explant cultured on the medium containing more than 0.1

uM of TA (Fig. 3).

To find out the most effective period of TA treatment, the explants were initially
cultured on the basal medium for various durations (0 to 24 hr), then incubated with
solution of 1 M TA for 1 hr, and then cultured on the basal medium. The promotive
effects of TA were obtained only when the incubation with TA was given just after the

excision of the explants (Table 1).

Table 1 Effects of incubation with traumatic acid (TA)
during various periods of cultures on bulblet differ-

entiation in bulb-scale explants.

English et al® reported
that TA was one of the plant
wound hormones, and

Margara® demonstrated that

Period of No. of bulblets Cultures with . . X
TA incubation per explant bulblets (%) T'A stimulated bud formation
No incubation 2.8+0.4 90.4+2.6 in cauliflower head explants.
0-1 hr 5940.6 We also examined the effects
1-2 hr 3.6+0.4 98.841.0 of TA in Torenia stem seg-
6-7 hr 2.7+0.2 96.2+1.6 ments and found that TA en-
12-13 hr 2.8+0.4 hanced adventitious bud
24-25 hr 2.6+£0.2 94.8+2.0

initiation!”. This promotive

The explants used were D as Fig. 1. Firstly, explants

effects of TA seemed to be

were cultured on the basal medium for 0, 1, 6, 12 or 24 hr, . L
then incubated with 1 xM TA solution for 1 hr. For each essential for adventitious

treatment, at least 200 explants were observed, the experi-
ment were repeated at least 3 times and the standard errors

were then calculated.

organ initiation from  organ
fragments.
The most effective period
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Table 2 Correlative effects of anti-auxin (TIBA) or anti-cytokinin (CB-P) and
wounding on bulblet differentiation in bulb-scale explants.

Kinds of No. of bulblets per explant
explant —~CB-P, —TIBA +CB~P (10 M) +TIBA (10 M)
A 1.240.2 1.04+0.2 1.4%+0.4
B 2.0+0.2 1.9:40.2 2.4+0.2
C 2.220.3 2.4x0.2 2.6x0.2
D 2.6:+0.3 2.5+0.2 3.220.4

The explants were cultured on the medium containing 0.1 M of NAA and 1
#M of BA with or without CB-P (10 xM) or TIBA (10 xM). For each treatment,
at least 200 explants were used, the experiments were repeated at least 3 times and
the standard errors were then calculated.

Table 3 Correlative effects of anti-auxin (TIBA) or anti-cytokinin (CB-P) and
traumatic acid (T'A) on bulblet differentiation in bulb-scale explants.

Concentration No. of bulblets per explant

of TA (uM) —CB-P, —TIBA +CB~P (10 uM) +TIBA (10 M)
0 2.440.2 2.240.2 3.240.4
0.1 4.240.4 4.3%0.4 4.6%0.4
1 4.4%+0.4 4.6+0.4 5.2+0.6

The explants used were explant D as Fig. 1. The explants were cultured on the
medium containing 0.1 uM of NAA, 1 4«M of BA and various concentrations of TA
with or without CB-P (10 gM) or TIBA (10 «M). For each treatment, at least 200
explants were used, the experiments were repeated at least 3 times and the standard
errors were then calculated.

of TA treatment was observed only when TA incubation was given just after the excision
of the explants (Table 1). The action of excision (wounding) itself may affect the initial
process of bulblet differentiation, and this effect can be amplified by the treatment with
TA.
Correlative effects of wounding, traumatic acid and anti-auxin, anti-cytokinin

Using several kinds of explants (explants A, B, C and D), effects of anti-auxin
(TIBA) and anti-cytokinin (CB-P) on wounding-promoted bulblet initiation were
examined. Furthermore, correlative effects of TIBA or CB-P and TA were also investigat-
ed. The results (Table 2 and 3) showed that CB-P did not affect wounding- and TA
-promoted bulblet initiation, and TIBA was slightly stimulated the bullet differentiation.

Van Aartrijk and Blom-Barnhoorn®® demonstrated that the effects of wounding and
TIBA were similar and additive, and depended on the presence of NAA in L. speciosum. In
our results, however, application of TIBA slightly promoted bulblet initiation, and did not
show the additive promotion (Table 2 and 3).
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