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Summary

Lilium rubellum Baker bulb-scales excised from bulbs growing in vitro were cul-

tured at different temperatures, in various lengths of light period, or in a medium
containing different concentrations of a-naphthaleneacetic acid (NAA) and 6-benzyl-

aminopurine (BA)..

Temperature affected the percentage of regenerating bulb-scales, the number of

bulblets per scale, and the growth of bulblets.

of the parameters was 25°C.

The optimum temperature for each

The percentage of regenerating bulb-scales and the number of bulblets per scale
were stimulated in a lighted environment, but the fresh weight of bulblets formed
in this environment was lower than the weight of those formed in darkness.

NAA at concentrations of 0.05 and 0.1 mg/l/ gave a stimulatory effect on each of

the parameters, but the higher concentrations suppressed bulblet formation.

BA

scarcely affected any of the parameters, except in the combination of 0.1 mg/l BA
with 1.0 mg/l NAA, which enhanced the fresh weight of the bulblets.

Introduction

In vitro asexual propagation has been ap-
plied to Lilium rubellum Baker for the pro-
liferation of plantlets which were genetically
identical to the parent plants (10), because
the extent of rose color, the flowering time,
the length of stem, the number and shape of
leaves depend on the parent plants (6). As
shown in a previous paper (11), however, the
productivity of the explants excised from
each organ of L.rubellum parent plants was
found to be very low as compared with L.
longiflorum (19). To increase the number of
bulblets for a short period, the bulb-scale cul-
ture, in which bulb-scales are excised from
bulbs formed in vitro, seemed to be one of
saveral useful methods. However, it has
been reported that in axenic bulb-scale cul-
tures concentrations of growth regulators (1,
13,19) and culture conditions (2,7,19) suit-
able for the development of bulblets depend on
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Lilium. The present study was made to clar-
ify effect of temperature, of length of light
period and of concentration of a-naphtha-
leneacetic acid (NAA) and 6-benzylamino-
purine (BA) on the regeneration and growth
of bulblets in L. rubellum bulb-scale cultures.

Materials and Methods

Medium. ——The basal medium consisted of
Murashige and Skoog’s salt (8) together with
2 mg/l glycine, 100 mg/l myo-inositol, 0.5
mg/l nicotinic acid, 0.5 mg/{ pyridoxine-HCI,
0.1 mg/! thiamine-HCl, 50 g/l sucrose, and 7
g/l Difco Bacto agar. Different concentra-
tions of growth regulators NAA and BA
were added to the basal medium in each ex-
periment, and the concentrations are shown
in results. All media were adjusted to pH
5.6-5.7 with 0.1 N NaOH and 0.1 N HCI be-
fore the addition of sucrose and agar. The
medium was dissolved and about 20 ml of it
was then poured into each 50 ml Erlenmeyer
flask, all of which were then capped with alu-
minium foil and autoclaved for 10 minutes at
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121°C under a pressure of 1.2kg/cm?.

Bulb-scale culture. ——Unexpanded leaves
were dissected from mother plants and cul-
tured for 120 days in darkness in a basal me-
dium supplemented with 1.0mg/l NAA and
0.1 mg/l BA, according to the procedures de-
scribed previously (10,11). Developing bulb-
lets were dissected and subcultured in the
basal medium at 24+1°C in darkness for a few
months before experiments on bulb-scale cul-
tures began.

All bulb-scales, excluding the innermost
scales near the growing point, were dissected
from the subculturing bulbs. The bulb-
scales, weighing more than 10mg in fresh
weight, were chosen, and 3 to 5 bulb-scales
were placed in each of flasks with the abaxial
side down on the basal medium or on the bas-
al medium supplemented with growth regu-
lators at various concentrations.

Bulb-scales were cultured for 60 days in
darkness or in a lighted environment consist-
ing of 20 W, white fluorescent tubes, giving
about 1000-12001x at the culture surface.
The number of bulb-scales cultured in each of
the experiments is shown in results.

Determining number and weight of devel-
oped bulblets. ——At the end of the incuba-
tion period, bulb-scales were removed from
each of the flasks for evaluation. After the
number of bulb-scales forming bulblets were
determined, the average number and fresh
weight of the bulblets formed were evaluated
in each of the flasks. Fresh weight of rooted
bulblets was determined after removal of the
roots. The results were subjected to statis-
tical analysis at the 5% level following Dun-
can’s multiple range test (3).

Results

Effect of temperature. Table 1 shows
‘the results obtained at the various tempera-
ture, 15,20,25 and 30°C. The highest per-
centage of regenerating bulb-scales was ob-
served at 25°C, and 30°C reduced the regene-
ration rate with occasional death of bulb-
scales. The number of bulblets per scale and
the fresh weight of bulblets were greatest at
25°C, and the nearest suboptimum tempera-
ture for the formation of bulblets was 30°C,

Table 1. Regeneration and bulblet growth in bulb-scales
cultured in a basal medium supplemented 1. Omg/l
NAA and 0.1mg/! BA, at different temperatures
in darkness for 60 days. Eighteen bulb-scales were
cultured in each of the treatments. Means in
columns not followed by the same letter are
significantly different at the 5% level.

Number of Mean fresh

Number of
bulb-scales bulblets per weight of
Temperature with bulblets  scale bulblet

49 % (mg)
15 66° 1.4P 34P
20 832b 1. 4P 23b
25 892 2,32 572
30 66° 1. 823k 14b

at which their growth, however, was extreme:
ly inhibited. In conclusion, 25°C was the
optimum temperature for all parameters.
Effect of length of light period. ——Table
2 shows the results obtained in various
lengths of light period. The percentage of.
regenerating bulb-scales increased as the
length of light- period increased, although’
there were statistically no differences among
treatments. This was also true for the num?
ber of bulblets per scale, which was greatest
in a continuously lighted environment and
lowest in darkness. In_ contrast, the fresh,
weight of bulblets was greatest in ‘darkness
although there was statistically no difference,
between the fresh weight of the bulblets de-
veloped in darkness and those developed in a
continuously lighted environment. ,,
Effect of NAA alone or of NAA in com-
bination with BA.——Table 3 gives the re-
sults of growth regula\t_ors. As compared with
the control, the addition of growth regulators
generally reduced the percentage of regene-
rating bulb-scales, particularly at 0.5mg//

Table 2. Regeneration and bulblet growth in bulb-scales
cultured at various lengths of light period(h) at
24+1°C. Thirty bulb-scales in each of the treat-
ments were cultured in the same kind of medium
as in Table 1. Statistical analysis as in Table 1.

Length Number of  Mean fresh

Number of
of light bulb-scales ° bulblets weight of
period with bulblets per scale bulblet
(h) (%) ' (mg)
0 802 1. 6¢ 602
8 832 2N5ate 375
16 932 2, 8ab 34b

24 100° 3.42 4720 |
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Table 3. Regeneration and bulblet growth in bulb-scales
cultured in a basal medium supplemented with
various concentrations of NAA alone or of NAA
together with BA. Forty scales in each of the
treatments were cultured at 24%+1°C in a contin-
uously lighted environment. Statistical analysis
as in Table 1.

Growth regulators Number of Numberof Mean fresh

(mg/l) bulb-scales  bulblets weight of
———= — with bulblets per scale  bulblet
NAA BA % (mg)
0 0 (control) 882 2, Qbede 164
0.01 O 802P 2.5abed 230cde
0.05 0 882 3.42 32b¢
0.1 0 83ab 3.0%° 37b
0.5 0 58bcde 1. 9bcde 29bcde
1.0 0 30fe 1.0°f 32b¢
20 0 35cfs 0.9¢f 14¢
3.0 0 158 0.2f 20¢de
0.01 0.001 ogke 2. 1bede 23LEES
0.01 0.01 ToRES 1. 8bede 164
0.01 0.1 T3EEC 1. 6°¢¢ 24bede
0.1  0.001 702bcd 2.73b¢ 25bcde
0.1 0.01 882 3.42 2R de]
0.1 0.1 902 2.2bed 3Qbed
1.0 0. 001 goedef 1, gbede 22bcde
1.0 0.01 45d¢fe 1. 44 23cds
1.0 0.1 g5abed 1. 6°4¢ 552

NAA and more, and at 1.0mg/l NAA in
combination with BA. The number of bulblets
per scale increased when only NAA at the con-
centrations of 0.05 and 0.1 mg/! was added.
The addition of BA with NAA scarcely af-
fected the increase in the number of bulblets,
except for 0.01 mg/l/ BA together with 0.1
mg/l NAA, in which 3.4 bulblets developed
as shown in 0.05mg/l NAA. The f{resh
weight of bulblets was greatest in 1.0mg/l
NAA in combination with 0.1mg/l BA, in
which the number of bulblets per scale was
lower than the control. NAA at concen-
trations from 0.01 up to and including 1.0
mg/l also stimulated the growth of bulblets.
From a comprehensive analysis of the com-
bined parameters, NAA at the concentrations
of 0.05 and 0.1mg/l seemed to be most
favorable for the production of bulblets.

Discussion

The present study showed that tempera-
tures affected all parameters, i. e., the percent-
age of regenerating bulb-scales, the number
of bulblets per scale, and the growth of bulb-

lets (Table 1). The optimum temperature for
the in vitro production of bulblets in oth-
er bulb plants was as follows : 25°C was fa-
vorable for bulblet formation in L. speciosum
(2) ; 21.6 or 24.8°C for bulblet growth in hy-
acinths (14) ; and 25°C for all parameters in
narcissus (17). Furthermore, it has been
reported that a temperature increase from 15
to 22°C increases the active sucrose uptake
rate about 50% in the in witro root discs of
sugar beets (16). These data show that the
optimum temperatures for in vitro develop-
ment of bulblets probably lie from 20 to 25°C.
The range of temperatures has been not only
applied to the in vivo scale propagation of
Lilium (18), but also has favored scale ini-
tiation and filling of L.longiflorum daughter
bulbs (20). Hence, it could be concluded that
25°C was the favorable temperature for the iz
vitro propagation of L.rubellum Baker.

Table 2 showed that illumination, particu-
larly continuous light, strongly promoted
bulblet formation. The effect of illumina-
tion on bulblet formation depended on Lili-
um : The lighted environment was favorable
for L.longiflorum ‘Osnat’ (7) ; but unfavora-
ble both for L.longiflorum ‘Ace’ (19) and L.
oriental hybrids (13). Darkness was also fa-
vorable for the regeneration and growth of
bulblets in the leaf segment cultures of L.
rubellum Baker (10). The discrepancy seems
to be due partly to the differences in the phys-
iological states of the explants investigated.
Table 2 also showed that the growth of bulb-
lets formed in darkness was superior to
those formed in a lighted environment. This
seems to be related with the number of bulb-
lets formed on a bulb-scale : Since rooting
in developing bulblets began 1 to 1.5 months
after bulb-scale culture (data not shown),
the developing bulblets seemed to uptake nu-
trition through each individual bulb-scale
nearly throughout the entire period of bulb-
let growth ; and as a result, the nutrient
competition in the bulblets grown in lighted
conditions is assumed to be greater than in
those formed in darkness.

The present study gave the following
growth-regulator results : NAA was clearly
required for the formation and growth of L.
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rubellum bulblets ; and low concentrations
were more favorable for them. Growth of
isolated bulblets of L. rubellum Baker was al-
so stimulated in the presence of 0.1 mg/l
NAA or of 0.1mg/l NAA in combination
with 0.001 mg/! BA (12). Similarly, it has
been reported elsewhere that the development
of bulbets was stimulated at 0.03mg/l NAA
in L.longiflorum (19) and 0.1 mg/l in L. spe-
ciosum (1). This may be related to the fact
that Lilium bulb-scales ordinarily form new
bulblets in the in vivo scale propagation with-
-out difficulty. The present study also show-
-ed that BA was not a critical addendum to
increase the number of bulblets. The same
phenomena have been observed in several oth-
er bulb plants (4,5,15), and furthermore,
.cytokinin 2iP suppressed the regeneration
and growth of bulblets in L.longiflorum
(19). Hence, cytokinins seem to be less im-
portant addendum in the bulb-scale cultures
in Lilium, although Murashige indicated that
<ytokinins were one of critical compounds in
increasing the proliferation rate of herba-
ceous and woody plants (9).
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