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Production of Commercial Liliwm rwbellum Baker Bulbs: Effects of Volume

and Renewal of Liquid Medium on In Vitro Growth, Bulb Rot Infection

during Cold Treatment, and Post-in-vitro Growth of Bulblets

Yoshij i  Ni imi, Masaru Nakano and Shigemi Saito
Facultg of Agriculture, Niigata Uniuersitlt, 2-8050 lkarashi, Niigata 950-21

Summary

Bulb lets  of .  L i l iwm rubel lwm Baker were cul tured for  16 weeks in  a 20- ,30-  or  40-ml
liquid medium renewed 0, 1, or 3 times. The bulblets were assessed for growth and rot
in fect ion.

1. Bulblets with fresh weight of more than 600 mg were obtained by using a 20- or
30-ml  medium wi th 3 renewals,  or  40 ml  wi th one renewal .

2. Bulblets frequently turned brown when they were cultured in a 30- or 40-ml
medium with 3 renewals; they frequently rotted both during a cold treatment and after
transplantation.

3. Bulblets cultured in a 20-ml medium did not rot afler a cold treatment irrespective
of the number of medium renewals; they grew well after transplantation to the green-
house.

4. Bulblets cultured in a 20-ml medium with 3 renewals most frequently developed
into plantlets with elongated axes 15 weeks after transplantation.

These results indicate that the 20-ml medium with 3 renewals appears to be most suit-
able for bulblet culture oI L. rubellum in a l iouid medium.

Introduction

We examined ways to achieve an ef f ic ient  pro-

duction of commercial Lil iwm rubellum Baker bulbs

in  v i t r o  (N i im i ,  1984 ,  1985 ;  N i im i  e t  a l . ,  1988 ;

Ni imi  and Sai to,  1990).  In  a prev ious paper (Ni imi

and Sai to,  1990),  we repor ted that  bulb lets  cul -
tured in  a l iqu id medium grew bet ter  but  tended to
rot  both dur ing a cold t reatment  and af ter  t rans-
p lantat ion to the f ie ld,  compared wi th those cul -

tured on an agar-sol id i f ied medium. In th is  s tudy,

the opt imum volume and f requency of  renewal  of

the l iquid medium in bulblet culture of. L. rubellum

were sought  to enhance in v i t ro and post- in-v i t ro

bulb let  growth.  Fur thermore,  means of  prevent ing

bulb rot  in fect ion dur ing a cold t reatment  and af-
ter  t ransplantat ion to the greenhouse were invest i -
gated.
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Materials and Methods

1. Preparation of bulblet erplants

Bulblet explants of. L. rubellu?n. were obtained as

fo l lows (Ni imi  and Sai to,  1990):  bulb scales were

excised f rom bulbs which had been cul tured on a

basal  medium (pH 5.7)  consist ing of  MS sal ts  and
v i t am ins  (Murash ige  and  Skoog ,  1 ,962 ) ,0 .1

mg . l i t e r -1  NAA,  0 .001  mg . l i t e r -1  BA ,  5% suc rose

and 0.7% agar at  24* 1 "C in the dark;  the scales

were cut  in to p ieces and cul tured on the basal

medium at  24* 1 
'C 

in  the dark for  4 months;  re-

generated bulb lets ,  weighing 50 to 100 mg,  were

isolated f rom the bulb scales and used as explants

for  bulb let  cu l ture.

2. Bulblet culture in liquid rnediurn

Ten bulb lets  ( tota l ly  600 to 750 mg) were cul -

tured in  a 100-ml  Er lenmeyer f lask conta in ing a

20 - ,  30 - ,  o r  40 -m l  l i qu id  basa l  med ium.  Cu l t u res

were mainta ined for  16 weeks at  24* 1 "C in the
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dark on a rotary shaker (90 rpm) wi th no medium

renewal ,  wi th one renewal  8 weeks af ter  the onset

of  cu l ture or  wi th 3 renewals every 4 weeks.

Medium renewal  was per formed by removing the

former medium wi th a cul ture p ipet te and then re-
p lenishing i t  wi th an equal  vo lume of  f resh basal

medium. As a contro l ,  10 bulb lets  were inoculated

in a 100-ml  Er lenmeyer f lask conta in ing a 40-ml

basal  medium sol id i f ied wi th 0.7% agar for  16

weeks.

Af ter  16 weeks,  the or ig inal  and newly- formed

bulb lets  were col lected f rom cul ture vessels and
washed wi th tap water .  Af ter  roots were removed,

the number and the f resh weight  of  bulb lets  and

the percentage of  browned bulb lets  per  f lask were

recorded.

3. Cold treatment and transplantation of bulblets

Heal thy and d iscolored bulb lets  col lected f rom

each of  f lasks were mixed wi th about  80 ml  of

moist  vermicul i te  ( tap water :  vermicul i te  :  I ' .  4 ,

v /v) ,  p laced in a polyethy lene bag (100 x 70 x

0.04 rnm),  and stored at  4 
'C 

f .or  12 weeks.  Af ter

the cold t reatment ,  the chi l led bulb lets  were

washed wi th tap water .  The numbers of  heal thy

and decayed bulb lets  were recorded for  each f lask,

and the rot ten bulb lets  were d iscarded.

A sample of  100 bulb lets  was p lanted 2 cm in

depth to a p last ic  t ray (33 x 48 x 10 cm) conta in-

ing a synthet ic  so i l  mix of  paddy soi l :  sand:  leaf

mo ld  m ix  (1 :  7 :  2 ,  v / v / v ) ;  each  bu lb le t  was  spaced

ca.  3 x  4 cm apart .  The t rays were t ransferred to

a  g reenhouse  kep t  a t  10  t o  20 'C  (n igh t )  and  10  to

25 
'C (day) .  The temperatures f luctuated,  depend-

ing on the weather .  Two to 3 weeks af ter  t rans-
p lantat ion,  af ter  most  of  the bulb lets  had sprouted,

they were fer t i l ized weekly wi th a solut ion of  500

mg ' l i t e r -1  Hyponex  (N :  P :  K :15 :  3O:  15 ) .  Bu lb le t s

were harvested 15 weeks af ter  t ransplantat ion,

washed wi th tap water ,  and thei r  roots removed.

The heal thy bulb lets  were counted and weighed;

the numbers of  p lant le ts  wi th e longated axes were

recorded for  each f lask.

Results

1. In uitro bulblet grotath

1) Number of newly formed bulblets

New bu lb le t s  (1  t o  4  bu lb le t s ' f  l ask -  1 )  we re

fo rmed  du r i ng  i n  v i t r o  cu l t u re  i n  a  l i qu id  med ium

irrespect ive of  the volume and renewal  of  the

medium, whereas no bulb lets  formed on a sol id

medium (Table 1) .  The number of  bulb lets  tended

to increase wi th the number of  medium renewals.

2) Fresh weight

The rate of  gain in  f resh weight  was enhanced

by both the volume and renewal ;  thus,  20-  and

30-ml  l iqu id media wi th 3 renewals gave 863 and

83I% gain in  f resh weight ,  respect ive ly ;  the h igh-

est gain of 889 % , among all treatments, was

obta ined in 40 ml  of  the medium wi th 1 renewal
(Tab le  1 ) .

3) Bulblet brouming

Bulb lets ,  cu l tured for  16 weeks on the sol id
medium, d id not  brown,  but  those in the l iqu id

medium browned to var ious extents (Table 1) .  The
percentage of  browned bulb lets  was re lat ive ly  low

when bulb lets  were cul tured in  20 ml ,  i r respect ive

of  renewal  of  the medium (Fig.  1A) or  in  30 ml

wi thout  renewal ;  whereas bulb lets  cul tured in  the

30- or  40-ml  medium wi th 3 renewals f requent ly

b rowned  (F ig .  1B ) .Cu l t u res  i n  wh i ch  bu lb le t

turned brown f requent ly  had an a lcohol ic  odor .

4) Weiqht classes of bulblets

Bulb lets ,  weighing 300 to 599 rng,  were most

f requent ly  obta ined in a l l  cu l tura l  t reatments ex-

cept  for  those on the sol id  medium (contro l ) ;  and in

the 20-ml  medium wi thout  renewal ,  bulb lets

weighed between 100 to 299 mg (Table 2) .

ln  a 20-  or  30-ml  l iqu id medium, the number of

bulb lets  weighing 600 mg or  more increased wi th

the number of  renewals;  especia l ly  wi th 3 renew-

als.  In  the 40-ml  medium, bulb lets  weighing 600

mg or  more were most  f requent ly  obta ined wi th 2

renewals.

2. Bulb rot infection during cold treatment and post-

in-uitro growth of bulblets

1) Bulb rot during cold treatment

No bulb lets  which had been cul tured on the

so l i d  med ium and  i n  t he  20 -m l  l i qu id  med ium ro t -

ted dur ing a cold t reatment  (Table 3) .  However,

bu lb le t s  cu l t u red  i n  a  30 -  o r  40 -m l  med ium w i th

1 or  3 renewals rot ted f requent ly ;  of  the bulb lets

der ived f rom 30 and 40 ml  of  the medium wi th 3

renewals,  31 and 44% ro| ted,  respect ive ly .

2) Bulblet growth after tronsplantation
(1) Percent gain in fresh weight and bwlblet rot

Bulb lets  which had been cul tured on the sol id

medium al l  grew wel l  a f ter  t ransplantat ion (Table
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Table 1. Effects of medium volume and renewal frequency on growth of. Lit ium ntbelhtm bulblets cultured for 16 weeks in

l iquid medium'

Medium At inoculat in At the end of  cul ture

vo lume renewaly
(ml) f  requencY

number of

bulblets

(■ask~1)

number of

bulblets

∈lask~1)総ll罵考 総11窯守
gain in          bulbletieSh(堺ghげ brtttngW

0

8w-1

4w_3

0

8w l

4 w _ 3

0

8w l

4w‐3

10.9

12.3

13 9

11.5

11 9

13.3

11.0

12 1

11.3

10.0

2891

4296

5799

3670

5277

5674

4138

5892

4287

1945

421

642

863

578

822

831

633

889

631

341

5

2

0

1

9

50

4

15

72

0

10

10

10

10

10

10

10

10

10

10

6 8 8±1 7 V

673■22

6 7 3±1 2

636■ 10

643± 15

687± 20

658± 18

666± 13

684± 22

663± 17

40

Solid mediumu

Significance
Volume of the l iquid medium (V)

Renewal of the l iquid medium (R)

V X R

ＮＳ

＊

ＮＳ

NS

* *

* *

*

* *

* *

* *

* *

* *

'  V a l u e s r e p r e s e n t t h e m e a n o f  8  f l a s k s f o r l i q u i d c u l t u r e a n d 5  f l a s k s f o r s o l i d o n e
v  0 ,  no  renewal :8w-1 ,  one renewal  8  weeks  a f te r  the  onset  o f  cu l tu re ;4w-3 ,3  renewals  every  4  weeks
* (fresh weight of bulblets at inoculat ion/fresh weight of bulblets at the end of culture) X 100.
*  ( n u m b e r o f b r o w n e d b u l b l e t s a t t h e e n d o f c u l t u r e / n u m b e r o f c u l t u r e d b u l b l e t s ) X 1 0 0 .
u  Mean*SE
" Bulblets were cultured on agar-sol idif ied medium for 16 weeks without medium renewal

N S , * , * *  i n d i c a t e n o n s i g n i f i c a n t a n d s i g n i f i c a n t a t P : 0 . 0 5  a n d 0 . 0 1  '  r e s p e c t i v e l y

FiS. 1. Bulblets cultured for 16 weeks in 20 ml of l iquid medium with 3 renewals-(A) and in 40 ml with 3 renewals-(B)

B a r : 3  c m .
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Table 2.
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Effects of medium volume and renewal frequency on the number of bulblets belonging to each weight class
weeks after the onset of bulblet culture oI Li l ium rubellum in l iouid medium.

Medium
Total number
of bulblets
analyzed

Weight classes of bulbletsY

volume renewalz
(ml) frequency

-99 mg
100～
299 mg

300～
599 mg 98307g      '0 g～

40

Solid mediumX

0

8w‐1

4w‐3

0

8w‐1

4w・3

0

8w・1

4 w‐3

94

109

124

92

95

96

88

87

90

50

25 (27)

48(44)

50 (40)

48 (52)

42 (48)

40 (42)

42 (48)

31 (36)

35 (39)

6 (12)

10 (11)
18 ( i7)
35 (28)
7  ( 8 )

11 (13)
24 (25)
1 r  r 1 ? )
t o  r ?a )

13 (14)
0 ( 0 )

0 ( 0 )

0 ( 0 )

4 ( 3 )

0 ( 0 )

5 ( 3 )

4 ( 4 )

2 ( 2 )

3 ( 3 )

3 ( 3 )

0 ( 0 )

" Abbreviat ions are the same as in Table 1.
v Parenthesized f igures represent the percentage of bulblets belonging to each class of total bulblets analyzed.
* Bulblets were cultured on agar-sol idif ied medium for l6 weeks without medium renewal.

Table 3. Effects of medium volume and renewal frequency in bulblet culture on rot infect ion during cold treatment and cult iva-

t ion in soi l"

Medium
Number of

cold‐treated

bulblets

(■ask~1)

At the end of cold treatment After 15 weeks of transplantation

volume renewaly
(ml)  f requency

number of       rottenhedilI鮮
3btS bJマ身,X

number of       gain in

hedlII鮮
SktS fresh膨,htW

rotten

bulbletsV

( % )

40

Solid medilmt

1 0 . 9±0 . 4 u

1 2 . 3±0 . 5

1 3 . 9±0 . 8

1 1 . 5±0 . 3

1 1 . 9±0 . 7

1 3 . 3±1 . 2

1 1 : 0±0 . 3

12.1=LO.7

1 1 . 3±0 . 4

1 0 . 0±0

1 0 . 9±0 . 4

1 2 . 3±0 5

1 3 . 9±0 . 8

. 11.1±0.3

, 1 0 . 8±0 . 9

9 . 5±1 . 5

t‐1 0 . 0±0 . 6

10.4=Ll.1

6 . 3±0 . 7
・10.0± 0

0

8w‐1

4w‐3

0

8w‐1

4w_3

0

8w・1

4 w‐3

0

0

0

3

10

31

10

15

44

0

10.9±0.4

12.3±0.5

1 3 . 4±0 . 7

10.9±013

1 0 . l l±0 . 9

5 . 9±1 . 5

9 . 0±1 . 3

9 . 1±0 . 9

2 . 0±0 . 6

10_0=L0

260

287

286

282 1

273

161

227

239

78

279

Significonce
Volume of the l iquid medium (V)

Renewal of the l iquid medium (R)

V X R

: * *

* *

* *

* *

* *

* *

* *

* *

* *

" Ten bulblets were initially inoculated to each flask and cultured for 16 weeks in liquid medium. After, cold treatment for

12 weeks, only healthy bulblets were transferred to pots and grown in the greenhouse. Values respresent the mean of 8 and

5 f lasks for cultures using l iquid and sol id media, respectively.
v Abbreviat ions are the same as in Table 1.
* (number of healthy bulblets at the end of cold treatment/number of cold-treated butblets) X 100.
* (freshweightof healthybulbletsattransplantat ion/freshweightof healthybulbletsl5 weeksaftertransplantat ion)X100:
" (number of healthy bulblets 15 weeks after transplantation/number of healthy bulblets at the end of cold treatment) X 100 .
"  MeantSE
t Bulblets cultured for 16 weeks on agar-sol idif ied medium without medium renewal were used.
NS,* ,  *  *  ind ica te  nons ign i f i can t  and s ign i f i can t  a tP :0 .05  and 0 .01  ,  respec t ive ly .
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Table 4. Effects of medium volume and renewal frequency in bulblet culture on the number of healthy bulblets belonging to
eachweightclassandof thosewithelongatedaxesl5 weeksaftertransplantat ioninLi l iumrubellutn'.

Med ium Weight classes of bulblёtsX

117

volume renewaly
(rnl) frequency

Total number
of healthy
bulblets
analyzed

～99 mg 1,000 mg～

Bulblets

with

elongated

axes

100-     300´ -     600-

299 mg  599 mg  999 mg

0

8w・1

4w‐3

0

8w‐1

4w‐3

0

8w‐1

4w_3

28 (30)   32

8 ( 7)   30

16 (13)   15

17 (19)   24

11 (13)   8

11 (17)   12

9 (12)  19

9 ( 1 2 )  1 1

5 (20)    2

21 (42)    9

16 (17)

59 (54)

80 (67)

43 (49)

60 (71)

36 (55)

42 (55)

58 (76)

16 (64)

5 ( 1 0 )

3 ( 3 )

11 (10)

37 (31)

2 ( 2 )

10 (12)

14 (22)

8 ( 1 1 )

13 (17)

0

1 ( 2 )

40

Solid mediumW

Ten bulblets were init ial ly inoculated to each f lask and cultured in l iquid medium. After cold treatment, healthy bulblets were
transferred to pots and grown in the greenhouse.
Abbreviat ions are the same as in Table 1.
Parenthesized figures represent the percentage of bulblets belonging to each class or those with elongated axes of total bulb-
lets.
Bulblets cultured on agar-sol idif ied medium without medium renewal were usec.

3).  Simi lar ly ,  bulb lets  which had been cul tured in

a 20-ml  l iqu id medium wi th or  wi thout  renewals

scarcely  rot ted dur ing cul t ivat ion in  soi l .  Bulb lets

gained 287 and 286% fresh weight  in  the 20-ml

l iqu id medium wi th 1 and 3 renewals,  respect ive-

ly .  Bulb lets  which had been cul tured in  a 30-  or

40-ml  I iqu id medium wi th 3 renewals rot ted wi th

high f requencies;  in  par t icu lar ,  76% of .  bulb lets ,

cul tured in  the 40-ml  l iqu id medium wi th 3 re-

newals,  rot ted.
(2) Weieht classes of bulblets ond plant deueloptnent

In the 20-ml  medium t reatment ,  the percentage

of  bulb lets  weighing 1,000 mg or  more increased

in a 20-ml  l iqu id medium as the number of
medium renewals increased;  3I% of  bulb lets ,  cu l -

tured in  the 20-  ml  medium wi th 3 renewals de-
veloped into the p lant le ts  wi th e longated axes
(Table 4) .

Bulb lets  weighing 1,000 mg or  more were a lso

obta ined in the t reatment  of  30-  or  40-ml  medium

with 
'1  

or  3 renewals,  but  the numbers were low

because many bulb lets  rot ted af ter  t ransplantat ion

in soi l  (Table 4) .

Discussion

That  growth of  bulb lets  is  s t imulated by cul tur-

ing them in a l iqu id medium was repor ted for  L.  x
'Or ienta l  hybr ids ' ( Ish iba et  a l . ,  1992),  L.  auratutn

(Takayama and Misawa, 1983a, b), L. joponicum

(Haruk i  and  Yamada ,1992 ;  Kawarabayash i ,  1993

a, b), I. longiflorum (Takayama and Misawa, 1983

b;  Takayama and Takizawa,  1994) and L.  s fo-

c iosum (Takayama and Misawa,  19B3b).  Ni imi  and

Sai to (1990) conf i rmed not  only  that  the l iqu id

cul ture system is  super ior  to  the sol id  cul ture sys-

tem in enhancing bulb let  growth in  L.  rubel lum ,

but  they a lso found that  bulb lets  cul tured in  40 ml

of  the l iqu id medium were prone to rot  dur ing the

cold t reatment  and subsequent  cul t ivat ion in  soi l .

This  s tudy indicates ' that  the rot  problem can be

overcome by a carefu l  modi f  icat ion of  medium

volume and renewal  of  the l iqu id cul ture system.

Thus when 10 bulb lets ,  each weighing 50 to 100

mg, were cul tured for  16 weeks in  an Er lenmeyer

f lask,  conta in ing a 20-ml  medium wi th 3 renewals

every 4 weeks,  bulb let  rot  was min imized and in

v i t ro growth of  bulb lets  was enhanced.  However,

i t  should be noted that  th is  opt imum condi t ion may

depend on the in i t ia l  number and weight  of  bulb-

le ts ,  as Kato et  a l .  (199a) has a l ready repor ted

that  an in i t ia l  inoculum concentrat ion af fects sub-

sequent  bulb let  growth in  a l iqu id cul ture system

of.  L.  x  Or ienta l  hybr ids.

Our s tudy revealed that  there is  a corre lat ion

between in v i t ro browning of  bulb lets  and thei r

rot t ing dur ing the cold t reatment  and cul t ivat ion
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in  so i l .  Bulb lets  in  t reatments which browning
occurred,  rot ted wi th h igh f requencies (Tables 1
and 3) .  This  indicates that  in  v i t ro browning may
account  for  bulb let  rot t ing and that  prevent ion of
browning appears to be one of  the cr i t ica l  chal -
lenges for  establ ish ing an ef f ic ient  bulb let  cu l ture
system using a l iqu id medium in L.  rubel lum. We
can conclude that  the cul ture system, us ing a 30-
or  40-  ml  l iqu id medium wi th renewal ,  induced
browning and therefore should be avoided for in
v i t ro bulb let  product ion of  L.  rubel lum. Because
these bulb lets  are of ten submerged,  the browning
may be at t r ibuted to the lack of  oxygen.  An a lco-
hol ic  order ,  emi t ted by gul tures in  which bulb lets
f requent ly  browned,  appears to be re lated to th is
condi t ion.

Kawarabayashi  (1993a) repor ted that  growth of
L.  japonicum bulb lets  in  a l iqu id medium was best
when i t  conta ined a 3/4-st rength MS inorganic
sal ts ;  the f requency of  bulb let  browning increased
wi th the st rength of  inorganic sal ts  in  the medium.
That  sucrose concentrat ion of  l iqu id media af fects
bulb let  growth in  several  L i l ium species has been
reported by Ni imi  and Sai to (1990),  Ish iba et  a l .
( 1992 )  and  Ka to  e t  a l .  ( 1994 ) .  N i im i  and  Sa i t o
(1990) repor ted that ,5% sucrose st imulated in
vitro growth of bulblets in l. rubellum more than
7 % sucrose d id.  Therefore,  growth and browning
of bulblets seem to be related to total amounts of
avai lable inorganic sal ts  or  sucrose in the l iqu id
medium. That  bulb lets  cul tured in  the 30-  or
40-ml  l iqu id rnedium wi th 3 renewals f requent ly
browned is attributed to the excess of inorganic
sal ts  or  sucrose.  Fur ther  s tudies are needed to fu l -
ly support our postulation that the lack of oxygen
or the excess of  inorganic sal ts  or  sucrose or  both
leads to the browning and subsequent  rot t ing of .  L .
rubel lum bulb lets .
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ヒメサユ リの成球生産に関する研究

液体培地の量と更新が子球の試験管内での生長,低 温処理中の腐敗および移植後の生育に及ぼす影響
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摘

ヒメサユリ lLじ"“π πbι〃γπ Baker)子球の培養に

おける液体培地の量 (20,30,40 ml)お よび更新 (0,

1,2回 )が 子球の生長および腐敗に及ぼす影響を調

査した。

1.子 球の新鮮重増加率は培地の量と更新の両方に

影響され,培 地量が 20お よび30 mlの場合は更新を

3回 行った際に増加率が最も高かったが,培 地量 40

mlの 場合は 1回 の更新で最も高かった.新 鮮重が

600 mg以上の子球数は,培 地量が 20あ るいは 30 ml

で 3回 の更新を行った場合に最も多く得られた。

2.培 養中の子球の褐変は培地量が 30お よび40

ml,培 地 3回の更新の場合に多く観察された.

優 ・斉藤成美

新潟市五十嵐 2の 町8050

要

3.20 mlの 液体培地中で培養された子球では,培

地の更新に関係なく低温処理中の腐敗は観察されず,

温室内での生長も良好であった.一 方,子 球を30あ

るいは40 mlの培地で培養し3回 の更新を行った場合

には,低 温処理中および温室に移植した後に子球の腐

敗が高頻度で観察された.

4.移 植 15週 間後の地上型植物は,20 mlの 液体

培地を3回更新した培養区で最も多く得られた。

以上の結果から, ヒメサユリの子球培養においては,

液体培地量を20 mlとし,培 地更新を3回行う方法が

適していると考えられた。




