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ABSTRACT 

A procedure f o r  the clonal propagat ion of 
Paeonia l a c t i f l o r a  Pall. cvs. Takinoyosooi and Sarah 
Bernhardt through shoot  t i p  cu l tu re  is  described. 
Half s t r eng th  Murashige and Shoog (1962) medium 
supplemented with 0.5 mg/~ 6-benzylaminopurine plus 
1 mg/~ g ibbere l l i c  acid promoted format ion  and 
growth of ax i l l a ry  buds. Continuous shoot 
mul t ip l i ca t ion  was achieved by v e r t i c a l l y  s p l i t t i n g  
the shoot ax is  and subsequent d iv is ion of elongated 
ax i l l a ry  shoots  every 36 days. High frequency 
(57-100I) of root ing was obtained on paper -br idge  
liqpid medium supplemented with 1 mg/~ 
indo le -3 -bu ty r i c  acid. Half of  the rooted p l a n t l e t s  
were es tab l i shed  on porous soil .  Thus, 700 and 300 
p lan t s  of cv. Takinoyosooi and Sarah Bernhardt could 
be t h e o r e t i c a l l y  obtained from a s ingle  bud in one 
year. 

ABBREVIATIONS 

BAP, 6-benzylaminopurine;  GA, g ibbere l l i c  acid; 
NAA, , -naph tha leneace t i c  acid; 
IBA, indo le -3 -bu ty r i c  acid; 
MS, Murashige and Skoog (1962) basal  medium. 

INTRODUCTION 

Herbaceous peony (Paeonia l a c t i f l o r a  Pall.) is  
one of the most important  perennial  ornamentals .  
Propagation of herbaceous peony is  usual ly conducted 
by div is ion of rhizome or crown by which 3 to 5 
clones are  obta inable  per year  (Miyazawa, 1967). 
However, t h i s  mul t ip l i ca t ion  r a t e  is  too slow t o  
meet the demand of product ion of popular c u l t i v a r s  
or newly s e l ec t ed  clones. Meyer (1976) induced 
ca l lus  from f lower  bud and root ,  but no 
d i f f e r e n t i a t i o n  of shoots  and roo t s  was obtained. 
Recently, J i n - J i ng  e t  al. (1987) obtained ca l lus  
from embryos in seeds and succeeded in somat ic  
embryo format ion  in a modified Linsmaier-Skoog 
(1965) medium supplemented with N-(3-methyl -2-  
bu teny l ) - lH-pur ine -6 -amine  (2iP) and NAA. However, 
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the f u r t h e r  development was a r r e s t e d  because the 
somat ic  embryos had no shoot mer i s tems  unlike normal 
seed embryos. Even i f  t h i s  problem was overcome, 
vege ta t ive  clonal propagat ion s t i l l  remained 
unresolved. In the  meantime, Kato and flagiya (1984) 
a t t empted  shoot t i p  cu l tu re  and succeeded in the 
fo rmat ion  of ax i l l a ry  buds in ha l f  s t r eng th  MS 
medium supplemented with GA and BAP. However, a 
success ive  mul t ip l i ca t ion  method has not been 
establ ished.  

Previously,  we (Hosoki e t  al. 1986, 1988) have 
descr ibed a rapid mul t ip l i ca t ion  method f o r  Japanese 
horseradish  (Wasabi) (Eutrema japonica Maxim.) by 
shoot s p l i t  method where the shoot ax is  was 
longi tudinal ly  s p l i t  into halves to induce the 
fo rmat ion  and growth of ax i l l a ry  buds. By repea t ing  
the process  and separa t ing  the ax i l l a ry  shoots,  
thousands of  p lan t s  were obtained from one shoot t i p  
in one year.  

The presen t  communication descr ibes  a rapid  
mul t ip l i ca t ion  method fo r  herbaceous peony by 
s p l i t t i n g  shoot axis,  the subsequent s e p a r a t i o n ' o f  
ax i l l a ry  shoots  and es tab l i shment  of rooted 
p l a n t l e t s  in the nursery  pan. 

MATERIALS AND METHODS 

In a pre l iminary  experiment,  shoot t i p s  (2-3 mm 
long) of  wild herbaceous peony (Paeonia l a c t i f l o r a  
Pall.),  which had been s to red  fo r  2 months a t  O'C, 
were cul tured  in ha l f  s t r eng th  MS medium (Murashige 
and Skoog, 1962) supplemented with 0.5 mg/l  HAP, 
1 mg/~ GA, or 0.5 mg/~ BAP plus 1 rag/! GA to 
reconf i rm the fo rmat ion  of ax i l l a ry  buds according 
to Kato and Hagiya's method (1984). Other nu t r i en t  
and cu l tu re  condit ions are  descr ibed in the 
following: In the main experiment,  rhizomes of 
commercial herbaceous peony c u l t i v a r s  Takinoyosooi 
and Sarah Bernhardt, were obtained in the ea r ly  
spr ing when buds on the rhizomes were s t i l l  
underground. A few sca le  leaves  were removed and the 
buds were s t e r i l i z e d  in a di luted so lu t ion  of sodium 
hypochlor i te  ( ac t ive  chlor ine  0.7~) and r insed with 
a s t e r i l e  water  two t imes.  Main shoot  t i p s  and 
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a x i l l a r y s h o o t  t i p s  (2-3 mm long) were excised a f t e r  
removal of  small sca le  leaves under a disse~ing 
microscope. The explants  were placed on agar (0.8%) 
so l id i f i ed  medium (15 mi) in t e s t  tubes  (2 cm 4, 
15 cm long). The nu t r i en t  medium consis ted  of ha l f  
s t r eng th  Murashige and Skoog (MS)(1962) medium and 
Fe-EDTA, Ringe and Nitsch (1967) minor e lements  and 
vi tamins  and 3% sucrose a t  pH 5.6. BAP (0.5 mg/~) 
plus 6A (1 mg/~) were supplemented as growth 
r e g u l a t o r s  fo r  the i n i t i a l  cul ture .  Supplement of 
only 0 5  mg/~ BAP was a lso  t e s t e d  fo r  the 
subculture.  All the t e s t  tubes were placed a t  20°C 
under 16 hr i l luminat ion from 52 zE m -2 s - '  cool 
white f l uo re scen t  lamps. 

RESULTS AND DISCUSSION 

In a pre l iminary  experiment using wild species ,  
P. l a c t i f l o r a ,  two to th ree  ax i l l a ry  buds were 
formed in GA and BAP containing medium (Table 1). No 
ax i l l a ry  buds were formed in GA medium while a few 
buds were formed in BAP medium. Shoot length was the 
highest  in the combination t r ea tmen t  while no 
d i f f e rence  was observed between the s ingle  
t r e a t m e n t s  of  GA and BAP. Leaf number was almost  the  
same among the t r ea tmen t s .  The promotion of ax i l l a ry  
bud format ion  by combination of 6A and BAP agreed 
with Kato and Hagiya's (1984) r esu l t s .  Therefore,  

the combination t r ea tmen t  of  BAP and GA was adopted 
fo r  mul t ip l i ca t ion  of commercial ly important  
c u l t i v a r s  (main exper iment) .  Ten shoot t i p s  each of 
cv. Takinoyosooi and Sarah Bernhardt were cul tured  
in 0.5 mg/~ BAP plus 1 mg/~ GA supplemented 1/2 
s t r eng th  MS medium fo r  3 and 2 months, r e spec t ive ly .  
Excised shoot  t ip s  elongated and formed ax i l l a ry  
buds a t  most nodal posi t ions .  The elongated shoot 
axes with 3 to 5 ax i l l a ry  buds were then 
longi tudinal ly  sp l i t  into halves as shown in Fig. 1, 
l e f t .  Some of the long shoots  were f u r t h e r  sect ioned 
t r a n s v e r s e l y  into two so tha t  four  stem sec t ions  
were obtained. Here, each sec t ion  should contain a t  
l e a s t  one ax i l l a ry  bud. Otherwise, no more 
mut ip l ica t ion  occurred. The average numbers of s p l i t  
s ec t ions  obtained in cv. Takinoyosooi was 3.8 
shoots,  and in cv. Sarah Bernhardt 3.3 shoots  (Table 
2). From the next division, 0.5 mg/~ BAP s ingle  
t r e a t m e n t  as well as GA and BAP combination 
t r ea tmen t  was used. Within about 35 days a f t e r  
cul ture ,  each sec t ion  developed into shoots (2-3 cm 
long) and again produced secondary ax i l l a ry  buds a t  
the nodes. Some of the ax i l l a ry  buds elongated and 
looked like branching shoots  in BAP and GA 
combination t r ea tmen t  in both c u l t i v a r s  (Fig. 2, 
r i gh t ) .  From th i s  t ime on, mul t ip l i ca t ion  was 
achieved only by divis ion of ax i l l a ry  shoots  (Fig. 
1, r i gh t ) .  About 33 days a f t e r  cul ture ,  ax i l l a ry  

Fig. 1 Mul t ip l ica t ion  by shoot s p l i t  and div is ion 
of ax i l l a ry  shoots.  Longitudinal s p l i t  of  main axis  
and t r a n s v e r s e  sec t ion  i f  poss ib le  ( l e f t ) ,  and 
subsequent separa t ion  of  ax i l l a ry  shoots  ( r i g h t ) .  

Fig. 2 Shoots cul tured  i n .  MS medium supplemented 
with 0 5  mg/~ BA ( l e f t )  or 0.5 mg/i BAP + 1 mg/l GA 
( r i g h t ) ( c v .  Takinoyosooi).  Note minute ax i l l a ry  buds 
a t  the stem base in 0.5 mg/~ BAP medium (2 months 
a f t e r  cu l tu re ) .  

Table 1. Ef fec t  of  GA, BAP and GA+BAP on format ion  of ax i l l a ry  buds, shoot length 

and l e a f  numbers on s h o o t  in the  wi ld  s p e c i e s ,  P a e o n i a  l a c t i f l o r a .  

Length of main shoot Leaf numbers 
Treatment No. of ax i l l a ry  buds 

(cm) on main shoot 
(mg/~) (mean_+SD) 

(mean_+ SD) (mean + SD) 

I GA 0 1.4+0.2 4.3+0.4 

0.5 BAP 0.2+0.4 1.5+0.3 4.8+0.7 

1 GA + 0.5 BAP 2.4+0.4 2.4+0.3 5.4-+1.4 

Recorded 55 days a f t e r  cu l tu re  (5 explants  per t r e a t m e n t ) .  
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M u l t i p l i c a t i o n  by s h o o t  s p l i t  and d i v i s i o n  of  a x i l l a r y  s h o o t s  in h e r b a c e o u s  peony 
c u l t i v a r s .  

C u l t i v a r  The number of  
t i m e s  of  s h o o t  

s p l i t / d i v i s i o n *  
( d a y - i n t e r v a l  to 
nex t  d i v i s i o n )  

No. of  d i v i d e d  s h o o t s  
(mean ± SD) 

No. o f  e l o n g a t e d  a x i l l a r y  
s h o o t s  (mean ± SD) 

0. Smg/~BAP 0.Smg/~BAP+lmg/~GA 0. Smg/~BAP 0. Smg/~BAP+lmg/~GA 

' T a k i n o -  
Y o s o o i '  

1 
2 35) 
3 32) 
4 32) 
5 45) 

** 3 .8  ± 1.1 - - * *  *** 
3 . 4 ± 0 . 6  3 . 0 ± 0 . 7  3 . 1 ± 0 . 6  2 . 5 ± 0 . 7  
2 . 4 ± 0 . 6  3 . 6 ± 0 . 6  0 . 8 ± 0 . 7  1 . 9 ± 1 . 4  
2 . 8 ± 0 . 5  3 . 8 ± 1 . 9  1 . 7 ± 1 . 3  3 . 1 ± 2 . 1  
2 . 6 ± 0 . 6  3 . 5 ± 0 . 3  0 . 9 ± 0 . 9  3 . 6 ± 1 . 9  

1 
2 

' S a r a h  3 
B e r n h a r d t '  4 

5 

- - * *  3 .3  ± 0 .3  - - * *  *** 
36) 2 . 2 ± 0 . 8  2 . 0 . ± 0 . 7  2 . 1 ± 0 . 7  2 . 3 ± 0 . 8  
34) 2 . 2 ± 0 . 5  4 . 0 . ± 1 . 6  1 . 6 ± 0 . 9  3 . 8 ± 1 . 8  
33) 1 . 8 ± 0 . 8  2 . 4 , ± 0 . 7  1 . 6 ± 0 . 9  2 . 2 ± 1 . 4  
45) 1 . 8 ± 0 . 5  2 . 8 ± 0 . 5  1 . 1 ± 0 . 9  1 . 9 ± 1 . 2  

* F ive  to s i x  e x p l a n t s  used f o r  each S p l i t / d i v i s i o n ,  e x c e p t  i n i t i a l  c u l t u r e  f o r  which 10 
e x p l a n t s  were used.  

** Not t r e a t e d .  
*** Not r e c o r d e d .  

buds elongated to 2-4 cm long with new axi l lary  buds 
in both cul t ivars .  Again, shoot division was 
achieved. This continued division was possible a t  36 
day in te rva l s  a t  leas t  upto 5 t imes without losing 
the capaci ty  of axi l lary  bud formation in both 
cul t ivars .  The number of divided shoots and the 
number of elongated axi l lary shoots were somewhat 
g rea te r  in BAP and 6A combination medium than in BAP 
single treatment.  In BAP t rea ted  shoots, many minute 
axi l lary  buds were observed around the nodal area at  
the lower stem posi t ion (Fig. 2, l e f t ) .  These bud 
aggregates were morphologically s imilar  to those on 
underground rhizome or crown grown in the f ield.  I f  
th i s  division was repeated in BAP plus 6A medium at  
36 day in te rva l s  fo r  one year including the time fo r  
in i t ia l  shoot elongation (2-3 months), more than 
5000 shoots could be theo re t i ca l ly  obtained from a 
s ingle bud. This number is s imilar  to tha t  in 
mul t ip l icat ion of Japanese horseradish for  which a 
s imilar  shoot sp l i t  method was developed (Hosoki e t  
al. 1986, 1988). This mul t ip l ica t ion method is much 
eas ier  and more prac t ica l ,  compared with that  of 
somatic embryogenesis from callus of seed embryo 
(J in-J ing  et  al, 1987). 

For rooting, shoot (2-3 cm long) was 
t r ans fe r r ed  to 0.1 mg/~ or 1 mg/~ of NAA and IBA 
supplemented agar so l id i f i ed  medium. The 0.1 mg/~ of 
both auxins produced roo t s  only in 0-40~ of the 
shoots in both cu l t i va r s  whereas 1 mg/~ of them 
produced roo t s  in 40-80~ of the shoots but i t  took 
over 3 months (data not shown). Therefore, paper-  
bridge method on liquid cul ture  was adopted to  
expose s tem-base to more oxygen. One mg/~ of  NAA or 
IBA was again used. Within 2 months, 100~ IBA 

t r ea ted  shoots  produced roots  in cv. Takinoyosooi 
and 57~ in cv. Sarah Bernhardt (Table 3)(Fig. 3). 
NAA produced roots  in 40~ and 70~ of the plants,  
respect ively,  but i t  also produced callus at  the 
stem-base, which caused t i ssue  decay by fungus 
a t t ack  a f t e r  ex v i t ro  culture.  IBA t rea ted  p l an t l e t s  
with roo t s  were transferred to a porous soil medium 
under p l a s t i c  cover at  18-20~ under 16 hr 
i l lumination from 52 pE m-2s -~ cool white 
f luorescent  lamps. More than half  of shoots were 

Fig. 3 A rooted p lan t le t  of cv. Sarah Bernhardt 
( l e f t )  in l/z MS liquid medium supplemented with 
1 mg/~ IBA on paper-bridge (2 months a f t e r  cul ture)  
and the establ ished ptant  in the soil ( r igh t ) .  
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Table 3. Ef fec t  of NAA and IBA on root  and callus format ion on shoots.* 

Cultivar 

Root no. 
Auxin Rooting frequency 

per explant 
(1 mg/~) (%)  (mean±SD) 

Callus format ion 

frequency 
(%) 

NAA 40 0.6±0.8 
'Takinoyosooi' 

IBA 100 2.3± 1.6 

NAA 70 2.6 + 3.0 
'Sarah-Bernhardt '  

IBA 57 2.1+2.3 

I00 

0 

100 

0 

* Recorded on 2 months a f t e r  cu l ture  (7 to lO explants  per t r ea tmen t ) .  

established. The remaining plants  turned yellow. 
Such an incomplete establ ishment  may be due to  
l i f t - u p  of the shoots  above paper--bridge as the 
roo ts  grew down during cul ture.  Therefore, nut r i en t  
absorption became insu f f i c i en t .  Such a problem is 
being resolved by placing shreds of gauze about 4mm 
thick on the paper-bridge where r o o t s p e n e t r a t e  into 
medium and good aera t ion  is maintained. Although 
more e f f i c i e n t  acc l imat iza t ion  a f t e r  ex v i t ro  
cu l tu re  must be established,  we have demonstrated a 
clonal propagation system of  commercial cu l t iva r s  of 
Paeonia l a c t i f l o r a  by a shoot sp l i t t i ng  method and 
subsequent division of ax i l l a ry  shoots. 
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