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ABSTRACT 

Somatic ent3ryogenesis and p l a n t l e t  format ion 
were obta ined from ca l l us  and c e l l  suspension 
cu l tu res  of 40-year-  o ld  Himalayan Poplar  (Populus 
c i l i a t a  Wall ex Royle) .  Cal lus  and c e l l  suspensions 
were obtained by t rans fe r  of inocutum of 
semiorganized lea f  cu l t u res ,  which were maintained 
on Murashige and Skoog (MS) medium supplemented w i th  
benzylaminopurine (BAP), to MS w i t h  2 , 4 - d i c h l o r o -  
phenoxyacet ic ac id  (2,4-D).  Reduction of 2,4-D 
concent ra t ion dur ing subsequent subcul ture  of c e i l  
suspensions resu l ted  in the format ion of entDryoids. 
These embryoids developed f u r t he r  only  a f t e r  being 
t rans fe r red  to agar-based MS medium supplemented 
w i th  BAP a n d n a p h t h a l e n ~ a c e t i c  ac id .  Loss of 
errbryogenic p o t e n t i a l  was observed in c e l l  
suspensions a f t e r  6 subcul tures.  However, ca l l us  
cu l tu res  re ta ined the embryogenic p o t e n t i a l  even 
a f t e r  repeated subcul tures fo r  more than a year.  
P l a n t l e t s  could be success fu l l y  hardened and grown 
in na tura l  outdoor cond i t i ons .  

Abbrev ia t ions  : BAP:  6-benzyleminopur ine;  2,4-D: 
2 ,4 -d ich lo rophenoxyacet ic  ac id ;  N A A : l - n a p h t h a l e n e  
ace t i c  ac id ;  MS: Mdrashige and Skoog (1962) medium. 

Key Words : Populus c i l i a t a ,  somatic embryogenesis, 
p lant  regenerat ion.  

INTRODUCTION 

A large number of t ree  species have been s tud ied 
fo r  developing methods of in v i t r o  micropropagat ion 
(Bajaj  1986, Bonga and Durzan 1987). However, the 
exptants used in most of these s tud ies  were seeds, 
seedl ings or j u v e n i l e  p lant  pa r t s .  Since the 
des i rab le  characters in t rees are i d e n t i f i a b l e  only  
a f t e r  a cons iderab le  per iod of t ime (at least  h a l f  
the r o t a t i o n  age and/or  t h e i r  m a t u r i t y ) ,  these 
s tud ies  are not re levant  to irrrr~diate use in t ree  
improvement progrerm~s. Success in developing pro- 
pagation methods with explants from mature trees has 
been rather limited (Ahuja 1986, 1987; Fossard and 
Bourne 1976, Fossard 1978, Gupta et al. 1980, Gupta 
et al. 1981, LaksPmiSita et al. 1980, Mehra and 
Cheema 1980). 

The main o b j e c t i v e  of our i n v e s t i g a t i o n  was to 
exp lore  the p o s s i b i l i t y  of somatic embryogenesis 
fo r  l a rge -sca le  c lona l  m u l t i p l i c a t i o n  in t i ssue  and 

cell cultures of Himalayan poplar (Poputus ciliata 
Wall ex Royle) using explants from selected, mature 
flowering trees. As embryos are discrete bipolar 
structures with integrated root-shoot axis, these 
can be used as artificial seeds for direct planting 
or efficient storage and delivery to the forest 
(/~rmirato 1983, Redenbaugh et al. 1986). P. ciliata 
is a tree of contnercial interest and is used for a 
variety of purposes, e.g. match, pulp and paper. It 
is a large sized deciduous, unisexual tree which 
grows over the outer range of the Himalayas between 
1200 to 3000 m. In a previous study (Mehra and 
Cheema 1980), we have demonstrated that it is 
possible to have continuous in vitro multiplication 
of mature trees of P. ciliata using the following 
type of explants: 

The twigs bearing axillary buds or the shoots 
possessing dormant apical buds can be induced 
to produce caIIi and redifferentiate shoots; 

i i  p r o l i f e r a t i o n  of ap ica l  buds can be s t imu la ted  
to ob ta in  m u l t i p l e  shoot format ion;  and 

iii leaf  d isks  taken from young leaves incubated 
in t o t a l  darkness on modi f ied Murashige and 
Skoog (1962) medium supplemented w i th  BAP can 
g ive  r i se  to a la rge number of shoots. 

The shoots 
can be rooted,  
soil (Mehra and 

formed by any of the above methods 
s u i t a b l y  hardened and t rans fe r red  to 
Cheema 1980). 

The t h i r d  type of cu l tu res  produced from young 
leaves can be maintained in semi-organized s ta te  
(hereafter referred as 'leaf cultures') on MS- 
medium containing 2 mg/l BAP. Shoots have been 
regenerated by organogenesis from such tissues by 
transferring these toMS medium with BAP and NAA 
kept in light. The semi-organized cultures have 
been maintained in total darkness for eight years. 
In this paper, I report on the media and culture 
conditions which have induced somatic enloryogenesis 
in these cultures. 

N~TERIALS ANDWETHODS 

Semi-organized 'leaf cultures' were initiated 
from young leaves of female trees of P. ciliate. 
These trees, over forty years old, were growing in a 
forest near the Regional Fruit Research Station, 



Mushobra, Simla, India. The d e t a i l s  of the 
procedures used to  i n i t i a t e  and main ta in  ' l e a f  
cu l t u res '  have been repor ted e a r l i e r  (Mehra and 
Cheema 1980), The cu l t u res  were mainta ined on MS 
medium con ta in in  9 2 m9/1 BAr a t  25 ~ 3°C in t o t a i  
darkness s ince 1979. 

Cal lus and Cel l  Suspensions 

Semi-organized ' l e a f  cu l tu res  ~ maintained on MS 
+ 2 mg/t BAr in dark were t rans fe r red  to MS + 2,4-D 
(0.2,  0.5 m9/1) media fo r  ca l l us  i n i t i a t i o n  in the 
dark.  The c e i l  suspensions were i n i t i a t e d  by 
transferring 2 to 3 g~ ( f resh we ight )  c a t l i  to  about 
40 ml l i q u i d  MS w i th  3~ sucrose and 0.2 or  0.5 mg/1 
2,4-D in 250 ml con ica l  f l asks .  The cu l tu res  were 
maintained at 22°C in dark or at 25°C in continuous 
light on a 9yr~tory shaker set at either 50 or 
120 rpm, Cell suspensions were subcultured every 
two to four weeks depending on the growth of the 
cultures, The callus cultures were maintained on 
agar-based media and subcultured on respective media 
every four to six weeks to study growth and 
d i f f e r e n t i a t i o n  pa t te rns  in continuous t i g h t  (4400 
tux at  the c u l t u r e  l e v e l )  at  25 + 2°C. F ive 
r e p l i c a t e s  fo r  each treatment f o r  suspensions and a 
minirr~m of 10 r e p l i c a t e s  f o r  c a l l u s  cu l t u res  were 
mainta ined.  

Embryo Development and Plant Regeneration 

The c a l l i  mainta ined on MS + 2,4-D (0.2 or 0.5 
mg/1) were e i t h e r  t rans fe r red  to the same medium or 
to a v a r i e t y  of d i f f e r e n t  media : MS basal medium, 
Hal f  s t reng th  ( s a l t s  on ly)  MS basal medium w i t h  2~ 
sucrose or MS w i t h  BAP (0.4 m9/1 ) and NAA (0.2 
m9/1). The l as t  medium supports not on ly  the 
induc t ion ,  growth and d i f f e r e n t i a t i o n  of shoots from 
var ious  exp lan ts  and t h e i r  c a l l i  but a l so  induces 
roots  from we~l-developed shoots three to s i x  weeks 
a f t e r  c u l t u r e  on t h e  medium. For p lan t  
regenerat ion ,  c e l l  suspensions which had undergone 
three to s i x  passages on MS mediumwl th  2,4-D and 
contained socratic embryos at  var ious  stages of 
development, were washed w i th  MS basal medium and 
p la ted  on the above-mentioned media. 

Hardening and Transfer  to F ie ld  Condi t ions 

A f t e r  an i n i t i a l  hardening procedure modi f ied  
from Cheema and Sharrna (1983), we l l -deve loped  seed- 
l i ngs  and rooted p lan t s  were t rans fe r red  to s o i l .  
The procedure cons is ted of growing seed l i ng / roo ted  
p I a n t l e t s  on (1) h a i l  s t reng th  ( s a i l s  on iy )  P~ 
w i thou t  sucrose, and (2) s t e r i l i z e d  so f t  coke 
subs t ra te  supp l ied  w i th  h a l f - s t r e n g t h  MS w i thou t  
sucrose. P l a n t l e t s  were kept on these subst ra tes  
fo r  s i x  to e igh t  weeks. The p t a n t l e t s  w i th  dormant 
b u d - l i k e  s t r uc tu re  (DBLS) c h a r a c t e r i s t i c s  were 
removed frown agar media or from so f t  coke subs t ra te  
and pot te~ in red coarse sand which prov ided 9ood 
dra inage.  ' Sand cu l tu res  were watered r e g u l a r l y  on 
a l t e rna te ,  days, to begin w i th ,  fo r  a per iod  of two 
weeks and t h e r e a f t e r  d a i l y .  Sand cu l tu res  were 
maintained in  a growth room (terro. 25°C~ 16 h 
l i g h t / 8  h dark cyc le )  f o r  about three months. 
P l a n t l e t s  having a height  of 15-20 cm were 
t rans fe r red  to s o i l  in na tu ra l  outdoor cond i t i ons  in 
November, 1986. 

RESULTS AND DISCUSSION 

Fast growing, f r i a b l e ,  ye l l ow ish  wh i te  c a l l i  
were induced w. i th in a per iod  of two weeks from 
inoculum o f  ' l e a f  cu l t u res '  on 2,4-D (0.2,  0.5 
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m9/1 ) medium. These f r i a b l e  c a l l i  were used to  
induce c e l l  suspensions in the s~memedium as used 
fo r  induc t ion  of c a l l u s .  High l eve l s  of 2,4-D (0.5 
rng/L) y i e l ded  f i ne  suspension of s i ng l e  c e l l s  and 
small c e i l  c l u s t e r s .  At lower concent ra t ion  of 2,4-D 
(0.2 mg/1) c e l l  suspensions were composed of 
r e l a t i v e l y  la rge c e l l  clumps. The c e l l s  in beth 
types of c u l t u r e  media were r i c h l y  cytoplasmic and 
contained abundant s tarch g ra ins .  Suspensions main- 
ta ined  in continuous l i g h t  showed fas t  growth and 
doubl ing of i n l t i a l  c e i l  mass in 7-10 days. I t  was 
ra ther  d i f f i c u l t  to main ta in  such cu l tu res  in good 
cond i t i on  due to rap id  b u i l d - u p  of anthocyanin 
pig~ent and subsequent browning. On cont inuous 
growth in l i g h t ,  c e l t s  chan9ed frcm lsodia~netr ic 
form, c h a r a c t e r i s t i c  of dark grown c e l l s ,  to 
elongated form. Consequently~ a l l  the experiments 
fo r  embryogenesis were performed w i t h  dark-grown 
ce l t  suspensions. 

The reduct ion in l eve l s  of 2,4-D from 0.5 mg/1 
to 0.2 m g/1 in suspensions induced the growth and 
development of somatic embryos. Embryogenesis was 
a lso observed by t h i r d  subcu l ture ,  in  the c e l t  
suspensions wh ichwere  mainta ined throughout on MS + 
0.2 mg/1 2,4-D. D i f f e r e n t  stages of embryogenic 
organizations, ranging from minute to 91obular to 
torpedo stage were observed to occur in the same 
medium. Secondary embryogenesis from the hypocotyl 
and cotyiedon regions often led to the formation of 
multiple embryo clumps (Fig. I, 2, 3). Further 
growth and developrnent into mature somatic ~q~ryos 
required such structures to be plated on agar-based 
medium. Complete deletion of auxin (2,4-D) from the 
rt~dium did not sustain further growth and develop- 
ment of embryos. On the contrary, it led to the 
rooting of some embryos, followed by general 
senescence of cultures. Transfer of en13ryogenic 
cell suspensions toMS m ediumwith 2,4-D, on agar, 
led to the recaiIusing of embryos. The transfer of 
embryogenic mass to a medium containing BAP (0.4 
mg/I ) + N/v~ (0.2 m g/I) was essential for the further 
development of embryogenicmass. A typical, well- 
developed normaI embryo showed bipolar structure, 
hypocotyl tapering into a root and two cotyledons at 
the opposite end (Fig. 4a). A variety of develop- 
mental pa t te rns  such as precocious germinat ion,  
a r res ted  shoot development, a r res ted  root deve lop-  
ment, secondary embryogenesis and good seed l ing  
development were observed on t h i s  medium (F ig .  
4b-c) .  A f t e r  s i x  subcui tures of c e l l  suspensions 
that  were mainta ined on MS + 2,4-D conta in ing  media, 
there was a loss of embryo9enic p o t e n t i a i .  Such 
cu l tu res  showed a very la rge  nL~ber of  e longated , 
h i gh l y  vacuolated c e l l s  w i th  very  few s tarch 9 ra ins ,  
the presence of which charac te r ized  i n i t i a l  phase 
of c e l t  suspensions. 

Contrary to the nature of cell suspensions at 
this stage, callus cultures that were maintained on 
agar based hIS + 0.5 or 0.2 mg/I, 2,4-D under 24 h 
light consisted of actively growing, richly 
cytop lasmic,  d i s t i n c t  errbryogenic masses. 
Embryogenic stages ran9ing from minute to  i a t e  
9 i obu la r  and e a r l y  torpedo stages w i t h  d i s t i n c t ,  
d i s c r e t e l y  c losed r a d i c u l a r  ends were observed. 
Complete removal of 2,4-D on ly  favoured root  growth 
of embryos fo l lowed by senescence. The t r ans fe r  of 
these c a l l i  a f t e r  four  to f i v e  weeks growth on MS 
w i th  2,4-D to M6 w i th  BAP (0.4mg/1) and NAA (0.2 
rng/1) led to greening and f u r t h e r  development of 
embryos in d i f f e r e n t  stages of development w i t h i n  a 
per iod of f i f t e e n  days. By four  to s i x  weeks a l I  
such cu l t u res  showed a few (8-10) w e l l - f o r m e d  
embryos, many (50-60) teratomatous and la rge  nL~rbers 
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(hundreds) of globular embryos per cutture. 
Subculture of such embryogenic mass ted to three 
types of development : single well formed embryos, 
multiple errbryogenicmass by secondary errbryogenesis 
and plant regeneration and rooting (Fig. 6). 
Contrary to the behaviour of cell suspensions, which 
lost err~ryogenic potential after six subcultures, 
callus tissues kept on agar-based medium with 2,4-D 
have retained their embryogenic potential for more 
than a year as tested by frequent transfer to MS 
medium with BAP and NAA. 

'LEAF CULTURES' 

MS + 2,4-D 
(0.5 rng/t) 
in dark 

CALLUS 

Agar based Liquid 
cultures cultures 

MS + 2~4-D 
(0.5 rre/1) 
in tight 

MS + 2,4-D 
(0 .5r re / t )  
in dark 

EMBRYOGENIC CALLUS EMBRYOGENIC SUSPENS ION 

MS+BAP(0.4 rng/ t )~ ~MS + 2,4-D 
NAA(0.2 ~ / 1 1 /  I I \ ( 0 .2  r ~ / l )  
in t ight  / ~ ~ ~ d a r k  

/ \ W 2°s  ~ ~R¥OS 
A 

Under developed I AbnormaI, 
and teratomatous I multiple embryo 
embryosl |/ ct ~r~ s 

MS + BAP(0.4 m / I )  + NAA(0.2 mg/1) in t ight  

1 I ' Shoot Shoot 
regeneration and ---~PLANTLET&--- regeneration and 

root in 9 root ing 

ProtocoI I Protocol 2 

Fig. 6. SumT~ry of the two protocols used for  
induction of somatic errtDryogenests and 
plant regeneration from tissue and ce l t  
suspension cultures of P. c i t i a ta .  

Figs. 1-5. Somatic eTd3ryogenesis and plant tet  formation in P. c i l i a t a .  Fig. 1. Composition of erNDryogenic 
ce i l  suspension maintained on MS + 2,4-D (0.2rr~/1) Fig.2. Di f ferent  stages of enbryo development in ce l t  
suspension(X2.25)Fig. 3. Secondary embryogenesis leading to embryogenic clump formation in ce l l  suspension 
(X3.95) Fig. 4a-c. Developnental patterns of entDryos plated on agar based MS + BAP (0.4 rag/I) + NAA (0.2 
mg/t ) medium(X5.2~4a. Typical welt developed embryo. 4b. Precociously germinating embryo showing secondary 
entDryogenesis frarn hypocotyl regtons. 4c. Secondary embryogenesis leading to a group of green embryos. 
Fig.5. Planttet  raised from a somatic entoryo (xO.3) 



The two p r o t o c o l s ,  one utilizing agar  based 
c u l t u r e s  and the o t h e r  liquid c u l t u r e  f o r  
r egene ra t i on  of  p l a n t s  through somat ic errt)ryogenesis 
a re  summarized in  F ig .  6. The embryogenic c u l t u r e s  
in p r o t o c o l  1 r e t a i n  the embryogenic p o t e n t i a l  over  
long pe r i od  of  t ime as compared to  c e l l  suspension 
in p r o t o c o l  2. There fo re ,  h igh f requency 
regene ra t i on  of  p l a n t s  in agar based c u l t u r e s ,  makes 
the l a rge  sca le  c l o n i n g  of  P. c i l i a t a  through 
somatic entoryogenesis a d i s t i n c t  p o s s i b i l i t y .  
However, t h i s  would requ ize fu r the r  s tud ies  aimed a t  
m a i n t a i n i n g  sus ta ined  embryogenic p o t e n t i a l  in c e l l  
suspensions and c o n t r o l  of abnormal deve lopmenta l  
p a t t e r n s  in both the p r o t o c o l s .  

A l l  the embryo-der ived p l a n t s  could be 
s u c c e s s f u l l y  hardened. This  was i n d i c a t e d  by the 
i nduc t i on  of  dormant b u d - l i k e  s t r u c t u r e s .  These 
hardened p l a n t s  cou ld  be t r a n s f e r r e d  to  f i e l d  s o i l  
in  n a t u r a l  ou tdoor  c o n d i t i o n s .  The p l a n t l e t s  showed 
j u v e n i l e  leaves (F ig .  5) t y p i c a l  o f  seed l ings  
d e r i v e d  from sexual  progeny.  A t o t a l  o f  15 such 
p l a n t l e t s  were s u c c e s s f u l l y  grown in  f i e l d  s o i l  in  
po ts ,  f i v e  of  which have grown f o r  more than a 
year  in the f i e l d .  The pe r fom~nce  of  these w i l l  be 
compared w i t h  p l a n t s  ra i sed  from c u t t i n g s .  

In most o f  the p l a n t s  the bas ic  p r o t o c o l  f o r  
o b t a i n i n g  somat ic embryos i nvo l ves  the i nduc t i on  of  
c a l l u s  growth in  an aux i n -en r i ched  medium and 
somat ic embryogenesis upon t r a n s f e r  of  such c a l l i  to  
a medium f r ee  of  aux in  (T i sse ra t  e t  a t .  19?9, 
Arrmirato 1983). In some cases, such as the present  
one, the requi rement  f o r  somatic embryogenesis i s  
s l i g h t l y  d i f f e r e n t :  i t  i n v o l v e s  i n i t i a t i n g  and 
m a i n t a i n i n g  a rnorphogenet ic system of  leaves in dark  
on BAP-conta in ing medium, induc ing the c a l l u s  w i t h  
an aux in  (2 ,4 -D) ,  f o l l owed  by t r a n s f e r  to  a medium 
w i t h  a d i f f e r e n t  aux in  (NAA) and a c y t o k i n i n  (BAP). 
The requ i rement  o f  such s p e c i f i c  c o n d i t i o n s  l i k e  
i n i t i a l  dark  i ncuba t i on  to  induce growth of  s p e c i f i c  
morphogenet ic  group of  c e l l s  from d i f f e r e n t  p l a n t s  
and the i n h i b i t o r y  e f f e c t  of  l i g h t  i s  known f o r  
seve ra l  species e .g .  co f f ee  (Sondahl and Sharp 1977; 
pop la r  (Mehra G Cheema 1980, 1985) and species of  
graminae (Vas i l  1985). 

Reports on somat ic  embryogenesis from exp lan t s  
of  mature f o r e s t  t r ees  a re  ve ry  few. The no tab le  
examples where p l a n t s  could be taken to  s o i l  a re  
Eugenia species ( L i t z  1984), and sandalwood 
(LakshrniSi ta e t  a t .  1980). In recent  rev iews on 
t i s sue  c u l t u r e s  of  aspens and pop la r s  (Ahuja 1986, 
1987) t he re  was no repo r t  on somat ic embryogenesis 
in  the genus Populus. The present  s t ud ies  show 
tha t  i t  i s  p o s s i b l e  to  regenera te  p l a n t s  from in 
vitro established longterm cultures of mature 
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t rees  on a de f i ned  mediLxn by both organogenesis and 
somat ic embryogenesis using a p p r o p r i a t e  media a n d  
sequen t i a l  t rea tments  w i t h  d i f f e r e n t  growth 
substances. I t  a l so  demonstrates tha t  embryo de r i ved  
p l a n t s  could be success fu l l y  hardened and t r ans fe red  
to soil and grown in field. 
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