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Abstract  

Somatic  embryogenesis  leading to plant  r egenera t ion  

has been achieved in the  bamboo, Dendrocalamus 

s t r ic tus ,  by cul tur ing seeds (caryopses) on B 5 basal 

medium supplemented  with 2 ,4-dichlorophenoxyacet ic  

acid. Callus cul tures  obtained from the  embryona[  

end of the  seeds d i f f e ren t i a t ed  chlorophyllous embryoids.  

On t r ans fe r  to a germina t ion  medium (B 5 liquid, sucrose, 

indolebutyr ic  acid, and oc: - naph tha l eneace t i c  acid) 

40% of the  embryoids developed into plant ie ts .  Fur ther  

deve lopment  o£ the  p lan t le t s  occured on B 5 liquid 

medium (half s t rength)  + sucrose (1%) + IBA (5 x 10-7M) 

+ NAA (10-7M). 

Abbreviations 

2,#-D = 2 ,g-dichlorophenoxyacet ic  acid; IBA = Indole- 

butyr ic  acid; NAA = ~ - n a p h t b a l e n e a c e t i c  acid. 

Key words: Bamboo, Dendrocalamus strictus~ Regene- 

rat ion, Somatic Embryogenesis. 

Introduction 

There is an urgent  need for developing a method for 

large scale propagat ion of bamboos.  This has become 

essent ia l  because o£ severe  pauci ty  of plant ing mater ia l .  

Vege ta t ive  propagat ion through convent ional ly  used 

offsets  is bese t  with problems such as bulkiness and 

non-avai labi l i ty  of the propagules and di f f icul t ies  

in t r anspor t  over long dis tances .  Propagat ion through 

seeds is also undependable on account  of the  long 

in tervals  be tween  seeding (48 years  in Dendrocalamus 

str ictus) ,  the  large scale  consumpt ion of seeds by 

wild animals,  seed s te r i l i ty  and poor seed se t  during 
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off-season flowering. In comparison,  in vi t ro propaga- 

tion of bamboos if adequate ly  developed can prove 

to be a rel iable  method for es tab l i shment  of new bamboo 

planta t ions .  

Somatic embryogenesis has recent ly been reported 

in cereals and mi l lets (Wernicke and Bret te l l  19~0, 

Lu and Vasil 1981, Vasi] and Vasil 1981, Ozias-Akins 

and Vasil 1982, Ammira to  1983, Lu e t  al. 1983, :1o 

and Vasil 1983, goyes and Vasil 198L~). In bamboos,  

apar t  from asept ic  deve lopment  of embryos excised 

from matu re  seeds (Alexander and Rao 1968), proto-  

plast  re lease  in Bambusa (Tseng e t  al. 1975) and ini t ia-  

tion of callus cul tures  of Bambusa, Phyl lostachys and 

Sasa from leaves of the  shoot t ips (Huang and Murashige 

1983), l imited headway has been made in thei r  in vi t ro 

cul ture .  Recent ly ,  however,  Mehta et  al. (1982) repor ted 

somat ic  embryogenesis  and regenera t ion  of p lan t le t s  

in Bambusa arundinacea.  

In this communicat ion we report  the production 

of somatic embryos from callus formed from the embryo- 

nal end of cultured caryopses and their  development 

into pJantlets in Dendrocalamus strictus. Economical ly 

this is the most impor tant  bamboo species in India, 

accounting for 66.6% of the raw mater ia l  used for 

paper production. 

Material  and Methods 

Seeds of Dendrocalamus strictus Nees were obtained 

from the Chanderpur forest near Nagpur, India. A f te r  

dehusking, the mature bold seeds were washed in 2% 

Teepol (Shell, India) solution on a magnetic st i rrer 

for 5 rain. The Teepol solution was removed by washing 

in running tap water  for 15-20 min fol lowed by a rinse 
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in disti l led water ,  S ter i l iza t ion  of the  mate r ia l  was 

e f i ec t ed  by a 5 min immersion of seeds in chlorine 

wate r  (sa tura ted  chlorine wa te r  diluted 5 t imes  with 

disti l led water)  followed by thorough washing in s ter i le  

disti l led water .  Surface mois ture  was removed with 

a s ter i l ised f i l te r  paper and the  seeds were implanted 

in tubes containing nu t r i en t  medium under asept ic  

condit ions.  

The nu t r i en t  medium consisted of sal ts  and vi tamins  

of B 5 basal medium (Gamborg et  al. 1968), sucrose 

(2%), 0.8% agar (w/v) supplemented with various concen-  

t ra t ions  of 2,4-D (10-SM, 3 x 10-SM and 10-4M). The 

pH o£ the  medium was adjusted to 5.8 prior to auto-  

claving at  15 psi for 15 min. Cul tures  were mainta ined 

at 27 _+ 2°C under continuous i l luminat ion (2,500 lx) 

provided by cool white  dayl ight  f luorescent  tubes.  

For ty-e ight  tubes were inoculated for each t r e a t m e n t .  

Germina t ion  of the  embryoids and p lan t le t  fo rmat ion  

was carr ied out on B 5 (liquid) medium supplemented  

with 2% sucrose, IBA (5 x 10-7M) and NAA (10-7M). 

P lant le t s  were t r ans fe r red  to B 5 liquid medium (half 

s t rength) ,  sucrose (!%), IBA (5 x __ln-7M].. and rqAA 

(i0-TM) for fu r ther  development .  

Squash prepara t ions  of calli were made in ace to -  

carmine  (1%) and moun ted  in glycer ine (10%). The 

cul tures  were photographed in a Zeiss svg  Stereozoom 

Microscope. 

R e s u l t s  and D i s c u s s i o n  

Callusing from the  embryonal  end of the  seeds occured 

on B.  basal medium containin~ 2,4-D at  a concen t r a t ion  

of 10-SM and 3 x 10-SM. Both fr iable  and compact , .  

white  to c reamish  calli  were obtained within 10-12 

days of cul ture .  The compac t  callus showed a lobed 

or nodular a p p e a r a n c e .  Subsequently,  localised develop- 

ment  of chlorophyll occurred and several  small  whitish 

to green embryoids,  some with well deqe loped  scutelIa,  

were observed in the  compac t  calli  by 30 days (Fig. IA ). 

An ave tage  of 8.45 embryoids at  the chlorophyllous 

s tage of the  callus were observed a f t e r  dissect ion 

in a 30-day-old cul ture .  In several  embryoids the  

scutel iar  region prol i fera ted  and gave rise to a second 

genera t ion  o5 embryoids (Fig. 1B ). Through this 

mechanism it has been possible to cont inual ly obtain 

somat ic  embryoids.  This proper ty  is not lost on sub- 

cul ture  of the  d i f fe ren t ia t ing  callus. 

Two dis t inct  types of ceils could be seen in ace to-  

ca rmine  squash p repa ra t ions  Of the  callus.  The small,  

Fig. I A. Callus with chlorophyllous embryoids 30 

days a f t e r  cul ture  on B 5 + 2,4-D (3 x 10-SM). Arrow 

indicates  the  well-developed scute l lum in a ma tu re  

embryoid.  X 2. 

Fig. lB. Callus cul tures  depict ing the  pro l i ie ra t ing  

scute l lar  region in several  embryoids which has given 

rise to fur ther  embryoids.  X 3. 

Fig. 1C,D. Ace toca rmine  squash prepara t ions  of 

callus showing highly cytoplasmic  and densely s ta ined 

mult icel lular  embryogenic  s t ruc tures .  Note also the  

presence  of s ta rch- f i l led  ceils and highly vacuola ted 

cells. C X 1333; D X 920. 

general ly rounded cells (at  t imes  e longated and slightly 

thick wailed) were rich in cytoplasm and had prominent  

nuclei and s ta rch  g ra ins .  These cells were embryogenic .  

Fur ther  s tages  leading to organized f i lamentous  and 

globular s t ruc tu res  were also observed (Fig. IC,D). 

T h e  second type of ceils were thin-walled,  long and 

highly vacuola ted with l i t t le  cytoplasm and few s ta rch  

grains. About 67 per  cen t  of the  callus cul tures  formed 

green and wel l -d i f fe ren t i a ted  somat ic  embryos.  In 

the remaining cul tures ,  only und i f l e ren t i a t ed  calli  

were observed al though f i lamentous  embryogenic  s t ruc-  

tures  could be seen in the  histological  prepara t ions .  



Fig. 2A. Stage in the development  of plant lets  

from embryoids a f te r  30 days of culture having a 

shoot and root axis. X 2. 

Fig. 2B~, Embryoids f rom a 50-day-old cul ture induced 

on B 3 + 2,#-D (3 x 10-3M) medium and t ransferred 

to l iquid medium (B 3 iu i t -s t rength)  + IBA (5 x 10-7M) 

+ NAA (10-7M) for  fur ther  growth into p lant le ts ,  Note 

presence of root  (see arrow),  X 3. 

Fig. 2C. Embryoids germinated to form well developed 

plant lets  with root and shoots on f i l ter  bridge in liquid 

medium (B 3 half-s t rength)  + IBA (5 x 10-TM) + NAA 

(10-7M). Lateral  root formation is also visible. X 2. 

Some of the embryoids germinated while in the 

callus and gave rise to well-developed plant lets  (Fig. 2A). 

Mature somatic embryos were otherwise separated 

from the callus and placed for germination on f i l ter  
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paper bridges in 30 ml screw cap tubes containing 

35 liquid medium supplemented with sucrose (2%), 

IBA (5 x 10-7M) and NAA (10-7M) (Fig. 2B). Within 

13-20 days, #0% of the embryoids germinated and 

formed plant le ts  with roots and shoots (Fig. 2C). Of 

the remaining~ 23% ~ormed only roots and 35% turned 

brown and failed to germinate .  Normal bamboo plantlets  

with one or two leaves were formed in 20 days. Lateral  

r o o t  growth was observed. Transfer of p l a n t l e t s  t o  

B 3 (liquid) medium (half-strength),  sucrose (1%), IBA 

(5 x 10-7M) and NAA (10-7M) produced further  growth 

with an average shoot length of 6.g cm by 30 days 

with four to six leaves. The root system was well- 

developed at this s tage with long roots and a few 

lateral roots. 

Somatic embryogenesis  is now recognised as a 

superior method for plant propagation in vitro because 

it enables the rapid production of a large number 

of comple te  uniform plants within a relatively short 

period of t ime.  This is mainly due to the production 

of bipolar somatic embryos as compared to other 

methods in which axillary shoots formed first  must 

be later rooted,  or where adventit ious shoot and root 

formation from callus are induced sequentially. The 

present  investigation demonst ra tes  that  mature embryos 

retain the potential  to form somatic  embryos from 

which plant lets  can be obtained. Work done on cereals  

and millets to date has principally emphasised the 

use of immature  embryos for somatic embryoRenesis 

(Ozias-Akins and Vasil 1982) although somatic  embryos 

have been obtained from cultured leaves and inflore- 

scences as well (Wernicke and Brettell  19g0, Vasi] 

and Vasil I9gl ,  Lu and Vasil 19gl). The results obtained 

in the present  work indicate that  for bamboos somatic  

embryogenesis  can provide a convenient  and dependable 

source for obtaining plants. 
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