
BIOLOGIA PLANTARUM (PRAHA) 

16 (4) :316--320,  1974 

B R I E F  COMMUNICATI017 

Control  o f  Root and Shoot  Format ion  and Product ion  of  Trees 
f r o m  Poplar  Callus 

V.  CHALUPA 

Forestry and  Game Management  Research Inst i tu te ,  Zbraslav* 

Rsc, eived December 28, 1973 

Abstraet. The technique of trees product ion from the undifferentiated poplar callus tissue 
is described. The best  root formation was observed on the modified WELTER and SKOOG medium 
when NAA in concentrat ion 0.2 to 0.4 mg 1-1 was used as an  auxin and  eytokinins were omitt~d. 
The induct ion of  leafy shoots from the undifferent iated callus was the  most  effective on the  
modified LINSMAIER and  SKOOG medium in the  absence of auxin and  wi th  0.15 to 0.70 m g l  -x 
of  BAP. The best  development  of roots a t  the basal end of excised shoots was achieved when 
shoots were t ransferred into the sterile mixture  ofper l i t  and  sand (3 : 1, v/v) containing a modified 
WOLTZR and SKooG medium. 

T h e  i n d u c t i o n  o f  r o o t s  a n d  s h o o t s  f r o m  a n  u n d i f f e r e n t i a t e d  c a l l u s  t i s s u e  
o f  f o r e s t  t r e e s  h a s  n o t  y e t  b e e n  w e l l  e x p l o r e d  a n d  u n d e r s t o o d .  I n  t h i s  p a p e r  
t h e  c o n t r o l  o f  s h o o t  a n d  r o o t  f o r m a t i o n  a n d  a r e g e n e r a t i o n  o f  t r e e s  f r o m  c a l l u s  
t i s s u e s  o f  p o p l a r  (Populus euroamericana ( D o D E )  G V I N I E R  ev .  robusta) i s  d e s -  
c r i b e d .  W e  h a v e  a ] s o  a c h i e v e d  a r e g e n e r a t i o n  o f  t r e e s  f r o m  c a l l u s  t i s s u e s  o f  
Populus nigra L .  v a r .  typica SCRNEIDER,  Po~ulus tremula L. a n d  Populu8 
canescens SMITH.  

Cambium tissue from one year  old terminal  branches  and  shoot t ips 0.5 m m  long were used 
for in i t ia t ion of the callus tissue. F i rm green callus was ini t ia ted in February  1971 and  subeultured 
every 3 to 4 weeks on chemically defined media  and  on supplemented with coconut milk. WELTER 
and S~OOQ (1966) medium and  LINSMAIE~ and  SKOOG (1965) medium supported well the  forma- 
t ion and  the  growth of poplar  callus tissue. From chemically defined media  the best  growth 
of the  undifferentiated poplar callus tissue was obtained on the  modified Linsmaier  and  Skoog 
medium, where the  0t-naphthaleneacetic acid (NAA) was used as an  auxin (2 mg 1-1), 6-benzyl- 
aminopurine (BAP) as a cytokinin (1 mg 1-I), and  L-arginine (100 mg 1-1) as an  organic 17 source 
(C~ALUPA and  DUI~ZAN 1973). 0.7 ~o Difco Bacto agar  was used to solidify the  medium, lYn- 
differentiated callus tissues were grown ei ther  in a growth cabinet  (EF.7H of the  Controlled 
Envi ronments  Ltd.)  under  continuous l ight  (fluorescent and  incadescent  light,  10 000 Ix) 
at t empera ture  25 -4- 0.5 ~ or in a the rmos ta t  under  to ta l  darkness. The callus grown under  
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o o n t i n u o u s  l i g h t  w a s  d a r k  g r e e n ,  in  d a r k n e s s  w h i t e .  I n  b o t h  cases  the  g r o w t h  o f  ca l lus  t i s sues  
~ a s  r a p i d ,  a f irm ca l lus  w a s  f o r m e d  a n d  w a s  subcu l t ered  e v e r y  3 to 4 w e e k s .  

After half  a year of  the  culture of  the  undifferentiated callus t issue,  the  
effect of  various concentrat ions  of  an auxin  (NAA) and a cy tok in in  (BAP)  
on the  format ion  of  roots  and shoots  was tested.  The modified WOLT~.R 
and  SKOOG (1966) medium (myo- inos i to l  100 mg 1 -I, th iamine  HC1 0.1 mg 
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! -1, nicotinic acid 0.5 mg 1-1, agar 0.7 ~/o) and modified LINSMAIER and 
SKOOG (1965) medium (L-arginine 100 mg 1-1, agar 0.7 ~ ) was used. Undif- 
ferentiated green callus tissues placed on agar plates were grown in a growth 
cabinet at  25 ~ illuminance 10 000 lx and 16 h light. After 10 to 14 days 
shoots and roots s tar ted to develop from the undifferentiated callus on both  

TABLE 1 

EFFECT OF ~-NAPHTHAI,EI~/EACETIC ACID ( N A A )  ON THE FORMATION OF ROOTS (MODIFIED WOLTER 
SKOOG MEDIU~ WITHOUT CYTO1rIl~II~, FOR EACH N A A  CONCENTRATIO1Q" 50 CALLUSES WERE 

USED) 

NAA [rag 1-1] Callus with roots [%l Number of roots per callus 

0.0 16 2.1 -W 1.3 
0.2 76 4.6 -4- 1.8 
0.4 84 5.2 :~ 2.1 
0.8 64 3.4 :h 1.5 
1.0 62 2.8 :h 1.3 
2.0 18 1.6 ::h 0.7 
5.0 2 1.0 -~ 0.0 

10.0 2 1.0 -~ 0.0 

media. On media without  BAP and supplemented with NAA, the formation 
of roots was induced, on media without  NAA and supplemented with various 
concentration of BAP,  the formation of leafy shoots was initiated. On media 
lacking both  auxin and cytokinin, the formation of shoots was not  observed, 
in few cases short roots were formed (Table 1). The development and growth 
of  roots was bet ter  on the WOLTER and SKOOO medium where NAA was used 
as an auxin, than on the LINSMAIER and SKOOG medium. On the other hand, 
t h e  LrNSI~IAIER and SxooG medium supplemented with various concentra- 
tions of BAP,  supported bet ter  the initiation and growth of leafy shoots. 

Various concentrations of NAA supported initiation and growth of roots 
quite differently. In  the tested range the opt imum concentration for forma- 
tion of roots was usually 0.2 to 0.4 mg 1-1 of NAA (Table 1). The roots s tar ted 
to develop from the undifferentiated callus after 10 to 14 d and after 4 to fi 
weeks were several centimeters long (Fig. 1). The roots grew more rapidly 
on the surface or above the agar medium, than inside the agar medium. 
The roots growing inside of the agar medium were without  hairs. On media 
lacking cytokinin and supplemented with I~AA, only the formation of roots 
was observed, in no cases the formation of  shoots. 

On nutr ient  agar media lacking auxin and supplemented with BAP,  
the formation of leafy shoots was induced (Table 2, Fig. 2). Even very  low 
concentration of BAP (0.05 mg 1-1) induced formation of shoots. With  the  
increasing concentration of BAP,  the number  of  calluses with shoots increas- 
ed as well as the number  of shoots per callus (Table 2). The best  concentra- 
tion of BAP for the formation of leafy shoots on the modified LI~SMAIF.R 
and SKOOG medium was 0.15 to 0.70 mg 1-1. 0 n  media lacking auxin and 
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supplemented with cytokinin, only the formation of shoots was observed, 
if  callus was grown under high illuminances. On the other hand, the initia- 
tion of  roots instead of shoots was observed from the undifferentiated callus 
grown in total  darkness on the LINSMAIER and SKOOG medium with low 
content of BAP (0.05 to 0.10 mg 1-1). On the LI~SMAIER and SKOOG medium 

T ~ .  2 

EFFECT OF 6-BENZYLAMINOPURINE (BAP) o ~  THE F O R ~ T I O N  OF SHOOTS (MODIu LINSMAIE~t 
AE'D SKOOG MEDID'M WITHOUT AUXII~ FOR EACH R A P  CONCENTRATION 5 0  CAI~LUSES ~VERE USED) 

BAP [mg 1-1] Callus with shoots [ %] Number of  shoots per callus 

0.00 0 - -  
0.05 64 3.4 -4- 1.6 
0.15 82 4.8 • 2.1 
0.30 86 6.4 • 2.6 
0.70 80 6.9 • 2.7 
2.00 72 6.0 • 3.0 
5.00 72 6.8 -4- 3.5 

with 1 mg 1-1 of NAA and 1 mg 1-1 of BAP,  the formation of shoots from the 
callus grown under high light intensity was observed in some cases, the for- 
mation of roots from the callus grown under total  darkness. 

Leafy shoots, which after 4 to 8 weeks of growth were several centimetres 
long, were excised from the callus and placed on the modified WOLTER a n d  
SKOOG medium lacking cytokinin and supplemented with 0.4 mg 1 -x o f  NAA. 
In 2 to 4 weeks roots developed at the basal end of shoots, bu t  were usually 
short. Bet ter  development  of roots at  the basal end of excised shoots w a s  
achieved when shoots were transferred into the sterile mixture of  perlit 
and sand (3 : 1 v/v) containing modified WOLTER and SKO0O medium (half 
concentration of macro and microelements, without  cytokinin and with 
0.2 mg 1-1 of NAA and low content of sucrose, 0.2 ~/o)- More than 80 ~/o 
of excised shoots produced in this nutr ient  mixture long, strong roots in 2 
to 3 weeks (Fig. 3). The rooted shoots were transplanted into a mixture of 
soil, peat  and perlit (3 : 1 : 1 v/v/v) and were grown in a growth cabinet 
under constant  temperature  22 ~: 0.5 ~ high illuminance 25 000 Ix, 16 h 
light and 70 % relative humidity.  The growth of trees under these conditions 
was rapid and in several months after transplanting trees were several deci- 
metres high (Fig. 4). The comparison of chromosome numbers is carried out. 
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BOOK REVIEWS 

EI,LEm3~RO, H. (ed.): ~kosystemforsehun9. -- Springer-Vorlag Berlin, Heidelberg, N e w  
York 1973. 280 S., 101 Abb., DI~[ 39,--.  

Die 0kosystomforschung gowinnt als Voraus~otzung f/iv gosundore Umwoltbodingungon auf 
dor Erdo sohr an Bodoutung. Vorliegonder Band bringt zuerst eine Einfiihrung in die Ziolo und 
don Stand dot 0kosystemfor~chung (yon H. ELLENBERG), we die Grundbogriff(~, die wwschiodonon 
Richtungon und die Geschichte der 0konystomforschung orkl/trt wordon. Im woitoron Abbschnit t  
wordon Boispielo oinzolner 0kosy,~tomo durchgosprochoa wie oin Hochgobirgsoo (R. PECHLANDER 
u.a., M. TILZEIr dor Schilfgiirtol oinos Stepponsoes (K. BviCraN, H. Sm(mxlCnT, B,. MaTF, rr G. 
DRAXLER, M. DOKULIL), marine 0kosystome (G. R n m N n E t ~ R ) ,  Land-0kosystome (M. B.UNGE, 
W. FU~KE, B. IYggIcg und R. MAYEr) und Land-()kosystomo im Hochgobirge (W. LARCHER u.a., 
A, CEI~NVSCA, W. MOSER, W. BnzosKA). Es wordon die Stoffproduktion und doren Steuorung, 
Enorgiobilanz, Gaswochsol, Strahlung.~nutzuug, Wassorverbrauch, N~,hrstotTkroislauf, Daton- 
gowinnung und -verarboitung u.v.m, bohandelt. Im lotzton Abschnitt  dos Bandos ist Prof. H. 
ELI, E~BER bemiiht oino Klassifikation dor 0kosystemo dot Ecdo nach funktionalon Gosichts- 
punkton durehzuf/ihron und oinen Bestimmungssch|fisso] zusammonzustellon; or roiht die ira 
Bueh bohandolton 0kosystome in des System ore. Die einzelnon Kapitol des Buches fassen oinon 
Toil dor Ergobnisso /ibor Funktionioren und Gesotzm~ssigkoiton yon 0kosystemen zusammon, 
die im Rahmen des Intornationalon Biologischon Programms von deutschen und 6sterroichisehon 
Arboitsgruppon erlangt und auf den Symposion dot Doutschen Botanischon Gesollschaft mid dot 
Gosollschaft fiir Angow'~ndte Bot, auik in [nnsbruck im Jahro 1971 vorgotragon wurden. Um des 
Buck zu mehr als oiner loses Folge verschiodonor Boitr/i, go wordon zu lasson, wurden Zusammon- 
fassungon, Hinweiso auf Institute,  Goldgober, Danksagm~gen woggolasson und die Boitr~ge durch 
Einloitung in die Problomatik und abschtiossonde Klassifikation in ein Ganzos zusammengoffigt, 
des oine wortvollo Einfflhrung in die 0kosystemforschung in tier doutscb_spraehigon Litoratur 
darstollt. Da in dot onglischeu Literatur sehon ~hnlicho Biichor orschionon sind, wurdo hior auf 
onglischo Zusammonfassungon vorzichtot. Das Buch ist rein f(ir dou doutsehon Sprachraum 
godaeht, was jodoch oino gewisse unn6tigo Bogrenzung bedoutet. Des Buch orschien in tadol- 
losom Druck in floxiblom Kunststoffoinband, ist reich mit Abbildungen ausgostattet, onth/~,lt oin 
Mitarboitervorzoichnis und ondot mit oinom fiborsichtlichon Sachrogister. Joder Beitrag schliesst 
mit oinom Litoraturvorzoiehnis; in diese haben sick loidor z.B, auf Soite 77, 78, 193, 223 Druck- 
fohlor in Autorennamon hineingoschlichon. 
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