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Abstract. The  effect o f  colehieine, caffeine a n d  h y d r o q u i n o n e  on  noda l  m e m s t e m s  of C~dlisi~l 
fragrqns h a s  been  s tud ied .  T h e  po lyp lo idy  h a v e  been induced  fol lowing 4 a n d  8 hou r s  of  t r ea t -  
m e n t  in 0.5~ colchicine. T he  pers i s tence  of  po lyp lo idy  in e m e r g i n g  roots  even  af te r  60 d. o f  
recovery  in t he  soil ind ica tes  t h a t  the  colchicine affected no t  on ly  the  nodal  roots  b u t  also t h e  
noda l  t i ssue  of the  p lan t .  T he  occurence  of  bo t h  diploid a n d  polyploid  roots  in the  s ame  node  
h a s  been  a t t r i b u t e d  to the  differential  pene t r a t i on  of  the  c o m p o u n d  to  the  di f ferent  zones of t i ssue .  
The  increase  in the  d iv is ion  f r equency  following cer ta in  per iod of  recovery  was  also observed.  

Caffeine i nduced  on ly  di f ferent  subnareo t i c  effects. The  f o r m a t m n  of  the  b m u c l e a t e  cells. 
(which is ve ry  c o m m o n  in [,'ida label h a s  been  found  to be ve ry  rare  in t he  p resen t  mater ia l .  
No  s igni f icant  resu l t s  h a v e  been ob t a i ned  following t he  h y d r e q u i n o n e  t r e a t m e n t  excep t i ng  
some  c o m m o n  subna rco t i e  effects.  

The  use  of  colchieine in  cy togene t i ca l  p rocedures  h a s  been  well es tab l i shed .  I t s  r e m a r k a b l e  
c a p a c i t y  of  i n d u c i n g  po lyp lo idy  h a s  been a d v a n t a g e o u s l y  e m p l o y e d  in  i n d u c i n g  g i g a n t i c i s m  in 
cha r ac t e r s  a n d  in fac i l i t a t ing  t he  interspecif ic  crosses  ( E i c s ~ i  a n d  D~JSTIN 1957). 

I n  add i t ion  to eolehicine severa l  o the r  c o m p o u n d  like caffeine or h y d r o q u i n o n e  h a v e  been  
app l ied  on p l a n t  t i s sue  to secure  c h r o m o s o m a l  changes  (KIttLMAN 1966) a n d  the i r  ac t ion  h a v e  
been  referred to as  subna rco t i c  (LEvAsr 1949). T h o u g h  a large a m o u n t  e f  work  h a s  been  done  
to  s t u d y  the i r  effects on y o u n g  shoo t  t ips ,  seeds,  y o u n g  seedl ings  or oecas ionel ly  on t he  flower 
or on the  pollen,  no a t t e m p t  h a s  been  g iven  te  s t u d y  the  effects  on noda l  reg ions  of  t he  s t em .  Th i s  
region h a s  got  a special  s ignif icance in p lan t s ,  where  t he  r ep roduc t ion  is p r inc ipa l ly  vege ta t ive .  
There  are  a n u m b e r  of  species w i t h  a t ra i l ing  hab i t ,  r ep roduc ing  v e g e t a t i v e l y  w i t h  roots  coming  
o u t  a t  t he  nodes .  

I t  is wor thwhi le  to s t u d y  t h e  effect of  d i f ferent  c o m p o u n d s  on  t he se  noda l  regions  as  a n y  
change  t h u s  p roduced  would  resu l t  u l t i m a t e l y  into t he  c h a n g e d  shoo t  cha rae t ems tms .  Callisia 
fragrans of  Commeli~aceae is one of  such  spemes  whore  th i s  m e t h o d  of  p r o p a g a t m n  is ex tens ive .  
I n  the  p re sen t  work  t he  t r e a t m e n t  of  celchicine,  caffeine a n d  h y d r e q u i n o n e  was  ca r r ied  o u t  u n d e r  
n a t u r a l  cond i t ions  in the  field a n d  t he  obse rva t i ons  was  recorded even  up to  60 d. o f  recovery.  
Th i s  long per iod  of recovery  was  chosen  to net(, t h e  pe rs i s t ence  of  t h e  c h e m m a l  effects. 
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Material and Methods 

Small  cu t t i ngs  f rom the  apmal  p o r t m n  of  t he  p ros t r a t e  shoot  were g rown  in the  fear thenware 
po t s  con t a in ing  a m i x t u r e  of  s a n d  a n d  soil. W i t h i n  a few days ,  y o u n g  a n d  h e a l t h y  roots  were 
fo rmed  f rom the  nodes  of  the  p lan t s .  These  p l an t s  w i th  1 to 1.5 em  long roots  wferfe t h e n  p laced 
m smal l  t u b e s  con t a i n i ng  dif ferent  concen t r a t i ons  of  colchmmo,  caffeine a n d  h y d r o q u i n o n e ,  so 
t h a t  t he  nodes  w i th  the i r  roots  were comple t e ly  i m m e r s e d  m the  solut ions .  Thfe period of  t r ea t -  
m e n t  were m a i n l y  4 a n d  24 h excep t ing  in 0.5~o colchielne, whferfe 8 a n d  16 h were also applie~l. 
Af t e r  t he  t r featmont  the  p l an t s  were t r ans fe r r ed  to t he  soil for a recovery .  

Cor respond ing  control  s e t s  for each  fexpferimont wfero kep t  in t he  dist i l led wa te r  a n d  t h e n  
t r an s f e r r ed  to the  soil for a recovery.  

R o o t - t i p s  f r om t r ea t ed  p l an t s  worfe f ixed in acetic ac id  - -  e thy l  alcohol m i x t u r e  (1 : 2) for 
onfe h,  h e a t e d  for a few seconds  in a m i x t u r e  of  2% aceto-orcein  a n d  1N HC1 (9 : 1) a n d  f inal ly 
s q u a s h e d  m l~ acfeto-orcfein solut ion.  T he  p r epa ra t i ons  wore m a d e  p e r m a n e n t  b y  i nve r t i ng  
t h e  sl ides m acetic acid- e thy l  alcohol  (l : 1), fol lowed b y  b u t y l  alcohol gcados a n d  f inal ly m o u n t -  
ing  in feuparal. 

Results 

Two series of observations were performed: 1) the roots being directly in 
contact  with a chemical were observed at intervals of 24 h, 2) fresh roots 
coming out from the t reated nodes were observed. 

Colehieine 

The effect of aqueous solutions of 1~ and 0 . 5 ~  concentrations were 
studied. In the case of 1%, only 4 and 24 h t rea tment  showed a higher 
frequency of division (2--3 times more than  the control), after one or two 
days of recovery. After tha t  t ime the divisional frequency decreased to 
normal (Table 1). A high frequency of polyploidy along with other abnormali- 
ties such as diplochromosomes, stickiness, persistanoe of nucleolus at meta- 
phase, clumping, lagging, very  high chromosome numbers  etc. were also 
observed (Fig. 1--7). The percentage of multinucleate cells were three to 
four times higher in 24 h t rea tment  than in 4 h t reatment .  No fresh roots 
were developed from the t rea ted nodes (Table 1). 

In 4 h and 8 h t rea tment  with 0.5% colchicine, followed by  a recovery in 
the  soil for different periods, the  root cell showed polyploidy and usual 
abnormalities mentioned above. In some of the fresh roots a high frequency of 
polyploidy after 45 d was found, whereas in other fresh roots coming from 
the same nodes a frequency of polyploidy was very  low. This indicates a clear 
case of polysomaty  in the meristematic region of the nodes. 

With ~16 and 24 h of t reatment ,  the  percentage of polyploidy was high as 
expected bu t  no fresh roots were formed from the t reated nodes (Table 1). 

Caffeine 

Different dilutions of the saturated solution in distilled water were used. 
Up to 1% dilution, the solutions were toxic to the plants. In  these concentra- 
tions the  roots and nodes became flaccid and the plants died within a few 
days. After the t rea tment  with lower concentrations (0.5 %, 0.25 %, 0 . 1 % -  4 
or 24 h) only an occasional occurrence of binucleate cells was observed. 
Wi thout  any recovery the percentage of dividing cells was very  low in 4 h 
t rea tment  while it was total ly  absent  in 24 h of t rea tment  (Table 2). In  ad- 
dition to this other abnormalities like stickiness, erosion of chromosomes, 
fragmentation, well scattered plates, heavy concentrations of chromosomes 
etc. were also found (Figs 8 and 9). 
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TABLE 1 

EFFECTS OBSERVED IN ROOTS of Callisia fragrans t rea ted  wi th  colehieine solution 
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Concen- 
tration 

used 
[%] 

Period of 
t r e a t m e n t  

[hi 

In t e rva l  
af ter  

t r e a t m e n t  

[d] 

Dividing Metaphase  
cells arres t  

[%] [%] 

Polyploid 
cells 

C%] 

Multi- 
nucleate 

cells 

[%] 

(1) (2) (3) (6) (7) 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

(4) (5) 

15 15 
18 17.9 
9.0 9.0 

no now roots  formed 

I 2.5 2.5 
17.0 17.0 
13.5 13.0 

no fresh roots developed 

24 
24 
24 

0.5 
0.5 
0.5 
0.5 

15 
15.9 

9.0 

4 
4 
4 
4 
4 
4 
4 
4 
8 
8 
8 
8 
8 
8 
8 

16 
16 
16 

1 
2 
3 

30 
45 
45 
45 
60 

1 
2 
3 
4 

30 
45 
60 

1 
2 
3 

1 1.5 
2 17.0 
3 12.8 

24 
24 
24 
24 

10.9 
13.0 

2.8 
0.3 
2.3 
2.6 
2.3 
2.5 
6.9 

19.1 
16.6 

4.7 
4.5 
3.0 

15.0 
20.8 
20.8 

10.4 
13.6 

9.0 
7.5 

20.9 19.9 
30.0 28.5 
25.0 23.1 

9.3 6.7 
6.4 5.4 
6.1 2.8 
8.1 4.3 
6.2 3.9 

26.0 17.3 
27.0 19.4 
30.3 25.5 
21.5 23.2 
14.9 6.5 
9.7 8.2 
9.0 6.0 

18.8 16.5 
21.6 20.8 
20.8 20.8 

no new roots  formed 

12.7 10.1 
15.6 13.8 
20.0 9.0 
13'.0 9.0 

no new roots 

4.5 
4.8 
2.5 

23.0 
12.5 
10.3 

After 4 h t rea tment  at 5% solution, the division frequency was slightly 
lower than  in the control; occasional fragments together with stickiness, 
pycnoses, spiralised prophase chromosomes etc. were found. After 3 days of 
recovery the t reated roots failed to survive. The fresh roots after 15 d of 
recovery showed scattered metaphases and occasional sticky bridges. The 
root cells after 30 days showed normal division frequency without  any abnor- 
malities. In  24 h of t r ea tment  at the same concentration the  roots became 
flaccid and the plants failed to survive (Table 2). 
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TABLE 2 

EFFECTS OF CAFFEINE SOLUTION o n  r o o t s  o f  CaUisia fragrans 

Concen- 
t ra t ion  

used 

[%] 

Period of 
t r e a t m e n t  

[d] 

In te rva l  
af ter  

t r ea tmen t  

[dl 

Dividing 
cells 

[%] 

Metaphase 
arrest  

[%] 

Binucleate 
cells 

[%] 

Polyploid 
cells 

[%] 

0.5 
0.25 
0.1 
0.5 
0.25 
0.5 
0.5 
0.5 
0.5 
0.5 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
9.1 

4 
4 
4 

24 
24 

4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
4 
4 

24 
24 
24 
24 
24 
24 

4 
4 
4 
4 
4 
4 

24 
24 
24 
24 
24 
24 

1 
2 
3 

15 
30 

1 
2 
3 
4 
7 

15 
3O 

1 
2 
3 
7 

15 
30 

1 
2 
3 
7 

15 
3O 

1 
2 
3 
7 

15 
3O 

5.2 
8.5 
9.3 
nil 
nil 
3.0 
6,8 
4.3 
7.0 
9.0 
8.1 
8.4 
7.6 
6.1 
6.2 
5.0 
5.0 
4.4 
6.5 
8.7 
6.4 
7.0 
7.5 
7.6 
5.3 
5.3 
6.8 
7.2 
8.0 
5.3 
7.0 
5.9 
6.1 
6.5 
7.2 

3.6 
4.5 
4.7 

2.7 
3.8 
2.3 
5.0 
4.8 
5.7 
5.6 
5.0 
3.9 
4.0 
4.4 
3.1 
1.8 
4.2 
7.0 
5.1 
3.2 
4.0 
4.2 
3.4 
3.9 
4.5 
4.8 
5.0 
2.6 
3 ~  
3.8 
3.7 
4.0 
4.0 

5.3 
6.5 

1.8 
I . I  
1.6 
I . I  

1.2 

1.6 
0.8 

At 0.25~/0 the root cells showed, after 4 h of t reatment ,  well scattered 
metaphase plates along with other abnormalities. Sticky bridges with many 
strands were very common. The percentage of division gradually slowed down 
up to the stable point similar to the control even after 12 d of recovery 
{Table 2). 

24 h of t rea tment  at  0.25% concentration showed some polyploid cells 
which continued up to 7 d of recovery in addition to other abnormalities. 
After 15 d of recovery no abnormalities were recorded. At 0.1% and 4 h of 
t rea tment ,  stickiness, bipolarity, metaphase grouping and gradual reduction 
in the  division frequency were seen in addition to some polyploid cells after 
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one day. Similar effects were observed after 24 h t rea tment  with the same 
concentration. 

Hydroqu inone  

Aqueous solutions of 2 % and 1% were tried and found to be toxic as the  
roots became flaccid and the plants failed to survive. Roots  t reated in 0.5% 
solution for 4 h and for 24 h, as well as in 0.25% and 0.05% for 4 h became 
also flaccid and died. The fresh roots coming out  from the  same node showed 
sticky bridges, granulation of chromosomes, f requent  metaphase plates, few 
polyploid cells (0.05%), occasional breaks in pr imary  constriction etc. The 
division frequency was also lower than in the  control (Table 4) and gradually 
decreased (Table 3). 

TABLE 3 
EFFECTS OF HYDROQUINONE on roots  of  Callisla fragrans 

Concen- 
t ra t ion 

used 

[%] 

Period of  
t r ea tmen t  

[hi 

In t e rva l  
af ter  

t r e a t m e n t  

[d] 

Dividing 
cells 

[%] 

l~Ietaphase 
a r res t  

[%] 

Polyploid 
cells 

[%] 

R e m a r k s  

0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

4 
4 
4 
4 
4 

24 

4 
4 
4 
4 
4 

24 

4 
4 
4 
4 
4 

24 

4 
4 
4 
4 
4 
4 

24 
24 

�9 24 
24 
24 

2 
4 
7 

15 
30 

3 
4 
7 

15 
30 

2 
4 
7 

15 
30 

1 
2 
3 
7 

]5 
30 

1 
4 
7 

15 
30 

5.1 
7.5 
6.8 
7.2 
7.5 

5.2 
5.0 
6.0 
5.8 
6.5 

6.4 
7.7 
5.0 
5.6 
6.5 

9.4 
8.3 
9.7 
9.5 

10.0 
10.2 

5.3 
4.3 
4.8 
5.0 
6.5 

4.0 
5.4 
5.0 
5.1 
5.2 

4.0 
4.2 
4.6 
3.7 
4.5 

5.0 
5.6 
1.8 
2.0 
3.2 

6.6 
5.0 
5.4 
5.0 
5.3 
5.5 
3.9 
1.6 
2.0 
2.0 
3.0 

Roots  flaccid 
and  dead 

Plan ts  fail 
to  survive  

P lan t s  fail 
to  survive  

2.8 

Roots  flaccid 
and  dead 
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In  the  0.001 ~ solution the t rea ted roots remained heal thy both  at 4 and 
24 h t reatment .  In  both  cases heavy  fragmentation was found along with 
diplochromosomes, clumping, well clarified metaphases etc. The division 
frequency in 4 h t rea tment  was the  same as in the control. The abnormalities 
<lid not  persist in fresh roots after 15 days  of recovery (Table 3). 

TABLE 4 
~ONTROL SET I1~" WATER 

Period of 
t r ea tment  

[hl 

4 
16 
16 
16 
24 
24 
24 

Period of 
recovery 

[d] 

Dividing 
cells 
[%] 

8.5 
9.0 
9.4 
8.5 
8.5 
9.3 
7.5 
9.5 
9.2 

Discussion 

The results obtained with colchicino, caffeine and  hydroquinono reveal quite a number  of 
in te res t ing  differences. So far as caffeine and  hydroquinono are concerned, the effects noted on 
the  growing nodes indicate the  susceptibil i ty of such tissues to narcotic action of those drugs. 

The subnarcotic actions of caffeine and  hydroquinone have boon reported by I~IHLMAI~ and  
LEVAN (1949) and  TJIO and LEVAN (1948). I n  the  present  work it has  boon observed tha t  
following hydroquinono t r ea tmen t  the  division frequency does not  undergo a marked  change 
even after prolonged period of recovery (Table 3). Only in higher concentrations following treat-  
mon t  lethali ty has  boon observed. Therefore, so far as the  rooting nodes are concerned, hydro- 
quinono t rea tment  does not  show a n y  narcotic effect. Subnarcotic action like bridges, frag- 
men ta t ion  et~. have been recorded oven in fresh roots emerging from the t r e a t ~  nodes. This 
indicates the adequate  penetrat ion of hydroquinono to the growing zones of the nodes whore 
from the roots ul t imately emerge. 

Regarding caffeine, one of the interest ing th ings  has  been the formation of binucloato cells in 
addi t ion to several chromosomal abnormalit ies.  Such binucloate coils have  also been reported 
after  caffeine troa, tmont  (KI~LMAN and LEVAN 1949, GIMEXEZ-I~RTIW et a/. 1969) where the 
effect has  boon a t t r ibuted  to the inhibit ion of cytokinosis. The formation of binucloate cells as 
observed hero, differs in certain respects from the  da ta  presented by previous authors.  In  the 
present  c a ~  direct t r ea tments  with caffeine have  resulted into very rare formation of binucloate 
cells whereas this bohaviour has  boon found to be universal  for all cells as reported by previous 
au thors  in Vicia faba (KIHL~AI~ and  LEVAN 1949, GI~,I~EZ-MAI~TII~ etal. 1969). This indicates 
the  resistance of the  nodal tissue to the  ac tmn of caffeine as compared w~th the susceptibili ty of 
the  root cells of Vicia faba. However, this differential effect is not  a t t r ibuted  mainly  to organ 
differences but  also to the genotypic const i tut ion.  In  direct t r ea tmen t  on CaUisia fragrans 
where roots were presented from the beginning of the  experiment,  the da ta  taken  on such roots 
could be a t t r ibuted  to the effect on root tissue alone whereas the effects observed on the roots 
emerging later during the recovery m a y  be a t t r ibu ted  to the effect on the  nodal tissue. In  the 
former case such binucleate cells are rarely observed but  in the lat ter  binucleate cells wore 
entirely absent .  Such tissue differences in rolatmn to susceptibili ty to colchicine was worked out 
by  S~ARMA and  SARKAR (1957). Regarding the other changes induced by caffeine the present 
observat ion does not  show much  differences from the da ta  presented by previous authors.  
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Interest ing da ta  has  been obtained with regard to colcbicine effect on growing nodal t issues 
and  the nodal  roots. Regarding the  induction of polyploidy very successful results have  boon 
obtained following 4 and  8 h of t r ea tmen t  in 0.5~o colchicine. Such high concentrations,  as 
compared to the  concentrat ions generally applied to roots, had  to be used as lower concentrat ions 
did not  yield an y  significant resul t s .  This m a y  be a t t r ibu ted  to the low rate of penetra t ion in 
the nodal roots. Tha t  the effect of colchieine is confined not  merely to the roots bu t  also to the  
nodal t issue is exhibited by the emergence of polyploid roots even after 60 days of recovery in 
the soil (Table 2). All these facts clearly indmate t ha t  colchmme application in the nodal zones in 
trailing plants  could be used as an  effective means  of securing rapid polyploidy. 

Remarkable  feature has  been the occurrence of both diploid and  polyploid roots from the same 
nodes emerging after a prolonged recovery. Such differential effect is ra ther  different from the  
mixoploid effect often noted in shoot apices on branches following colchicine t rea tment .  DAVID- 
SO~ et al. (1969), D'AMATO and  I~L:TIRO~CHI (1968) have  suggested t ha t  the differential C-mitotic 
effect in root meris tems ofVicia  faba is principally dependent  on the penetrat ion of the  compound  
to the different zones of the  tissue. DAVIDSOI~ (1966), howevcr~ claimed t ha t  the  resistance is 
confined to the  part icular  stage in the growth. In  the nodal tissue of Callisiafragra~s too, in view 
of the massive na ture  of tissues, it is likely tha t  the occurrence of the diploid and  polyploid roots 
coming out  after prolonged recovery following colchicine t r ea tment  is the reflection of differentia~ 
penetrat ion in different zones of the  nodes a t  th~ initial phase of t rea tment .  

The other feature worth discussion is the frequency of dividing cells following colchicine 
t rea tment .  A sharp rise in the  frequency of division was observed following colchicine t r ea tmen t  
after 1--3 d of recovery (Table 2). Colehicine, even though  it  is an  agent  in causing me taphase  
arrest,  has  recently been shown by  DAVlDSOI~ etal.  (1966) to increase the mitotic indices of Vicia 
faba root meristems. In  their material  this increase cont inued up to 36 h after which a s teady fall 
could be recorded. In  nodal mer is tems of Callisiafragran8, this  increase has  been found to cont inue 
up to 2 and  3 d after which there is a s teady fall. This increase in division frequency is no doubt  
in par t  due to the  entering of the  accumula ted  polyploid cells in the division. DAVIDSON e ta l ,  
(1966) suggested t h a t  colchicine has  a s t imula tory  effect dur ing the  mitotic cycle which causes 
a heavy  increase in the number  of cells seen in the division following recovery. In  the  nodal' 
meristoms of Callisia fragrans too, the  heavy  increase in division frequency is possibly a t t r ibu ted  
to two factors i.e. division of accumula ted  polyploid cells and  the  s t imula tory  effect (DAVIDSON 
etal .  1966) of colchicine. 
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SATYESIt CtIANDRh I~OY, Cytogonotmkh laboratof- Botanick6ho Odd~loni, Univors~ty v Kal-  
kate ,  Indic:  Srovn~ni  f i~lnkli  ko leh ie inu ,  ko fe lnu  a hydroeh inonu  na noddlni  koi~eny Call is la 

f r a g r a n s .  - -  :Biol. Plant. 15 : 383- -390 ,  1973. 

Slodov~n byl fiSinok kolchicinu, kofoinu a hy4rochinonu na nodAhd morist~my Callisia 
fragrans. 0.5% koncentrace kolchicinu aphkovans po 4 6i 8 h indukovala polyplodil. Perzistonce 
polyploclio v pozdttji vznikl.~ch ko['onech i po 60 dnech po pflsobenl ukazujo, ~.o kolchicln zastihl 
nojon nodb~lni ko~eny, alo tak~ nodgdni pletiva, rostliny. V~-skyt jak diploidnich tak polyploidnlch 
ko~onfl vznikl:~ch zo stejn6ho nodu jo vysv6tlon odliw ponotrac~ slou6eniny do rflznpch z6n 
plotiva. Zji~t~na byla r o v n ~  zwj'~ten~ frokvenco 461oni po ur6it6m obdob~ ocl doby pflsoboni, 
v n~mlt byly ovlivnSn6 rosthny p~stovb~ny v pSd~. 

Kofoin vyvolal pouzo rhzn6 subnarkotick~ fi6inky. Tvorba dvoujadorn~ch bun~k, tak ~;astb, 
u Vicia faba, byla zjiw pouzo ojodin~lo. 1-Iydrochmon novyvolal tis pozoruhodn~ fl6inky, 
s v:~jimkou n~ktor~ch b~n~,ch subnarkotiek~ch efoktfl. 
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Errata: Please replace this page for the first page of figures of the paper BALATKOVA and TUPY, 
Bioi. Plant. 15 (2) : 102-106, 1973. 

Fig. 1. An intensiv~ cell proliferation on the placentae two weeks following placental pollination 
in vitro (about 26 X ). 
Fig. 2. The development of seeds two weeks following stigmata} pollination in vitro (about 11 X ). 

Fig. 3. Mature, fully differentiated seeds 21 days following stigmata! pollination in vitro (about 
19 x ). 
Fig. 4. Abnormal development of all ovules on an uncovered placenta 4 days following stigmata! 
pollination in vitro (about II X ). 




