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To date ,  t h e  molecu la r  m e c h a n i s m s  of colchicine s t imu-  
l a t ion  of g r o w t h  h a v e  no t  b e e n  s tudied .  T he  obse rva t ions  
of KING TM seem to  ind ica te  t h a t  t h e y  could be  s imi la r  to  
t he  g ibbere l l in - induced  e -amylase  b iosyn thes i s .  Th i s  
a u t h o r  ha s  s h o w n  t h a t  colchicine (1.0 ~M) s t imu la t e s  t he  
l i be ra t ion  of sugars  in  t i le  w h e a t  seed d u r i n g  ge rmina t ion .  
I n  addi t ion ,  t h e  d e m o n s t r a t i o n  t h a t  colchicine b inds  in 
v i t r o  to  D N A  molecules  17 p o i n t s  ou t  aga in  t h a t  i t s  s i te  of 
ac t ion  m a y  be  a t  t he  gene level.  Besides,  i t  is p laus ib le  to  
foresee t h a t  colchicine p roduces  i ts  effect  of g r o w t h  
s t i m u l a t i o n  in a way  s imi la r  to  t he  i n d u c t i o n  of c-mitosis .  
T h a t  is to  say, due  to  i t s  c a p a c i t y  to  b i n d  to s u b u n i t  
p ro t e in  of m i c r o t u b u l e s  of t he  mi to t i c  apparatusaS.  

I n  brief,  t h e  m e c h a n i s m s  u n d e r l y i n g  t h e  s t i m u l a t o r y  
effect  of colchicine r e m a i n  unclear .  Never the less ,  t h e  
afore-discussed would  seem to  i nd ica t e  t h a t  colchicine - 
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a t  low c o n c e n t r a t i o n  - m a y  well  be  effect ive  as a p r o m o t e r  
of cell d ivis ion,  a n d  t h e r e b y  p r e p a r e  t h e  t i ssues  for i t s  
u l te r io r  m u t a g e n i c  a c t i v i t y  a t  a n  h i g h e r  concen t r a t i on .  I t  
m a y  be  conc luded  therefore ,  t h a t  t h e  cel lular  m e c h a n i s m  
of colchicine ac t ion  ha s  a twofold  func t i on :  t h e  s t imula -  
t i on  of t he  nuc l ea r  d iv i s ion  and  of cytokines is ,  followed b y  
t h e  i n d u c t i o n  of polyplo idy .  One p rac t i c a l  consequence  
f rom these  f ind ings  m i g h t  be  t h e  use  of  colchicine in a 
dosage sequence  for increas ing  t h e  p e r c e n t a g e  of poly-  
p lo id  cells in  t h e  t issues.  

Rdsumd. Le d 6 v e l o p p e m e n t  de la  rac ine  e t  de la  
col60pti le es t  s t imul6  lorsque  des p l a n t u l e s  de Gramin6es  
son t  incub6es  avec  la  colchicine ~ des c o n c e n t r a t i o n s  au-  
dessous  du  seuil  qu i  p r o d u i t  ses effets  mu tag6n iques .  
Ce t te  s t i m u l a t i o n  de la croissance - qu i  semble  &re  due  
une  ac t iv i t6  m 6 r i s t 6 m a t i q u e  accrue  - m e t  en 6vidence  u n  
doub le  a spec t  du  m 6 c h a n i s m e  & a c t i o n  de la colchic ine:  
la  s t i m u l a t i o n  de la p ro l i f6ra t ion  cellulaire,  suivie de 
l ' i n d u c t i o n  de la polyploidie .  E n  out re ,  ceci sugg~re que  le 
t r a i t e m e n t  des o rganes  avee  des doses de  colchicine 
c h a q u e  fois p lus  61ev6es d e v r a i t  p e r m e t t r e  & a u g m e n t e r  
le n o m b r e  de cellules polyploides  d i n s  les t issus.  
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Samples of 30 seeds were incubated in the dark at 24 ~ temperature 
in an aqueous solution of colchieine and in distilled water. The results 
are given as percentage of seeds germinated at the end of the 
incubation periods, 
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F i xa t ion  of E l e m e n t a r y  N i t r o g e n  by Nostoc punctiforme ( K i i t z . )  H a r i o t  and Scytonema bohner i  
S c h m i d l e  in Pure  and U n i a l g a l  Cul tures  

A n u m b e r  of b lue-green  a lgae h a v e  been  shown  to  fix 
e l e m e n t a r y  n i t r ogen  in pu re  cul tures .  Assoc ia t ion  of 
o t h e r  micro-organ isms ,  especial ly  bac te r ia ,  w i t h  these  
a lgae h a v e  been  shown  to  resu l t  in  increased  n i t rogen  
f ixa t ion ,  a n d  in m o s t  of t h e  cases t h e  t o t a l  n i t r ogen  f ixed 
was  h ighe r  t h a n  t h a t  f ixed b y  e i the r  of t he  o rgan i sms  
w h e n  g rown  s ingly  1-3. 

D u r i n g  a s u r v e y  of t he  soil a lgae f rom tile rice fields, a 
large  n u m b e r  of b lue-green  algae h a v e  been  i so la ted  in 
un ia lga l  cul tures .  M a n y  of these  are  found  to  t h r i v e  well  
on  a cu l tu re  so lu t ion  free f rom n i t rogen .  I n  t h e  p r e sen t  
i nves t i ga t i on  t he  n i t rogen  f i xa t i on  c a p a c i t y  of 2 algae has  
been  s tud ied  a n d  c o m p a r e d  in b o t h  un ia lga l  a n d  pu re  
cul tures .  Un ia lga l  cu l tu res  of Nostoc puncti/orme (Ktitz.) 
H a r l o t  a n d  Scytonema bohneri Schmidie ,  i so la ted  f rom 
rice field soils of Bal l ia  a n d  G h a z i p u r  (U.P.,  Ind ia) ,  
respect ive ly ,  were ra i sed  in pu re  bac te r i a - f ree  cu l tu res  
b y  use of U V - i r r a d i a t i o n  coupled  w i t h  s t r eak ing  on  silica 
gel p l a t e s  a f t e r  t he  m e t h o d s  of GERLOFF e t  alA, and  
WATANABE 5. P u r i t y  of cu l tu res  was  t e s t ed  w i t h  p e p t o n e  
so lu t ion  (1%),  m i x t u r e  of glucose (0.5%) and  p e p t o n e  
(1%) solut ions ,  m e a t  e x t r a c t  ( 'Oxo-Lab lemco ' )  so lu t ion  
(1%) a n d  DE'S n l iqu id  so lu t ion  c o n t a i n i n g  glucose 
(0.5%). 

The  cu l tu res  were g rown  a t  28-30 ~ u n d e r  con t inuous  
f luorescen t  l i gh t  (180 Lux)  in  250 m l  P y r e x  E r l e n m e y e r  
f lasks,  c o n t a i n i n g  100 m l  of DE's  e n i t rogen- f ree  med ium,  
s u p p l e m e n t e d  b y  modi f ied  HUTNER'S 7 m i c r o n u t r i e n t  
solut ion,  in  wh ich  (NH4)6MoTO24 was  rep laced  b y  MoO 3 
in order  to  m a k e  i t  n i t rogen- f ree  as descr ibed  earl ier  3. 
I n i t i a l  p H  of t h e  so lu t ion  was a d j u s t e d  to  7.0. 

The  cu l tu res  were  h a r v e s t e d  a f t e r  35 days  of g r o w t h  and  
t h e  p u r i t y  of t h e  cu l tu res  was  re tes ted .  The  a lgal  m a t  of 
each  rep l i ca te  was  s e p a r a t e d  b y  cen t r i fuga t ion .  N i t rogen  
was  e s t i m a t e d  b o t h  in  t h e  s u p e r n a t a n t  and  t h e  algal  m a t  
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using convent iona l  microkje ldahl  m e t h o d  s. T h e  dry  
weight  of t he  algal m a t  was , taken only of t he  pure  
cul tures  by  f i l t ra t ion th rough  pre-weighed W h a t m a n  
fi l ter  paper  (No. 42) and  dry ing  in an oven. Dry  weight  
of unialgal  cul tures  were no t  t aken  as t he  alga was  
growing wi th  o the r  bacter ia l  con t amina t i on  and  the  d ry  
weigh t  could no t  have  been assigned to  e i ther  of the  
organisms.  The resul ts  ob ta ined  are shown in t he  Table.  

I t  is ev iden t  f rom the  results  p resen ted  in the  Table  
t h a t  the  pure  cul tures  of N. puncti/orme and  S. bohneri 
are capable  of f ixing e l emen ta ry  ni t rogen.  They  also 
conf i rm our earlier work  wi th  Scytonema ho/manni 
Ag., ex. Born  et  Flah. ,  and Fischerella muscicola (Thuret) 
Gomon t  a, t h a t  the  to ta l  n i t rogen f ixed in unialgal  
cul tures  is h igher  t h a n  the  n i t rogen fixed in pure  cul tures.  

In  the  p resen t  inves t iga t ion  wi th  Nostoc punctiforme, 
the  to ta l  n i t rogen  f ixed in unialgat  cul ture  is abou t  5 
t imes  more  t h a n  the  n i t rogen f ixed in pure  cul ture  of the  
alga. Slight increase is also not iced  in unialgal  cul ture  
of Scytonema bohneri over the  a m o u n t  of n i t rogen f ixed in 
pure  culture.  BUNT 1 ob ta ined  abou t  200% increase in 
to ta l  n i t rogen f ixed by  an unident i f ied species of Nostoc 
when  grown wi th  Caulobacter, a bac t e r ium which  was 
p r o m i n e n t  a m o n g  the  con taminan t s .  He  fu r ther  found 
t h a t  the  Caulobacter was incapable  of growing and  f ixing 
e l emen ta ry  n i t rogen  alone in pure  cul ture in a n i t rogen-  
free medium,  even when supplied with a sui table  ca rbon  
source. BJNLFVE 2 showed ni t rogen f ixa t ion  in pure  
cul tures  of Nostoc calcicola and a subs tan t i a l ly  larger 
f ixa t ion  was ob ta ined  when  Nostoc was combined  wi th  
o ther  micro-organisms (bacter ia  or ac t inomycetes) .  
Max im um  ni t rogen f ixa t ion  was observed (5.42 mg) 
when  Bacillus megaterium was grown in associat ion wi th  
Nostoc calcicola and  this  was 500% over  t h a t  of pure  
cul ture  of Nostoc calcicola, a value ve ry  close to  t h a t  
observed in our  expe r imen t  w i th  Nostoc punctiforme 
where  an increase of more  t h a n  400% was observed  in 
unialgal  cul ture  over  the  pure  cul ture  of the  alga. 

Ni t rogen f ixa t ion  by  Nostoc puncti/orme has also been  
repor ted  by  o thers  and as t abu l a t ed  by  PANKOW and 
MARTENS 9, DREWES 1~ found 0.07-0.12 nag and WINTER 11 
0.054-0.394 nig n i t rogen per  10 ml cul ture solut ion wi th  
algae in 60 and  75 days  respect ively  in a cul ture med i u m 
wi thou t  mo lybdenum.  BORTELS ~~ found 0.69-0.81 mg 
and 0.38-0.63 mg ni t rogen in 31 days  per  10 ml  cul ture  

solut ion in presence  and  absence  of m o l y b d e n u m  respec- 
t ively.  Calculated th is  way,  t he  n i t rogen  f ixa t ion  by  
Nostoc punctiforme in our  expe r imen t  would  be 0.0916 mg  
in 35 days  per  10 ml  cul ture  solut ion conta in ing  molyb-  
denum.  

PANKOW and  MARTENS 9 considered Nostoc sphaericum 
to  be the  bes t  f ixer a m o n g  the  known Nosloc species, as 
t h e y  showed f ixat ion of 0.615 mg  n i t rogen  in 90 days  and  
1.05 mg ni t rogen in 140 days  per  10 ml  cul ture  solution.  
Calculated per  d ry  weigh t  it  comes to 5.16% and t h a t  of 
Nostoc punctiforme in our  expe r imen t s  is 12.05%. 
STEWART 13 showed ni t rogen f ixa t ion  in pure  cul tures of 
Nostoc entophytum to  be 5.83% of d ry  weight .  I t  is diffi- 
cul t  to  compare  our resul ts  wi th  t he  var ious  o ther  
repor t s  made  on Nostoc since they  lack d ry -we igh t  data .  

Repor t s  abou t  the  n i t rogen  f ixa t ion  in the  genus 
Scytonema is scanty.  FULLER et al. 1~ repor ted  n i t rogen  
f ixa t ion  in Scytonema hofmanni B and F and  Scytonema 
archangelli, and  the  pe rcen tage  of n i t rogen f ixed was 5.7 % 
and  9.9% per  d ry  weigh t  of the  alga respect ively .  They  
did not,  however,  m e n t i o n  the  pu r i t y  of algae f rom 
bac te r ia  o ther  t h a n  azotobac ter ,  vo lume of basa l  n u t r i e n t  
solut ion used for growing the  algae and  incuba t ion  
period.  The pe rcen tage  of n i t rogen  f ixed per  d ry  weight ,  
as r epor ted  by  us earlier a, wi th  pure  cul tures  of Scytonema 
ho/manni was 3.89 and  in the  p resen t  inves t iga t ion  wi th  
Scytonema bohneri is 4.98, a value qui te  close to  t h a t  
ob ta ined  by  FULLER et al. 14. 

Not  much  is known abou t  the  symbio t ic  re la t ionship  of 
microf lora  p resen t  in the  soil. Resul ts  p re sen ted  here  and 
those  repor ted  earlier 1-a are indica t ive  of enhanced  
f ixat ion when  algae grow in associat ion wi th  o ther  micro- 
organisms.  However ,  it  r emains  to be d iscovered w h e t h e r  
the  associated organisms con t r ibu te  n i t rogen  independ-  
en t ly  or p ro mo t e  in some way  the  f ixa t ion  capac i ty  of 
the  algae, as has been shown by  BUNT 1 and BJ.X.LFVE 2,15 

Zusammen/assung. W~thrend St icks tof f ix ierung durch  
viele Blaualgen b e k a n n t  ist, wird diese F/ thigkeit  von  
Scytonema bohneri hier  zum ers tenmal  gemeldet .  Bei 
Nostoc puncti/orme erre icht  die N-F ix i e rung  hObere 
W e r t e  als b isher  yon  i rgendeiner  Blaualge b e k a n n t  war  
und  ausserdem zeigt sich das berei ts  b e k a n n t e  Ph/i- 
nomen,  dass kon tamin ie r ende  Bakte r ien  den E r t r a g  an 
g e b u n d e n e m  St ickstoff  e rh6hen  k6nnen.  

V. K.  LALORAYA a n d  A. g .  MITRA 

Table I. Amounts of nitrogen fixed in 35 days by Nostoc puncti]orme 
(Ktitz.) Hariot and Scytonema bohneri Schmidle per 100 ml culture 
solution 

Botany Department, University o/Allahabad, 
Allahabad (India), 7 July 1969. 

Forms Type Dry Amount of nitrogen Nitrogen 
of weight fixed (rag) fixed as 
culture of alga % of dry 

(rag) In algal hi Total weight (%) 
mat filtrate 
less in 
inoeulmn 

Nostoc 
punctiJorme Pure 7.6 0.482 0.434 0.916 12.05 

UnialgaI 3.806 0.871 4.677 - 

Seytonema 
bohneri Pure 19.8 0.703 0.284 0.987 4.98 

Unialgal - 0.551 0.644 1.195 - 
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