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Influence of pH and Concentrat ion of Phosphate  Ions  on Growth  and Ni trogen  Fixat ion in a 
B lue -Green  Alga  Cylindrospermum majus 

A s  v e r y  l i t t l e  i n f o r m a t i o n  is a v a i l a b l e  o n  t h e  f a c t o r s  
c o n t r o l l i n g  g r o w t h  a n d  n i t r o g e n  f i x a t i o n  b y  t h e  h e t e r o -  
c y s t o u s  b l u e - g r e e n  a l g a e  u n d e r  c u l t u r e  c o n d i t i o n s ,  i t  w a s  
c o n s i d e r e d  d e s i r a b l e  t o  s t u d y  t h e  e f f ec t s  of  v a r y i n g  p H  
v a l u e s  a n d  p h o s p h a t e - i o n  c o n c e n t r a t i o n s  a n d  t o  e x a m i n e  
s t a t i s t i c a l l y  t h e i r  s i g n i f i c a n c e ,  if a n y ,  on  g r o w t h  a n d  
n i t r o g e n  f i x a t i o n  b y  Cylindrospermum majus. 

CyHndrospermum majus K i i t z i n g ,  a f i l a m e n t o u s  a n d  
n i t r o g e n - f i x i n g  b l u e - g r e e n  a l g a  b e l o n g i n g  t o  t h e  f a m i l y  
N o s t o c a c e a e ,  w a s  c o l l e c t e d  f r o m  p a d d y  f i e lds  of  B h u p a l -  

s a g a r  ( U d a i p u r ) .  I t  w a s  i s o l a t e d  f i r s t  in  u n i a l g a l  c u l t u r e  
a n d  t h e n  m a d e  b a c t e r i a - f r e e  b y  U V - i r r a d i a t i o n .  I t  w a s  
g r o w n  for  a p e r i o d  of  30 d a y s  in  c o n i c a l  f l a s k s  c o n t a i n i n g  
100 m l  m e d i u m  of ALLEN a n d  ARNON 1. T h e  p H  of  t h e  
c u l t u r e  m e d i u m  w a s  a d j u s t e d  to  d i f f e r e n t  l eve l s  of  6.0, 
8.0 a n d  10.0 a f t e r  a u t o c l a v i n g  a n d  s u b s e q u e n t  coo l i ng  of  
m e d i u m .  I n  a n o t h e r  e x p e r i m e n t ,  t h e  a l g a  w a s  g r o w n  
in  i n c r e a s i n g  c o n c e n t r a t i o n s  of  p h o s p h a t e  i ons  (50, 100, 
250 a n d  500 mg/1) in  t h e  m e d i u m .  T h e  p H  of  t h e  m e d i u m  
w a s  m a i n t a i n e d  a t  7.5 in  a l l  c a s e s  in  w h i c h  e f f ec t s  of  

Dry weights and nitrogen contents of C. majus at different pH values and phosphate ion concentrations along with statistical analysis of 
data 

pH of culture medium Phosphate Dry wt. of alga N content of alga N content of Total N 
(mg/1) (mg) culture filtrate 

(rag) (%) (mg) (mg) (%) 

6.0 
8.0 

10.0 
Without PO43- 
50.0 

100.0 
250.0 
500.0 

21.1 0.917 4.40 0.378 1.295 6,21 
14.5 0.805 5.69 0.246 1.051 7.45 
45.5 1.169 2.56 0.441 1.610 3.53 

7.1 0.399 6.08 0.091 0.490 7.46 
9.5 0.868 9.10 0.175 1.043 10.96 

12.1 1.198 9.98 0.322 1.519 13.02 
27.4 1.771 6.46 0.686 2.458 8.96 
24.8 1.113 4.55 0.077 1.190 4.91 

S.E. Mean _L 3.971 0.2560 0.9319 0.0466 0.3026 1.2018 

C.D. 5% 13.28 N.S. N.S. N.S. N.S. N.S. 
C.D. 1% 19.65 N.S. N.S. N.S. N.S. N.S. 

C.D. 5% 13.28 N,S. 3.117 0.156 1.012 4.020 
C.D. 1~ N.S. N,S. N.S. 0.231 N.S. N.S. 

Analysis of variance 

Source of d.f. Dry wt. of alga N content of alga N content of culture Total N 
variation (mg) - filtrate 

(mg) (rag) (mg) (%) (%) 

M.S.S. V.R. M.S.S. V.R. M.S.S. V,R. M.S.S. V.R. M.S.S. V.R. M.S.S. V.R. 

Replications 1 17.01 0.539 0.104023 0.794 1.0506 0.605 0.004356 1.000 0.012996 0.017 1.5314 0.530 
pH 2 533.30 16.900 ~ 0.069514 0.530 4.9341 2.841 0.019806 4.547 0.157080 0.858 8.0116 2.773 
PO43- 4 172.52 5.470 b 0.500004 3.810 10.0785 5.803 b 0.127038 29.164 ~ 1.057587 5.776 b 19.5430 6.764 b 
pH POa 8- 
interaction 1 440.92 13.980 a 0.042321 0.323 34.0658 19.613 ~ 0.026966 6.191 b 0.001707 0.009 41.6250 14.407 ~ 
Error 7 31.54 0.131098 1.7369 0.004356 0.183097 2.8892 

Total 15 

The given values are averages of 2 replicates. 
V.R., variance ratio; ~ significant at 1% level; b significant at 5% level. 
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different  concent ra t ions  of phospha te  ions were studied. 
The solut ion of K~HPO 4 was au toc laved  separate ly  to 
avoid  prec ip i ta t ion  in the  basal  medium.  All the  cul ture 
flasks were incubated  under  f luorescent  l ight  wi th  an 
in tens i ty  of 1.5 • erg/cm2/sec at  a t empera tu re  of 
30 • 2~ Growth  of the  alga was es t imated  on d ry  
weight  basis. Ni t rogen  contents  of the  alga as well as of 
cul ture  f i l t rates  were de te rmined  by semi-micro-Kje ldahl  
method.  A selenate ca ta lys t  mix tu re  was used dur ing 
digestion and ammon ia  disti l led in a Markham still. 

The  Table  shows dry  weights  and ni t rogen contents  of 
C. majus at  different  p H  values  and phosphate- ion  con- 
centrat ions.  A perusal  of the  da ta  shows t h a t  the  alga 
favoured  a re la t ive ly  high p H  for its m a x i m u m  growth, 
whereas percentage  of to ta l  n i t rogen f ixed was highest  a t  
p H  8.0. Also, g rowth  and ni t rogen f ixat ion were improved  
by increasing concent ra t ion  of phospha te  ions upto  a 
cer ta in  level. M a x i m u m  ni t rogen f ixa t ion  on per  cent  
basis was recorded up to phospha te  concent ra t ion  of 
100 rag/1 only. 

The da ta  obta ined were subjected to s ta t is t ical  analysis. 
It was found that pH of the culture medium affected the 
algal growth significantly but no significant effect of 
different pH values on nitrogen fixation was observed. 
However, different concentrations of phosphate ions and 
their interactions with pH of the basal medium were 
found to be quite significant for growth and total nitrogen 
fixed by the alga. 

Of the different kinds of algae found in paddy fields of 
India, the blue-greens are most abundant. Many of them 
are nitrogen fixers and play an important role in the 
nitrogen economy of soils. It is generally recognized 
that the nitrogen-fixing blue-green algae liberate appre- 
ciable quantities of fixed nitrogen into the medium during 
healthy growth. Most of this extracellular nitrogen is in 
the  form of peptides,  whereas  free amino acids are 
present  only in small  amount s  (FoGG2). Therefore,  the  
real  impor tance  of ni t rogen f ixa t ion  by  the  blue-green 
algae in na tu re  lies in. the  fact  t h a t  f ixed ni t rogen becomes 
avai lable  for growth  of the  associated non-ni t rogen-f ix ing 
plants.  In  fact, STEWARTa has found evidence of a direct  
t ransfer  of previous ly  f ixed ni t rogen by  a species of 
Nostoc to the associated non-ni t rogen-f ix ing plants.  

Ni t rogen f ixa t ion  by blue-gree algae is m a x i m u m  only 
in the  s l ight ly alkaline range and ally devia t ion  on ei ther  
side of this range depresses ni t rogen f ixa t ion  significantly.  
The  f ixat ion falls off marked ly  below and above the  p t I  
range of 7.0-8.0. FAY and F o a a  4 s tudied the  effects of 
hydrogen- ion concent ra t ion  on Chlorogloea /ritschii and 

found no different ial  effects of p H  on growth and ni t rogen 
f ixation.  COBB and MYERS ~ also did not  find any signifi- 
cant  effect of p i t  on n i t rogen f ixat ion by  Anabaena 
cylindrica. STXWART 6 has suggested t h a t  the  effect of 
p H  is p robab ly  on metabo l i sm in general  and not  spe- 
cifically on ni t rogen f ixation.  

Whi le  considering the  up take  of phospha te  ions, p H  of 
the  med ium is ve ry  i m p o r t a n t  as it  m a y  al ter  the  ra te  of 
phospha te  up take  ei ther  by a direct  effect on permeabi l i ty  
of the  cell membrane  or by  changing ionic form of the  
phosphate  (EPSTEIN T). Our results indicate  t h a t  at  
re la t ive ly  low concentra t ions  of exogenously  supplied 
phospha te  ions or even  in a med ium ent i re ly  devoid  of 
them,  growth  and amounts  of ni t rogen fixed by C. mains 
were qui te  considerable. But  higher  concentra t ions  of 
phospha te  ions were not  found conducive to the  process of 
n i t rogen f ixat ion,  the  exac t  reason of which is no t  clearly 
understood.  

Zusammen/assung. An der auf den indischen Reisfeldern 
heimischen blaugri inen Alge Cy/indrospermum majus 
wurde  der Einfluss yon Anderungen  der pH-  und PO34 - 
Konzen t ra t ion  auf W a c h s t u m  und St icks tof f -F ixa t ion  
untersucht .  W~ihrend pH-Amderungen sich nur  auf das 
W a c h s t u m  auswirkten,  ha t t e  Erh6hung  der  POS4- 
Konzen t ra t ion  bis zu einem gewissen Bereich (bei 
kons t an t em pH) sowohl s ignif ikante Wachs tumss te ige-  
rung als such  St ickstoffeinbau zur Folge. Die Bedeu tung  
der  St ickstoff-f ixierenden niederen Algen als Stickstoff-  
que!le fiir andere Pf lanzen wird diskutiert .  
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The Glair Glands and Oosetae of Austropotamobius pallipes (Lereboullet) 

The origin and funct ion of the  glair exuded  by the  
crayfish jus t  prior  to egg laying is obscure. I n  this 
connect ion a number  of studies have  been made  of 
spawning in the  European  1, Aust ra l ian  and Amer ican  
crayfishes, bu t  not  of A. pallipes, the  endemic Bri t ish 
species. 

I n  mid-September ,  sexual ly ma tu re  females of A. 
pallipes are conspicuous by  the  presence of c reamy-whi te  
patches  on the  pleura,  and sterna of the  abdomen,  and on 
the  pleopods and uropods, bu t  never  on the  telson. A 
closer examina t ion  of these cream coloured areas, using 
the  scanning electronmicroscope,  discloses the  presence 
of numerous  pores in the  over ly ing in t egument  (Figure la).  
These pores are grouped together  in roughly  circular 

patches,  present ing the  appearance  of 'pepper -pot '  tops 
(Figures lb,  c and d). Observat ions  in the  field show tha t  
i t  is th rough  these pores tha t  the  glair is exuded (Figure le), 
and the  cream colonrat ion is due to the  ve ry  large groups 
of glair  glands undernea th  the  areas of perfora ted  integu- 
ment.  On the  pleopod the  pores occur in much  smaller  
groups (Figure lf). 

In  A. pallipes the  d is t r ibut ion  pa t t e rn  of the  pores is 
cons tant ;  t hey  are ve ry  numerous  on the  anter ior  faces 
of the  pleura, less so on the  anter ior  faces of the  proto-  
podites,  and first  segments  of the  endopodi tes  and 

1 Z. MALACZYNSKA-SucHCITZ, Bull. Soe. scient. Lett., Poznan, 
73B, 39 (1956). 


