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SUMMARY: Two s p e c i e s  of Sp i ru l ina  w e r e  cu l t iva ted  

in ou tdoor  ponds  us ing  l o w - c o s t  subs t i t u t e s  for  s o m e  

of  the  r e c o m m e n d e d  nu t r i en t s .  In p a r t i c u l a r ,  bone -  

m e a l  and b iogas  eff luent  w e r e  found to be  v e r y  

e f fec t ive  for  the  g rowth  of t hese  s p e c i e s .  

INTRODUCTION: Monocu l tu re  of an  a lga l  s p e c i e s  is an expens ive  p r o c e s s  if we 

u s e  conven t iona l  t echn iques .  This  C e n t r e  has  b e e n  ac t ive  in p r o m o t i n g  the  use  

of l o w - c o s t  m e t h o d s  for  the  m a s s  c u l t u r e  of Sp i ru l ina  in r u r a l  hab i ta t s  (Seshadr i  

and T h o m a s ,  1978). Some of the d e v e l o p m e n t s  that  have he lped  in l o w e r i n g  the  

c o s t  w e r e :  1) cheap  me thods  of pond c o n s t r u c t i o n ,  2) cheap  ag i ta t ion  p r o c e -  

d u r e s ,  3) h a r v e s t i n g  e v e r y  a l t e r n a t e  day,  and 4) s o l a r  d ry ing  of the a lgal  mat .  

However ,  the  cos t  of the m e d i u m  ( Z a r r o u k ,  1966) r e m a i n s  v e r y  high.  Th is  

s tudy  r e p o r t s  on the m a s s  cu l t u r e  of a s p e c i e s  of Sp t ru l ina  ( r ece ived  f r o m  

Indian  A g r i c u l t u r a l  R e s e a r c h  Ins t i tu te ,  New Delhi  and c l a s s i f i ed  as  Sp i ru l ina  

p la tens i s )  and a loca l ly  i so la ted  s p e c i e s  of Sp i ru l ina  r e f e r r e d  to as  Sp i ru l ina  (j), 

( Jee j i  Bai ,  1978), us ing  l o w - c o s t  s u b s t i t u t e s  for  the p h o s p h o r o u s ,  c a l c i u m  

n i t rogen  sa l t s  in the  t r ad i t iona l  m e d i u m .  

A. Sp i ru l ina  IARI - E x p e r i m e n t a l  Methods  

1. B o n e - m e a l  subs t i t u t e :  Sp t ru l ina  IARI was  cu l t iva ted  in open a lga l  ponds  of  
2 

1 m a r e a  con ta in ing  100 1 m e d i u m  at 10 c m  depth.  In pond A, 50% Z a r r o u k ' s  

m e d i u m  was  used  as con t ro l  and in pond B, 50% Z a r r o u k ' s  m e d i u m  o m i t t i n g  the  

phospha te  and c a l c i u m  sa l t s  but  wi th  added  b o n e - m e a l  was used .  The t r a c e  

e l e m e n t s  in the m e d i u m  w e r e  r e s t r i c t e d  to the A5M (50%)~ none of  the B6M 
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c o n s t i t u e n t s  w e r e  added.  E D T A  was  not  inc luded  in e i t h e r  of  the m e d i a .  (Normal  

Z a r r o u k ' s  m e d i u m  wi thout  EDTA and B 6 m i c r o - n u t r i e n t s  is r e f e r r e d  to as  m o d i -  

f ied Z a r r o u k ' s ,  M2~nn). ]3onemeal  was  e n c l o s e d  in a fine m e s h  nylon bag a n d  

s u s p e n d e d  in the  m e d i u m ,  to avoid r e m o v a l  of the p a r t i c l e s  du r ing  a lga l  har~cesting. 

The s a m e  cu l t u r a l  condi t ions  w e r e  p r o v i d e d  in bo th  the ponds ,  s u c h  as  i nocu lum 

quant i ty ,  pH, r a t e  of i n t e r m i t t e n t  ag i t a t ion  by  hand padd les ,  l ight  in tens i ty ,  t e m p e r a -  

t u r e ,  e tc .  In i t i a l  op t ica l  dens i t y  of the  c u l t u r e  was  0 . 0 5 - 0 . 1 5  at 480 nm.  In i t ia l  

pH in both  c a s e s  was  8 .5  and r e a c h e d  10 .5  wi th in  five days .  The  a v e r a g e  c u l t u r a l  

t e m p e r a t u r e  v a r i e d  be tween  26°C at  0800 h, 37°C at  1200 h and 33°C at  1600 h. 

The  lux r e a d i n g s  w e r e  a v e r a g e d  at  2 2 , 0 0 0 / 0 8 . 0 0  h, 8 5 , 0 0 0 / 1 2 . 0 0  h and 3 4 , 0 0 0 /  

16 .00 h. Coconut  tha tch  c o v e r s  for  the ponds  w e r e  u sed  be tween  1100 h and 

1500 h for  the  f i r s t  week ,  to p r e v e n t  photooxida t ion .  H a r v e s t i n g  was  done on 

a l t e r n a t e  days  (when the c u l t u r e  op t ica l  dens i t y  r e a c h e d  0 .7  - 0 . 8  at  480 nm) by 

pour ing  the  a lgal  s l u r r y  ove r  co t ton  c lo th  f i l t e r s .  C h e m i c a l s  w e r e  r e p l e n i s h e d  

p e r i o d i c a l l y .  

2 
2. Biogas  e f f luent  s u p p l e m e n t :  Sp i ru l ina  IARI was  cu l t iva ted  in 2 m ponds  

con ta in ing  200 1 m e d i u m  at 10 c m  depth .  T h r e e  s e t s  of nu t r i en t  m e d i a  w e r e  t r i e d :  

a) Pond A: Zm as ini t ia l  dose ,  b) Pond B: 1 /2  Zm + 5% v o l u m e / v o l u m e  un f i l t e r ed  

b iogas  e f f luent  as ini t ia l  dose  and c) Pond C: 1 /3  Zm + 5% v o l u m e / v o l u m e  b iogas  

e f f luent  as  in i t ia l  dose .  Othe r  c u l t u r a l  cond i t ions  w e r e  s i m i l a r  to the one wi th  

b o n e m e a l  subs t i tu t e .  The h a r v e s t i n g  was  on e v e r y  a l t e r n a t e  day. Smal l  a m o u n t s  

of b i c a r b o n a t e ,  phospha te  and n i t r a t e  w e r e  added to the  pu re  syn the t i c  m e d i u m  

c u l t u r e  z.fter h a r v e s t ,  and a l so  o c c a s i o n a l l y  to o the r  c u l t u r e s  (once in 2-3 w e e k s ,  

depending  on the  c u l t u r e  p e r f o r m a n c e ) .  B iogas  ef f luent  a t  1% level  was  added to 

pond ]3 and C a f t e r  e v e r y  h a r v e s t .  

B. Sp i ru l ina  (j): E x p e r i m e n t a l  Methods 

1. Biogas  e f f luent  s u p p l e m e n t :  Sp i ru l ina  (j), a l oca l ly  i so la ted  s p e c i e s ,  was  
2 

g rown  in ponds  of 10 m a r e a  con ta in ing  3000 1 m e d i u m  at 30 c m  depth.  Two se t s  

of e x p e r i m e n t s  w e r e  c a r r i e d  out. In pond A, 50% Zm m e d i u m  was  used;  in pond B, 

288 



50% Zm m e d i u m  was  s u p p l e m e n t e d  wi th  5% v o l u m e / v o l u m e  b iogas  e f f luent  as  

ini t ial  dose .  Agi ta t ion  was  e s s e n t i a l l y  by hand paddle ,  and i n t e r m i t t e n t l y .  

The  ponds  w e r e  n e v e r  c o v e r e d .  The pH value r a n g e d  f r o m  9 .0  in i t i a l ly  to 

10 .5  and above,  five days a f t e r  inocula t ion .  Light  in t ens i ty  (lux) va r i ed  

b e t w e e n  2 8 , 0 0 0 / 0 8 . 0 0  h, 7 8 , 0 0 0 / 1 2 . 0 0  h and 3 0 , 0 0 0 / 1 6 . 0 0  h. The a v e r a g e  

c u l t u r e  t e m p e r a t u r e s  w e r e  31°C at 08 .00 h, 37°C at  12 .00 h and 35°C at  

16 .00 h. H a r v e s t i n g  was  done on a l t e r n a t e  days .  A spec i a l  p h e n o m e n o n  

o b s e r v e d  in these  ponds was  that  the a lgae  f loa ted  as  m a t s  in the e a r l y  h o u r s ,  

f ac i l i t a t ing  e a s y  h a r v e s t  by s i m p l y  scoop ing  the a lgal  ma t  wi th  co t ton  f i l t e r s ,  

A b i c a r b o n a t e - p h o s p h a t e - n i t r a t e  boos t  was  g iven  to pond A a f te r  each  h a r v e s t  

w h e r e a s  in pond B only  b iogas  eff luent  was  added,  at 1% leve l  a f te r  e a c h  h a r v e s t .  

RESULTS AND DISCUSSION.. H a r v e s t i n g  was  c a r r i e d  out  on a l t e r n a t e  days;  

only ha l f  the c u l t u r e  quant i ty  was  h a r v e s t e d ,  so tha t  the r e m a i n i n g  c u l t u r e  

ac ted  as the inocu lum to p rov ide  a con t inuous  cu l t iva t ion  s y s t e m .  T h e s e  

open pond s y t e m s  have b e e n  runn ing  con t inuous ly  for  s ix  to e ight  mon ths  and 

it is wor thwhi l e  to add tha t  the s t a r t i n g  inocu lum for  o the r  e x p e r i m e n t s  have  

b e e n  taken  f r o m  these  ponds.  In o the r  w o r d s ,  the pond c u l t u r e s  have  been  

c o n s i s t e n t l y  hea l thy ,  though t h e r e  w e r e  in f requen t  c a s e s  of  c o n t a m i n a t i o n  by  

d i a t o m s  and f l age l l a t e s .  

No s t r o n g  c o r r e l a t i o n s  could  be  m a d e  be tween  depth  of the  c u l t u r e  and 

h a r v e s t .  In open ponds of 10 c m  depth ,  the h a r v e s t i n g  was  done by pou r ing  

the  s l u r r y  ove r  cot ton  c lo th  f i l t e r s  for  bo th  Sp i ru l ina  IARI and Spi ru l ina  (j), 

w h e r e a s  by i n c r e a s i n g  the cu l t u r e  dep th  in the  c a s e  of  Sp i ru l ina  (j), 

h a r v e s t i n g  could  be  e a s i l y  c a r r i e d  out by  scoop ing  the  f loat ing a lgal  mat .  

However ,  the  i n c r e a s e d  depth a l so  n e c e s s i t a t e d  i n c r e a s e d  nu t r i en t  input  as 

the in i t ia l  dose .  We have  yet  to r e a c h  a c o m p r o m i s e  w h e r e  a lgal  m a t  

f o r m a t i o n  can  be  c o n s i s t e n t l y  ach ieved  wi th  a c u l t u r e  depth  l e s s  than 30 cm.  

The  b o n e m e a l  subs t i t u t ed  e x p e r i m e n t  u s ing  Sp i ru l ina  IARI gave as  good 

a h a r v e s t  as the  50% Zm m e d i u m .  The  a l t e r n a t e  day h n r v e s t  in 50% Zm 
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medium varied from 12 gm/m2/2--- days to 23 gm/m2/2- days with an average 

harves t  of 10.1 g m / m  2 day. In the bonemeal  substituted medium the al ternate  

day harves t  varied from 14-20 g m / m 2 / 2  days with an average harves t  of 

9.8 g m / m  2 day for a period of 60 days. 

Spirulina IARI utilizing biogas effluent as supplement to 1/2 Zm medium 

gave consistently bet ter  harvests  compared with the utilization of full Zm.  

medium. The average harvest ,  over a period of 45 days, was 8.86 g m / m  2 

day in full Zm medium, 10.88 g m / m  2 day in 1/2 Zm medium supplemented 

with biogas effluent and 9.41 g m / m  2 day in 1/3 Zm medium supplemented 

with biogas effluent. 

Fo r  Spirulina (j) the average harves t  in the biogas effluent supplemented 

50% Zm medium was 12.39 g m / m  2 day as compared to 10.3 gm/m 2 day 

recorded  in 50% Zm medium. 

It appears that the useful charac te r i s t i c  of algal mat formation found 

with Spirulina (j) is favoured by: 1) the presence  of gas vacuoles in the alga, 

2) the g rea te r  culture depth used, and 3) the reduction of light penetrat ion 

due to the addition of biogas effluent to the medium. Such algal mat formation 

was not often observed in ponds of 10 cm depth. 

The economics of Spirulina cultivation in a medium supplemented with 

biogas effluent have been worked out (Seshadri, 1978). Protein analysis ca r r i ed  

out at the National Dairy Resea rch  Institute,  Bangalore,  India showed 40.11% 

crude protein in Spirulina IARI and 59% crude protein in Spirulina (j). 

Microbiological analysis of the processed algae, and feeding t r ia ls ,  have been 

s tar  ted. 
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