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Occurrence and growth of cyanobacteria in rice fields are 
generally dependent on availability of water. The fields with 
less nitrogen and plenty of water harbour  better growing 
heterocystous forms. The interesting coincidence is that most of 
the fields with better irrigation facilities have also better 
application of fertilizer and it results into a dense canopy of the 
crop and little growth of heterocystous cyanobacteria. However, 
such fields have rich growth of non- heterocystous cyanobacteria 
and green algae. However, those fields which are not submerged 
and have little or no application of fertilizers support enough 
growth of many terrestrial n itrogen  fixing cyanobacteria. 
Observations throughout the rice cropping period indicated that 
during submerged conditions it starts with the growth of forms 
like Microcoleus, Phormidium  and planktonic Oscillatoria  and 
Lyngbya. Certain fields even in early stages show growth of 
W ollea  or certain p lank ton ic  or m ucilag inous  species of 
A n a b a e n a  s p ir o id e s .  A fte r  a b o u t  fo rty  five days of 
transplantation if the fields were found maintaining knee deep 

. water an abundant growth of Aulosira  and Aphanothece  and 
rarely that of Gloeotricliia were observed. At the end of the crop 
when fields were having moist soil condition depending upon 
n u t r ie n t  con d i t io n  g row th  of e i th e r  S cy to n e m a ,  
C y l in d r o sp erm u m  and N o s to c  or g ro w th  of te r res tr ia l  
O s c i l l a t o r i a ,  L y n g b y a  and  M ic r o c o l e u s  w ere  observed . 
O bservations on recurrence of certain cyanobacteria  like 
Aulosira, Aphanothece ,  A n abaen a  and G loeotr ic l i ia  during 
consecutive three or four years/crops revealed that the first two 
forms viz. Aulosira and Aphanothece  continued their appearance 
and abundance during subsequent years but the later two viz. 
Anabaena  and Gloeotricliia were found to be quite erratic.
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Cyanobacteria are prokaryotic organisms with 
oxygen evolving photosynthetic system. Many of them 
are capable of fixing atmospheric nitrogen (Stewart, 
1980), and there role in the conservation of nitrogen 
level in the rice field ecosystem is considered to be of 
great economic significance. Primarily, attempts have 
been made to use them directly in the rice fields as 
biofertilizers (Venkataraman, 1972, 1981). Recently,
E mail : *ontiwaril@ rediffmail.com 
* * Director, 1BSD (DBT, Govt, of India), Imphal 
Communicated by : S.P. Khullar

there have been attempts to indirectly get the fixed 
nitrogen in the form of N H y released extracellularly 
(Stewart and Rowell, 1975; Ownby, 1977; Ladha et 
a l.,  1978; Rai et a l . ,  1980 ; S te w a rt  et aL ,  1980 ; 
Guerrero, et a l ,  1982; Musgrave, et a l ,  1982; Ramos 
et al, 1982; Bergman 1984; Kerby et a l ,  1986). Use of 
cyanobacteria as biofertilizers has been focussed in 
recent years, with the view to reduce total dependence 
on ch e m ica l  fe r t i l iz e r s .  T h e  im p o rta n ce  of 
cyanobacteria, in enriching tropical rice fields, and 
soil emphasized, since the original suggestion of De 
(1939). A thorough understanding of basic factors 
controlling nitrogen fixation will be essential to exploit 
them to the best advantage. Strains with ability to 
maintain the synthesis and activity of nitrogenase 
even in the presence of combined nitrogen may be of 
g reater  a d v a n ta g e  s ince  cu lt iv a ted  soils  a lw ays  
contain some amount of combined nitrogen.

MATERIALS AND METHODS

Present study was carried out in the paddy 
fields of five districts viz a viz. Allahabad, Bareilly, 
Jhansi, Gorakhpur and Mathura of Uttar Pradesh, 
India. Soil samples and algal patches (free floating, 
attached to soil and adhering to rice plants) were 
collected from different locations covering almost all 
the agro-climatic regions of Uttar Pradesh principally 
during the kharif cropping season (June to November) 
of 1991-1997. Surface soil (0-5 cm) was scrapped from 
a minimum of 10 spots from a specific area, sun dried 
and mixed together thoroughly. Enrichment cultures 
of the soil samples were raised to 10 cm petridishes 
containing 1 gm of soil sample and 10 ml of BG-11 
medium at 28+ 2 C under 4-5 K lux light intensity. 
V is ib le  m a sse s  of c y a n o b a c te r ia l  sa m p le s  w ere



c o l le c te d  in p la s tic  v ia ls  and  p o ly th e n e  b a g s ,  
containing BG-11 m edium  (Rippka et al., 1979). A 
•'ortion of sa m p le  w a s  f ix ed  in F o r m a lin  for 
microscopic observations and the rest was used for 
isolation. All the specimens were critically examined 
for their m o rp h o lo g ica l  fe a tu re s  and b io m e tr ic  
characters and assigned to their respective binomial 
u sin g  the w ell k n o w n  m a n u a ls  ( G e it le r ,  1932; 
Desikachary, 1959; Starmach, 1966; Baker and Bold, 
1970; Anagnostidis and Komarek, 1988).

OBSERVATION AND RESULTS

(I) Occurrence and growth of cyanobacteria in 

rice fields:

Occurrence and growth of cyanobacteria in 
rice fields are generally dependent on availability of 
water (Tiwari and Singh, 2005). The fields with less 
nitrogen and plenty of water harbor better growth of 
heterocystous forms. The interesting coincidence is 
that most of the fields with better irrigation facilities 
have also better application of fertilizers and this 
result into a dense canopy of the crop and little growth 
of heterocystous cyanobacteria. However, such fields 
have rich growth of non-heterocystous cyanobacteria 
and green algae. It becomes obvious, even in those 
fields which are not submerged and have little or no 
application of fertilizers but support enough growth 
of terrestrial nitrogen fixing cyanobacteria. In the 
sam e w ay , the low ly in g  f ie ld s  w h ich  rem ain  
subm erged throughout the cropping  period have 
scattered growth of rice plants but show rich growth 
of floating colonies of A ulosira, G looetrich ia  and 

Tolypothrix.

(II) Succession of cyanobacteria in Rice fields:

There are numerous variations in succession 
and growth of algal forms after transplantation in 
rice fields. In water logged condition, certain green 
algae (Chlorococcales or Volvocales) often form a 
green scum which may get accumulated on one side 
of the fields and they rarely continue for longer period 
and usually disappear within a week. Distinct growth 
of n on - h e te r o c y s to u s  fo rm s  like  M icro co leu s ,  
Oscillatoria and Lyngbya appear on the surface of the 
fie ld s .  W hen  w a te r  of f ie ld  is a b so rb e d  and

evaporated, many terrestrial forms like, Scytonema. 
C am ptylonem opsis, Tolypothrix, Lyngbya, O scillatoria  
along w ith  m u cilag in ou s patches of A p h an oth ece , 
Anabaena, C ylindrosperm um  and certain green algae 
start appearing in different colours. However, if fields 
remain submerged and undisturbed for 10 to 15 days, 
the bottom is colonized by mucilaginous and minute 
co lo n ia l  g ro w th  of certa in  h e te ro cy s to u s  form s 
including N ostoc, A n abaen a  and some planktonic 
growth appear. However, bloom formation in rice 
field is a rare phenomenon. Growth of cyanobacteria 
in the rice fields is never uniform throughout the 
cropping period and floristic composition may differ 
even betw een two adjacent fields. There are onl\ 
certain floating forms like A ulosira  which sustain 
unialgal growth for quite some time where sufficient 
w a ter  lev e l is m a in ta in e d .  N o rm a lly  the f lora  
continuously change due to, fast decline of water 
level. Where soil conditions are such that fields get 
dried quickly every irrigation cycle impart a new type 
of floristic com position. H owever, other ph ysico 
chem ical p a ram eters  also play im portant role in 
growth of cyanobacteria, but water being the dynamic 
medium plays a vital role In the change of growth 
patterns of these organisms. Although not realized 
but often there is dem arcation in the distribution 
pattern  of h eterocystous and non- heterocystous 
forms in the rice field ecosystem. It has been observed 
that non-heterocystous forms are mostly restricted to 
soil surface or associated with terrestrial forms of 
N ostoc  and C a lo th r ix  sp e c ie s .  H o w e v e r ,  n o n -  
h eterocystous form s like M icrocystis , O scilla toria , 
Arthrospira  and Trickodesm ium  grow independently 
and g r e g a r io u s ly  on ly  in sp e c ia l iz e d  h a b ita ts .  
H e te r o c y s to u s  fo rm s  g row  in d e p e n d e n t ly  as 
planktonic forms, free floating on the water surface 
also attached to the soil surface as terrestrial forms. 
O ne of the o b v io u s  re a s o n s  for the u n iv ersa l  
distribution of heterocystous forms m ay be their 
efficient potential to fix nitrogen. It was also observed 
that the growth of planktonic forms is prolific but 
much sensitive and dependent on the interaction of 
many physical, chemical and biological parameters. 
The terrestr ia l  co m m u n ities ,  on the other hand, 
continue grow slowly so long as even little moisture 
is available in the soil. The terrestrial forms also have
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efficient mechanism of perennation.

(II!)  Diurnal rhythms:

In submerged rice-fields, cyanobacteria live on 
b o tto m  or su rfa ce  of w a te r  and a lso  rem ain  
su sp e n d e d  in a q u a tic  m ed iu m . M a n y  form s of 
c y a n o b a c te r ia  take a d v a n ta g e  of th e ir  g l id in g  
movement, presence of pseudo-vacuoles and trapping 
of air bubbles in the colonial m ucilage or diurnal 
movement in aquatic ecosystem. Colonies, filaments 
and hormogonia are continuously exploring the most 
optimum location from the view point of bright or 
d im  ligh t ,  n i tro g e n  f ix a t io n ,  n u tr ie n t  and 
p h o to s y n th e s is .  Long m u c i la g in o u s  s tra in s  of 
Anabaena or finger like tubular projections are often 
present in flooded rice-fields either hanging from the 
water surface or growing erect from the bottom of 
the fields. During the cropping period, when dried 
rice-fields get submerged during irrigation, many 
large terrestrial flakes trap the gas bubble in the 
morning (produced during photosynthesis) and rise 
up along with soils to the surface of water before noon 
and remain their for a few hours but settle down again 
on the bo ttom  d u rin g  the n ig h t .  S u ch  d iu rn a l 
movement may continue for several days.
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