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INTRODUCTION

IT is fairly well known that a large number of blue-green algae have the
capacity to fix atmospheric nitrogen. The knowledge in this regard has
been recently reviewed by Singh (1961), Fogg (1963) and Lund (1963).

The present work was undertaken as part of the study to assess the role
of these algae in augmenting the fertility of rice-growing soils. The account
reports the investigation in this regard of four species of blue-green algae
isolated from the cultures of the rice field soil of Central Rice Research
Institute.

MATERIAL -

The material was obtained by culturing rice field soil from the
Central Rice Research Institute campus. By repeated sub-culturing first
in De’s (1939) solution and later in Wolfe’s (1954) solution without nitrogen,
several species were isolated, species pure. Except for the culture media
used, conditions were kept as near to nature as obtaining in the field. These
algae were grown in the N-free medium for some time before being used for
experiments to assess their nitrogen-fixing capacity. Known quantity of the
material was inoculated into a definite volume ‘of the medium in 100 ml.
Kjeldhal digestion flasks. After a definite period the nitrogen was estimated
in all the flasks including the blanks and distilled water. At the comnience-
ment of the experiment the nitrogen present in known quantities of dried
material of each species and the dry weight ratio for each species were deter-
mined.

The results of the experiment with four species, viz., Tolypothrix campylo-
nemoides Ghose, Nostoc sphaericum Vaucher, N. amplissimum Setchell
and Westiella sp. are reported here. These species are not known to have
been tested for N-fixation earlier.
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Only estimation of organic nitrogen was made; this Was done by micro-

Kjeldhal method. | /
ilization in the rice field of these

the aim of the investigation was ut . .
As i an environment totally different

blue-green algae which could fix nitrogen,. . tal
frcmgthe laboratory, fastidious attention was not given to the cultures though

aseptic conditions were maintained as far as possible. There was not any
cognizable quantity of bacteria present in the cultures; and no organic
chemical likely to promote their growth was ¢mployed in the cultures.

RESULTS

The results of the experiments with about ninety days incubation ar¢
presented in Table I. The table shows that organic nitrogen fixed dufin‘g this
period was 1-7 mgm. by T. campylonemoides, 1-3 mgm. by Nostoc amplissiniumt,
1-2 mgm. by Nostoc sphaericum  and 1-0 mgm. by Westiclla _sp.
It is also clear from the same table that T. campylonemoides fixes nitro~
gen 15 to 24 times and the others 2 to 4 times their respective original dry
weights. The order of fixation is as follows:

T N, N, W [at C.D.(-05)]
T ™N, N, W [atC.D.(0-5)]
|

!

e et

T—Tollypothrix campylonemoides
N;—Nostoc Sphaericum '
N;—Nostoc amplissimum
W—Westiella sp.

T. campylonemoides is the most efficient of all the four. Nostoc amplissimun
and Nostoc sphaericum are at par in their nitrogen-fixing capacity but
significantly inferior to T. campylonemoides and significantly superior to
Westiella sp.

The results of another series of experiments with T. campylonemoides
and Nostoc sphaericum conducted during the colder season are presented
in Table IT A and B. Here the total organic nitrogen (both extra- and intru-
cellular) is only 0:29 mgm. and 0-71 mgm. in Nostoc sphaericum and
Tolypothrix campylonemoides respectively, nearly 1 and 1} times their own
dry weight. Out of this, the extra-cellular nitrogen liberated is only O~O4 mgm.
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and 0-1mgm. in Nostoc sphaericum
respectively.

It is found that while the s
period 5_3-1963 to 5-6-1963, they

and Tolypothrix campylonemoides

ame species fixed more nitrogen during the
fix a lesser quantity during 2-10-1963 to
7-12-1963 (Nostoc sphaericum) and 10-12-1963 to 151—12;&964 (fl";)hlyfoz‘];;?;c
campylonemoides). 1t is obviously due to the seasonal dulerence . at wl; e
the first experiment fell in the summer months the_ later ones wer'e dx,:ni]gdi 1e
winter. It is, therefore, seen that the amount of pltrggen ﬁxeg is 'cpt.n cnt
on external factors (vide Fogg; 1963), for N-fixation 15 a _cgntmuous process
proportional to growth, and growth is less during the winter months.

DISCUSSION

As already stated elsewhere the purpose o.f- t.hese inva§tigati011s was to
test blue-green algal species with 2 view to utilising them in tht;_ ﬂcldf As
the four species mentioned above as well as others have been usgd in bm%l pot
and field cultures of paddy crop, it will be worthwhile to examine the }f‘c‘;lc of
these blue-green algae on the crop as well as to assess the quantum of nitrogen
and organic matter added by them to the soil.

It is evident from the data presented in this account that the algal species
concerned fix considerable quantities of nitrogen and a portion of this
nitrogen is liberated during their growth; that their growth and the N-fixed
are more during the warmer months, which are also the season for the growth
of the main rice crop. It may also be seen that only a small proportion of
the N-fixed is liberated as extra-cellular product, the remainder being locked
up obviously in the cells of the algae, the spores or hormogones; and that
nitrogen fixation is a continuous process proportional to the growth of the
algae.

During the favourable period of growth, T. campylonemoides fixes nitro-
gen about 15 to 24 times its own original dry weight and the other species
2 to 4 times; as the amount of nitrogen in the algae concerned is only about
5% (Table I), this would mean a production of total organic matter of approxi-
mately 300480 gm. of Tolypothrix for each gram of original matter inocu-
lated, and in the other species 40-80 gm. for each gram of original matter,
all within a span of ninety days.

It is well known that soils hold a rich algal flora several thousands of
cells per gram, the bulk of the species belonging to the blue-green algae;
in fact, at the Central Rice Research Institute one of us (R. S.) has isolated
over fifty species of blue-green algae in cultures, the species appearing in
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succession and the four species dealt with here are from such isolations.
Therefore, given favourable conditions for their growth, the indigenous
flora itself could be utilised to build up the N-fertility of the rice field soils,
for as may be seen from the preceding paragraph the potentialities of the
utilization of the blue-green algal flora could be very high mdeed under the
waterlogged conditions of rice culture. . C

In this connection, it needs to be emphasized that it is the extra-cellular
nitrogenous matter released during their growth period that becomes imme-
diately available to the crop in the field as well as the broken down organic -
matter including that of algal growth during the preceding season. The
magnitude of this as well as the expression of indigenous and introduced
algal forms may be gauged as reflected in the rice grain and straw yield in
the experiments conducted at the C.R.R.I., some of which have been published
(Relwani and Subrahmanyan, 1963 ; Subrahmanyan, Relwani and Manna,
1964 ¢ and b). It may be seen from Table III, compiled from yield data,
the very favourable role played by the 1nd1genous flora as well as introduced
forms on the rice yield. Nitrogen estimation of grain and straw are under
progress to assess the total uptake of N by the crop and to compare it with
experiments conducted with nitrogenous and other fertilisers and manures.
Preliminary results (Dr. M. N. Sahay, Unpublished data) based on the
analysis of 1962 main crop (Table III) indicate that the supply of nitrogen
by indigenous algae (Treatment 2) is equivalent to 109 kg./ha. of ammonium
sulphate (21-8 kg. N/ha.) on a par with 20 kg. N/ha. supplied as ammonium
sulphate (Treatment 4) and, with introduced mtrogen-ﬁxmg alga (Anabaena
sp., Treatment 3) the response went up to 180 kg. ammonium sulphate
(36 kg. N/ha.) showing a linear trend in the uptake of N up to 40 kg. N/ha. as
reported by some earlier workers (Anon, 1958-62).

In another experiment (Table III, Treatments 5, 6 and 7) where lime dose
had been cut down to 500 kg./ha. assuming for the;sake of rough assessment
that the pexcentage of N in the grain and the straw are the same as in the
earlier treatments (1962 main crop), it is found thét the mixture of the four
species of algae, dealt with in this paper, added at'5 gm./ha. has accounted
for about 10 kg. N/ha. over indigenous flora while in the earlier experiments
Anabaena contributed to 6 kg. N/ha. only over indigenous flora, which
probably indicates the greater eﬁiciéncy of a -mixtilre of . species.

Again, it may be mentioned. here that a comparlson of the nltrogen fixed
by the algae in the laboratory experiments and the, nitrogen uptake assessed
leads us to surmise that the blue-green algae find t:{elr full expression in their
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natural habitat, the rice soil. This view finds support in the observations
of De and Sulaiman (1950 ) who also recorded that the nitrogen-fixing blue~
green algae functioned better when they were associated with the rice plant,
there being a sort of * symbiotic” relationship.

Some preliminary analyses of soils from the various treatments after .
harvest of crops have shown that algal inoculated plots held a higher organic
carbon- and nitrogen-content as compared with the control (Mr. S. Prasad,
personal communication). Plate Figs. VIl and 2 show the appearance of
the field after harvest, control and algae inoculated field respectively. The
dark appearance of the field in Fig. 2 is due to the algal mat (Scytonema,
Westiella and Tolypothrix, etc., marked A) left over which enriches the soil
in the succeeding season by the growth of the spores in them and the decay
of their own dead body matter. The results of the experiments of De and
Sulaiman (1950 b) also point out that the fourth and the fifth year in a five-
year course of pot culture experiments in the presence of algae gave a much
higher yield than those in which no algae were present as well as than those
at the start of the experiment. The results of the experiments on a field
scale and in the pots carried out at the CR.R.I. during four consecutive
seasons since 1961 confirm a favourable response to inoculation of blue-green
algae as reflected in the increased yield of grain and straw (Relwani, 1963;
Relwani and Subrahmanyan, 1963; Subrahmanyan, Relwani and Manna,
1964, @ and b). This clearly indicates a fertility build-up of the soil in the
presence of blue-green algae and these algae may be used in combination
with some fertilizer mixture (excluding nitrogen) such as lime for raising pH
and supply of calcium, superphosphate for supply of phosphorus essential
for growth and the trace element molybdenum which plays an essential role
in the fixation of the element nitrogen, as a substitute for nitrogenous
fertilizers which could.be diverted to other crops.

SUMMARY"

The results of experiments in connection with the estimation of nitrogen
fixed by four species of blue-green algae are presented and discussed. The
species tested were Tolypothrix campylonemoides, Nostoc sphaericum,
N. amplissimum and Westiella sp. Of these, Tolypothrix was the most efficient.
The quantity of extra-cellular nitrogen liberated has also been estimated;
this is only a fraction of the whole. The potentialities of using blue-green
algal species in rice culture are discussed. It is indicated that blue-green
algae could be employed as a substitute for nitrogen fertilizers such as
ammonium sulphate, for rice culture in waterlogged conditions.
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EXPLANATION OF PLATE VI
Photogragh of rice ﬁeld after harvest
. Fia. 1. Control (untreated).
B C, Crack in'the soil.
. Fic. 2. Plot inoculated with algae.

C' Crack in the soil; A4, Algal crust on surface.
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