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INTRODUCTION

IN the account that follows, the results of a study covering a period of five
Crop seasons to evaluate the practical and economical aspect of utilization
of blue-green algae, chiefly for the nitrogen enrichment of the rice soils, are
presented. Some of the results of fundamental and applied interest have
already bzen published (Relwani, 1963; 1965; Relwani and Subrahmanyan,
1963; Subrahmanyan et al., 1964 a, b, c; Subrahmanyan and Sahay, 1964,
1965). The actual quantum of nitrogen uptake by the crop as a result of
blue-green algal application as well as interaction of different soil types to
blue-green algal inoculation are discussed in other papers in the Proceedings
(Sahay, 1965 Subrahmanyan etal., 1965).

METHODS
The lay-out and methods adopted have been described in detail by one

of us (Relwani, 1963). Certain pertinent procedures have been referred to-

in the text. All the usual agronomical practices have been adhered to. It
may be emphasized here that no nitrogen has been given to any of the treat-
ments except to one, in the form of ammonium sulphate, to assess the nitrogen
supply by the algae in terms of this popular fertilizer for the rice crop.
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EXPERIMENTAL
I. 1961-62

Pot house and field experiments were initiated in 1961 in the second
season (December—April), Dalua, with rice varicty Pzb. 10 to study the rble
of blue-green algae on crop yield. The trecatments consisted of lime
(2000 kg./ha.), superphosphate (60kg. P,O,/ha.) and sodium molybdate
(0-28 kg./ha.) in different combinations without and with blue-green algae.
Ammonium sulphate was applied at two levels, 16-8 and 33-6kg. N/baz.
to compare the yield responses of this popular fertilizer for rice crop. Rando-
mised block design of lay-out was employed with four and five replications,
in the fizld and pot house respectively.

Top soil from fields with blue-green slimy formations consisting of species
of Nostoc, Anabaena, Microcystis, Cylindrospermum, Phormidium and
Aphanothece, were scraped, air-dried and inoculated at the rate of 3-0 gm.
per 15 kg. of soil per pot and 340 gm. per plot of 1/187-06 ha. The develop-
ment of algal forms in the pots was found to be quite vigorous from the
second fortnight of November to early Deccmber (mean maximum tem-
perature 27-7° C. and mean minimum temperature 14-3° C.) but slowed down
afterwards up to the end of January (mean maximum temperature 26-2° C.
and mean minimum temperature 11-6° C.). Active and visible growth of
algae re-started in the month of February and continued up to the end of
March (mean maximum temperature 30-8° C. and mean minimum tem-
perature 18:4° C.). The setback to the growth during the cold season has
been observed in the laboratory cultures also (Subrahmanyan and Sahay,
1964).

In the ammonium sulphate treatments, green forms (Spirogyra sp. and
Euglena sp.) dominated in such great abundance that frequent stirring of the
top soil in the pots had to be done to prevent smothering of the rice plants.
This observation has a practical bearing for rice cultivators in that they
should interculture their crop more frequently when using nitrogen fertilizers
in large quantities.

Pot cultures.—In the pot house, blue-green algae or lime application
individually increased rice yield by 15-72%, over check (no treatment and no
algae); their combination significantly increased the yield by 81-25%
(Table I). This may possibly be due to the direct rdle of lime in the nutrition
of blue-green algae as well as in raising the pH of soil-water medium to alkaline
reaction which is conducive to the development of the blue-greens,




254 R. SUBRAHMANYAN AND OTHERS
TABLE 1

Yield of grain and percentage increase over control urder
varioys treatments 1961-62 second crop

Pot experiment Field experiment
Treatments Yield % Yield %
in over in over
gm, control  kg./ha.  control
Control I 10-56 . 291-57
C + Lime at 224 kg./ha. . .E 12:22 15-72 332-93 19-13
C + algae -+ lime . N 19-14 81:25 379-29  30-29.
C+algae R 12222 1572 347-74  14-19
C + lime + sodium molybdate + ‘
superphosphate . G 16-18 53:27  474-88 62-87
C + lime + sodium molybdate +
superphosphate 4 algae .. P 1910  80-87 512-67 75-83
C.D. at 5% .. - e 4-51 . 160- 74

* For more details vide L. L. R., 1963,

Superphosphate and sodium molybdate, like lime alone, produced smali
increases but the lime - superphosphate + sodium molybdate mixture
produced an appreciable increase of 53:229, over the check. Tt appears
that apart from the nutrition of the rice plant, this mixture exercises a bene-
ficial effect on the nitrogen-fixing activity of the indigenous species of blue-
green algae present in the soil. In combination with inoculated blue-green
algae, there was a further improvement and the yield increased by 80-87%,.

Field experiments (Table I).—Under field conditions, blue-green algae
and lime treatments increased the yield by 19-13% and 14- 199/ respectively ;
their combination contributed to an increase of 30-299;. The mixture of
lime -+ superphosphate - sodium molybdate produced a still higher res-
ponse of 62-877 and with inoculated algae, the increase went up to 75-83%.
Thus, the trends in the pot house were also observed in the field, ‘
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II. 1962 (Main), 1962-63 (Dalua) and 1963 (Main) Seasons

Based on the favourable results obtained in the previous season, described
above, the trials were reoriented. Partial soil sterilization was introduced
as a treatment to destroy the existing indigenous algal flora in order to get
a more vivid picture about the response to introduced forms of blue-green
algae. Partial soil sterilization was done by placing the soil for pots in the
autoclave at 20 Ib. pressure for 1 hour. In the field, top soil was heated by
burning paddy straw. The nutrient mixture dose was reduced to 1,000 kg.
lime/ha., 20 kg. P,O4/ha.; molybdate dose was kept the same.

The experiment was carried out for three scasons, main season 1962,
second season (Dalua) 1962-63 and main season 1963. Medium duration
variety C.R.T. 141 was used in the main seasons and short duration variety
Ptb. 10 in the second season. In the field, heating of top soil was done for
all the seasons, but in the pots, soil sterilization was done only once, in the
main season of 1962, as the effect of this treatment on crop yield was found
to be so high as to mask the beneficial rdle of blue-green algae.

In the 1962 main season, Anabaena sp. was inoculated in the pots and
a mixture of species of Anabaena, Nostoc, Phormidiim, and Aphanothece
was used in the field at the rate of 2 gm./ha. dry weight (circa 200 gm. wet
weight). :

In the second season (1962-63), a mixture of species of Nostoc, Scytonema,
Anabaena and Tolypothrix from the laboratory cultures of one of us (R.S.)
was inoculated at the same rate; and a similar mixture was employed for the
main season 1963 crop. *

Periodical collections were made of the algal growth in the experimental
plots. A consolidated list of algae thus recorded is given in Table IT in the
order of their abundance based on microscopical examination. It may be
noted that most of them belong to the N-fixing genera. Some green algae,
species of Spirogyra, Mougeotia, Zygnema, Oedogonium and Desmids as
well as Diatoms were present, but in negligible quantities int some of the plots
except in the ammonium sulphate treatments where they seemed to thrive
better. ‘

One interesting observation of great significance in rice culture may be
mentioned here. It was noticed that in the plots with blue-green algal growth,

* The algae were left on a layer of sand, allowed to dry and this algae + sand, mixed with
more sand for yniform distribution was applied in equal quantities in the treatments congerned,
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weeds such as Panicum sp., Cyperus sp., Hydrolea sp. and Ludwighia sp.
common in the paddy fields, were almost absent. Similar observations have
bzen made in a demonstration plot in a farmer’s field as well. It would
appear that, very probably, some external metabolites of the blue-green algae
have a deleterious influence on their growth. Such phenomena brought about
by planktonic blooms of algae are well known (refer Subrahmanyan, '1959).
Thus, it would seem that promotion of bluc-green algal growth, apart from
N enrichment, serves to suppress weeds as wull with benefit to the rice crop.

Pot culture experiments (Table III).—The data show that in the absence

“of nutrient mixture (Treatment LB), blue-green algac produce small incrcases

of 3-6 and 0:99 in grain yield in the main scason var. C.R. T141 in 1962 and
1963 respectively. The corresponding increases in straw yields were of the
order of only 12:9 and 4-1% respectively. For the same treatment, second
season (1962-63) var. Ptb. 10 showed a higher response of 20-3 and 2649/
in the yield of grain and straw respectively.

The yield in check, in the second season, was low compared with the
main season. It is, therefore, quite possible that higher increases over check
were recorded by a number of treatments although the absolute increases
by these treatments were generally not so high compared to main season yield

*with var. C.R. T141.

Lime + superphosphate -+ sodium molybdate mixture by itself (Treat-
ment MA4) produced grain increases of 5-8, 45-2 and 54-4% in the first,
second and third crops respectively. The progressive increases in yield may
be due to the cumulative effect of this nutrient mixture (refer Abichandani
and Patnaik, 1961) and the activity of the indigenous flora of blue greens in
the soils. In combinations with introduced blue greens, increases of 50-2,

:235-1 and 281-89, were obtained during the corresponding seasons. This

confirms the rdle of lime, superphosphate and sodium molybdate in improv-
ing the efficiency of blue greens in nitrogen fixation.

Partial soil sterilization (Treatment NA) itself accounted for considerzble
increases: 181-8, 172-7 and 90-49; in grain yields during the three seasons
in order. In combination with blue-green algae, the increases recorded
during the respective seasons were of the order of 159-3, 154-9 and 146-3%
respectively. Thus, the effect of blue-green algae becomes visible only in
the third season when the beneficial effect of soil sterilization itself had waned.
Similar trends were observed in the case of straw as well.

The beneficial effect of soil sterilization appears to be due to the improve-
ment in the physical properties of the soil, death of undesirable pathogens,
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parasites and weeds and to increased production of ammonia, nitrates and
other available mineral plant nutrients (Relwani and Subrahmanyan, 1963 ;

Kleimashevkiis et al., 1962). It may be mentioned here that the irrigation -

water in the pots in these treatments were always clear while in the others
it remained turbid. '

Soil sterilization in combination with the nutrient mixture (Treatment
OA) further improved grain yields by 218-9, 203-4 and 174-19 in the res-
pective seasons.  In combination with blue-green algae, the increases recorded
went up to 275-6, 227-1 and 317-1% respectively. In this instance also
the effect of blue-green algae was most pronounced in the third season with
the decline in the influence of soil sterilization.

It may further be observed that the effect of bluc-green algae in combina-
tion with the nutrient mixture used was much higher than that of ammonium
sulphate at 20 kg./N/ha. which was only 8-3, 727 and 108-29; respectively
in the seasons concerned.

Field experiments (Table 1V).—Blue-grecn algae without the nutrient
mixture (Treatment LA) produced non-significant increases of 8:49/ grain
and 7%, straw in the first main season C.R. T141 crep. In the second crop
(var. Pth. 10) significant increases of 43-1% and 69-19% increase of grain and
straw were obtained. In the third crop, a significant increase of 24-0%
in the grain and a non-significant increase of 14-19, straw were recorded.

The pattern of responses during the different seasons follow the same trends
as in the pots described earlier.

The nutrient mixture (Treatment MA) produced increases of 23+6, 717,
69-67; grain and 25-6, 95-6 and 57-7% straw during the three seasons res-
pectively. With inoculated algae the corresponding increases went up to
44-6, 112-9 and 124-89% for grain and 46-5, 155-9 and 116-99% for straw.
In every season, the combination of blue greens and nutrient mixture pro-

duced increases which were significantly higher than that produced by either
of the two separately. "

The effect of rabbing (heating of top soil by burning straw) (Treatment N.A)
was less compared with the treatment in the pots where the entire quantity
of soil had been sterilized in an autoclave. The increase obtained during
the first, second and third seasons were of the order of 20- 1,78-0 and 41-0%;
respectively. Straw yields also followed similar trends. In combination

with blue-green algae, the additional responses were small and not significant.

Rabbing in combination with nutrient mixture (Treatment :0A4) produce
substantial increases of 46-7, 1247 and 79- 1% in the grain and 48-8, 1647
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and 70-47; in the straw yields during the three seasons in order. The increases
produced by this combination were generally found to be significant over
either of the two treatments separately (M4, NA). With inoculated blue
greens, there were further increases which were quite appreciable in the first
and third seasons. Thus, rabbing, nutrient mixture and blue-green algae
combination produced the highest yields. The effect of this combination
was a little more than double the effect of ammonium sulphate at 20 kg./N/ha.

It may be mentioned in this connection, that in a series of pot house
experiments conducted for three seasons Subrahmanyan et al. (1964 b)
found that though in the initial stages the responses to partial sterilization
of soil (autoclaving, top soil heating and application of formaldehyde) them-
selves were highly significant, the effect diminished in the succeeding seasons
to non-significant levels while the algal inoculation in combination with
nutrient mixture continued to maintain the fertility, obviously, by their role
in N fixation and addition of organic matter as pointed out by Subrahmanyan
and Sahay (1964).

IIT. Residual Effect of Blue-Green Algae Inoculation

The pot house and field experiments discussed above were continued
in the two succeeding seasons (1963~64 second crop and 1964 main season).
For this, seedlings were planted in the pots and the field after just puddling
only and neither nutrient mixture nor blue-green algae were applied as for the
earlier crops. Ammonium sulphate at 20 kg./Nyha. was, however, applied
to the respective earlier similar treatments for comparison with the responses
in the residual effect study. The object was to study whether earlier appli-
cation of blue-green algae as well as nutrient mixture to promote their growth
had contributed to the fertility build-up of the soil ; in other words, to assess
whether the above treatments during the three earlier seasons have in any
way conditioned the soil favourably for the rice crop.

The results are presented in Tables V and VI. Under pot culture cordi-
tions - the residual effect of former treatments M4 and MB gave significanily
higher yields over control (I). In the next crop also, main 1964, the trend
of response remained the same; significantly higher yields were obtained
from the earlier treatments MA and MB.

This confirms that blue-green algae not only have an immediate effect
in increasing the yield during the season, but also leave a significant residual
effect which is found sufficient to support at least two crops of rice withouy
any manuring, the gross yield being not affected at all,

B2
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TABLE V

Yield of paddy grain and straw—Residual fertility effect of different treaiment ccmbinations
with blue-green algae—Pots (gm. per pof)—A verage of five replicaticns

Grain yield Straw yield

Treatments 1963-64 (Ptb. 10) 1964 (T. 141) 1963-64 (Ptb. 10)

1964 (T. 141)

A B A B A B A B

I. Control 8-04 825 10-50 10-30 6-54 7-13 10-24 10-24

| .. (2:6) o (=19 SN CH)) 0-0)

M. Lime + super- 15-39  23.04 13-9 17-4 11:06 15-16 12:30 14-76

phosphate -+ (O1-4) (186-6)  (32:4) (65-7) -(69-1) (131-8) (20-1) (44-0)
sodium molybdate

N. Rabbing 11-14  11-91 9.1 8-9 884 9-54 9-50 9-12

(38:3)  (48-2) (—13-3)(-15-2) (35-2) (45-9) (—7-2) (—10-9)

O. Rabbing+lime 18-71  21-80 143  15-9 13-46  14-18  13-98  14-46

—-superphos- (132-8)

(171-1)  (362) (51-4) (105-8) (116-9)

(36-5) (41-2)

phate+sodium
molybdate
P. Ammonium 11-26 11-20 .. 7-64 12-2 -
sulphate 20kg. N/ha (40- 0) 67 .. (16-8) (19-1)
C.D.at59 4-18 4-90 5-50 4-10
A~—Without blue-greeen algae. B—With blue-green algae.

Figures in brackets represent percent increases over control.

Ii would appear that establishment of a good blue-green algal flora would
serve as a perpetual source of enrichment of the soil; only, occasionally,

nutrient mixture will have to be applied to promote algal growth and some

rice nutrient other than nitrogen.

. As regards 1964 main season data, it is necessary to draw attention to
a fact to avoid confusion. A reference is invited to Tables IV and VI. It

may be seen that control (I4) recorde
against an yield of 2,379-5 and 1,76
of C.R. T141. In 1964, the hi

d an yield of 3,529 kg./ha. in 1964 as
9-8 kg./ha. in 1962 and 1963 main crops
ghest yield of a control (no manure) crop in the

Farm was only 2,500 kg./ha.; and, in an experiment with same variety con-

ducted in a nearby plot us

ng green manure, potassium sulphate, lime and
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TABLE VI

Yield of grain and straw— Residual fertility effect of different treatment combinaions with
blue-green algae—Yield (kg. per hectare)—Average of four replications

Grain yield : Straw yield
Treatments 1963-64 (Ptb. 10) 1964 (T.141)  1963-64 (Pth. 10) 1964 (T. 141)
A B A B A B A B

I. Control (Check) 957 934 3529 3504 1151 1065 4575 4425
: ) (—2-6) .. (=07 e (=75 .. (~—3-3)

M. Lime-superphos- 853 1044 3377 3623 986 1178 4125 4763
phate+sodium (=109  (9:0) (—43) (27) (—4-3) (2:3) (—=9-8) (4D

molybdate

N. Rabbing 923 923 3825 3486 1024 1091 5213 4763

(=3-6) (=2:6) (8:4) (—1-2) (—11-0) (—=5-2) (13-9) (4'1)

O. Rabbing--lime-- - 1172 971 3520 3827 1211 1065 © 4913 4763
superphosphate-}- (22-5) (1-5) (—0-3) (8-4) (52) (=75 (T4 :41)
sodium-molybdate

P. Ammonium sulphate 1196 .. 3648 .. 1406 .. 5100
20 kg. N/ha. (25-0) . 349 .. (22:2) .. (11-5)
C.D. at 5% Not significant 245 Not significant ~ Not significant
C.D.at 1% . ,
A—Without blue-green algae. B—With blue-green_a]gae.

Figures in brackets represent per cent. increases over control.

ammonium sulphate, the yield during the same season was only 3,551 kg./ha.*
(Dr. M. S. Chaudhury, Agronomist, CRRI, oral communication). In our
experimental plots, soon after transplantation, in 1964, the crop was completely
submerged due to heavy rains and a sheet of water covered the entire area.
This led to algae from algal plots moving over to non-algal and control plots

*(1) Green manure (Dhaincha crop grown with superphosphate at 40 kg./P;0;/ha.) about
5,000 kg. ploughed back;

(2) Basal dressing of 500 kg. lime, 40kg. K,O/ha. potassium sulphate, 10kg./N/ha. ammo-
_nium sulphate; : k

(3) Top dressing of 10 kg./N/ha. ammonium sulphate after establishment; and

(4) 10kg./N/ha, ammonium sulphate three weeks before flowering,
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as well. Examination of the collections made (Table II) showed as many
as 3 species of N fixing blue-green algae in the control and also ammonium
sulphate plots which were not present either as many in number or quantity
in the earlier seasons. The gross yield from the whole area had gone up
over 207/ in the third main crop. Obviously, the algae have enriched the
soil and boosted the yield to this high level in the control plot also; this
only further confirms that blue-green algae could be profitably used to enrich
the soil for the rice crop.

The data in the preceding paragraph would suggest that blue-green algae
alone are able to maintain the yield at a high level and also that, apart from
nitrogen, the algae supply the crop with certain substances which help main-
tain the yield potential, The latter point finds support in a trial under pro-
gress where within 10 days after application of blue-green algae (fresh condi-
. tion) the crop growth as evidenced by tillering and stand increased almcst
1009, over ammonium sulphate treatment at 30 kg./N. 1t is proposed in the
coming seasons to apply nutrient mixture to the plots already rich in N fixing
~ Species to test whether the yields can be further enhanced.

IV. Réle of Blue-Green Algae in Combinaiion with Conventional Fertilizers
and Manures

(@) Rdle of blue-green algae compared with that of conventional fertilizers.
The authors (1964 a) conducted a replicated field experiment during the
main crop season of 1963 (July—December) with C.R. T141 to compare the
efficacy of blue-green algae with conventional organic manures and fertilizers,
viz., farm-yard manure, green manure (Sesbania speciosa), urea and ammoniuin
sulphate at 20kg. N/ha. A basa] dressing of lime at 500 kg., superphos-
phate at 20kg. P,O; and sodiim molybdate at 0-28 kg. per hectare was
applied. Four species of blue-green algae, Nostoc sphaearicum, N. amplis-
simum, Tolypothrix campylonemoides and Westiella sp. were used for field
inoculation. Blue-green algae alone increased the grain yield significantly
by about 309 over check plot and the response was statistically at par with
20 kg. N/ha. in the form of farm-yard manure, urea and ammonium sulphate.
None of the fertilizers or manures enhanced the efficiency of the blue-green
algae except urea. The application of green manure produced a response

of 499 increase over control; this was significantly higher than that with
blue green algae (Table VII).

. The expres§ion of algae in conjunction with organic manures and ammo-
nium sulphate is not evident, presumably due to the fact that as nitrogen
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TABLE VII

Yield and biometrical data (average of four replications) pertaining to the main crop
season of 1963—Variety T. 141 (field experiment)

Treatment (over basal Grain yield Straw yield Height Effective tillers
* ./ha. ./ha. . ill
dressing of lime, super- (Kg./ha.) (Kg./ba.) (em.) per hi
phosphate and sodinm
nllolybdate) A B A B A B ] A B
Check (No manure) ve 2615 3403 2496 3657 131:4 137-9 360 551
(100) (130) (100) (147) (100) (105) (100) (153)
Farm-yard manure 3392 3573 3483 3657 137-6 | 139-2 | 4.64 5-12
at 90 kg. N/ha. (130) (137) (140) (147) (105) (106) (129) (142)
Green manure (Sesbarnia 3907 3902 4238 4412 140-7 145-9 542 5-80
speciosa) (I49) (149) (170) (177) (107) (110) (151) (161)
at 20 kg. N/ha.
Ammonjum sulphate 3431 3472 3588 3861 139-2 140-9 4-81 B 98
at 20 kg. N/ha. (131) (132) (144) (155) (106) (107) (184) (138)
Urea at 20 kg, N/ha, . 3366 3585 3454 3715 136-0 141-2 474 4-93
‘ (129) (137) (138) (149) (104) (108) (132) (187)
C.D. (0-05) per hectare .. 215
C.D. (0-10) per hectare .. 291 . . .
A—Without blue-green algae. B—With blue-green algae.

Figures in brackets represent per cent. increases over control.
(After Subrahmanyan, Relwani and Manna, 1964).

in the form of ammonia is readily available for its growth, most forms do
not fix atmospheric nitrogen. It may be noted here that ammonia is the
key intermediate in nitrogen fixation by the biue-green algae (Fogg, 1963).

The significantly higher yield of crop with green manure may bs attri-
buted to the fact that though, on equal nitrogen basis, green manure produces
similar yields as ammoniacal fertilizers (Nair, 1953) its efficacy is always
more with superphosphate (Vivekanandan and Raja, 1964) and still more
with the addition of lime which helps the mineralization process of gieen
manute (Jochim in Mukhetjee and Agarwal, 1950). '

(b) Effect of blue-green algae in combination with urea.~Relwani and
Manna (1964) studied the rdle of blue-green algae in combination with urea,
another popular fertilizer for rice. Urea was applied at 10kg. and 20 kg.
N/ha. as soil application at transplanting and as foliar application 50 days
after transplanting. A mixture of blue greens consisting of the same four
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forms mentioned above was inoculated at transplanting. A basal dressing
consisting of 500kg. lime - superphosphate at 20 kg. P05 + 0-28 kg.
sodium molybdate per hectare was applied to each pot before planting the
seedlings. The experiment was conducted during the main Crop secason
of 1963 using popular rice variety C.R. T141 as test crop.

The application of blue-green algae alone to check pot accounted for
an increase of 109% in grain yield. The increases resulted mainly from a
higher number of ear-bearing tillers (43% over check). Soil application of
urea at 10 and 20 kg. N/ha. produced 19-9 and 65-6%; increases respectively
over check pot and in combination with blue-green algae, the corresponding
increases went up to 142-8% and 175:9%. In combination with urea spray,
50 days after transplanting, the additional Iesponses were generally lower in
magnitude (Table VIII). It is, therefore, evident that small soj] application

TABLE VIII

Effect of blue-green algae in combi’natz’on with urea (1963 Main crop)
(gm. per pot.—Average of three replications)

Average yield per pot (gm.)
——| No, 1c>f ear-bearing Average length of
- . X tillers t i
Treatment Griin ! Straw per po panicle
: e
A , B ‘ A B A J B ’ A f B
Check (No treatment) ,.| 5.98 10.93 3-83 8-00 370 530 l 16-93 19-22
(700) (209+0) (100) (208-9) 1700) (143-2) (200) | (118-5)
Urea at 10 kg, N/ha. 6-27 *12:70 491 9:10 3-30 6+00 18-17 19-42
(Soil application) (129-9) | (242-8) | (128-2) (237:6) . (89-2) | (1622 )| 07:3) | (114-7)
Urea at 20 kg, Njha, 8-66 1443 6+33 11.80 5-00 8:00 18.32 1795
(Soil application) (165-6 (275.9) (165.3) (308-1) (135.1) (216+2) (108-2) (106"2)
Urea at 10kg. Ny/ba, §:73 *11-53 4.27 9+20 8430 650 17-87 17-63
{Foliar application) (109-6) | (220.5) (111.5) (240-2) | (89-2) (176+2) (105:6) | (204-1)
Urea at 20 kg, N/ha. - 4+90 13-03 4477 9.55 3.30 8+00 .2 9.
’(Foliar application) (98+7) (249.1) (124.5) (249-3) (89+2) (162?31 (}2808) (}133(3))
Mean . 616 12.54 4-82 9.53 3.73 6-36 17.91 18-67
(117+8) (239'8) (125'8) (248-8) (100'8) (171.9) (105-8) (110.3)

A—Without blue-green algae.
* Varietal mixture wag observed in

Figures in brackets represent treatm

(After Relwani and Manna, 1964),

B—With blue-green algae.

these pots.
ent rating with check a5 100,
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of urea in combination with blue-green algae can push up rice yields to
appreciable extent. .

V. Response of Paddy Varieties and Methods of Propagation to Blue-Green
Algae

In yet another experiment, Relwani (1965) investigated respense of paddy
varieties, viz., C.R. T141, GEB 24, FR 43B and JxI—431 and methcds of
propagation [seed and tiller (vegetatively) propagated] to blue-green algae
under late transplanting conditions. A mixture of Anabaena, Nostoc, Toly-
pothrix, Scytonema and Westiella species was inoculated in the field. An
average significant response of 13-89 to application of blue-grcen algae was
obtained. The method of propagation of seedlings and the interactions
algae X variety and algaexmethod of propagation were not found to be
significant but variety X method of propagation interacticn was found o be
significant at 19 level of significance. Thus, the response to algae, although
appears to diminish under late planting conditions, was found to be
independent of variety or method of propagation (Table IX).

GENERAL CONCLUSIONS

The investigations so far made with blue-green algae lead to some
interesting and useful conclusions: V

1. Promotion of the growth of the indigenous flora is possible by supply-
ing calcium, phosphates and trace element molybdenum and also by raising
pH to alkaline level. This can be accomplished by application of lime, super-
phosphate and sodium molybdate. On a conservative estimate, this alone

has accounted for 459 grain yield.

2. A few such applications, e.g., for three seasons as in our expetriments,
strengthens the blue-green algal flora in the field with beneficial results for
the crop. '

3. Introduction of nitrogen-fixing species further enhances the beneficial
effects of blue-green algae. Yields up to 1259, over control have been
obtained in field trials. |

4. The manuring schedule described here leads to the establishment

of a good flora of nitrogen-fixing species; this is revealed by the periodical
examination of the algal growth in the field, A list of such species is given

jn Table IT,
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TasLE IX
Yield of paddy grain in kg. per hectare

Variety Treatment  Seed V.P.  Mean Increase Variety
crop  crop % mean

T. 141 .. .. No algae 3446 2729 3087

Algae 3995 2011 3453  11-8% 3270
GEB24 .. .. Noalgae 2566 3710 3138

Algae 206 4300 3603 148 3371 1
FR43B .. .. No algae 1073 1328 1200 .. -

Algae 1331 1410 1370 14-2 1285
JxI-431 . .. No lagae 3263 2586 2925

Algae 3701 2996 3349 14-5 3137
Method of propagation

(mean) . .. 2785 2746
Algae (mean) .. Noalgae Algae
2588 2944

V. P.=Vegetative propagation.

(1) C.D. (0:05) to compare any two varieties for a particular method of planting (seed or V.P.
crop)—>530 kg./ha.

(2) C.D. (0:05) to compare any two varieties—393 kg./ha.
(3) C.D. (0-05) to compare algae effects—192 kg./ha.
(4) Method of propagation—F test not significant. S. Ed. =+ 132 kg./ha.

5. Such strengthening of the blue-green algal flora contributes to the
enrichment of the soil is confirmed by the consistently good yields obtained for
Iwo seasons in succession when neither nutrient mixture nor algae were applied.

6. Th2 algal mat left over in the field after the second such harvest would
indicate that one or more crops could still be grown without application of
nutrient mixture and algae.

7. It may be necessary to apply the nutrient mixture periodically to
enable the algae to thrive and enrich the soil. This method of wytilization
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of blue-green algae appears to be an economical method to obtain increased
yields.

8. This method appears to be an effective, more efficient and a suitable
substitute for the popular ammonium sulphate. It may be mentioned in
this connection that repeated application of ammonium sulphate has a ten-
dency to deplete the soil of calcium. The deficiency of calcium, it may be
pointed out, has a deleterious effect in the development and functioning of
the root-hairs as has been found for other crops (Cormack et al., 1963);
and this may apply to the rice plant as well; this probably accounts for the
impoverishment of the soil when ammonium sulphate is repeatedly used in
the absence of organic manures.

9. In the pot and field experiments, it has been noticed that the crop
has a tendency to ripen earlier in instances where blue-green algae had been
applied. - Such observations as also superiority of a biological source of
nitrogen have been recorded (Dorosinskii, 1962) for other crops and it is
interesting to note that this applies to the rice crop as well.

10. These observations lead us to the hypothesis that besides supplying
nitrogen fixed from the atmosphere, these algae which are known to liberate
several extra-cellular substances, the nature of all of which is still unknown,
also have in them certain growth-promoting substances which stimulate the
rice crop. This finds confirmation in a recent field experiment in progress
where within 10 days of the application of algae the crop showed vigorous
growth.

11.  Another interesting observation during the field experiments at
CRRI and in a farmer’s field was that the field, where the blue-green algae
had been applied or their growth promoted, were comparatively free from the
common rice field weeds mentioned in the text earlier. It would appear that
the manuring schedule adopted as well as growth of blue-green algae act as
a deleterious influence on the weeds concerned. It has also been recorded
clsewhere that blue-green algae suppress the development of some
saprophytic flora (Gaukhman and Rybov, 1962).

12. Experiments conducted to compare efficacy of blue-green algae
with conventional fertilizers such as farm-yard manure, urea, green manure
and ammonium sulphate showed that blue-green algae supply in the first
crop season nitrogen up to 20 kg./ha. applied in terms of farm-yard manure, urea
and ammonium sulphate. It would appear that green manure in the present
experiment showed a better response because of lime and superphosphate
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in the basal dressing. Soil application of urea in conjunction with blue-
green algae was better than foliar spray of urea.

13. Trials to assess cffect of blue-green algae on different rice va.ri.eties
as well as methods of propagation showed that under Jate planting conditions,
though response tended to diminish, an average significant response of 13-8%
to application of algae occurred and that response to algae was independent
of variety and/or methods of propagation.

14. The experiments conducted at CRRI, the results achi_c;vcd and the
preliminary results of trials in progress in the different regions in the States,
would indicate that the method adopted here could be employed proﬁtably
in regions where soil is not too acidic and where a certain amount of indi-
genous flora also exists. Trials with soils from several regions are in pro-
gress at present in this regard. Some preliminary results are embodied in
another paper (Subrahmanyan ez al., 1965). Bluc-green algae not only
serve to augment our nitrogen resources but also help to build up the fertility
status of our impoverished soils considerably. The blue-green algae are a
living green manure plus something for the rice crop.

SUMMARY

The results of large-scale trials covering five crop scasons with blue-green
algae to exploit their faculty to fix atmospheric nitrogen in the rice fields
are described. The approach was to exploit the indigenous flora of the soil
by conditioning the soil for their growth. Effect of inoculation of known
nitrogzn-fixing species has also been studied. Based on preliminary trials
with various combinations of fertilizer mixtures, manures, with and without
blue-greens and so on, a schedule of manuring has been arrived at to promote
blue-green algal growth, viz., application of lime, superphosphate and sodium
molybdate and this has been adopted in the experiments. Ammonium sul-
phate was used for comparisor. The results show that blue-green algae can
be used effectively and with ¢onsiderable benefit for obtaining increased yields
of rice and as a substitute for ammonjum sulphate to which they are superior
and they are as good as some of the other conventional manures and ferti-
lizers. Their action is not related to variety of rice crop or methods of propa-
gation. 1thas been found that the adoption of this schedule for three seasons
leaves a beneficial residual effect on account of which two crops bave been
grown with the yield remaining consistent. Apart from this, it was noticed
that the gross yield from the whole experimental area where blue-green algae
had established themselves had gone up by cver 209/, due, obviously, to the
fertility build-up of the soil. The blue-green algae appear to function as a
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living green manure, enriching the soil by their activity. Some interesting
observations made during the trials are set out, viz., the possible presence
cof a growth-promoting substance in the extra-cellular products liberated
by the blue-green algae and the almost total absence of common paddy field
weeds in the plots with blue-green algae. It is suggested that the schedule
adopted here could be profitably employed in certain regions of the country
to increase rice production where the soil contains a goed indigenous bluc-

green algal flora.
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