AZOLLA AND CYANOBACTERIA (BGA): POTENTIAL
BIOFERTILIZERS FOR RICE
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Abstract: Pot and field experiments were conducted to evaluate the potentiality of Azolla and Blue Green Algae as
biofertilizers for rice prodictivity. Blue Green Algae inoculation increased grain yield by 14% and straw yield by 10%.
Azolla showed increment by 26% in grain yield and by 21% in straw yield. Azollz and Blue Green Algae showed considerable
increase in the N content of soil, grain and straw. Azolla double incorporation was found more effective than other

methods of application.
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INTRODUCTION

Rice is one of the oldest cultivated crops originated as
early as 300 B. C. in South East Asia. Rice is also the
main cereal diet in Nepal. It is grown from Terai (100-
300 m) to high mountains (>2600 m) in all agro-
ecological conditions. Now a days farmers use good rice
varieties and expensive mineral fertilizers but they have
failed to obtain better yield which has led Nepal to become
a net rice importer. The low production might be due to
the improper use of chemical fertilizers, their low
efficiency and their unavailability to farmers due to
various reasons such as its high cost, short supply at
peak season and lack of transportation in hilly regions.
The farmers of hilly areas have to depend solely on
animal dung and litter. So there is a need of a cost-
effective and easily available alternate to these fertilizers.
Biological nitrogen fixers like Azolla and cyanobacteria
can be the ultimate solution for proper rice productivity
in Nepal.

Leaf cavity of Azolla (40X)

Azolla, commonly known as water velvet, is a small, delicate
free floating fern. It has filaments of a nitrogen fixing
cyanobacterium (Anabaena azollae) localized in its leaf cavity.
Six species of Azolla has been reported worldwide but in
Nepal only one species, A. pinnata has been reported
(Maskey and Bhattarai, 1982) while A. filliculoides and A.
caroliniana were introduced later. Cyanobacteria or Blue
green algae (BGA) are a group of microorganism that can
fix the atmospheric nitrogen. BGA can adapt to various soil
types and environment which has made it cosmopolitan in
distribution. Efficient nitrogen fixing strain like Nostoc linkia,
Anabaena variabilis, Aulosira fertilisima , Calothrix sp.,
Tolypothrix sp., and Scytonema sp. were identified from
various agro-ecological regions and utilized for rice
production (Prasad and Prasad, 2001). Azolla and Blue Green
Algae, both have been reported to be effective in improving
the organic content of soil, P availability in soil as well as
the soil physical properties (Mandal et al., 1999). The present
study evaluates the potentiality of Azolla and Cyanobacteria
as biofertilizer for rice productivity.
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T1: Control Rice Plant
(without biofertilizers)

T2: BGA inoculation in the Rice
Plant

T3: Use of chemical
fertilizer NPK in the
Rice Plant (80:30:30)

Plant

Rice plant grown in Pot:
P1 - Control (without
biofertilizers)

P4: Rice Plant with Azolla inoculation

MATERIALS AND METHODS

Field experiment was conducted at Narephat, Kathmandu
and pot experiment was conducted at Tribhuvan
University, Kirtipur. The seeds of rice variety Khumal- 3
were collected from the Agriculture Botany Division,
Nepal Agriculture Research Council (NARC), Khumaltar.
The BGA inoculum containing the strains of Nostoc,
Aulosira, Anabaena and Tolypothrix was imported from
IARI, New Delhi, India. The mineral fertilizers used in
the experiment were Urea, Super phosphate and Muriate
of Potash. Field size was 2m > 2m with three replications
and four treatments were done. The soil in field was
acidic (pH: 5.8) with medium Nitrogen (0.19%) content.
The treatments were T1. Control, T2. BGA inoculation,
T3. NPK and T4. Azolla inoculation. Rice seedlings were
transplanted 20cm x 15cm apart @ 2-3 seedlings/hill.
In each pot containing 6 kg soil 5 seedlings @ 1 seedling/
hill were transplanted and later on only three healthy
seedlings were maintained. The soil used in the pot was
acidic (pH: 5.2) with high Nitrogen (0.21%) content. Pot
experiment contained seven treatments with three
replications. The treatments were P1. Control, P2. BGA
inoculation, P3. NPK, P4. Azolla inoculation, P5. Azolla
incorporation before transplantation, P6. Azolla
incorporation followed by inoculation and P7. Azolla
double incorporation.

Azolla was applied @ 1t/ha in field and @ 2t/ha in pot.
BGA inoculum was applied @ 400 g/acre. Full dose of P
and K were applied before transplantation (basal dose)
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Tablel: Effect of bio-fertilizers on the yield and yield attributes of rice in the field, 2003, Narephat.

T t Plant panicl Weight of No of Grain Percent- Straw p "
m;ena;s height /alr;:;:zts 1000 grains grains yield age yield ier:gsgagge
(cm) ((®)) /panicle (t/ha) increase (t/ha)
T1 92 4 27.5 113.8 4.3 100 3.3 100
T2 96.9 4.4 27.9 122.4 4.9 113.95 3.5 106.1
T3 100.6 4.6 27.7 115.8 4.8 111.6 3.8 115.15
T4 101.1 5.0 28.3 124.6 5.2 120.93 3.9 118.18

*statistically significant (5%)

P5: Rice Plant with Azolla
incorporation before
transplantation

P6: Rice Plant with Azolla
incorporation followed by
inoculation

P7: Rice Plant with Azolla double incorporation

while in pots only N was applied in two splits, half N as
basal dose and other half N as top dressing. The data
required for the yield attributes were taken before
harvest and that for yield was taken after harvest. For
the estimation of nitrogen content in soil and plant
material Kjeldahl Method (Jackson, 1973) was followed.

RESULTS

In both the experiments, all the treatments have shown
better performance than the control set (refer Table 1
and 2). In the field experiment, highest grain yield (5.2
t/ha) and straw yield (3.9 t/ha) was found in the plots
inoculated with Azolla (T4). BGA inoculation (T2)

increased grain yield by 14% which was slightly higher
than that by NPK treatment (T3). BGA increased straw
yield by only 6% while NPK treatment increased by 15%.
In the pot experiment, highest grain yield was given by
NPK treatment (11.0 g/pot) which was almost equal to
that by Azolla double incorporation (10.8 g/pot). Straw
yield was found maximum in NPK treated pots (P3). BGA
inoculation (P2) increased grain yield by 9% and straw
yield by 10%. In the pot experiment Azolla was utilized
in four different ways. Among them Azolla double
incorporation (P7) gave the highest grain yield increase
by 26% while highest increase by 21% in the straw yield
was in the pot where Azolla inoculation was followed by
inoculation (P6).

The result in the Table 3 and 4 clearly reveals that in
both the experimental sites the least N content was found
in the soil and plant materials of the control set (T1 and
P1). In the field soil, as earlier Azolla inoculation (T4)
showed the highest N content in soil and plant material.
In case of pot experiment, maximum N content in grain
was observed in NPK treatment (P3) while that in soil
and straw was given by Azolla double incorporated pots
(P7). In this study application of N fertilizer in two splits
was found highly effective than application of full dose
of N as basal dose. Similarly Azolla application was found
more efficient than BGA.

DISCUSSION

The poor result in the control set might be attributed to
the unavailability of sufficient nutrient to the control set.
High grain yield by Azolla inoculation in field could

Table 2: Effect of bio-fertilizers on the yield and yield attributes of rice in the pot, 2003, T.U., Kirtipur.

Treatments hF:?gnl‘::t Pa/nicles Wt. _of 1000 gl\:'Zi?\L 3{;‘3 Pgrcentage Sytlreall\év Pgrcentage
(cm) pot grains (g) /panicle (g/pot) increase (9/pot) increase
P1 68.2 4.7 21.8 91.4 8.6 100 10.7 100
P2 74.2 4.7 22.3 98.6 9.4 109.3 11.8 110.3
P3 78.6 6.3 22.8 115.2 11 127.9 14.4 134.6
P4 76.7 4.7 22.4 100.6 10 116.3 12.3 115
P5 75 4.7 22.1 95.6 8.9 103.5 10.9 101.9
P6 77.1 5 22.7 110.2 10.2 118.6 12.9 120.6
P7 77.0 5 23.2 109.2 10.8 125.6 12.8 119.6
F test * * * * * *
*statistically significant (5%)
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Table 3: Effect of bio-fertilizers in the N content in rice in the field, 2003, Narephat.
Treatments Total Nitrogen content (t/ha)
Soil Grain Straw

T1 3.8 22.0 20.2

T2 4.0 22.6 21.0

T3 3.8 21.2 20.4

T4 4.6 25.4 22.0

F-test (5%0) ns * ns

* statistically significant (5%)
ns statistically insignificant 30
possibly be due to the good cover and N supply by Azolla 2
however, the comparatively low straw yield might be ?__6 20 - |
due to the hinderance in the growth of plant due to thick §
Azolla cover. The reason for better grain yield and g 15
relatively low straw yield could also be due to the slow 8 10 - 4 @ soil
release of N by Azolla thus rice plant at its early stage z )
do not get sufficient nitrogen which is essential for better 5 4 || | ™ Grain
vegetative growth. Watanabe et al. (1997) reported slow O Straw
release of N by Azolla accounting for better grain yield. 0- -
Interestingly, Azolla double incorporation gave better T T2 T3 T4
yield than on its inoculation which could simply be due Treatments
to the additional supply of N to the crop. Better results Effect of bio-fertilizers in the N content in
by Azolla incorporation than inoculation have been rice, 2003, Narephat

reported by Maskey and Bhattarai (1982) and Watanabe
et al.(1997). The present findings agreed with the results
of Maskey and Bhattarai (1982), Mandal et al. (1999)
and Tuladhar (2003). However, the percentage of
increment varied from the increase reported by Subudhi
and Singh (1983) and Islam et al. (1984) which could be
due to the difference in the rice variety used, climatic
and soil conditions and the difference in the amount of
Azolla inoculated.

for higher grain yield. Comparatively poor performance
by BGA could be due to the failure of BGA strains to
colonize in the conditions here. Out of four, only one
strain Anabaena sp. could multiply luxuriously which
might be due to the variation in the climatic condition.
Singh et al. (1988) reported that BGA established itself
in 40 days after transplantation (DAT) and then increased
in biomass till harvest which might be the cause of low

Table 4: Effect of bio-fertilizers in the N content in rice in the pot, 2003, T.U., Kirtipiur.
Treatments Total Nitrogen content (t/ha)
Soil Grain Straw
P1 4.2 22.4 20.2
P2 4.4 23.8 20.8
P3 5.2 28.0 25.8
P4 5.4 27.0 23.0
P5 4.4 22.6 20.6
P6 5.6 27.0 25.2
P7 6.0 27.6 26.0
F-test (5%0) ns * *

* statistically significant (5%)
ns statistically insignificant

The better grain and straw yield by split application was
due to the availability of N to the rice at the early stage
as well as the later stages. Similar effect was reported
by Dhyani and Mishra (1993). According to them basal
dose of N is utilized for the vegetative growth and the N
supplied as top dressing at the latter stages of plant
growth is utilized in panicle formation which accounts
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straw yield while Azolla established itself within 30 DAT
and then started decomposing and thus releasing nutrient
to soil and water earlier.

Many scientists have reported increase in the N content
of soil and plant material. Bhattarai and Maskey (1987)
reported considerable increase in the N content of soil
incorporated with Azolla. Similarly Singh et al. (1988)
reported increase in N uptake by grain and straw as
well as N content in soil. They found Azolla more effective
than BGA as more N was supplied by Azolla due to its
fast decomposing property. Prasad and Prasad (2003)
also observed the similar effect by BGA inoculation.

CONCLUSION

The use of Azolla and BGA results better yield and
improves the N content in rice by biological nitrogen
fixation. Thus Azolla and cyanobacteria can become an
eco-friendly, cost effective, renewable source of N to
the flooded rice which can result better yield and
sustainable agriculture in the long run.
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