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ABSTRACT

Azolla pinnata is mostly observed in the north eastern coastal plains, eastern and south eastern coastal plains of Odisha. Use of Azolla as green
manure on rice plant was better than N- fertilizer as it yielded more tillers with longer panicles, more straw weight and grains. Straw weight and
grain yield in wet season is less as compared to dry season. Thus, in Odisha a big amount of nitrogen fertilizer costing a huge amount of capital can
be saved in each year through the use of Azolla as biofertilizer in the rice cropping system.
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INTRODUCTION

Fertilizers are utilized to improve the capacity of the soil to supply the
necessary nutrients in an agricultural system. In under developed
countries many farmers cannot afford inorganic fertilizers. This has led
to interest in bio-fertilization with emphasis on biological nitrogen
fixation (Peoples etal., 1995; Wagner, 1997).

Aquatic fern Azolla is a promising nitrogen-fixing bio-fertilizer for
rice and commonly found throughout the world floating on the surface
of water of ponds, ditches, canals, channels and rice fields (Singh,
1977a & b). A symbiotic relationship with a cyanobacterium,
Anabaena azollae (Stras.) enables Azolla to fix atmospheric nitrogen
(N,). Due to its rapid growth and high N content, 4zo//a has been used
as a green manure for rice cultivation in Northern Vietnam (Dao and
Tran, 1979), Southern China (Liu, 1979; Lumpkin & Plucknett, 1980)
for centuries. The studies carried out in India (Singh, 1977a, b, c,)
Philippines (Watanabe et al., 1977), USA (Talley et al., 1977) Sri
Lanka (Kulasooriya & de Silva, 1977), Egypt (Yanni et al., 1994) and
Africa (Capparico etal., 2000).

The agriculture in Odisha is characterized by low productivity due to
traditional agricultural practices, inadequate irrigation infrastructure,
small size of holding and low investment. The rice production of
Odisha was 8.38 million tonnes (2162Kg/hectare) in the year 2016-17
which was 7.61% to all India rice production (Source: Directorate of
Economics & Statistics, DAC & FW).

In both tropical and temperate regions, Azolla has been used as a
replacement or supplement to the chemical nitrogen fertilizers for the
rice cultivation (Lumpkin & Plucknett, 1982; Moore, 1969; Talley et
al., 1977; Singh, 1979 a, b; Rojenani & Chulan, 1992). It is either
grown as a green manure or as a dual crop with rice after
transplantation (Rains & Talley, 1979; Singh, 1979a). The effect of
Azolla on growth and yield of rice has been reported (Moore, 1969;
Olsen, 1972; Talley et al., 1977; Singh and Singh, 1987; Singh &
Singh, 1986 a, 1987b, 1994, Manna & Singh, 1989). However, report
on the effect of indigenous A. pinnata on growth and yield of rice in
different soil groups of Odisha is lacking.

Thus, the present study was aimed to grow 4. pinnata isolates as green
manure forrice with varying levels of chemical N-fertilizers in order to
assess yield. The growth and N-yield of A. pinnata isolates at different
levels of the N-fertilizer were observed so as to analyse its quantitative
utilization as a biofertilizer in different agroclimatic zones of Odisha.

MATERIALSAND METHODS

Paddy soil was collected from OUAT farm, Bhubaneswar for the
greenhouse experiment. Ten kg soil was added in to earthen pots of 30cm
diameter and 28cm height after air drying and sieving. Fresh Azolla of
various weights (10, 20, 30 and 40g) were incorporated in to the soil of
the pots separately and left for decomposition. The soil was nicely
puddled after 7 days. Three weeks old rice plants cv. Khandagiri, were
transplanted at two hills per pot. Different levels of urea (30kg, 60kg and
90kg) were added separately to the pot soil after 7DAT. The pots were
keptflooded until and 2 weeks beforerice harvest.

The following 4 pot experiments were performed at different levels of

nitrogen fertilizer@30,60 and 90kg/ha with different fresh weight of
Azollaincorporated in the soil prior to the transplantation.

The following treatments were performed in this study (Fig.1).

Fig.1: Experimental Framework

Azolla Fresh Weight in g/pot
Urea 0(T,) | 10(T;) | 20(Ty) | 30(T,) | 40(Ty)
Kg/Hector| 0 1T, 1T, 1T, IT, 1T,
30 2T, 2T, 2T, 2T, 2T,
60 3T, 3T 3T 3T, 3T,
90 4T, 3T, 4T, 4T, 4T,
RESULT
Crop response:

Pot experiments were performed taking urea (30, 60 and 90kg N/ha)
and Azolla as green manure (10, 20, 30 and 40 g/pot). Pot without
Azolla and urea (1T,) was treated as control group. The growth was
better observed in dry season than wet season. The crop response was
observed on 90 day after transplantation (DAT). The response was
highest with application of urea (90kgN/ha) along with Azolla
(30gm/pot). The overall response showed a steady increase with
increase concentration of urea and Azolla.

Height:

The height of rice plant 1T, (4zolla 40gm/pot) was 7.5% more than that of
control and at par with 2T, (30kgN/ha). 2T, and 2T, were 5.2% and 6.5%
more than 1T, and 2T, respectively. 3T ,and 3T, were 3% and 6% more than
2T, and 2T, respectively. The plant height for 4T, was 6.3% more than 3T,
Treatmentat4T,inurea (90kgN/ha) gave similar response as recorded at the
concentration of 60kgN/ha urea and Azolla 40g/pot (3T;). 2T, and 3T, are
comparable to 1T, and 2T; respectively. All the treatment for 90kgN/ha
remained at par (fig.2). Similar trend was observed during wet season. The
height of rice plant was found to be maximum at Azolla @40g/pot with
urea @90kgN/ha (4T;) in wet season.

Fig.2: Effect of varying levels of Azolla and Urea on the HEIGHT
of rice plant
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Tiller number and Panicle length :

Maximum number of tiller was found in highest level of urea
(90kg/ha)) for both dry season and wet season than the control. The
number of tillers for varying levels of urea was found to be increased
with the increase in the quantity of green manure incorporated into the
pot soil. Maximum number of tillers was found for 4T in wet season
recording 248% increase over that of the control but 7.6% reduced
during dry season than 4T,. Azolla 40gm/pot gave 35.3% more tillers
than the control and at par with 2T,. Tiller number for 2T, and 2T, were
found at par with 3T, and 3T, respectively for both dry and wet season,
taking both urea and Azolla into consideration. The growth was
significant in Azol/la 40gm/pot with urea 60kgN/ha (3T,) as compared
to 2T, during wet season (fig.3).

Similar trend was also observed in the length of the panicle during dry
and wet season with regards to number of tillers. It was observed that
treatments in both the seasons, T, and T, were significant over control
taking Azolla into consideration.

Fig.3: Effect of varying levels of 4zolla and Urea On theTILLERS
NUMBER ofrice plant.
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Straw weight:

It was observed that incorporation of Azolla as green manure (T4 and
T5) was found to be significant over the control. Incorporation of
Azolla @ 40gm/pot along with 30 and 60 kg N/ha (2T, and 3T,) were
31.2 and 17.6% more than urea @30kg N/ha (2T,) and 60kgN/ha (3T))
respectively during dry season. Straw weight for 3T, was found at par
with that of urea 90kgN/ha with or without Azolla (fig.4)

Similar trend was observed in straw weight during wet season. Straw
yield for 4T,and 4T, were 12.32 and 25.1% more than 3T, during wet
season.

Fig.4: Effect of varying levels of 4zolla and Urea On STRAW
YIELD ofrice plant.

Grainyield :

The grain yield with varying levels of Azolla incorporation in
combination with urea was found to be significantly higher than
application of urea alone. The variation was observed at urea 90kgN/ha
and Azolla 40gm/pot (4T, and 4T;). The yield was slightly decreased.
The grain yield with urea at a higher dose is at par with lesser dose of
urea and Azolla .

The grain yield was maximum (135.8%) in urea 90kgN/ha with Azolla
30gm/pot (4T,) during dry season than the control. This yield was
closely followed by urea 90kgN/ha with Azolla 20gm/pot (4T;). The
grain yield in combination of urea (90kgN/ha) with Azolla (0, 10 and
40 gm) were at par (fig.5).

The grain yield in urea (90kgN/ha) and Azolla (40gm/pot) was 13.8%
(4T,) more than 3T, during wet season which is closely followed by
urea (90kgN/ha) and Azolla (30gm/pot). The yield was significantly
higher in urea with varying levels of Azolla than the control.

Fig.5: Effect of varying levels of Azolla and Urea On GRAIN
YIELD ofrice plant.
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DISCUSSION
Crop response:

From the present study, it was found that the effect of Azolla as green
manure on the rice plant was definitely better as compared to the N-
fertilizer.

Height:

Maximum height of the rice plant was observed at higher dose of
nitrate in combination with Azolla. Low dose of nitrate with Azo/la can
be compared with higher dose of nitrate without Azolla. Significant
increase in plant height has been observed by Singh and Singh (1987)
when A4zolla was incorporated at early stages of rice growth period.

Tiller number and panicle length:

Urea @ 90kgN/ha resulted maximum number of tillers. It was better
than urea 60kgN/ha and lower dose of Azolla and at par with urea
60kgN/ha and higher dose of Azolla in dry season. In wet season, the
maximum tiller number was obtained with higher dose of nitrate in
combination with higher dose of Azolla. The effect shows 40gm of
Azolla replaces 30kgN/ha which is in accordance with observation
made by Watanabe et al., (1977)). Increase in tiller number with Azolla
application has been observed by Singh and Singh (1987). Application
of Azolla with or without nitrate increased the length of panicle over
control.

Straw weight and grain yield:

Straw weight was maximum with higher dose of urea and 4zo/la in dry
season. In wet season, higher dose of Azolla (40gm) with urea
90kgN/ha yielded maximum result. Maximum straw weight in wet
season is less as compared to dry season. Higher dose of Azolla is
comparable with lower dose nitrate. Higher dose of Azolla with lower
dose of nitrate are comparable with higher dose of nitrate and lower
dose of Azolla. Similar trend was observed in grain yield.
Incorporation of 8-10 tons of fresh Azolla/ha produced the same rice
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yield as that obtained with application of 30-40kgN/ha through
ammonium sulphate, the increase in grain yield being 47% over
control (Singh, 1977b). Use of 7000 kg/ha Azolla compost has an
effect equivalent to 94.5 kg/ha of urea, which is 73% more over control
in wet season (Carrapico ef al., 2000; Watanabe, 1982; Van Hove,
1989; Yanni et al, 1994). This finding agrees with data obtained in pot
experiment. Increase in grain weight with 4zo/la application has been
observed by Singh and Singh (1987). It proves the potential use of
Azolla as a green manure in rice cultivation. Green manuring is more
suited for short duration rice (CRRI report). Accordingly, the result
was encouraging in short duration variety “Khandagiri” used in the
present study where Azolla was substituted for 30 kg N/ha of urea.

POSSIBLE FERTILIZER SAVING:

In Odisha rice is grown in more than 4million ha producing
8.38million tonnes of rice  (Technical report or EARAS, Dir. of Eco.
and Stat., 2016-2017). Contribution of Odisha to the food grain basket
of the country is estimated at about 7.61% in 2016-17. Normally the
farmers use 1 bag (50kg)of urea (46%N) at transplanting and another
bag at panicle initiation stage per acre, thus total 46kg N/acre
corresponding to about 114kg N /ha is used for rice. Taking 4million
hectare as rice area, the nitrogen consumption comes about 456000ton/
rice crop in Odisha. On the average, Azolla caused rice grain yield
equivalent to application of 30 kg N/ ha, corresponding to saving of

th

1/4" of the present consumption Rs.260/ bag of urea i.e. Rs. 130/ha.
Therefore about Rs. 520 million can be saved through the use of Azolla
as biofertilizer per rice crop in Odisha.

Thus in Odisha a big amount of nitrogen fertilizer costing a huge
amount of capital can be saved in each year through the use of A4zolla as
biofertilizer in the rice cropping system.
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