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Climatic constraints limlt year around growth of azolla

in Bangladesh. Maximum biomass of about 23 ttha

was produced in a period of one month during August

and October and started to decline thereafter with thg

decrease in tempetature. The optimum time fo.r azolla

multiplication was from early July to mid-November.

No azotla survived duting the cool season undar

natural conditions. To maintain the inoculum' repeated

application of phosphorus at 4 to 8 kg PsO5lhalweek

was essential. Grain yield obtained with 46.5 kg N/ha

from fresh azolla was similar to that with 61.5 kg Ni ha

from urea. At Joydebpur incorporation of azolla alona

before or after planting of rice gave grain yield sirnilar

to that obtained with 90 kg N/ha from urea'

Combination of azolla-N and urea'N in the ratio of

1:1 gave significantlv the highest grain yield in boro

season, while in wet season a ratio of 3 : 1 appeared

better in this resrect.

Price of fertitizer is getting higher due to the increasing cost cf
world's fossil energy. The poor farmers of Bangladesh can

hardly use a balanced dose of fertilizer for their crops. To

combat the crisis of the staple food, cropping patterns involving

many non-rice crops are being replaced by rice monocrcp

pattern, particularly in the irrigated areas. For gradual increase

in the intensity of rice cultivation, paddy soils are kept

waterlogged almost round the year. Because of the high cropping

intensity in onc hand, and the use of the crop residues as

fuet or cattle-feed on the other, the level of organic matter in

most soils of Bangladesh has gone below the optimum far

successful crop production (Anon, 1983).

To improve this degraded soil, cropping system should include at

least one dry cycle or non-rice upland green manuring crop.



2 Azotta in rice cultivatiun

because the latter would improve soil physical properties and
crganic matter level besides supplying nitrogen. Azotta, a water
tern, grown all over the tropics can be an important green
manuring crop for rice since it can f ix N as much as 1.5 kg N/ha
daily or 500 kg N/ha annuatly in a oaddy field (watanabe et al.,
1981). Hence, the use of azolta for rice production is widely
practiced in many rice growing countries (Lumpkin g plucknett,
198r ).

ln Banglanesh farmers usuaily remove azolla from paddy field
considering it as weed. Based on some preliminary work at
BRRI, soms farmers around Joydebpur tearned to use them
as fertilizer for lowland rice but still the usefulness of Azolla
is not widely known. This paper is a summary of work done
during 1978 to lgBI at BRRI on the possibility of using azotta as
bio-fertilizer tor rice cultivation in Bangladesh.

MATERIALS AND METHODS

Effect of air temperature and solar radiation o1 muttiplication.
rhree strains of Azolla pinnata were collected from lndia,
Malaysia and Norshingdi (Bangtadesh; and were grown in one
square meter plot arranged in RCB with three replications from
March to November during lg8o end 1ggl. Azolta inocutum at
25 glmz was applied in the plots and the totat biomass produced
during one month was recorded.

After harvest azolla was placed on iron sieve to drain out
excess water for about an hour and then green biomass weight
was recorded.

Effect of phosphorus, Azolla' (Norshingdil was grown in z.lxzm
plot in August, 1980 and J uly 1g3l and l gg2. Azolla was
inoculated at 300 g7mz. phosphorus in the form of powdered
TSP was applied on the azolta as solution at o, 4 and g kg
P'or/ha once a week. The ptots were arranged in RcB with
three rep!ications, Green biomass producec in each week was
recorded and the total green bionnass produced in two weeks
are presented.
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Effect of atalla on rice yield

Azolla as a source of nitrogen. Nitrogen at20,40 and 60 kgTha

was supplied from either fresh azolla or pritled urea. These

treatments wore compared with checks involving no-added N
and 80 kg N/ha from prilled urea. Nitrogen from urea was applied
in three equal splits as per recommended practices. Rice variety
BR4 was planted in August, 1978. All treatments were arranged
in RCB with three replications. All othar cultural managements
were given as par recornm:ndation for T. Aman crop. The

study was conducted on a silty clay soil of Bangladesh Rice

Research lnstitute, Joydebpur.

Proportion of N ftom urea and azolla. Nitrogen at 83 kg/ha was
applied from fresh azolla (green manure) and urea in the
ratios of 1:1, 1:3 and 3:1 . The variety BR4 in aman, (wet
and warm season), 1978 and BR3 in boro (dry and cold season).
1979 were used for the trial. ln another treatment only 20 kg

N/ha each from azolla and urea totaliing 40 kg N/ha w'as applied.
The treatments were compared with a control involving no-
added nitrogen. All treatments were replicated thrice and were
arranged in BCB design. I

Rice-azotla duat cuiture. Six lietd experiments were done during
the period from 1980 to 1982 both at the research station and

at farmer's field. Azolla at its full cover stage was either incor-
porated with the soil before ptanting onty once or !vas allowed
to grow with the rice crop until it covered the whole field,
Then azolla was incorporated with the soil once or twice

(Table 2 and 3).

ln another treatment azolla was incorporated rrith the soil boti:
prior to and after planting of rice. All treatments were arrangeC

in a RCB design with three replications.
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4 Azolla in rice cultivation

RESULTS AND DISCUSSION

Growth of azolla

Effect of air temperaturc and solar radietion. Growth of azolla

started to increase with the increase in air temperature during

March to August and started declining thereafter with the

decrease in temperature (Fig, 1 e 2). The maximum gTeen
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oc solar radration. (g calfcme/dry)
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Fig. 1 Diurnal fluctuation in air temperature and daily

sclar radiation (bar graph) a t Joydebpu r.
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Fig . 2, Production of Azolla biornass at Joydebpur

(BRBL 1980-81), November data are of
f irst two weeks.

biomass Norshingdi strain (about 23 tlha'1 was harvested during

August and the same amount was harvested from Malaysia

strain during October. The optimum time for Azolla multipli-
cation was from July to November. As the fernc grew older its
green color changed to pink or reddish which was exactly similar
to that of phosphorus-def icient azolla plants. During October

or Novembqr these became pinkish under full sunlight and

remained green under shade and sporulation took place during
February-March. Though azolla remained green under subdued

light during the hot period no correlation existed between solar

radiation and groarth of azolla. Though light is required for
photosynthetic activity of azolla, its growth rate was reported to
be higher in 25% sunlight during m!ddry in the tropics while
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rn6 Azclla rice cultivation

the nitrogenase activity was high in s0% fuil sunlight (Becking,
1g7A ; Lumpkin and Plucknett, l982).

This indicates that shading perhaps changed the microclimate that
elevated the night temperature under the artificial shade and
promoted the growth of azolla.

Many workers (as noted by Lumpkin and Plricknett, 1982)
reported that depending on strains or species azolla can survive
within the range of -5oC to 45'C ; but generally the optimum
was between 20" to 30"C. The optimum temperature for growth
of A. pinnata was about 25"C.

Effect of phosphorus

The green biomass of azolla produced af ter 15th day of inocula-
tion increased by about 291to 907o with 4 kg P,OrTha while
doubling of this dose increased biomass further by about 4 to
23o,L only at Joydebpur lTable 1). Phosphorus deficient azolra

Table 1 Effect of phosphorus on production of azal la

biomass (kg /mr) at 15th day (BRRI-Joydebpur)

Kg P=0;,ha
frcm TSP

August, 1980 July,1981 July,1g82 Mean

0

4

I

1.05

2.00

2,35

2,66

3.44

3.5 3

2,1 6

3. C2

3.7 I

1 .96

2,82

3.21

Note : Incculum size was 300 g/m:

turned redd ish brcwn and became brittle w ith
Phosphorud and i ron are the rna in growth
elements of azol Ia (Lurnpkin and Plucknett , 1

eta1.,1983; Anon, 198Z). For continuous
P,{halday is being applied at IRRI (Personal

elongated roots.
limiting nutrient
982; Van Hove

cu ltu re 0.59 kg

communicatio n ) ,
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Lumpkin and Plucknett (1982) recommended application of 0.5
to 1.0 kg P/halday for normal growth of azolla. At Joydebpur, the
rate of increase of biomass sharply declined when the dose of P
was increased from 0.25 to 0.50 kg/ha/day (from 4 to 8 kg
P,Or/ha;.

Use of azolla in rice production

Azolla as organic fertilizer for rice is widely practiced in China

and Vietnam, The benef icial effects of azolla as gr€en menure

are (a) when grown in dual culture with rice it supplies nitrogen
to rice crop, (b) it adds organic matter to the soil and improves

the physical, chemical and biological condition of the soil.

Azolla as a source of nitrogen. Grain yield of rice increased with
the increase in nitrogen supply either from fresh azolla or urea; the
rate of increase being abcut 26 kg more with the fresh azolla
than with urea for the first each kilogram of N applied. Usrn3

the best fitted regression model the N level for maximum
grain yield was estimated at 61.47 kg/ha frorn urea as compared
tc only 46.5 kg,rha from fresh azolla (Fig.3). This indicates
that application of azolla not only supplied N but also improved

soil environment that promoted yield even at lower rate of
added nitrogen. Such effect of azolla on soil has been

reporteC by many workers 1 Lumpkin and Plucknett, 1982 ;
lRRl 1977, 1978, 1979; Chu, 1979 ; Singh, 1379; De Datta,

1981). Beside these incorporation of azolla at 10 tlha reduced
Zn-def iciency and at 50 ti ha the crop was completely free from
Zn-def iciency (Srinivasan, 1981 ). Likewise incorporation of azolla
corrected boron toxicity to some extent (Watanabe et a1,,1981).
When averaged over N rates, use of fresh azolla gave about 8!ro

more yield than when urea was used. Application of nitrogen
{rom fresh azolla at2O,40 and 60 kg/ha increased grain yield
by about 7, 1 I and 7Ai; respectively over the same amount
of nitrogen supplied from urea (Fig. 3).
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