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ABSTRACT

A field study was conducted in the Lower Moshi Irrigation
green-manurialProject, quantifyTanzania, theto

potential of Azolla grown as

Parallel studies on the in situ decomposition raterice.

of Azolla and the effect of the rice canopy on Azolla N

accumulation were also undertaken.

Azolla alone and in combination with 40 and 80 kg N/ha as
compared with untreated control or, 160was
These treatments were tested on Wahiwahikg N/ha as urea.

rice varieties in(indigenous) (improved)and IR54 a

split-plot design with 3 replications. Each plot received

Rice leafbasal phosphate dose of 20 kg P/ha as TSP.a

height, tiller number,chlorophyll plantcontent,

flowering and maturation time, panicle excertion, panicle

grain number per panicle, panicle

fertility, grain weight and the ultimate grain yield were
recorded.

An inoculation rate of 3 t/ha yielded 19.63 t/ha of fresh
Azolla in 15 days and contained about 26 kg N/ha. The

Azolla decomposed very fast, loosing 90% of its weight in
3 weeks of incorporation into soil.

a dual crop with irrigated

number per unit area,

urea (45% N)
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Azolla alone significantly (P = 0.05) improved rice leaf

chlorophyll and most of the other parameters cited above,

the improvement being comparable to that obtained with

or,
160 kg N/ha Despite itsalone. low Nas urea
contribution, Azolla demonstrated considerable potential
•n promoting rice performance conditions of theunder
Lower Moshi Irrigation Project. Given the low amounts of

contributed by Azolla, studies identifyfurtherN to

other possible rice growth-promoting in Azollafactors

are suggested at the study site and in other rice growing
areas in Tanzania.

Azolla supplemented with successive amounts of urea
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CHAPTER ONE

INTRODUCTION

1.1 General

The yield of rice in Tanzania is still very low, currently
estimated at 1.5 - 2.5 tonnes per hectare (Kanyeka et al.,

ricelowfor thenumber of factors1994) . accountA
yields. These (among others) include poor weed management,
insect pests and diseases, unavailability of high-yielding
varieties and poor/low fertiliser use by farmers (Kihupi,

majorHoribata theAccording (1992), factor1997). to
associated with the yield decline in rice yields has been
inadequate supply of nitrogen.

It has not been possible to stabilise rice yields even in
irrigation schemes where improved agronomic packages for
rice production have been disseminated and adopted. In the
Lower Moshi Irrigation Project (LMIP) for example, rice
yields had improved from 2 t/ha in the early 1980s to an
average of about 7 t/ha in 1985 (Horibata, 1992) . However,
the yields per unit have continuously been decliningarea
over the years to the current 5 t/ha. With regard to the
issue of fertilisers as cited above, high rates of N (150
kg/ha) inrecommended order achieve the highwere to
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levels of rice yields. This rate of N fertiliser is too
high for many farmers to be able to maintain, regardless

(i.e. fertilisersof industrialthe thesource or
various types of natural fertilisers or manures).

for the inorganic/industrial fertilisers,As
unaffordableescalating them thehave made tocosts

This aggravated by themajority has beenof farmers.
of subsidy on fertilisers. theremoval by government, On

who able to purchasethe few farmershand,other are
fertilisersnitrogenous couldinorganic themuse

achieve highesttheir theexcessively in effort to
possible yields. Excessive use of industrial fertilisers,

could be pollutive to the environment.on the other hand,

fertilisers (biofertilisers), whichnaturalofThe use
non-polluting,renewable, andconstitute generallya

could effectively reduceinexpensive resource the above
constraints.

Farmyard manure, is
not sufficient for all rice growers. It is also bulky to

from the homestead the farm, especially sincetocarry
.some farmers live as far as 20 kilometres away from their
farms. riceThe of thestraws, other hand, isuse on
hindered by the difficulties of their incorporation into

although available in the LMIP area,

their ever-

of N
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soil; theirthe low N their ofand slowcontent rate
decomposition especially conditions.under flooded

in the LMIP and surrounding areas, rice strawsMoreover,
Green-manuring, with

whicheasily farm andplants bethat grown oncan
decompose easily in flooded conditions, could therefore be
the best alternative.

in inhave beenAzollaof thePlants use manygenus
countries particularly China, Vietnam and India (Watanabe,

and are considered the appropriate source of green1996)
The appropriateness of Azolla is mainly due to itsmanure.

ability to grow concurrently with rice in flooded soils.
intercropped with rice thatbethereforeIt nosocan

transport costs are incurred as is the case with farmyard
appropriatewithassociation the algalInmanure.
ability fixalso has theAzollamicrosymbiont, to

atmospheric nitrogen (Singh, 1979a). Consequently it has a
high N content ranging between 3 and 5% (Watanabe, 1996) .
Mineralization of Azolla and transfer of N to rice is also

quite rapid (App et al., 1980), especially when the Azolla

is incorporated into the soil. Therefore, the Azolla-N is
readily-available ricethe into thecrop concurrent
season (Singh, 1979a).

are mainly fed to ruminant animals.
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Both indigenous and introduced species of Azolla have been
inin Tanzania,areas

in therefore, bethe Azollafact, abundant LMIP. can,
effectively utilised as green manure for rice in the area.

Despite its stated potential, Azolla alone,
cannot always provide allwith other green manure plants,

yields,optimum ricerequired fornitrogenthe
particularly the high-yielding varieties. The amount of N

soilAzollacontributed by Azolla depends the ecotype,

properties, agroclimatic conditions and Azolla management

in the field (Watanabe, 1996) . Many researchers working on
recommend thebiofertiliser supply NtoAzolla as a

inorganic nitrogen forsupplementaryaddition of some
optimum production of lowland rice when Azolla is used.

However the levels of the inorganic fertilisers that could
effectively be combined with Azolla for the optimum yield

among other things,of
with the field environment and the Azolla ecotype.

1.2 Problem analysis and objectives

Although the potential of Azolla as a biofertiliser has,
for a long time, been recognised in other countries, its
use in both Zanzibar and Tanzania mainland has so far been
limited. farmers still consider it as a

as is the case

In many areas,

a particular rice variety vary,

and they are,identified in some
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weed and usually they incur additional production cost in
removing it from their fields. This is because very little
research and information dissemination have been done in
Tanzania,

biofertiliser under the various rice growing environments
1996a). Only preliminary studies in(Alli, 1996; Wagner,

the form of unreplicated field trials on the potentials of
far been done in

Tanzania (Alli, those studies,1996a).1996; Wagner, In

the beneficial effects of Azolla on rice crop performance
were qualitatively assessed whereby, the rice plants grown
with Azolla looked comparatively greener and stronger than

systematic studieswithout Azolla. of Azollathose No
appear to have been conducted in Tanzania, in particular,

contributionquantitatively evaluate the andN to,to
rice growth and yield. This studysubsequent effect on,

carried out at the LMIP with the general objective ofwas
quantifying the potential of Azolla

rice,intercropped with inalone combination withor
inorganic nitrogenous fertilisers. The specific objectives
were:

determine1. theTo biomassAzolla and nitrogen
accumulation when dualgrown as a crop

with rice.

to popularise the full potential of Azolla as a

as green manure when

some exotic species of Azolla have so
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To determine the Azolla decomposition rate under2.

field conditions.

3. To determine the growth and yield performance of
two rice varieties planted with Azolla alone and

in combination with inorganic fertiliser nitrogen.
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CHAPTER TWO

LITERATURE REVIEW

its microsymbiontGeneral morphology2.1 of Azolla and
Anabaena azollae

group of aquatic ferns thata
fresh water

ecosystems (Becking, 1979). The Azolla plant, often called

branched, shortfrond (van 1989), has stemHove, aa
slightly(rhizome) arranged.that bears alternately

overlapping, deeply bilobed leaves and adventitious, thin
When floating on water it forms a mat that usuallyroots.

surface when optimal growth conditionscovers
exist. In the dorsal (chlorophyllous) lobes of the leaves,

reside ni trogen-f ixing blue-greenthe alga Anabaena
azollae Stras.(Becking, 1979).

Anabaena azollae is a prokaryotic organism which
unbranched filaments formed by two types of cells, the
smaller but numerous vegetative ones which are capable of
photosynthesising, and the slightly larger ones
(heterocysts) synthesisethat the complexenzyme

occurs as

occur widely in both temperate and tropical
The genus Azolla includes

the water
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(nitrogenase) ammoniumthem producethat enables to
(nitrogen compounds) from atmospheric nitrogen.

The relation between Azolla and the alga is, naturally,

associated in all stages life cycle ofof the the fern
and is automatically(Becking, 1979 1989)Hove,van

generation of Azolla thetransmitted otherto

provides various nutrientsThe fern(van 1989) .Hove,
(photosynthesised carbon compounds) and protection to the

nitrogen-fixingits(microsymbiont). Throughalga
the microsymbiont in turn, provides the amountactivity,

1978; Becking, 1979; van Hove,and the fern (Peters, 1976,

1989) .

2.2 Occurrence of Azolla in Tanzania

Both indigenous and introduced species of Azolla occur in
Tanzania Indigenous(Watanabe, 1996). species such as

nilotica is inAzolla abundant the LMIP at Upper
Mabogini; Mandaka-mnono village; areas in and around Kahe-

infarms Mkomaziand valleyNAFCO and Kwemazandu
smallholder inscheme district.Korogwe
According to Alli (1996), introduced species occur in some

one of permanent symbiosis because the two organisms are

from one

of nitrogen which, in most cases, is sufficient for itself
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of Ungu j a (Zanzibar) Island (Mtwango, Mwera,areas
Bumbwisudi) and in Peinba Island (Kinyakuzi, Mangwena) . In

Tanzania mainland, introduced Azolla species occur in the
Moshi Irrigation Project (LMIP) , KwemazanduLower

(Korogwe) and in the Mkindo smallholder irrigation scheme
The list may not be exhaustive because only(Morogoro).

limited establish withhas been donefar tosurvey so

certainty the extent of the occurrence of different Azolla

species in many areas where rice is grown in Tanzania.

Environmental r equirement s Azolla-Anabaenaof the2.3
association for optimum productivity

As any other green plant, Azolla grows better where there
is air, light,adequate supply of and essentialwater

nutrients (Becking, Detailsmineral 1979) . of these
requirements are reviewed in the sections below:

2.3.1 Water

Azolla multiplies best and reaches maximum productivity in

terms of biomass per unit time and N2 accumulation when
floating shallow fresh water, preferably 2.5-5.0on cm
deep (Chung Chu, 1987; Lumpkin, 1987b; 1989;
Ventura and Watanabe, 1991). The shallow depth of water

van Hove,
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the soil and absorb essential plant nutrients (van Hove,
especially at the early stage of its1989; Wagner, 1996)

growth (Singh, 1979a). When rooted in only humid soil, the
fragment and disperse hence, theyunablefronds toare

theirin result,pile (overpopulate) Asspots. a
is 1989).productivity lowered (van Deep waterHove,

which do not allow firm anchorage of Azolla rootslevels,
tend to amplify the sweeping effect of windsto soil, on

causing it to accumulate onAzolla,

creating a premature overcrowded condition (vanand thus,
addition. high winds turbulence1989) . InHove, cause

fragmentation ofincreases dispersion Azollaandwhich
Azolla growth andfactors lowerAll thesefronds. N2

fixation (Ashton, 1974).

2.3.2 Temperature

The response of various strains of Azolla to temperature
is very complex (van Hove, 1989). However, it is generally

(35-40°C) 10°C)high andthat lowknown (below
do adversely affect Azolla varyingtemperatures to

depending on the ecotypedegrees, (Meelu et al., 1994).
Generally, optimumthe fortemperature growthAzolla

ranges between 20. and 35°C (Pande, 1978; Lumpkin, 1987b;

one side of the plot

or in contact withenables Azolla roots to come near to,



11

van Hove, 1989).
major according their adversetolerance totogroups

Some species such as A. filiculoides and A.1989). rubra

though slowly, withstandlow, butat cannotcan grow,

pinnata hardly survive at veryand many ecotypes of A.

but withstand higher otherlow, Yettemperatures. some
species for example, A. caroliniana and A. microphylla are

not affected by extremes of Thus, they cantemperature.
and are quitegrow comparatively faster even at very low,

tolerant of higher temperatures.

2.3.3 Light intensity and duration

light affects photosynthesisAzolla, andIn toappears
nitrogenase activityregulate of the heterocysts of

independently of C02 fixationAnabaena azollae, (Bar et
al., 1991).

According to Talley and Rains (1980b) and van Hove (1989),

Azolla reaches its maximum growth rate at 25-50% of full
sunlight, is, itthat best in less fullthangrows

sunlight. Both growth of Azolla and nitrogenase activity

The Azolla ecotypes are divided into 3

higher temperatures. Others like A. mexicana, A. nilotica

temperature ranges (Pande, 1978; Lumpkin, 1987b; van Hove,
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of in(1974)reported by Ashton
South Africa, to be highest at 50% of full sunlight.

Low light intensities, such as those caused by dense rice
fixation ofreduce the of growth and N2ratecanopy,

(1974) noted that in one-Azolla.

eighth of full sunlight in(about 12,000 lx) and full

sunlight, nitrogenase activity low (0.5 pmolthe was

According to Lumpkin (1987a),C2H2/g fresh weight/hour).
influencing growth,rice will 2-3the start atcanopy

and will stop growth in mostweeks after transplanting,
Azolla species at 45 days after transplanting, depending

characteristics.environmentaland Moreover,cropon
positiveLumpkin Bartholomew (1986) reportedand

correlation of Azolla growth rate with day-length. They

optimum photoperiodalso reported that the for Azolla

growth is 20 hours.

Generally, Azolla prefers an environment with
degree of shading. rice fields, depending of plantIn
density and growth stage of the rice plant, a shading of
50-75% of the sunlightactual withoutmay occur
interfering with the of photosynthesisrate and N2
fixation in Azolla (Becking, 1979) .

In South Africa, Ashton

the microsymbiont were

a certain
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2.3.4 Minerals

Phosphorus, potassium, calcium and magnesium are important
macronutrients (Becking,for 1979) .Azolla growth
Micronutrients are also required by the Azolla plants in

the usual concentrations required for optimum growth of
other green plants but cobalt and molybdenum are specially
required in higher amounts by the microsymbiont for N2
fixation (Lumpkin, Azolla also thrives well when1987b).
supplied with enough (ferrous) iron (Becking, 1979).

Azolla pinnatabehaviourtesting thethe ofWhen to

various macronutrients usingdeficiency freshof
fixationandweight(FW), total rateN content N2

(acetylene reduction assay - ARA) as indicators, Watanabe
(1977) observed that phosphorus deficiency reducedet al.

N content and nitrogenase activityFW production, total
16 and 3.5%, respectively,(ARA) by 22, relative to the

control (plants receiving a complete nutrient solution).

When potassium was deficient, FW production and total N
reduced 32 andcontent to 24%. of the control,were

respectively, but ARA was increased 2.4 times compared to
the control.
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With calcium deficiency, the plants produced only 9% FW
Moreover, nitrogenaseand had 5% total N of the control.

activity could not be detected, in fact the fronds lost
conditionsthe microsymbiont ofunder suchaltogether,

Calcium deficiency.

Magnesium deficiency reduced FW production and total N
respectively, butthe control,22content to

1.3 times that of theincreased the nitrogenase activity,

control.

itFrom the observations made by Watanabe et al. (1977),

is obvious that the balance of nutrients is important not
only for Azolla growth (dry matter production) but also,

for nitrogen fixation. Nitrogenimportantly,and more
some nutrientfixation was increased by the presence of

but reduced by otherselements (P, Ca,Co,Mo) (K,Mg)
[Watanabe et al., 1977].

symptoms of deficiency ofThe elements Azolla,some on
have visually been ascertained by many researchers. For
instance, phosphorus-deficient plants smaller andare
fragile; are less vigorous; have a pink to red colour and
develop very long (Yatazawaroots al., 1980). Theet
dorsal lobes of the calcium-deficient plants are intensely

and 77% of
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red; fronds become easily fragmented (Watanabe, 1982) and
thin and light in colour (Malavolta et

1981). Potassium-deficient plants have dark-brown andal. ,

and their frondsstunted roots (Malavolta et al., 1981)
yellowish-brown in colour (Watanabe, 1982) . Iron-are

deficient plants, on the other hand, become yellow, due to
depleted chlorophyll, and their roots are thin and whitish

(Malavolta et al., 1981).

required bynutrientsvarious mineraloflevelsSome
arbitrarily suggested bybeenAzolla have some

researchers. In a laboratory experiment by Yatazawa et al.

(1980), Azolla neither grew nor exhibited full nitrogenase
activity in a nutrient solution whose macronutrient (P, K,

concentration was below 0.03, 0.40, 0.40 andMg and Ca)
respectively. nitrogenaseThe Azollammol 10.50

activity was not fully realised when the concentrations of
above-mentioned respective macronutrientsthe lesswere

than 0.03, 0.60, 0.50 and 0.50 mmol 1 The minimum
concentrations of micronutrients (Fe, Mn, Mo and B) which

0.3 and 30 pgl'1,Azolla required for growth were 50, 20,
respectively. In another study by Becking (1979), Azolla

thrived well when supplied with enough (ferrous) iron,
preferably in a concentration of 9.1 kgFe/ha within a pH
range of 5.5-6.6.

roots are short,
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Under natural soil conditions however, phosphorus is the
limiting nutrient element for Azo 11a growth and N2most

fixation (Watanabe Subudhial. , 1980; and Watanabe,et

requirements with1981). the AzollaHowever, vary
species/ecotypes. According Pande (1978), theto
application of is1.75 3.50 kg P/ha forto necessary

strains in field.of Azolla theproper growth of most

(1989), observed that laboratory-grown AzollaKondo et al.

pinnata (an isolate from Niger) showed higher growth and N
content at a P level of 3.1 ppm. Likewise, Cary and Weerts

greenhouse experiment,in observed that(1992), A.a

filiculoides produced maximum biomass at apinnata and A.

and 20 mgPl-1, respectively, inconcentration of the5
solution. Accordingnutrient the(1989),Hoveto van

critical concentration deficiencyfor the ofonset P
is about 0.03 ppm and a deficiency of P [<0.22%symptoms

is accompanied byof dry matter (DM) ] reduction ofa
nitrogenase activity nitrogenand in Azolla.content

Sikander and Watanabe (1987) reported thresholdHowever,

values for P deficiency to be 0.1% of the Azolla DM. When

its5.1% of dependingto species andDM, ecotypeson
(Sikander and Watanabe, 1987; van Hove, 1989) .

enough P is available, Azolla can accumulate N from 1 up
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2.3.5 Relative Humidity

Both low and high humidities have adverse effect onan
At relative humiditiesAzolla. (RH) less than 60%, Azolla

becomes fragile and may dry up (Hamdi, At higher1982).
especiallyvalues with highof those coupledRH,

the growth of insect pests and fungi, whichtemperatures,
attack Azolla, is stimulated (Watanabe, 1982). The optimum

(1982) lies betweenRH for Azolla as reported by Watanabe
8 5 and 90%.

2.3.6 Soil characteristics

much importancecharacteristics Azollasoil ofThe to
growth (other than nutrient content) are pH and salinity.
The optimum pH for Azolla is in the range of 4.5 7.0.

Azolla can survive and fix N2 over a wider rangeHowever,

of pH (3.5 to 10) [Ashton, 1974; Watanabe et al., 1977;
Lumpkin, 1987b; Lumpkin and Plucknett, At higher1980;] .

indirectvalues, the adverse effectspH such as
insolubility of certain essential elements and
proliferation of cynobacteria, reduce Azolla growth (van
Hove, 1989).
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Various species and ecotypes Azolla exhibit varyingof
degrees of tolerance salinity but, according toto van
Hove(1989),

to Azolla growth.

2.4 Some essential indicators of Azolla growth

Azolla growth is indicated by an increase in biomass and
indicatorsproductivity 1989) . These(van Hove, are

reviewed as follows:
2.4.1 Biomass accumulation

increase in AzollaAccording (1989),Hoveto anvan

environmentalfavourableunit underbiomass area,per
conditions is represented by a sigmoid curve, partitioned

in which, successive phasesfive phases eachinto two

overlap.

(exponential growth)first phase justThe starts after
Azolla fronds are introduced into the field at a specified

inoculation density (fresh weight of Azolla unitper
Individual fronds start multiplying at a slow (butarea).

increasing) rate, until they touch each other end to end,
but each frond still being able to float freely. At this

beyond 3 mhos. cm'1
soils having an electrical conductivity (EC)

are generally considered unfavourable
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point, Azolla growth (linearthe second phaseenters
growth) whereby Azolla fronds interweaveexpand and
rapidly, but at a constant rate, until they form a single­
layer thick mat, covering all the available water surface
on which it floats. Overcrowding of fronds then starts
(third either comingphase). frondsSome start
(progressively) on top of one another or start developing

erect bearing. interweave.they startLater toan on,
indicationThese phenomena, later downslow (an of

decelerating growth). third phase,the end of theAt
maximum interweaving of Azolla fronds is reached and they

this point,multiplying. Azolla would haveAtstop
attained maximum growth and hence maximum biomass. The

is maintainedmaximum biomass (fourth phase) for some
time. the fourth phase. large part ofAt a
Azolla fronds will be shielded from light by those above
them, hence reducing their photosynthetic activity (Rains

Talley, 1978b) and the overalland growth of Azolla

(Pande, 1978). Finally (fifth phase), the shielded layers
(fronds) start degenerating.

The amount of biomass that Azolla can accumulate has been
reported by van Hove (1989) and Meelu al. (1994)et to
range between 12 and 120 t/ha, with an average of

the end of
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depending20 40 t/ha, field andmanagementon

envi ronmen tai c ondi t i on s.

2.4.2 Azolla productivity

indicates biomassproductivity isAzolla. muchhow

given time interval i.e.,accumulated per unit area over a
time taken for the Azolla mat to completely cover a given

The time the Azolla mat takes to develop and cover aarea.
will factors, theunit depend, other onamongarea

interaction between Azolla inoculation density (biomass

time of inoculation, cultural practices,per unit area) ,
Withconditions and Azollaenvironmental the ecotypes.

of Azolla mat ishigh inoculation rates, complete cover

withearlierachieved low ofthangenerally rates
inoculation rate of 200-300 (freshinoculation. g

, Ventura and Watanabe (1991) observed that the
inof hectarecoveredAzolla mat 10 15toone

days. Singh (1979a) reported that Azolla inoculated as an
intercrop covered hectare in100 bunded,at ag
flooded fields after rice transplanting in 20 to 30 days.
An inoculation density of 250-500 g (fresh weight) in
many environmental conditions,

the Azolla mat

m'2

weight) m-2

m-2
was recommended by van Hove

(1989) , regardless of whether or not Azolla is grown as a
monocrop or as an intercrop. At this rate,

an area

At an
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will develop fast enough incorporated for timelybeto
availability, its nutrients theof accumulated to
concurrent rice crop. This would enable the mat to develop
earlier controlling weeds,side benefitand offer ofa

increasing rice yieldsfrom (van 1989).Hove,apart

recommended Azolla inoculation within 5Satapathy (1993)

days after rice transplanting.

Pandereported by Watanabe al.(1977),has been etIt

and Kulasooriya et al. (1987) under the bestthat,(1978)
field conditions such as in wetland fields with adequate

its weight 6double 3Azollaphosphorus, toeverycan

The maximum productivity that many Azolla ecotypesdays.
This is theachieve is 3 1989).d' (van Hove,can

peak period of growth and N2 fixation (i.e., the middle
stage of the linear phase of growth).

2.5 Azolla N accumulation

isAzolla able accumulate largeto of byamounts N
absorbing some mineral forms of N from the growth medium
and fixationthrough of atmospheric nitrogen in
association with the microsymbiont alga. It is generally
accepted that

the algal symbiont is passed to the Azolla plant (Peters

t ha-1

a major portion of the nitrogen fixed by
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According to Rains and Talley (1978a,b),1979) .
Meelu al. fully-grown(1994) and Watanabe (1996),et a

of one hectare can accumulate
this8-121 kg of nitrogen, depending on management. Of

nitrogen, is contributed byof 50 90% theamount to
atmospheric N2 fixation Watanabe(Lowendorf, 1982; and
Liu,

intercropped with rice plantsis (asWhen Azolla one

aspect of Azolla management in the field), complete cover
to competition for space and lightreached due

nitrogenof(Becking, Consequently, the1979) . amount

accumulated by one crop of Azolla intercropped with rice
(Rainskg/ha and Talley,and 75between 8can range

1996) but is generally, between 25 and
30 kg/ha (Singh, 1979a).

2.6 Effect of combined
the growth of, and N2 fixation by, Azolla

The effect of combined N in the environment on the growth
is controversialof Azolla (van 1989) . AlthoughHove,

Azolla is capable of growing in N-free media due to the

nitrogen-fixing ability of the microsymbiont Anabaena, it

combined N in the medium increases Azolla growth rate. The

Azolla mat covering an area

(mineral) N in the environment on

1978a,b; Watanabe,

is never

et al.,

has been established that the presence of some levels of

1992; Roger and Ladha, 1992; Watanabe, 1996).
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levels, however, depend the Azolla Forecotype.on
instance, Cary and Weerts (1992), observed maximum growth
of A. pinnata and A. filiculoides at a nitrogen (NH4+ and

level of 1 and 10 mgl-1, respectively.NO3’) On the other
hand, the presence of combined N has also been found to
reduce BeckingAzolla observedgrowth. (1979) 34%a

reduction in Azolla FW production when combined N (NO3‘-N)
introduced in the growth medium relative the FWtowas

produced in medium.the N-free The effect however was
reported to have been indirect the NO3 -N caused theas
proliferation of green algae which competed with Azolla

for growth factors.

The nature of the effect of combined N on Azolla growth is
function of the interaction of many factors such as thea

combined speciesthe ofof Azolla andform theN,

prevailing environmental conditions. For instance, Chung-
in China, reported that when the average day(1987)Chu

17°C, inabout nitratetheN formtemperature was was
still effective in increasing Azolla growth, while N in
the NH4+ ineffective.form theAt temperaturewas same
however, urea suppressed Azolla growth.

The of combined in theN medium inpresence other
instances, is however known inhibitivebeto N2to
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fixation by Azolla. Combined N adversely affects Azolla N2

fixation mainly by reducing the heterocyst (site for N2
fixation) frequency in the microsymbiont (Singh and Singh,

although the degree of the reduction is still not1989),
well understood. According to Becking (1976, 1979), Peters

the reduction in(1978) and Lumpkin and Plucknett (1980),
Azolla nitrogenase activity in the presence of combined N

in the study

by Singh et al. (1992a), NOa" levels of 5, 15 and 2010,

N2-fixationsignificant inhibition [asofcausedmM
Reduction Activity (ARA) ] ,Acetylenemeasured by the

compared to the N-free controls. The reduction occurred at
16, 12, 8 and 4 days after NOa" application, respectively.

arises factfrom the that theThe above controversy
nitrogenase in the microsymbiont to be protected,seems
the protection being more or less complete depending on
the species and the ecotypes (van Hove, 1989) . The species
whose nitrogenase is therefore fix
substantial atmosphericof inamounts theN2, even
presence of high levels of combined N. The mechanism by

which protection is achievedthe however, notwas
indicated.

Generally however, the levels of combined N that cause
significant reduction in Azolla fixation,N2 are

in the medium is not so pronounced. However,

more protected will
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considered to be substantially high (Becking, The1979) .
Azolla-Anabaena symbiosis exhibits
in fix nitrogen inthat continue theto even

combined nitrogenof thatlevels ofpresence aresome
to be inhibitoryknown other N2-fixing systemsto most

In the work by Manna and Singh (1989) ,(van Hove, 1989).
fixation,inhibition nitrogenofof the process as

determined by the ARA, was not detected up to a fertilizer
in rice fields. Accordingof kg N/ha the60 torate

Becking this attribute is possible because both(1979)
assimilatedcombined N and fixed atmospheric N2 becan

fern and thesimultaneously of theby the roots
microsymbiont enclosed in the aerial parts of the bilobed
leaves, respectively.

2.7 Techniques of Azolla utilisation in rice production

ineither the rice fieldsbeAzolla grownmay as a
monocrop prior rice transplanting; intercropto anas

between rice plants(dual crop) after transplanting; a

in some plots away from the rice fields and later brought
and applied in the rice fields as green manure (either as
fresh matter or after it has been composted). In the rice
fields, Azolla incorporatedbe (ploughed inmay or

an important attribute

combination of mono- and inter-crop; or it can be produced

it will
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trampled) into soil die andthe just be allowed toor
decompose Lumpkin,soilthe (Singh,surface 1979a;on
1987a). Among these techniques, intercropping, with one or

subsequent incorporations into soil, has beenthemore
found especially withbe the cost-effective,to most
transplanted rice culture (Singh, 1979b; Lumpkin, 1987a;

Intercropping is water-savingSatapathy, 1993). also a
practice in the the water isthat shared betweensense

Azolla and rice as compared to monocropping which requires
some

then required establishis theAzolla. towaterMore

subsequent rice crop.

Timely incorporation of Azolla maximises its fertilising
split application ofis comparablewhicheffect, to a

fertiliser Rosenaniinorganic (van 1989; andN Hove,
Chulan, 1992). Early incorporation of Azolla into the soil

essential inis because, that the willAzollacase,
decompose faster and supply N (and other nutrients) at the
time they needed by rice plantsthe (Singh,mostare

and1979a; Shen, 1985) . if it isTung Moreover, not
incorporated early (i.e.,enough 15 21 days after
inoculation) , the Azolla becomesmat thick toso as
suffocate young rice seedlings, or impair rice tillering
(Tung and Shen, 1985). The ofperiodsuggested

considerable amount of water to pre-establish only
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incorporation is that which allows thestated above,as
Azolla accumulate sufficient nutrients maximumto and
biomass of 2 to 4 kg.m . This is the period when the C:N
ratio will not have increased beyond 10:1 (Singh, 1979b),
that is, when the Azolla growth phase is still linear. The

timely incorporation is synchronise theof toessence
release and availability of Azolla-N with the period when
rice plants need it most.

fieldPrior to incorporation, should thoroughly bethe
incorporation. Thisdrained issuccessful Azollafor

achieved when 80%
underground even after re-flooding (van Hove, 1989) .

2.8 Release of Azolla-N and its availability to the rice
crop

Mineralization of Azolla rice isand transfer of N to

reported to be quite rapid especially when the Azolla is
into soilincorporated the (App al. , Singh1980) .et

observed that it took between 3(1979a) and 6 weeks for
incubated atAzolla, release 62room temperature, to to
itsof The80% Azolla-NN. reported to have beenwas

available to the concurrent rice crop (Singh, 1979b; Ito
and Watanabe, 1985) and its uptake by rice plants was

or more of the Azolla biomass remains
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comparable with that of inorganic-N (Rains and Talley,
Rosenani1978a,b; and Chuian, 1992; Watanabe, 1996). It

has been reported that Azolla into the mediumexcretes
of its fixed N, in the ammonium (NH4+) form, duringsome

its growth (Silvester, 1972; National Academy of Sciences,
1979; Chung-Chu, 1984; Watanabe, 1984) . ofHowever most
the Azolla-N becomes available rice after the Azollato

has decomposed. Tung and Shen (1985) noted that Azolla

its incould release 26 28% of total theN content
ammonium form, after decomposition.

Mineralization of Azolla after incorporation into the soil
with species.differs and Shen(1985) found thatTung

Azolla species which have high lignin content (e.g Azolla

filiculoides) decomposed slowly and often showedmore

mineralisationincomplete withcompared those lowto
lignin (e.g Azolla microphylla}. Azolla frondsHowever,
with high N generally foundcontent decomposetowere

withthan thosefaster low N content, regardless of
species (Ventura et al., 1992)
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2.9 Response of rice plants to Azolla-N

reports on Azolla research conducted in variousNumerous

countries generally indicate beneficial effects of Azolla

1994). Due to itson rice growth and yield (Meelu et al.,

Azolla-N benefitsfast mineralization as already stated,
observed that Azollabeenthe hasconcurrent Itcrop.

leaf area index,inoculation increases rice plant height,
nitrogen uptake and dry matter (Singh and Singh, 1988). It
also increases the number of tillers per hill, number of

1000-grain weightand thepanicles meter,per square
(Subramani and Kannaiyan, 1987).

factors,depends upon manyThe yield however,response
including the species and quantity of Azolla applied, its

cultural method of growing and applyingthe
time and frequency of application, initial soilAzolla,

geographical location and prevailing weatherfertility,
1978; Rains and Talley,conditions (Singh, 1979a; Pande,

Kannaiyan al., Lumpkin,1978a,b; 1983; 1987b).et For
Davis, California,instance, (1978)at Peters reported

that Azolla, applied both as a monocrop and an intercrop,

increased rice yields by 216% while in China, Lay et al.
(1989) reported a yield increase of only 30.6%, over the
unfertilized controls.

N content,
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The yield-increasing effect of Azolla is more pronounced
when it is used in combination with inorganic sources of

pot study in which the combination of Azolla pinnata (750
mg fresh weight) with 30 mg N (urea)/kg soil resulted in
the highest grain yield riceper pot of(12.92 g) the
cultivar IR8-5 as compared to 10.68 g obtained when Azolla

source of nitrogen. The yield wasthe sole
also greater than the 11.92 (60 mg
N/kg soil) was used as In this
experiment, the yield (8.24 g/pot) obtained in the control

(no Azolla,treatment

lowest.

incorporatedthe of Azollaeffect ofThe amount was
clearly shown by Alexander (1988) in his report

1981) study he had conducted at(1980 Pattambi,year
India. In this study, combining 5, 7.5 and 10 t of Azolla

with 90 kg N/ha as NPK fertiliser resulted in 3.7, 4.2 and
t/ha of grain yield,3.7 respectively. Simi lar—sresul t s

obtained even when 5,were

combined with 45 kg N/ha as NPK,
and 3.2 t/ha, respectively. thatIn study, 7.5 t was

on a two-

a sole source of nitrogen.
g obtained when urea

no inorganic fertiliser N) was the

was used as

the yields being 3.4, 3.7

nitrogen. In Pakistan, Alam (1989) reported results of a

7.5 and 10 t of Azolla were
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considered ricethe optimum of Azolla foramount
production.

Regarding the effect of prevailing weather conditions and
the timing of Azolla application, Singh and Singh (1988)

in the wetobserved that, the application of 500season,

fresh weightkg Azolla pinnata/ha,of week afterone

planting resulted in higher yield than applying the same

3 or 4 weeks after planting. Moreover,amount of Azolla 0,

the yield obtained from applying the same amount of Azolla

3 weeks after planting in the wet season was comparable to

obtained by applying the 4that amountsame

weeks after planting in This indicated
that earlier application of Azolla was better in the wet

season while the Azolla applied too early or too late in
the season had the same effect of not increasing yield.

Sisworo et al. (1990) also reported that, when applied at
transplanting and at the maximum tillering stages of rice

inorganicgrowth, both Azolla and fertiliser at an

yield.

the dry season.
of Azolla

equivalent rate of 3 0 kg N/ha resulted in the same rice
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Description of the experimental site

The experimental field Kilimanjarothelocated atwas
Agricultural Training Centre trial infarm the(KATC)
Lower Moshi Irrigation Project (LMIP), 17 km south-east of
Moshi town. The weather of the site for the previous year
and at the time of the experiment, as recorded at the KATC
weather station, is presented in Table 1.

soilsCharacterisation experimentalof the of the3.2
site

A composite soil sample was taken at 15 cm depth (plough
experimentalin field inlayer) the and analysed the

laboratory for texture using hydrometer method (Gee and
1986), pH (in water and in 0.01 M Kcl according toBauder,

the method described by Mclean (1982), organic carbon (wet
oxidation method) described by Nelson and Sommersas

(1982), total nitrogen (micro-Kjeldahl method as described

by Okalebo et al. (1993), DTPA-available zinc as described
by Lindsay and Norvel (1978), extractable phosphorous
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(ascorbic acid method described Okaleboby etas
cational.(1993), exchange capacity the(C.E.C) by

ammonium acetate method and exchangeable bases (Ca, Mg, K,
Na) by atomic absorption spectrophotometry as described by
Thomas (1982) . The results of the above analyses are
presented in Table 2.

3.3 Experimental design and layout

The following ricetested, two
(improved, medium-maturing)varieties namely IR54 and

Wahiwahi (indigenous, early-maturing).

Control (no Azolla, no inorganic fertiliser N)1.
Azolla alone (no inorganic fertiliser N2 .
Azolla + 40 kg N/ha3 .
Azolla + 80 kg N/ha4.

160 kg N/ha (without Azolla)5.

Urea (45% N was used as the inorganic fertiliser referred
to in the above treatments.

treatments were each on
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Table 1.

Month

8.063 0.1 22.4January
8.466 0.0 22.4February
7.568 1.2 24.4March
4.6April 10.7 25.184
1.722.55.785May
2.90.8 21.884June

21.4 4.40.583July
21.84.377August

24.2 5.50.079September
4.524.11.992October

24.8 4.22.590November
4.425.33.392December
4.025.58.292January

25.5 4.02.892February
26.7 5.51.392March

Source: Meteorological data sheet, KATC station

= not recorded

Rainfall
(mm)

Evaporation
(mm)

Relative 
humidity 

(%)

Air 
temperature 

(°C) ‘

T nr

Some meteorological data recorded at the KATC weather 
station (daily averages) from 1st January 1997 to 31st
March, 1998

nr

* Average of mean daily maximum and minimum, compiled by the author
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The experiment 2 factorial, in5 arrangedwas a x a
split-plot design in which the two rice varieties formed

sub-plot Each of the abovetreatments. treatments was
replicated 3 times giving a total number of 30 plots, each

2with an area of 18 m' (3 m x 6 m) .

inorganic N used in Treatment almostrate ofThe
currently recommended atequal to the rate (150 kg N/ha)

the LMIP (Horibata, 1992).

3.4 Nursery establishment

mechanically puddled, makenursery plot toThe awas
day before sowing theseedbed,andsmooth wet pre-a

varieties.rice seeds of each of thesprouted two
fertiliser (urea), the ofNitrogenous 57.5 kgat rate

applied to 14 days after sowingN/ha, was
(DAS). This fertiliser rate in the nursery is that

the main plot treatments and the five N sources were the

the nursery,

5 was
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Characteristic and Unit Value

7.2pH (H20): 1:2.5 w/v)

6.2pH (KC1): 1:2.5 w/v)

0.66Organic carbon (%)

0.07Total nitrogen (%)

28.05(mgkg )

(cmolckg-1) 6.8

(cmolckg'1) 5.9Mg

(cmolckg'1) 0.16K

(cmolckg'1) 0.45Na

(mgkg'1) 0.93Available zinc

(cmolckg'1) 13.1C.E.C.

Particle size analysis:

43(%)Clay

33Silt (%)

24Sand (%)

Textural class : Clay

Extractable 
phosphorus

Table 2. Some physico-chemical properties of the 
soil at the experimental site

Exchangeable bases:
Ca
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recommended for the LMIP (Horibata, 1992) . The nursery was
well-maintained in of control andterms waterproper
protection against insect and disease pests for the entire
period of 25 days. This was done to ensure strong, healthy
and uniform rice seedlings.

3.5 Preparation and management of the experimental field

3.5.1 Land preparation

the experimental plotsPuddling and demarcation of was
done a day before transplanting. Each plot was bound by an

inserted to a depthimpervious polythene sheet (Plate 1)
Raisedsoil. (Platein bunds 2)theof 15 werecm

constructed to prevent undesired lateral movement and/or
fertiliser and Azolla from one plotspill-over of water,

In addition, some openings were made throughto another.

and shielded by wire mesh. The openings served as safety
against overtopping of the bunds becausevalves they

provided spillways for the excessive rain water. The wire
mesh was intended to protect Azolla from being washed out
under conditions of excessive rainwater. Relatively deep
ditches were also provided between plots,

the raised bunds, at 10 cm-height from the plot surface,



Plate 1. Impervious plastic sheets (blue coloured) being inserted 
around each plot

Plate 2. The stage (15 days after inoculation) at which the Azolla 
mat had completely covered the available space in the plot 
where the author is standing.

■



(b)

(b) . A mat of Azolla being incorporated into the soil 
by hand-pushing and foot-trampling

Plates 3 (a),
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sides of plot minimisingthe bunds hence lateral
percolation of water (and fertiliser) from one plot to the
other. Whenever the depth of water above the soil surface
decreased below 2-3 cm, water was replenished in each plot
directly from the irrigation channel.

taken to minimize chances ofwere
could occur were water movement allowed across the plots.

Basal phosphatic and initial nitrogenous fertilisers were
puddlingsoil just beforein theincorporated was

completed. Phosphatic fertiliser (TSP), at the rate of 20
kg P/ha, was incorporated in all plots to supply the 17 kg
P/ha recommended for optimum rice production in the LMIP
(Horibata, 1992) and the 3 kg P/ha necessary to sustain a

better growth of Azolla (Pande, 1978) . One-half of each of
the prescribed inorganic nitrogenous fertiliser rate was

incorporated in those plots which were intended to receive
supplementary fertiliser N (see section 3.3 above).

After the plots were prepared, water was allowed into the
plots. About 3 cm-deep layer of water was allowed to stand

for convenient transplantingin of ricethe plots the
seedlings. This shallow depth of water was maintained for

sufficienta
water, heat and air exchange which are required for proper

and were always filled with water to saturate the outer

treatment mix-up that
All these measures

few days after transplanting to allow for
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establishment of the rice seedlings and Azolla (van Hove,

1989; Horibata, 1992; Tsuboi, 1992).

3.5.2 Seedling establishment

Twenty five day-old seedlings were transplanted in(25)

the experimental plots at spacing of 20 20a cm

cm
recommended for proper rooting and optimumin the soil,

1992) . Three seedlingstillering of rice plants (Tsuboi,
planted per hill to minimise chances of establishmentwere

hill. Gap-filling unavoidableofin thefailure each

missing hills was done within 10 days after transplanting.

3.5.3 Planting and maintenance of Azolla

species isstrain tentativelyAzolla, whoseofA
carolinianaconsidered Azollabe (Watanabe,to I. ,

personal communication, and one which is abundant1996),
in the LMIP, was broadcast in the respective plots, at the

of 5.4 kg fresh weight (FW)/plot i . e. ,rate

just after rice transplanting. The Azolla was allowed to
grow and multiply in the plots until it formed a mat which
completely covered all availablethe between thespace
rice plants, in a single layer.

300g FW/m2,

cm x

(commonly-used in the LMIP) and at a depth of about 3
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of standing water was maintained in each plot
for five days (including the day of transplanting) and
thereafter, the depth of water was gradually increased to,
and maintained at about 10 cm in the entire duration of

two weeks before harvesting,the crop. the plotsHowever,

of the rice. A metre-rule was used to measure the required
indepth of water the plots.

done when the need arose.

Determination of Azolla growth, and analysis of its3.6
chemical composition

The quantity and quality of Azolla was determined before

its incorporation into the soil. This was done after the

Azolla mat was mature i.e., after the mat had completely

covered the available space in the plots (Plate 2) . On the
inoculated Azollait took 15 days for the toaverage,

mature.

biomass (inAzolla of freshThe weight)terms was
determined in the field at the appropriate time as stated

chemical compositionabove. The determined bywas
laboratory analysis of a representative sample drawn from

were drained to allow for proper maturity and harvesting

About 3 cm

Additional irrigation was
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the lot that was left in the field for incorporation into
the soil. The sampling procedures are as detailed below.

Two representative samples
m2)within each plot. samplingThe (0.25area was

demarcated by a square frame (50 cm x 50 cm) , the ends of
which were vertically pushed into the soil shallow
depth (few centimetres) . Using a perforated plastic bowl

samplingentire inof Azolla thethe mat area was

quantitatively recovered. Each Azolla sample was

thoroughly rinsed in water to remove any adhering soil and
contaminants. cleaned sample allowedTheother towas

weighedsampledrain Then thethoroughly. was on a

itsdeterminesensitive balance 10 g)(accurate to to
determinationsweight. such made andfresh Two were

replicate in theeach plot relevantaveraged for
The total Azolla biomass in the entire plottreatments.

calculated while the amount per hectare was obtainedwas
by extrapolation. The two samples obtained as explained
above were then mixed to get a composite lot. One-half of

composite sample returned thethe plots fortowas
subsequent incorporation into the soil while the other was
taken to the laboratory for its N, P and organic carbon

determination,(OC) followingcontent the procedures

described in section 3.2. Results of the Azolla chemical
analysis are presented in Table 3.

were collected from two areas

to a
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3.7 Incorporation of Azolla into the soil

Having determined the amount of Azolla in each plot, the
level of water in the plots was allowed to subside to let

soil intouch surfacethe order to
facilitate its incorporation. Then the mat, together with

incorporated into soil byhand-pulled weeds, thewere
hand-pushing and foot-trampling (Plates 3a and 3b) . To

incorporated,determine
day after each incorporationthe plots were re-flooded a

allow the unincorporated Azolla float. Then, thetoto
determined using theamount of unincorporated Azolla was

procedures explained in section 3.6. The amount of Azolla

incorporated was then calculated as the difference between
incorporation whichandbefore thatthe amount was

that taken forfloating, andless N, P OC
determinations. With these methods of incorporation, 60 to

of(mean of 80%)90%
incorporation could be incorporated. Two incorporations
were achieved before the rice plant canopy reached a state
where further incorporations without causing substantial
physical damage to the rice plants impossible. Thewas
second incorporation was done 30 days after transplanting
(DAT).

the quantity of Azolla that was

of Azollathe mat

which was

the Azolla that was intended for
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The disturbance (mechanical pressure) caused by trampling

plots by weeding the Azolla-free plots at the same time as

those with Azolla. Weeds were also pushed or trampled into

the soil in the same way the Azolla mat was treated.

3.8 Determination of Azolla decomposition rate

subsidiaryperforming thisinmaj or interestThe
the decomposition pattern ofto determineexperiment was

since itsparticular field, ofinAzolla that rate

nutrientdecomposition is likely to related thebe to
is the one whichreleased from it. The best green manure

would release the nutrients at the rate which would enable
their proper and timely utilisation by the rice plant with

minimum losses.

the otherin the plots with Azolla was also applied to
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Characteristics and units Value

Fresh weight (t/ha) 19.63
Dry weight (t/ha) 1.01
Total nitrogen (%) 2.57
Total phosphorous (%) 0.27
Organic carbon (%) 37.80

(ratio) 15:1C:N

The procedure, in principle, was that based on the litter­
bag technique as described by Anderson and Ingram (1993) .
Some modifications were made to suit the environment and

available. Azolla materialequipment that Thethe were

(500g FW) was loosely packed in onion meshed (1 mm)-bags,
to mimic the thickness of the Azollain such asa way

in fieldsingle (about 1 cm) the beforelayer
incorporation. facilitateThe bags used towere easy
retrieval of the undecomposed material from the soil at
each sampling.

The bags were buried at about 15 cm depth in the soil and
incubate in situ.left The levelto of watersame was

maintained at the site of incubation as it was in the main

Table 3. Biomass accumulation and chemical composition 
of the Azolla ecotype used as a green manure
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and
weeks after incorporation. Three bags were retrieved
each sampling time.at retrievedThe bags theirand

a
series of meshes with varying sizes, arranged from the
largest (4 mm) the smallest (0.6 mm) . All the
material that passed through the 0.6 mm-mesh was
considered Thishave been decomposed. smallest meshto
size had conveniently been used by Wangari (1995) .

the remaining manure materialAt each sampling time, was
oven-dried at 60°C to constant weight. It was then ground

fine dust using the laboratory CYCLOTEC 1093 sample
mill. The following parameters were then determined on it:

(i) Residual (i.e., undecomposed) dry matter
(ii) Residual organic carbon

(iii) Residual phosphorus
(iv) Residual total nitrogen

The quantities of DM, P and OC that were releasedN, on
any sampling time,decomposition, implied fromat were

their residual amounts.

The above parameters were monitored because in a previous
study by Nikokwe (1992), they were found to be fairly
consistent in describing decomposition patternthe of

2 nd
rd

contents were thoroughly washed under the tap and over

to a

experimental plots. Sampling was done on the 1st

down to
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Leucaena and Clotalaria green It was desired tomanures.
if this consistency also applies for Azollasee geen

manure.

The chemical analysismethods used for the for the
residual inand the those usedN, P OC same aswere

characterising the Azolla (see Section 3.2). The residual

by weighingobtained undecomposed AzollatheDM was

material on a sensitive METTLER P162 balance (accurate to

residualresults ofThe0.01 g) . DM, N, P are
3 and 4, respectively.indicated in Figures 1, 2,

3.9 Measurement/determination of the response of the rice
in their varyingcrop to the two sources of N,

combinations

Response of the rice crop to each treatment was determined
observing the general growth performance.by The

parameters recorded were: leaf chlorophyll content, plant

earliestof possibledateand harvesting (maturity),
panicle excertion, number of panicles, number of grains on
a panicle, percentage of ripened grains(fertility), weight
of grains and ultimately, the grain yield per unit area.

height, number of tillers per unit area, date of heading,

and OC
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Details the determinationsof of these parameters, are
presented as follows:

3.9.1 Measurement of leaf chlorophyll content

conditionindicator ofof overall the plant,thean
Plants become greener (i.e.,particularly the N content.

their nitrogenchlorophyll)have contentasmore
increases, and vice versa. Greener leaves will show higher

chloroticchlorophyll meter reading (SPAD values) than

leaves.

involved visualfirst of theThe procedure assessment
rice in replicateof plants allthecolouroverall

treatments (i.e., all plots), then the degree/intensity of
the greenish colour (chlorophyll content) was determined

Minolta chlorophyllusing (SPAD-502) thatmetera

indicates the relative amount of chlorophyll present in
simplicity,leaves values.plant SPAD For theas

chlorophyll content of 10 newly-expanded leaves per plot
(one leaf per hill) was determined at the booting growth

The booting stage is indicated by the bulging ofstage.
the flag-leaf sheath as
rice panicle which, at this stage, is still enclosed in

a result of the expansion of the

The amount of chlorophyll present in leaves can serve as
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the sheath. The SPAD values of the 10 leaves was taken as
the plot value. These presented invaluesaverage are
Table 4.

3.9.2 Plant height and number of tillers

for the above determinations was eight(8)The sample size
(two rows adjacenthills per plot, excluding border rows

which showedsides the plot)ofplot bunds,to
unusually better growth). The randomborder effect (e.g.

plot sampling technique was used as recommended by Gomez
and Gomez (1984).

(the rice growth
stage explained in section 3.9.3). For plant height, eight

In thissingle-hill sampling units used. thewere case,
height of the tallest plant in each of the eight selected
hills was recorded (Tsuboi, The number of tillers1992) .

counted at the stage of panicle initiation
(Tsuboi, Paniclevarieties initiation1992).for both

stage is a rice growth stage whereby the panicle starts to
form at the apex of the topmost node of the rice stem. The
stage marks the beginning of the reproductive stage of the
rice plant.

per
plot. Each unit comprised four adjacent hills that formed

per hill was

Tillers were counted at two points (sampling units)

on all

Plant height was measured at maturity
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the square). The results of plant height and number of
tillers are presented in Tables 5 and 6, respectively.

3.9.3 Heading and earliest possible harvesting (maturity)
time

defined the heading and earliest possibleTsuboi (1992)
harvesting (maturity) dates as the dates at which 50-60%
of the total panicles are headed and at which 80% of the

respectively. Althoughpanicle turn yellow,
characteristic ofmaturity datesheading and aare

the nitrogenindicators ofvariety, they can serve as
level ofthethe plants because, P,of atstatus same

plants deficient in nitrogen normally tend to head and
mature a bit earlier than those with enough or excessive

supplied withRice(Tsuboi, plants1992) .nitrogen
excessive N grow luxuriously. If much of the N is supplied

early stage of plant growth, the of thein the onset
reproductive phase is delayed. On the other hand, plant
maturity may be prolonged if much of the N is supplied

the reproductive stage has (Tsuboi,late after started
1992) .

(each hill being located at the corner ofa unit square

grains on a
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The procedure to determine heading and maturity involved
selecting 10 hills per plot for which the panicle numbers

recorded everyday, starting firstthe day thewere on
plant headed until normal heading was complete, then the
date corresponding to the time when 50% of all plants in
the ten hills had headed, taken as the heading date.was
For the maturity date, 10 hillsthe weresame
used but only the oldest panicle in each hill was observed

(yellowing) its grains, whichdaily maturityfor of
normally starts from the tip of the panicle and progresses

conveniently dividedThe panicletowards was
representing ofinto five each 20% theequal parts,

panicle. The maturity date was recorded when four parts of
each panicle (80% of the grains on each of the panicles)
had yellowed. The results of heading and earliest possible
harvesting time are respectively presented in Tables 7 and
8.

3.9.4 Panicle excertion

excertion eventuallyPanicle the spikelets toexposes
fertilisation, of whichshortadequate they will be

either infertilecompletely the kernels will notor
develop to full size, the overall effect of which is a
severe reduction in the final yield.

as above,

the base.
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Sheath caused by fungus Acrocylindri umrot a oryzae

occurred the booting of plantat growth andstage
interfered with the normal heading of many plants in the
experiment, causing poor panicle excertion and many unripe
grains (poor panicle fertility).

determine diseasewhether the effect of theTo was
hillstreatment-related, plot10 used.per were

Conventional rating of the disease incidence and severity
the appropriate diseasedone becausehowever, notwas,

rating scales relevant for the sheath rot disease were not
disposal at time.the Therefore, thethe author'sat

the disease was arbitrarily estimated by riceeffect of
panicle excertion. The decision to use the number of fully
excerted panicles to estimate the diseasethe effect of

after observing diseasearrived at symptomsnowas on
fully-excerted panicles. Moreover, the size of the panicle

inversely related to the seriousness of theexcerted was
disease the sheath that enclosing thesymptoms on was
particular panicle. alsoIt reported by Horibatawas

diseasethat sheath(1992) rot paniclecauses poor
excertion. The number of fully panicles,excerted
expressed as a percentage of the total number of panicles
in the 10 hills was used as the indicator of the extent of
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of this parameter are presented in Table 9.

yield determinants3.9.5 of theandMeasurement
grain yield

maturity, drained of the plotsAt water out towas
facilitate final sampling and harvesting, which were done
seven days after the plot drainage.

3.9.5.1 Yield determinants

The yield determinants defined by Matsushima (1967)as
number of panicles, number of grains, percentage ofare:

and grain weight.ripe grains (panicle fertility) At
yield determinants definedthe aboveharvest, as were

using a sample of 10 hills per plot.recorded, The number
(Pm’2)of panicles determinedmetresquareper was as

First,follows. the number of panicles in the ten hills

(Pio) counted and divided by 10 get thetowas average
number for a single hill. single hillThe average

multiplied by the number of hillswas per
(Hm-2) , obtained by dividing the by the plantarea
spacing. Thus,

for a

square metre

the effect of the disease in each treatment. The results
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-2= Pio/10 x Hm' (1)

The results of this parameter are presented in Table 10.
For the number of grains and grain weight, fertile grains

separated from infertilefirst The followingones.were
grainsfollowed. All fertile(bothprocedure andwas

the plants from the 10 hills were threshedinfertile) on
and then put in water. Fertile grains sunk while infertile

After this separation, all sinkers (S) and
floaters (F) were sun-dried.

To get the total number of grains per panicle (S + F),
first using counting machinefloaters counted,were a

(Everwell Corporation's MULTI-AUTO COUNTER,
80701). As ripen grains (sinkers) were comparatively many

in all countingtreatments,
machine would have been time-consuming so their number was
indirectly obtained first by weighing them on a sensitive
balance [Everwell Corporation's KAMOSHITA] (accurate to
0.05 g) to get their total weight (Wst) . Then, the weight

multiplied by 1000 and the product divided by thewas

weight of 1000 grains (Wiooo) to obtain the number of ripen
grains (sinkers) in all panicles (St) . Thus,

— Wst/Wiooo x 1000 (2)St

Pm’2

counting them directly by a

Model OC IUR

ones floated.
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of grainsThe numbertotal per panicle then(Gp) was
calculated as the sum of floaters and sinkers divided by
the total number of panicles in the 10 hills (Pio) , thus:

= (St + F)/Pio (3)

The results of this parameter are presented in Table 11.

the percentage of ripeThe panicle fertility (Pf), i . e. ,
ripecalculated by dividing number ofgrains thewas

grains per panicle (St/10) by the total number of grains
and then multiply the quotient by 100.per panicle (Gp)

Thus,

(4)x 100

The results of this parameter are presented in Table 12.

get the weight of 1000 grains, two batches, each ofTo
1000 fertile grains, taken and weighed to get theirwere

The average of their weightsweights (WSi and Ws2) . was
taken as the 1000-grain weight (WXooo) > thus:

Wiooo = (Wsi + Ws2) /2 (5)
The results of this parameter are presented in Table 13.

Gp

Pf = St/10Gp
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3.9.5.2 Grain yield

determined by the reaping test at
maturity (Tsuboi, 1992) . The sampling area per plot was 6

m )in withaccordance minimumthe (5 recommended
sampling rice yield determinationfor (Mughogho,area
personal communication, 1997). The sample plants from each

in respective(reaped), onionplot collectedcutwere

bags,
were then weighed. Using a grain moisture tester, (RICETER

the fresh weightJ301),

final graindetermined.basis (MCfW) Theharvestat was
thus:

= Gwth x [100 - x/(100 14) ] (6)

= Grain yield at 14% MC
Gwth = Grain weight at harvest

x = Grain moisture content (%) at harvest

The results of this parameter are presented in Table 14.

yield was then expressed in t/ha at 14% Mcfw,

where: Gwty

GWty

2 m

the grain's moisture content on

The grain yield was

threshed and winnowed to obtain the grains which
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3.10 Statistical analysis

done using the
MSTAT programme. Analysis of variance as outlined by Gomez
and Gomez
rice yields and its determinants. Means of the significant

New Multipleseparated by the Duncan'streatments were

(DNMRT) or the t-test as described by Gomez andRange Test
Gomez (1984) .

(1984) was used to assess

Statistical analysis of all the data was

treatment effects on
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Azolla nitrogen accumulation

of nitrogen accumulated by the fully-grownThe amount
Azolla mat was calculated as the product of the Azolla

dry weight and the percent total nitrogen (Table 3). On
crop of Azolla accumulated 26 kg N/ha.the average, one

That means that the two crops of Azolla accumulated 52 kg
rice plants preventedbefore of theN/ha the canopy

biomass accumulation.quantification of andfurther N

total of the fixed N2 theThis nitrogen was from

which soilair accumulated from the andthatand was
in the absence of N tracers such as the

possible determineisotope, it thenot towas
proportion of the total N that was fixed from the air. As
Azolla was allowed to remain in the plots throughout the
growing period of ricethe the total ofamountcrop,

biomass and N accumulated and released by the Azolla for
the whole growing period of the rice crop could have been
more than the above estimate (of 52 kg/ha). Nevertheless,

after full development of rice crop canopy was expected
to be small due to the negative effect of the dense rice

15n

a sum

water. However,

the amount of biomass and N accumulated by the Azolla
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canopy on the overall growth and N2 fixation by Azolla.

complete mineralisationwhenEven isof the Azolla-N
assumed to have taken place, it can safely be speculated
that the amount of N from Azolla

rice still insufficientthe plants to supportwas a
This speculation wouldreasonable yield of the crop.

substantiate the observations by earlier researchers that
Azolla alone may not supply N in quantities enough for

optimum rice yields. The need for supplementary inorganic
(fertiliser) N is then clearly justified, as has been the
case in the present study.

of accumulated by theis clear that the amount NIt
Azolla in an intercropped situation

study does not represent the full potential of thethis
It is expected that more N couldfern

accumulated had the Azolla beenbeenhave grown as a

in such a situation, the Azolla wouldmonocrop because,
excessiveeffect offree of the shadinghave been

(therefore, low light intensities) by the canopies of the
lightExcessively intensitiesrice low havecrop.

previously been reported by many researchers (Ashton,
1974; Lumpkin, 1987a and van Hove, 1989, among others) to
inhibit both growth of, and N2 fixation by Azolla. This

phenomenon inobserved (ancillary)separatewas a

to accumulate N.

that was available to

as was the case in
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experiment to study the effect of rice canopy on Azolla

supplemented with inorganic fertiliser) accumulated a
maximum of 38 kg N/ha under the canopy of the indigenous
variety as opposed to a maximum of 25 kg N/ha accumulated

the improvedby the Azolla ofunder thegrown canopy
variety whose growth was
higher shading.

4.2 Decomposition rate of Azolla and estimates of Azolla-

N available to the associated rice crop

The decomposition rate of Azolla is an important factor

fertiliser riceeffectivenessdetermining its onas a

it is only after Azolla has decomposedgrowth because
that most of its accumulated nutrients are released into
the growth medium for uptake by the current or subsequent

The efficient use of Azolla(Tung and Shen, 1985) .crop
requires knowledge of its pattern of decomposition in the

environment, view isfield that held by previousa

The decomposition pattern of Azolla, as determined by the
residual: dry organic(RDM) , nitrogenmatter (RON),
organic phosphorus (ROP) and organic iscarbon (ROC)

more profuse and hence caused

workers (Wen et al., 1987).

growth and N accumulation. In this study, the Azolla (not
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in Figurepresented 1. The decomposition of Azolla

occurred most rapidly in the first week and then slowed
down in subsequent weeks. It was observed that 85,
and 28% respectively, hadN, OC,
already been mineralised by the end of the first week of
incubation. At the end of the third week, the respective

45 and 32%. It is evident from Fig. 1
in evaluatingindicesthat the used the(parameters)

decomposition of Azolla in the present study,

entirely consistent. Results based on residual dry matter

decomposition ofindicate Azolla.fastwould a very
rapid decompositionpicture of(oftheHowever same

Azolla) is only slightly depicted when the residual total
N is used as the parameter of evaluating decomposition.

The impression of rapid decomposition of Azolla is very

poorly reflected when residual organic P or C are used as
indices of decomposition (Figure 1) . It is evident from

that residual organicresultsthese
used as reliable parameters in monitoring the

were not

values were 90, 72,

cannot be

49, 20

P and C

of Azolla DM, P and
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decomposition of Azolla. is however, interesting toIt
thatnote Nikokwe (1992)

very consistent relationship between (residual) DM, total

nitrogen, organic phosphorus organicand incarbon

describing decomposition patternthe of andLeucaena

Crotalaria.

It must be noted that all the decomposition indices were
calculated based on the dry matter. It would therefore,

the reductionbe expected that to
in concomitantdecomposition resultedwould have

reduction in the other indices at any one sampling time.

That this was not the case, could be due to some degree
of adsorption of some tiny particles of organic N, P and

(retrievable) fractionremaining of Azolla.theC on

otherwisewhich wouldfractions, be regardedThese as

mineralised accordingcompletelyhaving been theto
procedure used, would be added on to the residual DM and

the analysiserroneously in high levels ofasappear
organic P and C. is important toresidual total N, It

note that lack of consistence between RDM, ROP andRTN,

determine the decomposition pattern of wildthe sage
{Lantana camara).

in a previous study,

in DM of Azolla due

ROC was also reported by Wangari (1995) in a study to

found a
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Based on the above argument, RDM was considered to be the

reliable criterionmost judgingof the decompos i tion

pattern of Azolla. The decomposition trend, as depicted
by the RDM, of
Azolla was very fast and hence a large part of its N and

(by implication) mineralised in the firstP content was
three weeks after its incorporation into the soil. This
observation is consistent with earlier findings by Wang

et al. (1987) who reported that the highest mineralisation

of Azolla in the flooded environment was recorded in the

third week after fresh Azolla was added to the soil.

The decomposition of a large proportion of Azolla in such
short period would imply that rice crop could make usea

This was actuallyof the early release of the Azolla-N.
thought to have been the case in this study as plants

seen to have changed in colour (became greener) andwere
grew vigorously only 2-3 weeks after Azolla incorporation

those which were grown without Azolla (seecompared to

Section 4.3.1).

Although the actual amount of the Azolla-N that the rice
determined, al. (1987)You etcrop

reported that the rice crop is able to recover only 40-
recovered was not

would indicate that the decomposition
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60% of the Azolla-N. This would imply that the amount of

estimatedthan the indicated52 kg/ha Thisabove.as

soil inorganic N reserves and/or fertiliser N. Thise.g.

observation rationalefurther the ofunderscores

supplementing Azolla with inorganic fertilizer N.

4.3 Response of the rice crop to the sources of nitrogen
in their varying proportions

4.3.1 Visual appearance and chlorophyll content of rice
plants in response to the different N sources

4.3.1.1 Visual appearance of the rice plants

Visually,
responded similarly to the different nitrogen sources (in
their varying proportions) . Plants that were treated with

with supplementary fertiliser N) and(aloneAzolla or
those which received the highest inorganic fertiliser N

grew more vigorously than those in thewithout Azolla,

control plots (which received neither Azolla nor urea).
The treated plants also appeared than thosegreener
untreated as can be exemplified by Plates 4 and 5. By the

Azolla-N that the rice plants recovered was even smaller

both of the rice varieties were seen to have

necessitates additional supply of N from other sources
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of the second week after the incorporation into soil of
the first crop of Azolla, the change of colour in the
Azolla-treated rice plants was already clearly evident.

the intensity of green colour function of theAs

plants grown with Azolla (alone orchlorophyll content,
with supplementary fertiliser N) and those grown with the
highest level of inorganic fertilizer N (without Azolla)

thansynthesized chlorophyll thecould have more

isThis be thefounduntreated to case aswasones.

in whichsectionfollowingexplained in the a

isevaluation chlorophyllofquantitative content

examined in relation to the experimental treatments.

is a
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Plate 4.

Plate 5. Effect of unsupplemented Azolla on the appearance of the 
improved rice variety at the panicle initiation (PI) stage

Effect of unsupplemented Azolla on the appearance of the 
indigenous rice variety at the panicle initiation (PI) stage



Plate 5. Effect of unsupplemented Azolla on the appearance of the 
improved rice variety at the panicle initiation (PI) stage

Plate 4. Effect of unsupplemented Azolla on the appearance of the 
indigenous rice variety at the panicle initiation (PI) stage
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4.3.1.2 Chlorophyll content and the vigour of the rice
plants

Regarding the chlorophyll (assessedcontent
quantitatively), only the effect of sources was
statistically significant (Table 4), meaning that the N

rice chlorophyllaffected plantthe contentsources
independently of variety. Accordingly, only the overall

accorded,and was more
emphatic examination/discussion as follows:

As seen from Table 4, Azolla (alone or with supplementary
inorganichighest level ofthefertiliser andN)

fertilizer N (without Azolla) increased the chlorophyll

content in rice plants compared to the control treatment
(where nothing was added). The higher chlorophyll content

values in the Azolla-treated plants and those grown with

inorganic fertilizerthe highest level of (withoutN
Azolla) than those in untreated plants (Table 4) .

This was expected because both Azolla and the inorganic
fertiliser were sources of N therefore, their application
in the field was expected to increase plant chlorophyll

was indicated by the significantly (P = 0.05) higher SPAD

effect of the N sources needed,

the N
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content over that of the plants in the control (where the
N was comparatively low).

The chlorophyll withof the plantscontent grown
supplemented Azolla tended to increase with

in supplementary fertiliser N. the
whichplants received withAzolla supplementary

fertiliser N inhad significantlyfact, (P = 0.05)a
higher chlorophyll content than those that received the
highest while plants which receivedofrate urea-N

Azolla alone,

that were supplied with the highest rate of fertiliser N

bethat these resultsonly. would cannotIt appear

explained only by the mere amount of N supplied by Azolla

It can be speculated that the rice plantsto the plants.

Such a proposition has also been substantiated by earlier

workers (Kulasooriya et al., 1987). Such a phenomenon of
utilisationinefficient of by the rice plantsurea-N

could have occurred due the fact that a substantialto

in the absence of Azolla,amount of the urea-N, may have
(albeit its being split-applied)lostbeen through

leaching, denitrification and ammonia volatilisation,

utilized Azolla-N more efficiently than that from urea.

an increase

had the same chlorophyll content as those

As seen in Table 4,
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Nitrogen source
VI V2

27.4 25.4 d23.51. No Azolla,

30.6 29.5 be28.42 . Azolla alone
30.5 30.2 ab29.93 . Azolla + 40 kg N/ha
30.6 31.5 a32.34 . Azolla + 80 kg N/ha
28.827.0 28.0 c160 kg N/ha without Azolla5 .

Variety means 29.628.2

to compare nitrogen source means 1.8LSD0.05
for variety means 12.84CV (%)

5.05for N source meansCV (%)

*V1, V2 (indigenous) (improved) riceand IR54

Leaf chlorophyll content 
(SPAD values)

N source 
means

Table 4. Effect of nitrogen sources on leaf-chlorophyll of two rice 
varieties* (an average of three replications)

refer to Wahiwahi 
varieties, respectively.

no inorganic fertiliser N

In a column, means followed by a common letter are not significantly 
(P = 0.05) different according to the Duncan's New Multiple Range 
Test.
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although the lost dueN theseto notprocesses was
quantified. In the flooded condition that was maintained
in the experimental rice plots,
the easily soluble urea might have been leached beyond
the root zone of the rice plants, making it inaccessible

rice denitrificationthe couldplants. haveto Some
hydrolysis oxidation itsand ofafteroccurred urea

which could haveammonia to nitrates (N03") ,resultant
dissolved in the percolating water and moved down to the
soil reduced zone where it subsequently got denitrified
(Sisworo et al., 1990). Although the soil pH (pH 7.2) as

determined before flooding the field is that which is not
likely to cause substantial ammonia volatilisation losses

Liu,(Watanabe 1992), the of theandfrom pHurea
was applied

might have been raised, especially during the daytime, by
the photosynthetic activities of some species of aquatic

that were seen growing in theplants (algae and others)
rice fields, although they were not quantified. According
to Villegas and San Valentin (1989), the aquatic plants
utilise the carbon dioxide (CO2) gas dissolved in water,
in the presence of sunlight, to manufacture

isfood (the called photosynthesis) . theprocess As
dissolved CO2 would form weak Carbonic acid which tends
to lower the water pH, its removal by the aquatic plants
would tend to increase the water pH,

a substantial amount of

solution above the soil surface where urea

a condition that

their own
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favours ammonia photosyntheticvolatilisation. The
activity of aquatic plants has been reported by Watanabe
and Liu (1992) to raise the pH of water in rice fields,
resulting in volatilisationaccelerated losses of
ammonia. Ammonia volatilisation was reported by Villegas

Valentin substantial in aquaticbeand (1989)San to
this contentionenvironment substantial(although of

ammonia volatilisation in aquatic environment needs re­
examination given the fact that the solubility of ammonia
in water is substantially high). High urea-N losses due
to the obove-mentioned processes at the site of the study

highergivenquestionable the fact thathoweverare
yields of rice have been achieved by farmers who apply

inorganicof kg ofrecommended 150the ratecurrent

the proposed higher efficiencyhand,other oftheOn
utilisation of Azolla-N by the rice crop could not be the
only reason for the better performance of the rice plants

which were grown with Azolla since the amount of N that

and released from one crop of Azolla

in the present study was estimated to be less than 26 kg
Section 4.2) . alternative(see TheN/ha explanations

(which will also apply in where Azolla improvedcases

other parameters to be explained later in the following
sections) may be that besides the possibility that the

was accumulated by,

fertiliser N, as urea.
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rice plants utilized the Azolla-N more efficiently than
theurea-N, Azolla also have accumulated largemay

amounts of other mineral elements from the soil, some of
which are chlorophyll-enhancers iron).(e.g. The Azolla

might have released such minerals forlater, eventual
consumption by the associated rice plants. isAzolla

known to be efficient in accumulating (scavenging for)
various mineral elements from the environment (Watanabe,

personal communication, Furthermore, the Azolla1996) .
may have temporarily retained the N of the supplementary

(by either absorbing it from the environmentfertiliser
when Azolla was growing or by adsorbing it after Azolla

had decayed and become part of the soil organic matter) .
retained-N, been protected from losshaveSuch may

through leaching. The retained-N could later be taken up
It was reported by Watanabeby the rice plants. (1996)

the Azolla mat could reduce the amount of N thatthat
leaching absorbingthrough bycould be lost and

temporarily storing a part of the applied inorganic N ,
and release it later when the rice roots have extended
enough to be able to absorb it as fast as it is released.

Azolla couldThe also have reducedmat the ofloss
applied that could have occurredN through ammonia
volatilisation, interceptingby and preventing the
sunlight reachingfrom aquaticthe plants, thereby
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reducing photosynthetic activity of the aquatic plants
and their consequence on ammonia volatilisation already
explained Villegasabove. the study by andIn San
Valentin (1989),

could reduce ammonia volatilization by 20 50% of that

without in aquatic environments. The overallAzolla,

effect of the Azolla (of preventing losses of N) would be
nitrogen available riceincrease the of toamountto

in combination with the otherplants. This amount of N,

iron)(particularly alreadymineralsaccumulated as

could have caused the rice plantsspeculated above, to

the plantschlorophyll than notmanufacture
treated with Azolla.

amount of chlorophyll ultimately determines thetheAs
solar forability of plants trapto energy necessary

it can be deduced from the chlorophyllphotosynthesis,

content data that rice plants which received Azolla green

in combination with the supplementary fertiliser Nmanure

were generally more efficient in photosynthesizing, and,
from the results of this study, the plants were even more
efficient than those which received the highest level of
inorganic fertiliser N, hence the reason for their more
vigorous thisgrowth. efficientFor ofcontention
photosynthesis to be relevant, it would be expected to be

much more

the Azolla coverit was observed that
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substantiated by other aspects

and the ultimate grain yield. This was clearly reflected
in (especially yield determinants andparametersmany

ultimate grain yield)
as discussed in the relevant sections.

4.3.2 Plant height and tiller number

at maximum tillering stage, would indicate whether or not
optimum prevailed during growingconditions thethe

optimal conditionsperiod because, under such ofas
nutrition, rice plants will exhibit largeadequate a

probability bearing panicles.highest ofthe
high grain yields would be expected fromConsequently,

such plants.
by a plant are a characteristic of variety, but they can
be improved or reduced by agronomic management.
The height and tiller number attained by ricethe two

in differentvarieties theto Nresponse aresources

interaction ofinthat, the
rice variety and N sources was detected to be significant

meaning that the effect of the N sources was(P = 0.05),
rice plant heightdependent on the variety in as far as

number, theis concerned (Table 5). In the case of tiller

as seen from Appendix Table 1 and

number of generally tall and strong tillers which have

The height and number of tillers exhibited

the case of plant height,
presented in Tables 5 and 6. It is worth mentioning here

Plant height at crop maturity, and the number of tillers

of crop growth response
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interaction effect was not significant but both varietal
and effects statisticallydetectedN source were as
significant. This that each of the factorstwomeans
influenced tiller independently ofnumber each other,
warranting separate examination for each of these factors
(Table 6).

4.3.2.1 Plant height

As evident from Table 5, plants of the local variety were
generally taller than those of the improved variety, at

level of the nitrogeneach source.

genetically controlled. When eachconsidered beto
examined, (supplementedis Azollavariety notor

supplemented with fertiliser N) and the highest level of
significantly (P =(without Azolla) 0.05)fertilizer N

increased the height of the plants of the local variety
controlrelative untreated (no Azolla-,theto no

Thisfertiliser-N). improvedalso for thetruewas
sincevariety, expected Azolla inorganicand theas

containfertiliser isthe that required forN plant
growth. Azolla and the inorganic fertiliser added more N

existing inalreadythat the soil.naturalto The
additional ricecaused the plantsN to moregrow
vigorously hence their greater height than that of the
plants in the untreated plots. also be seen fromIt can

This difference was
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Table that5 supplementing inorganicAzolla with
fertiliser had tendency­ progressivetowardsN a a
increase in heightthe of plants of indigenousthe
variety as opposed to those of the improved variety (in
which the effect of supplementing Azolla with fertiliser

The difference in varietal responseN was not revealed) .

s upp1ement ing fertiliserwithAzolla alsoNto may
relativelyindicate their genetic difference whereby

higher levels of are required for the plants of theN
increase in height.improved variety to show

Short stature is one of the desirable traits of most of
varieties whichimproved theenable plantsthe to

of N which could lodging oflevels cause

most of the indigenous varieties. The trait (i.e., short
stature) enable the plants to carry heavy panicles that

tolerate some

a marked
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Nitrogen source

V2VI

70.8 d 83.195.4 c1. No Azolla,

96.9111.4 b 82.4 c2 . Azolla alone
82.6 c116.1 ab 99.33 . Azolla + 40 kg N/ha

123.2 a 85.9 c 104.54 . Azolla + 80 kg N/ha
122.9 a 84.7 c 103.8160 kg N/ha without Azolla5 .

Variety means 113.8 81.3

to compare variety means at same N source treatment is 5.7LSDq . 05
to compare N source means at same variety treatment is 10.7LSDq.os

2.44for variety meansCV (%)
3.11for N sources meansCV (%)

*V1, V2 (indigenous) (improved) riceand IR54

Plant height at maturity 
(cm)

N source 
means

not 
the

Table 5. Effect of nitrogen sources on plant height of two rice 
varieties* (an average of three replications)

letter are 
t-test and

In a row or column, means followed by a common 
significantly (P = 0.05) different according to the 
Duncan's New Multiple Range Test, respectively.

refer to Wahiwahi 
varieties, respectively.

no inorganic fertiliser N
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result from such high levels of N without lodging, and
that is one of the reasons why the improved variety are
considered indigenousefficient thebe thanto more

varieties in utilising N. Although supplementing Azolla

with fertiliser N tended to progessively increase plant
height in the indigenous variety, it is important to note

(indigenous) variety, plants whichwith this
Azolla supplemented with only 40 kg N/ha gavereceived

plant height which did not differ significantly from the
higher ofwith levelsattainedheightplant

supplementation (80 kg N/ha) or with the highest level of
without Azolla) [Table 5] . Thefertiliser (160 kg N/ha,

results of supplementing Azolla with inorganic fertiliser

N were consistent with those observed by Ramasamy et al.

(1987) who reported that supplementing Azolla with 40 kg
the plant height riceincreased ofinorganic Nof a

that attained by Azolla-treated

plants without supplementation with the inorganic N, at
the same levels of P and K.

i. e, lack of significant difference inThe above results,
the effect of Azolla supplementation with 40 and 80 kg
N/ha would seem to indicate that the supplementation of
Azolla with fertiliser N may not have been necessary for

the purpose of improving the growth performance of the

variety IR20 by 6% over

that even
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rice Apparently, height-promotingthe observedcrop.

effect combinationof the inorganicwithof Azolla

fertiliser N was mainly contributed by Azolla and not by

the fertiliser. clearly substantiatedIn fact,

in the case of the improved rice variety whereby Azolla

fertiliser inthe highest level ofalone matched even

increasing the plant height (Table 5). Similar effects of

Azolla alone in promoting plant growth performance, have

indicated in otheralmost all thebeen parameters,
headingflowering/chlorophyllnamely, plant content,

of panicles, ofmaturation time, numbernumbertime,

grain weight and the ultimate graingrains per panicle,
yield (see Appendix I). On the overall, the results would

indicate that there is substantial potential of Azolla as

used the sole ofwhen as sourceevenmanurea green
nutrients in promoting rice production but, as is evident

particularly with some growth parametersfrom Table 5,
plant height, differential response to Azolla as ae.g.

nutrients,of be expected betweensole mustsource
different rice varieties.

4.3.2.2 Tiller number

As seen from Table 6, plants of the improved variety had,
significantly (P =the overall, 0.05) higher tilleron

number than those of the indigenous variety, a property

this was
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which is genetically-controlled, as was the case with the
plant height.

can be seen from Table 6 that Azolla (supplemented or not
supplemented with inorganic fertiliser N) and the highest

significantlylevel of (without Azolla),

increased the tiller number over the control.

with the lowest level of N (40 kg/ha)

with highest (withoutobtained the ofthat rate N

superiority of the supplemented theTheAzolla). over

in promoting tilleringAzolla wouldunsupplemented
potentialis increasingofindicate there thethat
green manure by supplementing

with inorganic fertilisers in rice growthit (Azolla)

for allalthough notperformance, (see theparameters
case of grain yield - Section 4.5.5).

It is important to note that Azolla supplementation even

efficiency of Azolla as a

gave a tillering

When the overall effect of the N sources was examined, it

effect which did not differ significantly (P = 0.05) from

fertiliser N
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Nitrogen source

VI V2

49 71 60 c1. No Azolla,

88 72 b562 . Azolla alone
91 74 a573 . Azolla + 40 kg N/ha
94 78 a634 . Azolla + 80 kg N/ha

84 a63 105160 kg N/ha without Azolla5 .

Variety means 57 b 90 a

to compare nitrogen source means 11LSDo. os
to compare variety means 21LSDq. 05

12.56for N source meansCV (%)
for variety means 18.30CV (%)

+V1, V2 (improved) rice(indigenous) and IR54to

*0ne sampling unit was composed of four hills (see Section 3).

Tiller count at maximum 
tillering stage 
(no./4 hills)*

N source 
means

letter are not 
t-test and the

In a row or column, means followed by a common 
significantly (P = 0.05) different according to the 
Duncan's New Multiple Range Test, respectively.

refer to Wahiwahi 
varieties, respectively.

no inorganic fertiliser N

Table 6. Effect of nitrogen sources on number of tillers of two rice 
varieties' (an average of three replications)
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Similar already been reported in which thehavecases

supplementation of fertiliserAzolla with inorganic N

increased tillers thegreatly the number of over

instance,unsupplemented Azolla. al.For Ramasamy et

(1987) reported that supplementing Azolla with 40 kg N/ha
increased the number of tillers of a rice variety IR20 by

those attained by plants treated with Azolla21% over

Azolla with inorganic fertiliser N would be superior to

unsupplemented Azolla or inorganic fertiliser alone, have

already been given when discussing the effect of Azolla

4.3.3 Heading/flowering and maturation

4.3.3.1 Heading/flowering

found to be statistically significant, meaning that the
effect of the N sources was dependent on crop variety in
influencing flowering/heading time of the rice plants.

presented in TableAs 7, plants of local varietythe
headed significantly (P = 0.05) earlier than those of the
improved variety, Thisat each level of

on chlorophyll content (see Section 4.3.1.2).

The interaction between crop variety and N sources was

alone. The speculations as to why the supplementation of

the N source.
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observation was not surprising because the local variety
inused the study is known be geneticallypresent to

early-maturing. It is logical that it should flower/head
earlier than the improved variety.

individual varietyWhen the of each thetoresponse
the improved variety

significantly earlier in(V2) headed 0.05) the(P
(untreated) plots than plants in all the treatedcontrol

plots. This was not true with the indigenous variety (VI)
in which all plants headed significantly earlier except

fertiliserthose which received the highest ofrate N
alone.

where plants of the improved variety headed
significantly earlier in the control plots than plants in

explanationthe thisother forall the treatments,
observation could be in the untreated plots,that, the
amount of N was low. The improved variety, which require
higher amounts of N, probably did not get enough N in this
situation. itConsequently, had shortto thecut
vegetative period and flower early. According to Tsuboi
(1992), rice plants in nutritional stress normally

In the case

different N sources is considered,
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Nitrogen source

V2VI

72 b 6864 cNo Azolla, no inorganic fertiliser N1.
6963 c 76 a2 . Azolla alone

77 a 7166 c3 . Azolla + 40 kg N/ha
7265 c 79 a4. Azolla + 80 kg N/ha

70 b 76 a 73160 kg N/ha without Azolla5.

7666Variety means

to compare variety means at same N source treatment is 3LSDo.os
to compare N source means at same variety treatment is 5LSDo.os

3.87for variety meansCV (%)
2.42for N source meansCV (%)

*V1, V2 (improved) rice(indigenous) and IR54

N source 
means

Flowering/heading time 
(DAT)0

Table 7. Effect of nitrogen sources on flowering/heading time of two 
rice varieties* (an average of three replications)

0DAT denotes days after transplanting.

refer to Wahiwahi 
varieties, respectively.

In a row or column, means followed by a common letter are not 
significantly (P = 0.05) different according to the t-test and the 
Duncan's New Multiple Range Test, respectively.



87

exhibit such a phenomenon. In a similar situation (i.e.,
untreated plots) however, the soilnatural N reserves
(estimated from the soil analysis 16 kg/ha) probablyas
provided enough N for the indigenous variety which is
known to have lower requirements for N than the improved
variety.

indigenous varietythe where the headedIn case
significantly later in the highest N rate, the explanation
may be that the first two splits of the highest rate of
fertiliser may have supplied N early enough and in such
amounts that may have been beyond the requirements of the

indigenous variety, which onlytheplants of notare
demanding in theirearly-maturing but also less Nare

this variety, therefore,nutrition. Plants of havemay
enjoyed luxurious levels of N and so, could have spent a
longer time in the vegetative growth phase. A phenomenon
like this is known to be exhibited by rice (Tsuboi, 1992)

firstThe two splits of
fertiliser N however, may not have supplied enough N to
cause any noticeable effect on heading/flowering in plants

improved variety, which,of the has already beenas

explained above, requires larger amounts of nitrogen than
the indigenous variety.

and many other annual cereals.
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4.3.3.2 The onset and duration of maturation

the of maturation,In both varietal and Ncase source
found to be statistically significant but

their interaction effect This means
that (variety and N sources)each of the factorstwo
influenced maturation independently of each other.

indigenous variety maturedfrom Table 8, theAs seen
improvedearliersignificantly than the(P 0.05)

variety. This response was expected since the indigenous

early-maturing and invariety is fact flowered/headed
improved variety.earlier thesignificantly than as

ofphenomenon of earlydiscussed above. The onsetan

of flowering/heading time, isismaturity, the caseas
the varietal differencesgenetically controlled and hence,

in this study were not surprising.

When the effect of the N sources
two varieties Azo Ila supplemented with 80 kg(Table 8),

fertiliser N/ha and the highest level of fertiliser N
significantly (P =(without Azolla), 0.05) delayed the

rice crop maturity compared to all the other treatments.
Prolonging the maturation process (i.e., making the grains
on panicles stay longer before they ripened) could

as seen

was not significant.
effects were

is examined across the
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Table 8.

Nitrogen source

V2VI

117 108 bNo Azolla, no inorganic fertiliser N 991.
107 b98 1172 . Azolla alone
109 b119993 . Azolla + 40 kg N/ha

122 112 a1024. Azolla + 80 kg N/ha
112 a102 122160 kg N/ha without Azolla5.

100 b 119 a
Variety means

to compare variety means 5LSD0.05
to compare nitrogen source means 2LSDo.os
for variety means 1.59CV (%)

1.52for N source meansCV (%)

*V1, V2 (improved) rice(indigenous) and IR54

’DAS denotes days after sowing.

N source 
means

Maturity time 
(DAS)’

Effect of nitrogen sources on maturity time of two rice 
varieties* (an average of three replications

refer to Wahiwahi 
varieties, respectively.

In a row or column, means followed by a common letter are not 
significantly (P = 0.05) different according to the t-test and the 
Duncan's New Multiple Range Test, respectively.
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only have been achieved through a sustained supply of N to
the rice plants, with much of the N made available during

their Tsuboithe late Accordingof growth.stage to
supplied(1992) , large of inlate theamounts N

reproductive stage may prolong the time required for the
grains to ripen (attain maturity). Prolonged maturity may

it may result in perfect grain filling
indicated by the weight the grains)(as would be of

in this distinctalthough the study,present notwas
(though studied) [Table 13].

4.4 Panicle excertion as an estimate of the effect of
sheath rot disease

The effect of sheath rot disease was indirectly estimated

based on the percent of partially excerted panicles, for
the reasons already explained in Section 3.9. The results
on panicle excertion determination (as described earlier
in section 3.9) are presented in Table 9.

The effects of the and of interactiontheN sources

were not found to be statistically significant. Only the
varietal effect was significant.

be beneficial as

between the N sources and variety on panicle excertion
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indigenous varietyinAs Table 9, plants of theseen
exhibited a significantly (P = 0.05) higher percentage
of fully excerted panicles the improvedthan those of
variety, indicating that the improved variety was more
seriously attacked by the disease the indigenousthan

The observation could be explainedone(see Section 3.9).
difference in varietalby factors, namely, thetwo

the disease attack and the timing of theresistance to
the indigenousdisease incidence. the formerIn case,

resistantvariety might inherently thebeenhave to

which matured earlier,The indigenous variety,disease.
might have escaped the disease attack which occurred late

in the season.

the mechanism of inherentlittle is known aboutSince
two varietiesresistance of each of the sheathto rot

istiming disease tentativelydisease, the attackof

upheld as the reason for the difference in the degree to
which varietiesthe plants of inthe the presenttwo
study were attacked by the sheath rot disease.

Nevertheless, closer observation of Table 9 would suggest
Azollathat alone in combination withand that kg40

fertiliser N/ha, and the control (with neither Azolla nor
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varieties* (an average of three replications)

Nitrogen source
VI V2

18.2 1.4 9.81. No Azolla, no inorganic fertiliser N
0.7 18.135.42. Azolla alone

32.3 4.1 18.23. Azolla + 40 kg N/ha
6.812.4 1.14. Azolla + 80 kg N/ha

0.3 8.917.6160 kg N/ha without Azolla5.

1.5 bVariety means 23.2 a

to compare variety means 21.3LSDo.os
for variety means 93.63CV (%)

70.51for N source meansCV (%)

*V1, V2 (improved) rice(indigenous) and IR54

N source 
mean

In a row, means followed by a common letter are not significantly 
(P = 0.05) different according to the t-test.

Full panicle excertion 
(% of all panicles)

refer to Wahiwahi 
varieties, respectively.

Table 9. Effect of nitrogen sources on panicle excertion of two rice
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fertiliser) gave comparatively higher panicle excertion
than all other N source treatments.

These treatments could have indirectly influenced panicle
excertion by causing rice plants to mature comparatively
early, therefore escaping the attack of sheath rot disease

which, as has already been explained, occurred late in the

season.

4.5 Effect of the experimental treatments on yield
determinants and on the grain yield

4.5.1 Number of panicles per square metre

only the effect of the N sources wasFor this parameter,
statistically significant, meaning thethat N sources

number of panicles independently of eachtheaffected
variety.

As seen from Table 10, Azolla alone or the highest rate of

inorganic fertiliser alone did not increase the number of
panicles per square metre over the untreated control. Only
supplementing Azolla with inorganic fertiliser N
significantly (P = 0.05) increased the number of panicles

over the control. In fact, supplementing Azolla with 80 kg
N/ha significantly (P = increased the of0.05) number
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panicles the highest the inorganicofover, even rate
fertiliser.

It is tempting to suggest that the failure of Azolla alone
significantly increase the paniclesnumber ofto per

square metre was due to an inadequate N supply from Azolla

ricethe plants, hence the need fortreatment to
additional inorganic N fertilisers.

This suggestion may be considered valid in view of the
caused low number ofalsofact that the treatmentsame

(see Section 4.3.2.2). the above view istillers However,
observationreconcile withdifficult that thetheto

fertiliser alone did not significantlyhighest rate of

whileincrease the number of panicles the control,over

the highest N fertiliser rate)this same treatment (i.e.,
significantly increased the number of tillers to the same
extent as Azolla supplemented with 80 kg N/ha (see Section

implyThese results that,4.3.2.2) . although themay

highest fertiliser rate without Azolla had produced many
substantial number of the tillerstillers, could nota

panicles probably due thebear to poor/imbalanced
nutrition resulting from the inorganic fertiliser alone.
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rice varieties* (an average of three replications)

Number of panicles /m2
Nitrogen source

VI V2

224 303 263 c1. No Azolla,

283 368 326 abc2. Azolla alone
327 370 348 ab3 . Azolla + 40 kg N/ha
344 434 389 a4. Azolla + 80 kg N/ha

336 295 be160 kg N/ha without Azolla 2545.

Variety means 286 362

to compare nitrogen source means 63LSDo.os
for variety means 21.75CV (%)

15.77CV (%) for N source means

*V1, V2 (indigenous) (improved) riceand IR54

N source 
means

refer to Wahiwahi 
varieties, respectively.

no inorganic fertiliser N

In a column, means followed by a common letter are not significantly 
(P = 0.05) different according to the Duncan's New Multiple Range 
Test.

Table 10. Effect of nitrogen sources on number of panicles of two
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On the other ricehand, theAzolla enabledtreatment
plants to produce less, but effective tillers which could
bear panicles. thatIt

a result of nutrient scavenging ability of Azolla, coupled

with its moderate release of the retained nutrients. The

large number of panicles exhibited by rice plants that
were grown with Azolla supplemented with 80 kg fertiliser

N/ha may support prior inferences by the author,made

this treatment (i.e., Azolla with 80 kg N/ha) couldthat,

have supplied enough N and other nutrients theat rate

consistent with the ability of the rice plants maketo
it. Subramani and Kannaiyanmaximum use (1987) alsoof

incorporation pinnata inthe of Azollanoted that

• combination with 90 kg N/ha had resulted in the highest

panicle number per compared to any other

consistentlythat study, effectthetreatment. In was
observed in two separate seasons.

4.5.2 Number of grains per panicle

number of grains per panicle was found to be statistically

(Table
11) . Overall, panicles improvedof the variety had
significantly (P = 0.05)

nutrition that was enjoyed by plants grown with Azolla was

The effect of the varieties and of the N sources on the

square metre,

significant but their interaction effect was not

can be speculated the balanced

more grains than those of the
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indigenous variety across the N sources. This property is,
however, known to be genetic and therefore, the observed
result was not surprising. On examining the effect of the

the two varieties, it can be seen thatacross
panicles inof plants the control plots had a
significantly lower number of grains than of(P = 0.05)

Thisinthose could be duethe treated plots. theto
conditions of inadequate N experienced by plants in the

whereuntreated plots compared to those Azo11a andas

inorganic fertiliser N were applied.

The highest fertiliser rate gave grain number which did

not differ significantly from that obtained with Azolla

alone or that supplemented with fertiliser N. On the other

supplementing Azolla with 80 kg N/ha significantlyhand,
increased of grainsthe number0.05) those(P = over

obtained with Azolla alone or Azolla supplemented with 40

kg N/ha. It would be plausible to speculate that the rice

plants could have taken up N from Azolla supplemented or
supplemented with fertiliser N in amounts equalnot to

that fertiliser. In
the potentialthat of Azolla andaccumulatetocase,

supply N is indicated.

N sources

from the highest rate of inorganic
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Number of grains/panicle
Nitrogen source

V2VI

1. No Azolla, no inorganic fertiliser N 42 55 48 c
2. 52 69 61 bAzolla alone

70 62 b3. 53Azolla + 40 kg N/ha
79 75 a4. 71Azolla + 80 kg N/ha

66 70 68 ab160 kg N/ha without Azolla5.

Variety means 57 b 69 a

to compare variety means 13LSD0.05
to compare nitrogen source means 10LSDo.os
for variety means 4.72CV {%)

13.16for N source meansCV (%)

(indigenous) (improved) riceand IR54*V1, V2

Table 11. Effect of nitrogen sources on number of grains of two rice 
varieties* (an average of three replications)

N source 
means

refer to Wahiwahi 
varieties, respectively.

In a row or column, means followed by a common letter are not 
significantly (P = 0.05) different according to the t-test and the 
Duncan's New Multiple Range Test, respectively.
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positively-close relationshipA between the ofnumber
spikelets (grains) panicle and the ofamount Nper

absorbed by the rice plant had previously been reported by
Yamada et al. (1957), Matsushima (1962), Shimizu (1967) and

Wada (1969) . The fact that supplementing Azolla with 80 kg

a significantly larger number of grainsN/ha gave than

Azolla alone and when the Azolla was supplemented with 40

would indicate that more benefit could only bekg N/ha,

realised by supplementing Azolla with fertiliser N at

rates not less than 40 kg N/ha at the site of the study. A
similar observation, supplemented Azolla increasesthat,

the number of grains per panicle has also been reported in
which indicatedSingh (1979b), thatbystudya

withsupplementing Azolla pinnata 30 kg N/ha (urea)

increased the grain yield mainly by increasing the number
of grains per panicle.

4.5.3 Panicle fertility

it is related to the
final yield in that, for the same amount of grains, high
panicle fertility is positively correlated with high grain
yield (Matsushima, 1967; Tsuboi, 1992) .

statistical analysisThe show any significant
effect of interactionthe and that of theN sources

Panicle fertility is important as

did not
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the panicle fertility (Table 12) .

Panicle fertility of indigenous varietythe was
significantly (P = 0.05) higher than that of the improved
variety This(Table 12) . phenomenon probablywas
genetically-controlled because when the plant possesses a
large number of grains per panicle
the improved variety in the present study), it generally

lower percentage of ripened grainsexhibits (paniclea
fertility), and vice versa (Matsushima, in1967) because,

large number of grains per panicle, and

translocated is fairly
a relatively smaller amount of the carbohydrates than that
received by each grain on a panicle having fewer number of
grains (Matsushima, 1967) . Under normal the yieldcases,
of the high-yielding varieties is not reduced by the low

of ripe grains because the large number ofpercentage

grains totally nullifies the effect low panicleof the
fertility.

assuming that the amount of carbohydrates assimilated or

(as was the case with

the case of a

constant, each grain will receive

between the N source and variety on panicle fertility.
Only the effect of variety was found to have determined
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Nitrogen source

VI V2

81.3 69.1 75.21. No azolla,

66.376.1 71.22. Azolla alone
79.6 66.4 73.03 . Azolla + 40 kg N/ha
76.7 63.8 70.24. Azolla + 80 kg N/ha

66.4 73.480.55. 160 kg N/ha without Azolla

Variety means 66.4 b78.81 a

to compare variety means 11.1LSDg.05
for variety means 5.00CV (%)

8.83CV (%) for N source means

*V1, V2 (indigenous) (improved) riceand IR54

Table 12. Effect of nitrogen sources on panicle fertility (ripe 
grains) of two rice varieties* (an average of three 
replications)

Ripe grains 
(% of all of grains)

N source 
means

In a row, means followed by a common letter are not significantly 
(P = 0.05) different according to the t-test.

refer to Wahiwahi 
varieties, respectively.

no inorganic fertiliser N



102
other speculation low panicle fertilityThe thetoas

exhibited by the improved variety compared thetoas
indigenous was due to the sheath rot disease which caused
poor excertion of panicles of the improved variety, hence
preventing spikelets from adequate tomany exposure
pollination. The andN haverate tosource appear no
effect on panicle fertility as evident from Table 12.

4.5.4 Grain weight

statistically significant in determining the grain weight
(Table 13). The ripe grains obtained from variety Wahiwahi

were significantly (P = 0.05) heavier than those of IR54,
and this is because the grains of variety Wahiwahi are
inherently bigger and heavier than those of IR54. When the
overall effect of N sources (averaged over varieties) is
examined, the grains of the plants from the treated plots
were significantly (P = 0.05) heavier than those from the
control (untreated) plots. The of thatamount N was

suppliednaturally soilby the low, causingwas a
generally poor growth of the rice plants. It is important
to note that Azolla alone gave rice grains which, in terms
of weight, did not differ significantly (P = 0.05) from
the grains whichproduced by plants

the N sources wereThe effects of variety and that of
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Nitrogen source

VI V2

30.3 21.4 25.9 bNo Azolla, no inorganic fertiliser N1.
31.1 21.7 26.4 a2. Azolla alone
31.5 21.9 26.7 a3 . Azolla + 40 kg N/ha

21.9 26.6 a31.34. Azolla + 80 kg N/ha
31.1 22.6 26.9 a5. 160 kg N/ha without Azolla

Variety means 31.1 a 21.9 b

to compare variety means 0.6LSDg.os
to compare nitrogen source means 0.5LSDq.05
for variety means 0.4CV (%)

1.52for N source meansCV (%)

*V1, V2 (indigenous) (improved)and riceIR54

Table 13. Effect of nitrogen sources on weight of grains of two rice 
varieties* (an average of three replications)

N source 
means

Weight of 1000 grains 
(g)

refer to Wahiwahi 
varieties, respectively.

In a row or column, means followed by a common letter are not 
significantly (P = 0.05) different according to the t-test and the 
Duncan's New Multiple Range Test, respectively.
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received Azolla supplemented with 40 or 80 kg N/ha or even
the plants which received the highest rate of inorganic
fertiliser N. The results could not be attributed to the
amount of N that the Azolla had accumulated and availed to

(see Section 4.1). The amount of N accumulated by Azolla

and hence made available the associated riceto crop
from the highest ratein nocould, ofway,

inorganic fertiliser (albeit its speculated high losses).
The probable explanation could be based on the previous
proposition that Azolla (alone or when supplemented with
fertiliser N) accumulated many other plant nutrients and

the growing conditions inmodified
increasing also the grainwhich responded byplants,

weight as it did to the other growth and yield parameters.

4.5.5 Grain yield

The grain yield, especially that of the variety IR54 was
less than what was expected from a high-yielding variety
and this was attributed to sheath rot disease.

different which includedThe N thetreatmentssource
Azolla (supplemented or not supplemented with urea) and
the highest rate of inorganic fertiliser N increased the
grain yield over the untreated control. This observation

the crop because, the Azolla accumulated low amounts of N

match that

the ricefavour of
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sinceexpected all yieldthe determinants (seewas

Sections 4.5.1-4) were poorer in the control than in the
treated isplots. also from Table 14 thatIt seen
s upplementing Azolla with kg inorganic N/ha gave80
significantly higher grain yield than(P = 0.05) the
highest inorganic fertiliserof That therate N.

combination kg inorganic N/ha gaveAzolla withof 80

higher grain yield than the addition of 160 kg N/ha is
not entirely surprising because, treatment had

inorganic fertiliser insurpassed the highest ofrate
of panicles unitincreasing the number (seeper area

Section although the had4.5.1) treatmentsame a

comparable effect in increasing the number and weight of

the grains (see Sections 4.5.2 and 4.5.4)

earlierThis underscore thatwould mucharguments

benefits could be realised when Azolla is supplemented

inorganic fertiliser Nwith levels of than whensome

Azolla or inorganic fertiliser N are singularly used. The

thisof study effect ofresults (on the supplemented
Azolla on grain yield) are also consistent with those of
previous workers.

the same
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Table 14. Effect of nitrogen sources on grain yield of two rice
varieties* (an average of three replications)

Nitrogen source

VI V2

2.36 2.20 c2.05No Azolla, no inorganic fertiliser N1.
3.47 3.48 ab3.492 . Azolla alone

3.71 ab3.673.753 . Azolla + 40 kg N/ha
3.98 a3.93 4.034 . Azolla + 80 kg N/ha
3.39 b3.143.65160 kg N/ha without Azolla5 .

3.34Variety means 3.37

0.56to compare nitrogen source meansLSDq . os
for variety means 11.04CV (%)

13.77for N source meansCV (%)

*V1, V2 (improved) rice(indigenous) and IR54

N source 
means

Grain yield
(t/ha)

refer to Wahiwahi 
varieties, respectively.

In a column, means followed by a common letter are not significantly 
(P = 0.05) different according to the Duncan's New Multiple Range 
Test.
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in a study to examine the effect of partialFor example,

substitution of inorganic ArvadiaN by Azolla, al.et

(1989) found that Azolla supplemented with 60 kg N/ha (as
increased rice yield by 64%urea) as

compared to an increase of 56% due to the application of
100 kg N/ha (as urea) alone. Jeyaraman and Purushothaman

(1989) found that supplementing Azolla pinnata with 75 kg

compared to a 50% increase due to the application of 100
kg N/ha as inorganic fertiliser alone.

What is more interesting at this point is the fact that

supplemented withalone fertiliser N)Azolla (not any

supplied a grain yield comparable to that obtained with

supplemented withAzolla 40 kg N/ha,80 and thator

obtained with the highest of inorganic fertiliserrate
Thisalone. consistenttrend be withtoappears many

other explained in Section 4.3.2.1.parameters Itas

benefitedwould therefore that Azolla ricetheappear

plants in some other aspects apart from it being a source

This is because,of se. as

explained, that Azolla accumulated and

function of many factors

N per

hence made available to the rice plants was quite low. It

N/ha increased the yield of the variety IR20 by 61% as

is recognised that yield is a

the amount of N

over the control,

it has already been
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which include nutrientsbalanced plantsupply ofa

a site where soil-related factors which could limit yield
were determined and all of them found to be non-limiting

(which had to be added to all plots)except phosphorus

in thisof the treatmentsone

their differentstudy. levels thenotAs were among
their effect would be expected to be theplots,

all plots in the absence of Azolla. It has already been

nutrientisexplained (seeAzollathat scavengera

it could have accumulated many otherSection 4.3.1.2) so,
zinc and iron, fromplant nutrients

the soil and flood water. The accumulated nutrients might

have been released back into the soil (in the vicinity of

especiallyroots) by Azolla, afterthe plant

decomposition, rice plantswhere the could have taken

ismore efficiently. of Azolla also

moderating effect thehave andknown to PHona

flood/irrigationboth soilof andtemperature water
(Talley and Rains, 1988; Villegas1980a; Kroeck et al.,

and San Valentin, 1989). The moderation of soil and water

pH and temperature, and the availing of various nutrients

to the rice plants by Azolla, might have created a more

favourable growth environment for the rice plants, which
may have culminated in the observed higher grain yields.

same in

such as potassium,

The matthem up

and nitrogen which was

(macro- and micro-nutrients). The study was conducted at
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potential of in promoting rice growth andThe Azolla

from it being a source of nitrogen.

yield may therefore be due to many other factors apart



110

CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

main objective thisThe of quantify thestudy was to

green-manuring potential of Azolla when grown

in combination with inorganic

nitrogenous fertiliser. this objective,(urea) To meet
carried out to assess the biomassthe experiment was and

itsthen,

ricethe growth performance of theeffect crop wason

described in Chapter 3 . A parallel study

also conducted to determine the decomposition rate ofwas

field conditions, described inalsoAzolla under as

these experiments led to theChapter 3 .
following conclusions and recommendations:

Azolla biomass and N2 accumulation decreased with the1.
in riceincrease densitythe theof canopy as was

exemplified by the (25 kg/ha)lower ofamount N
accumulated by Azolla growing under the more dense canopy

varietyof the compared 38 kgIR54, N/hatoas

accumulated by the Azolla that was growing under the less

dense canopy of the variety Wahiwahi. The full potential

crop with rice,

determined as

as a dual

nitrogen accumulation by one crop of Azolla,

The results of

alone or



Ill

of Azolla in accumulating biomass and nitrogen in the

present study could not be fully established.

The decomposition of2 . Azolla after its incorporation
taking only three weeks for the

its dry matter This meant(DM) .

large portion of its N content, and probably of
itthe nutrientsother plant had accumulated, were

mineralised within this period.

rice plants with showed positive3 . The Azollagrown

after Azolla incorporation

indicating fertilising potentialinto soil, the of

In this study, Azolla alone managed to improveAzolla.

not only many growth and yield parameters, but also grain
yield highestthethe level ofto extentsame as

inorganic fertiliser N. Considering the low amount of N

in this study, the beneficialthat Azolla accumulated

effects of Azolla on rice plants could not be explained

merely by its N supply only.

view of observations/conclusions, itthe above isIn

recommended that:

full potential of Azolla be established by(a) the
comparing thegrowing it and thenas a monocrop,

into the soil was fast,

response in about two weeks,

that a

Azolla to lose 90% of
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economics with those ofthis practiceof
intercropping so to establish the most economicalas

of Azolla in rice production. Thisto makeway­ use

should be done in different locations and seasons,

with various promising rice varieties, to outcome
conclusionswith location-reasonable that andare

variety-specific.

(b) Azolla should be introduced into the rice fields

ricetransplanting ofafterweekmostat one
itssynchronise the ofreleaseseedlings toso as

peak period of (and othernutrients with the N

nutrients) requirement by the rice crop.

establishdone otherresearch befurther(c) to

apart from its supply(biotic and abiotic),factors

that make Azolla promote the rice plant growthof N,

and yield.
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