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I. INTRODUCTION

Rice, the staple food of India, occupies an arda of
about 40.09 million hectares and contributes about 41 per cent
of the total food grain produstion. Nitrogen is the 'Kingpin!
in rica-proﬁucgion and with the introduction of-highxyieléing
rica varieties, there has been an inareasing tendency to rely
more on the inorganic¢ nitrogenous fextilizers for enhancing
rice pmoductién. But the eneréy crisis and‘cdnaequent'eaca~
lation in the'éost of chemical fertilizers have imposed serious
limitation in crop production. In this context biological
nitrogen fixatlon ie considered as the best alternate strategy.
It is reported that kdological nitrogen £ixation by different
types of organisms contributed to the earth about 175 million
metric tonnes 6f nitrogen per annum (Swamlnathan; 1980).

it has long been recognized that a biological nitrogen
fixiné MEchaniFm prevails in the ecosysten of submerged soll.
In the tropical rice soils, this role is fulfilled by the
activity of blue green algac elther alone or in association
with azolla éna certain nen-symbiotic nitrogen fixing bacteria.

AzoOlla haé been widely used in rice production for long
time (VEnkataréman. %980). The merdts of azolla lie in its
ability to harness solar energy and £ix atmospheric nitrogen -
similtanecusly. Agella pinnata is an aquatic fern whidhv
harbours tho mcﬁqs&nfﬁﬂént Anabasna azollae in a symblotic
aggociation, The nitrogen £ixing ability of arzolla has been



claimed £rom the lowest of 80 kg to a highest of 670 kg

Lyt depending upon the intensity of cultiva-

nitrogen ha” ~yr
tion and management {Singh, 1977a). The gasy avallability

of nitrogen from azolla to.the standing rlce crop and synchro=
nized growth make it suitable as the best blotic component in
the integrated nitrogen management system. Further, its high
phytomass which can be a substitute for hulky organic manures,
which are beecoming costly and scarce, iz a boon to'the present
day agriculture. Thus the Azolla-Anabacnha symblosis has gained
global significance as an agronomically viable nitrogen source
for flooded rice., The relevance of this technology to Kerala
is obvious from the fact that rice which occupies an area of
7.07 lakh hectares i1g2 the major consumer of available forti-

lizers in the State.

With the identification of azolla as a potential nitrogen
source for rice, research on azolla has becn intensificed ail
over Indla to exploit its full potential. However, results
vary with specied, soil and climatic conditions. As far as
Kerala 1is concerned growth of azolla has bsen. varying widely
and even in the same place the growth is orratic in diffarent
years., Detailed investigations about weather parameters,
water cuality and soil factors affectinglitg growth are very
few in Indila, so also studies on the nutritional reguirement

of azolla for rapid multiplication in the field. Tha possi~

bllity of growing azolla elsewhere and collecting, transporting

and applying in far away places as an organic manure is not



practically feasible because of high cost of labour involved.
As rmost of the areas in Xerala are dry sown in the first crop
season (May-August) ard time gap between the harvest of the
£irst crop and planting of the second ¢rop (Septemhethanuary)
is short, growing azells as a monocrop beféra planting is not
procticeble. Thus in Kerala, there Is scope for simultancous
cultivation of azolla as an intercrop‘with rice. Though a few
trials have been conducted in India on this line, information
on quantity of asolla inoculum regquired and time of 1ts appli-
cation in rice field ig guite inadequatc.

in tropical reglon, solarlradiation and temparature
play deminant roles in the multiplication of azolla in the
rice f£ield. Methods of planting rice, adoption of row spacing
and alteration of direction eof planting (so as to protect
azolla from high_temperature and solar radiation) are worth
trying aé information on these lines is practically nil.
Similérly concomittant problems like rate of minevalization
of azolla, both as £resh and dry materials, and use of azolla
as an organic manure and the pogsibllity of partial substi-
tution of minerazl fertilizers for rice by azolla also demand

investigation.

In view of the above facts, the present investigation on
*Ecophysiology of Azolla and its Management for Rice Produce

tion' was undertaken with the following objectives.

1. To study the Influcnce of environmental conditions
on the growth and establishment of azolla.



2.

3

L

5.

6.

[Sas

To-assesg tho nutritional requirement of agolla.

To £ind out the optimum quantity of azolla inoculum
required and time of application for growing it as

an intercrop with rice.

To identify the method. of planting rice favouring
multiplication of agolla in the f£ield,

To study the rate of mineralization of azolla

compared to other organlc manures.

To evaluate azolla as an organic manure and to
explore the possibility of reducing the fertilizer

requirement of rice by the use of azolila.

The f£indings which have emerged f£rom this situdy have

been presented hare.
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IT. REVIEY OF LITERATURE

The water fern azolla with its nitrogen £ixdng endo=
symbiont, Anabaena is being traditionally used as a biologlcal
source of nitrogen in rice cultlvation in Vietnam and some
parts of China (Singh, 1983) and interest on azolla regearch
got a £4llip when FAO brought it to the scilentific attontion
(FAO, 1977). Of late, considerable attentlon is being given
to such a system in India (Singh, 1977a), in Philippines
{(Watanabe, 1977) and in U.S.A. (Rains and Talley, 1979).

The available literaturce on agolla pextaining to the

gcope and use of azolla in rice culture, features of Azolla-
Anabacna complaex, ecological requirément of azolla, nutritional
requirement of azolla, time and quahtity of azolla incculum to
be applied in the f£leld, method of planting of rice f£avouring
azolla growth, mineralization of azolla aftor incorperation
into the soll, evaluation of azolla vis-a-vis other organic
manures and its effecte in reducing the fertilizer requirement

of rice are raviecwed.
2.1. Scopa and use of agolla in rlce culture

Azolla i a genus of water fern. that assimilatcs atmos-
rheric nitrogen in assoclation with nitrogen £ixing blue green
algae Anabacna azollag, that lives in the cavities of dorgal
lobes of azolla as a microsymbiont (lMoore, 19693 Ashton and
Walmsley, 1976 and Bgcking, 1978). Azolla is widely distri-
buted in the rice growing tracts of tropical and temperate
zones and 1t grows in the irrigated rice fields.



Azolla has been used as a greecn manure for rice in
Indonesia (Sgubert. 1949), Vietnam (Bul, 1967).7Thailand
(Mooxre, 1969} and in China (Ldn, 1976). Venkataraman {1980)
stated that in China azolla 1s often described ag “fertilizer
from the soll to the soil”, “field fortilizer factory",
"minlature N fertilizer factories" and "indestructable N

£actories.

Azolla is a potential substitute for fertilizer nikrogen
due to its rapid growth, doubling in 3-5 days, and its high
nitrogen fixing capacity.' Siﬁgh (1977c) estimated that a
layer of azoila covering one hectare of f£ield produces 10 &
of green makter containing about 30 kg N. According to Stewart
{1977) azolla can produce a grecn matter yield of 200-300 t
campared to 30-50 & ha'l yr’l produced by other green manure
crops. The Azolla-Anabmena association has been reported to
£ix 80-600 kg M hafl yr'l as.campared to 60=70 kg £ixed by
blue green algae (Srserangasaml; 1980).,

Moore (1969) suggested that the azolla=blue green algae
combination appears to be capable of £ixing amounts of nitrogen
in the field of the same order of magnitude in a leguninous
crop. The nitrogen fisxing capacity of azolla exceeded that
of the legume rhizobium symblosis (Limpkin and Pluckunett, 1982).

Examining the scope of gréwing azolla, Joy (1984) found
that monocropping of_aéolla‘during the twenty days before

transplanting vielded 19.8 & f£resh azollah'é1 thus contri-

1

buting 30 kg N ha”~ whereas intercropping of azolla’ with
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rice during the thirty days after transplanting yielded
15.6 t fresh azolla ha * thus supplying 22.4 kg N he! and
dual cropping of azolla during tho perioé of f£ifiy days

1 supplying 51.5 kg N ha~!

yielded 35.4 t of fresh azolla ha

to the rice crop.

Mathewkutty and Sreedharan (1983) found that azolla is
an efficiont substitute for nitrogen fertilizer where thore
is a possihility of vertical and latéral leaching.

The effect of azolla was relatively more consistent
than that of blue green algae, howaver interlocation diffe-
rences vere similar. When azolla is grown in a dual cropping
system with rice, cost of Inoculating wilth 500 kg azolla may be

Rs.éo_hé'l

which is similar to the blue green algae (Pillail,
1984). Sreerangasemi (1980) reported that the blus green algae
system admittedly cannot caompete very effectively with the
smothering algal blooms. In contrast,. the azolla system is
bestowed with such advantage that normally an emergent float-
Ing waterplant has., In addition, the size, growth, development
and multiﬁliaation of azolla is8 visually perceived wall and
appreciated, 'It can be used aloag with N fertildizer and the
requirement of N can be reduced (Singh, 1977c}§ It was
invariazbly notlced that anglospermic weeds wafe less in the
presence of azolla in rice flelds (Singh, 1977b). Azolla
improves soll productivity and xectifies zinc deficiency in
rice (Srinivasan, 1981).

Importance of azolla lies in the fact that as an aquatic



green manure, azolla does not occupy land needed for upland
cropsg and can grow vhere terrestrlal green manures cannot,

Its symblotic rélationehip with nitrogen fixing cyanobacterium
produces nitrogen under suitsble condition. Azolla growa fast,
doubling in 3=5 days and a thick mat helps to control weads
{Lumpkin and Plucknett, 1982).

Pillal et al. (1985) veviewing the experiments on azolla
reported that partial substitution of nitrogen reguirement of
rice could be achieved through the unee of azolla. with some
promise, only in the rainfed lowland areas covering the river
delta system especially in North Fastern Indla, vhere thers 1s
parennial water resources and sllt laden soils, vhich help easy

muliiplication of azolla.

rillail ot al. (1980) further stated that in many locations
in South India, fallure of multiplicaﬁicn of azolla and biue
green algac is dve to the extremely hich and low atmospheric

and vater temperatures and low avallability of P and Ca.

It can be concluded that there is considerable scope for
growing azolla as an intercrop with rice compared to blue greaen
algae. . It 18 more adaptable to soil conditions, and has the
capacity for high Siamaaa production, This i3 particularly
important ét the present time when the bulky organic manures

ara becoming costly and scarce.

2.2. Features of the Agolla=Anabaena complox

Azolla belongs to the phylum Felicophyta, order Salviniales

and family Azollaceze. The genus Azolla comprises seven species.



Azolla caroliniana, A, f£iliculoides; A. mexicana, A,micgrophyila,
A. zubrs, A. ‘ni;atica and A, pinnata (Xonar and Kapoor,. 19743
Lumpkin and Plucknett, 1982).

The azolla }glant has a branched £loating system that
bears altemétively arranged, overlapping leaves and trus
zoote. kEach ".-'Leaf is deeply bilobed and the dorsal lobe con-
taing the algal symbiont in‘ the inﬁe:;'nal cavities at the prow
ximal end (Petors ek al.; 1978). The fern provides nutrdents
and protective leaf eavity f£or the Anabsens which in turn
supplies €ixed N for the f'ezm {Hill, 19753 Peoters, 1976
Singh, 19770).

Nitrogen £ixation occurs ¢nly in the Anabaena cells and

most of the energy reguirement is fulfilled through the photo-
gynthesis of the host azolla.{Ladha and Watanabe, 1982),

Azolla reproduces often vegetatively by fragmentatioen
and rarvely by producing spores' (Gapal, 1967; Ashton, 1977).
Bexual reproductlon  of azolla through the sporocarp was
studied by Gurunathan and Sreerangasami (1983) who reported
that in the Eg.eld azolla mlcro and mega spores do not gorminate
tmtiz.; they are liberated from sporangia, and fertilization
occurs only iﬁ water, The zygote formed after fortilization
is deposited on the soil surface where it remaing in dormancy
for 2=3 monthe. After this dormancy period normally =zygotes
sprout into small seedlings 10=15 days after incubation,

The fern grows well in nitrogen free nutrient solution
and exhiibits g rapid doubling time varying £rom 63 to 108 hours.
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A. pinnata had an average meoisture content of 94.5 per cent
of- the fresh welght and total N content of 3,01 par ¢ent of
the dry weight (Brotonegarc and Abdulkadir, 1976}, Aashton
and Walmsley (1976) found that the Anabéena azollae could

supply all the ¥ required by the hoat through nitrogenase
activity.

Peters gt al. (1978) found that in comparison with blue
grecn alga and legume rhilzobium symbiﬁsis, nitrogenase acti-
vity by Anaboena did not ceasg when grown for ipng periods with

adaguate or excessive amounts of coambined nitrogen in the medium.

Backing {1979) reported that the nitrogen fixation of
azolla is geperally in the order of 1.0-2,5 umol Q"l fregh

veight hr’? and with 3-4 per cent N, it £ixed over 300 kg
N ba™t yr~l, Singh (1979) found that about 333 & ha~L of frech

agolla contalning about 840 kg N could ba harvested annually.
Talley and Rains (1980) reported that the rate of nitrogen
a@&umulation was 2.7 kg H hat day”l under £ield conditions
whercas Watanabe gt als (1?81) could get oﬁly 1.4 kg W hé‘lday“l

£from a year round pot experiment.,

Peters and Mayne (1974) reported that a major portion of
nitrogen £ixed by the symbiont ls released into leaf cavities
and removed by amnonia assimllating enzymes specifically
glutamine synthetase of the host plént, posolbly locaiized in
the hairy cells which ilne the cavities.

The azolla was cstimated to account for 80 per cent of the
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glutamine synthetase activity and 80 per cent of the gluta-
rmate dghydrogenase activity of the systénd - (Ray at al., 1978) .
According to Petars gt al. (1981) the isolated symbiont exuded
upto 50 per cent of its f£ixed nitrogen into the incubation

medium as ammonia.

Lumpkin and Plucknett (1982) indicated that dry matter
content of azolla‘varied frem 4.8 to 7.7 per cent and the dry
matter contained 41.5-45,3 per cent carban, 39,2 por cenkt corude
fibre, 13-30 per cent crude proteln, 1.96~6,0 per cent N,
0.16-1.59 per cent P, 0.31-5,97 per cent K. Tha C:N ratio of

azolla vas 7=-18:1,

To sum up, azolla is a water form usually found £loating
in stagnant water., The nitrogen £ixing blue green algae

(Anabacna azollae) lives in the internal cavity formed at the

proximal portlon of upper lobe of leaves, The fern provides
nutrients and protective leaf cavity for the Anabeena which in

turn provides f£ized nitrogen for the fern., Ameong the seven

species of ezolla, Azolla pinnata is the species found in Indla.
Valuse of azolla as an organic mavure is hicgh as it contains
1,96-6,0 per cent N, 0,16~1.59 per cent P and 0.31 to 5.97

per cent X and the C:¥ ratlo varies from 7-18:l.
243« Ecological reguirement of azolla

Ahmad (1941) reported that in lower intensities of 1light.,
rceot systom of azolla showed poor development and the older

roots were observed to £sll off from the plant. He also found
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that light and temperature both act as limiting £actors

simulianeously.

Lu et al. (1263) found that the growth of azolia began .
o decline approximatoly thirty days after transplanting rice
as the 1light below the cangpy was reduced to less ?hah,so per
cent of f£ull sunlight.

Aghton {1974} cbhserved that both the growvth rake and the
nitroganase aétivity of A. £iliculoides changed with the
Inereasing ligoht Intenslty. At optimal light intensity which
was SO per cont of f£ull sunitght f,e., about 49 Xlx and with a
day length of 12 hr, he observed a growth rate of 0.150=0.175 g

day™t in South Africa.

Since £ull sunlight is of the order of BO to 150 kim; the
fern prefers an environment where a certain degree cf'shading
i available ahd it ls able to tolerate a wide range of pH and
temperature {Ashton and Walmsley; 1976). They have also found
that light plays a major role in governing the growth of the
fern largely through its effocts on the process of photosynthesis.
Tﬁe ac;ion of light is further complicated by the fact that
light intensity and pH of the medium ﬁave interacting effects
on the growth rate of fern., When plant experiences light inten-
slty above 60 Xklx thexre is inhibition of groweh at all pH values.

Holst and Yopp (1976) recognised that nitrogen fixation
was reduced (30 per cent) less than nitrate reduction (50 per

cent) In response Lo decreasing quantity f£zom 2400 o 1200 f£t.c.
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Both ware reduced drastically at still lower light levels
(100 ft.c).

Becking (19792) opined that azolla prefers an eavivonment
with a certain degres of shading in rice f£ields depending on
plant. density. He also found that at day lengths longexr than
8 hr, specific nitrogenase activity doas not increase while
growth rata does, Optimum golar energy for growth of azolla
is from 20 to 50 kilx (FAO, 1979).

Holst (1977) was of the opinion that the presence of
azolla symblogiz under natural condition appeared to bhe
affected by air and water temperature and light quantity. Plant
material exposad o the direct sun was red pignented and seneaced
whon ailf and water temperatures exceeded 25°C, shaded green
pigmented plants zppeared to be more tolerant o high tempe-
ratura,

Van Hove gt al. (1983) observed that azolla grewth
increased with light intensity upto a certain level, At cpti-
mum temperature, saturation wag reached at 50 per cont of full
‘sunlight but growth remained good even at maximum light inten-
sities,

Ahmad (1941) noticed that the maximum growth of azolla
specles took place at 22°? # 1°C. The light compensation point
for Azolla fiiliculoidas is not constant but varles directly
with the temperature. High water temperatures are inimical to
the growth of Azollz pinnata (Moore, 1969).

Lumpkin (1977) stated that in winter and spring when

témperature was mild and the form was free of pests, azolla
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reached a density of 24 ¢ hd-lu Densitice wers also high

during. summer if pesticides were used and water temperature
was kept below 30°C: Brotonegoxo and Abdulkadir (19756) con-
cluded that temperature rathor than light inténsity affected
the nitrogenase activity.

-According to Becking (1979) the most favoursble period
for vegetative growth of azolla was August-February during
which the mean doily temperature was 16-17°C. Towards the end
of March when the temperature rose to 22+24°C, much of the
azolla died.. Therefore one of the madin problemns of growing
azolla in Vietnam was observed to bae the deleterious effect of

hot season,

Watanabe gt 2l. (1977) found that azolla growth at a
temperature of 35/27°C was reduced by about. 50 per cent and in
thelr view 27°C is favoursble for growth of Azolla pinnata.
Tuan and Tbu&et (1979) menticned that negative respenge of
azolla to high pH was more due to high temperature and high
Iight intensi;y, B2 also found Ehat when the temperature at
14 hr: rose to 30°C, azolla turned reddish and at 35°C it began
to die,

Talley and Rains {(1980) in theilr laboratorny studies in
controlled environment noticed exponential growth ra hte‘of
Azolla Ei;iculoides,and the growth rate increased linearly with
temperature between 10/1 and 25/15°C and remained hich upto
35/25°C. ﬁétapabe et sl. (1981) tested 15 strains of azolla
and observed that the blomass production was higher at 22°C
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than at 38°C in all the strains, At 20°C, meximum blomass
was obtained in 20~35 daya in A. garoliniana. Nitrogen £ixaw

tion (6.3 g m"2> and dry matter production (15 g m"'z) wera also
maxtmum gt this temperature.

It is reported that water temperature was probably the
nost important environmental factor I.'!.imiting the spread of
azolla cultivaﬂori in the tﬁr:vpics and the most favourable mean
-8ir temperature ranged Botween 20 and 20°C (Lumpkin and
Plucknett, 19823 Ven Hove gt al.. 19€3).

Pal gt al. (1982) reported that azolla bhiomass production
wvas sharply délteriarat-,ing with the extremos of temperature pre-
vailing either in winter or in sumer coupled with othexr envi-
rommental factors. They also found that heterocyst froguency
of the symbiont was also higher during the months of peak bic-
mags productions

Singh (1979) suggested that azolla grew at a water tempe-
rature of 14=-40°C but it grew better at 20-30°C. At higher
tmﬁeraﬁures: growth was slow and the plants turned brown. In
China when day temperature is hicher water is dralned from the
f’ielé daily and coolk water is let in o the field during night
time (Venkataraman, 1980): .

Goss (1973} xeported that temperature above optimum
caused metabslic disturbances and deslccation due to highar
rate of water loszs He further observed that at higher tempe-
ratures protoplasmic streaming decreased as protoplasm became

more viscouss Photosynthesls was greatly reduced but the
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respiration réte continued to increase. High light intensity
caused increase in temperasture which increased the rate of

regspiration.

The optimum relative humidity for growth of azolla is
85«90 por een£ and at hunddliy below 60 per cent asolla does
not grow {FAO, 1979). Roger and Kulasocoriya (1980) obaexvéed
that in paddy fleld in Ttaly vhere the dry perilod was relativoly
short, nitrogen fixing blue green algae comprised only about
30 per cent oé the algal £lora; but in Senegal, where the dry
geason lasts about eight months, spores of heterocystous blue
gregh algae c§nstituted more than 95 per cent of potentlal fllora
at the end of the dry period and hemcoystous blue green élgal
forms wele present primarily because of their introduction
through irrigation water. There i1s evidence that variations
in sporulation rate and number of Sporocarps of A. £iliculoidas
are closely related to temperature. Observations on the dynsmics
of sporulation in a nursery fielé during the summer showsd that
sporocarp fommation commenced at an average temperature over
13°C (ranging framu6§5°c to 2645°C). Sporocarps developed
rapidly after the tempezaﬁuré rcsé. t deplinaﬁ sharply when
the fiold tempersture exceeded 25°C. At that time the azolla

sporocarp matureéd and sporulation ceaseds

In addition to temperature, sporulation was related to
the morphclogical.stagé of the azolla lobe and to fertility
management (Shi-ye Li, 1984),

Studying the effect of wind, Ashton and Walmsley (1976)
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reported that azolla plants are vory fragile and susceptible
to fragmentation if physically disturbed, Therefore an exposed
wator surface, where wind and wave action are very high and a

large degree of turbulence exists, Azolla filiculoides would

show poor growth and development of azolla mats would be highly
uﬁlikely. Lumpkin and Plucknett (1982) studying the effect of
wind, stressed that wave action and turbulénce were deleterious

to azolla. They further explained that wind caused the amassing
- of plants on the leward side of water surface and wave action
and turbulence caused premature fragmentation ané eventual
death. Wind produced a state of overpopulation which inhibited
-growth 0f azolla (Van Hove et al., 1983),

Discussing the effect of frost, Becking (1979) remarked
that A. £iliculoldes dles.if the water surface freezes and
azolla cannot survive as sporophytes in temperate region after

prolonged period of frost in winter,

Studying the effect of atmospheric gases, Ashton and
Walmslay (1976) noted that growth of azolla is not complete
unless a constant cilrculation of atmospheric gases is maine
tained over the plant. They also observed that Oye Né and 002
exert thelr effects through metabollic process of photosynthesis,
nitrogen fixation ond resPirétiog. Beéking (1978} is of the
opinion that for optimal metabolic activity and growth a con-
stant supply of Nz; 02 and CO2 is necessary and cbatruction of

£ree gas diffusion reduces growth rate.

Janiya and Moodi (1981) reported that all herbicides used
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wore deleterious and caused silgnificant reduction in fresh
weight, 20 days after transplanting. 2,4~D caused the 1ea§t
raduction on grcﬁth. Propanil was more detrimental than 2,4-D
at four-days‘after transplanting. It appears unlikely that
herbicides can ba used for weed control vhen rice is inocculated
with azolla. Venkataraman and Kannailyan (1984) were of the
opinion that increasing the concentration of Butachlor had
gradually decreased the growth of azolla.

Among the factors influencing the growth ¢of azolla, soil
also plays a aignificant role., Venkataraman (1980) reported
that even in South China largs scale use of agzolla has been
taken up only in.coaséal balt of Yhngtesé river basin., In fere
tile soils, the gra%th of azolla is very fast and in sandy scils
growth of azeolla is poér,

The widely publicized success of azolla production and
utilization in South Cotobato in Philippines were becausc of
two reasons Cl) the séil of that zrea contained relatively high
level of P and (2) the vet season extends from April to December
with only three dry months. During dry season, the average
monthly rainfall remain above 50 mm (IRRI, 1984).

Ashtion ané Walmsley (1976) reported that acidie soils,
hav;ng pH 3-3.5, did not support growth of azolla and the
inocculum dried oui, Singh (1977a) also found that azolla grew
batter in solls of pH §,5-~7 than in soila of pH 8 although
plants gréew at pH 1Q.
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While studylng the effect of liming on soil pH and azolla
growth, Habeehurrahman (1983) observed a rise in pH from 5.6 to
6,4 due to liming. He concluded that a combined effect of:
increass in soil calcium and rise in pH due to liming had
vosulted in the increase of fraesh weight of azolla. Brady {(1970)
observed that when the soll reactilon is hald within a soll pH
range of 6,0 and 7.0, toxicity of eleménte can satisfactorily
be suppressed, at the same time thelr availability will be
assured unless these eclements arve inherently lacking in the
soll.

Aocording to Becking (1979) water is a fundamental reguiree
ment for the'ogcurrence.of azollae. Although azolla can grow on
a wet mud surface, it profers to grow in a free floating state
on the water surface, In shallow water, the azolla plant may
touch the soil surface with lts roots but it can also grew in
much deeper water vhere the nutrient uptake is completely from
the water environment. He also found azolla getting wilted in
paddy f£ields in Northern vietnam 1f£ the concentration of salts
during the wargest sunmer pariod reached 1480-1872 mg litef“l

because of intensive evaporation,

Van Hove gt al. (1983), studying the ecophysiology of azolla,
reported that growth of azolla is promoted by a fairly shallow
depth of water (5 cm) which favours mineral nutrition since
roots are near to the soll and reducesn the negative effect on
growth by water turbulence, on the other hand it should not allow
rooting in the soil which suséaina growth because it creates
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a premature state of over population. They wore also of the
6@¢nion that azolla io tolerant to rH. It survives in a pH

ranging frem 3.5 to 10 and grows well £rom 4.5«9.0.

on the water quality and azolla growth, Lumpkin and

Plucknett (1982) reported-that among pH, salinity and turbu=-
;ence, pH has been the mast widely stuéied and is prcbably the
most limiting in rice'ﬁaaﬂies. The most serious in situ pH
offects on azolla occur *ndirectly hecause of pi relatea tosii=-
cities or deficiencies of elemevts in the soll solution., fhe
pH £or optimum growth of azollia in solution culture is within
the range of 4.8 to 7.0. They further observed that there was
no significant growth differeanice between plots having a gtand-

ing wataer of 5 om and 15 om depths,

Salinity has rarcly béen mentioned as a problem on the
cultivation of arolla. Halten et al. (1974) reported that the
growth of A. caroclindana ceases in a éolution containing
1.3 per cent salt. Lumpkin and Pluclknett (1932) Found healthy
looking azolla in thirty different locations where water con-

ductivity ranged £rom 70-368 umhos.

it can bz summarised that among tho conditions congenial
for growth of azolla, temperature and licht play dominant roles.
Light intensity of 20-50 kKilx and g water temperature of 20=30°C
are optimum for the growth of azolla. Wind and wave action
and other physical disturbances also affect ite growth. A fere
tile soil with a pH of 5.5-7.0 favour its rapid growth, A fairly



shallow depth of water (5 om) having-a2 neutral pil favours

the growth of azolla.
2,4, Nutritional requirement of dzolla

Ashton and UWalmeley (1976) reported that for optimal
growth, the fern requires all the macro'and.micronutrients
which are egscntial for normal plant growth. HMacro nutrients
such as P, M, K, Ca and Mg are especially important and pro-
duce marked effect om the growth of the fern. Since nitrogen
€ixation by the symbiont also plays a dominent role in regulae
ting growth of the fern, microautrients such as Fe, Co, Mo
which have been shown to be esgential for nitrogen £ixing pro-

cass are also important.

Becking (1979) found that introduction of ccmbined nitro-
gen reduced fresh welght of azolls to 34 per cent and total
N content £0 40 por cent compared to the control. ‘ia further
ohserved that for nitrogen, the assccoiation can rely on the
supply of N, in the air. Combined nitrogen is however also
assimllated and may support the system even when N2 £ixation
goes on. Both nitrogan sourcaes can be assimilated similtas-
neously because the combined nitrcgon 1s assimilated by the
roots while tho N, is assimilated by the endosymbiont. According
to him, azolla can be cultivated in a simple nitrogen free medium
containing only a few salts such as magnesium sulphate, calcium

phloride. potassium chloride, sulphates and an iron source.

Foldar spray of nitrogenous fertilizer increased output

of the green matter by 14-17 per ceut (Venkataramzn, 1980).
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Watanabe et al. (1977) reported that azolla in nitrogen amended
mﬁdium had lower f£resh weight and reduced N assimilation than
that of the control, but retained a similar acetyléne reduction
activity.

Many workers have emphasized the role of phosphorus on

the growth of azolla. Addition of 30 kg P ha~t

as superphos-
‘phate stimulated azolla growths In phosphorus treated plots,
tha surface coverage of azolla; 22 and 40 days after inoculation
vas 85 and 96 per cent reaspectively. The éefieiency of Fe, P
and Cas, affected acolla causing low fresh walght, low number of
algal cells in the frﬁnd cavities and low wate of'ﬂ fixationa
Potassium deficiconcy hod less effect and Mg deficiency had the

lgast effect (IRRI, 1976).

Watonabe (1977) found that P, Ca, .! and Fe are essential
nutrients in the water culture for agolla growth. Singh (1979)
was of the oplnion that application of superphésphate is &an
easential recquirement for azolla multinlication., Rains and

Talley (1979) observed that A. f£iliculoides and A. mexicana
1

required 0.8 Mg P ml"" to maintain sufficient P for maximum
growth. - Liu (1979) in one of his experiments notleed that the
ratio of P to N should be 3:l in spring, 1:1 in summer and

130 in winter, The ratios vary according to the changes in
weather, He further noted that azolla propagates most rapidly
.dn salls containing 21-87 ppm available P and grows poor in .

solls containing 2.1-8.7 ppm.

Watanabe (1977) found that P Qeficiency reduced the fresh



welght to 22'per cant,; the total N content to 16 per cent and
acatylene reduction rate to 3.5 per cent of the control,
Becking (1979) found that P deficient plants produced a red
brown discolouration and a smaller frond size. In most paddy
systems P isg the most common element limiting the growth of
azolla, If the dry welght P content of azolla drops below
0.23 per cenkt both growth and N content will be affected
(Lumpkin and Plucknett, 1982). Subudhi and Watanabe (1981)
vare of the opinion that P represents a major limiting factor
in the field for the growth of Azolla=-Anabaenag symbiotic nitrogen
filxdng system, The threshold concentration of P in azolla
appeared to be 0.2=-0.3 per cent, balow that growth was propor-
tional to the P content. HMandal and Bharati (1583) showed that
P deficlent azolla had reddish brown fronds and shoot and roots
ware long, fragile and easily detachzable. Watanabe and Ramirez

(1984) found that Azolls pinnata can grow satisfactorily without

P application in the solls with Olsen P values higher than

30 mg kg’l and P sorption capacity lower than 1500 mg ons 100 gfl
The soll that supported azolla growth well (higher than 1 kg
azolla m—2) appears to have avallable P (Olsen's P) higher than

25 ppm.

Studyving the influence of potassium on the growth of
azolla, Vatanabe (1977) observed that f£resh welght and N content
of the azolla in the X deficiené solution were less than those
in the control. Potassium defleient azolla did not have any

discolouration but its frond size was relatively smaller than
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that of azolla in the control. Its deficiency decreased the
£rosh wolght and total ¥ content of the plants to 32 and

24 per cent of the control respectively.

Singh (1959) opined that the addition of potassium fer-
tilizer at 4~10 kg Kzo hd"l and domestic ash at 50 kg hd"l
eﬁcou:gged growth of azolla to Game extent, Lumpkin and
Plucknett (1982) observed that the application of potassium
i8 essential for the cgltiﬁét%on of azolla in tho light solls
éﬁ Vietnam and China: Thrashold concentration for this olement

i5 about 0«4 mmole 1T+

Agaruala.and Shavma (1976) reported that calcium is
dnvolved in the rmaintenance of cellular organization by rague
lating the permeability of cellular membroné and by hydration
of protoplasm; They further noted that Ca faovours the assimi~
lation 02 N #ngo ordgarilc congtituents eapecially proteins,
Watanabe et al, (1977) observed that Ca deficient azolla showed
nore browvming than the P deficient azalia and had the smallest
£rond size among treatments. DBeoking. (1979) stated that the Ca
deficient pianﬁs had a f£resh welght of only 9 por cent and total
N content of 5 per cent respectiﬁely of the control receiving
the complete sélution, Microscopic exemination revealed that
tha fronds h@ﬁ»lost the algal symbiont. A defieiency offCa.
and P had more pronouniced effect on growth and N, flxation than
a deficiency of K and Mg, Regarding ths Mg deficiency, Becking
{1979) also cbsarved that frésh weight was reduced to 82 per
cent and total N content to 77 per cent of the controls But



acetylens reduction rate was 1.3 times more than that of normal
plante. Watanabe et al. (1977) also recorded that fresh.weight
and N content of azolla in the Mg deficient solution were
olightly 1cwe:'than those in the controls The Mg deficient
azolla 4did not usuwally differ in colour and f£rond size from

the control azolla.

Agarwalalgnd Sharma (1976) noted that magnesium is involved
in carbon assimilation and organic acid metabolism,  The decrea-
_ead rate of photosynﬁhesis found in Mg deficient plants could bhe
porhaps largely accounted for in terms of the known role of Mg

as a constituent of chlorophyll.

Aziz and Watanabe (1983) found that dry matter in the
control and P, Ca and Mg deficient azolla were 5.0, 8.1, 14.5
and 13,2 per.éent respectively and they further noted that omi-
saion of Mg, P,-Ca from the culture solution increased the

doubling time of azolla growth,

Oloen {1970) reported that when the water pH was in the
range of 7.,0~8.1, azolla coﬁld not: grow du@ to the poor avalla-
hility of Fe and Mn, In the case of A. garoliniana he found
that an omission of Fe from a complete nutrient solution gave
a dry matter production of only 11 per cent of the control.

The omission of Mn degreased yield to 25 per cent of the céntrole

Ashton and Walmsley (1976) concluded that the £eorn thrived
where waters werc ansexobic and Fe was present as Fez+; whereas

in lakes where waters were not anserobic and Fe was present as
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3+. plants became chlorotic and stunted on account of Fe

Fe
deficiency. Becking (1979) noticed lwmrlant growth of azolla
in an irrigation water having pi value of 5,.5«5.6 and soluble
Fae, content of 0.28-0.50 mg Fao 1'1. 2 concluded that Fo secma
to be dmportant £or agolla growth and it should be ﬁresent in

goluble f£orm to give a concentration of 2.5 ppm Fo.

Watanabe gt al. (1977) while testing the growth of
Aes pimnata in a pi range of 4.5=7.5 at 2 and 4 ppnm Fe as iron
citrate obhsexved less healthy chlorotic plants due to Fe defi-
ciency at pil 7.5. Rains and Talley (1979) reported that water
usaed for irrigating oxperdimental plots was f£requently Fo defie

ciént and then the agolla beoomz chlorotic and stunted.

Becking (1979) stated that micronutrient:s are required for
the growth cf azolla in the usunl concentrations rogquired for
other green planks. However, molybdenum and cobalt are required
in somewhat higher concentration than normal begause they are
needed for pnltrogenase actlvity of the symbiont. The nutrients,
Mo, Mn and B have consplcuous effect on the growth and m2 £i80-
tion of azolla. Addition of scmall amounts of Mo has been

reported to stimilate azolla growth in China and Korea.

Lumpkin and Pluckmett (1982) wore of the opinion that in
addition to the nutrients required hy other plants, it requires
-Mo. Co and Ha for the use of its nitrogon f£ixing symbiont, Thoy
gurther stated that zinc is required by azolla in very small amounic
and hag not been reported to be deficlent at any of the sites
whare azolla ils presently cultivated. But thoy have collected



a sample of A, carolindana suffering from Zn toxicity in which

the Zn concentratlon in the plant exceeded 0.2 per cent on dry

weight basis.

‘According to Johnson gt al, (1966) cobalt is essential
for the symbiotde growih of A.filiculoides and Anabaena. Its
raquirement is aasociated with the growth. of Anabaepa azcllae.
Tungston appeared to be beneficial to some extent.fér the growth
of azolla, According to Becking (1979) Venadlum had inhibitory

effeat, on azolla.

Tt can be concluded that azolla recuires all the macro .and
micronutrients whlch are essential for normal plant growthe
Mécronutrieﬁts such as P, N, K, Ca and lMg are espacially impor-
tant. and produce marked effect on the growth of azolla. Since
the endosymbiont also plays a sionificant role in the nitrogen
£ixstlon and ultimately on the growth of azolla, micronutrients
such as Fe, B; Co and Mo have been showm tb ba essenticl for

nitrogen fixing process,

2.5, Time and quantity of azolla inoculum
£o be applied in the £ield

Singh (1977b) found that an inoculum density of 0¢l1=0,3 kg
Frn was found to be most favourable for rapid multiplication of
azolla, He further obsorved that inoculum of Q.1-0.4 kg o2

increased to G.8-1.5 kg m2

of green mattar in B8-20 days
amounting +to 30-50 kg ha;}. Pande (1979) reﬁorted that the
density of azolla inoculum at O.1-0.4 kg M2 was found to be
most favourable for rapid mul4iplication, Thin population will

take morae time to cover the field.
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Srinivasan (1980DL) laid out a ¢rial in Thaladi with ino-
culum levels of 1; 2 and 3 & ha"l. .Azolla wasappliedone week
after planting. Water level was maintained at S cm.  The
inoculum levels at 1; 2 and 3 t hafl covered the £ield 55, 33
aga 15 days respectively after application: In the trial vhore

1

azolla was inoculated at 3 ¢ ha =, yield increase £o that of

25 kg N ha"t

was observed. In trials with inoculum levels of

1l and 2 ¢ hé”lg there was no appreciable vield increase because
of delayed incorporation of azolla 62 and 42 days after planting
rogpectively. Mathur gt al. (1981) got a Ffavourable effect when

2@ one week after planting and

azolla was applied at 300 g m
incorporated 15 days later, Similar results were obtained by

Kanneiyen and Covindarajan {1982).

Barthakur and Talukdar (1983) inoculated with 1 ¢ f£resh
azolla ha~'l after pvlanting and incomrporated it 20 days later
which rvesulted in an increased yield of 38 per cent in 1979 ang
36.5 per cent in 1980, Mahendran and Ramiah (19283) inoculated
azgolla at 500 kg ha'l 10 days after planting and incorporated
it after 35 days. Azolla multiplicetion ranged £rom 3-4 t ha >
and addition of nitrvogen to the £ield through its incorporation

ranged from 5,7-6.6 kg N ha“l.

In the final analysis it can be seen that inoculation, one
week after planting seems to bae the hest time of application of
incculum in the £ield, A sowing density of 100@400.9-,"2 viasg
found to be most favourable for rapid multiplication of azolla
in the f£ield. Thin population will take more time to cover the

£ield.
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2.6, Method of planting rice favouring grow!;h
of agolla

Lin (1979) stated that double-narrow-row.: method of
planting rice facilitated batter growth of agolla. The space
of the wide row is 53-66’ ém and that of the narrow row is
13 ¢m and that between 2 clﬁsters 6.5 cm. Thus azolia and rice
can grow in the same £leld for a camparatively long time to
bring about high ylelds of both rice and azolla. VWatanabe et al.
(1981) in a similar expardmont cbeerved that in rice f£iolds
azolla growth is fast at the rice crop's early stage but declines
later because of ghading by the wice plants., In another study,
Gunnimj gt al. (1984) noted that this practice has been found
to prolong the grouth of aéo]_;la.- increasing the fresh weight
yield to 77 to 186 t ha~* (compared with the usual 40-55 t ha™t)
without reducing rice grain yield. It was tried in IRRI and
found that 4 té 6 crops of azolla would be aobtalned durding a

erop season eguivalent to 70~100 kg N ha"l.

Remasami et al. (1984) vhile studying the effect of dual
éropping of azolla in dlow iand rice got a maximum bicmass of
740 & ha"'l at a multiplication rate of 195 g m""2 «- Dual cropping
of fresh azolla with 60 kg N ha_"]' qave 'a vield equal to that
with 90 kg N ha™l,

While evaluating the effect of systeng of cropping of-
azollas Joy (1984) found that monocropping of szolia 20 days
before transplanting yislded 19.8 t ha™> of fresh azolla con-
taining 30 kg N ha~* whereas intercropping of azolla with rice
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during the 30 daye after trancplanting vielded 15,6 & ha i

supplying 22.4 kg ¥ and dual cropping of azolla durdng the
poriod of 50 days yiclded 35.4 t ha > of frech azolia which

supplled 51,5 kg N haf"’" to the rice crep.

Thus it can he summar:ized that in rice £ield, growth of
azolla 1s fast 4in the early stags Sut déélines later because
of shading of rice plants. Double-narrow-zow method is a suie
table mothod of planting xico which will £acilitate good growth
of azolla for :_a. longer periocd; without .baing -dﬁt_:iirt@htal o the
vield of xice.

2:+7. Mineralization of azolla

While stuﬁying the dec:cmpésitidn pattern of azollas
Pande {1979) inferred that about half the quantity of N is
mineralized with.‘!:n three weeks of wvater logoing and 2/3rd after
6-8 wecks of flooding, Talley cnd Rains (1980) obsorved that
when the amount of N incorporated into the sodl as azdlla green
manure vwas increased, the proposi:ion of N availlable to rice
crap decreaceds. The mineralisatlon of azolla after its incor-
poration was faster at room tomperature than when incubated ab
24 4+ 2°C. About 56 per cent of N ag ammonia was released in
three weeks of incubstion at 24°C whereas 80 per cent was
released at room temperaturo (.Singh,. 1979) ¢

Mineralization may differ with CiN ratio of simply with

N content of azolla. Mineralization at 30°C took place rapddly
during the first week., Aftor third weck,mineralization slowed
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down., Lower the N in azolla, lesser the mineralizable N,
Chemical components other than nitrogen may affect the avale
labiiity of azolla N. When azolla was placed on the soil
surfaca'highes; loss amounting to as much as 60 par cent for
aix‘weéks was obsarved campared to 56 per cent when remailned

in £loating éondi;ian ¢n water and 33 per cent vhen incorporated
into the sofl (IRRT, 1981).

Bahra (1982) ohserved that tho uweleame of ¥ after azolla
incorporation continued prograszively and by eight weeks
79:5 per cent was reléased. A8 azolla is cucculentg, it is
qpicklyldecompoped by eoil microbesand 15 avallable to paddy.
Comparing the release of N from blue green algae and azolla,
singh (1982} rgported that the goil becams reduced vhen blue green
algae and azolla had been incorporatéd in comparison to gentrol
and urea incorporation, The release of azolle N £0 soil was
more rapid than £rom blue green algae, tho former released
shout. 41=-67 por cent N within 7-35 daya whercas only 12-3% per
cont ¥ was released in case of blue green algae during thg same
poriod. In another study, soil amended with azolla had & pH
value Of 7.2 pfter SO days of flooding whoreas compost and £arm
yard manure amended plot rotorded comparatively low pH valus of
7D
| Lumpkin and Plucknett (1982) strossed that C:N ratio
affected the decomposition rate of soil incorporated azolla and
ratios of 7s1 to 18:1 had been yeported for azolla and the dry
wadght. carban gantent ranged Erom.éi,s to 45.3 Der cent., Results
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of studies with 14co2 by Wang (1982) indicated that minerali-
zation of azolla biomass peaked at two to three waeeks after
incorporation into the soll and declined markedly by the ninth
week. At the peak phase, in the third week, the amount of
mineralization of A. imbricata was 12.3 per cent of the total
carbon added, but that of A. f£iliculoildes was only 1l.1 per cent.
Six wagks later, mineraiization of A. imbricata was 59.6 per
cent of the total and that of A. f£iliculoides was 57.6 paexr cent.
I&, imbricata wﬁich had a low C:N ratio, consistently had a
lesser amount of miﬂerélization than A. filiculoides which had

a higher Cs:N ratlo.

From a study on the ralease of N £ram dried azolla (4.9% N)
in a suhmerged soll at 30°C, it was observed that the ammonia
formed from total N of dried azclla, measured weekly, was
- 13 per cent upto one week, 19 per cent at Ewo waaks, 22 per cent
at three weeks, 46 per gent at four weeks‘and 75 per cént at
gix weeks., It appeared that N in azolla is of the slow release
type. In ancther pot culture study it was cbserved that N in
azolla was sglightly less available than that of N in ammonium
sulphate (IRRI, 1976). Ito and Watanabe (1985) remarked that
as A. pinnata had a high N contenfs, mineralization of N was
ESSter than in other fern speciaes. Fresh azolla released at
maximun 2.5 times more NH,~N from its body than dry azolla did.
Mineralization of f£resh azolla was intensive till 16 days aftér
start of incubation and then it reached a plateau., Rapid
mineralization during the f£irst four days in the case of dry
azolla was follaved by a slow releasa of NH4-N. The .initial
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rapid mineralization of N in dry azolla may have bsen dua to

the emall amount of easlly decomposable substances that remained
after drying. ~ About 50 per cent N incorporated through azolla
into soll was racovered in the plants at 42 days after planting.
This indicated that W in azolla is rapidly ava‘ilabic-) to plant.

Leaf portion of green manure which is rich in N when
incorporated with the soil with an abundence of water decomposes.
in about 4«5 days and behaves like quick acting inorganie fer-
tilizer in supplying avalleble N (ICAR, 1964), It was also
reported that the lopping of Glvricédia maculata showad the

lowest CiN ratio (5.016.,7), The response of rice to compost

made £rom green leavesa is inferior to the £resh green matter.

Bandyopadhyay and Bandyopadhyay (1983) reported that when
rice ptraw was sdded at 20 t ha + about 50 per cent of mineral
N in soil was imobilized at the end of the £irst week and at
-l

40 t ha™t about 92 per cent was immobllized during the same

pariod.

Studying the imobilization pattern, Yoshida and Padre
{1977} concluded that a large portion of fertilizer N was
drmmobilized into the éoil and the avallability of immobilized
N in the soll appeared low. The anount of immchilized W
inoreased as the rate of applicd N increased. When this amount
was calculatéd as per cent, higher values were obtained with
lower rates of spplied N, Sazha and Mukhopadhyay (1983) noticed
that the incressed pressurge of mineralized ammonium in the
excharigeable and solution form in the soll caused immobilization
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of a part of this fraction through entrapment in the laitice

of clay minerals becauge an increase in magnltude of ammonium
£ixation was obgerved with the increase in period of incubation
in the absgence of any source of added N. During the initlal
perdiod of incubation the magnitude of ammonium £ixatlon was
masiman under waterlogged condition with least scope for
nitrification,

In 2 study to detect the N transformatlion in the soil,
Mahmoud gk al. (1984} found that K, R generally increased upto
aixth week after flooding and decreased thereafier in organic
manured and unmanurgﬁ treatmentss High W0.~N £igures were
recorded throughout the‘experimant, in organic manureé treat-
ments while Noz-ﬂ Eigure were insignificant throughout the
axperiment. HMian and Stewart (1985) observed that in the absence
of rice plants 30, 43 and 45 por cent of applied S of azolla,

Anabacna and Nostog was released respectively in 60 days of

vhich 93=86 poar cent Was lost as Nz through denitrification,
They furtheor observed that the applied hiomass of azolla and

blue green algae started decomposition within a few days of

incorporation into the soll as evidenced by 15NH4-N accumulation

15

in the solls. Howaver, after 15 days NH4-H in soil gradually

declined to a negligible amount at 60 days although N uptake by
ﬁh@ rice plants progressively increased with time. The NOB-N
ata not accumalate partly due te loss through denitrification.
In addivlon it may be oxpected that the soll microbés also

15

assimiloted some of the geonerated ~TNH,-N and HO. =N,

4 3



tLian et al., (1981) opined that in exeassi?é application
of azolla, 1ts higher lignin content (18-24 per cent) slowed
the decomposition and ¥ liberation, resulting in lower cffl-
clenoy, They further cautioned that it is important to incor-
porate it into the seil at the proper time to provent delayed

maturing in the rice plants.

Studyding the inhibitive action of quinones Bundy and
Bremner (1973) reportad that the usual lignin degradstion
products such'as 2-methoxy and 2,6-dimethoxybonzoquinone which
are formed by oxidative decarbomylaticn of vanillie or syringie
acid, inhibit urease activity. Ritrification is also inhibited
by quinones, The efﬁe&tivity of quinones is comparable with
that of substances produced industrially. Quinones inactivate

urease whidh‘is the enzyme responsible for decomposition.

To sum up, mincralization of azolla is affected by CN
ratio, Reto of decomposition and avallability of 37 and immobie
lization are affected by the form and quontity of azolla applied.

2.8, Evaluaticn of azolla as an organic manure

Estimates of the total N input of azolla in paddy soils
are rather ﬁariable begcause they are influenced by factors such
as farming system used, fertilization of the rice £iold, the
presence of soluble iron and whether azolla had been previcuely
grown asg falicw crop or as dual crop with rice (Becking, 1979).
sgudieé conducted at I.R.R.I, revealed that graln and straw '
yields wera higher'in plots with azolla inoculation, added P
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and mid-scason puddling to incorporate azolla than in the
trogtiment without those inputs. Azolla inoculation sionifi-
cantly affected straw yileld (IRRI, 1976). thile studying the
effect of azolla inoculation on yield of rice, Singh (1977¢)
obhtainad 41 and 58 par cent increased yield of grain and straw
respectively éue to the incorporatlion of azolla at 10 ¢ e,
It was 53 and 'S5 per ceont respectively due o the combined
efifect of fortilizer nitrogen and azolla, for a short duration
rice varicty. He further inferred that a laysr of asolla cover-
ing one hectare of.rice field w%il produce 10 ¢ of green matter
which will ensure about 30 kg Ni

In a gtudy on the nitrogen recovery of azolla lncorporated
and unincorporated treatments,; it was found that highest
recovery tas noted in asolla incorporated treatments. VYhen
azolla vas applied at later stages, the avatlavility of N
deoreased. Response of azolla incorporation was apparent only
at later stages of growth {IRRI, 1981).

Comparing contribution of azolla end khlue green algae,
Pillai et al. (1980) observed that aéolla alone at 6 t ha™*

gave 430 kg of extra grain yiala.hafl

and blue green algan
recorded 350 #g hé'lc At the cbserved level of N rasponse,

the overall effect of azolla at & & gppears to be eguivalent
to 17 kg N and that of blue green algae to 14 kg R'hafz.

Azolla with 25 kg N regorded an additional grain yield response
of 890 kg ha™l.

Studies of Srinivasan (1981) revealed the possibility of
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1 when a layer of azolla was incorporated

savings of 25 kg N ha’
into tha so0il hefore planting, He also found that growing
azella without incorporatlion did not add any appreciable N
input to the crop. Experiments at 16 sites 1n.eight countrias
showed that Aincorporation of £rash azolla at 20 t wlth basal
application of 30 kg N hafl as prilled urea produced yield
comparable o that.with split application of 60 ké N ha’lm
Azolla alone applled bofore or after transplanting produced

vields comparable to those with urea at 60 kg W hé'l(IRRI, 1683).

‘Rao st al. (1983) concluded that yield with 37.5 kg N with
15 t azolla was equal to that with 75 kg N ha~* applied through
urca. Kannalyan et al. (1983) got significant Increase in yield
due to inoculation of blue green algae, azolla and aéospfrillum
aleong with fertilizer. Maximum grain yield o£I5997 kg ha"l was
recorded in blue green algae inoculation with 75 per cent of
fortilizer nitrogen. The combined inoculation of these three
blofertilizers with 75 per cent and 100 per cent of fertilizers
- indicate a positive affect of inoculation.

Singh (1977¢) reported that a crop of paddy receiving
30 kg fertilizer N and a layer of azolla and 50 kg N with one
layer of azolla were better than 50 kg and Bo‘kg N-respectively.
Incorporation of one layer of a=zolla in soll before transplanting
increased growth and paddy yileld by 12-30 per cent dopending on
cultivar and season. Govindarajan et al. (1980) reported that
plots treated with 70:50:50 kg NPK hd—l and azolla, ylelded as
well as those with 100:50:50 kg NPK alone indicating that azolla
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might supplement 25 kg N ha~Y. Srinivasan {1980a) concluded

that incorporation of azolla a waek before transplanting at

1

10, 20 and 30 t ha’ ~ with ¥ levals at 100 kg gave yields ecual

1

to 25, 50 and 75 kg N ha ~ respectlvely.

In a pot culture experiment, with the Iincorporatlon of
dry azolla at three levels of N, Kaushik and Venkataraman (1981)
observed that crop yicld was a function of fertilizer N input
showlng progregssive incrcase from 60 kg ¥ te 100 kg H. Grain
and straw ylelds increased signlfilcantly vhen N was supplemented
by dry agzolla, &t every N level, the effect of azolla nupple-
mentation was equal 4o that of next higher N lovel without
azolla. Uptake also showed significant increase with the appli~
cation of dried azolla, Siddiqui et al. (1983) claimed that
maximum yield increase of 51.3 per cent was obtained in a treat-
ment where azolla had been used in combination with starter dose
of mineral N, The increase was 19.1 per cent when azolla had

heen added as a gource of I,

Liu (1979) reviewlng the experiments'in China raported
that fields with azolla as manure increased the rice yield by
600=750 kg ha'l. From the results of 422 £ield oxperiments,
he concluded that 99 per cent of the experimente gave increased
ocutput, the average increase being 18.6 per cent, Cultivation
of azolla in rice £ields not only ihcreases output but aleo
improves the quality of grains by raising its protein contént.

Studies at Madural indicated that azolla incorporation at

1

transplanting with 30 kg ¥ ha — gave similar vicld that wag
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obtalned by 60 kg N hafl. It was also found that azolla

traated plot had higher total N, available N, organic carbon
and availlable P, The uptake was also more in plots receiving

agolla (Arunachalam, 1980).

Behra (1982) regarded that azolla incorporated in the form
of green manure at the time of puddling is tha best way of
applying it. Application of 10 t of fresh azolla basally
corresponded to 30 kg N hé"l. Thie gave 34 per c¢ent higher
rice yield cver the coﬁtrol. Compazing the effect in different
seasons, it was found that Rabi planting was more beneficial
than kharlf élanting. Available N were 146, 168, 175 and
165 kg ha~t
azolla and 60 kg N ha

in plots receiving no azolla, S & azolla, 10 t

1 raspectively«

Rains and Talley (1980} claimed that Ancorporation of
40 kg N ha~! as dary azolla (Asolla f£iliculoides) in spring 1977
increased the rice yleld by 2.0 € ha ‘. Results from two years
of the trial suggaested that upto 56 per cent of the N requirc-
ment for rice in Callformia could ba supplied by one fallow
geaseon crop of azolla. Patel gt al. (1980) obsexved that appli~
catlon of 5 t ha™! of azolla alone as basal dose produced a
significant yield increase, ‘the mean grain yileld responsa being
38 kg N ha~t

36 kg N’hé”l. In genaral, this dose did not prove significantly

» azolla at 10 ¢ resulted in a mean response of

botter than the lower dose of § t ha~lte
Subudhi and Singh (1980) after f£ield trial on azolla
asuggested that incorporation of azolla at 10 ¢ hé'l increased
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rice yield by 40 per cent over uninoculated control and was

1 as ammonium sulphate.

comparable to application of 40 kg M ha~
Nagaraju et al. (1982) agreed that azolla application resulted
in a non-significant increase in grain yield by 4 per cent
over green manure and a significant increase by 20 per cent

over farm yard manure.

Singh (1982) in a field experiment wlth various organic
manures on an equal N basis (20 kg N ha-l) claimed that fresh

Azolla, Elchhornla sp., Pistia sp., Sgsbania sp., farm yard
manure and urea treatments increased grain yield by 46.9, 47.3,
43.9, 40.2, 34.1 and 47.3 per cent over non-fertilized control.
There was no significant difference in the tiller number and
height tptong: treatments at harvest. In a similar experiment
it was observed that root and shoot growth was more in the case
of azolla and ammonium sulphate treated plots after 30 days of"
planting. There was a gradual increase in the welght of roots
from 30~90 days after planting and azolla and sesbania treated
plots exhibited maximum root growth., Tiller numker and plant
height also exhibited similar trend.

Experimental data of Berd and Meelu (1983) showed that

application of 5 t ha~*

to 25 kg N hé"l. But in some situations, no significant effect

of azolla gave rice yield equivalent

of azolla was obtained., They also found that 50 kg N ha."1
through alr dry azolla gave substitution of about 40=50 kg N hé'l
as inorganic nitrogen. Mathewkutty and Sreedharan (1983) were

of the opinion that azolla is an efficient substitute for N
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fertilizer in sandy soils where there is possibility of vertical
and lateral leéching. This may be because szolla releases

nltregen slowly and steadily thereby limiting nitrogen losses.

Kannaiyan (1984) observed that among the organic manures
tricd, ézolla incorporation has recorded higher graln yield
followea by lemna, water hyacinth and farm yard manure incorpGe
ration, The results have clearly indicated that azolla is
efﬁeﬁtiva as an organic manure when comepared to other treatments.
Oh {1979) found that decomposed compost has little effect as a
80il ameliorant, particularly fxém the view point of soil aggre-
gate formation .and plant growth, He further noted that the
afifect of 7.5 ﬁ-hd"l-@ﬁ compost, supplementary £o chemical fer-
tildzer on paddy yield, decreased with increasing levels of
fortilizers, He further observed that when the increase due to
‘eampost with nplfert;lizer was 13.3 por cent it was 9.6 per cent
at 401401403 2.8 per cent at 80:80:80 and ~0.2 per cent at

16041604160 kg N, P,0; and K,0 ha~>. Yemamuro (1981) measured

the distribution of ISN lzbelled ammonium feortilizer applied
with diﬁferant:i amounts of compost. As the cquantity of coampost
increased, the ratio of the N abasorbed by rice to the amownt
applied decreaéed;'and the residual N in the soil increased.

Residuzl N was availahia to the rice crop in subseguent ycars.

Subudhl and Singh (1980) found that tiller number in azolla
incorporated treatmont was supgrior to that in the other treat-
menta, ‘Kulasooriya and Dasllva (1977) got significant diffe-
rence in the number of panicies in azolla incorporated treatment.
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The urea treatment showed the greatest numbar of grains

1 closely followed by azolla plus fertillizer. The

panicle™
two azolla treatments outyiclded the urea treatment in per-
centage of filled grains. Azolla plus fertilizer registered

1 as the control.

133 per ¢ent as many £illed grains panicle
The urea Lreatment registerad 95 per cent £illed grains pag;cle"%
The azolla tréatment ﬁight have reduced sterility. The rasults
clearly indicate that azolla has a beneficial effect on yleld
of rice.

Kannaiyan gt al. (1983) reported that plots applied with
azolla increased total tlllers, productive tillers, plant
helght and straw yield. The results indicated the positilve
effect of azolla incorporation on the yleld of rice. Siddiqui
(1983) observed a positive correlation between number of gralnsa
paniclefl

Singh (1979) reported that analysis of organic carbon after

and length of panicle.

harvest indlcated a residual effect in the azolla treatment.

There was linear increase from lower to higher doses of incors

porated azolla, Although the organic carbon content in the

s0i)l of the azolla incorporated treatment was almost the same

hefore the residual study, the azolla incorporated treatment

viclded higher. Residues of 5, 10, 15 and 20 t of incorporated

azolla increased yield of succeeding crop by ?.4. 23.8, 24.5 and

40.1 per cent respectively over control (Subudhi and Singh, 1980).'
Venkataraman (1980) reported that in China; azolla is

largely used for the first crop and farmers felt that “hwnue O3



there is residual effect in the second crop of paddy also.
Watanabe et ail. (1981) stated that growth of rice in the early
stages was better in azolla treated plots than in plots without
N because of carxy over of N f£rom pravious azolla crop. Soni
and Sikarwar (1983) ragarded grain yieldsof wheat in a rice-
vwheat sequence were generally higher in treatments receiving

a part of N as farm yard manure during kRharlf season for rice
although the rice crop did not show much of direct response to

this treatment,

Kulkarnl et al. (1983) revealed that application of 12 t
of farm yard manure with 90 kg N to kharif crop followed by

1

60 kg ha™* to the Rabl crop could produce a satisfactory yield

comparable to 120 kg N,hso kg PEOS and €0 kg Kzo to kharlf and
,60 kg N ha™" to Rabi crop. Hag gt al. (1984) recognized that
azolla has a beneficial effect on soil structura, soll micro-
flora and micronutrient availability. The effect of azolla may
persist longer than nitrogen fertilizers to subsequént crop
and its effect may increase overtime to surpass those of commer-

cial nitrogen fertilizers.

It can be summariced that total nitrogen input of azolla
in paddy solls are rather variasble because they are influenced
by agricultural system used, fertilization of the field and
presence of soluble nutrients. The overall effect of S=10 ¢
of azolla appsars to be 15w30 kg N hé'l. A combination of
azolla with reasonable level of fertillzer seems Lo be advén—

tageous. Incorporation of azolla before planting is definitely
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superlor to intercropping and burving lt at later gtages. In
addition to the improvement in grain yield, it is also reported
to improve the soll physical properties and azolla at higher

rates will improve the performance of succeeding cropse.
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IIT, MATERIALS AND METHODS

The experimental programme consisted of a survey, thiee
£ield experiments and two pot culture trials which ware cOn-
dueted during 1980 to 1984 at the Reglonal Agricultural Research

Station, Pattambi.

In order to ldentify the conditions under which azella
grows naturally, a survey was undertaken during the year 1930,
For £inding out the best time and optimum guaniity of inoculum
to be applied in the f£ficld and geomebry of planting rice that
fayours grovth and multiplication of gzolla, £field experiments
were lald out during the second crop season of 1980 and first

and second crop seasons of 1981,

Another f£ield trial to evaluate azolla as an organic manure
was conducted during the second crop seasons of 1980 and 1981
which was followed by a summer crop of rica to evaluate the resi-

dual effect of organic manures.

A pot culture experiment to study the mineralization of

azolla after incorporation in the seil was laid out in 1984,

Another pot culture experiment to identifylthe'nutrient
requirements for rapid multiplication of azZolla was conducted
in 1984,

3.1, Geqeral exparimental conditions

3.1.1, Liocation and seasons.

Pield experiments were lald out in the sandy loam solls of

Reglonal Agricultural Rescarch Station, Pattambi during the
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second (September-January) end third (January-April) crop sea-
sens of 1980 and first (May-September), second and third crop
secasons of 1981, The station is situated at 10°48" N latitude

and 76°12% B longitude and 25 m above mean sea level,

341.2. glimatic conditions.

The normal ¢limatic conditions prevalled at ReMsReSey
Pattambl (average of ten years from 1970 to 1979) are prasented

in Appendix I,

The annual normal rainall 1ls 2696 mm, the major portion
Qf the pxecipitation is received during cune to Augusi., The
contribution of rainfall £rom the south west and north east
monsoonsand that f£rom summer showers are 1886, 530 and 291 mm
respectlvely. The mean maximum and minimum temperatures during
the period are 32,3°C and 22.5°C respectively. March is the
hotest month and January is the coolest, Maximum relative
hunidity of 96.3 per cent at 7 a.me prevails during July wvhereas
in January it ié only 79.3 per cent. Maimum daily sunshine
hours (9.8) is recorded during January while the minimum was
recorded in the month of July (2.4). Highest evaporaticn of
7.1 mm is recorded during HMarch while the lowest is in July
(3.6 mm) .

Jele3. Climatic condition during cron period.

The crop growth period was €rom August 1980 to January
1982, The mean monthly data on the meteorological parameters

recorded at the meteorological observatory of this station
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during the 1980-1984 pordiod are presented in appendices IT

and IIT. Asg the actual crop season pericds of the years oxtons
ded only between the standard waeks 23 and 48, veather dabta
pertaining to these poriods were speclfically calculated fox
conmparison of tha year 1980 and 1981. In 1981 corop scason, a
tobal of 2934 mm of rainfall was recorded while it was only
2686 mm in 1980. The mean maximum Gemperatures were 30.8°C and
31.1°% in 1980 and 1981 crop seasons respectively. Relative
humldity was higher during 1981 compared to 1980. The mean
daily sunshine hours were 5.2 and 4,5 in 1980 and 1981 respec-
tively. Similarly, mean dally evaporation was mere in 1980,

In general, tho weather was more favourable during the 1981 crop
season than 4in 1980,

3.‘194. Cropr “ Eilo

The aropping séquence of the axporimental £icld during the
prageding years hefore the commencement of the present study was
rico-rice-rice., Uniform fortility of the exporimental £ield was
sttempted by taking rice in the first crop seasons of 1980 and 1981,
3.1.5. ¥Yariety.

The rice variety Jaya was uged for the cuperimeont. It is
derived from a eross between TiH=1 and T-141 and was released
for cultivation.in,lgeﬁ; The crop tales 125-130 days o maturs
in £irst crop scason and 115 €o 120 days in the second crop
season. Jaya has a good yicld stability and potential to give

a grain vield of 7.5«8.,0 & ha?l under optimum conditions of vea=-

thar and crop management. It has moderate resistance 0 bacterial
leaf blight, tungro virus, blast, stem borer and leaf hoppers
{IcAR, 19783 Ram, 1980).
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3.1.6. Physical and chemical properties of solle

The physical and chemical properxties of the soils of
fields 1 and 2 in which the field experiments were conducted
are given in ﬁable 3,1.6. 1. In £ield 1, the trial on evaluation
of azolla as an organic manure was undertaken. The other two
trials viz., time and quantity of azolla inoculum required to
be applied in the field and geometry of planting rice in rela-
tion to growth of azolla, were laid out in field 2. Composite
soll samples collected were analysed for assessing the initial
nutrient status of these £lelds. The soll was sandy loam in
field 1 with medium organic carbon and avallable K and low
available P. Texture of the second locatilon was also sandy loam,

and was medium in organic carbon, available P and available K.
3¢l.7. Layout.

The layout plans of the three f£ield experiments are
presented in figures 3.1.7.1, 3.1.7.2 and 3.1.7.3.

3.1.8., Nursery.

A wet rice nursery was prepared in each season as per the

reccmmendations of Kerala Agricultural University (1978).

3.1.9. Land preparation.

The experimental field was wet ploughed thricae, puddled

and levelled. Lime was applied at 350 kg ha~t

after first
ploughing. The plots were laild out and bunds of 30 cm width
and height were taken with provision for irrigation channels.
The individual plots were again dug, puddled and lavelled

manually.



Table 3.1.6.1. Physlico-chemlcal propertiles of the solls of the eyperimental fields

at Pabtambi
Mean value
Properties _ Method of cestimation
Fleld 1 Pileld 2
Physical properties
Sand (per cent) 80.98 79.14 International Pipette Method
(Pipar, 1966)
Silt (per cent) 7.52 8.78
Clay (per cent) 11.06 11.65
Textural ciass Sandy loam Sandy loam
Chemical vroverties
Soll reaction (pH) (1:2.5) 5e3 5.5 Potentiometry (Jackson, 1973)
Electrical conductivity ,
3 . . Conductl Jacksen, 1973
(e os ol at 25°C) 0.02 0.02 nductionetry (Ja » )
Redox potential (Eh) (mv) +95 +110 Potentianetry (Jackson, 1973)
Organic carbon (per cent) 1.27 1.45 Walkley and Black's
. Wet Oxidation (Piper, 19566)
Avallable # (Per cent) 0.021 0.023 Alkaline permanganate metheod
(Subblah and Aslja, 1956)
Available P (kg ha~l) 9,71 15.67 Extraction with Bray No.1 and
est.imation by calorimetry
(Tackson, 1973}
Available K (kg hé—l} 184.35 192.52 Extraction with neutral nozmal

ammoniun acetate and Flame
Photometry (Jackson, 1973)
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3,1.10. Incorporation of organic manures.

Organlc manures for individual plots ware weilghed and
applied uniformly before second ploughing. Samples of organic

manures were analysed for thelr nutrlent contents,
3.1.11, Fertilizer menagement.

The recommended fertilizer dosa of 90:45:45 kg N, 9205 and
Kzo ha"l wag follovied as per the requirement of treatment
schedula, Hitrogen as urea was applled in three gplits 1.9.,
1/2 basal, 1/4 at active tdllering and 1/4 at panicle initiation
stages, Phosphorus as single superphosphate was applied basally.
Paotassium was given in two equal splits through murlate of
potash basally and at panicle initiation stage. Basal dose of

fertilizers was given at the time of last diggilng.

3.1.12. Transplanting.

Jaya seedlings of 23«25 days old were transgplanted in the
agxperinental plots at 33 hills m2 (20 cm = 15 ¢m) in the f£irst
crop season and 50 hills 2 (20 cm x 10 cm} in the second crop
season. Sumaer crop of Thrivenl was planted at a population
density of 67 hills m 2 (15 om x 10 cm). Two to three seedlings
were malntained per hill, Gap £1l1ling was done one week after

transplanting.,
3.1.13. Hater manacement.

Each plot was irrigated separately and independently. A
thin £1ilm of water was malntalned for five days after trans-

planting. In generazl 3~5 om depth of water was maintained
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during the rest of the crop season with occasional drainage
at tillering stage. Irrigation was stopped ten days prior to

harvast,
3.1.14, Aftercara.

A hand weeding was given three weeks after transplantingi

Lime at 250 kg ha~t

was applied uniformly in all plots one waek
before’ second top dressing, Prophylactic measures were adopted
agalnst pests and diseases attack. Dimac;on (250 ml ha'l),
‘Ekalux (1000 ml ha-l) and BHC 10 per cent (25 kg ha"l) werea

used against pests and Hinosan'(soo ml hafl) against diseases.

3.1415, Harvesting end threshing.

The border plants were harvested f£irst and threshed
‘together subsequehtly. The crop £rom cach net plot was har-

vasted and thrashed separataly.

3.2. Technical programme

3.2.1. Survey on the environmentszl requirement of azolla,

In order to identlfy the logation vhere azolla grows
naturally, a éuestiOnnaire along with azolla specimens wera
supplied to the Junior Agricultural Officers of the Department
of Agrieulture! ¥Xerala during the yéar 1980, Prom the resuits
of preliminarxlsuruey (Fig. 3.2.1) three reglons l.c., Kayamkulam
in Alleppey, Pazhanji in Trichur and Pattambil in Palghat dis-
tricts, hased on the relative coverage of azolla (73, 62 and
13 per cent respectively) were identified for detalled investi-

gationsge
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From each of these three regions, two representative
locations where, there was satisfactory growth of azolla and
a +hird location where there was no growth, were further
sclected. Thus, Keruvatta and Kuttitheruwvu were the two
places where abundant growth of awolla was notlced whilae
Arithalil was the third place having no growth of azolla in
the Kayamkulam region. Similarly in Pazhan]i region, Pazhanji=l
and Pazhanji~2 were the placesz of azolla growth while Pazhanji-3
had no growih.at all. Three locations were selected f£rom
Patiambl also. Two blocks of the Research Station (Block 3 and
5) had some growth of azolla whereas in the third location
(Block L), there was no growth at all., TFrom each location,
three repraesentative plots were selected for collectlon of soil,

water and azolla samples and the mean values were worked ouk.

Extent of coverage of azolla in these places was reccrded
and the cuantities of azolla in each of thege places were
worked cut hased on the report of Singh (1979).

Weather data of the two regions i.e., Kayamkulam and
Pattambi were collected for' the year 1980 and presented in
appendix ITII and ficgures 4.1.5.1 and 4.1.5.2. Temperature at
7 a.ms and 2 p.m. alona could be taken fraom the third region
i.e.,, Pazhanji as no meteorclogical obgervatory was functioning
in that areas The period from June €o November 1s designated
as azolla growing season while the rest of the pericd of tho
year as nonegrowing season. Edapholdgical properties of soil,
water and azolla of these locations were monitored as gilven

_ balow.
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3¢241.1, SOil

Soll samples were analysed for pH, EC and available N,

P, K, Ca, Mg, Fg; Mn, Zn and Cu status,
3.2.1.2. Water

Dapth of water, nature of inundaticn, pH, EC, contents of

N, P, K; Ca, Mg, Fe, Mn, Zn and Cu were studled.
3i2.1-3- ?-\Eolla

Nature of occurrvence, dry matter content, and M, P and K

contents of azolla were analysed.

3.2.1.,4. Weather Qata

Weekly mean of maximum and minimum temperatures, relative
hunidity, rainfall and number of rainy days, sunshine hours and

evaporation were recorded,

3222, Hutritional requirement of azolla,

Effect of N, P, ¥, Ca, Mg, Fe and Mn at 20, 20, 40, 40,
40, 2 and 0.5 pom respectively on the growth, dry mattexr and
N content of azolla were stndied for two seasons in a pot cul-
ture experiment in completely randomised design in June and
September 1984. Effect of each of the eloments was studied
-hw missing technique. A treatment without any nutrient (water

alone) was also included for coniparison,

The investigation was carried out in circular cGement
pota with an area of 0.1 mﬁz. The nutrient solution were pre-

pared following the procedures suggested by Yoshida st al. (1976).



3.2.3.1. Main plot treatments
(Timé of application of azolla inoculum, after

transplanting rice)

tl - onge waek

t,, = TwO weeks

2
t3 - Three weeks

3.2.3,2» Sub_ﬁlog_treatmentg
(Quantity of inoculum)

q -0g9g
2

2
2

O - 200 gm
g, = 400 g m
gy = 600 g m

Gross plot size - 4.0m3x 244 m
Net plot size = 3.6 m X 2.1 m (First crop scason)

3.6 m % 2,2 m {Second crop season)

3:.2.3.3. Azolla inoculum

Azolla collected from the plots of the Research Station
was washed, drained of water, waighed and applied as per the

treatment schedule.

The period of study was for three weeks after inoculation
and the rate of growith of azolla was measured as described in

experiment 3.2.2.

Temperatﬁre, pll and EC of water wera measured daily at
2 Doy Hoﬁrly measuremeﬁts_of water temperature and light
intensity wexe taken on selected days at weekly intervals.
Care was taken to see that the days selected for recording

light intensity were clear with no overcasting of sky. Light
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intensity above the canopy and at the ground surface were
measured with an Aplab Lux Meter for each treatment. Grain

and straw ylelds of each of the net plots were recorded.

3.2.4. Geometry of planting rice in reclation to growth
of agolla and yield of rice.

A field experiﬁent in randomised block design with four

replications was laid out in three seasons i.e., second crop
season of 1980 and f£irst and second crop seasons of 1981

(Fig. 3.1.7.2). Rice seedlings were plantéd as shovn below.

Py = 20 cm x 10 om spacing wlth rows in the east-west

direction (Plate 2)

P, - 20 cm % 10 cm spacing with rows in the north-south

dircetion

- 40 em x 5 em spacing with rows in the cast-west

direction (plate 3)

Py - 40 cm x 5 cm spacing with rows in the north-south
direction

Pg = Bulk method (equidistant planting) (pPlate 4)

P, = Fallow (growing azolla without rice) (plate 5)
Gross plot size -~ 4.8 m X 3.6 m
Net plot size « 4.4 m x 3.3 m (First crop scason)
4.4 m x 3.4 m (Second crop seagon)
In all the treatments except_fallow, the numnber of
hills M'z was kept constant in all the seasons., Azolla inoculu

w2
at 0.1 kg m “ was applied uniformly a wéek after transplanting



Plate 2. Intercropping of azolla with rice planted
at 20 cm x 10 cm in east-west direction

Plate 3. Intercropping of azolla with rice planted
at 40 ca X 5 om in east-west direction






Plate 4, Intereropping of azolla with rice
planted in bulk maethod

Plate 5. Agzolla in a fallow plot
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Rate of growth of azolla was measured at the end of each

week as described in section 3.2.2, (Plate 6).

Temperature, pH and EC of the water weré measurad dally
at 2 p.m. Hourly measurement of water temperature and light
intensity above the canopy and at ground surface were measured
on selected days at weekly interval. Light transmission ratio

(LTR) was calculated by the formula Ty % 100,.where Tb is the
T
0

Mght intensity sbove the can0p§ and T; light intenpity at
the ground surface (Yoshida et al., 1976).

After reéording the f£inal weight of azolla, samples were
analysed for moisture and total nitrogen content. Grain and

straw yields of gach of the net plot were recorded at harvest,
3,245 Mineraiizatian of azolla.

A pot qulture expériment in completely randomized design
with seven treatments and three replications to study the rate
of mine;éliaagion of azolla compared to commonly used organic
manureg was laid out in June 1984 and repeated in September
1984, The treatment detalls are given hkalow.

T, = Azolla at 5 ¢ ha™t

T, ~ Azolla at 10 ¢ na~*
Tq = Dry azolla equlvalent to £resh azolla at 5 ¢ hé'l

T4 = Dry azolla equivalent to fresh azolla at 10 ¢t hd'l

Tg = Cattle menure at .5 t ha -

T =~ Green leaves at 5 t ha |

. Ty =~ Contxol



Plate 6. Collection of azolla from the experimental
plot to study its growth
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The experiment was laid out in circular cement pots with
an arca of 0.l m?. In each pot éo kg aily dried soll was taken
and 5 cm Water level was maintained during the study period.
The organic manures were incorporated and thoroughly“mixed

with soll. Venga (Pterocarpus marsupium) was the source of

green leaves. The nitrogen content of azolla, cattle manure
and green leaves used for the study were 4.11, 1,73 and
2.01 per cent respectively. Their dry matter contents were

6.50, 31.10 and 25.28 per cont reSpectively.-

Soll and water samples from each treatment were taken at
fortnightly intervals and this was continued till the end of
12th week. Ammoniacal and nitrate nitrogen contents of solil,
and water were cstimated during this period and expressed as
mineralizable nitrogen. In situ measurement of temperature,
pH aﬁd Ef of soil as well as water was taken at 2 p.m. at fort-
nightly intervals. Excluding the contribution of niltrogen from
soll i.e., subgtracting the value of control (T,) from all the
treatments, the percentage of avallabllity of nitrogen at
dififerent periods to the quantity of nitrogen initially‘added

through organic manures have been worked out.

3.2.6, Evaluation of azolla as an organic manure.

A fileld experiment in split plot design with six main plot
treatments and five sub plot treatments replicated thrice was
laid out in the gecond crop seasons of 1980 =nd 1981
(Fig. 3.1.7.3). The residual effect of the treatments was
studled during the third crop seasons of 1980 and 1981,
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3.2.6.1. Maln plot treatments
(Organic manures) .

m1 = Control

m, - Cattle manure at 5 t ha~!

m, - Green leaves at 5 ¢ ha~t

my - Azolla at 5 t ha~t

m; - Azolla at 7.5 & ha !

mg - Azolla at 10 t ha~t

3.2.642. Sul> plot treatmonts
(Different percentages of the recommended dose of

N, PO, and K0 for Jaya 1.6., 90345145 kg na~1)

8y - Control

8q = 25%

, By = 507

Sy = 75%

85 = 100%

Gross plot size - S5 mx 3 m

Vet plot size - 4.2 m x 2.4 m (First crop season)
4.2 m x 2.6 m {Second crop scason)

Glyricidia (Glvyricidia maculata) was the source of green

leaves. Percentage of dry matter and nutrient contents of
organliec manures are given under.

- - -

Organic Dry N . 9205 Kzo
manura matter

Azolla 5.60 3.36 0.89 1.46
Cattle manure 29.38 1.52 0.35 0.25
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The summer crop of Thriveni was -taken witlhiout organic
manures and fertilizers to evaluate the residual effect of

the treatments.

The contents of N, P and K in rice and uptake at active
tillering, panicle initlation and maturity stages were estl-
mated. Available N, P and K contents of soll at the above

perlods were also estimated in both the years of the trial.
3.3. Methods

3.3.1. Soil analysis.

The soll samples were dried in ghade, sileved through 2 nm

gleve and used for ﬁhe following estimations.

The soll pH, EC and Eh were measured followlng the pro-
cedura suggested by Jackson (1973). Walkley and Black's wet
oxddation method was followed for the estimation of organic
carbon of the soll (Piper, 1966). Total N of the soll was
estimated by Macro Kjeldahl method as suggested by Jackson
(1973). Available N of coil was estimated by alkaline per
manganate metﬁod (Subbich and Asija, 1956). Ammoniacal N was
axtracted with 10 per cent NaCl (pH 2.5) and estimated by

‘Micro Kjeldahl method. Chromotropic acid method as suggested
by Sims and Jackson (1971) was used for estimation of nitrate N
of soll. Avallable P of soll was extracted with Bray No.l
solution and estimated by chlorostannous-reduced molykdophos-
phoric acid bluc colour method as reported by Jackson (1973).

Avallable K, Ca and Mg were extracted with neutral normal
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ammonium gcetate and estimated as per the procedure suggested
by Jackson (1973). The contents of Fe, lin, Z2n and Cu were
estimated using a Perkin atomic absorption spectrophotometer
atter exﬁraétion with D.T.P.A. as suggested by Lindsay and

Norwell (1978).

3.3.2. Analysis of water.

Measurement of EC, pH and Eh of water ygg - made by adopt-
ing.the procedures employed for their estimation in soil.
Ammoniacal N was estimated by Micro Kjeldahl.method, Chramotroplc
acid method was used for estimaticn of nitrate N, Chlorostannous
reducaed molybdophosphoric agld blue colour method was used for
estimation of the P content of water and the K content was read
in a £lame photometer. Conéenta of Ca and Mg were astimated
ﬁy titration against'EaTA and Fe, ¥n, 2n and Cu contents were

read in. an atomic absorption spectrophotomeker.

3.3.3. Analysis of plant.

Rice plants colléctgd at active tillering and panicle
Indtiation stages and grain and straw samples collccted for
racording phytomass production were chemically analysed for Ny
P and X. Similarly fica grain and azolla plants were analysed
for these e}ementg as per the following methods and expressed
ag8 per cent over dry matter. The N content was determined by
Micro Kjeldahl method and P of triacld digested extract by
Vanadomolybdophogphorice yellow colocur mathod as suggested by

gackson (1973): The K contant of the extract was read in a

flame photometar (Jackson, 1973).
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3.3.4. Uptake of N, P and K by rice.

The uptake of N, P and K by rice at active tillering,
panicle initiation and maturity stages were computed £rom
thelr respective elemental concentrations and phytomass. At
maturity stage, uptake by grain and straw were calculated
separétely and added together to get the total uptaka,

3,3.5. Growth and vield paramceters of rice and azolla.
2

3.3.5.1. Holcht of vlant and tillers m

Chservations on the heighﬁ of plant and total tillers m'2

wvare taken at active tillering, panicle initiatlon and maturity
otages of rilce. The number of panicles mfz was ncted at matu-
rity stage., Two hill x two hill sampling units, marked in the

net plot were taken for receording the observations.

3 - 3e5.20 PhytomaSB produc:tion

In rice, a two x two hill unit was uprooted and the plants

N

ware washed, sundried, oven dried at 70°C for 48 hours and the

2

welcht recorded in gm - at active tillering, panicle initia-

tion and at maturity stages of the crop.

Azolla collected for dry welght determination was washed,
excess water drained off and £resh welght recorded, It was
sun dried and then oven dried at 70°C for 48 hours for dry
wvelght determination,

3¢34543. Leeaf area index

Leaf area index was measured at active tillering, panicle

initiation and flowering stages. The leaves of plants taken
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for dry matter production was used for leaf area index measure-

ment, following the procedure given by Yoshida ek al. (1976).

3e3.5.4. ¥ield and vield parameters of rice
3.3.5.4.1. Grain vield

after harvesting and threshing, the grains from cach net

plot ware sun dried for three days, winnowed and the grain and
1

a

chaff were separated. OCrain yleld was expressed in Kg ha ~ at

14 per cent moisture,

3.3.5.4.2. Straw Yield

For each net plot, the fresh welght of straw was noted
and the straw was sun dried for a week, welghed and expressed

in kg ha ~.

3e3a5:443, Harvest index

Harvest index was computed by the £following formmula and

exprassed as percentage.

.. dry grain vyield
Harvest index (HI) = ary grain yioldr

dry straw yield

3.3.5.4,4. Langth of panicle

Panicle length f£rom the peduncle node to the tip of the
panicle was noted for all the panicles of the four hills
collected at maturity for phytomass estimation and the mean

valuas werc worked out.

3e3.5.4.5, Number of spikelets panicle-l

AllL the spilkelets on each panicle of the four hills collec-

ted at maturity were counted and the mean value was taken.
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Number of filled grains panicledl, percentage of filled
grains and thousand grain welght were computed as describad by

Gomez (1972).
3.3.6. Statistical analvsis.

The experimental data were statistically analysed by
applying the technique of analysis of veriance and the signi-

ficance tested by 'F' test (Snedecor and Cochran, 1967).
J3.3.7. Economics.

Cost of productlon of all the treatment combinaticons of
the experiment on evaluation of azolla as an organic manure
vas worked out on the basis of the prevailing input cost and
market price of grain and straw., The net income h571 was
calcﬁlated by deducting the cost of production ha"l from the

gross returns ha"L,
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IV, RESULTS

”?hm regults of the survey conducted in three dlfferent
regions with £leld experiments on three aspects viz., time of
application and cuantity of inoculum and geometry of planting
ricae in relation to growth of azolla, and evaluation of azolla
as an organic menure and two pot culture trials i.,e., nutri-
tional requirement and mineralization of azgolla compared to

other organic manures are presented in this chapter.

4.1, Survey on the environmental reguirement
of azolla

In order to identify the azolla growing locations in
Kerala State and the conditions under which azolla grows well,
the edaphic nature of three regions viz., Kayamkulam, Pazhanji
and Pattambl were monitareé. The available nutrient status of
these pegions along with the weather paramoters of Kayamkulam

and Pattembl for 1980 are presented below.

4._1_.10 Text__u.?.‘e of 501}&0

Tha solls -of Kayamkulam region were sandy loam in texture
and hetween the soils of azolla growlng and non=-growing loca-
tions in this.;egion, nonegrowing location showed higher clay
content. of 17.8 per cent compared to the mean value of 12.7 por
cant in the azolla growing location (Table 4.1.1)}. chéersely
the sand fraction was more in the azolla gfowiné location. In
Pazhan]i region, the solls which favoured azolla growth were
logmy sand in texture with a mean clay per cent of 10.9 while

the non-growing location was sandy loam in terture with a clay



Table 4.l.1. Texture of solls of azolla growlng and non-growing locations

Location Coarse Fine sile Clay Textural class
sand sahd (%) (%)
(%) (%)
Kaxémkulam reglion
G4 = Karuvatta 41.9 39,4 2.8 13.2 Sandy loam
Gy = Ruttitheruvu 40,2 42.0 3.2 12.1 Sandy loam
Mean 41,1 40,7 3.0 12,7
NG - Arithalil. 24,5 48,5 5.9 17.8 Sandy loam
Pazhanii ion
G, - Pazhanji 1 44.9 36.9 5.0 10.5 Loamy sand
G,y - Pazhenji 2 L9.2 3842 5.6 1.3 Loamy sand
Mean 43.6 37.6 5.3 10.9
NG - Pazhanji 3 28.1 44,2 6.6 18.3 Sandy loam
Pattambi region
G1 - Block 3 47.0 21.9 12.9 18.2 Sandy loam
G, = Block 5 44,9 23,2 8.6 20.5 Sandy clay loam
Mean 46,0 22.6 10.8 19.4
NG - Block L 26.9 14.3 19.9 36,5 Clay loam
General me@an - G 43.6 33.6 6.4 14,3
General mean - NG 26.5 35.7 10.8 24.2

Method cof estimation,
International Pipette Method (Piper, 1966)

G: Azolla growing location,

NG: Non-growing location
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content of 18.3 per cent. Here also the proportion of sand

was more in the azolla growing locations. In Pattambl reglon,
the two azella growing locations dlffered in soill texture, the
£irst location was sandy loam with a ¢lay contont of 18,2 por
cent while the second one was sandy clay loam in texture, with
a clay cont.ent of 20.5 per cent. The third location of Pattambl
was clay loam in texture and had the highest clay content of
36,5 per cent compared to others. The trend in sand content

of azolla growing and non-growing locations were similar to

that of Kayamkulam and Pazhanji reglons.

Comparison of soils of the three reglons revealed that
Kayamkulam and Pazhanjl were almost similar in soil texture
with high content of sand while Pattambi had a higher propor~
tion of clay.

431.2. Physlco-chemical properties of the solls.

A porusal of the physico-chemiczl properties of the solls
(Table 4,1,2) revealed that there was much variation in soll
pH between and within the azolla growing and non-growing loca=-
tions of the reglons. The pH of soll of azolla growing and
non-growing locations of Kayamkulam were 5.5 and 4.5 respec-
tively. A similar trend was noticed in Pazhanjd also. At
Pattambis; no perceptible variatlon was, however, ocbserved in
soll pH (4.7-4.9). The mean pH value of azolla growing area
was 5.3 vhile the nonw-growing area had a lower pH value of 4.6.

Among the locations agross the regions favouring azolla growth,



Table 4.1.2. Physico-chemical propertles of soils of agolla growing and non-growing locations

Available nutrient (ppm)

Locatdon pﬁ BC -1 —
 {(mmhos efi™™) . P K Ca Mg Fe Mn Zn  Cu
Kayamkulam region
Gl = Karuvatta 5.5 0.48" 19,7 12,8 10.5 60.1 24.3 250.5 0.l 0.4 0.7
G2 - Kuttitheruqu 5.5 0.42 . 13.5 . 15.%2 9.3 70.4 12,2 289,5 0.2 0.3 0.9
Mean 5.5 0.45 16.6 - - 14.0 2.9 65.3 18.3 270.0 0.2 0.4 0.9
KRG - Arithalil 4.5 0.78 4,7 2.4 10.1 100.2 24.3 307.5 0.3 2.9 1.1
Pazhaniji region
Gl - Pazhanji 1 5.3 0.40 17.3 9.0 8,9 60.2 24.3 312.0 2.2 1.2 1.5
G2 - Pazhanji 2 5.3 0.39 14.9 9.0 9.3 40.3 24.8 318,00 2.3 0.6 1.5
Mean ' 5.3 0.40 " 1601 9.0 901 50.3 2406' 315.0 -203 0.9 105
NG = Pazhanji 3 4.6 0.64 15.7 2.8 8.8 72.0 22.3 330.0 3.8 2.1 1.8
Pattambl region '
Gl - Bloc}{ 3 500 0.64 19.4 " 2.8 16a7 100.5 36.5 393-0 6.7 1.8 2.4
62 - Block 5 4.9 0.59 16.5 . 3.8 17.1 80.2 97.3 364.,5 4.6 1.3 2.4
Mean 5.0 0.62 18,0 3.3 16.9 90.4 66,9 378.8 5.7 1.6 2.4
NG - Block L 4.7 0.68 17.6 2.8 32.6 260.5 B3.2 436.5 7.1 1.9 3.0
General mean - G 5.3 0.49 15.9 8.8 12.0 68.7 36.6 321.2 2.7 1.0 _ 1.6
General mean -~ NG 4.6 0.70 12.7 2.7 17.2 144,2 43.3 364.7 3.7 2e3 2.0
G ¢ Azolla growing location, NG ¢ Non=growing location
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Kayamkulam and ‘Pazhanji had relatively higher pll values than

that of Pattambi.

Electrical conductivity of azolla growing and ncn-growing
locatlons within the three regions also differed considerably.
Azollaigrowing locations had lower EC values compared to non-
grcwing_locations and the mean valucs were 0.49 gnd 0.70 mrhos

et respzctively.

The variation in available i contént of soll between
.regions and the locatlons within the regions, were not sub-
stantial. In general the N content of sbil favouring azolla

growth had higher values compared to non=growing locations.

Available P coatent of soll varied much within and bat-
ween regions. When the P content was 2.4 ppm in non=growing
1ocation of Kayamkulam, the mean valge'was 14,0 ppm in the
aéoila growing locations of that reglon. The corresponding
values of available P in non-growing and growing locations of
Pazhanii and Pattambi were 2.8 and 9.0 and 2.8 and 3.3 ppm res-
pectively. When the general mean value of P in azolla growing
logcation was 8.8 pom, it was only 2.6 ppm in non=groping loca-
tioné. Among the azolla growing locations. of different regions,
Kayanmlcaleam had the highest value of 14.0 prm as agalnst the

lovast value of 3.3 ppm in Pattambi.

Azolla growing and non-growing areas did not show much
variation in K content of goll except at Pattambi where the -
non~-groving location had a distinetly higher content of avalla-
ble K,
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Calcium content of soil varied greatly between locations
wlthin and between the regions. The range in Ca content was
65.3 to 100.2 ppm batween locatlons £avouring azolla growth
and that not favouring the growth of azolla in Kayamkulam,
the correspending values for Pazhanjl and Pattambi were 50.3
and 72,0 and 90.4 and 260.5 ppn respectively. The overall mean
walues of Ca, between azolla growing and non-growing locations

were 68.7 and 144.2 ppm respectively.

Within the region, thé Mg content of soll varied much
at Pattambl, where the Mg content of azolla growing and none-
growving locations waere 66.2 and 83.2 ppm respectlvely. When
the mean Mg content of locations favouring azolla growth of

Kayamkulam was 18,3 ppm, 1t was 66.9 ppm at Pattambi.

The iron content of soill was quite high in nonw-growing
locationg compared to azolla growing locatlons in all the
three regions. With respect to available Fe in soll, the
three regions ranked in the following descending order of
Pattambi, Pazhanji and Kayamkulam. The overall mean of Pa
content for the locations favouring and non-f£avouring azolla
grawth were 321.2 and 364.7 ppm respectively.

Manganese,. zine and copper contents of solls followed

the sama trend as that of iron.

In general, soils which were less acidic, with hich con-
tent of avallable P seamed to favour the growth of azolla.
Concentration of micronutrients also was relatively lees in

locations where the azolla growth was better,



4,1.3. Ehemical propertices of wator.

‘It was ohserved that pH of water of locatlons favouring
azolla“étcwth varied among the three regions (Table 4.1.3).
In géneral the pH of water of azolla growlng location vas
higher than that of the non-growing location. Among the
azolla growing locatlons, Kayamkulam recorded the highest pH

of 6.3 compared :0 5,7 at Pattambd.

In all the regions the BEC of water favouring azolla
growth had lower values comparcd to ron-growing locations.
Among the azoclla growing logations, Kayamkulam had the lowest

value,

Azolla growing locations had in general lowar N concen-

trationg in wator than the nonegrowlng locations.

Phosphorus content of water, however,differed considerably
betuween locations within the three regions. When the mean
concantration of P was 0.03 ppm in Kayamkulam, the third loca-
tion of Kayamkulam deveid of azolla growth had only traces of
P in water, A similar trend was observed in other reglons

algo. Among the thzree regions Pattanbi showed the lowest value.

Potassium contents of water In locations of azolla growth
were higher than that of the non-growing aress. Among the

regions Kayamkulam registered the highest value (2 ppm).

Ca content did not show a defimite trend with azolla
grovth in different locations of the three regions.

Comparison of mean Mg conternt of water in azolla growing



Table 4,1.3.

Shemlcal properties of water of azolla growing and non=growing locations

Availlable nutrient (ppm)

Location pH !
=(mmhos om ) N P K Ca Pig Fa
Kayamkulam region
Gl - Karuvatia G.3 0.15 1.5 0,02 i.o 10.3 3.7 0.08
62 - HKubttitheruvua H.2 0.10 1.8 0.03 2.0 3.2 3.9 0.09
Maan 6.3 D.13 1.7 0.03 2.0 7.1 3.8 0.09
NG - Arithalil 5.2 0.53 2.1  trace 1.0 10.1 trace 0.21
Paghanil region
G1 = Pazhanjl 1 6.0  0.50 2.1 "0.05 0.9 - T4 264 0.09
Gz_n Pazhanijl 2 6.1 Q.39 24 0.02 1.2 Te& 2.5 0.08
tean 6.l 045 23 0.04 1.1 7.5 Z2e5 0.09
NG ~ Pazhanji 3 .1 0.58 2.3 0.01 0.7 3.1 0.5 D18
Pattanmbl rosion
Gl b Blcck 3 506 0051 2-9 0.01 1.3 5.4 102 . 0.51
G2 -~ Bloghk 8 5.7 Q.54 i.8 0.02 1.8 5.0 1.2 0.52
Mean 5.7 - 0.53 2.4 0.02 1.6 5.2 1.2 0.52
NG - Block L 5,5 0,57 2.9 trace 1.1 5.0 trace  0.81
Gen@ral m&an bl G 6-0 0.37 201 0-03 106 6.6 2-5 0.23
General mean = NG 5.3 0.56 2.4 0.01 0.9 6.1 0.2 4,00
G ¢ Azolla growing location NG : Nop-growing locatlon
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locations among the regions revealed that Kayamkulam had the
highest value (3.8 ppm) and Pattambl the lowest (1.2 ppm).

In all the regions concentratlon of Fe in water was lover
in locotions having azolla growth. Water of locations favourm
ing azolla growth of"Kéyamkulam region had the lowest value
{(0.09 ppm) while Pattambi showed the highest-value (0.52 ppm).
Manganese, zinc and copper contents of water of these regions
could not be estimated because of their very low concentration

in watsr.

To sum up the pH of water of location favouring azolla
growth was higher than that 6f non-growing areas. Among the
nutrients ostanaibly higher contents of P, Ca and Mg in water

seemed to favour the growth of azolla.

4.1.4. Dry matter and nutrient contents of azolla.

The percentage of dry matter. and nukrwient contents of

azolla collected from the three regions are given helow.

— - - -

Region Dry matter N P K

Kayamkulam 642 3,39 0.24 1.14
pazhanii 5.9  3.19 0.35 1434
Pattanbl 643 3.24 0,29 1.28

b win -

There was not any perceptible variation in dryage and

nutritional qualities of azolla from different regions,



74

4.1.5. Heather rarameters.

The survey &lso envisaged to identify the weather factors
favouring azolla growth and was undertaken during the year
1980. The f£fluctuation in weather parameters of Kayamkulam
and Pattambi are presented in appendix ITI and figures 4.1.5.1
and 4.1,5.2,

The varlation in weekly mean maximum temperature at
Kayamkulam during the azolla growing season:(June-November)
was from'ég.é to 32;7°C whereas Pattaﬁbi aexperienced a wider
variation from 28.4 to 33.8°C during the pericd. The mean
maximun temperature for Kayamkulam and Pattambl were 31.2 and
30.8°C re5pecti§ely during the season. The mean mayimum tempa-
rature for the non-growing season (December~May) were 34.0 and
35.2°C for Kayamkulam and Pattambl respectively and it ranged
from 31.4 to 35,2°C at Kayamkulam and £rom 32.8 to 37.4°C

at Pattambi.

Mean minimum temperature during the season varied ﬁfom.
22,8 to 24.8°C at Kayamk;lam whereas f£luctuations at Péttambi
were ffom 21.9 to 23.9°C, The mean values for the non—growing
seagon were 23.0°C and 22.8°C at Kayamkulam and Pattambi reg-
pectiveiy. Pazhanji had the louest atmospheric temuerature

both at 7 2.m. (26,0°C} and at 2 p.me (29.1°C).

Kayanmikulam recorded a higher mean relative humidity
(7 a.nd) of 95.2 per cent during the season with a varilation
from 92 to 97 per cent. The mean value for Pattambi during

the period was S4.7 per cent and the values f£fluctuated €rom



85 o 97 per cent, The nean values for the non-growlng period
were 91,5 and 87.9 per cent for Kayamkulam and Pattambi res-
pectively. The rclative humldity in the afternoon also varied
ruch in the two places., The varlation was from 57 to 84 per
cent at Kayarkulam while the values. fluctuated between 50 and
89 per cent at Pattambi, with mean values of 70.7 and 72.2 per
cent respectively. The mean values for the non-growing peried

in these two places were 54.8 and 45,0 per cent respectively.

Kayamkulam recorded a total rainfall of 1950 mm in 87
rainy deys during the season while Pattembi registered 2686 mm
in 105 days during the same period. Rainfall during the DO e
growing period also showed variation. KRayamkulam recelved a
total rainfall of 364.3 mm in 20 rainy days while Pattambi

recorded only 253.9 mm in 15 days during the non-growing pericd.

The sunshine hours f£luctuated between 2.3 and 1046 during
the. season with a mean value of 5.9 in Kayamkulam whereas it
varled £rom l.1 to 9,6 in Pattambi and the mean value was 5,2 hr.
The mean values for non-growing pericd for Kayamkulam and

Pattambd were 2.5 and 9.1 hr respectively.

Evaporation rates showed wide variation hetween two placas.

The mean values for Kayamkulam and Pattambid were 3.4 and 3.9 mm

=1

day ~ respectlvely during the azolla growing season. The maxi-

mum and minimum values for Kayamkulam were 1.7 and 5.9 mm day’l
respectively whilo the corresponding values were 2,7 and 5.2 mm
at Pattambi. Durdng the non-growing season, the moean evaporation -

was 4,3 mn at Kayamkulam vhile it was 6.4 mm day’l at Pattambi.
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To sun up,it can be seen that the fluctuations in maximum
tempsrature were narrower at Kayamkulam than that at Pattambd.
Kayamkulam slso recorded higher relative humidity and a well
distributed rainfall, -Evaporation and variation in sunshine
hours wers less at Kayamkulam during the period,

4.2, Nukritionzal requircment of azolla

In crder to identify the nutrlents required for rapid
miltiplication of azolla in the f£leld, a pot culture experi-
ment was conducted during July 1984 énd 1t was repeated in
"August 1984, The data on the eﬁfégt of each of the elements
on the rate of growth, dry matter énd N contents of azolla are

préasented in tables 4.2.1 and 4.,2.2 and figure 4,2.1.

The data indlcated that at the end of thé £irat wee#. the .
treatment recelving no M (¥%-N) had the maximum growth of azolla
Of 9643 g ﬁ"z vhich was significantly superior to otﬁer treate
ments (Table 4.2.1). The percentage increase in yleld over
the conﬁrol (xX) was 11.6., Omission of P from the nutrient
golution (%=~P) had resulted in the lowest azolla yield (77.7 g)
followed by xsmé and ¥-Ca., In the trial repeated in August also
a similar trend was observed,

At the end of the sccond week, in both the trials, the
treatment from which N had been omitted, showed maximum growth
and X-K ranked second in this respect. Though omission of P
had resulted in mininum growth in.the £irst trial and deletion
of Mg in the second trial, the yileld of arolla in these treat-

mants were statistically on par.



Table 4.2.1. Effect of nutrlent deficlency on the growth of azolla

Growth of azolla (g m-2) Doubling time
{days)
, Mean trizl trial
First trial , Second trial (Third
1 2 < I | 2 '3 geek)
Tl Water alon@ 83-1 132.6 ) 230.4- 8?-6 145.7 190.4 210.3 9.5 10.9
Ta p: A% 96,3 143,3 2472 . 93.9 153,3 20445 225.9 9.1 10.§
‘I'4 X=P 77.7 121.0 . 18%.2 8045 120.2 157.7 171.2 11.%1 12.7
Ts H=F 87.8 141.0 239.4 88.9 148.4 180.8 215.1 9.3 0.9
Ts_ X=Ca 81.8 132.3 219,8 84,5 132.2 173.2 196.5 9.8 11,7
T Reatlg 80.8 123.5 217.5 81,7 117.7  170.3 193,92 9.9 . 11,9
T8 =T 88,2 136.1 230.2 86.6 149.3 192.3 211.5 9.5 10.8
Tg X=}n' 87.3 136.4 232.6- B88.4 147.6 197.9 215,3 9.5 i0.6
P tast I o ‘ Wk * - a4 e * *
S 0me 0,49 1.34 2.51 0.48 1.19 0«55 1,32 0.18 0.23

CCDO (0005) 1046 . 3.99 7.46 1044 3.54 1.65 3080 0056 0.071

* Significant at 0.03 level
*%  Significant at 0.0l level
X = Treatment receiving nutrients such as N, P, K, Ca, Mg, Fe and Mn (control)



Table 4.2.2. EBEffoct of nutrient deficiency on dry matter production'and nitrogen con-
tent ‘'of azolla at three weeks after inoculation

Dry matter production (%) Nitrogen content (%)
Treatments

First trial Second-trial First trlal second trial FPFooled mean
Tl' Water alone 5.8 5.3 2.6 3.2 2690
T, X 6.1 Ge3 4.2 4,1 4.85
Tg XN 5.9 6.0 4,0 4.4 4.20
T4 H=D 6.5 6.8 3.6 3.7 3.65
Ty XK 6.0 6.1 4.0 4.5 4.25
TG ¥*=Ca 6.2 6.3 4.1 3.8 3.95
T, X-lg 6.3 Sed 3.5 3.6 3,55
Tg X-Fe 6.1 6.2 4.0 4.1 4.05
TQ - XeaM12 6.0 6.2 441 4ol 4,10
‘Pt test NS e * * *
S.Em.i 0. 16" 0.19 0.10 0,15 0.073
CeD.(0.05) - 0.58 0.30 0.43 0.230

*  siognificant ot 0.05 level
NS Not significant

X= Treatment receiving all mutrients such as N, P, X, Ca, Mg, Fe and Mn {(control)

gL
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At the end of the third week, growth of azolla was
m&ﬁimum-in the treatment develdd of N with a mean yieid of
2@7.2 v ﬁ'z in the first trial., The treatment ¥-K ranked
second (239.4 g) which was on par with X (234.4 ¢) and X~Mn
(232.6 g) and superior to other treatments. In the second
trial also, a similar trend was observed. Exclusion of P from
the nutrient solution had resulted in the lowest yvield (157.7 g)
followed by ¥=-Mg (170.3 g).

In genexal, growth of azolla was better in the first trial

compared to the second.

A perusal of the pooled data of the two trials for the
third week showed significant varliation between treatments
{Table 4.2.1 and Fig. 4.2.1). Omission of N had resulted in

the highest mean yield of 223.,4 g w2

which was superior to yieldsin
rost of the treatments. The inc;ease in yield over the control
(X} was 4.7 per cent. The treatments ¥X-K, X=-Mn, X and X=-Fe

were on par in yicld. Omission of P had resulted in the lowest
viold (171.2 g) =nd percentage reduction over the control was
19.8. Simllarly omission of Mg and Ca resulted in yield reduc-

tions of 9.1 and 7.9 par cent respectively oter the control.

There was slight variation in the dry matter content due

to deficiency of nutrients (Table 4.2.2). Maximum dry matter

content: of 6.5 per cent was for the treatment from which P had

been omitted, £ollowed by magnesium deficient plants. Minimum
dry welght was noted in the treatment recelving no nutrients

(wvater alone). In the second trial also almost a similar trend



was noted except that the differences due to treatments vere

statistically significant.

In the first trial, the N content of azolla taken at
three weeks also showed considerable variation as a function
of nutrient supply (Table 4.2.2). The treatment recelving all
the nutrients had the hiéh@st N content of 4.2 per gent which
was on par with X-Mn, X-Ca, ¥-Fe, X=N and X=-K and superiocr to
rost of the treatments. The treatment X=P (3.6 per cent) was
on par with X=-Mg and superior to the treatment receiving no
nutrient. 'In the second trial X~N recorded the highest N con=-
tent of 4.4 per cent vhich was on par with X-K, X, %Mn and
H=Fa and superior to rest of the treatments, The treatment
¥X-Ca, X-P and X~Mg were on par in N content and superior to

the treatment reecelving water alona.

Pooled analysls of the N content of azolla of the two
triales revesled the importance of curtailing N supply to azolla
for grester efficiency in bioclogical f£ixation of atmospheric N,.
The treatment, X=N recorded a value of 4.20 per cent which was
on par with XeK, ¥, ¥=Mn and X-Fe and superior to rost of the
treatmonts. X=P and X-Mg with low values of 3.65 and 3.55 per
cent regpectively were inferior in N content té the above
treatments, Héwever, azolla grown in watexr alone racorded the

lowest N content of 2.9 per cent which was significantly inferior
to that of all other treatments.

Growth rate of azolla in temms of doubling time revealed

that in both the trials, the Lreatment =N Look the minimum
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nunber of days with a mean value of 9.7 days. The treatment

x-é recorded the maximum mean doubling time of 11.9 days.

In the £inal analysis 1t can be seen that omission of N
from complete nutrient solution had resulted in significantly
higher growth of azolla. Excluslon of K, Mn and Fe could not
influence the growth or N content of azolla slgnificantly.
omlssion of P affected the growth as well as N content signi-
ficantly. Deletion of Mg and Ca alsc affected the growth and

N content to a lesser extent.

4.3« Time of application and quantilty of inoculum
on the growth of azolla and yield of rice

In order to study the effect of time of application and
gquantity of azolla inoculum on the growth of azolla and yield
of rice, field trials were lald out in the second crop season
of 1980 and first and second crop seasons of 1981. The results

of the trials are presented hereunder.

4.3.1. Effect on yileld of azolla.

44.3.1.1. Second crop secason of 1980

Though there was not much growth of azolla during the
second crop season of 1980, in fact there was feduction‘in the
growth of szolla from the £irst week and the trend lasted tilll
the £hird week in the case of t, (inoculation one week after
élanting) (Table 4.3.1). But ip t, {inoculatlon two wecks

after planting) and tq (inoculation three weeks after planting)



a slicght lncreasing trend was observed after the initial set
back. In all the treatments, azolla turned from green to red,
4-6 days after the application of inoculum. Nevertheless, t3
with azolla vields of 128, 163 and 275 g m 2 showed superiority
over other treatments in the first, second and third weeks
respactively after inoculation (Table 4.3.1). Similarly ty

was superlor to tqe in the secohd and third wveeks after appli-

cation.

Quantity of inoculum affected the growth of az=olla at all
the three stages of observation. The treatment qg (400 g ino-

culum m%) with a value of 110 g w2

was suparlor to other
treatments in the first wéek (Tablg 4.3.1)+ Nevertheless, U
(600 g of inoculum ﬁ"z) was on par with 45 during the second
week. At the final stage, g, with an azolla yleld of 196 g m 2
was significantly superior to other two treatments l.e., d3 and
g, (200 g of inoculum); q, being a treatment receiving no’
azolla. In all the three weeks; qy was found to be superior
to

- Interaction between time of applicatlon and guantity of
incculum was significant and t3q4 with a value of 370 g nfz was
superdor to all cther combinations at the end of the three weeck

period (F.igo 4.3.1.1a).

rigure 4.3.1.lbrevealed that there was a steady decline
in mean water temperature f£rom the £irst week to the £fifth week
after planting. When the mean water temperature at the end of

first, second and third weoeks after planting for t, was 38.2,



Table 4,3.1.

Effect of time of application and quantity of azolla inoculum on the yleld
of azolla (g m~2)

Weeks after inoculation

Treatment Second crop 1980 First crop 1981 Second crop 1981
1 2 3 1 2 3 1 2 3
Time of inoculation
ty (One week after planting) 39 37 21 162 201 56 328 409 539
t, (Two weeks after planting) 41 78 113 453 59 42 284 390 591
t3 (Three weeks after 128 163 275 261 53 28 388 446 571
planting) :
P! test ke ik #k L 2 e e Ik x ¥ sk L
S.Em + 2.1 3.1 15.6 6.3 6.3 1.6 3.1 4.1 5.2
CeDe(0.05) 6.3 9.4 46.8 18.7 18.8 5.2 9.3 12,7 16.1
guantlity of Anoculum
q, (200 g m™2) 66 58 83 156 44 20 157 199 266
g (400 g m 2) 110 107 148 305 128 52 355 439 579
q, (600 g m %) 103 112 19 416 142 54 490 608 855
lFi +osk 33 ¥ %k 3 ] w®* # & o o o * &
S.Em.+ 2.1 2.1 15.6 6.3 6.3 2el 3.1 4,1 5.2
CeD. (0.05) 6.2 6.3 46,9 19.6 19.8 - 6.2 9.3 15.7

12.8

at
X o

Significant at 0.05 level
Significant at 0.01 level

£8
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36,2 and 35,3°C respegtively, the values for €, and t, were
3642, 35,3 and 34.8 and 35.3, 34.8 and 32.8°C respectively.

The dally mean light intensity below tﬁe canopy showed an
increasing trend from 64 k 1x to 81 k lx from the £irst to the
second week after the first inoculation, thereafter it declined
(Fige 4.3.1.1¢)., The same trend vas observed above the crop

canony glso.

4.3.1.2, Flrot crop sgason of 1981

During the £irst crop season of 19861, tz'with an azolla
vield of 453 g o2 ﬁaa found to be superior to t, and tq in the
first week after application, but ty exerted its superiority
at later stages (Table 4.3.1).

among the quantities of azolla inoculum applied, q, with

an yield of 416 g m™2

vas superior to the rest of the treat-
ments in the first week but it was on par with G, and superior
to g, in the other two weaks.

Interaction effect was also significant during the season,.
Among the combinations, t,q, with a value of 645 g m2 was
better than cothers in the £irst wveek (Fig. 4.3.i.2a), ut tha

showed higher ylelds at later periocds.

In the £irst crop season of 1981, thers was a reduction
in the growth O0f azolla during the f£irst week in tl £ollowed
by an increase during the second week (Fig. 4.3.1.2a). There-
atter thg grovth of agolla declined in ail its subplot treat-

ments. As far as t, is concerned a3 and 94 showed an increasing
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trend during the first week followed by a drastic dccline.
All the ty treatments showed a declining trend from the

beginning to the .end of the study.

Figure 4.3.1,2b showed that the mean water temperature
was 36.1°C at the time of inoculation in tl‘ Though the value:
declined to 35.4“0 at the end of second week, it showed an
increasing trend during the third week. Water temperature at
the end of first, second and third weeks after lnoculation
for t, and t, were 33.4, 35.2 and 31.2°C and 35.2, 31.2 and

30.7°C respactively.

The daily mean light Aintensity measurement also showed a
similar trend as that of the'water temperature with a rise in
value £rom 50 k lx to 62'k'lx'from first to third weck followed

by a reductlion in values thereafter (Fig.4{3.1.2e).

443,1.3. Second crop season of 1981

In the trial of second c¢rop season of 1981, t3 with values

2

of 388 and 446 g m ° was superlor to t, and t, in azolla growth

in the first and second weeks respectively but t2 with mean

2

yield of 591 gm: was‘superior to t,5 and t, in azolla yield

during the third week {(Table 4.3.1).

Among the quantitiles of azolla incculum tried, Y with
values of 490, 608 and 855 g 2 in the firat, second and third
weeks respectively were superior to qs'and dy » In general, g,
was superior to g, and a, which were all significantly Aiffe-

rant: £rom one anothaor,
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Interaction between time of application and quantity of
inpcu;um showed algnificant effect on the growth of azolla
fFig. 4.3.1.32). The combination tyq, vas consistently supsrior
to all other combinatlons during the first, second and third

weeks of the study. -

In the f£irst week perloed, there was decrease in the growth
of azolla in all the three times of application eventhough the
reduction in ta during the first week was not so marked ag that
of other times of application. From the segond week anafds.
there was ateady growth of azolla which was more marked in
tl and t2.

' Though the mean water temperature was 35.5°C at the time
of inoculation in tq» the value did not decline remarkably till
the end of third week after first inoculation (Fig: 4,3.1.3b).
The temperature declined tb 33.7°C at the end of fourth week

followed by a slight lncrease during the next weck.

The daily mean light intensity below the canopy also
showed an increasing trend from 61 k 1x to 76 k lx from the
£irst week to the third week after the first inoculation

(Figo 40301.3@) .

4.3.2. Effect on yleld of rice

Data presented in table 4.3.2 revealed that time of appli-
cation of azolla incculum had no efifect on grain or straw
ylelds of rice in any of -the three seasons tried. But the

quantity of inoculum showed significant effect on grain yield.
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Table 4.3.2. Effect of time of applicatlion and quantity of azolla inoculum on
yield of rice (kg ha~l)

Season
Troatment Second crop 1980 First crop 1981 Second crop 1981
Grain Straw Grain Styraw Grain Straw
Time of Inoculation
tq (One weslk after 3575 2892 4827 4375 4738 2724
planting)
t, (Two weeks after 3506 2981 4809 5359 4920 2951
planting) .
5 ‘Thﬁgn‘gieﬁg? after 3613 2718 4840 ' 4379 4850 2853
P test NS NS NS i NS i NS NS
' S.Em % 103.3  125.0 5846 51.8 77.5. 87.4
Quantitv of inoculum
G, (No azolla) 3124 2777 4404 3597 4993 2768
q, (200 g m2) 3637 3034 4916 4447 4844 2995
g (400 g m ) 3629 2982 4802 4553 4713 2729
qg (600 g m2) 3869 3062 5179 4687 4874 2875
‘P tesk ¥ NS Ak * % NS NS
S.Em.t 112,1 144.3 67.6 59,9 89.5 101.0
CoDa (0.05) 347.7 - 196.3 173.7 - -

* Significant at 0.05 level
** Significant at 0.01 level

NS Not significant

L8
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The treatment g, with a grain vield of 3869 kg ha"l was on par

4
with q; and g, and significantly superilor to control (3124 k)

in the second crop season of 1980.

Tn the £irst crop season of 1981, cuantity of inoculum
had significant effect on grain and straw ylelds of rice. The
treatment d, with a grain yield of 5179 kg hé'l was superior
to others, while g, (4802 kg) and q, (4916 kg) vera on par and
superior to control (ql, 4404 kg). In straw yield, q, was on

par with Qs and superior to other treatments.

Interaction between time of application and quantity of
inoculum had significant effect on grain and straw ylelds
(Table 4.3,.3). Among the combinations, taq, with a grain yield

of 5458 kg ha™+

was statlstically on par with tzéé (5212 kqg)
and it was significantly superior to all other combinations.

S8imilar trend was observed in straw yleld also.

Iﬁ the second crop season of 1981, quantity of inoculum
could not exert any significant influence on grain or straw
yields.of rice., But interaction effect was significant on
straw yield; tzq4 recording the highest straw yleld of
3237 kg ha™t during the season.

4.4. Geometry of planting rice in relation
to growth of azolla and yileld of rice

Effect of geometry of planting rice on the growth of
azolla and yleld of rice was studied in the second crop season
of 1980 and first and second crop seasons of 1981, the results

of which are presented below,



Table 4.3.3. Effect of interaction hetween tinme of application_and guantity of azolla
incculum on vigld of rice (kg ha=1)

Treatments

First crop 1981

Second crop 1981

Graln yleld Straw yield Straw yield
9y 9z 93 kY dq LY 43 7} 9 9 93 - 9

tl 4686 4947 4810 4966 4259 4470 4369 4402 3018 2848 2688 2341
t2 4401 4729 4865 5212 4023 4282 . 4413 4717 2386 3251 2928 3237
t3 4096 5072 4733 5458 3709 4588 4276 4943 2900 2886 2570 3050
'F' test b * *
S.Ema+ 109,8% 117.2° 103.7°  112.1° 161.22  175.1°
C.D.(0.05) 340.1% 380.0° 301.2%  351.3° 508.0% 579.1°

t; One weelk after planting dy Ne azclla

t, Two weeks after planting q, hAzolla at 200 g m‘?

t3 Three wueeks after planting dq Azolla at 400 g m‘z

ay Azolla at 600 g w2

* Significant at 0.05 levsl

a For comparing two quantity means at the same level of time mean

b

For camparing two ftdme means at the same or different levels of quantity means

68
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At the end of £lrst weck during the second crop season
of 1980, P, (20 cm x 10 cm east-west direction of planting)

2 was on par with Pg (Bulk

with an azolla yield of 41 g m
method), P, (20 cm x 10 cm north-south) and P; (40 cm x 5 em
east-west) and significantly superior to P, (40 cmx 5 cm
north=gouth) and Pe (Fallqw).(Téble 4,4.1 and Fig. 4.4.13).

In the second week, P, wigh an azolla yield.of 57 g M2 was on
par with Py and Py an@ sionificantly superio: to other treat-
ments.,. At the f£inal stage Pl was superlor té all others in

azolla growth.

There was gradual decline in mean water temperature f£rom
41.7°C at the baginning to 35,9°C at the end of three weeks
growth period (Fig. 4.4.1b). The decline was almost similar
for all the treatments except P .Daily mean light intensity
showed a slight increase in the second weck followed by a

decline (Fig. 4.4.1c). The decline was marked for P, and P,,

2 1
The light and temperature peaks were around 2 p.me dﬁring the

second crop season of 1980,

Regarding . the effect of geometry of planting on yield of
rice, the.treatment P3 recorded the highest grain and straw

1 respectlvely though the diffe-

vields of 4389 and 4781 kg ha
rences in yleld between treatments weare not statistically

Sigﬂ]ificant (Table 4.4-2).

The green colour of azolla turned to red five days after
the appllication of inoculum. This change was noted £irst in

£allow plots (T;) followed by P4 and P, treatments.



Table 4.4.1. Effect of geometry of planting rice on growth of azolla (g:mfz)

Weaks after inoculation

Treatment Second crop 1980 First crop 1931 Second crop 1981
Geometry of :
planting 1 2 3 1 2 3 1 2 3
Pl 41 57 .71 55 111 26 177 165 182
Pz 36 50 61 75 110 104 171 148 179
PB 34 49 59 58 116 93 184 172 160
P4 26 39 54 53 93 a0 166 145 181
Ps 33 47 59 64 158 110 185 167 191
P6 12 23 40 39, 66 55 133 93 68
'Fl test % % ok - ko8] L3 4 i E- B -3 *
Se.Em.+ 2.8 2.5 2.1 3.3 7.3 2.1 3.6 3.6 4.9
CeD.{0.05) 8.7 8,7 6.7 9.8 22,0 6e2 10.8 1C.9 14.9

¥  Significant at 0.05 level
** Significant at 0.01 lewel

Pl 20 cm x 10 om cast waest P4- 40 emt X 5 am north south
P2 20 cm X 10 om north south PS Bulk method
93 40 cm x 5 on east west 96 Fallow

16
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Table dede24

Bffect of geometry of planting rice on yield of rice

 Grain yield (kg ha~1) straw yleld (kg ha~1)
Treatments Second First Second Second First Second
crop crop crop erop crop erop
1980 1981 1981 1980 1981 1981
Pl 20 cm x 10 cm E=Y 4002 4738 4775 4459 4461 3340
P2 20 cm % 10 cm N=S 4323 4601 4673 4411 4344 3124
P3 40 cm x 5 cm BT 4385 4691 4334 4781 4407 3137
P4 40 cm x 5 cm N=-8 4329 4396 4612 4449 4129 3373
Pg Bulk method 3807 4430 4050 4122 4168 2998
‘F' test NS . NS NS NS NS NS
SeEm. 182,2 164.1 155.8 175.6 155.3 139.0

¢b
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In the first crop season of 1981, P, with an azolla

yvield of 75 g w2

was significantly superior to other treat-
ments at the end of f£irst week after inoculation (Table 4.4.1).
In the second week, Pg with an azolla yield of 158 g m 2 wag
suparior to all other treatments. The treatment Py (116 g)

was on par with Py {111 qg) ander (110 q).

At the end of three weeks period of the study, Py (110 g)
and Py (104 g) were on par and superior to other troatments.
Pq and Py were on par and superior to Pgs The growth of azolla
increased till second week followed by a marked decline there-

after (rig. 4.4.2a).

There was a decreasé in mean water temperature from
35.9°C at the beginning to 33.9°C at the end of the second
week of inoculation (Fig. 4.4.2b). At the end of third week,
it rose to 36.6°C. Among the treatments, Pg recorded the lowest
water temperature (34.3°C) throughout the period of study. A
similar trend was bbserved in light intensity till the end of
second week, but in the third week all the treatments except

E5 and.P2 showed an increase.

Azolla cultured in different methods of planting could not
axert any significant influence on grain or straw yleld of rice

in this season also (Table 4.4.2).

At the end of flrst week during the second crop season
of 1981, Py (185 g), P, (184 g) and P, (177 g) were on par in

terms of azolla yield and PS and P; were superior to other
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treatments éxcept P, (Table 4.4.1). In the second week, Pye
95 and P, wers on par in azolla growth éhd these were superiocr
t& rest of the treatments, At the end of threa weeks growth
period, Py (191 gle Py (182 g) and P, (181 g) wera on par in
arzolla yield. Py was found to be significantly superior to P,
(160 g} and Py (68 g).

A perusal of the mean water temperature revealed that Py
and és showed the lowest value in the second and third weeks
of the study (#ig. 4.4:3b). In general, the temperature
increased f£rom £irst week aill ﬁha beginning 6f third wegk.
Daily mean light idntensity showed an increasing treﬁd till the
end of third week, with 61.2, 84.4 and 98.4 k lx in the first,
second and third week respectively. Lowest value was for Py
(70,3 k 1x) followed by Py (7244 k 1x). Mean daily water tempe-
rature also showed lower values for P; and Py during the period

under investigation.

Difference in yicld of rice due to the geometry of plant-
ing was not gignificant in thils geason also.

over the seasons, azolla growth was ketter in the second
crop season of 1981 followed by £irst crop season of 1981,
The treatment P, recorded the hichest yield of azolla in the
second crop season of 1980, whille Ps showad the highesé yvield
in the first and second crop seasons of 1981. In goneral the
water temperaturs and light intensity were too high and unfa-

vourabla for the growth of azolia,duxing all the three seasgons.
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4.5, Mineralizatlon of azolla

A study on the mineralization of azolla vig-a-vis
commonly used oganic manures was conducted during the first
and second crop seasons of 1984 and the sallent £indings are

presanted bhalow.

4.5.1. Total mineralizable nitrocgen.

Figure 4,5.1 on mineralizable nitrogen as influenced by
organic manures revealed that applicatlion of graen leaves at
5 ¢t hé‘lrrecorded tha highest value followed by the treatment
receiving azolla st 10 ¢ hé"l in the £irst trial (23.7 ppm and
' 19.3 ppm reapactively). In the second trial also, the same
trend was observed but the values were comparatively higher.
-Agggssment of pevioduise avallabliity of nitrogen showed the
maximum value (21,9 ppm) at the twelfth week after incorpora-
tion in the first trilal while it was showing the maximum value
of 29.8 ppm at the tenth‘wéek during the second trial.

Comparison of the two trials in.terms of total minerali-
zable nitrogen revealed that the release was more in the second
trial as compared to the first trial (Fig. 4.5.2). Observa-
tions recorded on soil and waker temperatures polinted out that
both the temperatures were higher in the second trial than in
the first t¥izl. Stuéy of the f£igure 4.5.2 revealed that in
tha £irst trial both soll and water pH sﬁcwed a declining trend
£rom second week followed bﬁvan increase in the next two fort-

nights. Thereafter a slight decrease in values were obsarved.
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Similar trend was observed in the second trial also, but the
values were slightly highezr than that of the first trial.

4.5.2. Ammoniacal nitrogen in soil.

Analysis of the pooled data of the two trials on the
performénce of each treatment at different pericds of sampling
raﬁealed that the maxdimum value (25.3 pom) of ammoniacal nitro-

13 was at tenth week after incor-

gen for él (azolla at 5 ¢ ha
poration (Table 4.5.1). This value was on.par with the values
ohserved at gwelfth week and significantly higher than that of
cther periods, For Ty (azolla at 10 t hé'l) the value ohsgexrved
at tenth weé£.(27.0-ppm) was on par with that of at twelfth
week (26.1 ppm), ﬁhis'being significantly higher than that of

other values,

Higheat value of 22f6 rpm for T3 (dry azolla egquivalent
to £rech azolla at 5 t ha™ ) was observed at twelfth woek, It
was on par with the value at tenth and eighth weeks, Similar
trond was observed for Ty {(dry azolla equivalent to fresh azolla
at 10 ¢ hénl) but the valuass at twelfth week was on par with
that of earlier three observations and highor than the values
at other periods? Similarly TS (cattle manure at 5 ¢ hﬁ”l)
also recorded thé highest value (25.1 ppm) at the twelfth week
whilch was on par with that of earlier two observations. The
maximum valug of 33,9 ppm for Tg (green leoaves at 5 ¢ hé‘l) was
also noted at final sampling which was significantly higher than
that of the previous abservationsﬂ For control, value aﬁ the

£i£th sampling was the highest which was on par with that of



Table 4.5.1. Effect of organic manures on ammoniacal nitrogen in soil (ppm)

Weeks after incorporation

Treatments Mean
2 4 6 8 10 12
Organic manure, ha~?
T; 2solla 5 10.4 13.1 ., 20.7 21.8 25.3 23,3 19.1
Ty Agolla 10 11.3 14.6’ 19.8 22,5 27.0 26.1 20,2
T, Dry azolla equivalent '

3 frosh azmolla. 5 10.5 12.5 18.5 21,5 22.5 22.6 18.0
T, Dry azolla egquivalent ,

4 fresh azolla 10 12.2 13.8 21.1 22.3 22,7 23.0 19.2
Ts Cattle manure 5 10'3 13.2 2135__ 2266 285 25.1 19.5
T, Green leaves 5 16.0 22.3 26,7 272 26.9 33,9 25.5
To, Control O 8.4 9.6 14,9 16.9 18.9 18.7 14.6

Mean 11.3 14.2 20.5 22,1 24.0 24,7
S.Em.t 1.162 0.99° 0.61° 0.43%
a b c d
CuD. (0.05) 3.46 3.09 1,86 1.31
a For comparison of the same treatment at different periocds
b FPor comparison of different treatments at the same or different periods
¢ TPor comparison of treatment means
& Tor comparison of period means

Lb
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fourth and sixth sampling and superior to that at the other

pariods.

Raegarding the performance of different treatments at a
particnlar-interval. gignificant varlation was noticed at two
weeks after incorporation. The treatment T, showed the highest
value of 16,0 ppm which was significently better than that of
other treatments, At four weeks after incorporation, T, was
ﬁeund'to be superior to all the other treatments. At the end
of sixth week, T, mailntained its superiority (26.7 ppm). The
.same trénd was Qbserved in the-qighth week also. At the end
of tenth week, T2 showed the highest value of 27.0 ppm which
was.oh par with T,, T; and Ty and superior to rast of the
treatments. At final sampling, T6 recofded the majimum value
of 33,9 ppm and it was gsignificantly superlior o other treatw

mento,.

4.5.3., Nitrate nibrogen in soil.

Pooled data presented in table 4.5.2 on nitrate nitrogen
in soil) reveaiea that the valucs at two weeks after incorpora-
tion was the highest for all the treatments except Ty and
significantly superior to values at other periods, Similarly
values at fourth weck were also superior to values at twalfth

week in all the treatments except Tye

Comparlson of treatments at a particular périod showed

that at two weeks after incorporaticn, the treatment T@ recorded

the highest value of 0.29 ppm which was on par Qith that of



Table 4.5.2. Effect of organic manures on nitrate nitrogen in soil (ppm)

Weaks after incorporation

Treatments Mean
2 4 6 8 10 12
Organic manure, & hat
Tl Azolla 5 . 0.27 Cal5 C.19 0,14 0.12 0.11 Cel6
T, Azolla 10 0.26 0.17 0a17 0.14 0.12 0.09 0.16
T, Dry azolla eguivalent

3 o fresh azolla & 0.27 0.16 0.15 0.13 D.14 . 0.08 0.16
T, Dry azolla eguivalent - ‘ : ‘

4 5 fresh azolla 10 9.28 Q.l& Dflz 0.13 0.07 0.08 0.14
T, Cattle manure 5 0.23 0.25 0.13 0.17 0.05 0.05 0.15
T; ©Creen leaves 5 0.29 0.24 0.19 - 0.11 0.07 0.07 0.16
T, Control O 0.22 0.14 0,20 0.09 0.05 0.03 0.12

Mean 0.26 0.18 0.1l6 0.13 0.09 0.07
S.Em. . 0.020%  0.023°  0.010°  0.009%

o]

b

C.D. (0.05) 0.090%  0.071 0.032°  0.030

Por comparison @f the same' treatment at different periods

Por comparlson of diffcrent treatments at the same or different pericds
For comparison of treatment means

For comparison of period means

&N o ow
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otbheor treatmonts. AL the fourth week Ts was on par with Tﬁ

and superior to all other treatments.

4.5.4. ammoniacal nitrogen in water,

Pooled data on ammoniacal nitreogen in water presented in
table 4.5.3 revealed that' the value forxr T, at first sampling
{0.74 ppm) was -on par with the value at £ifth and sixth
sampling. For TQ. the value at £irst sampling (1.21 pma) was
signific#ntly higher than that of other periods., For T3, the
value at £irst sampling was on par with that of othere except
at ocoond sampling. In the case of T4. the value at £irst
sampling (0.78 ppm) was on par with that of £ifth and sixth
samplingsand significantly higher than that of rest of the
periods, For T, and T, the values at £ifst sampling (1.01 and
1.48 ppm respectively) were higher than that of other stages.
In the treatment To aloco the value at £irst sampling was signi-
ficantly hicher than that of rest of the stages exceopt £ifth

gampling.

Comparison Of troatments at a perdcd showed that Ty with
a value of 1.48 ppn recorded thae hilghest content at f;rst
sampling which was found to be superlior o rest of tho treat-
mentss At the end of siukh week, T7 raglstered a value of
0466 ppm which woo significantly higher than that of other
treatments. At the éfghth and tenth week, the dlfiferonces bot-
woen treatments were not significent, At final sampling, Tl
with a valua of Q.65 ppm was on par with all tho treatmenis

except the control,



Table 4.5.3. Effect of organic manures on amnoniacal nitrogen in water (ppm)

Weeks after incorporation

Treatments Mean
2 4 6 8 10 12
Orcanic msnure, & hat
T, -Azolla 5 0.74 0.17 0.37 037 0.66 0.65 De49
T, Azolla 10 1.21 0.12 0.41 049 0.79 0.46 0.58
T. Dry azolla equivalent _

3 o Freoh azolla = 0466 0.14 0.41 0.56 0.46 0.64 0.48
T, Dry azolla equivalent ' '

4 oo crash azeila 10 0.78 0,09 0.18 0«35 0054 0.61 0.43
TG' Green leaves 5 1.48 0.12 0.16 0.50 0.88 0e42 0.59
T., Control O 0.94 0.08 0.66 0440 0.76 0.27 0¢52

Mean 0.83 0.15 037 0.44 0.67 0.51 '
S.En.i 0.090%  0.077°  0.022°  0.036%
C.D. (0.05) 0.281%  0.240°  0.132°  0.114°

& QN oW

For comparison of periocd mzans

For comparison of the same treatment at Aifferent @exieﬂs

For conmparison of different treatments at the sane or different periods
For comparison of treatment means

101
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4.5.5. Hitrate nitrogen in water.

Analysis of pooled data (Teble 4.5.4) revealéd that the
treatments performed differently at different poriocds. For Tl
and Tye the nitrate nitrogen gcontents in water were fhe highest
at: fourth week after incorporation and these weré significantly
higher than that of other periods. The velues at second week
was the next highest which were also superior to that of later
roriods. For T3, T4 and T nitrate nitrogen content was the
highest at the end of gecond wesk which were on pav with that
of fourth weck and higher than that of cther pericda. For T5
and Tepe the values at fourth week were on par with that of

second weok and significantly better than that of othexr periods.

Comparison of treatments at different pericds rovealed
that at the second week, TB recorded the highest value of
1.26 ppﬁ vhich was on par with T,, 75 and T, but higher than
that'of other treatments, In the fourth wesk, T2 showed the
highest value (1.39 ppm) but was on par with T, and was found
to be better than that of rest of the treatments. In other

reriods, the treatmént differences were not significant,

4.5.6. Percentage of nitrogeén mineralized ak difforent
periods after incorporation.

The cuantity of I added through szolla was 13.4 kg ha

each for T, and T3 and 26.8 kg hé’l aach for Tz and T4. The

values for TS and T vere 2649 and 25.4 kg N Ifxa""1 respectively.

Comparison of cach treatment over the time intervals

showed that for T,, 84.6 per cent of N was availableg at eight



Table 4.5.4. Bffect of organic manures on nitratce nitrogen in water (ppm)

Weoks after incorporaticn

Mean

Treatments
: 2 4 5 24 10 12
Orconic manure, t ha™
T1 Azolla 5 0.74 1.03 0.40 047 023 0.27 0«52
Ty, »Azolla 10 0.99 1.39 0.68 (.40 G.21 0.20 0.65
T, DXy azolla cquivalent
3 to frosh azolla 5 1.26 1.12 0.49 0«55 0.10 0.07 0.60
T, Dry azolla eguivalent
4 to frosh azolla 10 1,13 1.01 0.61 Ce31 0,09 D.11 0.54
?5 Cattle manure S 1,13 1,08 DG Q.56 Dol 015 0.62
Tg Green leaves 5 080 0.88 0.48 0.43 0.10 D426 049
T, Control 0O 0e50 0.54 0450 0.48 0.08 Q.15 0.38
Hean Ca94 1,01 0.55 0ed6 .13 0e17
S.Em.+ 0.1113  0.097°  0.055%°  0.042°
D% (0.05) 0.241%  0.300° 0.172° o0.133%
a For comparison of the same treatment ab different periods
b For comparison of diffcrent treatments at the gsame or different periods
¢ For conparisca of treatment mQans
d Tor coamparison of periced means

£0T
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weoks after incorporation (Fig. 4.5.3)}. Though it increascd
to 86.3 per cent at the tenth week, the value declined there-

after. The valucs for T, showed an upward trend until the

"2
end of twelfth week with a slight decline at the sixth week.

In Ty, the values increased t1l1l eighth week (78.0 ver cent),
thercafter the availablility decreased markedly (39.5 per ceat)
followed by.an increase in the nex£ fortnight., There was a
progreasive increase from 33.3 to 50.5 por cent commencing £rom
second weak o thé end of slxth week in T,, thereafter the
values decreased till tenth week. A gimllar trend haying thae
highest value of 59.6 per cent at the end of sixth week wag
also exhibited by Tge Tor Tg, 73.5 per cent of N was gvailable
at the end of fourth week followed by a decline in the next
two fortnighta., An increcase was noticed from eighth week which
attained the peak value (86.0 per cent) at the ond of twelfth

weesk,

It is evident from the filgure 5.5.6 that at two weaks
after incorporatién 43,9 per cent of M added wag available in
T, whercas the values for T,y and T3 were 34.1 and 37.0 pexr cent
respectively. Higher quantity of azolla ('I'2 and T4) ha@
recorded lower values 1.@., 26.0 and 33,3 per cent respectively

and the lowest value of 19.1 per cent was recorded by T at

5.
the cnd of fourth week, the highest value of 73.5 per cent vas
in T, and the lowest (35.0 per cent) in Tge Six woeks after
incorporation, 76.0 per cent &f N was available for 'I'1 and

67.2 per cent for T,. For Tgs 59.6 per cent of N added was
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available at the end of sixzth week and T2 {4D0.7 per cent) and
T, (50.5 por cent) recordéd lower values for the corresponding
period. At the end of eighth week 84.6 per cent of N was avale
lable for T; followed by T, and Tg (78.9 and 53.4 per cent).
fespecﬁivequ The lower values of 47.7, 44.9 and 22.8 per cent
wore reqorded for the treatment Ty, T, and Ts'respeétively.

Tg having the lowest among thems At the end of tanth week
alsa T recorded the highest value (83.6 per cent) followed by
Tz (57.8 per cent). There was not much variation betwaen Tae
Tg ahd Tg (38.,4«39.5 per cegt). T4 had the lowest value

20.5 par cent. At f£firal sampling 86.0 per cent of N was avalw
lable in Tgs Ty ranked second with a percentage of 76.8-£ollawed
by T4 (64.3 per cent) and T, {(61.2 per cent). T had highex

value (58.3 per c¢ent) than T, (35.6 per cent).

4.6, Evaluation of azolla as an organic manure

Results of the study on evaluation of azolla as an organic
manure conducted in the second crop seasons of 1980 and 1981

are presented below.

A.6,1: Growth attributaes of rica.

4,64.1.1, Height of plant .

Holght of plants did not show any significant dlffercnce
due €o the application of organia manures at‘any'of the stages
in 1980 (Table 4.6.1.1). - 'Hovever application of organic
manures significantly increased the height at panilcle initia-

tion stage in 1981, Treatment recelving green leaves at 5 ¢ ﬁd’l



Table 4,6.1.1, Effect of organic manures and fertilizer levels on height of plant {cm)

Stages of crop growih

Treatments Tillering ranicle initiation Maturity
1980 ioBl 1980 1981 1080 1981
Oraanic manures, ha~t
Control O 19,7 27.6 58.4 . 60.6 60.5 7246
Cattle manure 500 2030 26.8 60-2 6008 63.0 72.0
Green leaves 5.0 2066 305 61,7 65.9 64.6 763
Azolla 5.0 19.6 26,9 59.7 62.3 61,8 73.0
Azolla 7.5 2065 28.2 60.4 62,8 53.3 7442
Azollza 10,0 20.6 27.8 59,9 60.9 60,2 724
P! test NS NS WS Rk HS NS
Sbm i 0.40 . 0079 0.93 1a22 1040 1.58
cODQ (0.05) - - - 3.78 - bt
Pertilizer lewvels
(Percentage of @
fertilizer dose®)
0 2062 2G.1 592.0 60.5 594 . T70.1
25 20.4 27.0 58.9 61.2 6104 * . 73.4
50 20,1 28.8 58,92 " 61,8 61.9 69,4
75 19,9 28.9 60.2 63.0 64.2 69.7
100 203 28,9 63.3 54.6 65.8 76.1
'F' test NS * i e i NS
B.Eme 0.33 0.67 0.78 0.81 0.50 2,96

C.D.(0.05) - 2.11 2.56 2.51 1@62 -

* Significent at 0.05 level

*#*%  Significant at 0.01 level
NS Not significant 1
® Fertilizer dose N, P,0; and K,0 at 90:45:45 kg ha™

901
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(65.9 cm) was on par with azolla at 7.5 & ha ' {(62.8 cm) and
azolla at 5 t- ha""‘"- (62.3 cm) but it was statistically superior
to rest of the treatmonts.

The effect due to lavels of fartilizers was significantly
19810' and at maturj.ﬁy stage 4in 1981, Full dose of £ortilizers
(63.3 c:‘xln) was significantly superiar to others at panicle
initlation stage -in 1980 and was on par with 75 per ce:jnt". of the
fortilizar dose at maturity stage 4in 1980 and at panicle ini~-
tiation stage in 1981,

4.6,1.3. Piller produckion m""a

Data presented In table 4.6:1.2 indicate that tiller
producizion differed éignifieanhly as a function of application
of trganic manures at all the stages of crop growth during 1981,
At tﬁili‘ering stage, applicéxtion of greon leaves at 5 ¢ ha'l was
on par with azolla at 7.5 & ha"’i and 5 & ha"_-l and superior to
rast of the treatments in 1581. At panicle inltlation stage,
green leaves 5 t ha™t with s tiller count of 264 m > was signi-
£icantly euperior to other treatments. In téﬁns of total

tillers, crecn lecavea 'S ¢ ha'l

2

recorded a tillexr Gount of
290 m © at maturity stsge. This was on par with azolla 7.5 & ha"l

and superior to other organic manures tried.

With regard to the offedt of fertilizer levels on tiller
production, full dose of ‘ﬁex‘tiuzer .v’ias £ound ﬁo- ke on paxr with
other lavels éxcept control st tillering stage in 1980. But it
was. sﬂ.gnificantlﬂ; suparior o other treé;\t:ments at panicle



Table 4.8.1.2. Effeoct of orgsnic manures and fertililiszer levels on total tillers mfz

Stages of crop growth

Treatments Tlillering Panicle initlation Maturity
1980 1981 .1980 1981 1980 1981
Ozganic manures,'t @gfl
Control O , 281 184 351 230 346" 227
Cattle mamure 5.0 276 181 364 211 359 236
Graen leaves 5.0 296 225 410 264 394 2380
Azolla 5.0 300 207 393 229 379 253"
aAzolla 7.5 313 209 403 240 402 269
Azolla 10.0 294 184 393 210 383 239
'Y test S ¥ NS Wi HS *
S.Em. 12,0 9.6 18,0 7.4 22,0 10.3
CeD. (0.05) - 29,9 - 23.0 - 32.2
Fertilizer levels
(Pcrcentage of L
fertilizer dosc®)
") 261 168 323 208 321 221
25 292 193 374 227 370 242
50 287 . 198 369 227 374 254
75 297 205 401 238 393 267
100 329 227 462 253 427 278
‘P o test th X i E3 k% * A
S.Em. i 15,1 5.1 11.0 8.0 11.1 7.8
C:o D!’ ( 000 5) 47-6 1550 34'3 1 24 -‘8 33. 9 24 .0

* Significant at 0.05 level
®%  Silonificant at 0.01 level

NS HNot significant -1
& Fertilizer dose N, chs_and KEO at 90:45:45 kg ha

8§01
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initiation and maturity stages during the year. In 1981,
application of £ull dose of fertlliser was on par with 75 per
cent. of the d&se at panicle initiation and at maturlty stages
whereas it was superior to other fertiliger levoels at tillering
staga.

4,6.,1.3. Phytomass productkion d‘z

The effect of organdc manures on phytomass production was
sicmlficantly different at tillering stage in 1981 and maturitf
stages during both the years (Table 4:6.1.3). At tillexing
stage, application of azolla 7.5 t was on par with green leaves
5 t and azolla 10 t and superlor to cother treatments. AL the
maturdty stage in 1980, azolla 7.5 t was significantly superior
to cattle manure 5 t and control and was on paxr with other
treatments. Howaver, at the maturlty stage in 1931, green
leaves 5 £ with the highest dry matter production of 780 g w2

was on par with azolla 7.5 & (7&0 g m'za and superlior to others.

The effect of fortillzer levels on phytocmass accumnulation
was significantly different at all the stages in both the years
except tillering stage in‘1980. At panlcle initdation stage in
1980 and tillering stage in‘lssl. 100 per cent of the fertlli-
zar dose was on par with 75 per cent and superior.to rest of
thae treatments., At panlcle initiation stage 1n 1981, 100, 75
and S0 per cent were on par in drfy matter production. But at
maturity, 100 per cent of the dose had resulted in signifiéantly
higher phytomass production of 755 and 765 ¢ n?gin 1980 and

1981 respectively.



Table 4.6.1.3. Effect of organic manures and fertilizer levels on phytomass productlon

(g %)
Stages of crop grovth
Treatments e Tillering Panicle initiation Maturity
1980 1981 1980 1981 1280 1981
Orcanic manures, t ha—t
Control 0 115 131 210 265 500 585
Cattle manure ‘5.0 136 130 257 262 560 595
Creen leaves 5.0 126 173 285 302 580 780
Azolla 5.0 117 115 251 257 570 620
Azolla - 7.5 134 190 270 274 c0% 740
Azolla 10,0 125 1562 249 264 585 630
P test us ¥ NS S * A : ok
S.}?-!RII :!; 7.2 13.9 20.0 14.0 1400 14.1
C.Dt(OcOS) b 43.2 L T om 43.2 43.2
Partilizer lavals
(Percentage of o
fertilizer dogse”)
0 122 1i3 211 231 420 535
25 109 124 245 252 480 630
S0 130 150 249 283 530 655
75 124 178 264 280 650 710
100 138 186 298 .308 755 765
et test NS *¥ de 3t ok i oy
S.Im. & 7.1 7.1 12.8 15.2 7.6 5.5
‘CoDe {0,085} " - 21.9 39.0 47.8 24,0 17.3

* Slgnificant at 0.05 level

*%* Slgnificant at 0.01 level
NS HNot significant

@ Fertilizer dose N, P,0g and K,0 at 90:45:45 kg ha-1

01t



The interaction between the organic manures and fertlllzer
lavels was eignificent at tillering and maturlty stages in 1981
{Tablet 4.6.1.4 and 4.6.1.5). At tillering stage, application
off arollia at 7.5 t with 100 per cent of the foertilizer dose
recorded the highest value of 261 g Mfz which was on par with
green leaves 5 ¢ with full dose of fortilizer aﬁd guperlor to
rest of the treatments. At harvest, azolla 7.5 t with the
full dose of fertilizer showed the hlghest valué of 916 g 2
vhich was significantly superior to rest of the treatments,
Phytomass préducﬁion increased with increasing levels of fertli-

lizer under all organic manure treatments.

446.1ed. Leaf area index (LAT)

Application of organic manures influenced the leaf area
index (LAI) significantly only at tlllering stage in 1981
(Tablé 4.56.1.6). Green leaves 53 ¢t with LAI of 2.97 was on paxr

wilth azolla 7.5 t (2.83) and superior to rest of the treatments.

Fertilizerlevels alao influenced the LAI significantly at
all thg stages during both the years. At tillering stage, full
dose of fertilizer recorded the highest LAI which wag superior
o other treatments in both the years. At panicle initiation
stage in 1980, full dosa was significantly supcrior to others
but it was on par with 75 per cent in 1981 al-be-it signifi-
cantly superiér to other treatments. Appiication of full dosc
of fertillzer exhibited its-supeziority in LAI over the other
levels of fertlilizer at maturlty stage in both the years of
the trial,



Table 4.6.1.4. Effect of interaction between organic manures and fertilizer levels
on phytomass production at tillering stage in 1931 (g m=2)

Fertilizer levels (Percentage of fertilizer Gose®)
Treatments .

o 25 50 75 100
Organic manures, & ha -
Control O 82 103 115 170 184
Cattle manure 5.0 88. o7 169 126 189
Green leaves 5.0 144 173 166 183 201
Azolla 5.0 91’ 82 113 118 172
Agolla 7.5 122 152 153 192 261
azolla 10.0 139 152 160 166 125
‘P test *
S.Em. * 18,12 21.0°
C.D.(0.05) 54.3° 64.1°

Significant at 0.05 level
For comparison of two fertilizer doses at. the same level of organle manure

For comparison of organic manures at the same or different levels of fertilizers,
Pertillzer dose H, P2b5 and K,0 at 90:45:45 kg ha~1

(i ol < B3

cll



Table 4.,6.1.5. Effect of interaction between organle manures and fertilizer levels on
rhytomass production at maturity stage in 19381 (g m—2)

Treatments Fertilizer levels {Percentage of fertiliger dose@)

O 25 50 75 100

Organic manures, t ha~1

Control O 427 533 567 663 729

Cattle manure 5.0 440 551 537 668 738

Green leaves 5.0 744 754 770 793 8432

Azolla 5.0 504 619 623 673 685

Azolla 7i5 562 . 705 728 792 916

Azolla 10.0 534 616 657 670 686

P! test *

S.Em. % 17.62 20.72

C.D. (0.05) 58,52 67.1

Significant at 0.05 level

For comparilson of two fertilizer doges at the same level of organi¢ manure

For comparison of organic manures at the same or different levels of fertiliszers
Fertilizer dose W, P205 and ¥,0 at 90345:45 kg ha~1

2 o R+ S

2

€11



Table 4.6.1.6, Effect of organic manuras and fertilizer levels on leaf area index

of rice

Stages of crop growth

CuD. (0.,05)

Treatments Tillering Panicle initiation Maturity
1980 1981 1530 1981 1980 1981
Organic_manures, € }_1§1_-1
Control O 2.07 2.04 2,08 2.62 3.46 2.75
Cattle manure 5.0 2.46 2.01 4,11 2.76 - 3.49 2,97
Grecn leaves 5,0 2.33 297 4.49 3.81 4.03 3.97
Azolla 5.0 2.14 2.11 3.87 2,98 4.02 2.98
-Azolla 7.5 2.46 2.83 4.16 3.3 4.22 3.0
‘T test NS ok NS ‘NS NS NS
S.Ems % 0.201 0.1680 0,430 0,272 G«330 0.350
C.D. (0.051 - 0.581 - " - - -
Fertilizer levels
{Percentage of @
fertilizer dose”)
0 1.86 1.84 2456 2.57 2.58 2.44
25 2,03 Z2¢35 3.67 2.92 3.21 2.90
S0 2.23 2426 3.98 3.11 3.67 3.04
75 2031 2.43 3.95 3.34 4.35 3.57
130 2.84 2.85 5.21 3.84 S.21 4,47
1P fest L * i % *k t.2 d ok
Se.Em. + " 0143 0.121 0.260 0.202 0.230 0.183
0.471 0.343 0.840 0.662 0.761 0.603

-

we Sionificant at 0.0 level
NS Not significant

@ PFertilizer dose N, P

2%

and K,0 at 90145:45 kg"hdfl

AN
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Data presented in table 4.6.1.5 showed that interaction
between organic manures and fertilizer lavels was significant
at illering stage in 1981, At this stage, LAI values of
3.61 and 3.35 were recorded for application of green leaves
5 & and azolla 7.5 t respectively at 25 per cent of the fertl-
lizer dose:', These values were on par with those at full dosé

of fertilizers for the two organic manures,

4.,6,2, Yield and yield attrilbutes.

4.6,2.1. Grain Yield

The data presented in table 4:6,:2.1 indicated that the
differences in grain yield due to the application of organic
manures were statistically significant in both the yeers. 1In
1980, azolla 7.5 t with a grain yleld of 3179 kg ha-l wag on
par with azolla 10 € (2963 kg), green leaves 5 + (2981 kg) and
cattle manure 5 & (2945 kg). However, it was superior to other
treatments. Control registered the lowest yleld of 2554 kg ha™t
which was significantly inferior to all other treatments. In
1981, green leaves 5 t with a grain vield of 3752 kg ha"l was
significantly superior to all the other treatments. Similarly

azolla 7.5 & was superlior to the rest of the troatments.

Fertilizer levels also influenced the grain yield signi-
ficantly in both the years of the trial. The ma:dmum grain
viclds of 3858 and 3681 kg ha™+ in 1980 and.1981 respectively
ware recorded with 100 per cent of the fertilizer dose and

significantly superior to all other levelga,

Interaction effact of organic manures and fertllizer levele



Table 4.6.1.7. Effect of interaction between organic manures and fertilizer levels on
leaf area index at tillering stage in 1981

Fertilizer levels (Percentage of fertilizer doséa

Treatments
0 25 30 75 100

Organic manures, t ha~t
Control O 1.04 1.49 2,36 2.44 2.87
Cattle manure 5,0 1.34 1.75 2.36 2.42 2.50
Green leaves 5.0 2.32 3.61 3.26 3.10 3.58
Azolla 5.0 1.97 1.67 2.16 2,25 2.51
Azolla 7.5 2,33 3.35 3.12 2.94 3.43
Azolla 10.0 2.02 2.26 2.21 2.49 2452
' test *
S.Em. + 0.2512 0.292P
C.D.{0.05) 0.8212 0.934P

- %  Significant at 0.05 level
a For comparison of two fertilizer doses at the same level of organic manure
b For comparison of organic manures at the same or different levels of

fertilizers

@ TFertilizer dose N, P

0 at 90:45:45 kg ha—1

and K2

2%5

911



Table 4.6.2.1. Effect of organic manures and fertilizer levels on yield and harvest
index of rice

Yield kg ha~t

Harvest index

Treatments Gralin Straw

1980 1981 Pooled 1980 1981 Pooled 1980 1981

1

Organic manures, £ ha —

Control O 2554 2816 2685 2460 2973 2717 51.3 48.5
Cattle mamure 5.0 2945 3010 2978 2649 . 2896 2773 52.8 50.8
Green leaves 5.0 2981 3752 3367 2829 4063 3446 51.2 47.9
Azolla 5.0 2877 3012 2945 2849 ° 3151 3000 51.2 48,5
Azolla 7.5 3179 3483 3331 2839 . 3870 3355 53.1 47.4
azolia 10.0 2963 3121 3042 2696 3159 2928 53.7 49.5
'FY test * Wk x NS # * NS *
S.Em. % 93.3 74.6 58,2 88.7 73.9 5646 0.94  0.55
CeD.{0.05) 293,9 235,0 176.1 - 232,8 170.2 - 1.74
Fertilizcer levels
{Percentage of o
fertilizer dose”)
0 2116 2573 2345 1931 2742 2337 52.4 48,3
25 2472 3059 2766 2372 3189 2781 51.9 49,0
50 2896 3219 3058 2492 3306 2859 53.2 49,3
75 3210 3434 3322 3183 3604 3394 50.7 48.6
100 3858 3681 3770 3624 3919 3772 52.1 48.7
' test o %R ® Ry & * NS NS
S5.Emet '~ 53,4 50.8 36.3 60.8 54,1 41.2 0.72 0.56

* Significant at 0.05 level
*%*  Significant at 0.01 level
NS Not significant

® TFertilizer dose N, P.O. and K.O at 90:45:45 kg ha~t

2%5 2

LT1
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was significant in 1981 (Table 4,6.2.2). Among the combina-
tions, azolla 7.5 t with £ull dose of fertilizer recorded the

1 which was on par with green

hichest grain yield of 4166 kg ha™
leaves 5 & with full dose of fertilizer aond significantly

superior to rest of the combinations.

Pooled analyels of graln .yileld for the two years
(Table 4.6.2.1) revealed that green leaves 5 t with a grain
vield of 3367 kg ha - was on per with azolla 7.5 t (3331 kg)
and superior to rest of the treatments. The loweét-yield was
recorded in control (2685 kg) vhich was signiﬁicéntly inferlor
o rost of the treatmonts, The dncrease in graln yield for the
treatments, @atkle manure 5 &, green leaves 5 +, azolla 5, 7.5
and 10 t over the control ware 10.9, 25.4, 9.7, 24.1 and

13,3 per cent respectlively.

tith respect to fertilizer levelé. grain yleld increased
significantly from the lowest to the highest level.

The pooled interaction effect of organic manuraes and
fortilizer levels,praesented in figure 4.6.2.1,revealed that
azolla 7.§ t with £full dose of fertilizer recorded the highest
grain yield of 4181 kg ha~t which was significantly superior to
all other combinations,

Full dose of fertilizer alone (3589 kg) was on par wlth
azolla 10 ¢ with £ull dose of fertilizer (3656 kg), azolla
75 t and 5 t with 75 per cent of fertilizor (3655 kg and
3432 kg respaectively) green leaves 5 . .with 50 por cent of
fortilizer dogse (3441 kg) and cattle manure 5 t with full dose
of fertilizer (3625 kg).



Table 4.6.2.2. Bffect of interaction between organic manures and fertilizer levels
on grain yield of rice in 1981 (kg na~t)

?ertilizer levels (Percentage of fertilizer dosc®)
Treatments -

Q 25 50 75 100
Organic manures, t na~t
Control O 1970 2594 2755 3199 3563
Cattle manure 5.0 2504 2716 3024 3258 3533
Green leaves 5.0 3490 3722 3684 3743 3953
Azolla 5.0 2270 2980 2907 3496 3409
Azolla 7.5 2683 3374 3508 . 3683 4166
Azolla 10.0 2519 2965 3436 3224 3460
‘P test * :
S.Em. + 123,82 128.5°
CuDe (0.05) 376,52 396.8°

* Significant at 0.05 level
For comparlison of two fertilizer dogses at the same level of organlc manure

For compariscn of organic manures at the same or diffcerent levels of
fertilizers

Fertillzer dose N, PZOS and K20 at 90:45:45 kg ha~1

oo

@

611
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'4.652.21 straw yield

Organilc manures significantly influenced the styaw yield
in 1981 (Table 4.6.2.1). Application of green leaves 5 € and
azolla 7.5 & had recorded straw ylelds of 4063 and 3870 kg hafl
respectively and these treatments were on par and were signi-
ficantly superlior to rest of the treatments., Azblla 10 & and

5 ¢ wore on par in straw yleld.

Regarding the effect of fertilizer levelSon straw yield,
similar trend as that of grain yield was cbserved except that
50 ner cent of the fertillizer dose were on par with 25 psr cent

in both the years.

Interaction effect of organic manurcs and fertiliszer
levels on stravw yield vas significanﬁ in 1981. Among the com-
binations, azolla 7.5 & ﬁith full dose of fertilizer recorded
the hichest yiéld of 4939 kg hatwhich was superdor to all the
other. combinations (Table 4.6.2.3).

Pacled analysis of the straw yleld for the two years
(Table 4.6.2.1) ra&ealed that among the organic manures, greesn

1 which

leaves 5 & had rocorded the highest yield of 3446 kg ha”
was on par with azolla 7.5 t and superior to thae rest of the
treatments. Azolla 5 € was on par with azolla 10 t and superior

t0 the rast of tlhis treatmonts.

among the fertilizer levels, application of full dose of

1

fortilizer recorded the highest yield of 3772 ky ha — vhich was

superior to all the lowér levels,



Table 4.6.2,3. Effect of Interaction between organic manures and fertlllzer levels
on gstraw yield of rice in 1981 (kg ha=1)

Fertilizer levels (Percentage of fortilizer dose®)

Treatiments

) . 25 50 75 100
Organic menures, t na~t
Control O 2240 2685. 2838 3372 3678
Cattle manure 5,0 1843 2739 2800 3313 3786
Green leaves 5.0 3988 3731 3973 4151 4470
Azolla 5.0 2716 3205 3239 3313 3279
Azolla 7.5 2888 3623 3718 4182 4939
Azolla 10.0 2773 3151 3218 3203 3360
' test *
SeEmet 133.22 140,70
C.D.(0.0S) 412.3°% 435.0°

* Significant at 0.05 level
a TFor comparison of two fertilizer doses at the same level of organic manure

b For comparison of organle manures at the same or different levels of

fertilizers _
® TFertiliger dose N, PZO 0O at 90:45:45 kg hd"l

and Kz

=

T¢l
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The pooled interaction effect of organic manures and
fortilizer levels presented in figure 4.6.2.2 rovealed that
application of azolla at 7.5 t with f£full dose of fertilizer

1 which was on

racorded the highest gtraw yleld of 4328 kg ha™
par with green leaves 5 t with full dose of fertilizer

(4181 kg) and significantly superlor to all othor combinations.

Control with full dose of fertilizer (3615 kg) was com=
pérable to azolla 10 £ with full dogse of fertilizcr (3360 kg),
azolla 7.5 and 5 t with 75 per cent of the dose (3836 and
3456 kg respectively), green leaves 5 t with 50 por cent of
tha dose (3346 %) and cattle manure 5 & with full dose of

fortilizor (3616 ké).

4.6.203. @,_mst index

Organic manu?es influenced the harvest index signilficantly
only in 1991 trlal (Table 4.6.2.1). Application of cattle
manure 5 t recorded the highest harvest index of 50.8 per cent
which was on par with azolla 10 ¢ (49,5 per cent) and superior
to others.  Fertilizor levels did not show any significant

influence on harvest index.

Interaction effect of organic manures and fertililzer levels
was significant in 1981 (Table 4.6.2,4). Cattle manure 5 t with
no fertilizef recorded the highqét‘harvcst index of 55.7 per cent
which was on par wilth cattle manure S t with 50 per cont of
fartilizer dese and superior to a;l'others. With green leaves
5 t, application of 25 per aent of fertilizer dose recorded the

highest valus: of harvest index while azolla 7.5 ¢ recorded the
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Table 4.6.2.4. Bffect of interaction batween organic manures and fertilizer levels
on harvest index of rice in 1981 (%)

Fertilizer levels (Percentage of fertilizer dose@)
Treatments

O 25 50 75 100
Organic manures, £ ha~t
Control O 4649 49.0 48.8 48.6 49.1
Cattle manure 5.0 5547 49,9 51.8 48,2 48.4
Green leaves 5,0 46.5 50.5 48,1 47.6 46,9
Azolla 5.0 45,1 484,k 47.2 51.4 50.8
Azolla 7.5 4B.1 4B8.4 48.4 46.3 5040
Azolla 1G.0 47.4 48,3 51.7 49.4 50.8
'‘F' test *
S.Em. + | 1,272 1.26°
¢.D. (0.05) ' 3.93% 3,93°

Significant at 0,05 level
For ccmparison of two fertilizer levels at the same level of organic manure

W

1

DI o 1

Fertilizer dose N, P,0; and K,0 at 90:45:45 kg ha

For comparison of organic manures at the same or different levels of fertilizers

£cl
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‘maxdmum value (50.0) with full dose of fertilizer. When the

value was highest for azolla 5 t at 75 per cent of the ferti-
lizer dose, it was highest {51.7 per cent) for azolla 10 t at
50 per cent of fertilizer dose.

4.,6,2.4, Number of Eanicleiﬁ"z

Organic manures influenced the number of panicle nfz sioni-
ficantly only in 1981 (Table 4.6.2.5). Green leaves 5 t with

2

248.0 panicle m ~ was on par with azolla 7.5 t (231.0) and supe~

rior to other treatments.

Fertilizer levels affected thils character in both the
years. In 1980, application of full dose of fertilizer recorded

the highest number of 385.5 panicle o

which was superior to
other levels tried. However in_1981. 100 per cent of fertiliger
dosa@ was on par with. 75 éer cent and was superior to other

traatments.

4 . 6e2¢54 ' Lenggh Of ganicle

There was no perceptible varlation in panicle length dus
to the application of organic manures in both the years |
(Table 4.6,2.5). However application of fertilizers affected
this character significantyy. The length of panlcle for the
treatment receiving 100 per cent of fertilizer dose was 20.0 om;
this being superior to others in 1980. But in 1981, all the
fertilizer treétments were on par aﬁd supérior to unfertilized
control,
4.6,2.6, Humber of epikeletspanicle™—

-] '
The number of spikelets panicle ~ Wo8 not significantly



Table 4.6.2.5. Effect of organic manures and fertilizer levels on yield attributes

of rice
Number of o Length of Numbar of spikg—
Treatments panicles m panicle (3?3 lets panicle™
19890 1981 1920 1981 1980 1981
organic menures, t ha v
Control O 306G.5 199.5 17.9 20.7 58.8 80.5
Cattle manure 5.0 324,5 201.5 17.7 20.7 56.1 B4,.5
Green leaves . 5.0 348.5 248,0 20.9 21.4 G0.1 83.9
Azolla 5.0 342.5 211.0 20.2 20.8 57.8 87.0
Azolla 7.5 360.5 231.0 18.4 21.3 62.1 90.3
Azolla 10.0 338.5 199.5 18,1 21,1 3.9 80.2
T test NS i NS NS s NS
S.Em. * 17.80 7.50 0.58 0.45 2.47 _3.24
CDD. (0.05) - 23.00 - L - -
Fertilizer levels
(Percentage of
‘fertilizer dose”)
' ' "0 281.5 187.0 17.8 1919 47(;0 7698
25 334.5 208,5 17.8 21.1 58.8 82.3
75 354.5 222,0 18.3 21.2 58.4 89,0
100 385.5 238.5 20.0 21,7 58.1 89.2
'F' test Xk L ¥k L2 i e
S.Eme. % 8.80 5.50 0.46 D.31 2.06 2.86
c-D. (O-OS) 28-00 17. 50 1.31 0096 6. 43 8-43
* Slgnificant at 0.05 level
**  Significant at 0.01 leval
NS NWot significant
® Pertilizer dose N, PZOS and K20 at 90:45:45 kg ha (contd. )

Gel



Table 446.2.5 contd.

Filled grains

Percentage of

Thousand grain

Treatments panicle~l filled grains weight {g)
1980 1981 1980 1981 1980 1981
Organic manures, t hat
Control O 43.3 60,8 T4,2 76.1 25.3 27.%
Catitle manure 5.0 41,9 66.1 T4.9 78.2 25.1 276
Crecn leaves 5.0 44.4 62.3 T4.1 73.9 25.8 28.4
AZOlla 500 42 -1 67110 72. 3 77‘1 25.3 28 .;0"
Azoclla 10.0 4146 61.3 Tdad 76.9 25.7. 28.3
P! test ws NS NS S NS *
SO-MQ j’. 2.32 3071 2.05 1.92 0039 0-30
C-Dg (0.05) -— ' ol bl - - 0993
PFertilizer levels
{Percentage of-\@
fertilizer dose™)
0 42.5 56,2 T4.8 73.5 25.1 26.8
25 42.8 6l.4 73.9 4.7 25,9 27.8
50 43,8 65.0 754 T7.5 25.8 2845
75 43,5 70.8 72.0 T9.4 25.3 28.2
100 42.0 68.7 71 .7 TT.0 25,7 28.7
It tast NS Fe WS * NS * ik
S.Eme. * 2.01 252 2.05 1.26. 0.03 0.31°
CQD' (0‘005) bl 7048 - 3-88 - 0089 '

% Sidnificant at C.05 level
#* Sicnificant at 0.0l level

NS Not signifilcant
@ Fertilizer dose N, P

2°5 P

and K.O at 903453145 kg ha~t

9ci



influenced by organic manuraes in any of the years (Table 4.6.2.5).
However, fertilizer lavels affected this character significéntry.
All the fertilizer levels were on par and superilor to unferti-
lized control in 1980 and 1981 trials.

4.6.2.7. Number of £illed orains panicle™

Apﬁlicatiqn of organic manures adid not influence the
number of £illed grains panicle"'1 significantly in any of the
years (Table 4.6;2,55. Hovever, it was significantly affected
by fertilizer levels in 1981, The higher three levels werxe on

par and were suPEribr to,dther levels tried.

4.6.2.8. Percentage of f£illed grains panicle

Pexcentage of f£illed grain did not differ significantly
due to the application of organic manures (Table 4.6.2.5)
whereas fertilizer treatments influenced this cha?acﬁer signi-
£ilcantly in 1981; 50 per gent was on par with 75 and 100 per
cent of the fertillizer dose and was guperlor to rest of the

treatments.

4.6.,2.9, Thousand grain weidght

Data presented in table 4.6.2.5 indicated that application
of organic manures influenced the thousand grain weight siqni-
ficantly In 198l. Azolla 7.5 t with a value of 28.6 g was on
par with azolla 10 t'(28.3‘g), green leaves 5 t (28.4 g) and
azolla 5 t (28.0) and superior to rest of the treatmeénts.
Fertillzer levels also affected thils character significantly in

1981. Regarding the effect of fertilizer levels, 100 per cent
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of the dose waé on par with 50 and 75 per cent and waa superlor

to others.
4.6.3. Content of nutrients and their uptake by rice,
4:64341, Mitrogen contont in rice

" Witrogen content in rice did not vary significantly due

0 the application of organic manures in any of the stages or
years (Table 4.6.3.1). However, fertilizer levels caused
significant diéfarencea in N content at tillering and panicle
inttiation étégéa in‘1980. At ﬁillering stage, all the treat-
ments which received fertiliéef wera on par.and superior to
unferti;ized control. At panicle 1n1t1ati$n stage, 100 per cent
of the fertilizer dose was found to be superior to lower levels.
Fertilizer lovels influenced N contoent of straw in both the
'years, Application of full dose of fertilizer was on par with
75 per cent ana superior to other treatments in 1980 and 1981,

4,6Q3.2; Phosphorus content in rice

At all the stages,except the maturity stage in 1980, the
P content of plant was not statistically significant, At this
stage, significant differences were observed only in P content
of grain. Catﬁle manure 5 ¢ (9.24'per cent) was on par with
greén leaves 5 t {0.21 per cent) and significantly superior to
others at this stage (Table 4.6.3.2). Fertilizer levels could
-not bring about any significanﬁ'd;fferenca in P content, at any
of the stages.



Table 4.6.3.1. Effact of organic manures and fertilizer ievels on nitrogen content
in rice (%)

Stages of crop growth

Tillering Panicie Maturity
Treatments -‘ initiation Crain Straw
- 1980 1981 1980 1981 1980 1981 ° 1980 1981
Orgahic-manurgglit ha~ ‘ , ‘
Control O© 1.82 1.77 1459 1.12 .12 1.08 0.59 0.73
Cattle manure 5.0 2.04 1.81 1.65 1.14 1.23 1,13 0.63 0.82
Green leaves 5.0 2.00 1.79 1,62 1,19 1,13 1.08 0.60 0.88
Azolla 5.0 1.97 1.74 1.62 1.13 le12 1.10 0.66 0.90
Azolla 10.0 1.82 1.77- 1.62 1.18 1l.16 .19 0.6% 0.75
'Ft o test NS NS NS NS NS NS NS NS
Se M.t _ 0«110 0.041 '0.042 0,043 0.042 0.051 0.029 0.082
CeDe (0.05) - - - - -, - - -
FPortilizer lovols
{Percentage of a
fertilizer dose®) , , . .
0 1.76 1.68 1.35 1,17 1.C9 i.21 0.54, 0.72
25 2.00 1.80 1,55 1,17 1418 1.08 0.58 .75
50 1.97 1.76 1.55 ~1.17 114 1.02 0.60 0.79
100 2.08 1.80 1.94 1.18 1,17 1.17 0.70 0.94
'F! test - NS - *x NS . NS NS ok el
SeEMed _ 0.060 0.061 0.052 0,030 0,031 0,052 0.020 0.031
CeDe (0.05) 0,181 - . 0.149 - - , - 0.101

* Significant at 0,05 level
** Significant at 0,01 level
NS Not significant

@ Fertilizer dose N,

PO

and K,0 at 90:45:45 kg ha

1

0.068B

6¢1



Table 4.6.3.2. Effect of organic manures and fertillzer levels on phosphorus content in

rice (%)
Stages of c¢rop growth
Tillexing Paniele _Maturity
Treatments . initiation Grain - - Straw

1980 1981 1980 1981 1980 1981 1980 1981

Organlc manuras, t na"t
Control O 0.19 0420 0.14 0.14 0O.14 0.18 0.14 0.14
Cattle manure 5.0 0:25 0.19 0.24 0.16 0.24 0.19 0.16 0.14
Green leaves 5.0 0.22 0.21 D.18 D.15 D421 0.18 0.15 0.14
Azolla 5.0 0.23 0419 D23 0.15 0.17 0.17  0.16 Q.15
Azolla 10.0 0.23 0.21 0.13 0.16 0.15 0.18 0.14 0.14
‘F' test NS NS NS NS dk NS NS NS
SeLmMe, % 0.019 0.010 0,028 0.010 0,012 0,012, 0.009 0.009
CeD. (O .05) -— u f— - - 0.039 -, - -
Fertllizer levelg
(Percentagoe of
fertilizer dosa™) : .
(3 0.23 - 0.20 0.19 0.15 .18 0.18 0615 0.14
25 0.21 0.20 0,17 0.15 Q.18 019 De.14 0.14
50 0.24 0.21 0.19 0.15 0.17 0.18 0.15 0.14
109 0.24 0.19 0.18 0.16 D.18 0.18 0.16 0.14
'F' test NS NS NS NS NS - NS NS Ns

CQD- (0.05) - - - - - - - -—

#* gionificant at 0,01 level
NS Not significant

® Fartilizer dose N, PO and Kg0 at 90:45:45 kg ha™t

0c1
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4.6,3.3. Potassium content in rice

. Organic manures did not influence the X content. of rice
in any of the stages except at maturity stage in 1980
(Table 4.6.3.3). At maturity stage, K content of straw alone
was affected by the application of organic manures. Cattle
manure 5 t (1.37 per cept) was significantly supcrior to rest
of the treatments in this respect. Regarding fertilizer levels,
K content at panlcle initiation stage in 1980 showed signifi-
cant difference, 100 per cent was on par with 75 and 50 per cent
of the fertillzer dose and was significantly superior to other

treatments,

4,6,3.4. Nitrogen uptake by rice

Table 4.6.3.4 on N uptake by rice revealed that organic
manures significantly influenced the uptake at maturity stage
in 1980 and tillering, panicle Initiation and maturity stages
.in 1981, At maturity stage in 1980, the organic manure treat-
ments were on par in N uptake and superior to the control. At
tillering stage in 1981, azolla 7.5 t (34.2 kg) was on par with
green leaves 5 £ (30.2 kg) and azolla 10 t (29.4 kg) but was
suparior to others. ALt panicle initiation stage, green leaves
5 ¢ was on par with agolla 7.5 t and azolla 10 t and was
superlor to other treatments. At the maturity stage in 1981,
azolla 7.5 £ {(77.2 kqg) was on par with green leaves 5 t (76.0 kqg)

and both were superior to others.

Fertilizer levels influenced the N uptake at all the

stages except panicle initlation stage in 1931. At tillering



Table 4.5.3.3. Effect of organic manures and fertilizer levels on potassium content in

0.109

Tice (3%
Stages of crop growth
Tillering . Panicle Haturity
Treatments initiation Grain Straw
_ 1800 1981 1980 1991 . 1980 1931 1980 1981
Organic manmures, t hafl
control O 1.09 1,17 1.08 1.06 D.40 G049 1,01 l.19
Cattle manure 5,0 1.27 1.19 1,15 1,11 0.43 0.45 1.37 -+ 120
Grecn lcavaes 5.0 1.40 1.23 1.24 1.24 044 048 1.17 1.30
Azolla 5.0 1.27 1.14 1.03 1.02 D.41 0.48 .16 1.13
Aeolla 7.5 1.26 1.14 112 1.10 04431 D.49 1.03 1,23
‘P test S usg WS ns s 115 * NS
SeEmet 0071 0020 0.059 0058 0,009 0.005 0.042 0.039
CeDa (0005) - - - - - b Q130 -y
Fertilizor lovels
- (Pexrcentage of o
fertilizer dosa™) _ _
0 1.23 1.16 1.05 l.14 Ved2 0450 1.10 1,20
25 1.23 1.12 1.06 1.03 0.42 0.49 1,15 1,16
75 1,19 1.20 1.16 1.08 042 0.48 1.1% 1.26
100 1.29 1,17 1.21 1.13 0.42 Q.48 1.13 1,21
‘et tast 2553 115 . *® Hs us NS NS ns
S.Eme® 0.041 0,020 0.035. 0032 0,008 0,009 0,030 0.018
c.D. t?.QS) - - - - - L -

* Sicnificant at 0,05 level
*+ Sigunificant at 0.01 level
NS Not significant

2 Fertillzer dose N,

PoOg

and K0 at 90145:45 kg ha~t

cel



Table 4.6.3.4. Effect of orgaﬂic manures and fertiligzer levels on nltrocgen uptake by
rice (kg ha™")

Stages of crop growth

Treatments
Tillering Panicle Maturity
Initiation
1980 1981 1980 1981 1980 1081
Organic menures, t ha '
Control G 20.4 19.3 33.5 25.3 43.9 53.6
Green ;eaves- 5.0 25.2 30.2 46 .4 35.3 48,6 76.0
Azolla 5.0 22,6 20,2 40.8 29.3 50.8 61,2
Azolla 7.5 26.4 34.2 46,1 34.7 52.3 T7.2
Azolla 10,0 23.7 29.4 40.4 31.4 52.8 62.0
"' test NS * -NS %* * ok
S.EM. * : 1.79 2036 2.36 1.82 1.47 2.86
CeD. {D.05) - 7.44 - 6.71 4,59 9,29
Fertilizer levels
(Percentage of o
fortillzer deose™) '
0 21,5 18,4 28.4 27.9 34,2 52.4
25 21.8 22.3 33.4 29,4 41.7. 56.7
50 25.6 26.6 38,1 31.1 45,92 58.5
75 24.1 32,8 46.2 32.8 56,8 75.0
10D 27.9 33,9 57.4 34.4 71.0 80.5
'F' t@st * ¥ 4] " NS * R *¥
S.IEm.+ 1,45 1.54 1,53 1.66 1.49 2.41
CeD. (0.05) 4.46 4.74 4.74 -~ 4,69 7.43

* Slgnificant at 0.05 level
#% gignificant at 0.01 level
NS Not significant 1

@ ¥ertllizeor dose N, PZOS and K2O at 90:45:45 kg ha

£E1



stage in~1980.5100 per cent of the fertilizer dose was on par
with 75 per cent and S0 ‘per cent and was superlor to othar
lcﬁer levele., Use of full dose of fertilizer was superlor to
rest of the treatmonts at panicle initiation and maturlty stages
in 1980. at tiilerding and matufity stages in 1§BL.'100 ber cent

was on par with 75 per cent and both were superlor to others.

4.6.3:5: Phosphorus uctsake by rice

Data presented in table 4.6.3.5 Iindlcated that P uptake
was significantly influenced by the application of organic
manures at maturity stage-in 1980 and at tillering and maturity
stages in 1981; At maturdity stage in 19380, cattle manure S t
(1049 kg) was én par with azolla 7.5 t (9.6 kg) and green
leaves 5 £ (10.0 kg)} 4in P uptake and superior to others. At
tillexring staéé in 1981, green leaves 5 t (3.5 kg) was on par
with azollé 7.5 £ {3,6 kg) and azolla 10 ¢ (3.4 kg) and superior
to rast of the treatments, At meturlty stags in 1981, grecn
1eave§ 5 ¢ (12.7 kg) was on par with azolla 7.5 t (12.0 kg) and

wao superior to others.

Fertilizer levels influenced P uptake liy ricé signifi-
cantly at all the stages except tillering stage in 1980. At
panicle initiation stage in 1980, 100 per cent was on par with
75 per cent and 50 per cent of the dose and was superior to
others in P uptake. At maturity stage, full doése was superior
to rest of the treatments. In:1981, 100 per cent-wés on par
with 75 per ceht in all the three stages of cobservatlon,



Table 4.56.3.5.

by rice (kg ha~1)

Effect of organic manures and fertllizer levels on phosphorus uptake

Stages of crop growth

Tillering

initiation ‘
1980 1981 1980 1981 1980 1981
Organic manures, t hat
Contzrol O 2.1 2.6 3.0 3.3 5.6 10.2
Cattle manure 5.0 3.6 2.6 Be?2 2.2 10.9 9.9
Green leavas 5.0 2e9 3.6 52 4.6 10.0 2.7
AZOlla 5@0 2.5 201 5.7 . 3.9 856 990
AzZOLlLla 7_&5 355 J5 4, 5 4.6 9.6 32.0
Azolla 10.0 2.8 3.4 3.4 4.1 8.5 10,4
'Ff test . 18 ok S NS ' el *
S.Em. i 0.29 0.19 035 0.25 0.38 0.45
C.D.(0.05) - 0.87 - - 1,82 1.65
Fertililzer levels
(Percentage of o
fertilizer dose™)
0 2.1 2e3 Gel 3.5 646 8.5
25 2.4 2.4 L,2 4.0 7.5 10.4
50 3.1 3.1 4.9 2.0 8.6 11.0
75 3.2 3.6 4,9 4,3 10.4 11,7
100 3.2 3.5 543 Y | 12.2 12,7
ERt* tesk NS & % - X &3 il
S.Entack 0.26 0.17 032 0,35 0.35 0.42
CaD, (0.05) - 0.49 C.91 Q.99 0.99 1.21

* Significant at 0.05 level
*%  Significant at 0.01 level

NS Hot significant

@ Fertllizer dosge N, 9205 and K,0 at 90245845 kg ha

-1

¢l
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4.6.3.5., Potassium untake by rice

Potasslum uptake due to .organig manures wazg signlficantly
differant at all the stages, except tilleiing and panicle ini-
tiation stages in 1980 (Table 4,6.3.6). At maturlty stage iIn
1980, green leaves 5 t (48.1 kg) was on par with azolla 7.5 t
(46,1 kg), azolla 5 t (44,9 kg) and cattle manure 5 t and was
significantly superior to others, However, at til;ering stage
in 1981, azolla 7.5 t was on par with greecn leaves S t and
azolla 10 t and was superior to rest of the treatments., At
pandcle initiation stage in 1981, green leaves 5 t (37.5 kq)
wag on par with cattle manure 5 t (30.9 Xkg) and was superior
to other 4reatnents. At maturlty stage in 1981, green leaves
5 ¢ (71.1 kg) was on par with azolla 7.5 t and both were signi-

ficantly superior to other treatments,

Pertilizer levels resulted in significant differences in
K uptake at all the stages in both the years of the trial. Full
dose of fertilizer was significantly superior to rest of the
treatmentsat all the stages in 1980. The treatment receiving
100 per cent of the dose was on par with 75 per c¢ent and supg-
rlor to others..in K uptake at all the stages in 1981.

The interaction effect due to organic manures and ferti-
lizer levels was signif;cant on K upteke at tillering stage in

1981 and the highest K uptake of 30.3 kg ha~+

was for the treat-
ment receiving azolla 7.5 ¢ with 75 per cent of fertilizer dese

(Table 4!'6. 3-7) .



Table 4.6.3.6. Effect of organic manures and fertilizer lovels on potassium uptake

by rice (kg ha™l)

Stages of crop growth

Treatments Tillering ranicle Maturity
' initiation
1980 1981 1980 1081 1980 1081
Organic manures, t ha~t
Control O . 11.8 15.3 22.7 25,1 36.5 49.8
Cattle manure 5.0 17.2 15.4 27.8 3N.0 46,6 53.6
Green leaves 5.0 17.6 21.3 34,2 37.5 48,1 7l.1
Azolla 5.0 14,3 15.8 28.7 26043 44,9 51.9
Azolla 7.5 16,9 21l.6 28.6 30.0 46,1 6543
Azolla 10,0 13.9 18.3 27.1 26.7 41,7 54,7
'T' test 1S # NS * * %k
SeEMat 1.01 1.72 1.50 2422 2032 1.87
CCD.(O.OS) b 5.34 bl 6099 6.27 5&99
Fertilizaer levels '
{Percentage of a
fertllizer doso™)
25 13.’5 13.9 25.4 2704 37.0 55.4
50 15.0 17.1 27.8 286 39.06 56.5
75 14,9 21.3 30.9 29.9 50,8 63.8
100 18,3 21.6 35.4 33.7 57.3 65.8
"2 test * *k ok R ok Rk
S.Em. i+ 0.87 0.83 1.27 1.28 1.95 1.42
C.D. {0.05) 2.63 2.80 3.91 4,15 6.03 4,33

* Significant at 0.05 level
**  Signifilcant at 0.01 level
NS Not significant

@ FPertilizer doss M, 9205 and K2

O at 90:45:45 kg ha~t

LET



Table 4.6.3.7. Effect of interaction between organic manures and fertilizer levels
on potassium uptake by rice at tillering stage in 1981 (kg hé‘l)

Fertilizer levels (Percentage of fertilizer dosd@)

Treatments . T
0 25 50 75 100

Organic manures, t ha™t
Control -0 - 9,3 11.2 12.5 18.6 16.3
Cattle manure 5.0 10.2 13.2 20.1 21.2 19.7
Green leaves 17.6 20,9 22.5 21,2 24.3
Azolla 5.0 9.8 11.2 13.5 13.8 19,7
AzZolla 7.5 14,2 16.8 18,3 30,3 2844
Azolla. 10.0 i8.3 14.2 18.2 '18.5 22.3
tHhr tost- * ’
S.Em.t 1.91% 2.52°
C.D. {0.05) 6.30% 7.81°

%  Significant at 0.05 level _ . '
a For comparigson of two fertilizer levels at the same level of organlie manure

b For comparison of tvo organic manures a: the same or different levels of
fertilizers, 1

.@ Fertilizer dose W, P,0g and K,0.at 90:45145 kg ha

8€1
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The interaction between organic manures and fertilizer
lavels wag significant at maturity‘stage in 1981 (Table 4.6.3.8)
and azolla 7.5 t with f£ull dose of fertilizer had the highest
K uptake of 82.2 kg ha"l which was on par with that of grecn
loaves 5 t with 75 per cent and 100 per cent of fertilizer dosa.

4.,6.,4., Avallable nutrients in soil.
4,6.4.14 Availlable N in soil)

Application of organiec manures influenced the avallable
N content in scil significantly at maturity stage in 1980
(Table 4.6.4.1). Cattle manure 5 £ and azolla 10 t were on
var in available N content but superior to rest of the treat-

mentB.

Fertilizer levels were found to influence the N content
at maturity stage in 1980 and panicle initiation stage in 1981.
At maturitcy stage in 1880,- 75 por cent of the fertilizer dose
was on par with all the treatments except that receiving 25 per
cent of the fertilizexr doses At panicle initiatioﬁ stage in
1981 50 per cont of fertilizer dose was on paw with 25 pexr cent

and superlor to rest of the treatments,

4.,6.4.2. Avallable P in soilb

Data presented in table 4.6.4.2 revealed that differences
due to organic manures on avallable P content of soll were
statistically significant at panicle iniﬁiation gtage in 1980,
Azolla 10 & (28.8 kg) was significantly superior to other

treatmenﬁs iﬂ tﬁia raspack.



Table 4.6.3.8. Effect of interaction between organic manures and fertilizer levels
on total potassium uptake by rice at maturity stage in 1981 (kg ha'lj

Fertilizer levels (Percentage of fertilizer Qose®)

Treatments "

o 25 50 - 75 100
Organilc manures, t hé'l
Control O 38.1 4049 49,5 55.1 53.2
Cattle manure 5.0 41.3 6040 49.6 646 62.8
Green leaves 5.0 65.6 678 67.5 78.1 73.5
Azolla 5.0 49.3 49.5 5047 63.8 5645
Azolla 7.5 51,6 6202 6247 67.6 82.2
Azclla 10.0 45.8 52.0 59.0 58.8 57.6
'FY test ' ox
S5.0m. % 3.58% '3.622 ;

C.D. (0.05) 10.62% 11.23

* Significant at 005 lavel

a For comparison of two fertilizer levels at the same level of organic manure

‘b For comparison of two organic manures at the same or different levels of
fertllizers

@ Fertiliger dose N, PO, and K,0 at 90:45:45 kg ha~t

051



Table 4.6.4.1. Effect of organic manures and fertilizer levels on available nitrogen
in soil (kg ha=l)

Stagos of crop growth

: Ti{llering Panicla Maturity
Treatments initiation
1980 1081 1980 1981 1980 1081
Organic manures, t ha™t
Control O . 273.5 228.7 20S.4 215,7 203.2 204.7
Cattie manure 5.0 28045 244.8 207.6 223.6 371.6 206.3
Greeca leaves 5.0 290.9 245.3 215.3 . 235,9 305,.1 204.7
Azolla 5.0 281.1 259.4 217.9 224.4 297.7 212,1
Azolla 7.5 265.,3 267.0 213.7 227.8 284.,9 201.8
Azella 10.0 275.5 242.8 221,5 232.7 345,24 209.7
'Y test RS NS NS NS * NS
.S'Em‘i 13048 3.94 6.36 8. 38 18060 8. 13
CGDO (0-05) - - o - 58'06 bt
Fartilizer levals
Percentagae of ®
fartilizer dosa”)
0 245,11 270.1 208,8 224.0 335.3 205,6
25 254.7 269,9 208.8 233.6 300.6 213.5
50 260,.1 290.8 223.3 248,2 330.6 20G.5
75 250,0 252.2 214.8 224.2° 355,7 202.3
100 250.0 253.6 212.4 221.9 330.6 204.5
‘F!' feast NS s us * * NS
SeEme# 3461 10.12 5.40 S.78 12,28 4,37
CeDe (0.05) - - - 18.19 36.8 -

* Sicnificant at 0.05 lavel
NS Not significant -l
® Fertilizer dose 19, 9205 ana Kéo at 50:45:4S5 kg

I71



Table 4.6.4.2. Effect of organic manures and fertilizer levels on avallable phos-
phorus in soil (kg ha~1)

Stageg of crop growth

Tillering ranicle Matucity
Treatments ] initiation
1980 1981 1980 1981 1980 1981
Organic manures, t ha
Control 0 4.5 1505 20.9 15.7 20.5 13.2
Cattle manure 5.0 14,7 13.3 23.4 16.9 22.5 14.7
Green leaves 5.0 1806 13.7 23.3 18.4 21.2 17.7
Azolla 5.0 16,5 10.7 23.1 17.3 2247 15,2
Azolla 7.5 18.8 14.0 25.1 i7.9 20.0 17.4
Azella - 10.0 16.7 14.2 28.8 18.4 22.6 14.8
P test NS NS ek NS Mg Na
SWEr -i‘. 1»07 1,9 61 0079 ﬁ;?l 1058 1.28
c.DI COOOS) L= . - 2.50 - e -
Fertilizer levels
{ Percentage of ®
fertilizer dose™) _
g 15,7 12.2 24.2 17.2 20.6 14.7
25 - 16.7 13.1 24.6 17.3 21.3 15.3
50 17.0 13.1 25.5 17.9 21.6 15.0
75 17.4 13.2 25.3 i28.0 2Ze¢3 17.1
100 16.5 15.2 26,1 18.5 221 16.4
‘Tt test NS ¥ . NS S N2 *
B.Em. 0.80 0«42 D.51 0.40 0.59 0.53
CeD-(0.0S) g 1,. 20 b - - 1.70

* Slonificant at 0.05 level
** Significant at 0.01 level

NS Not significant
@ Fertilizer dose N,

P205 and K

2

O at 90:45:45 kg ha~t’

o7l
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Thée effect due to fertilizer levels wés significant at
tillering and maturity stages in 1981, At tillering stage,
£ull dose was found to be significantly superior to others
whereas at matuwity, 75 per cent was on par with 100 per cent

and superior to others in available P content in soll.

4064443, Available K in soil

Neither organic manuras nor fertilizer levels could make
any significant difference in the avallsble K content of golil
(Table 4.6.40 3) *

4¢6.5, Rogidual effect of organic manures and fortilizer levels.

The deta presented in table 4.6.5.1 6n residual effect
of orgaiic manures in.térms of grain yield of sucqceeding crop
wvaas observed to be statistically significant only in summer
gecason of 198182, Tﬁe treatment recelving azolla 10 £ with a

grein yield of 2644 kg ha +

was on par with that recelving
azolla 5 t {2509 kg) and was superior to others. The effect
of organic manures on strav yield of Bucceediﬁg Qrop was not

significant in any of the years.

Fertilizer levels also influenced the grain and straw
vields of succeeding crep in 1981-82. The fertilizer level at
75 per cent of the recmmmsnded dose was on par with 100 per cent
and control and was superior to rest of the treastments. Regarde
ing straw vield, the treatment recedving 75 per ceht of the
fertiliger dose had the maximum straw yield of 2084 kg ha=i,

It was on par with control but was significantly superior to

the other treatments.



Table 4.,6.4.3. Effect of organic manures and fertilizer levels on avallable
potassiunm in soill (kg ha'l)

Stages of crop growth

Preatments Tillering iniigggign Maturity
1980 1981 19380 1981 1980 1981
organic manures, t ha + 7
Contraol O 130.,3 128.7 79.0 100.7 1680.7 142.1
Cattle manure 5.0 152.4 145,.8 90,7 106.4 166,1 169.4
Green leaves 5.0 134.2 163,.3 112.2 101.1 182.9 167.1
AZOlla 5&0 121-7 154:5 9001 150.4-‘ 179.9 14606
Azolla 7.5 131,9 14844 87.1 115.7 165.6 145.9
Azolla 10.0 138.9 147.3 89,3 114,9 171.0 154.8
'P' testk NS NS s NS HS KNS
S.Emei 11,95 6.00 5.30 7.06 1.98 8.76
CeD.{0.05) - - - - - -
Fertilizer levels
{ Percentage of a
fertilizer dose™)
O 126.4 131.3 90.4, 112.7 168,.8 156,.4
25 130.6 14742 95.1 - 113.6 176.0 160.6
50 133.9 146.1 91.4 113.7 175.1 155,7
75 123,6 162.3 90,2 123.6 178.4 156.4
100 126.7 152.4 93.4 110,.6 182.0 162.6
‘F' tegt NS NS N3 nS N3 WS
SeEmet 5.9 5.9 3.3 6e4 5.6 5.4
C ] D. (O 105) -— - -— -p - -

NS HNot significant : 1
@ Fertilizer dose N, P,0g and K0 at 20345:45 kg ha™

Al



Table 4.6.5.1l. Effect of organic manures and Eertilizer levels on yield of
succeeding crop of rice (kg ha—l)

Grain yield Straw yield
Treatments Surmer crop Summer crop Summer " crop Sumner crop
- 1980=81 1981-82 1980-81 1981-82
Orqanic- _manures, t ha -
Control. O 2454 2439 -1979 1960
Cattle mamure 5.0, 2335 2452 1901 1934
Green leaves 5.0 2277 2365 1873 1904
Azolla 5.0 2378 2509. 1309 2034
Azolla 7.5 2260 2328. 1851 1941
Azolla 10.0 2419 2644 . 1988 1975
'1** test NS * NS s
S.Emet 43,6 43.4 37.2. 38.5
C.D. (0.05) : L 161.4 ' - -
Fertlilizer levels
Percentage of o
fertilizer dose™)
O 2319 2473 1875 1594
25 2343 2371 1927 1867
50 2400 2402 1970 1937
75 2367 2546 1893 2084
100 2341 2486 1920 1908
'F' test NS * NS o
S.Em.+ 39.8 35.7. 33.9 32.1
C.D. (0.05) - - 112.8 had 99.9
* Significant at 0.05 level
** Significant at 0.01 level
NS Not significant 1

© Fertilizer dose N, P,0; and K 0 at 90:45:45 kg ha

25

e5]
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Interaction effect of 6rganic manures and fertilizer
levels on grain yield was also significant during summexr season

1 was for the treat-

of 1981-82, Highest yileld of 2682 kg ha
ment receiving agolla 7.5 & with 75 per cent fertilizer dose

(Table 4.645+2).

4.6,6, Qubpubt-inpuc rarvro.

Analysis of the output-input ratio (Fig, 4.6.2.3) revealed
that the treatment receiving full dose of fertiiizer alone
recorded the highest ratio of 2.09 closely followed bw the
treatnent receiving azolla at 7.5 t ha'1 with full dose of
fertiliser, ranked—third—in thls respeci={1%88); The treatment
recelving neithér organlc manure nér fertilizer showed the
lowest ratio of 1.25. Addition of green leaves alone at 5 ¢

had resulted in a ratio of 1.60,



Table 4.6.5.2. EBffect of interaction ketween organic manures and fertilizer levels
on grain yvield of succeeding crop of rice in 1981-82 (kg ha~1)

Fertilizef levels {(Percentage of feftilizer dosé@)

Treatmenks

0 25 50 75 100
Organic menures, & ha -
Control O 2454 2315 2586 2255 2661
Cattle manure 5.0 2355 2174 2416 2435 2208
Green leaves 5.0 2263 2345 2459 2087 2230
Azolla 5.0 2536 2476 2330 2353 2196
Azolla 7.5 1981 2265 2134 2682 2238
Azolla 10.0 2323 ' 2481 2474 2388 2426
P test | * |
S.Em.t 86.8% 96.2°
CeD. (0.05) 277.5% 202.6°

* Significant at 0.05 lewvel
‘a For comparison of two fertilizer doses at the same level of organic manure

b Por compariscon of £wo organic manures at the same or. dlfferent levels of
fartilizers
1

@ Fertilizer dose’ N, chs and K,0 at 90:45:45 kg ha

L?1
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Vs DISCUSSION

- The results of the survey conducted in three different
regions, with field investigations on three aspecte, viz.,
time of application and quantity of inoculum and geometry
of planting rice on the growth of azolla and cvaluatlon of
azolla as an organlc manure and two pot culture trialg. le2es
nutritional requirement and mineralizatlon of aszolla compared

to other organic manures are discussed in this chapter.

5.1. Survey on the environmental
requirenent of azolla

Out of the survey conducted, it is ewvident that in
general, soils of azolla growing locations had lower content
of clay compared to non-~growing areas. This is confirmed by
the physical analysis of the solls f£rom the azolla growing and
non~growing locations found in Kayamkulam, Pazhanji and Pattambi
regions.s The azolla growing locations had 12.7, 10.9 and 1%9.4
per cent clay which 1s asbouto:283 timas lesser than the values,
17.8, 18.3 and 36.5 por cent of the nonegrowing locatlons
respectively in the above mentioned regions (Table 4.1.1). It
hag also been found that the availabllity of exchangeable cations
and anlons is more in soils with less clay content {Brady, 1970).
This 1s further supported by the chemical analysis of water at.
these locations. A high content of available nutrients is found
in water samples of azolla growing locations. Though the loca-
tions favouring azolla growth had lower contents of avallable

mutrients in their solls, the proportions of nutrlents released
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into water were high, compared to solls having higher content
of clay (Tables 4.1.2 and 4.,1.3). Among the locations favouring
the growth of azolla, Pattambl haq_higher paercentage of clay
(19.4 per cent). It was noted that the extent of coverage of
azalla at Pattambl was only 13 per cent compared to 62 and

73 per cent at Pazhanji and Kayamkulam regions respectively.
Thus 1£'may be inferred that low release of essentlal nutrients
required for azolla growth may be one of the factore limiting
spread of azolla in these locations. This corroborates the

findings of Pillai et al. (1580).

Soil and water pH of the azolla growing locations woere
high compared to non=-growing locations (Tables 4.1.2 and 4.1.3).
According to Brady (1970), one of the outstanding physiologlcal
characteristics of the soll solution, is its reaction, The
fixation of P, Fe and Al is most serious when the soil pH is
below 5.0. When the soll reaction is held within a range of
6.0 to 7.0, toxicity of Fe, Al and Mn can satisfactorily be
suppressed at the same time, availability of P and other
nutrients 1s assured unless these elements are decidedly lack-
ing in the soil. Beri and Meelu (1983) observed that occurrence
of 5=10 cm of standing water having a neutral pH is one of the

most important inputs f£or proper growth of agolla.

With regafd to the nutritional status of the soils, agolla
growing locations at Kayamkulam, Pazhanjd and Pattembi regilons
had 14.0, 9.0 and 3.3 ppm of avallable P compared to 2.4, 2.8
and 2.8 ppm respectively in the non~growing locations. The
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same trend was-observed in P content of water also. The high
content of P in Kayamkulam and Pazhanji locatlions, may probably
be due to the relaLively higher pH coupled with the lowar con=
tent of clay. Importance of P in the nutrition of azclla is
well recognized. Subudhi and Watanche (1981) ohserved that for
grovith of agolla, the threshold concentration of P 1ln azolla
appeared to be 0.2 %0 0.3 per cent below that growth was pro- -
portional to P content. Lumpkin and Plucknett (1982) and
Watanabe and Ramirez (1984) reported that in most paddy systems,

P is the most common element limiting éhe growth of azolla.

In the case of potassium contont of water, the non-growing
location showed very low value (Table 4.1.3). An inverso rela-
tion in the avallable K cogtent in soil and vater could he
cbsexrved which may probably be due to its association with clay
caontent. Several workers (Singh, 1979; Lumpkin and Plucknett,
1982) had observed the significont effect of K on the grawth of

azolla.

The mean calcium content of water of locations favouring
the growth of azolla at Kayamkulam reglon was 7.1 and at Pazhanii
1t wag 7.5 ppn.  Pettambl had lower value (5.2 ppm). Thus the
growth of azolla at these regions also showed a deercasing trend
£rom Kayemkulam to Pattanbl. However, the Ca content of soil
praesented a reverse picture, This may be due Lo the fact that
the lower content of clay in Koyamkulam and Pazhanji locations
may be favouring release of nuﬁriente though their conternts in

soll are comparativaly low. Becking (1979) and Singh (1979)
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also roported that Ca deficiency had more pronounced effect on
growth and N fixation of awzolla. The higher contents of Ca in
water of the azolle growing locations of Kayamkulam and Pazhanji

ragions may be favouring its growth in these logsations.

Macmesium content of soil f£ollowed the same trend of
calcium, Water of azolla growing location contained higher
content of this clement. The importance of Mg in the nutri-
tion of azolla is evident from table 4.2.1. Similar ohserva-
tions were made by Watanabe (1977) and Becking (1979).

There was an increcase in thé iron content of soils of
azolla growing locations at Pattambi compared to that of
Kayamlanlam (Table 4.1.2), The non-growing locations had a
higher content of iron in all the three reglons., The low pH
of zoil may be favouring its solubilization and resulting in
higher content of avallable iron in theose solls. Tho iron
content of water alse deploted the same trend. Therefore it
¢an be assumed that Fe content is not a limiting factor in
these splls but its higher content can lead to toxicity pro-
blems as evidant £rom pooy or no growth of azolla. In such
soils it 1s also probable that the high Fe content has got a
depressing effect on » avallability.

In general, Mn, 2Zn and Cu contents of the soll of both
azolla growing and non-growing tracts were very low (Table 4.1,2).
However, it appears that these clements per se do not limit ‘the

growth, since extremely small quantities, would suffice for



the proper growth and development of the fern. Corroboratory

rasults were reported by ILampkin and Plucknett (1982).

Apart from the nutrient supplying capaclty of the soll
and water, the climatological parameters also exerted a degi~
sive role on the growth and development of azolla. Among the
meteorological parameters, tomperature, rainfall, relative
hunidity, sunshine hours and evaporation are important (Lumpkin
and Plucknett, 1982). It may be ncted that the cxtent of
coverage of agolla at Kayamkulam, Pazhanji and Pattambi wers
73, 62 and 13 per cent respectively. The fluctuation in maximum
and mininum temperature during tho asolla growing and non-growling
peason vere wider at Pattambi than that of Kaysmkulam (Appen~

Aix III and Flge. 44.5.1 and 4.1,.5.2).

Siﬁilarxy maximuam temperature during the non=growing
period was higher at Pattambi (Appondix TII). On the offect of
pre-seascn soil drying on blue green algal population, Rogser and
Fulasocoxiya (1980) observed that under a leng dry spell, spores
of haterocysﬁous blue green algae c¢onstituted more than 95 per
cent of the potentlal flora as against 30 per cent for a short

dry B]_}all .

With regard to relative humidity among the three reolons,
Kayamkulam was relatively mora faﬁourable {(Appendix III)
{92-97 per cent during the forencon). According to the raport
of FAC {(1979) the Optimum relative humidity to azolla growth
in betwecn 85-90 per cent..
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Similarly rainfall distribution was more even at Kayamkulam
{Fige 4¢1.5.2). Heavy rainfall at Pattambi especially during
the early growth periocd of azolla hinders its growth and deve-
loment due to wave action and turbulonce as reported by Ashton
(1974),.. In the non=growing season,Kayamkulam recorded a pre=-
monsoon rainfall to the tune of 364.3 mm in 20 rainy days, as
againstizsa.g mm in 16 days period at Pattambi., This ralnfall
is useful for the gq;mination of gpores. Thoe reports of

Gurunathan and Sreerangasami (1983) also corroborated this fact.

Thus it can be coneiuded that the higher pH, with propsz
avallahility of P, Ca and Mg coupled with sufficlency of other
nutriants, may be the soll factors favouring azolia growth at
Kayamkulam and Pazhanjl. Comparetively ccoler climate at these
places may be the other factor encouraging its spread in these

reglons.
S.2+ Nutritional requircment of asolla

The azolla grown in water without any addition of nutrients
vas inferlor in growth as well as in nitrogen content. The
yicld was reduced by 7.9 per cent wﬁile N content Ly 31.8 per
cent over the control vhich may be attributed to the inadequacy
of nutrients particularly P, Mg and Ca (Tables 4.2.1 and 4,2.2
and Fige 4.2.1)s Azolla érown in water showed yellowing and itgs
intensity increased with the advancement of growth period. Tho
gencral reduction in yiald and ¥ content of these treatments may
ko attributed to low fresh weilght, low numbor of algal colls in

the frond cavities and low rate of N2 £ixation (IRRI, 1976),



Howegver, omission of N, K, Fe and Mn from the complete nutrient
solution did not afifect the growth of azolia. as the yleld in
these treatmenta were comparable with that recelving all the
nutrients. Similarly, in N content of azolla also, these
treatments were camparable wilth that of the control receiving
all the nutrients. Though these elements are reported to ba
essential for the growth of azolla (oléen. 1970;Becking, 19793
Liu, 1979), omission of these clements from the nutrient-solu—
tion éid not exert any significant influence on the growth of
azolla. This is due to the fact that the water used for the
trial contained N, K, Fe and Mn at 1,8, 1.5, 0.16 and 0.07 ppm
respectively which may be sufficient for meeting ilts regquire-

mento,.

Solution culture investlgations on the nutrient requirement
of agolla revealed that P is the most essential element for its
growth end development. Exclusion of P £rom the solution has
reduced the yileld by 19.8 per cent and N content by 14,1 per
cont over the control. It may be remembared that water used
for the trial contained only 0.Cl ppm P. Tho survey cocnducted
to identify the reasons for lwrurient growth in certain places
aleo revesled that azolla growth was maximum in areas whore the

P content of water was the higheskt.

In acrobic condition heterogyst frequency in Azolla

f£iliculoides has been shown to be related to acetylene reduction

activity (mHill, 1975) and the frequency of heterocyst decreased
in P deficient azolla (Subudhi and Watanabe, 1981). Acetylene
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roduction activity in these P deficient fronds may be ATP
limited, since ATP synthesis is much affected by P applicatiion,
P deficlency and high temperature raduce N, fixdng activity of
the synbiont by different mechanism (Tung and Vatanabe, 1983)
and in green algae, the deficiency of P has been shown to result
in a decreased rate of photosynthesls. Many viorkers have
strascsed tho role of P in the growth of azolla (Subudhi and
Watanabe, 1981; Lupkin and Pluckmett, 1982 and Watanabe and
Ramirez, 1984): Parusal of the data revealed that the dry
matter per cent was maximum in P deficient treatment. The
molsture content of azolla is related to the sufficiency or
deflciency of nutrients as roported by Aziz and Watanabe (1983).
It may also be noted that this treatment took maximum time for
doubling and it can be concluded that the P conteined in the
water was Insufficlent for its proper growth and development.

The regulis corroboratse the findings of Aziz and Watanabe (1983).

Omission of Mg from the nutrient solution rasulited in a
vield reduction of 9.1 per cent and N content by 16.5 per cent
over the controls The water used for the trlal contained only
D9 ppm Mg. The insuffilcient quantity of this element in water
coupled with its essentiaiity might have cauzed the reduction
in the growth and N content. Becking (1979) obscrved that Mg
deficiency causaed a reduction i\ fresh weight by 82 per cent
and total N content by 77 por cent over the control. Similér
werc the f£indings of Watanabe gt al. (1977).

Though the water used for this study possessed a Ca content
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of 5+2 ppm,its elinination from the nutrient solution had
rosulted 4n a vield reduction to the tune of 7.9 per cent amd
N content by 7.1 per cent. Thie clearly points out that the
contém: of Ca in watexr may be insufficient to meet the require-
ment. Agarwala and, Sharma (1976) expleined the role of Ca in
cellular organfczation and in the assimilation 65 N. PRecking
(1979) ohservaed that Ca deficient plants had a fresh welght of
only nine per cent of that of normal plants and total N content
wags reduced to 50 per cent of that of plants recéiving tha
camplete solution: The results of the praesent study agree with
that of Liu (1979).

In general the increase in vield of azolla over the three
waeks period was 3.4 to 4.5 fold. Between the trials tho pere
formance in the first trial was better than that of the other.
It could be attributed to the fluctuations in the water and air
temperature. Weather during the £irst trial was comparatively
favourablée than the other (Appendix I¥). The lower growth rate
obsarved in the second.trilal may be due to the higher water
temperature, This is in accordance with the reports of Watanabe
et al. (1977) and Lumpkin and Plucknett (1582),

S+3. Time of application and quantity of inoculum
on the growth of azolla and yleld of rice

To elicit on the influsnce of time of application and
quantity of inoculum vis.sz.vis plaht:ing rice,’ throe exveriments
were conducted during the second crop season of 1950 and £irst

and second crop seasons of 1981,
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In the second crop season of 1980, t, (inoculation three
wecks after planting) registered its superlority in azolla
grouth over the other two times of application,l.a., t, and t,
(inoculation two weéks and one week after planting respectively)
(Table 4.3.1). |

Growth of azolla décreased in the order: three weeks after
planting > two weeks after planting» one week after planting.
The result differs €rem the findings of Sreenivasan (1980a);
Govindarajan et al. (1980) end Kannalyan et al. (1983). This
dlfference can he explalned based on the unfavourable weather
conditions particularly waker temperature prevailed during the
early pericds after inoculation (Fig, 4.3.1.1b). The weekly
mean temperature recoxded at 2 p.me at the time of inoculation
was 36.2°C in t, whereas it was 38.2 and 40.5°C respectively
for t, and t,, mainly influenced by the rice crop caAOpy. The
dally mean light intensity below the canOpy‘ﬁoilowed similar
trend and it was more favourable for ty than for t, and tye
Optimum temperature for growth of azolla 13 22=30°C and when
the temperature exceeds 32°C reddish brown disﬁolouration appears
and azolla grovth 18 affected (FAO, 1979). Tuan and Thuyet (1979)
Zound that vhen the temperature at 14 hours rose to 30°C, agzolla

turned reddish and at 35°C it began o die.

Stresasing the effect of solar rad%ation. Aghton (1974)
reported that growth rate of azolla increased with increasing
light intensity to a meximum of 50 per cent sunlight l.c., about
49 k lx. Optimum solar energy f£for the growth of azolla is
‘26~50 k 1x (¥AQ, 1979).,
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Thus it can be assumed that the wnfavourable water tempe-
rature and solar radiation prevalled during the early f£ive
weeks period after planting resulted in poor gfowth‘in € and tz.
an Improvement in growth observed at the third week after ino-

¢ulation-of tg made it superior over other times of application.

Quantity of azolla Inoculum also affected the growth of
azolla significantly, g, recorded the maximum yield of azolla
folloved by ¢y and Gy viich wera éll slinificantly different.
£rom one ancther. -Interaction effect of time and quantity of
inoculum was also statistlcally significant and Loy produced
the highest vield of azolla vhich was better than other conbi-
nations (Fig. 4.3.1l.1a).

In general the azolla growth was not satisfactory during
+he sagond qrop scagon of 1980 maiﬁly because of higher tempe-

raturg.

In the £irst crop scason of 1981, tz was found to ba')
superior in azolla growth compared to oﬁhers during the €irst
week after gpplicatilon of incoculum. The 4Lreatment t, had the
lowest £luctuation in water temperature cgmparea to tz and t3.
A porusal of the f£iguré 4.3.1.2b shows that water temperature
was comparatively favourable durlng the gecond and fourth waeck
after the first inoculation. Light intensity durling the growth
pericd followed the same pattorn of temperatuze, The decline in
growth in £y during the £irst week may be due to the transfer of
azolla growing in a favourable condition to a quite unfavourable

situatlion,. But a favourable condiitilon in the second weak caused



an Increase in growch for this treatment. Moraover, the
treatment &, experienced relatively minimum £luctuation in

water tempsrature compared to t, and tB'

Though €,y had the beneflt of more favourable temperature
during the £irst weck of growth, a rise in temperature during
tha second week might have destroysd the inoculum affecting
its further growth.\ Thus ty could exhiblit guperior growth

tendency only at the end of first week aftor its application.

For t3. the rigse in ﬁemperaturé and light intensity in
the weck of inoculation might have destroyed the quantity of
inoculum applied ag a result there was no significant growth
eventhough the water tampefature and light intensity were
comparativoly favourable during the later periocds.

As the conditions were not congenial‘for the multiplica-
tion of azolla, the quantities of inocculum could not exert any
significant influence on the growth during the f£irst crop season
of 1981 also. The interaction bhetween time of application and
quantity of inoculum was significant and t,q, Was superior to
other combinationé probably due to overall favourable effect
coupled with higher cuantity of inozulum used in this combi-

nation.

In the second crop season of 1981, t

3 with azolla ylelds
of 368 g m 2 in the f£irst week and 446 g'm-z in the gecond week
was found to be superior to the azolla yiclds of t, and €, for

the corresponding periods.



A parusal of the figure 4.3.,1.3b revealed that. the water
temperature was around 35.1°C throughout the period of growth
in t;. But in the case of tos the last.week was comparatively
favourable as the weekly mean value of water temperature
declined and this made this treatment to bae superior in azolla
grovth to ty in the last waek, "For tas the water temperature
was relatively favourable compared to othar two timss of inocu=
lation. The tempefatu;e daclined from 35.,0°C at the first
week to 33.7%at the end of second week followed by an increase
to 34.7°C, Ildght intensity below the canopy also showed an
élmost gimilar trend as that of water temperature except in
the later stages. This f£all in values may be dus to the canopy
coverage at later pericds. But the rise in water temperature
at the third week period éfﬁected its growth and mhde it inferior
to that of t, in tho third week after inoculation.

Among the different quhntities of inoculum tried, 4 with

2

values of 490, 608 and 855 g m ~ was supcrior in all the three

veeks of study. The treatment g. was found to be better than

3
dne Under unfavourable conditions, higher quantity of inoculunm
vas found to be better since even after a considerable loss, .
the survived azolla acted as the starting inoculum wien the

climastic conditions becamae favourabla,

The exporiments confimmed the significant influence of
water temperature and light intensity. Growth of azolla in
the comparativoly favourable period and reduction in growth
during unfavourable conditions ghows that weather factors

influsnced the growvth of azolla in these seasons.
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Among the three seasons, seccond crop season: of 1981 was
relatively more favourasble for the growth of azolla. This
season exhibited relatively lower water temperabture coupled
with least £luctuations compared to other seasons, which con-
tributed to the better growth of azolla during the season.

5.4. Geametry of planting rice in relation to
growth of azolla and yield of rice

At the end of the three wesks growth period in 1980, P,
(20 cm x 10 cm east-west diredtion of planting) resulted in
the highest growth of azolla(7l g m 2)followed by P, (20 cm x
10 cm north-scuth) and P (Bulk method) (Table 4.4.1). The
treatment P, (fallow) was found to be inferior to all the other
treatments. Relatively low water temperature and high light
interception might have favoured these treatments o have a

batter growth compared to others (Fige. 4.4.1).

There was reduction in growth in all the treatments in
the f£irst week probably begause of the drastic effect of very
high temperature though it was showing a declining trend.

There was increasze in growth from the second week onwards
and this period corresponds to a fall in water temperatura and
light intensity. The decline was because of thoe reduction in
- atmospheric temperature coupled with tﬁe shading of plants in

the later stages.

Weather conditions during the period of study were quite

unfavourable for the growth of azolla.



162

In general, growth of azolla was minimum in the f£allow
plots compared to others. This may be due to the déleterioua
effect of high temperature and light intensity during the
peridd. In plots planted with rice, the unfavourébl@ effects
are alleviated through the dntercoption of golar radiation by
the rice canopy. This is indicated €rom the chservation that
dailly mean 1ight intensity in the first, second and third weeks
after the application of inoculum were 64.2, 78.0 and 67.9 k 1x
in Py and the gorresponding values for Pﬁ were 92.8, 96.0 and
102.6 k lx respectively. The mean water temperature at 2 Def.
declined from 39.4°C at the end of flrst weok to'35.4°C at the
end of the third yeck in Pl’ the corraesponding values £or Cone
trol were 40.0 and 39.1 respectively, Thus the water temperas
ture and licght intensity were quite unfavourable for the growth
of azolla. The result supports the £ind%ngs of Goss (1973),

Ashton (1974) and Lumphkin and Plucknekt (1982).

At the end of the three week periad in the first crop
peason of 1981, Pg with azolla growth of 110 g}mrz vas on par
with P, {104 g nfz) and superlor to other methods of planting.
The weelly mesan water temperatures at the end of first, second
and third week after inoculation for Pg were 34.4, 33.4 and

35.2°C respectively. The corresponding values for P, ware

13)
35,0, 34.6 and 38,2°C. The dally mean light inteonsity also
showed a similar trend (Fig. 4.4.2c). The mean percentage of
light interception in Pg and P, were 35.3 and 22.6 respectively.

It can be seen that Pg hed recorded the lowest water temperature
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and light intensity values compared to others. Even under
unfavourable condition, the lower values of water temperature
and light intensity caused by shading of plants might have

enhanced the growth of azolla in this tregtment.

érowth of azolla deolined In all the treatments, during
the third week period of the study., - Water tempeiature showed
a corre9pénéin§ increase in all the troatments, Light inten-
sity showed aﬁ increase in fallow plots. But in planted plots;
the values remained zlmost congtant in all but Ps~whgrg‘it
declined. This may be due to overshading of plants in ps'.

At the end of &he study in second crop season. of 1981, Pg
with an azolla yield of 191'9 mfz was on par with Py (182 g'mle
and P, (181 g mTE) aﬁd slimificantly suparior to Pq (Table 4.4.1).
'Tha mean water temperature at the end of first,; second and third
week for Py were 36:7, 34.4 and 35,1°C, whereas the corres-
ponding values for Pa and P, were 37.3, 35.0 and 36.0 and 37.5,
36.7 and 38,8°C respectively (Fig. 4.4.:3b}.

The meanlpercentage of light interception for Py, P, and
P, were 33.5, 35:3 and 29.0 respectively. Thus the water
temperature and light intensity wera comparatively lower which

enabled hetter growth in these treatments.

A reduction in growth of azolla was observed in all the
treatments dn thé second week after incculation., The period
corresponds to the inercase in water temperature and light
intensity. These unfavourable conditions might have affected

the growth of azolla during the period. There was-slighh



increase in growth when the temperature began to decline. This
trend clearly shows that it is the climatic factors that con-

trolled the growth of azolla in these sesasons,

In all the sesasons when light and ﬁater temperature
inereased, there was browning of azolla from green colour,
This was £irst noticed in fallow plots followed by Pgq and Pyo
Holst (1977) observed that under natural coﬁdition. azolla
symbilosis 1s affected by air and water temperature and light
quantity. Plant‘material exposed to direct sun was red plg-
mented and senesced when ailr and water teﬁperature axcecded

25°C. (Plate 7).

Ceanmetry of planting intercepted the solar radiatlon
differently at different geasons. In the second crop season
Pg (bulk method) followed by P, seemad to be better in inter-
cepting light whereas in the firs£ crop season Pg fallowed by

P, appeared to be better:

As the sun will bg moving slantingly towards south at
the timé of planting during the second crop season, 25 cm x 10 em
with east=west direction of planting would intercept the light
to a greater extent. North-south direction is probably
better than easte-wast divection during the first crop season
since there is more direct incidence of solar radiatlon during
Ehe early weeks in the season. Lumnpkin and Plucknett (1982)
'exe of the opinion that the orientation of rows is important
and it will vary according to season, In tropical regions

where high temperatuie is a problem, it has been suggested



Plate 7. Azolla turned from green to brown under
high solar radiatlon and temperature






that rice rows ba oriented in a no;th—south direction so that
direct sunlight will only penetrate the canopy for a short

pericd each daye.

To conclude, it has been found that climatlce factors
Imposged strong restrictions on the survival and growth of
azolla during the experimental pariods of all the sessons.

The slight amelioration in temperature and solar radiation
induced by the presence of the rice crop could imﬁrove the
growth of azolla. Among the different meéhods, bulk method
of planting of ricde (equidistant planting) could exert a favou-
rable influence on the growth of azolla even under the unfavou-

rable weather conditions.

5.5, Mineralization of azolla

A pot culture study on the mineralizstion of azolla in
comparison with other organic manures was undertaken during
1984 and the results are discussed here.

Through the incorporation of azolla at 5 t ha +

s 1344 kg I
was added to the soil and at the end of four weeks 63,0 per
cent of nitrogen Initially added was available (Fig. 4.5.3).
Within a period of six and eight weeks after incorporation,
76,0 and 84.6 ﬁer cent of nitrogen of azolla was mineralized.
Only after tenth week, the percentage of availability of nitro-
gen in this treatment began to decline. Thus it can be seen
that a substantial portion of nitrqgen in azolla 5 t was avai-

lable within a re¢asonable periocd of time and this wag reflected
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in the different fractions of nitrogen especially the ammonlacal
nitrogen of soll (Table 4.5.1). One of the reasons for fastex
availabllity of nitrogen from azolla 5 ¢t may be due to its
narrow ésN ratio (11:1). Because of the succulence, fresh
azolla decomposes faster then dry azolla (Behra, 1982). The
raasonzble dquantity of azolla added (5 t) may be another reason
for its steady avallability during the twelve wesk period‘of
study. At this level there was no muéh immobdlization of
nitrogen unlike the other tréatments, The results are in line
with the findingé of Behra (1982), Lumpkin and Plucknett (1982)
and Ito and Watanabe (1985).

The steady supply of nitrogen from azolla 5 ¢ has scme
practical significance. Four wecks after incorporation 63.0
per cent of nitrogen was available and this period corresponds
to tillering stage of medium duration rice. The peérlod of
maximum nitrogen availability coincides with the panicle ini-
tiation stage. This was evident in the yield and yield attri-
butes of rice (Table 4.6:2.5). The resﬁlts corroborate the
£indings of Pande (1979).

Green leaves contributed nitrogen to the tune of 25,4 Xg
when it was incorporated at 5 t haf%. Estimation of different
components of nitrogen of soll as well as water revealed that
this treatmént had the highest values in most of the samplings.
The data on peréentage of availability of nitrogen at different
periods showed that the release of nitrogen was £aster f£rom
green leaves as 43.9 per cent of total nitrogen added was



167

avallable in two wecks after incorporation and 73.5 per cent
within a short span of four. weeks which’agrees with the report
of ICAR (1964). The faster availability in this treatment may
be due to the quicker decomposition of the succulent green

leaves with high nitrogen content.

The initial maximum availability of nltrogen £rom green
leaves (73,5 per cent) coincides with tillering stage of rice
facllitating higher tiller producticon. Thils was also reflected
in the f£leld experiment and the treatment receiving green

1

leaves at 5 & ha 'had’significantly higher total tillers and

2 vhich were comparable to azolla 7.5 t only

panicles m
(Tables 4.6.1.2 and 4:6.2,5). But the decreasing availlability
in the next three fortnights observed may be due to the immobl-
lization of nitrogen already released. As the caslly decom-
posable plant materials are depleted within four weeks and the
non=availability of Suitablé substrate coupled with the higher
microbial population may be the reascns for the reduction in
nitrogen availabllity during these perlods. Thus it is seen
that the reproductive phase of rigce may not be henefited as
in the case of tillering stage. 1t is seen that 86,0 per cent
of total nitrogen added wasg avallable at twelve weeks after
incorporation, As this periocd coincides with the gralin £illing
stage, the nitrogen may be useful for improving the cuality of
grains,

Though 26.9 kg of nitrogen was added by incorporating

1

cattlie manure at 5.+ ha —, the result reveale& that cattls
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manure was comparatively slow in nitrogen release, Thils was
clear from the fact that only 19.1 per cent of total nitrogen
added was avallable, two weeks after Incorporation which was

the lowest among the treatments tried. This trend continued
til) the end of the fourth week. Even after six weeks, only
59.6 per cent of nitrogen added was available. This may be due
to the fact that the cattle manure 1s composed of £ibrous plant
materials which had undergona digestion ones in the rumen of
anlmals, Hence vhatever easlly decomposable materials present
in the manure undergo mineralization at a faster rate in the
beginning while the harder materials disintegrate only slowly.
This slower rate of decomposition may be due to the wide CiN
ratio it had (30:1). Another reason for slow release of nitrogen
from cattle manure may be that it had a gosd load of microbial
population and the easily decomposable substrate might have

been used for -chelr body build up and proliferaticon and the
nitrogen thus £ixed would be available only at a later period.
The decline in nitrogen availability at eighth and tenth weck
after incorporation may bz due to immobilization of nitrogen

by microbes as reported by Yoshida and Padre (1977). The higher
avallability at twelfth weeck (58.3 per cent) confirmsthe obser-
vation that the harder materials give way to decomposition
process and the nitrogen temporarily Immobilized is released
slouly to the soll system. In the fiecld experiment the late
avallabillity of nitrogen in the treatmant\receiving cattle

i

marure at 5 t ha - was reflected in thousand gra'n weight. But



the general performance of rice recelving cattle manure 5 t

was inferior to that of azolla 7.5 & or green leaves 5 t.

Though fresh agolla is faster in release of nitrogen,
the increase in quantity from 5 t to ib t decreased the per-
centage of avallability of nitroéen. It is evident froh the
fiéure 4.5.6 that at all the ﬁeriods, the treéﬁment recelving
azolla 10 t had low values, compared to azolla 5 t. It is
clear from the fact that only 47.7 per cent of total nitrogen
added wés available even at the end of eight weeks period, It
may be noted that the percentage of availability went on
increasing till the f£inal sampling except for a slight decliné
at the end of the sixth week pericd., Though 26.8 kg nitrogen

was added by tha incorporation of azolla at 10 t ha~+

» ralease
of different fractions of nitrogen was not proportional to the
quantity of nitrogen initially added. Thus when the quantity

of azolla was increased, the percentage of avallability decreased.

Oone of the reasons for slow availability may be that the
lignin content (18-24 per cent) as reported by Llan et al.
(1981) méy be affecting the mineralization process significantly.
According to Bundy and Bremner (1973) 2-methoxy and 2,6-dimethoxy-
banzocuinon which are formed during the decomposition of lignin

inhibit urease activity.

Tmmobilization of part of the nitrogen released may be
another reason for slow avallabllity of nitrogen in this treat-
ment. As there was not much wvariation in the total nitrogen

content of soll, the increase in the nitrogen availability as
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perlod advanced on, may be because of the-fact that part of

the nitrogen immobilized by microbes are released te- the soll
system. The results confiim the findings of Bandyopadhyay and
Bandyopadhyay (1983). Increased pressure of mineralized ammo-
nium in soil might have caused f£ixation of part of this fraction
through entrapment in lattice of clay minerals as reported by
Saha and Mukhopadhyay (1983). Thus it can be assumed that
higher addition of lignin per unit area coupled with the
immobilization and fixatlon of nitrogen might have affected

the relecase of niltrogen in this treatment.

When dry azolla ecuivalent to 5 £ was added, the percentaoge
avallability of nitrogen was lower than that of -fresh azolla
applied at the same rate at all periods except £irst sampling.
Due to drying, azolla becomes hard and hence lt decomposes only
slowly. It was clear £rom the lower avallabllity of nitrogen
from dry azolla (5 t) as compared to that of fresh material.

The result agrees with the reports from International Rice
Reseérch Institute (IRRI, 1976), Ito énd Watanabe (1985) found
that £resh azolla réleaaed 2.5 times more ammoniacal nitrogen
from its body than dry azolla. The result indicates the nece-
sglty of applving dry azolla well in advance 80 that the maximum
-avallability of nitrogen coincides with peak nitrogen needs of
rice. The higher availlability of nitrogen from dry azolla two
weeks after incorporation may be dué.to the mineralization of

a small amount of easily decomposible substances that remained

after drylng as reported by Behra (1982).



Through the incorporation of dry azolla equivalent to

10 & of fresh azolla héjl

26.8 kg of nitrogen was added to
goil, but the avallability was not proportional to the quantity
of nitrogen initially added,. Only 50.5 per cent of nitrogen
was avallable at three fortnights after its incorpoﬁation and
this was the maximum availabillity recorded for this treatment
during the study, The reasons for slow avallability may be

the drying effect‘and the higher addition of lignin at the

higher quantity of azolla incorporated into soll.

Comparative analysis of rate of mineraliszation of
organic manures during the two trials revealed the faster
mineraiization during the second triasl (Fig. 4.5.2), With
ragard to temperature and pH of soil and water, higher values
were recorded during the second trial. This phenomenon brings
out the influence of temperature on mineralization as abserved
by Cho and Ponnamperuma (1971). There was a decline in pH
values as‘depicted in figure 4.5.:2.from the second to fourﬁh
week after incorporaticn. The decline in pH 13 due to the
accurmlation of CO2 during the initial stages (IRRI, 1964).
Then there was a gradual iﬁcpeaae in pH values, thé rate of
vhidch being higher in the second trial, corresponding to higher

rate of mineralization during the peried.
5.6. Evaluation of azolla as an organic manure

In order to evaluate azolla as an organic manure, f£ileld
investigations were undertaken during the years 1980 and 1981.

The sallent findings are discugsed in the ensuing sectlon .
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5.6.1. Effect of organic manures on growth and yield of rice.

Analysis of grain yield as infliuenced by organic manures

for the two years revealed that green lcaves at 5 ¢t hafl was

1

on par with azolla at 7.5 t ha™~ and superior to rest of the

treatments (Table 4.6.2.1). Azoclla 10 t, cattle manure 5 ¢

1 were on par in grain yield and all were

and azolla 5 t ha
significantly superior to controi,

1 resulted in grain

Application of green leaves at 5 ¢ ha
and straw ylelds of 3367 and 3446 kg ha™1 raspectively. The
increasas in yield of grain and straw over the control (no
organic manure) vere 25.4 and 26.8-per cent respectively. The
higher yields can be due to the faster and more availability of
nutrients in this treatment (Fig. 4.5.3). This is in agreement
vith the ﬁeport of ICcaR (1964). It may be noted that glyricidia

when incorporated at 5 ¢ ha"l

contributed 27.1 kg N, 5.1 kg
P,0g and 14.9 kg K,0 and the result of the mineralization study
revealed that 73 per cent of the nitrogen was available within
four weeks after incorporation. Thus the faster avallability
of nutrients together with thelr highor contents, might have
facilitated this treztment to perform better compared to cther

treatments except azolla at 7.5 t.

Superiority of green leaves was manifested in growth and
vield attributes of rice. according to Matsushima (1976) the
four primary yield components or determlnants in rice a&e the

number of panicles per unit area, the number of spilkelets per
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panicle, percentage of f£illed- grains per panicle and thousand
grain‘weight. With regard to helght of plant and total and
:productive tillers at maturdty, green leaves 5 t and azolla

7.5 t were on par and significantly'superior to other treat-
ments (Tables 4.6.1.1, 4.6.1.2, 4.6.2.5). In length of panicle,

1 and the percentage of £illed

number of spikelets panicle”
grains panicle'l. 1t was comparable with azolla 7.5 t
(Table 4.6.2.5). In thousand grain weight this treatment
(28.4 g) was better than cattle manure S t (Table 4.6.2.5).
The upkake of N at maturity was comparable with azolla 7.5 t
and superior to others (Table 4,6.3.,4)., Similar trend was
observed in P and K uptake also (Tables 4.6.3.5 and 4.6.3.6).
Appllcation of azolla at 7.5 t hafl
1

had resulted in a
grain yield of 3331 kg ha — which wags 24.1 rer cent more than
that of the control (Table 4.6.2.1). The increase in straw
yvield over the control was 23.5 per cent. The nutrienﬁa N,
P,0- and sz at 14.1, 3.9 and 6.1 kg respectively wore added
by the incorporatiocn of azolla at 7.5 t ha~t, Mineralization
study on azolla ravealed that there was a continuous release
of nitrogen from azolla (Fig. 4.5.3). Pande (1979) roeported
that about half of nitrogen in azolla was minerallzed within
three weeks after water logginé and 2/3 after 6=-8 weeks of
flooding, Morecover, azolla has a beneficlal effect on solil
microflora and nutrient avallabllity as reported by Hag ot al.
{1984), Thus the faster release of nutrients and their higher

contribution might have resulted in botter yields in this
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treatmeént. The result confirms the f£indings of Rains and

Talley (1979).

The superiority of azolla 7.5 t was noticed in the yield
éttributes and nutrient uptake., In total and productive tillers,
it was significantly superlor to all other treatments except
green leaves 5 t (Tables 4.6.1,2 and 4.6.2.5). Thousand grain
weight was the highest for this treatment (Table 4.6.2.5). In

1 and £illed grains panicle’l, this

number of épikeiets panicle”
treatment recorded the hichest values (Table 4.6.2.5). The

uptake of N, P205 and Kao for this treatment was 77.2, 12,0 and
65,3 kg na~t respactively in 1981 which was comparable with that

of green leaves 5 t and superlor to the rest of the treatments.

Azolla 10 t, catile manure 5 t and azcolla 5 t were on par
in grain yield. The increases in yield éf thege treatments
over the control were 13.3, 10.9 and 2.7 per cent respectively.
Azolla 10 ¢ and azolla 5 t wefe on par iﬁ straw yleld.

Through the incorporation of azolla at 5 ¢, 2.4 kg M,

245 kg 7 PZOS and 4.1 kg Kzo woere added hd'l. Mineralization
study on azolla revealed that azolla was faster in foleasa of
nltrogen and within a period of eilght weeks, 85 per cent of the
nitrogen added through 5 ¢ of azolla, was availlable (Fig.4.5.3).
Though the contributicn of nutrients was less compared to
cattle manure, the steady supply throughovt the growth period .
of rice has made it comparable with that of cattle manure.

i

The incorporaticn of azolla at 10 ¢ ha
1

» added 18.8 kg N,

5.0 kg P,0- and 8.2 kg Kzo‘ng“ « In grain and straw yields,
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1t was comparable with azo;la 5 ¢ and inferior to azolla 7.5 t.
Iin growth and vield attributes and in uptake of nutrients, the
same trend was noted in this treatment. The poor performance
at the highest rate of azolla applicstion may be due to accu-
mulation of lignin to toxic level which affected the decompo-
sition processes. Lian gt al. (1981) noticed that azolla was
higher in lignin content (18-24 per cent) as a result of which
the decomposition and niltrogen liberation would be aiower. The
usual lignin degradation products such as 2-mathoxy and

2 6-dimethoxybenzoquinen inhibited urease actiﬁity and nitrifi-
catdion processes (Bundy and Bremner, 1973), Another possible
explanation is the negative relatlon between the amount of
nitrogen incorporated as azolla and ﬁhe proportion of nitrogen
avallable to rice crop (Rains and Talley, 19793 Wen, 1984).

The poor respongse of azolla 10 € may also ke due to the immobi-

lization of part of the nitrogen added.

Incorporation of cattle manure 5 t could bring about only
10,9 por cent increase in yield over the control {Table 4.6.2.1)

1

though 22.3 kg N, 5.1 kg 9205 and 3.6 kg X,0 ha™' were added to

2
goll through its incorporation. Among the organic manures,

this treatment had the lowest: straw yield. The poor performance
by this treatment was manifested in the yleld parameters and

nutrients' uptake alsos

Though higher quantities of nutrients were added through
5 t of cattle manure, the results showed that the present crop

could not benefit much from it, Mineralization study revealed
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that percentage of nitrogen released was lowest in cattle
manure incorporated treatment (Fig. 4.5.3). Even at the end
of the ﬁwelve week period, only 58 per-cent off the total
nitrogen added through cattle manure was_gvailablé. This may
ba one of the reasons for lower vyield in this treatment., Obser-
vation of Soni and Sikarwar (1983) confirms this fact. They
found that grain yileld of vheat in a rice-wheat sequence was
higher in the treatment recelving a part of nitrogen as cattle
manure for Xharif rice althougﬁ the rice crop did not show

nuch of direct response to this treatment.

Effect of organic manures on harvest index was significant
in the year 1981 (Table 4,6.2.1) and cattle manure 5 t had the
.highest valua (50.8 per cent) followed by aszolla 10 t. Perusal
of the grain and straw yield data revealed that these treatments
hed lower grain yield éompared to azolla 7.5 ¢ and green leaves
5 t. Azolla 7.5 t and green leaves 5 t had slgnificantly better
ylelds than cattle manure 5 t and straw yilelds for these two
treatments were slightly higher than that of graln which:
resulted In lower harvest index values. Mineralizatlon study
of organic menures revealed that avallability of nitrogen from
cattle manure 8 t and azolla 10 t were slow compared to green
leaves 5 t and azolla 5 t. Thus, under limited supply of
nutrients, more of the avallable nutrlents were used for grain
than stravw production in the treatments receiving cattle manure
5 t and azolla 10 t. This is further proved hy the fact that

harvest index was the highest. (55.7 per cent) for cattle manure



177

5 ¢ with no fertilizer (Table 4,6.2.4). But the value decreased
as the percentage of fortilizer doge increased and at full dose
of fertilizer, the value was camparable with green leaves 5 ¢

and azolla 7.5 L.

Residual effect of organic manures in influencing the
grain yleld of succeeding crop was significant in the sumner
crop of 1981-82 (Table 4.6.5.1)s The treatment recelving azolla

1 haa the highest yield of 2644 kg ha~t, It was on

at 10 &t ha”
par wilth azolla 5 t and superior to other treatments. This
indicate that part of the nutrients suéplied through azolla
might have been left in the soil, as a regult; the parformance
of sucgeading crop could bé-Improved due to the rasidual effect.
The benefilclal effect on azolls on the succecding drops was
reported by Subudhi and Singh (1980). They found that :eéidue
ef 5, 10, 15 and 20 &£ of incorporated azolla hafl dncreased the
vield of succeeding rice crop by 7.7, 23.8, 24.5 and 40 per cent
raspectively over the control. Hag et al. (1984) were of the
view that azolla had beneficilal effect on soil structure, soil
microflora and micronutrient availability and the effect of

azolla may persist longer than chemical fertilizers.

5.6.2. Effect of fertilizer levels on growth and yield of rice,

Fertilizer levels significantly influenced the grain and

straw ylelds of rice: Appllcation of full dose resulted in

the highest grain yleld of 3770 kg ha~t

which was 60.8 per cent
higher than that of the control (Table 4.6.2.1). The corres-

ponding yield ilncreases for 25, 50 and 75 par ¢cent of the
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fertilizer doses were 18,0, 30.4 and 41.7 per gent respactively,
In straw yleld also almost a similar trend was observed, Appli-
cation of full dose had resulted in 6l.4 per cent increase over

the control,

The increase in grain and straw ylelds is due to the avai-
lability of nutrients and this was manifested in all the vyield
contributing factors. In 1980, full dose of fertilizers had
resulted in significently higher tiller counts (total as well
ags productive) whereas in 1981, it &as on par with 75 per cent
and superior to the rast of the treatments (Tables 4.6:l.2 and
4.,6.2,5}. Regarding the length of panicle, 100 per cent of
fertilizer doge was superior to the lower levels in 1980
(Tdble 4.6:2:5)s Such a superioriﬁy was ebserved in phytomass
producéion ané leaf area index also (Tablaes 4:i6.1.3 and 4:6.1.6).

The uptake of N, P and K,0 by rice was also'highest in this

2%
treatment (Tables 4.6.3.4, 4.6:3:5 and 4.6.3:6). The favourable
effect of £full dbse of fertilizer on growth and yileld parameters
had resulted in higher grain and straw yields at this level.

The resulté corrobofate the findings of Kauéhik and Venkataraman

(1981).

With rsgard to the residual effect of fertllizars on grain
vield of succeading rice, the treatment receiving 75 per cent of
the fertilizer dose was on par with that of full dose and cone-
trol in summer crop of 1981-82 (Table 4.6:5:1)¢ The signifi-
cantly higher yleld at the higher levels of fertiligers might

be due to the residual offecct of applied fertilizers in these



173

treatments. The better performance of succesding crop in the
control treatment might Ee due‘to the féct that soll nutrients
had not been exploited fully by the current crop under this
treatment as revealed by poor yleld ané uptake of nutrients
(Tables 4.6;2.1, 4.603cds 4e643.5 and 4.6.3.6). As a result,
the succeeding crop was in an advantageous position compared
to other treatments vwhich received different levels of ferti-

lizers.

5.,6.3. Effect of intersction between organic manures and
fertilizer levels on the cprowth and vield of rice.

The effect of fertiliger levels variled significantly with
different organic manures in grain and straw yields. Among the.
interactions between organic menures and fertilizer lavels, the
highest grain yield of 4181 kg na~! was obtained at azolla
7.5 t with full dose of fertilizer (Fig. 4.6.2.,1). At tliis
level it was even better than green leaves 5 t though in terms
of nutrient contribution, gfeénxleavea was superior to azolla
7.5 t. This may be due to the favourabla effect of azolla as
reported by Singh (1977c) and Hag et al. (1984). In straw yileld,
azolla 7.5 t with full dose of fertilizer was comparable with
green'leaves 5 £t with £ull dose and was superior to all other

cambinations (Fig. 4.6.2.2).

The treatment without any organic manure showed significant
increase In grain yield at ecach higher level of fertilizer and
the yield with full dose of fertilizer was the highest

(Fig. 4.6.2.1). The increase in graln yield at 25, 50, 75 and’



100 per cent of the fertilizer dose over the control (no fer-
tilizer) was 25.1, 47.3, 72.8 and 98.9 per cent respectively.

Similar trend was observed in straw yleld also.

Cattle manure 5 ¢ with full dose of fertilizer was signi-
ficantly better than that of the lower levels. The increases
in yleld over the control (no fertilizer) were 49,7 and
81.2 per cent for graln and straw ylelds respectively. The
vields were comparable to the treatment with full dose of
" fertilizer without crganiec manure. This may be dus to slower
releass of nukrients as revealed by the mineralization study.
Application of cattle manure 5 t alone had resulted In an
increase in yield to the tune of 34.2 rer cent over the abso-
"lute control. The results gorroboraté the £indings of Oh (1979).

Green leaves 5 & with full dose of fertilizer had resulted

1 which was cémparahle with that

in a grain yield of 3840 kg ha”
of 75 per cent of fertilizer dosg. In the case of straw yield,
full dose (4136 kg) was-significantly better than lower levels.
Application of green leaves 5 t alone resulted in 57.9 and

64.8 por cent increase in grain and straw ylelds respectively.
over the controls The higher content of mutrients with faster
avallabllity as revealed by the mineralizatlon study (Fig.4.5.3)
.coupled with supplementation of chemical fertiliaers had enabled

this treatment toc perform better, The favourable effect of this

treatment on growth and yvield attributes was also conapicucus.

Graln yield of agolla 5 t supplemented with chemlcal fer-

tilizers increased with the aPPlication of higher levels of
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fertilizer and was the maximum with the highest dose (3724 kg).
" 8traw yield secemed to-be stabilized at 75 per cent of fortl-
lizer dose., The increase in grain and straw ylelds for azolla
5 ¢ alone over the control was 16.7 and 22.2 per cent raspec-
tively. OCrain and stray yields obtained with .75 per cent of
fertilizer dose was comparable with tﬁe treatmént recedving
full dose of fertilizers aleone therchy indicating a saving of
28 per cent of fertilizer dose. The steady supply of nutrients
from azgolla together with the supplementatlion frem chemical
fertilizers, enhanching the uptake of nutrdients and yield para~
meters, might havq contributaed much for a better performance

by this treatment. Beri and Meelu (1983) also found that appli-

cation of azolla at 5 & hé“l gave rilce yield equivalent o
25 kg N ha"+

Incorporation of azolla 7.5 t had rosulied in higher
grain and straw ylelds at all the levels of fertilizer tried,
Azolla 7.5 ¢ with £ull dose of feztillizer recorded the highest

grain yleld of 4181 kg ha~+

which was superior £o all.the cthex
combinations. The ingrease in grain yield over the control
with full dose was 165 per cent.e The increases in grain yield
at 25, 50, 75 and 100 per cent of fertlilizer dose over conbkrol.
(azolla 7.5 ¢ alone) wera 18.2, 25,2, 42.5 and 62,9 por cent
respectively. In straw yleld also, azolla 7.5 & with £full dose
of fertilizer had recordéd the highest yield of 4328 kg ha“l.
Application of azolla 7.5 & alone resulted in an increase of

32.1 per cent cover absoluté control. The better performance
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of this treatment may be due to the quicker availabllity of
nutrients és reporited by Behra (1982) coupled with its higher
contribution of nutrients. The favourable effect was notlced
in all growth parameters, yield attributes and uptake of

nutrients,

Azolla 7.5 & with 75 per cent of fertilizer dose was come
parable to thé treatment receiving f£ull dose of fertilizer
;lone, théréby resulting in a éaving'of 25 per cent afithe
fertilizer dose. Arunachalam (1980) 9ot similar result due
to the incorporation of azolla. Kaushik and Venkataraman (1981)
also found that at every nitrogen level, the éffect of azolla

supplementation was equal to 20 kg nitrogen ha"l;

Azolla 10 t with full dose of fertilizer had significantly
higher yield (3656.kg) as'compared to lower levels. Application
of azolla 10 t alone had resulted in an yield increase of
29.6 per éent over the absolute control. Crain yleld at azolla
10 ¢ with full dose of fertilizer was comparable to the treate
ment with full dose of fertilizer alone. The comparatively poor
performance of this tréatmen£ was reflected in growth, nutrient
uptake and yield attributes of rice. 1In total'ana productive
tillers, it was quite inferior to azolla 7.5 t. Similarly in
length of panicla, numﬁer of spikelets pei panicle and £illed
grains per panlicle, 1t had recorded lower values., In harvest
index, percentage of £illed grainspaniclé"1 and thousand grain
welght, this treatment was comparable with azolla 7.5 ¢ or

green leaves S t which might be the reason for cbtaining the
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present yield. Though 18.8, 5.0 and 8.2 kg N, P, 0y and K,0

respectively were added through azolla at 10 t ha'l, the
result revealed that part of the nutrients was not avallable
for the present crop. High lignin content of azolla at this
level as reported by Lian et al. (1981) might have affected the
decomposition process and even the release of nitrogen £rom

urea of added feortilizers.

among the interactlons between orgsnic manures and fer-
tilizer levels, the highest grailn yield of 4181 kg hafl was
obtalned at agolla 7.5 t with full dose of fertllizer. Grain
yield with-the application of full dose of fertilizer alone
was comparable with green leaves 5 € with 50 per cent of ferti-
lizer dose, azolla 7.5 and 5.0 ¢ with 75 per cent of fertilizer
doge, cattle manure 5 t and azolla 10 t with full dose of
faortilizer., Thils clearly points out the possibility of saving
chemical fertilizarg 4o the tune of 50 per cent when green
leaves S t is used and a saving of 25 per cent when azolla
7.5 £ or 5 £t is used as green manure, -Thus. when highest
yield is the objective, application of azolla at 7.5 t with
full dose is the best combination. If saving in fertilizer
at a reasonable yield of 3600 kg hafl is the choice, green
leaves 5 & with 50 per cent of fertilizer dose or azolla 5 ¢

with 75 per cent fortllizer dosa can be adopted.



184

5.G6.4, BEfect of organic manures and fertlliwer lavels
on the econcmics of rice production.

The maximum output-input ratio of 2.09 was recorded by
the treatment recelving full dose of fertillzer alone which
wés.followea by 2.07 in the treatment receiving azolla at

1

7.5 t ha ~ with full dose of fertilizer (Flg. 4.6.2.3), The

decrease in the output-input ratio in the treatment recelving

azolla at 7.5 t ha ™t

with £ull dosa of fertllizer was due to
the high cost of orgenic manure though this. treatment recorded
gignificantly higher grain yield than the treatment receiving

full dose of farxtilizer alone.

Tﬁough the maximum output-input ratio of 2,09 was for
the treatment recelving the full dose of ferﬁiliéer alone,
this cannot be givenias a recommendatiun since it could ba
detrimental to crop production in the long run. Thus a combie-
nation of azolla at 7.5 t with full dose of fertilizar (with
a ratio of 2.07) beccmes a sultable combination for getting

the maxdimum output. BEven at the rate of 8 ¢ hd”l

s @Z011ln
seems to be better than groen leaves in terms of cutput-input

ratio.

All these discusslons have the follcwing Limitationa,
Influence of wage rate is very high and varying in treatmonts
whe;e cattle manure, green leaves and azolla aré involved. In
- the case of fertilizer treatments, cost of fertilizers will
not be subject to this much of fiuctuations More €avourable

chenges gan be expected when green leaves or azolla is produced
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in situ. In times to come, where better variecties and manage-
ment techniques for higher biomass production and quality
improvement of azolla are achleved, it can bo expected that
output-input ratio of azolla applicaﬁion will still be improved.
Avallability of organic manures, especlally greén loaves, is

on the decrease. In gltu growing of green manuxe - CXop, takes
more than s=ix weeks but azolla can be multiplied in three
wagks® time, This polnt ghould also ba considered while the

output ratio of azolla Lreatments are evaluated.

5:7. Fubure line of work

in the present invostigation 1% was observed that
Keyamkulam area has the maximum natural growth of azolla. AS
this area has a very specific cropping sequence of rice-rice~
sesamum, 1t appears neceasary Lo verify whether different
sumayr crops have any effect on the growth of azolla during
the £irst crop season by influencing the mineral nutrient

status of soll.

Nutritional studies with the objective of improving the
quallty of azolla ﬁhiah can ultimately help us in reducing
the quantity of azolla to he uscd, nced furthsr elaborats
study. Trials to f£find out whether growth regulators have any
influence on increasing the biomass production or quallty of

azolla is also worth trying.

Colleotion and evaluation of different types of azollia
for identifving such types which are ragiatant to hicgher

temperature as experienced in Kerala is desirable.



Mineralization aspect of azolla, both as £resh as wea.

as dry materials, needs more elaborate studys

As the data from the mineralizatlion study on three forms
of organic manures (cattle manure, grecn leaves and azolls)
have indicated different patterns of release of nitrogon,
detalled studies with comblnations of these three oxganic
manures in different proportions appear to be nccessary. Such
studiesjcan e expocted to throw light on the posﬁibiliﬁy of
efficient use of smaller quantlty of azolla available and also

assure steady supply ©f nutrients to the rice plant.
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VI. SUMMARY

In order to identify the conditlons under which azolla
grows wall and to work out the management practices for 1ts
utilization in rice production, a survey work, three field
axperiments and two pot culture studles were undertaken at
the Regional Agricultural Rescarch Station, Pattambi from
1980 to 1934,

The survey work included detailed investigation on soll,
water and weather parameters at three regionsi Kayamlulam
having the highest growth of azolla, Pattemhi with the least
growth and Pazhanji which comee in between. The £ield experi-
ment o £€ind out the best time and optimum quantity of azolla
inoculum consisted of threc times of application (one, two and
three weeks after planting) and four cuantities (0, 200, 400
and 600 g m2) o application. The experiment for identifying
the best method of planting rice, favouring maximﬁm growth of
azolla had six treatments (20 x 10 cm and 40 X 5 cm spacing each

in east-wast and north-south directions, bulk method and f£allow).

The expeoriment for evaluating azolla as an organic manure

consisted of six malnplot treatments (cattle manure 5 &, green

1

leavas 5 ¢, azolla 5, 7.5 and 10 t:ha ~ and control). Thers

were f£ive subplot treatments (0, 25, 50, 75 and 100 per cent of

tho recommended dose of 903145345 kg N, P and K,0O hé'l).

2% 2
Besides, tvo pot culture experiments were also undertaken. One

of the pot culture trialg was almed at studying the effect of



188

N, P, K, Ca, Mg, Fe and Ma on the growth and nitrogen contént
of azolla. The second pot culture study was on the minerali-
zatlion of azolla compared to commonly used organic manures
(Azolla 5 t and 10 &, dry azolla equivalent to 5 & and 10 ¢
of fresh azolla, cattle manure 5 t and green leaves 5 & ha >

and control.).

The sallent £indings of the investlgations are sumarised
balows

1., Solls of azolla growlng locations had a lowar content
of clay compared to non=growing location apd among the thraee
raegions, Kayamkulam which recorded the highast groweh of azolla
and the lowest clay content. Solls of azolla growing locations
had higher pH values and available P contentsa. Among the three
regions, solls of Kayamltulam had the highest P content and pH
value, Concantration of available X, Ca, Mg, Fe, Mn, 2n and
Cu and E¢ values were relatively lower in areas where azolla
growth was maximum. Nitrogen content did not vary much among
the dlfferent regions.

2. A similar trend was notliced in pH, EC value and P
content of water of azolla growing locations. Contepts of K,
Ca and Mg were higher in water that favoured growth of azolla.
Contents of Mn, Zn and Cu were in traces in both azolla growing

and none=growing locatlons,

3+ Fluctuation in mean mascimum temperature was narrouer

at Kayamkulam during the azolla growing and non-grovwing periods.
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The mean minlmun temperature was slightly higher at Kayamkulam
than at Pattambi In both azmlla growing and nonwgfﬁwing loca=-
tions. Kayamkulam had highor mean relative humddity values

in the forencon and afterncon and narrower fluctuation than
Pattambli. A higher rainfiall during the non-growing season
folloved by a well distributed rainfall during azolla growing
scason as experlienced at Kayamkulam was found to be f£avourable
for azolla growth at Kayamkulam. Evaporatlion rate was lower.
at Kayamkulam than Pattambi both durling the non~growing and
azolla ércwing perlcods.

4. Omlgsslion of nitrogen £rom the nutrient solutlon resulted
in significantly higher vield of azclla and the increasa over

control (receiving all the nutrients) was 4.1 per cent.

S, Elimination of P affected the growth of azolla most
and the percentage of reduction over the control was 19.8.
Omisaion of Mg and Ca also resulted in a reduction of 9.1 and
7.9 pexr cent respectively over the contro%. Exclusion of K,

Mn and Fe did not affect the growih of azolla.

G,.. Maxioum dry matter content was for the trcatment £rom
which P had beon omitted followed by Mg excluded treatment.
Minimum dry weight was noted in the treatment receiving no

nutrient (water alons),

7. Omission of N resulted in a N content of 4.2 per cent.
Exclusion of P, Ca and Mg reduced the N content significantly.
Azolla grown in water alone had the lowest N content of

2.9 per cent.
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8., Growth of azolla waé maximum in the N excluded treat-
ment. which recorded the lowest doubling time of 9.7 days. The
doubling time was also found to be affected by higher water

tempeirgtura.

9, From the point of view of higher azolla yield, the best
time of application of agolla was found to be different for the
£irst and second crop seasons. While azolla inogculatlon at one
wealt after planting was botter for the f£irst crop, inoculation
at three weeks after planting was found to be better in-the

second orop S2ason.

10. Under conditions of higher. temperature and light
intensity ac in Pattambi, a hicher cuantity of incculum at

2

600 g m © was found to be superlor irrespective of the seasong,

11, Quantities of ineculum had significant influence on

the yisld of rice. Incculation at 600 ¢ nrz

recorded the highast
grain and straw ylelds. Time of application did not influence
the yield significantly. |

12, Under a low inocculation rate of 100 g m 2

s ONG Week
after planting, bulk method seems to be the best among the
different methods of planting rice studied. Scolar radlation
balow the cancopy and water temperature were the lowest under
this system of planting. At this level and time of application
of azolla, the different methods oﬁ planting did not influence

the grain and straw ylelds significantly.

13, At 5 ¢ hé"l both. £rash azolla and dfy azolla were

found to compare well with cattle manure and green leaves at



5 ¢t ha'f'?" with regard to N released f£rom sixth week to eighth
week after incoxporation.

1. the peak percentage of N

14, At the level of 5 t ha
~ava!.-1.abilit§r- fr;zm £resh azolla, dry azolla, cattle manure and
green leaves were found to be 86.6 at eighth week, 78.9 at
elghth week, 59.6 at sixth week and 86.0 at twelfth week after
incorporation, rospectively. -

15. Both in the case of frash and dry azolla, a higher

L

level of 10 t ha - was found to slightly reduce and prolong

the release of N compared to 5 ¢ hal,

16 At both the levels of application, fresh azolla was
found to be slightly superdor to dry azolla with respect to the
ralease of nitrogen.

17. ‘With redium duration variety Jaya, application of
azolla at 7.5 t ha™t as a subst'itute" for organic manuras like
cattle manure 5 ¢t or green leaves 5 £ was found to e pc.sé.tble
without affecting the grain as well as straw yiélds. This
treatment was statistically on par with graeh leaves 5 & which
vas superior to all the other treatments and significantly

superior to cattle manure 5 t. Though azolla at 5 ¢t and 10 t

ha~! were inferior to azolla 7.5 t and green leaves 5 t ha"l.

they were on par with cattle mamure at 5 ¢ ha"l .
18. Under a system where medium duration rice varieties

are cultivated giving a N, P,0; and K,0 dose of 90145145 kg ha™'

over a basal application of cattle manure at 5 &t ha"l,.
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substitution of cattle manure by agolla either at 5 € or

1

7.5 £ ha ~ resulted in a saving of 25 per gent of fertilizer

dosea.

19. When yield increase is the objective and not the
saving in fertilizer cost, substitution of cattle manure or
green leaves at 5 t ha~t by azolla abt 7.5 t ha~l 1s found to
ba promising for medium duratilon rice variety. Among the
combinations tried, it was found that the treatment receiving

3 with the full dose of fertilizer recorded

azolla at 7.5 ¢ ha"
the highest grain yleld as well as straw yield, it being signi-
flcantly suparior to all other treatment combinations in grain

yiecld.

20. Application of azolla at 7.5 t and S t ha™t with full
dose of fertilizer gave . output-input ratiosof 2,07 and 1,91
respectively while green leaves at S5 t ha~t with full dose of

fertilizer showed anoutput-input ratio of 1.88. Thus, aven at

a lower level of 5 & ha~l!

leaves at 5 ¢ ha L.

s asolla can be a substitute for green

21. From an assessment of the resldual effect of organic
manures in terms of grain yleld of succeeding unmanured ¢rop,
it was secn that application of azolla at 10 t ha "t was signi-
ficantly superlor to green leaves as well as cattle manure at
5 ¢ ha~l,

22. Analysis of the yleld attributes shows that superilority
of graen leaves 5 t and agolla 7.5 & over cattle manure 5 £ in
grain yield has been brought about through higher tiller produc-
tion and thousand grain weight.
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23, Analysis of growth parameters and the uptake studies
appear to show that the superlority of the 'trcaatment receidving
azolla at 7.5 t or green leaves 5 t over cattle manure 5 t was
through higher number of tillers m"g a better leaaf area index
at tillering stage., a higher rhytomass production and higher

uptake of N, P and K by the plant,
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Appendix X
Mormal mean monthly meteorological data at Pattambl*

Paramaters
Months Temperatura (°C) Rainfall Rainy Relative hunidity Hours of Evaporation
. | (rond) days RS " bright  (mm day™l)
Maximunm  Minimum 7 a.m. 2 p.M, sunshine

January 33.2 19.7 0.5 0e2 79,3 35,9 - - 9.8 Go3.

. February 34,9 20.9 2.8 0.5 84,5 35.9 9,6 6.6
March 36,6 2342 16.3 1.2 87,5 39.4 9.4 7.1
Aprdil 35,4 24.4 89.5 5.0 89.7 51e5 8.8 65
May 33.3 24.2 170.5 8.5 92,3 60.6 7.1 5.5
June 30.2 - 22.8 577.0 20,7 95,5 768 3.9 4.5
July 28.4 22,5 677.0 24.2 96,3 81.7 2.4 3.6
August 29.1 22.7 424,0 29.2 95,8 79.8 4,2 347
September 30.6 23.0 © 208.0 12,2 95,0 69.9 602 4,5
Octcber 31.4 23.9 265.0 11.2 95,0 6843 643 3.8
November 31,9 22.3 262.0 10.5 92,5 61l.1 6.9 4ed
December . 32,9 21.0 3.2 0.5 83.7 48.6 8.9 5¢3

* Average of ten years f£rom 1970 to 1979



Mean mbnthly mateorological data at Pattambi

Appendix IT

Months Normal

Ralnfall (mm)

1970w Actual Deviation from normal
79 1980 1581 1982 1984 1980 1981 1982 1984
January 0.5 0 0 0 14.0 =0.5 =0.5 <=0.5 +13.5
February 2.8 0 0 0 14.8 =2.8 =2.8 =2.8 +12.0
March 16.3  12.4 62.0 2.0  18.0 -=3.9 +45.7 =14.3 + 1.7
April 89.5 ' 66.0 66.0 45,0 80.0 =23,5 =23.5 =44,5  =9.5
May 170.5  49.6 176.7 192.2 66,5 =120.9 +6.2 +21.7 -104.0
June 577.0 930.0 1122.0 =  864.0 +353.0 +545.0 -  +287.0
July 677.0 992.0 542.5 =  692,1 +315.0 -134.5 - +15,1
August  424.0 353.4 647.9 =  229.0 =70.6 +223.9 - ~194.1
September 208.0  14.1 348.0 = 70.6 =193.9 +140.0 - =137.4
October 265.0 238,7 257.3 =~  314.8 «26.3 =7.7 -  +49.,8
November 262.0 132.0 96.0 - 38.4 =130.0 -166.0 - . =223.6
December 3.2  58.9 0 - 17.6  +55.7 =3.2 - +14.4
Mean rainy days
January 0.2 0 0 0 1 “0.2  =0.2  «0.2 +0.8
February 0.5 0 0 0 1 —0.5 =0.5  =0.5 +0.5
March 1.2 2 1 0 3 40.8 =0.2  =1.2 +1.8
April 5.0 7 6 1 8 +2.0 +1.0 -4,0 +3.0
May B.5 4 5 10 7 4.5 =3.5 41,5 =1.5
June 20,7 26 27 - 27 +5.3 46,3 - +6.3
July 24.2 30 18 - 25 +5.8 =6.2 -  +0.8
August 29,2 22 23 - 19 “7e2 =6.2 -  =10.2
September 12.2 9 20 - 8 ~3.2 +7.8 - =4.2
October 11,2 13 12 - 15 +1.8  +0.8 -  +3.8
November  10.5 8 7 - 2 +7.5  =3.5 -  =8.5
December 0.5 2 0 - 1 +1.5 =0.5 - 40,5

e i

( contd. l)



Appendix II {(contd.)

Mean relative

humidity at 7 2.m. (%)

Months lgggf% Actual Deviation from noi:mal

1980 1981 1982 1984 1980 1981 1982 1984
Jenuary  79.3  80.0 82.0 81.0 80.7 +40.7  +2.7 +1.7 +1l.4
February 84.5 87.0 83.0 92.0 81.7 +2.5 -1.5 +7.5 =2.8
March 87.5 89.0 87.0 91.0 87.8 +1.5 -0.5 +3.3 +40.3
April 89.7 91,00 90.0 89.0 92.4 +1.3 40e3  =0.7 +2.7
May 92.3 90.0 91.0 91.0 980.4 -2.3 1.3 =1.,3 =1.9
June 95,5 96.,0 97.0 " - 94.1 +0.5 1.5 | - ~l.4
July 96,3 96.0 96.0 - 95,4 -0.3 -0.3 - -0.9
August 95.8 96.0 96,0 - 94,5 +0.2 4+0.2 T - -1.3
September 95.0  95.0  96.0 - 9d.1 D +1.0 - =0.9
october 95,0 96,0 95.0 - 89.0 +1.0 ) - -6.0
November 92,5 90.0 92.0 -  90.4 - =2.5 =0.5 - =2.1
December 83,7 85.0 84.0 - 87.3 +1.3 +0.3 - +3.6

‘Mean relative humidity at 2 p.m. {#%)

January 35.9 36,9 41.0 39.1 49.5 +1.0 +5.1  43.2  +13.6
Februaxy 35.9 33.4 31.9 31.4 41.2 =2.,5 4.0 =4.5 45,3
March 39.4 42,0 37.4 43.3 45.6 +2.6 =2.0  +3.9 48,2
April 51.5 50,0 51.2 48.3 60.0 -1.5 “0e3 =3,2 48.5
May 60,6  $6.2 57.7 54.3 B54.6 ~4.4 #2,9 =5.3 «5.,0
Juna 76,8 80.3 83.2 - 88.4 +3.5 +6.4 - +11.6
July 81.7 82,3 77.2 - 78.4 +0.6 ~4.5 - -3.3
August 79.8 79.1  77.3 - 73.2 0.7 =2.5 - «6.6
September 69.9 67.6 72.8 - 69.8 ~2.3 +2.9 - -0.1
October 68,3 71.2  71.4 - 68.0 42,9 +3.1 - =0.3
November 61.1 58,8 59.3 - 54.8 ~2.3 -1.8 - -5.3
Decenber  48.6 51.0 43.8 - 49.8 42,4 ~4.8 - +1.2

(contd. )
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Mean maximum temperature (°C)

Monthe Normal Actual . Deviation f£rom normal
19%70-79

1980 1981 1982 1984 1980 1981 1982 1984

January 33.2 33.5 33.7 34.1 33.2 +0.3 +0.5 +0.9 0
February 34.9 35.7 35.8 36,2 35.0 +0.8 +0e9 +1.3 +0.1

March 36.6 36,2 37.0 36,6 35.8 0.4 4+0.4 0 =0.8
April 35.4 35.6 36.1 36.4 34.7 4+0.2 0.7  +1.0 =0.7
May 33.3 35.3 34,5 34.9 35.7 +2,0 +1.2  +1.6 +2.4
June 30.2 30.0 28.7 - 29.1 0.2 ~1.5 - =1.1
July 28.4 29.0 29.6 - 28.4 +0.6 +1.2 - 0

August 29.1- 29.1 29.0 - 28.9 o -0.1 = =0.2
Septenber 30.6 31.0 29,9 - 30.1 +0.4 =047 -  =0.5
October 31.4 31.7 31.2 - 30.1 +0.3 “042 - =1,3
November  31.9 33.1  32.3 - 32.4 +1.2 +0.4 -  10.5

December 32.9 33.6 33.5 - 32,6 +0.7 +0.6 - =0.3

Mean minimum temperature (°C)

Januazy 19.7 19.5 21.1 20.4 22.0 =0.2 +le4 +0.7 +2.3

Pebruary 20,9 20.7 21.1 21,1 23,8  =0.2  40.2 40.2 +42.9
March 23.2 23.2 23,5 23.5 23.8 0. 40.3 +0.3 0.6
aprll 124.4 25,1 25.3 25,2 24.6  +0.7  40.9 40.8 +0.2
May _ 24,2 25,2 24.6 24.8 25.6 +1.0 +0.4  +0.6 +1.4
June 22.8 23.5 23.3 - 2249 40.7  +0.5 - 40,1
July 22.5 23.1 23.5 - 23.0 +0.6 +1.0 - 40.5
August 22.7 23,1 . 23.3 - 23.2 +0.4 +0.6 - +0.5
September 23.0 23.5 23.7 - 23.1 +0.5 +0.7 -  +0.1
October 23,9 23,3 23.4 - 22,0 =0.6  -0.5 -  =1.9
November 22.3 22.6 22.3 - 22,5 40,5 0 - 0.2
December 21,0 21.9 21.4 - 19.5  40.9  +0.4 - =1.5

{contd., )
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Duration of bright sunshine (hf day™L)

Months
Normal Actual Deviation from normal

1970=7% 1080 1981 1982 1984 1980 1981 1982 1984

January 9.8 10.0 9.7 10.0 8.0 +0.2. =0.1 0.2 =1.8

February 9.6 9.9 9.9 9.9 B.3 +0.3 +0.3 4+0.3  =1.3
March 9.4 9.3 9.5 9.3 7.4 +0.1 +0e1  =0.1 =2.0°
April 8.8 8.5 8.7 9.1 7.3 -0.3 =0.1 +0e3 ~=l.5
May 7.1 8.2 7.8 7.3 9.3 +1.1  +0.7 4+0.2 +2.2
Juna . 3.9 2.4 1.7 - 2.1 -1.5 -202 - -1.8
July 2.4 2.8 4.0 = 3.1 +0.4 +1.6 = +0.7
August 4.2 4,5 3.3 | = 5.4 .3 =0,9 - - +1.2
September 6.2 74 4,6 = 6.1 41,2 - =l,6 =~ = =01
Octcher 6.3 6ol 5.5 | .= 6.0 ~D.2 . =0.8 - =03
November 6.9 7.5 7.2 | - 7.2 +0e6 +0.3 - +0.3

December 8q9 B.6 2.0 | - 9.0 =0,3 +0.1 - +0.1 .

Evaporation (mm day’l)

Janvary 6.3 6.1 5.8 6.4 5.0 =042 =C.5 40,1 =1.3

February = 6.6 6.9 6.6 6.2 5.2 403 0  =0.4 =1.4
March 7.1 7.0 6.9 7.0 4.8 ~0.1  ~0.2 =0.1 =2.3
April ' 6.5 4.4 6.2 7.2 3.9  =2.1  =0.3 +0.7 =2.6
May 5.5 5.9 6.2 5.6 5.1 0.4 40,7 +0.1 =0.4
June 4.5 3.9 3,58 = 0.8 =0.6 =1.0 = =3.7
July 3.6 3.6 3.9 = 0.7 0O +0.3 = =2.9
August 3.7 3.5 3.8 = 1.8 =0.2 +0.1 - =1.9
Soptember 4.5 4.3 4.3 = 3,3  =0.2 =0.2 - =1.2
October 3.8 3.8 4.3 = 2.2 O +0.5 = =1.6
November 4.4 3.8 3.3 = 3.6 0.6 ~0.5 =~ =0.8

Decemidear 5.3 = 4.5 5.4 - 3.7 =0.8 +0el - =1.6




Mean weekly meteorological data at Pattambi and Kayamkulam

Appendix III

during 1980

-

Azolla growing season

Non~growing season

Temperature (°C)

Temperature {°C)

Standard . . Standard

week Maximum Mindmum weak Maxdmmm " Minimum
PTB* KY{LM* PTB  KYLM PTB  KYIM PTB  KYIM

23 29,5 31.6  23.1 23,6 1 '33.4 33.6 19.8 20.4
24 31,6 32.7 23,9 24.8 2 33.4 34.2 20.4 19.7
25 32.6 30.7 23.5 24.2 3 33.3. 34.3 . 19,9 19.1
26 28,9 30.7  23.1 24.0 4 33.7 - 33.4 - 17.8 19.0
27 28.5 31.0 23.1 23.2 g 34,0 33.4 20.1 22.9
28 28.8 29.6 23.2 23.2 6 35,1 34.1 -20.2 20.7
29 29.5 29.6 23.4  23.6 7 35,0 . 33.8 - 20.6 20.1
30 27.3 29.9 22,9 22.8 8 37.0 33.4 - 20.7 21.3
31 29,4 30.1 23.2 23,5 ) 36.3° 34.0 - 23.0 23.5
32 20,5 31.6  23.1 23.7 10 35.9° 34.0 - 23.3 23.6
33 '28.4 30.0 22.8 23,3 11 35.9 34.6 ° 22.8 23.3
34 26,9 30.6  23.3 23.7 12 37.4 34,9 -23.1 23.3
35 ‘29,8 31,1  23.4 23,6 13 36.1° 35.2 24.2 24.2
36 29.7 31.6  23.7 23.9 14 36.1 33,5 - 23.8 23.8
37 31,0 32.0  23.8 23.6 15 35.6 . 34.5 26.3 26.0
38 31,6 32.6 23,1 23.7 16 35.8 34,5 25.1 24,9
39 31.9 31.4  23.5 24.2 17 35,0 34.5 25.0 25.0
40 31,3 31.1  23.8 24.1 18 35.2° 33.7 24.8 25.2
41 3z.3 31.0 23.2 24.3 19 35.6 34,0 25.3 25,1
42 32,2 30.5  23.7 24.2 20 35,7 34.2 25.3 25.4
43 31.6 31.6  23.5 23.6 21 35.2  34.5 25.6 25.7
44 33.8 32.2  21.9 23.4 2 32.8  32.3  24.4 24.6
45 33.8 32.7  22.4 23.3 49 '33.3  32.4 21.9 22.6
46 32.2 31.9 23.5 23.8 50 34.0 32.7 23.0 23.0
47 32.8 32,0 22,8 23.5 51 32.8 32.0 21.6 22.8
48 33,2 32.6 22,3 23,1 52 33.1  31.4 21.2 22.2
Mean  30.8 31.2  23.2 23,7 35.2 34.0 22.8 23.0

% PTB = Pattambi

« KYIM -~ Kayamkulam

(contd.)



Appendix III (contd.)

Azolla growing season

Non~growing season

Rainfall Rainfall

Stﬁggﬁrd Quantity (mm) Number of S?Sggird Quantity (mm) Numbexr of

rainy day - rainy day

PTB  KYIM PTB  KYyIM PTB  KYIM PTB  KYIM
23 338,7 218.6 6" 7 1 - - - -
24 53.2 32.6 5 3 2 - - - -
25 215.3 151.3 7 4 3 - - - -
26 306.1 157.8 7 6 4 . - - - -
27 330.1 142.4 7 5 5 - - - -
28 252,4 170.4 6 7 6 - 2.4 - -
29 155.8 102.8 7 5 7 - - - -
30 155.6 122.6 7 5 8 - - - -
31 48,2  32.2 5 2 9 - - - -
32 83.8 29.7 2 1 10 - - - -
33 136.2 136.2 7 7 11 4,6 - 1 -
34 73.0 66.8 5 6 12 - - - -
35 32.6 20.4 5 3 13 6.3 12.2 1 1
36 13.5 40.6 3 i 14 36.8 69.6 3 3
37 - 4.6 - 1 15 - 5.4 - 1
38 85.2 24.0 1 2 16 12,0 38.4 2 1
39 37.8 66.8 4 4 17 48.4 41.0 2 2
40 46.4 66,8 4 3 18 5.0 34.2 1 2
41 127.4 57.8 5 3 19 2.4 45,2 - 2
42 25.4 29.8 2 1 20 10.4 35.2 1 3
43 37.0 193.2 2 4 21 26.6 - 1 -
44 - 13.8 - 1 22 101.4 62.7 3 5
45 31.0 4.8 2 1 49 105.8 - i -
46 75.8 12.9 4 4 50 - 29.0 - -
47 25.8 - 2 - 51 2.2 11.0 - -
48 - 12,2 - 1 52 - 1.3 - -
Total 2686.0 1950.0 105 87 253.9 346.3 16 20

PTB - Pattambi KYIM - Kayamkulam (contd.)



Appendix III (contd.)

Azolla growlng seascn Won-growing scason
Standard Relative humidity (% Standard Relative humidity (%)
veck Forenoon Afternoon ook Forenoon Afternoon
PTB KYLM PTH KYLM PTB KYIM PTB KYIM
23 26 =13} 79 75 1 85 92 41 47
24 96 92 69 70 2 72 86 36 37
25 95 97 83 81 3 78 92 35 34
26 S7 96 89 81 4 86 91 33 42
27 97 96 82 76 5 38 79 42 B0
28 96 95 83 78 6 84 o1 36 45
29 7 96 0 84 7 87 89 32 45
30 97 S5 84 75 8 89 o1 22 49
31 95 85 73 70 9 92 93 44 60
32 95 96 80 74 10 93 91 47 56
33 97 96 B4 78 1l 91 93 40 51
34 96 96 82 76 i2 83 94 33 55
35 98 96 72 73 13 £9 92 50 53
36 96 95 76 65 14 91 94 53 64
37 94 g6 63 Gl 15 81 93 54 61
38 94 94 62 63 16 SO 92 48 62
39 95 95 68 72 17 94 92 52 el
40 95 a3 72 G9 ig SO 94 55 66
41 o7 96 69 70 19 1514 94 57 66
42 94 a5 75 75 20 o0 95 54 68
43 97 95 67 66 21 59 a3 52 61
44 94 95 50 60 22 S3 95 73 76
45 QG 95 57 57 49 93 95 55 60
46 93 95 65 68 50 £8 = 51 65
a7 89 95 60 63 51 B2 91 54 64
48 85 93 53 59 52 78 95 46 55
Mean 94.7 95.2  72.2 0.7 87.9 91.5  45.0 54.8
PTB = Pattambil K¥IM ~ Kayamkulam

(contd.)
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Azolla ¢growing scason

Non=-growing season

Standard yours of bright Evaporation SCMIATd yours of pright Evaporation
sunshine (mm day™) sunshine (mm day™!)

PTHB YL - PTB Xyriq FTB RyLsd PrR KYIM

23 1.1 2.6 . 4.1 4.3 1 10,0 10.2 5.0 3.8
24 5.8 8.7 4.4 3.7 2 10.1 10,7 7.0 4.2
23 1.7 3.6 3.1 4.5 3 104 11.0 6.6 4.6
26 1.6 3.2 2.8 1.7 4 9.8  10.7 6.1 4.0
27 3.1 4.9 4.5 4.3 5 8.9 8.5 5.7 4.3
28 2.0 2.3 3.7 5.8 6 10.1 9.4 6.8 4,7
29 4.1 2.4 4.1 2.5 7 9.8  10.7 6.7 4.3
30 2.5 4.8 3.2 2.8 8 10,4 10,9 7.5 4.6
31 2.7 4.2 2.8 3.1 9 9,7 10.1 6.9 4.2
32 5.6 8.4 4.2 3.6 10 9.7 8.6 6.8 4.4
33 2.4 2.5 3.4 2.9 11 8.8 10,1 6.7 4.5
34 4.7 6,8 3.7 3.1 12 10,0 10,7 7.1 5.0
35 5.6 5.2 3.7 2.9 13 9.5 9.7 7.3 4.3
36 6.3 7.2 4.0 3.8 14 8.9 8.2 5.9 3.6
37 8.2 9.6 4.3 3.7 15 8.7 9.3 5.9 4.1
38 9.1 8.6 5.2 4.2 16 7.6 8.2 6.6 4.6
39 6.3 5.8 4.1 2.8 17 8.4 9.4 6.7 5.0
40 6e3 5.6 3.6 3.0 18 8.6 8.8 5.8 3.7
41 562 3.9 4.7 2.2 19 9.1 9.6 6.3 4.6
42 4.3 4.5 2.7 2.9 20 8.8 9.4 6.2 4.1
43 6.4 7.8 4.0 2,7 21 9.3 9.5 6.5 4.2
44 9.6 9,2 4.6 3.1 22 4.0 5.1 5.1 4.2
45 8.5 10.6 4.0 3.0 49 9.3 9.8 3.8 3.1
46 5.4 6.0 3.6 3.0 50 9.0 9.3 4.2 3.1
47 7.1 6.4 3.6 2.4 51 8.2 7.8  4s4 3.0
48 8.9 9,0 4.3 3.0 52 7.6 7.6 5.2 2.5

Mean 5.2 3.9 3.4 9.1 9.5

. 5.9

G6ed

4.3

PTB ~ Pattambl

KYid -~ Kayamkulam



Appendix IV

Cost of cultivation of rice ha™>
Pair Men Homen amount
® R8.50/= ® Rs.25/~ GR3.18/= Rs,
Preparatory cultivation
Trimning and repairxing - 10 - 250.00
bunds
Ploughing (thrice), puddling
and levelling with tractor - - - 720.00
(12 hr at Rs:60 hr"‘l) ) ; =
E Tctal - 10 - 970.00_'

Seeds and_sowing
Cost of 70 kg seeds - - - 210.00
at Rs.3 kg"l . ;
Ploughing (thrice) and . - ;
levelling ' : 2 100.00
Taking beds, sowlng seeds
and plant protection includ- - 1 - 50.00
ing cost of chemicals -
Uprooting seedlings - - 6 108,00
Transporting and spreading - -
seedlings 2 50.00
Planting - - 30 540.00

Total 2 3 36 1058.00
After cultivation
Weeding - - 30 540.00
Spraying (thrice) - 6 - 150.00
Ekalux, 1.0 1 at Re,94 171 - - - 94.00
Dimacron, 0.25 1 at Rs,196 151 - - - 49.00
B.H.C. 50%, 245 kg at Ree13 kgt - - 32,50
Hinosan, 0.5 1 at Rz.199 I"l - - - 99.50
Dithane M 45, 2.5 kg at Re.55 kg - - - 137.50
Liming material, 2%0 kg
at R8.0.67 kg-i - - = 167.50
Application of lime - d - 25.00

Total - 7 30 1295.00

(contd;)



Appendix IV {(contd.)
Pair Men Women .  Amount
@ Rs.50/= @RS.25/= & R8.18/- Rs,
Harvesting and processing
Harvesting - - 30 540.00
Transporting and threshing - 15 - 375.00
Drying and cleaning paddy - )
and drying straw z 5 140400
Total - 17 35 1055.00
Total cultivatlion charge
without the application 2 37 101 4378.00
of organic manurae or
fertilizers
Cost of fertiligzers and
thelr application charge
Urea, 195 kg at R8.2.45 kg =~ = - - 477.75
Mussorie phosphate, 189 kg
at Rs8.0.75 kg~t - - - 141.75
Muriate -of potash, 72 kg
at RS.1.50 kg™t - - - 108.00
Transporting and appli- - 2 - 50.00
cation of fertilizers .
Total - 2 - 777.50
Total cultivation charge
including cost of £full dose 2 39 101 5155,50
of fertilizer
Cost _of organic manures
and thelr application charge
Cattle manure 5 t at Rs.150 £+ - - 750,00
Green leaves 5 £ at Rs,.200 g1 - - 1000.00
Azolla 5 t at Rs.100 t~! - - 500 +00
Applicatlion of organic manure (5 t) 5 - 125,00
Additional cost of transporting,
threshing and cleaning paddy
consequent to increase in yileld 6 3 204.00

due to the application of full

dose of fertilizer

Local rate of grain and strave

Grain
Straw

R8.2 kg™t
Re.1 ko=l




ECOPHYSIOLOGY OF AZOLLA AND ITS MANAGEMENT
FOR RICE PRODUCTION

By

D- ALEXANDER

ABSTRACT OF A THESIS

submitted in partial fulfilment of

the requirement for the degree

Boctor of Philosophy in Qgtnnumy

Faculty of Agriculture

Kerala Agricultural- University

Department of Agronomy
COLLEGE OF AGRICULTURE
Vellayani - Trivandrum

Kerala - India

1985



ABSTRACT

In order to explore the agronomic potential of azolla
for rice production, an investigation entitled 'Ecophysiology
of azolla and its.management for rice production' was carried
out at the Regional Agricultural Research Station, Pattambi,

during the years 1980 to 1984 with the following objectives:

1. To study the influence of environmental conditions

on the growth and establishment of azolla.
2. To assess the nutritional requirement of azolla.

3. To £ind out the time of application and optimum
quantity of azolla inoculum required for growing it

as an intercrop with rice.

4. To ildentify the geometry of planting rice favouring
the multiplication of azolla in the f£ield.

5. To study the rate. of mineralization of azolla

caompared to other organic manures.

6. To evaluate azolla as an organic manure and explore
the possibility of reducing the fereilizer require-

ment of rice by the use of azolla.

Based on a preliminary survey, three regions showing
high, medium and low natural growth of azolla i.e., Kayamkulam,
Pazhanjil and Pattambl respectively vere identified,

The fleld experiment to £ind out the best time and optimum

quantity of azolla inoculum consisted of three times of



application, one, two and three weeks after planting and four
quantities of inoculum, O, 200, 400 and 600 g m 2. The
experiment for identifying the best method of planting rice
favouring maximum growth of azolla had six treaﬁments (20 cm x
10 am and 40 cm x 5 om spacing each in east-west and northe-

south directions, bulk method and £allow).

The experiment for evaluating azolla as an organic manure
consisted of six mainplot treatments i.e., cattle manure 5 €,

1 and control.

green leaves S5 t, azolla 5, 7.5 and 10 t ha”
There were five subplot treatments (0, 25, 50, 75 and 100 per
cent of the recommended dose of 90:45:45 kg N, P20S and Kzo ha"l).
Besideé. two pot culture experiments were also undertaken. One

of the pot culture trlals was aimed at for studying the effect

of N, P, K, Ca, Mg, Fe and Mn at 20, 20, 40, 40, 40, 2 and 0.5 ppm
raespectively on the growth and nitrogen content of azolla. The
second pot culture study was on the mineralization of azolla
compared po the most ¢ommonly used organic manures l.e., azolla

5 ¢ and 10 t, dry azolla equivalent to 5 £ and 10 ¢ of £resh

1

azolla, cattle manure 5 t and green leaves 5 t ha — and control.

Soils of azolla growing locations had lower contents of
clay compared to non-growing locations and among the three
reglons, Kayamkulam which recorded the highest growth of azolla
had the lowest clay content, Soils of azolla growing locations
had higher pH values and avallable P contents. A similar trend
was noticed inlpH. EC value and P content of water of azolla

grawing location. Contents of K, Ca and Mg were higher in the



water that favoured the growth of azolla. Fluctuation in mean
maximum temperature was narrower at Kayamkulam during the
azolla growing and non-growing periods. Rayamkulam had higher
mean relative humidity value and narrower fluctuation than
tﬁat of Pattambi. A higher rainfall during the non-growing
season followed by a well distributed rainfall during the
azolla growlng season as experienced at Kayamkulam, was found

to be favourable for the growth of azolla.

Elimination of P affected the growth of azolla most and
the percentage of reduction over the controi was 19.8., Omission
of Mg and Ca also resulited in a reduction of 9.1 and 7.9 per cent
respectively over the control. Omission of nitrogen resulted
ina N contentlof 4,2 per cent. ExXclusion of P, Ca and Mg
reduced the N content of azolla significantly. Azolla growm:
in water without the addition of any nutrient had the lowast

N content of 2.9 per cent.

From the point of view of higher azolla yield, the best
time of application of aéolla was different for the first and
second crop seasons, While azolla inoculation at one: week
after planting was better for the first crop, inoculation at
three weeks after planting was found to be batter in the
second crop season. A higher quantity of inoculum at 600 g w2
was found to ke superior to lower levels lrrespective of the

50asong.

Under a low dnoculation rate of 100 g m"z, ore waek after

planting, bulk method secems to be the bhest among different



methods of planting rice studied, Solar radiation below the
canopy and water temperaturc werc the lowest under this system

of planting,

Results of the mlneraliization study showed that at 5 ¢t hd"l,

fresh and dry azolla were found to compare well with cattle
manure and green leaves at 5 ¢ ha."'1 in relation to N release
from sixth week to eighgh veek, At the level of 5 ¢t ha"l. the
peak percentage of N availlebllity from fresh azolla, dry azolla,
cattle manure and green leaves were found tc be 86.6 at elghth
veek, 78.9 at eighth week, 59.6 at sixth week, 86,0 at twelfth
week after’1nco:pcration,respectivaly. Both in the case of

1

fresh and dry azolla, a higher level of 10 t ha — was found to

slightly reduce and prolong the release of N compared to 5 ¢ héfl
At both levels of applicaticn, fresh azolla was found to bo
slightly superior to dry azolla regarding the rate of release
of N,

Under a system where medium duration rice varieties are
cultlvated giving a N, P205 and Kz
’a basal application of cattle manure at 5 t ha”

0 dosae of 90:45:45 kg over

1, substitution

of cattle manure by azolla either at 5 t or 7.5 t ha~* can

result in a saving of 25 per cent of fertilizer dosae. When
yileld increase is the objective and not the saving in ferti-

lizer cost, substitution of cattle manure or green leaves at

1

5 t ha ~ by azolla at 7.5 t hé"l is found to be promising for

medium duration rice variety. Among the combinations tried,

1

the treatmont receiving azolla at 7.5 ¢ ha ~ with full dose of



fertilizer recorded the highest grain yleld as well as straw
vield, it being significantly superior to all other treatment
combinations in grain'yield. Application of azolla at 7.5 ¢
and S5 ¢ ha'l with'full dose of fertilizer gave output-input
ratios of 2.07 and 1.91 respectively while green leaves at

1

5 ¢ ha =~ with fﬁll dosa of fertilizer showed an output-input

ratio of 1.88. Thus, even at a lower level of 5 ¢ hafl, agolla
can be a substitute for green leaves at 5 ¢ hé'l. From an
asgessment of the residual effect of organic manures in terms

of grain yileld of succeeding unmanured crop, lt was seen that

1

application of azolla at 10 t ha ~ was slgnificantly superior

to green leaves as well as eattle manure at 5 & ha~1.





