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INTRODUCTION

In order to achieve the challenging task of self
sufficiency in rice production the oniy possibllity secms
to be to produce more food from the same land, under
Indian conditions. The enhancoement of productivity per
unit area rejuires intensive management, which mainly
comprises G6f high level fertilizer application., All of
our high yielding rice varieties exhibit their production
potential only in response to increased fertilizer

application, especially nitrogen,

The energy crisis, the limited quantities of raw
material of mineral origin and high cost of fertilizer N
have brought the aspact of fertiliser uzage to the fore

front.

Reviewing the situation in Kerala, it can be seen
that rice is one of the most important crops, occupyin,
an area of about 7,9 lakh hectares out of a total
cultivated aras of 24,5 lakh hectares, But it produces
only 50% of the total rejuirement of the state, Morsover,
there is a tend~ncy among the farmers, recently, to jive
wore emphasis on other food crope due to escala ting cost
of chemieil fertilizer and the uneconomic situation. Henes

it has vecome highly essential to £ind an alternative,
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cheap and viable source of hiofertilzer for rice,

In this context, the rola of a tiny water fern
Azolla inhabiting in its fronds, a nitrogen fixing strain
of Blue Green aAlgae viz., Anabagng azollae can be made use

of,.

Azolla has already been identified as s potential
source of vioenitrojen for rice culture in countries like
Vietnam, China, Philippines, Thailand, Srilanka,
California and receantly in India also. ag 3 supplemantal
source of o, Azolla incorporation has oveen found €O be
more useful in sandy soils because of its slow releasing
eftect, thereby reducing the losses through percolation
(Mathewkutty, 1982)., ©Nitrogen fixed by azolla becomes
available to the plant indirectly through manuring of the

decaying bloom of azolla,

A number of preliminary trials have bsen garried
out on the potentiality of azolla for partly substituting
the N re,uiremcnt of rice., Jaikumaran (1981) reported

1 resulted in

that basal incorporation of azolla at 5 t ha
a saving of 25% of the recommnended dose of fertilizer i

for rice.

To ensure the availability of azolla in right time,

it saould be multiplied in some other areas ani transported
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to the fieli as and when re.mired, To do away with this,
dual culturing of asolla alon, with rice upto a certiin
period and then incorporating it in situ seems to be a
suit-ble proposition., Mathewkutty (1982) has confirmed
this as a feasible tochnolojy. However, the possibility
of saving fertilizer N by dual culturin azolla and

incorporating has to be lnvestigsted in det~il.

Majority of the -0ils of Keraia are acidic in
reaction, az20lla uay not nudtd Ly to the re uwired sxtoat
if dual cultured in highly acidic soils, 3Some prelliminory
investigations conducted at Pattambi, :doncompu and Karamana
also showed that azolla was not cominy up well when dual
cultured with rice in acidic soils. iowever, no serious
attempt has been made to make rice soils productivs for
azolla multiplication by liming, Therefore, it has become
necessary to ass,ass the exact guantity of lime re uired

for dual cualturing of azolla in these solils.

Taking all these factors into consideration, a
projaect on utilisation of azolla for rice in acidic sodls

was carried out with the following objsctives,

1. To examine the posaibility of Jual culturing of
agolla 4n acidic loamy 30ils of Kerala for rice escosystam,
2. to £4ind out the rejuirement o0f lime for dual

cultaring azolla in acidic soils,



3. to study the effact of dual culturing of
azolla in combination with lime and fexrtilizexr N on

Jrowth and yield of rice, and

4, to assess N gaving through azolla dual culture

and incorporation at active tillering stage,
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REVIEW OF LITEAATURE

The present investigation "Utilisation of agolla
for rice in acidic soils* was undertaken with the objoct-
ives of assessing the possibility of utilisation of
azolia in acidic loamy soils of Kerala for rice ecosystem
and to study the N economy through azolla dual culture

and incorporation at active tillering stage,

There are usually two methods of utilisation of
azolla in ric~ culture, Azolla is brought from outside
and incorporated basally, This involves multi:lic.tion
of azolla in a separate land and t:anagoi%uon to the rice
field. AzoOlla can also be j;rown as dual culture along
24th rice and subseguently incorporated whensver re uired,
This method 1s cheaper and can sasily be adopted by the
cultivators, 3everal investigations on tha benaficial
efrect of incorporation of azolla has bean conducted by
the previous authors. The present investigation is
intended tc study the performance of azolla grown as dual
culture in acidic rice s0ils and its efiects on the rice
crop. Hence review pertaining to the investigition is

confined to this aspect,



1 Dual culturing of azolla

It refers to the practice of growing azolla alon,
with rice in wet landa., The bencficlal efiocts of lual
culturiig in rice fields have veen reportad by many
investigators. sSufficient stress has also be=n given by
nany workers on the rate of inoculation ani time of

incorporation of the dual cultured azolla.

Silvester (1977) suggested intro luction of azolla
in the early stage of transplanted rice s50 as to comonletaly
cover the water surface, and then loweriny the water level
for several days to kill azolla, efrecting the ralease of
nitrogen. 23 per cent increase in grain yield was obtained
by dual culture in California (Talley et al., 1377).
singh (1977 a) registcred stimulated rice growth by
inoculation of a field with azolla at planting 2nd its
incorporation after multiplication. The possibility of
inoculating azolla at the time of transplanting of rice

has also been indicuted by Pillai at al. (1980).

The optimum rate of inoculation and correct time of
incorporation of the dual cultured azolla have peen studied
by many workers, +<hen azella was inoculated at the rate ¢of

0.3 kg B2

at transplanting, Govindarajan et al. (1979) jot
complete coveraje of the fiell in two weeks® tine,

Singh (1979 a,b) also could register increased rice yleld



when dual culturinjg was done at a rate of 0.1 kj m2,

He could get full coverage in 20-30 days,

patel et al. (1980) have indic ted the profitability
of inoculation of 1 t h3} of azolla at planting ani
incorporating it Z0 days later., Mathur et al,(1981)
opined that an inoculation rate of 0,3 k3 n~? 1s better.
But, 3rinivasan (1981) advocated a minimum inoculation

rate of one tonne of azolla per hectare, f£or dusl culture,

Benra (1982) obtained 20 per ceat yield increase by
inoculation of azolla at one tonne per hectare, while
Kannaiyan et al.(1982) obtained an yield ejulvalent to
20 kg N nat by inoculating azolla at the rite of 0.3 k, a2,
Mathewkutty (1982) has suggested that it i3 becter to
incorporate the dual cultured azollia at active tillering

stage.

Secanning through the results obtaineld by iifferent
workers it can be coicluded that dual cultur= of azolla is
a useful practice which can be adopted in rice to a large
extaent, It avpesars that an inoculation rate ranjing from
041 to 0.3 kg n~? at the time of transolantiny, is auf.iciont
for azolla dual culturinj. Hig:er rate can be preferred

for guick nultiplication,

2, Growth of azolla as influenced by soil reaction

The pH of the growin; melium i3 an important
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environmental factor deciding the growth ani multiplicilern.
of azolla., Ag azolla 48 grown by dual cultuxing with rice
in the present investigation, the pH of the rice soil wili
predominantly influence the pertormance of azolla ani
ultimately its ef:ect on rice, Many investigators have
attempted to trace out the pii gptima £or azolla jrowth and

4 £ixation.

Hickell (1961) reported that azolla grows well over
a pH range of 4,0 to 8,0, with pest growth at 4,0 to 6,53,
He also pointed out that a hi,h concentration of Calcium
is rejuired to balance the increased absorption of Iron at
pH 4,0, otherwise, the fronds of azolla sufiered from iron
toxicity. Ashton and Walmsley (1976) gsbserved that the
growth or Azolia filiculoides was maximum at a pH range of
3 to 6 with low lijht intensity (15,000 lux), but grew
batter at pH 9 to 10 when the 1i ht intensity was 60,000 lux,

According to Holst and Yopp (1976), ¥ fixation in
a20lla was optimal at pH 6, at 20°C. and it dscreased at
neutral pH, Killer ani Goldman (1979) recorded maximum
nitrogenase activity ia azolla grown i1 ponl water of pH 6,.5.
Later, Jayaprajasam (1981) observed that the d contont was
hi ,hast at pH 6.5 thouyn the hijhest fresah weight was

recordad at a pH of 5,5,
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3iagh (1977 a) recorded that azolla jrew better
in soils of pH 3.5 to 7 than in soils of pH B8, He also
revealed that very acidic sodls of pH 3 to 3.5 did not
suppomt growth and multiplication., Lumpkin and Plucknett
(1980) opined that asolla could survive in a pH range of
3.5 to 10, However, Watanabe (1977) suggested that the
optimum pH of water culture solution for azolla growth is
5.5, He also opined that asolla growth in flood water

uay be dif.erent ana should be determined separately.

It can be concluded from the investigations reviewed
hereabove that the optimum jgrowth and N £ixation of asolla

occurs at a pH range of 35,5 €0 6.5,

3. Nitrogen availability from azolla and nitrogen
economy jdue to asolla
3.1. buzl culturing
3.1.,a, Ritrogen avallabiliety
saubert (1349) observed that only 2 per cent of t e
N in the azolla blanket was released into the surrouading
environment. In 1i,uld medium, Venkitaraman (1962) recorded
4 tixation to the tune Of 3449 m, 100 ml™} atter 30 days of
azolla jrowth, 4 Chinese strailn of azolla released 14 to 21

pur cent >t its fixed nitrogen into water (shen et al,,1963),

Excretico, o»f fixed N as anmonia yas reported by

Poters (1575). Release of fixed N from asolla as am wnia



was also speculated by Watanabe et al.(1977), But, thay
could £ind only one ppm amconia in an originaliy N free
solution taxen f£rom a comtainer where szolla pionatg had

been grown,

Thus, a portion of the aitrogen tixel by the

AZollg-Angbsens symbiosis is supposed to be excretad, which

may benetit the rice crop in dual culture,

3.1.b, Nitrogen economy

Inoculation of azolla at ths time of planting as a
sclt su porting source of N for rice cron. has been
recomnended by Watanabe et al,.(1977), oJual culturi j of
azolla with wide Jdouble row spacing of rice plants helped

1 (anoa,, 1980).

to accumulate acout 70 ky ¥ ha
wizhuo xin (1982) renortal that inoculatis»n of azolla for
daal culture duriily the 36 days baiore nJ) after transplantii)
supplied = total of 149.7 kg N nal, Singh et al.(1982)
obtained a saving of 30 kg N nal by dual culturing of aszolla
alone., This observation aas becn suprortel by Mathewkutty
(1982) .,
3.2, Incorporation of aual cultured azolia
3,2,1. Nitrogen availability

Tsuzimura et al, (1957) obtaincd comparable rates of
decomposition for azolla and soybean leaves., A study on

the releise of an onia from dried azol:a in a submergsad soil
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indieated that, at 3o°c. the amnonia formed £rom the total
nitrogen of the dried azolla, measured at weskly iatervals,
was 13, 19, 22 and 75 per cent at Igt, 2nd, 3rd and 6th
waek after incubation. It appeared that nitrogen in azolla

was of slow release tyre (Anon., 1976 a,b).

Azolla ¥ i3 released slowly and its availability to
the zirst rice crop is about 70 ser ceant (Watanabe, 1977).
Singh (1977 £) founl that asolla decomposed after 8 to 10
days o€ i w.rooration and the rice crom was beneficted
noticeably after 23 to 30 days only, It is slso noticed
that agolla decomsosed rapidly in the s0il releasiiy 36 to
80 per cent of its N as ammonia within a perio.i £ 3 to §
weeks (38ingh, 1979 b). Higher recovery of i was obtained
by incogporation £ dual cultured azolla when compared to

that from Jecomposition of azolla in water,

The availability of N from azol.a was about 40 per cont
less than that from ammonical fertilizer, and ammonia released
was observed to bo moro rapil from fresh azolla than from
Aris1 aznilz (watansbe at al.,, 1977). de als0 noticed that
60 to 75 per cent >f the total nitrogun in azoila was released
ag ammonia, aft.r 6 weekxs of decomposition. sSubramanian (1981)
fou 4 that whe: azvlla was incogporated along with urea, the
nitrogen was released slowly due to t1e formation of

AzZolla-Urea ¥ Complex,



3.2,2, Nitrojen economy
In Chins, Liu (1979) recorded a saving of 37 to
45 k; N ha' by dual culturing followed by incorporation
15 to 20 days later. By inoculating azol:.a at the rate
of 0.3 kg n~2 one week after transplanting ind incorporating
22 days later, Govindarajan et al.(1979) could save
25 k; N h3l, Maghur et al., (1981) and srinivasan (1981)

have alao recorded similar trendis,

patel et al.{1980), from multilocational trials,
concluded that the inogulation of 1 t of azolla at planting
followez by incorporation 20 days later, couldl seonomise
30 kg W nal. several workers (anon., 1776 a} Anon., 1977
singh, 1977 a,c,01 Anon,., 1378 ap sSingh, 19783 Watanabe, 19793
Arunachalam, 19680 ani Subba Rao, 1981) zonciuwded that one
liyar oL azoi @ waljhiij 8 to 15 tonies of jreen nattar per
“eetare could be produced withadn a pariod of 8 to 20 days

nd incorporation of Lh> axee could save 30 to 50 rg hﬁi.

The <bove reports point towards the .« gt00my that
can be.,obtained by dual culturing followed by incor oration

of the dual cultured azolla,

4. Efiect of azolla on rice
4.1, wBowth
Bingh (1977 b,d) observed increase in plant hei;ht

and tiller nunber when one layer of azol:.a equivalent ¢3
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was incorporated &in rice fields,

Better tillering was ob.crved in azolla incorporated
plots (Subudhi and Singh, 1980). Jaikumaran (1981) reportcod
that applic tion of 5 ¢ n3! 5f asolla in conjunction with
75 p £ cent of the recomnended dose of 90 xg ¥ gave the same
heizht as that of 90 xg N alone, Hg alz20 observed, in the
same study, tnat 75 per cent ¥ along with azolla oroduced
the same leafi area index as that of 100 per cent N applied

either alone or with agolla or farm yard nanure.

However, Natarajan ot al,(1980) could obt :ia only a
marginal increase in these growth attributes by the 11COrpPo.

ration of asolla, either basally or 30 days after planting.

4.2, Yield attributes

Azolla applied in combination with urea increased
fillel grains per panicle over urea application ilone.
(Kulasooriya ani de Silva, 1977). Singh (1977 ¢) reported,
from a field experiment at Cuttack, that azol.ia incorporation

1 could increase tne nurber and welght

at the ratc of 10 t ha
of panicles per s u re meter in rice varieties I’ 8 and
Supriya.

Jaikunaran (1981) observed maximum panicle pro.suction,
maximum nunver of xilied grains per panicle, an: higher
percentage of £iliing tor incorporation of azolla at § t nat

combined with 75 per cont of the recommended Jose of N,
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With regard to 1000 grain ‘eijht, the results obtained for
the wbu.e treitiment ani 100 per cent X applicition were

compirable.

4.3. Yield

The iaflacnc~ of azol.a on jrain yield of rice has

becn reporfted by many workers,

Moore (1969), 4in his excellent review, concluded taat
rice yield was increased to t.s tune of 14 to 40 per cent
with azolla applic:tion, Thwyet and Tuan (1973) obscrv d
increased grain yields to the order of 10 to 25 ,er cent

by applying 10 t hal of azolla.

Azolla incorporation at the rate of 10 to 12 tonnes
per hectare sijnificantly increased rice yields (3ingh,
1977 b,d,s8). In another set 5f trials at Cuttack, by tas
above author (singh, 1977 b,d,s), the varictics 1R 8,
supriya, vani and CR 1005 recorded incresased grain ydelds
to the axteat -£ 12, 28, 24 and 25 per cent respectively,
in kharif and, 38 anu 41 per cent incraase yields were
recordea by IR 8 ani Kaliiya, respectivoly 4in rabi with

azolla incorpuration,

Incorporation of asolia gave 19 per ze-nt increase i
jrais yiold (scinivasan, 1977). Govindaraijan et al.,
(1379, 1980) revcaled tiat the combiacd avplic.tion of

azolla «ith fertilizer recorded higher jrain yiclds over
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fertilizer nitrojen alone an: tni. increase was comparable

to th t of an applic-tion of 25 kg fertiliser N hal,

The use of asola as jreen manure in Chiia jave
increase in jrain yleld to the order of 600 to 7% kg nat
{Liu, 1979)., Sawatdee and Seetonum (1379) reported that
iacorporation of 15 to 18 tonies of szolla 20 days after
transplanting could yield 31,5 to 3,7 tonaes of jrains oer

hectare ani was equivalent to that of 37,5 kg fertilizer hSl.

Incorporation of azol:a 2t the time of transplanting
with 7% per cent of the recomrended dose of d rejister 3
higher ;rain yiell than application of 100 ser ¢ nt N alono,
(sundarsm et al., 1979). Accerdin; to Arunachalam (1980)
inoculation or incurvoration of azolla befors or after
transplanting increased both jrain ani straw yield,
Natarajan =t al.(1380) could obtain increascd rice yicld in
all the seasons by the incorporation of azollia at thc ratoe of

10 t n3t

. Scinivasan (1980) observed that %5&&\ inoculatel
at the rata of 3 t hﬁx at the time of transplantin, anu
incorporate. 15 days aftcer planting gave comparable yields to

that of 25 xg o nal.

Talley an: Rains (1980) found that incorporatisn of
azollia to supply 40 kg N hil gave e uivalent yiells as that
fro a sxme juantity of inerganic nitroj 1, Ac.ordin to

subudhi anli singh (1980), incorporation of azolla at the rate



of 10 t ha' increased rice ylelds by 40 per cent over contgol,

AICRIP ¢rials revealed that azolla incorporation
increasel rice yields particularly in North - Eastern tracts,
In Kerala, Jaikumaran (1981) obscrv i that application of
73 per cent of tne recomuended lose of N along with the
incorporation of asolla is enough to proliuce as much gradn
yield as obtainel from 100 per cent N applied either alone
or in combination with farm yard manure or azsclla,.

Behra (1982) found that jreen anurin; fresh azolla
at the rate of 10 t ha’ at puddling increasecd the yiel® of
rice by 34 per cent and this corresponds with the application
of N alone at 30 kg hﬂl. He also showed that surface

=1

application of azolla at 1 t ha" five days after transplanting

recorded 20 per cent increase in yield of rice.

Kannaiyan et al,(1982) obtained grain yield on par with the
application of 20 kg fertiliser N nal

azolla at 0.3 kg m’z

» by ioculating

one vesk after :transplanting.

Singh et al.(1982) obtained comparable yiel 13 with green
manurin; of one layer of asolla or dual culturin; of azolla

with that ot 30 kg & ngl,

Based on the above reports, increased rice yields can
be expected by utilisation of azolla for rice either 18 Jial
culture or incorporation separately as well as combinedly,
Nevertheless, place to place variation in response was also

ohsarved.,
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5 BEffect 0f azolla on soll properties

Imorovemant in some of tae soil properties due to
asolia has been reported by many workers., From China it is
reported that soil orjanic matter content ind soil structure
were improved by the utilisation of aszolla in rice ficids
(Anon,, 1977),

Hizher total and available N, organic carbon and
available P were recorded fron azolla treated plots by
Arunachalam (1980}, Singh (1980) also observed that azolla
treated plots retained higher organic carbon content,

Venketaraman (1980) concluded f£rom t i« results of 422
testa, that organic matter increased from 1.%4 to 1,52 per
csat with no change in N content and a slight decrease in
P status. Total N build uvp in the scil was {ncreased by the
use of azolla (sSubramanian, 1981). Lizhuo-xin (1982) repurted
imorovement in the physieal, chemical anl biological propere
ties of 304l by the utilisation of azolia,

Jatkumaran (1981} could not observe nuch iifflerence
between azolla trzataed plots and fertilizer o applied plots
with regarld to total N, orgonic carbon, CidN ratio, avallacie
P a.3 exchangeablz K in thie soil, at Chala«uiy. Acvlication
of dried asol:a did not j3ive any improvaement o1 304l a;iregates,
{Roychoudhary et al., 1979),

The literature reviewed clearly iniicates tne posedbility
of azolla utilization zor rice by dual cuituring uple certain
perioi ini than incorporating it, Byt the optimum piH for .dual

culturin; has tJ be worked out for d:fferent conlitions,



Materials mw(/ /f(etéoa(;




MATL {IALo AU JETHODS

An experiment was conducted during the £irst crop
season of the year 1982-'83 at Mannuthy, Kerala, to
examine the possibility of utilisation of dual cultured
azolla in acidic loamy soils of Kaerala for rice. The
materials used ani methods adopted for the investigution

are jiven below.

i. S5ite of experiment

The experiment was conducted at the Agricultur.:l
Research Station, Mannuthy, in Trichur District of Korala.
The Station is situated at 12°32' North latitude anl
74°20" Bast longitude and at an altitude of 22,25 meters

above mean sesa level,

1.1, Soil
The trial was carried out in Block No.IXI of the
station durin, the f£irst crop season. Data on the physical

and chemical properties of the soll are gisen in Table i.

2, Climate

Data pertiining to weekly rainfall, mean maximum
and minimum temperatures, relative humidity, and mean
evaporation during the croppin; period, collected from the
meteorological observatory at Mannuthy, are given in

Appendix 1 and snown 4in Figure 1.



Table 1. Physical and chemical properties of
of the experimet:l aite.
1 Mechanlcal gcomposition
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The data cofresponds to standard wecks startinj
grom 9th July (staxting of 28th week) to 21st October
{closing date of 42nd waek), the period during w~hich the
trial was conductcd. The data showed that che weather
conditions Juring tne crooping ariod warce normal and

favourable for satisfactory growth of the ricc crope.

3. <@ason
The experiment was conducted lJuri:; the first crop

season of tne year 1982-'a3,

4. Cropping history
The experimental site was louble crooned wet land,

In the previous season a bulk crop of rice was cultivated,

5., Materials
S.1, Variety

The variety Triveni was used for the iavestigation.
It is a short -luration, photoe-insensitive variety rolcased
from the Rice research Station, Pattambi. rhe durati-n of

the variety varies between 95 o 105 days in Karala.

3¢2e Fartilizers anJd Lime
Urea (46. d), super phosphate (164 9205) and Muriate
of rPotash (604 KZO) were used for the experiment., <alcium

Oxide was used as tne liming material,
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5.3, Amolla

Azolla pinnaty was used for the study, It contained
91.2% moisture, and on Ary basis, it analysed to 3,464 N
Ne31% P, 1,35% K, @,198 Ca ani 0.67% Mg.

6. Methods
6.1, Treatments

The treatment consisted of f{actorial combinations of
4 lev 18 of nitroj~n (H) anl four levels of lime (L).

Levels of factor ‘!

n, -« 25% of the recommended dose of § /7~ <a
n, - 8504 of the recommended dose of N ’
ny - 7854 of the recommanded dose of N
n, - 1004 of the recommended Jiose of N
Levals of factor °‘L!
1, - 0 kg lime hal

-l
1, -~ 600 Kg lime hd
1, - 900 kg lime nal
1, - 1200 kg lime hal

Treatment combinations

by - 4uym 1M 137
150, 11n2 12“2 13n2
lon3 11n3 12n3 13n3
1,0, 11“4 lan‘ 13n‘
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6.2, Design and layout
The investigetion was laid out as a 42 factorial
experiment in Randomised Block Design with 3 replications,
The layout slan and allocation of treatments ror the

experiment are jiven in Figure 2.

6.3.a. Spacing and plot size
The gross plot size was 16,8 sg.n. (4,2 m x 4 m) with
a net plot size of 11,88 sg.m, (3,3 m x 3,6 m) with a spacing

of 15 cn in cetwean rows ani 10 cm within rows.

6.3.b. Border rows

Two rows of plants were left as border rows allaround
the plot, One additional row was left lenjth wise (4.2 m
side) to facilitate periodical sampling of the plant material
and an adiitional row was alsoc: loft osayond the sampling row

to aveid tne possible ef.ect on the net plot,

6.4. Details of field cultivation

The Package of Practicas of Kerala Agricultaral
University tor cultivation ot rice {(Anon., 1982} were
followed durin; the cropping period.

The main €1 13 was ploujhed, puddled anl laevellad
before transplantin;. Tyenty one day olil seedlin)s of
uniform jrowth were planted at the rate of two seedlin;s per
hill on 4-3-'93, Gap £1iliin) was done on the seventh day of

transplantin;,
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The crop was jiven two hand weedings at 20th and
40th days after transplanting. A five centimetre co itinuous
submergence was maintained in tne f£ield from the date of
plantin; upto ten days before harvest, Bamboo tubes of
30 cm length £itted with wirs mesh at one end were used to
drain the field,

6s.9.1. Application of fertilizers and lime
Nitrogen was applied as ocer the treatment schedule,

Uniform doses f 35 kg P,0, n3} ana 3s kg K,0 na' were

applied as basal dressing. An extra dose of 10 kg P,0, nat
was applied 10 days aftcr planting to all the treatments.
Lime was applied as per tne treatment schedule one

week before transplanting,

S5.4.2, Application of azolla
Azolla was nultiplied in plots of uniform fertility
ou.sidc the experimental plots, Inoculation of aznl.a was

2 to all the plots two days after transe

done at 0.3 kg m
planting. The azolla was allowed to rmultiply upto the
active tillerinj stage of rice and then incorporatcd after

drainin, the £4ield on ths previous day,

6.443. Plant protection

The lot of azolla used for inocilation was treated
with Furadan 34 granules ani the crop was sprayed with
Ekalux 254 LC against leaf rollers and Metacid 504 . against

rice bugs.



6.4.4. The crop was harvestaed after a period of 98 days

after sowing,

7. Observations recorded
Tele Azolia multiplicHtion rate

Areas of 0,29 8, .m. were narked randoaly at 3 apots
in each plot. The fresh weights of asolla in the marked
areas were noted 1t the time £ incorporatioa ani tae

multioliic tion rate was .orked out,

Tetde Rice
7.241, Biometric observations

ror periodical sbservations, t, ree sample units of
two hills x two nilis were randomly selectsd in sach plot
a4 suggjeated by wornez (1972), and tagjed., The following

obgery tions were recorded,

7.2.18,.Height

Hial jht was reccrded f£rom tue .~i3e of the plant to the
tip of tie topmost le £ at tilleriny n1 panicle initdation.
At tlowering ani narvest, the heijht trom the tase to the tip
of the tailest .anicle was taken, and thie mean heijht worked
out,
Te2.1b,Hunner of tillers per unit area

Total nurmber of tillers 5f all the hills in the
sampling unit at tillering ana ovanicle initiation were

recorded ani experssed as number of tillers per 8;.m,.



7.2.1c.leaf area index (LAIX)

LAl was calculated by adopting the method sugjested
by vomez (1372)., rour sample hills were uproted from tae
rov earmarxed ior the Same and leaves were ramovad fron
plants £9r weasuring tne lear area. wAI was computed using
the const :.nt 0,75 at active tillering, panicle initiation

anu rlovwerin, stages.

7e2.1d.0ry matter sroduction

The samples drawn out for measuriny the leaf area
ware also usecw £or assessing the dry mwatter proluction at
active tillering, panicle initiation and floweriny stages,.
At narvest the grain yleld aad straw yield were added

tugether to ‘et the dry matter proiuction.

7.2.18,Yield attributes
@ei. Huno2r Of paniecles per s .m.

In: ' >tal nwt ar of panicles from the 12 hills
selectad «18 countad .ni numoer of panicles per 8 ,.m,was
worked out.

8.2, Huncar of iilied grains par panicle

The main culm panicles from the 12 hills were tarashed

and numncer of filliex yrains (£), nuwcver of uniil.ed xatns (W

and wei,nt of fillei grains (w) wers datermiaed,

The rest of the panicles from all the the 12 hills

wer: also tnreshed an: number of unfillel yraiss (U), 2ni
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weight of f£illed grains (W) were assessed. From this data,
the number of f£illed grains per panicle was .-=lculate
using the tormula given alow (Gomez, 1972).

Nu ver of £1lled jrains per panicle = é x Wy

P
where p is the total number of panicles from all the 12 hills,

e,3, 1000 grain weight
From the values obtained for c»lculatiig tn= aum ex of
filiel jraias ver panicle, 1000 grai~ wei;nt was c-lmlateld
and adjusted to 144 moisturs using tae foraoula jiven by
comez (1972).

1000 grain weight = 100 « M x % x 1000
where M 13 tne moisture content of f£ilied grains.

e.4, Weig t per panicle
all the oanicles from the 12 hills werec weighc. and

welght per »anicle was calculated,

7.2.1£,Gpain yield
Drv weight of grain was recorded for the net 1arvasted
plot area, weight was aljusted to 14% motsture ind expressed

as yleld oex hectare,
Te2.1g.otrw yiald

straw harveste £rom the net plet was anifornly dried

ia su1 14 ht, welihed +nd expressed as straw yieli per “ectare.
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7e2.1h,Harvest Index
Harvest Index was worked out by dividing the weligat
of grain per hectare (Economic yleld) with tne sum total

yield of jrain ani straw per hectare (Biological yield).

7.3, Chemical analyses
7.3.1, Plant analysis
7.3.1a.Nitrogen content

Nitroaen content of the plant samnsles at the active
tilieriny, sanicle initiation ani floweriny stages and that
of jral. anl straw at harvest was dete mined by adopting

Microkjeldahl digestion method a3 sugyested vy Jackson (1967) .

7.3.1b.Phosphorus content

Phosphorus co:tent of grain and straw at harvest and
of plants pulled out &t activ tilleriny, .anicle initiation
ani flowering stag.s were determined tirou;n triple acid

extraction (932119 HAO4 34,50 :HCIO‘) anJ tharsafter estimated

4
colorimetrically by devc-lopin; vanadomolyb-dophosphoric acid
yellow colour ani read as Spectrophotometer (spectr iic 20)

as sSugjested by Jackson (1967) .

7.3.1c.Potassium content

Potassium cont nt of olants at active tillering,
manicle initiation and flowerin, stagos nd of grain and
straw at harvest were assesgsed throu;jn tripls acidd extraction

and thar~after reading in £8L Flame Photometer.
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7.3.1d.Protein content of ;rain
The nitrogen content of 5rain was estimate! °nl
the protein contcnt was computed by multiplying the N

content by a factor 6.2% (simpson et al., 1965).

7.3.10,Calcium and Magnesium content
The Calcium and Magnesium content of the samplas
were fouad out with ths triple acid extract by titration

with :DTA as suggestz by Jackson (1967).

7.3.1£,Uptzke of H,#,K,Ca and Mg
d,Pe,Ca and i3 contuents of plant samples at active

tilleriqg, panicle ianitiation any flowerln; stages ware
multiplie? with iry watrer yield and uptake of the nutricnts
at thesc stages was computed, The nitrojen, phousihiosus,
potassium, ¢zlcium nd magnesium contents of grain an  straw
were multiplied witn their respective yields anl valuas thus
obtained were added together to gat uptake of N,P,K,Ca and Mg

at harvest,

7.3.2., So0il analysis

504l sanples were drawn £from the field prior to
planting, a3t activ: tillerinj and panicle initiation and
im .e@diately after harvest iad dried in shade an: procassed

before analysiig.
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Te342a, PH

201l samples collected at 7, 14 and 21 days after
trpsplanting were used for the measurement of pH using an
Blico pH ueter after preparin; soils water suspension in
tne ratio >f 112,5 (Jsckson, 1967).
Tede2b, TOt:l N

Total nltrogen was estimatel by using Macrokjeldahl
digestion oet ©d 18 siguested oy Jackson (1967).
7.3.2¢, Availavle P

Avallable P was estisated by axtraction with sray
Nu.I solution un: tnereaft r dev loplng chloromolybdic acic
blue colour ani eiding on dpectronic 20 (Jackson, 1967).
7.3.,2d, Exchangesble K, Ca ani Mg

xchangaaple »~, Ca and Mg werr~ extracted by x<eeping
overnight and leachiny (ith 1N neutral amnonium acetate
solution., hxchangeable K was read using wEL Flame Phrtomotar.
“a and .y contents werce <gtimated ny titration wityr .1 as
81 ,gasted ny Jacxson (1967) .,
7.3e2as Organic Carbon

Jrganic caroon was determined by usin; the L:lkley
and Black (1934) method.
4, Sratistical analysis

Statistic-1l analysis was done usiag the analysis of
vorisnce tochni ue for Randomisec Block vesiyn as described
by Panse ané¢ Sukhatme (1978), Simple correlation among yield

and ylcl! components we.c also worxed out,
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RESULTS

The observations recorded were statiatically
analysed. Results obtained are presented below with mean
valuea in Tables 2 to 55 and analysis of variance in

Appandices IX to Vi.

1. Agolla
1.1. Fresh weight of azolla at incorporation

vata on the fresh weight 5 asolla multiplied upto
the time of its incorporation are presented in Table 2 and
analysis of variance in Appendix II,

It can be observed from the dat: that only the levels
of lime influenced the fresh weight, The levels of nitrogen
and the iateraction of nitrogen and lime 1id not have any
sijnificant effect,

There was an increase in the fresh weight of asolla

multiplied from the level 1, to 1,. towever, 12 aad 1

1 3 3
were on par in this regard., The mero level (i,) recorded
the minimum £ra2sh weight of asolla, it neing significantly
inferior to all uther levels,

The efrecta of nitrogen lev ls and the iategactions

were not showing a consistent trend,

20 rRice

2414 Growth characters



Table 2. Frosn wedight of aegolla (i:j/l"}d} at incorporation

fraat. wnts ny n2 n3 "4 rean
J.(f. 14497 1.343 1.443 1.343 1.407
11 <e5353 3.003 o703 2,800 20727
12 3.113 3.200 3.227 3, % 3,150
13 34550 342493 & 090 34307 Jedh
.an 24703 2.0647 4e331 4e335
e Tav o esile fOr wa 0.204 Lo igqa

Tanle 3. .iht of piangs (@ ) at activu tillorang

Troat wnts n1 n“ n3 n4 uan
10 bJ.Q -)907 51‘4 J3‘~l b).g
11 DG es o4 a0 Heat Dd e Lo
l‘g JT el 2364 S ed SLed oY
13 J}.B J-)ol 3‘.}.9 33. bu.b
"ban u‘SIG -):)Ub 500‘4 J&.O
Je ofr e de4d W Jee [ R C PO

Tablo 4. wight of plants (an) at panicic initiation

Treat. onts 0y ny Dy o, wan
lU )100 73.9 64.5 30.0 33.5
11 37.8 323 33 . a0 35.1
1‘.4 534 30a4d 34.2 3.9 32.7
13 5{1.9 30‘7 34.0 33.3 33‘3
mn 53-@ 31.“ 54‘3 35).0
Te I, . PRI KL w lase
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Taslo .. wight of plants (¢n) at flovering

-

Treat 2.16s oy n, oy 2, -’luariu
o 3.1 &le9 733 [3Y 28] vded
ll L3 e Lle3 ol e uze7 [R7/ I
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tgan e ed Bldald ©3e2 Swed
T ow ool e 28 ia a e 8 g o

Table 3. eight of plamts (@) at arv.est
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Troat wnts ny n., ng ng, tizan

1 22 2 243540 13ue7 2430 22043
11 wibe?  193.7 247.9 dot e 43240
1 <23e3 23D 24040 €904 239.5
wd.eD  243. 2875 234, 237,3

wan 4303 £31end 23542 2470
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2.1,a. Haight of plants

Data on mean height of plants at active tillering,
panicle initiation, Zflowerin; ana zarvesting stages are
pres=21ited in Iablas 3 to 6 and analysis of viriance in
Appendix 11,

The plant height is seen increased by nitrogen levels
at all stages and significantly at the activs tillering
staje. At this stag~, the lev 1 n, was suserisr to By and
ny evan though on par with na. fhe laevels n1 and "2 were

lso on par at this stage.

at all other stajas, the levels n, an: n, gave

4
comparatively higher vilues than the lower lev~ls ny an. n,.

The influence of lime on plant haight, however, was
not significant at any »f the stages. bBut there w:is a
soecific trend observed by lime application. Inze level l1
showed a substantial increase in plant haeinlit over 10 at all
stajes. Further incr=ase in plant height over 11 was only
negligible.

At none of the stages, the interaction of nitrogen

and lime wis si jnificant, with regard to ~lant height,

2414w, dumver of tillers
Jdumoer o. tillers per m2 at active tillerin; anl
panicle initiatirn stages are presented in rables 7 to 8 and

analysais of varianc. in Appendix Ii.
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Tabio Le wrber of tillors at panicic indciation stage

VAR D S et . A A T bt . A

T S A W O S A

Treat o . n wan
b S S SO WU

i 233.9 2.3.3 24344 23042 235.3
2oced 22444 250.0 47362 dnde2

'-A
LW

1, 23543 23547 29342 35547 245,"
1.3 2423 2390.0 24se3 435,17 29 sex
an 44343 247.5 200.3 cbab
I &5 iy o s = e o MWus "e @
Tahl 9. Laf area ikdex at agtive til..ring atage
ARG SR S, SO
i Je7da 754 et 3ts U Jenide
ll PO, Je 197 0302 Cre D7 Jawldo
12 PRET § Jen 13 tetu37 e300 setadts
13 P Jewdl Jetatsd Je9B0 « 3D
2801 0507 O.\JOI Celode jewda
we of = W03 w ' e ML= I, .
Tabic lu. L20f ar.g dnog . at panacic indtiation stagu
freativn.s 0y a, ny n, “an
i 0332 1. 33 1.232 1.314 1.144
Ll 1e 941 1..903 13053 1.359 1eodl
1 «9321 1.149 Jelut) le307 dedi0
13 Ned3 1,11 Ye327 1.340 1.139
Lan 7743 le1d0 1.312 1.340

- ‘f)r 4 = {}.)’I{) . 3. . .o i, .



35

Tahlo 1l. «£af area index at floworing staga

Treat 1.nto ) n, ngy n, *an
1 1.157 1300 1.07) 14717 1.450
1 14209 134 1,331 14030 1,913

1& 14040 .43 1,357 1,075 14497
13 1.l00 1,359 1,734 29029 1.070
wan 1.13% 1.3%0 14349 lewi3

- ;fur d e On1bb PRE-TNT PR Dt w ls o

Table 1d. Ty abtor raduction Uy ?ﬁl) at agtive trlooraing

el o oh R N T
i, J03e3 Loue 231,02 LTcee LY
i 2063 Ve 3350 JIsets 24743
1.2 241 bo o) LY VRS Lullew FRY Y
13 014 o4 24543 23 ety Dodss 243,
Qan 5150 ouled 573.3 537.5
‘30 .f\)r Il 14.33 & Jess BHw = "‘ e

Tabl: 13. ¥, att.r prauction (g hEt) at Sanicl: initiation

Traatys e nl '!‘- 5".3 HG i@an
lO 1511.1 1J47 o 1704 5 17%.-) 1311 2
11 15394 1703.3 17.2.2 1029.4 1713.0
l) 1-)31.& 1333.3 .1U&U.b 1@10.0 1703.‘)

14990 3734.0 174442 1Eloeb 1397 .0

an 1od0e3 134303 175¢,7 1.

Se «fOr T m 35429 CetlafOr L m 35,29 CetLfor My s TUeHE
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The effects of nitrogen, lime and their interactions
were not significant as regards the numver Ji tiliers per
gedare metre, at ooth the stagoes.

Jdowever, the udwer Ji tiliers was :tounu to show an
incruasia, trend from ny to n‘ at all the stages, Aamong the
levels ot lime, 1° recorded lower unbver > tillszrs at both

the stages.

2.1,c. Leat area Index (LAI)

iigan values of LALI at active tillering, panicle
initiation and flowaerin; stages are rescorded in Tables 9 to
11 nd analysis ot variunce in Appendix II.

trom .he results it could e seen thit ther:s was
sl jmificant Jdiftercace in LAI due to nitrog.n lev 1ls at all
staiges. wcwever, .he iifferences due to levals £ lione 18
well as intcractions wvere not significant,

Amoaj the lavels 9. anitrogen, ng recorde !l maximuam L .X
values rollowed by nge N, and a, at all stages., But at the
panicle initiation stage, the uwnl values recorde by ng and

n, were on par.

2.1,4, ory ~atter production

Data on dry matter production at active tillering,
panicle initiation, £flowering and harvestiijy stages are
presented in Tables 12 to 15 ani analysis of variance in

Appendix IXI,
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Table 14. ry matter production (ky hat) at £lowaring
e AL s w2
i s 25uTeL 333444 3035.7 Jodied 33£1.0
J.l 3791 '2 32910»’ 3792‘9 3bbl oG 34“913
1 254,43 3113.1 37Lder  380LLGTD 33035
13 &571.0 3’.39-& 3;13004 392)7.(—' 34 Mabd
ean 2501.3  3d2u.U 3734.9 3904..5
Je F0 I 5 LTl Je ofOr wom LT, Ca Jfur Mo = l74.1
Table l.. ¥y mattor productio s at harvast (i, '131 )]
froat «nto 0, n, n, n, an
l( 3709 4714 5017 2343 4592
11 435 47.¢ 5593 537 538z
1.2 37N 4454 5407 23592 4037
13 k ¥y 45348 24607 5391 437
Jan 363 471C 2333 ELITIR

B L . T e B e R N e o .

o EOX © 10101 [ FOr wum 101.1 ce ofOr WMuwm Igo,

Tabls 13. % 1hoxr of panicles por n‘£

— - -

Treatn.nto ny n ny n, ©an
10 170t 1,749 191.4 195,3 10843
i, 122.8  2.340 213.. 217.1 20544
13 Idew  102.. 20745 2lcal 201.3
Ban 1742 197,.1 2057 L 215.3

Se «f2r T m 1348 Co »FOr 28 1344 Uar afur Ma e e o
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siynificant influence was exerted by the levals of
nitrogen on dry matter yiell at all stages. The levels of
lime caused sijnificant differences on dry matter production
at all stages except at active tillering. The interactions
also had sijnificant effect on dry matter production at
panicle initiation an £lowering stages,

At all stages the higher levels of 4 have recorded
proportionate increase in dry matter production snd at the
active tillering an. panicle initiztion stagaes the lev:ls
ny and n, were on par, However, at all the stages n,
recorded the lowest dry matter procuction,

amon) the levels of lime lowest dry production was
siven by lo. The lavels 11. 12 and 13 gavc ity matter
pro luction values which were on par,

The interaction ef.ect of lime ani nitrogen has shown

the s me trend as that ot nitrogen,

2.2.a, Yield components
a.i. Numwer of panicles per mz.
vata on the mean nuiber of panicles »-r mz are
nresent~d in Table 16 3nd analysis »f variince 4n Appendix 11II,
The numoer of panicles ner n® was found to vary signie
ficantly according to the levels of nitrvogen as well as limc,

However, tae interaction of nitrogen an'® 1ir~ 1id not have

any si nificant influance on the 7unb~r of panicles,
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It i3 seen from the Table that the hijner levels of
nitrogen (n3 and n‘) gave signific- ntly more nunber of
paniclas than lower lower levels (n1 and na)., The lowest
nunber of panicles was given hy “1'

nit,, regard to the effect of lime on the nunber of
panicles, tne lev.l 11 was superior 3inificantly, the
value being on rar 1 ith the lev-ls 12 and 13. The level lo
rasulted in the ainlaum aunber, An increase of 12.1 Dser

cent was obt_ined ia the wumier of panicles, from 10 to 11.

a.il, ANuwaver of £illad jraiins per panicle.

Aean values on tne number of :silled grains per
panicle are presented in Table 17 anil analysis of variance
in Appendix III.

The number of filled grainz differet sijnificantly
4ue to th- nitrogen levzls only. ‘0 significant vardation
was obServad due to lavels o9f lime ani intaractions of
nitrogen :ni lime,

The maxinum nuonr of £4lled grains was obtained with

the level Nge the value obtiined beiay on snr with n the

3.
leval n, gave the lowest number ~»f £ille] ;r-aias per nanicle,
The nergentaye increise in the numbar »£ filled jrains per
panicle fro- o, to g mount 3 to 35,54 wher~as the corres-

poading increase fron ny to n, was only 37,75,

4



Tabiz 17. usbor of £illad gradms per oanjcle

RSN - o -

Treatmonts ny n, n, g tisan
l‘ 40630 34.57 53.42 51387 45.11
11 37.25 390,00 d.e50 5i.00 43430
1 40,33 32497 2409 5440 43437
13 375U 43.33 REPRCX | Stiat.d doend
Ban - 3Le95 39.“3‘7 S5leul 53.75 ‘
Se JBor V= 4,332 Lhwm 3, ML ® .Jeoe

Table lu. 1000 grain wazght {(g)

Treati ents ny n, n, n, ssan
lu &l.‘;) 2»-33 2304\) 2401] &&ogl
11 23403 23.43 24.93 2583 24 evd
ld 2237 22437 23.40 44,07 23423
1y 4143 23,73 23,21 44.13 43.10
"ean 2de32 23.12 23.u7 4400
we of0OX Il = 048930 Ce! 4B L v (935 Bl = Ig14

Tabl. i9,. aignt per aniclo (g)

Treauicnts oy n, ny n, Jgan
10 1.17 1.21 1.5 1.52 1.335
11 1.5 1.99 2.03 1eoo 177
iy 1.31 1.56 l.02 1.90 1.54
13 l.le lebD 1.49 1.93 1.31
Yean 1.20 156 1.72 1.72

.

ws ofur ‘e 0.256 s ofOr i m 0220 L w7

e .
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a.ili., 1000 grain weight.

Data on the rean welsht of 1000 grains are yiven in
Table 18 un. analysis & varlunce in Appendix IL1,

The 1000¢r-in weijlt was found to Le influenced
sl nificantly by aitroy-n cnd lime levels, but the inter-
actions »>f the f.ctors t1 1t ao significant effect,

Mdaximum weljhit was reco:dea oy the lavel Bae foilowed

by nje Ny and n sut tne vilues obtained .ita the nitrogon

1°
lev lg n‘ and na wWers® ¢ [arl.

amon, the lovele 9f line, ths highest veijht of 1000
qr2ins vias regist red oy 11, £ollowed vy 12 ard 13. The
lowest weight was obt inel with 10.

2.2,b, weijht per panicle.

wata on mean weijht per »inicla are 1iv-n in fablo 19
and analysis of variaice in appendix II1,

The ~aaicie weljht was iqfluenced significantly by the
lev 15 of the £ictors nitrogen an? lime, but not by thedr
interactinns,

The -axinum wel jht per »i3nicle was :lvea Ly tie

nitre jon level n e whicn was on par with n Me leivel a

4
recordel si mificantly lowest wel jht per »aalcle.

1

amon  the lev ls > 1line, 11 220 uce. pnlcles it
naxdmum weliht, the v~lues nein; on ~ar ith 12 nd 13. e

lowest weiqht per nani~l2 was obuxslned with 10.
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2.2.¢. Yield of grain.

The mean grain yield data are presented in Tible 20
and analysis of variance in Appendix III.

Grain yield was influenced significantly by the levels
of nitrogen and lime, whereas, the effect of interactions
was not significant,

Application of 4 gave sijnificant increase in rain
yield only upto the leval LAY The grain yield obtained at

the level n, was only alijhtly hijher than ny. The increase

4
of ;rain yield from g to n, was about 53.0:., The corres-
pondin; increase from n, to n, was 37,0%. The levels n, and
wl

ng recorded higher grain ylelds in the order of 2,66 t ha

and 2,72 t hal, respectively,
The level of lime 1, gave maximum yield of 2.45 t nal.
This was 9,25 hijhar than the grain yleld jiven by lo. The

values obtained at the levels 12 and 13 were on par with 11.

2,2,4. Yield of straw.

Dats on the straw yleld are given in Table 231 and
analysis of variancc in Appendix IXI,

It was seen that the levols of nitrojen and lime had
siynificant influence, As seen in the case of jrain yleld,
the interaction of the £ictors did not have si.nif{icant ef.e-t

on the straw yleld,



Tablo 20.  “rain ylold (kg hat).

Treat: s ny n, n, ng Loan
lL 18¢5 2209 2505 2515 2244
11 1810 2289 2G5 2802 2451
1 " 172 2212 2875 272 2340
13 1805 21486 2543 2750 2294
Ban 1735 2214 4357 2724
Sl oBOr ' & L245) Seite EO¥ W om L0 Wi e "o,

Taole 21. Jtraw yio.u (kg Bat),

Treatirnto ny n, Ny n, Ban
4 2064 2504 able 4711 2447
14 2.73 2479 2791 doTb 4303
i 2 2193 &4 12 2754 4919 35 30
13 2039 2515 2733 2933 2571
raan 2150 2490 275 Q030
—e o um 77039 eDeBOT um 77039 s @ g v,

Taole 43. wEveot likdax.

Treat w.ato ng n, n3 n4 Ban
J‘u 08435 Ued3u0 04003 $.4937 Je4737
1.1 Deg 23 0,8707 0,487 V.80 $.4723
i, Ne@427 Cob7th) 08l V.4uB3 Jed4705
13 UeBGU0 Vo450 U320 [FPY 19 X "10Q577
Jan Uedd2d L4372 D.4U40  (1.4907

Ce oFor I 8 00040 w W lgd e i m Heoe
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The straw yield was increased from 2,15 ¢ nal at ny

€0 2.86 t hal at nge
The data revealed that the level of lime 11 gave
maximum straw yiel.d and the value was on par with 12 and 13.

Sut all tnes. lev.ls were significantly superior to 10‘

2,2.e, :arvest index.

vata on the harvest indices are given in Table 22
and analysis of variance in appendix IXi.

It is evident that only tne levels oi nitrog:n exerted
8l jnificant ﬁnfluence on harvest index,

The narvest index values showed an increasing trend

trom the level n, to nye

3. Chemical studies.
3.1, yual ity characters.
d.1,a, #rotein content of rrain,

vata on protein content of grain are given in Table 23
and analysis of variance in Appendix 1V,

Only the nitroen levels showed a significant influence.
Neither thie levels of lime nor tne interactions h:d any
8i nificant efrect.

The protein content was founl to increase in accordance
with the nitrogen lev-ls, from n, to nge

Liming also caused glight increase in protein content

7. grain, even thoug: not significant,
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Table 23. “rotein content of grain ().

e e -

Troatints 0y n, n, ng Jigan
'LO 4437 Sl $5.33 7.49 5475
11 457 Hets3 TecH 768 3442
12 4.67 \3'13 ).13 7.5&4 3.13
13 4e57 5.25 7 oS0 7ebsts 3034
fBan 4437 D431 5.7 7485

Sedefor 1w @,727 Soa Lo, Hu s Ny W

abla 24. content of seraw { ..

Troeatis 3 y n, ng n 4 Tan
10 0837 (o637 +e513 793 Geb30
-Ll 3.013 0.547 0‘747 Je 353 0.64:‘)
13 Je347 4447 0ebl3 GeGn3 Jed90
13 \3;313 (e420 0.70J 14593 0544
Ban (e420 (3794 4] 0310 OeaB0
e of0r T » Uel3b +m Helss L & Nes.

Tabl. 25. . uptake (kg haY) at ectiwe tilicring.

Treat oka iy n, ny n, ‘an
1(} 2463 7.&’-5 1\’)-1!‘) TelS U.l&
11 Hedw 733 Q.? ! 9.13 7.71
12 3433 757 9.14 13- velt
13 6403 Setib 7415 793 7.11
faan <ol 732 Gebs? .00

- QEQE e 0.097 wom el B m 17,
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3.1,b. Nitrogen content of straw.

Mean values of N contents of straw are presented
in Table 24 and analysis of variance in Appendix 1V.

It was found to vary significantly due to thc levels
of nitrogen only. 1he levsl ng recorded significantly
superior nitrogen content in the straw, but this was on par
with Njye The content of nitrogen in the straw was lowest
at ng. the value bein,; on par with nae I'he laevels ny and

n, wecra also on par in this regard.

2
The influence of lime, ev n though was not sigmificant,
the level 11 registered marginally higher 4 content in the

straw,

3.2, Uptake of N.

Deta on the uptake oi N at active tillering, panicle
initiation, flowerinyg and harvesting stages are presented in
Tables 25 to 28 anJd analysis of variance in Appendix IV,

It is seen from the Iables that at thc stages of active
tillering an3i panicle initiation, the N upt:ke was influcnced
due to levels of nitrogan only. At flowerinj and harvaest
stages i niiicant difzerence was brought about by both
nitrogen ani lime, The interaction were not simificant at
any of the stages,

The upt:xe was found to increasa from the level nl to
n, at all t.e stages. Ihe increase was aijaiticant from n1
to ng at flowering and harvesting stages. At earlicY stages,

tie levels n, and n‘ wer~ on par,



Table 26, 11 ustake (kg h'n'l) at panicie initietion

Troat. onts Y n, ny n4 lean
lo 15422 19425 23403 21,97 2l.48
11 17.27 25.42 2 01 [y e 254,01
3‘& 1333 2349 2La15 29,75 24,29
1.3 17.49 24627 23, L 29470 24,58
an 15.(51 22496 27020 29423

L T - e b on e e m canem — e —

e «for 1 & 3.0 o Mo, Va8 iy o

I uskasa (kg nat) at floworing.

Tanle 27,

Treatuw.0ts oy n, Tig n, ©an
J'U 3417 43.31 Si.i4 37 etk 50.43
11 d.14 Qu e Shave TTec7 o 31
4.2 P e 37410 IHoedd SoeJ3 47425
-3 23643 34,03 57.34 3uew 435457
Ban 3004{) 39' g 59'71 69.95

- - - - o m s

- - - —

welaBOL 1 @ §e323 o oFOK L W GedE3  18fl = sieue

7 wrake (hy nal) at harvest.

Tanle 2u,
Treat. nts n n, a, Ban
\) 21.93 3(“17 35,47 Sde ¥ 35.14
11 2ue23 37033 53.57 M.J 3 42070
i 24433 32.27 40433 Sdeld 3575
i, <033 2087 51.36 S0 et
van 22.71 Jd0u 45.44 $3.49

se ofOr v w 4.241 Je afUr 4 m 4,341 Dl ®m e
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Both at flowering and harvestinj stages, 11 recorded
significant increase in N uptake over l,. The higher lovels
1, and 13 were on par <ith 11.

3.3. Uptake of P,

Data on the mean valuas of P uptake at active tillering
panicle initiation, flowarin; and harvestiny stages are
presented in Iabl.s 29 to 32 an. anilysis of variance in
Appendix IV,

The uptake was dififeri:> significantly at all stages
except at active tillering. fhe nitrojen levels influunced
the uptaxke at panicle initiation, flowaring an’ harvestingy
stages., Lime and N yx L interactions did not influence the
uptake at any of the stages,

The uptake increased significantly from the nitrogen

level n, to n., and ny and R, were on par.

3
kK Py Uptahe of K,

“ean values on the uwptake of K at active tillerinj,
sanicle initiation, flowering ani harv. stin_ stages are
oresented in Taples 33 to 36 and analysis of vardiance in
Appendix V.,

At active tillering stags, tha upt-ke was influcnced
by nitrogen only. At harvest, nitrogen, lims and their

interactions (nfluenced the uptake of t1e same,



Table 29. » uake (kg nEY) at active tillering.

froat. onts ny n2 Ny n, fan
l\,, 14293 1,507 1.533 1.3% 1.429
.‘.1 1.317 1.360 1,337 1.433 L3784
1 14237 14547 1edon l.303 l.4ie
l':l 1,337 1.347 14437 1.4917 1e407
{iaan 1,303 1440 14457 1500
ce o8 T e (., Ly B lg e W w duse

Tabla 3u. @y g (kg h‘é'l} at panidle initiation.

Trait Lhee m o, ny n, Qan
10 P Y 3e3u3 “e2l3 5..07 Ge27.
1'1 3e303 44473 54310 44503 40013
l‘: 3.437 &odl? 44380 Hell3 4,354
13 3,703 44233 5243 4,543 4000
!'san 375, 4.222 4,657 4.719
Se ofar 1 = Q034 s & Tlgae Wl = N, o

Tablo 31. ~ ustoke (kg hAd) at £loworin,.

Troat onto ay o, 0y a, Qan
l\ PPN ls] 9.347 94383 11.5 %) 94370
ll 7-7.}7 9.:.317 9.3‘.7,; :'.733 901&:.9
1, 7423 9,200  9.007 11,030  9.235
13 7130 te577 10.723 Y400 ey 5
Ban 7o 2% L) 94913 16 448

we ofor il = C‘.S "o a2 il te Bl w "y o
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Table 32. P uptake (kg hi") at harvost,

ot o 2 2
Troat. unts nl nz ﬂa nq -an

B e I Rt s N h e e e e -

i 13.00 13.53 17.90 loa3h 13.45
16,790 19,37 194537 17.94 13,97
13.3F  Lol.51 17.85 1947 15.55
12,73 19.57 17.53 19.45 13,31

e P T SN T - -

pan 13,04 15,74 § I 1ol

————— R T T R s e R - o e

e «fOr U e }.3u4 e @ el Rl = PR

.

rsbl 33. upten: (K, W8} at activ. tilloriag.

Troat onts oy n, 0y ng . 3an
l\" quaa 2 .237 J e R} 7.30’) ).Ul:’
ll 26020 Tefi33 felai EPRTY) 3934
J.“ 7 w290 Jev i is /13 7.617 54937
1.3 gt Taiwl 73717 PP ST} 1et373
aan ).430 Jobl\s );&d? Tade ts

we oEF I 1,333 w37y 14 M.m e o

Tabl. 34. 1 utakn (kg na"x) at sandcle indtiation.

ot e s nl n. na né {1380
1 21»17 1":14 41010 23.03 Jl. 4
Y I3 2020 2571 2340 aded
xy 21.41 21,44 22.47 24.4% 2302
3.3 allew & 24 407 24,9 24.:1 23447
‘Ran o .73 &1..—‘-‘5 23.3" 23.93

«3 = .J’.J. PR I:. v b:i.; n ‘5. »

)
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£ untake (ky hﬁl) at fiowering.

Table 38

Troatroenes n1 o, na j}i. ‘_.‘”han
lu 33,95 45,72 45433 01445 84403
11 35, 2 45.28 53.40 Sle94 43443
1 3L.75 4061 H50.34 24,03 wedd
13 35,77 45 .44 53.23 54471 47.31
£8n 35‘ o “.35 5‘.}. .J? 33 ‘03

Hoe ', w e e . Lo I, .

. . T S

hloe 36. AudXui. ik, M37) at »arv ot

Treatrungs nx n S n3 n 4 Ban
1.
13 35,92 44,53 43475 2142 44.4.
J.1 4 2d 43, 51.5 52.93 47,
.’.) 1)'19 4-)0‘)7 31 -04 5)3 074 47 00&4
'
13 33. 44437 et el lued?
Basi 35474 QoY $Yetid wd et
Selefor I &= 1,399 Cei ofuUl L o= 14300 JuLWPOr ks m 4,574

Table 37. <o uteie Lig BeY) at actave bil..rd o
"“
% T SO SR r i ﬂé ns n‘} 24an
i, e ST Guls7 Ca2.03 .31 Je963
L £aitO3 Cu3TT (327 Usduwr  04300b
s enD37 743043 NG3257 03290 743141
*3 Y 0.325 00,3200 81930 L3068
Laty (JedishHu 1o I03 tje3klo ve3dild
S o£r 1T & 34,013 ow lese IR ww igra =
N A
LR DTS
Y.
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At active tillering stage, the uptake was high at
n, which was on par with LY whica 4in turn was significantly

superior to Ny

At harvest, the uptak~ showed a corresponiing sijni-
ficant increase with increnental doses of nitrogzn. Among
the levels of lime, 11. 12 and 13 recorded si nificantly
superior uptake values than 1, at this stage. The inter-
action of nitrogen andi lime was si nificant at this stage.
It is sgeen from the .iables that maximum uptake of X was
recorded by the different levels of lime under the treatment

n It is also seen that all levels of lime under n

4° 1
racorded low walues and 10“1 has given the lowest value,
3.5, Uptake ot Ca and Hg.

Lata pertainiij to uptake of Ca and My at the various
stages are yiven in lables 37 to 44 and analysis of variance

in Appendix v,

At active tillerin; and flowerin) stages, only the
nitrogen levels exsrted significant influence on uptake of tLa.
at harvest, the nitrogen as well as lim= iafluwnced the Ca

uptake si,nificantly.

At all the stajes mentioned, it is seen from the
fables that, the Ca uptake was more at higher levels of
nitrogen (n; and n‘). Even though not si .nificant, the same

trend was observed at t ie panicle initiation stage also.



Tablc 3&. Ca uptale (kg h?‘) at panicic inisiation

Ire ton.nto nl n2 na n4 Ban
10 Oetil97  0a8473 149330 e 9437 Ge 809
ll SeBTT  1e9530s 1.0177 1.1937 1.103¢
is o3 LeTL3I 067233 1.,0557 9189
an Oet917  Le92E3 Je 9425 140690
Tas iy & w1y o 3" TV S PRI

Table 39. ca uptake (kg hBL) at flowerdng.

Treat. L;nw ) nl nz n3 . .ndﬂ ) a".-:i)’&’ri“ .
10 1.433 Lebtiaty 26000 24027 1..32
ld 1.50\! l.u42 2.14b J.égL' 1;947
1.3 1e537 1.053 2,245 Ledok le9cus
"an 1 W4bu 14072 24142 2.219
- cfk)r 1w \).113 we M . Bowm de .

fable 40.  Za ustaie (kg hEY) at harvust.

Traat nte m A ny ngy wan
lk) 24151 2e175 2400 3ei de?33
1‘ 20412 24791 3.304 344l 2497
12 26379 20823 3.227 3,459 24964
13 243035 2e0092 3.147 3041 de 952
foan L0334 24020 34154 3.410
Seitef0L M e Gol304 Cetefor we 04,1304 ML o .y o
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Tabla 41. g uptaks (kg h'é'l) at active tillering

- n e - ——

Treat onty ny n, ny n, | pan
1, 14244 0285 06279 06233 (e d33
ll Jedd2 72335 Oe256 Jed 37 e 230
‘3 ed52 06470 0ed75 11ed3/ 4edB3
13 )ed37 Jedhu (e2h9 sedsD Jead?
JGan o284 0252 Ded?4 vedTu
T m .ia w @ le o el w2, o

Tablu 42. 'y, uskake (kg ?ﬁl) at paniqti. indtiation.

- ot ae—. - . S . o o4 D 50 O ks 5 AP

Truatrenes oy n n3 a, an
1 N JedBY 0e312 CeTIl ‘724 e 337
11 Jegl 24739 [$ 7% 1oV e 770 VeI
12. Uasb-} 0.391 leé UQ?"V Q74£
13 \).544 00745 00773 etsdd s 144
shan Ce3ul  LeB97 0e7356 e 70

B T P

Ce iefOr 11 = 04044 we ofur Lw Q044 B = bg &

Tablo 43. g uptake (kg haY) at flowering.

Tro L.onts ny n, n, ng L BAnN

- - o =

—— . m e

1.0 1133 1e56. 1,674 1,769 1,044
ll 1.303 10572 108{)4 letitsg 1,033
l& 1.8u7 1.591 1.815 1,99 14372
1.3 1.294 1375 24079 1,959 Lle 744
tean 1.240  1.50% 1.643 1,904

— et W - - S i - Attt Rt

ce ofOr !l m D4128 Cet wfOr L = 0,126 N aew fo.




Lims influence Ca uptake significantly at harvest
only. It was more at 11 than at 10. At the other stages
also, such a definite trend was noticed.

With regard to the ups!x‘ of Mg beth nitrogen and
lime had sijnificant -!:ect:;11 stages except active
tillering. At panicle initiation stage the higher levels
ny and ng recorded hisher uptake values which were on par.
At harvest, it was increased significantly from n, to R,
among levels of lime, 1,, 12 and 13 recorded uptake vilues

significantly superior to 10. at all stages,

3e6. 204l analyses,
3.6.a. pH of the soil.

Data on the pi measured 7 an- 14 days after planting
and at the active tillerinj stage are jiven in Tables 43 to
47 and analysis of variance in Appendix VI,

Only the levels of lime influenced the pi of the soil
at all psriods of observation.

There was an increasing trend in tne soil pHi from
5.68 to 6.5, 7 days afterx planting. Almost similar trend
was followed at the time >f incorporation also, but for the
fact that 13 and 12. and 12 and 11 were on par.

At 14 days a2fter planting, the level 12 showed highest
and 1..

1 0
Change in 304l pH Aue to nitrogen lev-ls as well as

o £2llowed by 13. 1

interactions was not sijnificant,



Tablo 44.

L e A A e L]

56

. uptake (kg hgd) at harvoot.

L A T D I DAl 12 oM

Druat a2 & n n, ngy n, ‘@an
}'G 1.944 24374 24539 LeT92 44440
11 20235 24495 4o 750 3.413 42771
i, 2.441 44033 2854 30157 243174
13 &.3&0 20507 2;071 3.172 &.594
fRan 30134 2.477 214 3130

ve ofCr N e 00143

\:. .fot L e 00143 TR oewm §. ‘a

Table 4be w0ic 3kl - 7 days after plasting.
~ 13 Fs
Treoatwnts ny n, ng ng ) Al
10 19%¢14 P 06333 5307 Je +33 Headu3
.ll .).933 5.000 5.;31 3-3()’) 5.973
l‘ J.3 ¥ 3.133 30300 Getdad 5.&1(}'\)
1.3 JeD R 54433 8 03~ 5eldG/ Geuik
‘vaa 3 0u3 8¢ U 34433 34488
v @ g . Ve «FOr wm (4304 Bl 8 Ne o
Tanl. 45, weld il =~ 14 dags aft.yr planting.
Troatients ny n, a4 ny Qan
lo 54733 De I/ 20833 H5e033 Detiao
11 3034 54800 660 32233 3042
i, 344353 34167 5 ¢337 34233 Beldo
3.3 3567 34033 34567 G557 3650L
ean 6.19& 70125 6.217 SQ257
im No W e wfor Lowm D.2004 B e = ule o



Table 47. S04l pH -~ at inaxrporation stage.

Traat. ©nes ny n2 n3 n4 Maan
i 5,800 56,000 56037 5,957 5e B0k
.l.x 56033 G5.037 54987 54157 6.,05a
2 34537 54233 340587 54267 %4406
13 54467 S5eb37 3430 3587 5,550
Ban 54417 Ge217 3050 54442

Je ofar L m Qddbde ™u s Vi,

-o «LOr T m iy
Tadre QU el (. - activo tilloring stago.
Treacmam.e ni n« !'!3 1"1‘° toan
-10 U.O&ll Geteds (o 0004 'JQOJGQ o474
lx « 2320 C.L392 0.0J32 JeOH9/ 114 Q4L
l‘: Ce MOL  0e0420 Cef)sdd (0353 Getund4
13 «0411 0.UkL1 GaOuT0 Je3507 Ge0512
0an 1150414 U423 0.0069 (.M
Ce sfur 1= LeDN3D 20 oEOr wm 040039 WMuw Iy .
fanl 49, “ot.l (s = paniol. dnitiation stage.
Treatn.nts ny n&"-« ny L “ni . ”wsaaan .
10 10340 Ge1l  0.0527 060069 0.0431
11 0452 00611  CatboB 0058 0.0510
.3.2 N.0392 3.0433 040500 a7 23020
13 ’.,.043,‘3 )014334 0.0556 JQ%SJ U.Ob31
an e0411  0,1432 (.0573 Oe 1323
e o£OT " e D4 e ‘wfur e 0,004 Bl My,
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J.6.bs Total nitrogen.

Data on the nitrogcn content of the s0il at active
tilleriny and panicle initiation stages and aft~r cropping
arw jiven in Tables 48 to 50 2nu asalysis of varinee in
A.pendia VI,

It 43 seen £ron the Tables that ths levels of line
ant nitorgen Anfluenced the nitrogen content of the soil
siynificautly at all stages of observation.

At all stag:s, the § lavel ng, racorded maximum total
A econtent of soil, followed by the levels nge Ny and ny.

A8 rogards the cffect of lime on 4 content, the
lowest value was recorded witn 10. At all stages, 11 has
resulted in sigaificintly hi;her & content tnen 10 and it

was on par with 12 and 13.

3.6.C, Orzanic cagrbon content

The parcentage contents of organic carbon in the soil
after cropplng are jivan in Table 31 and analysis of varieace
in Appendix Vi,

It 15 avidont from the Iablc that the levels of N and
lime as well as the intaractions failal to exert si nificant

i2fluence,

3,6.,ds Avilanle » an: sxchangeable K.

vata pertaining to tue coutznts of aveilable > and
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Tabla 50. Total 3 (4) - after oo dng
Troasm.nts n n2 na n4 "@an
10 00317 0,034  0.0373 (Ge40495 LeQ3u3
11 40035, D401 Jelwal7 G475 Jed37
i " Je@350 4033 (10013 10054 e3P
13 D334 00443 Ue(471 ed032 (o4
;pan 00346 Ue0393 GOS89 10502
ws efwr 1 =m Q4004 Se oFOr wm LJXN Ma o g3,
Tabl. ol. rganic cardxn ot vt () - aft r srooging
froat. L - n, 11y ng Ban
10 1. 3475 03495 03724  J.303¢ 743057
‘1 e3404 003404 13533 i034i5 UedgidJ
‘4, 103300 003437 Je3671 0e3321 L3465
13 t 1033£1 Ue 359¢ ()035.13 u.JSf)9 e 3309
H|an Ca3475 03D UL3DLD Leddud
‘I w ode W o g o b = {1y o
fabl. o4, avasiabiu « (Dl - adlur v sud
frogmenes M e MMM
.LU REPS ¥ 35473 33.30 31.23 32.21
l‘ lUcd3 34.3&} 34. v} 36wy 33,05
ld 33.97 34&23 3?.1\) 31047 33.44
-3 34030 33,73 31493 34440 33.34
1 T 1] 3de 12 39.5¢0 33,03 33.33
s B - TPV PPN - Ml I PR VOFE PO



Tabla 53. xchangeables K (ppa) - after cropping.

- At .- s em e - e e ——

Treatunto nl nz ﬂd n“ tgan

10 1..33 13.20 1L,.93 1iesi 1.7
11 lb.% 13053 17.7J 1/ .d? 1].49
1.2 16.6. 15.43 1..47 o4 17.43
13 17.47 10600 17,33 17,00 17,93
"ean 17,680 1854955 lceld 17,93
I m e = ey o WL - e »

Tablic o4, ,odhangaainl  Za {») - after aros ing

froatiy: e i} S e n L an

- - 3 4
-’..‘5 «3317 101,329 veu3de De(3333 a1322
.
1.1 Vo34l  Louad3d wedd LoB4T7 Colig4a4d
12‘ Ue JBLO 10030« LendlD3 (3453 « 494
13 Uelhbl  Le kBB veubil Galdusi e 04T7
FO e e ot ——. o JRONS .

{pan Uelri3c 10 (439 Oetia3s Ve H3é
H e de war #ELT 1w 0,0027 D1l m e

Lably Loe -l adde oy (o) = after Ir.  4in,.

Treats Lo gy n, Ny n o L.an
lU Lev 340 s 329 L0354 wels3bd (3e 2340
ll o34 . 3U6 Headi e Maw e gl
1 owz ,-.1’*344 LQMJX Uelba ) b.l}é34
13 431 « 419 ¢ #0423 .0423 Oeluds
r.an 00403 00395 weldil3 o K0S

o e e ofde . & J.lee om0,
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exchangeable K in the soil after cropping are presented in
Tables 52 and %3 and analysis of variance in Appendix VI,

The differences in the content~ of avallable 2 ond
erchangeable K after cropping were not significant eithop
due to levels of nitrogen ani lime or due to their inter~

actions,

l.5.@, bxchangeable (a and “g.
1lhe percentage contants oin Ca and ¢y 4n the soil
after cropping are presented in Tablegs L4 and S5 and analysis

of variance in Appendix VI,

The content: of Ca asd Mg in the soil were influenced
significantly by the levels of lime only. Jhe level 12.
resulted in the highest content of Ce and #g in the scil,
The levels 1, was on yar with 11 and 13 whiich in turn were

siznificantly asupccior to 10’

The interactions iid not influenca the ca and ig

contents of the soil si nificantly.
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DISCUSSION

The results obtained in the present stuly are

discussed hereunder.

1. Azolla
1.1, rresh weight of azolla &t incorporation

From the Table 2 and Fig.3 it is seen that the
fresh weight of azolla multiplied during the perlod of
dual culturingy, 4s 34 jnirdcantly iifl.ienced by liming.

All levels of lime epplication recorded a superiority
over lo.

It is understool that a hig: conc natration of
calciun is required for azolla multiplic-tion (Hickell,1961),
The increased multi.lication observed in the present stuaiy
is in coniirmity with the above, Moreover, it is clear
from the Ilable 54 that the content of Ca in the soil is
increased due to liming. The Table further shows tnat the
increase in Ca cont-nt is si nificint upto 900 kg nal of
lime (12) and the multiplic-tion is also sfnificantly
increasing upto this level (Fig.3).

A rise in pH from about 3.6 to §.4 (Tables 45 to 47
and £1g.3) has bern observed in the present study. fhis
also might ba a factor for tha nbserved increase in fresh
welgnt due to liming, Jayapragasam (1981) als=0 ioun' that
a pil ringe of 5,0 to 6,0 i3 suitaple for increase in fresh

weight of azolla.
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50 a combined sffect of increase in soil Ca and rise
in pH probably resulted in the increase in fresh weigat due
to liming,.

2. rice
2.1, wrowth characters
2elea. Plant hei jht

ine results presented in Tablea 3} t~ 6 show that plant
naisht was increasel by nitrogen lavel at all st-:ges 3ni thw
inerease was significant only 3t the active tillaerin; stage.

t thia stig~, 100¢ 3£ the recomnanded dose of i (né)

resulted ia maximum plant height, followed Ly 75 (na), S0 \na)
and 25 (n;) per cent of the doses. rhe trenl wis sime at the
other stages also,

The results also revezl that application of limc at

€00 kg ha

(11) 37ve gubstantial iacresse in plant h-fjht
ovar control at all stages. The increase in plant heijht

beyond 1, was nagligible,

1
The role >f nitroyen in increasing plant height is
weall known. This is observad at all stagrs of grovwth 4in ¢:e
prosent study. But thie J.fferences are sinificant only at
thae active tillerin, ztage., Tnds can be due to the f£act tiit,
at this stage, nitrojen is avallable to the »>lant only from
the fertilizer applied, At the active tillefing stage azolla

is incorporated an: nitrogen is slowly releasad into the soil,
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Hence at the subsequent stages the ef:oct of fartilizer J
48 probably masked by the nitrojen available from the
decomposition of asolla, Slow release of nitrogmn from
azolla has been observed earlier by Watanabe (1977).

ihe increase in plant heijnt at 600 k3 nal of 14me
can ba probably Jue to the enhanced release of mineralised
N from azolla resultin; from an increase in fresh wel jht ol
azolla, whicn in turn occured due to a rise in pH by liming
(Fig.d) .

2.1.b. Number of tillers per m°.

Results jiven in ¥ables 7 and @ show that at active
tillering 1nd panicle initiation stagns, an increase in %
application from 25% of the recomvended dose (“1) to 100% (l4)
gave marginal increase in the number of tillers per mg.

Being a3 vegatative character, it is a well establish:x
fact that the numper of tillers will increase with the~ levels
2€ nitrogen. This itself will explain tne trend obsctved in
the present investigation. <unura (19%6) has sgsuggested N
sunply as one of the important factors af ecting emergence
1nd development of tillers,

From the results it couli be seen that 3t both stajes
comparatively lower number of tillers was produzed in the
plots rzceiving no lime. In the present stuiy azolla vas

dual cul tured upto active tillering stage., Durin; this perisd
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some guantity of N might have bsen oozed out from azolla,
The increased multiplication of asolla due to liming, a8
seen from the Fig.3 might have resulted in an increase in
the guantity of N that was released into the rhizospherse.
Excretion of fixed N from azolla as ammonia was reported by
Petérs (1979).

At panicle initlation stage, N available from the
excretion as well as due to decompesition of azolla mi jht
1ave resulted in more number of tillers proluced due to
liming. The increasad P uptake due to liming (lable 30)

might have also contributed to more numuer of tillers.

2.1.¢. Le1f area index (LAI)

It is evident from the rasults presented in Tables
3 %2 11 that nitro,en applied at 1004 of the recom ended
dose gave maximum LAI values £ollo ed by 75 (n3). 50 (na)
and 2% (”1) per cent of the do%es, This trend w:s observed
at all stages,

fhe increase in LAI may be due to the increased leaf
length, numper of tillers ani number of leaves ocer hill,
The importance of N nutrition in inereasin; the leaf length
is well established (Ishizuka, 1971}, From the Tables 3 to §
and 7 to 8 respectively, it c¢3, be seen that there is an
increase in thc hei ht of plants an: numoer of tillers with
nitrog.n, A combine? effect of the above factors, ¢-n be

attributed as a rcazon for the increase in LAIX,
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2,1.,4, ory matter production

Data on dry matter production presented in Tables
12 to 1% and Fig.4 indicate that N levels exerted sijnificant
influence at all stages.

The results showed that application of 100 per cent
and 75 per cent of the recommended dose of N gave Dropogrs
tionately higher dry matter ylelds, It is known that tne
increase in ¥ applic:tion resulted in increased dry matter
sroduction (Das cupta, 1969). iIne increase in plant heiqgat
anas tiller nunoer witn enhancing levels 2f N cbserved in the
study can pe attributed as a reason tor an almost similar
tred in dry matter production also.

At later stages, nitrogen icow azolla .ould have » come
avallable to the crop in ad ition to that iroa the fortilizer,
dance 75, of the recommended dose ot fertilizer N could give
values on par with 100., This 1s in agreeusnt with tne
results obtained by mohanakrishaan (1983) taat the supply of
¥ from dncorooration of azol.a resulted in hijher dry wmatter
productioun,.

It is also revealed that application of lime at all
levels i3 superior to no lime, as seen {ro. Rignpe 4, The
figure 3 shows a change in pH due to liming and the resulting
increase in fresh weligiit accumulation ot azoiia. This
depiég the chances ok Ancreased availanilicy of N due to

liming. The data given in Tables 48 to 30 show that the N
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content of the s0il is increased substantially by liming.
This might have resulted in increased uptake of N (Fi3.11)
resulting in higher dry matter production. The influcnce
of lime on the vegetative charecters viz, hei nt of plant
and number of tillers is exactly similar to its effect on

dry matter production,

2.2,a, Yiold components
Aele fiumber of panicles per mz.

Fro the r=sults (Table 16 and Fig.6) it i3 observed
that the number of panicles »roluced “y 75% of the rrcommended
doze of ‘“3) was on nar with th-t of 100¢ (n,).

Increase 1) panicle production in accordance with J
availanility 43 waell established (Subbiah et al,., 1977).

The reason far not showing a proportionate increase in the
panicle numher from 75% of the recommended ~ose of N to 100+
rmay be tue to the part&ﬁning of the axcess 7 for vegetative
arowth as is sean clearly in Tables 7 to 8 ani 7 to € wherein
the mean tiller count and heéght respectively, were increased,
This trend also sug  ests that with tne use of azolla, the
reyuirenant of fartilizer N can be reduced, This is in
confirmity wit: the results obtained with Jaikumaran (1981),

The rasults :150 explain a superiority of liming over
13 with reg-rd to the number of panicles per m? as sean from
Fi3+.7. This cin be explained wit reference to the uptake
of P, K, Ca and Mg, The uptake of the above nutrients was
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found to increase in limad plots (Tables 33, 36, 40 and 44
respectively). The necessity of Ca and Mg to produce more
number of panicles per unit area, in acid soils, was noticed

earlicr by Verghess and soney (1965).

a.2. Number of tilled grains per panicle.

The results ;iven in Table 17 ani Fig.6 reveal that
the maximum number of filled grains per panicle coulld e
obtained with 100: of the recommended dose of N (n,), the
value being on par with that at 75% (na). The number showed
a significant increass from 25% to 754 of N,

It is well established that as the nitrogen uptake
Joes bayond a certain limit, the chances for the spikelets
to> cacome chaf: increases, The lack of a proportionate
increase in the number of filied grains per panicle at hijher
levels can be attributed due to this.

1¢ may be further seen from the potash uptake at
panicle initiation and flowering stagea (lables 34 and 35)
that the uptike was more at higher lavels of 3 and this
would have contributed to more grain f£4illing. The role of
K in the £illing of grains is well established (aAgarwala
and Sharma, 1976).

The num.er of filled grains per panicle seems to be

not influenced by lime anl treatment combinations,
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8.3, 1000grain weight

Resultas on the 1000 grain weight given in Table 18
and P1g.6 reveal that there is an increase with the levels
of N. It is also seen that n, {(100% of the recommended dose
of N) had j;iven 1000 grain weight on per with 75« (nj)-
This is in accordance wita the works of Padmaja (1976) and
<alyanikutty et al., (1969).

Lime at the rate of 600 kg ha' (1,) registered a
superior weight of 1000 grains over lo (Fig.?7). It can oe
due to the favourable effects of lime on the K uptake as is

sean from the Tables 33 and 36,

2.2.b, weight per panicle.

Fgom the Table 19 it is evident that the mean weight
per panicle was influenced by nitrogen and lime, but not by
their interactions.

Application of N resulted in an increasing trend with
regard to weight per panicle, even thouyh the values obtained
with 7% and 100 per cent of the recommended doses were on Dpar.
Accumulation of photosynthates in the grains might have
resulted in an increase in the weight per panicle with i,
Higner levels of X application has been found to increase
panicle weight (subbianh et al., 1977 and Jaikumaran, 1%81).

The weight per panicle was found to i1creasa due to
liming. The N availability at later stages from the lime
treated plots, probably resulted in this favourable ef._ect,
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The K uptake due to liming as explained for 1000 grain
weight, can also Le attributad to the gontribution in

panicle weight,

2,2,¢+ Yield of grain.
From the Table 20 and Figures 8 anl 9, it lsz seen
that the yield variations due to levels of nitrogen as well

as lime are sijniticant,

Yield showed si;nificant increase from 25 to 75% of
the recommanded doses 0f N, However, the yield obtiined at
75 and 100 per cent of N was on par. The increase: in yield
noticed at 1004 was only marginal,

7he increase in grain yield in rice 3due to nitrogen
is well known., Kunmura and Takeda (1962) obtained remarkable
increases in jrain yleld with increments of nitrogen, but
the rate of increase in yield diminished as the N level was
snhanced. In the present study also, the yiell did not show
any significant increase from 75 to 100 per cent 0f the
recommendea <ose of N,

Main yield contributing factors are number of panicles
per unit area, nuunter of filled grains per panicle an 1000
jrain weijght (Matsushima, 1976), The trend shown by the above
parameters to the levels of K in this investigation is in lime
with that of grain yield, <Correlation studies as given in
Table 56 showel tnat there was a siynificint positive

correlation between jrain yield and number of panicles per mz.



Table 56.

=imple correlation between yicll ind yicl i components,

Yield attributesa

Y Tl 4 os pindicles Sumber of £4ilod 1000 grain

per m grains per wei jht
panicle
srain yleld 0.8093"" 0.2097 0.1313

% significant at 1. lev:l.

il



S0 a combined affect of the above paramoters c:in te attri.
buted to oe the reason for the specific treni in jrain yleld,
foxr the spolied N,

Aoreover, azolla is inoculated uniformly to all the
plots at 3 toha® and incorporated at about 26 t na® (Table 2)
at active tillering stage. Azolla contains approximately
3.46%4 ¥ on dry weignt oasis, This N might have been taken up
by the plant, thus reducing the re ulraement of fertilimer H.
Hence a 29% saving in the recommended Jose of & could be
obt-ined due to azolla. This is in agreement with the
findings of sundaram et 2l, (1979)p Govindarajan et al. (1979,
1980) s srinivasan (1980 a)s Hatarajan et al. (1980) and
Jaikumaran (1981). :Mathewkutty (1982) al_o observed that
dual culturing an  in stte incorporation car aave 30 kg d.

From the Table 20 and Fig.9 it i3 evidont that appli-
cation of lime at 600 g ha® gave the naximun yield of
2.45 t hal, followed by 900 and 1200 k, ha’,

The superiority of liming ovar control can e due to
an increase in multislication of szolla due to a favouruble
p (Fig.3) anl} subse  uant increase in the -uantity of i
available for yrain oro juction. Moreover, the sesults on
yield ettributes in Tables 16 ani 18 and Fig.9 showad that
t e panicles per m2 and the 1000 grain weight were more at
500 kg hal of lime.
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The lack of response at hijher &avels of lime can
be explained due to the fact that increased juantity of N
made available by enhanced multiplication of asolla could

not be utilised due toO the shorter duration of the varietv.

2,2,d4, Yiecld of straw,

The results presented in Table 21 ani figure 8
indicate that the lev:1s of N gave si nificant increase in
straw yi=ld,

It is also revealed that liming showesd a superiority
over coitrol wit: regard to straw vield (Fi13.9).

A perusal of th= data on tne til:er »roduction, plait
height anl leaf arsa index (Tables 7 to 8, 3 to» 6 and 9 %o 11)
revealaei that t-e.e characters also showed an increasing trend
with N levels, Probaply a combined effeqt of thase .uisght aave
contributed to the increase in yield of straw observed herc.
Increase in straw yiald in accordance witi; N is 1 cormon
1s8ervataon in rice (<alzanikutty and <“orachan, 1974).

As Jdiscusscd with regard to tae veyetative charactors
like tilier number, plant heiht ete, liming enhane~d the
multiplication rate of azolla (Fi,,3) thereby increasiig tho
i availability to rice a1t later stages.

e increase in the uptake of 4 due t) limii) observed
at paniclz fnitiition ani £lowerin; stages (Tables 26 a&nd 27
and rij.11) can also e ) reason £or the increase in straw
yield, sqreover, the uptake of K was increased tnroughout
the yrowth phase Jdue to liming. 1IThis can e considerod as an

important reason for the emhanced straw yleld.



2.2.,e, Harvest index.

rrom Table 22 it is seen that there was sinificant
wizference in harvest index values, It iIncreased ico . 25.
2€ tne recom iended dose of d to 1004. It is alsc noticed
tnat lime lev 13 ind ©ie iateractions i1l not have any
siyniri ant ef:ect,

Th~ wvardety :1sel in the iivestigation being oi sh rt

uration tyore, tae atraw yileld 3it not {.:creise considergably

ovar yrala yleld eve: thouga th» v riation {1 straw yiel3d
was .iyvifdcantly Jue o the wev-ls o0 N, Hence the harvest
index snowad in increasiay trend. The hiy er harvest index
vilie ¢in be due to the .4 avallability f£from azolla which
woul 1 nave bean utilised mo:éfS}aln proiustion thin straw
~roiuction, This 49 in accordance witn tha obserfation oy
*3thewkutty (1982) that hizher N ayailapility from dual
culturinj ani in situ incorporation rasulted in prorer
utilisation of N for grain proiuction which ultimately led

to hish harvest index values.

3. Casmical studiles,
dele wuality charact.rs,
Jelea. srotein content of ;rain.

tesulty presentad in Table 23 revesl that there was an
incrzase in tne ‘roteln content of rain in iccordance uwith
trne increrents of i, ‘This is in confirmity with the results

of Kothandarasan et 31, (197%) and Pisharcdy et al. (1978).
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Mathewkutty (1982) alsoc obtained increase in protein content,
due to combination of fertiliser N with incorporation of dual
cultured azollia,

Slight increase in the protein content >. jrain iuc to
liming nay well be due to the increase in (a content which

ultimately resulted in increasel i uptake,

3.1.b, ditrogen content of straw.

It 15 sean from the lable 24 that the ¥ content Of
straw was influenced by levels of i, Byt it could not be
significantly increased beyond 75% N, The variety beinj of
shorter duration, the time avallable was limitel ani! hen e
the content of N might not be increasei at hi her levels £
applied H.

The margiial increase in N content due to liming can

be due to the influen-e of Ca on J upt- ke,

3.2, N Uptake.

It is seen from Tables 25 to 28 an- sig.10 that there
was significant increase in N uptake from 254 of the
recommended dose of N to 100% at tne later stigses of flowerin;
and harvesting., At the earlier stages of active tillering an
paiicle initiation, the increase was significant only upto
752 o

Averages of uptike at different stages, as seen from
te lables an. ¥1g.10 sug;est that at the two earlier stages,

the uptake was probably from fertiliser i. It i8 also seen
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from the Fig. that the uptake at the later two stages is
mainly contributed by asolla, due to the slow andi steady
aviilability of N, 3Similar results on increased availabilit
of N from asolla has been reported by Mathewkutty (1982).

It is clearly sean from the Tables 12 to 14 anli Fig.4
that the dry matter produgtion values at the hijher levels
of N were on par. This might oe a reason Zor an exactly
similar trend in N uptake also. At harvest, the content of
A 4in grain (Iable 23) and dry aatter production (rable 15
and £1g.4) showed the same trend as that of uptaxka of Jd.
ihis c:in be attributed to ve the reason for a specific trend
in the ~ uptake at narvest,

The ef.ect of lime was si nificant only at the later
two stages wherein 600 k; ha® of lime gJave sijnificantly
superior upt.ke values than no lime (Fig.11). From the
Iaplas 43 anl 50, it can be geen that the soil ¥ contont was
increasaed ijue to <1 application at both stagea.

It 43 seen froin the Fig.11l that at ali stages, lime

at 600 <g hat

resulted in increased N uptake. Favouranle

influence of Ca in increasing the imineralisation of soil 1

and availaoility of *he same was reported by Coleman (1935).
From the figures it is clearly seen thait the cfrect

of H on the uptake i3 more pronounced then that of lime,
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3e3s Uptaxe of P.

From the Tables 29 to 32 it is seen that except at
active tillerin; stage, the nitrogen leygels resulted in
signilicant increase 4in P uptake, Lime lev 1ls and inters
actions did not differ sijnificantly.

The uptake was increased from 25+ of tne recom ended
dose of i to 73%. Ihe applic tion of 75 21d 100 doses
jave values which were on par.

with increase in the availability »of ~ absorption of
¢ 48 also iicreasaed leading to an increase in tne uptake of
¥ at the various stages with a consejuent enhancement 9f the
dry matter proluction,

Uptaxke of ¥ d4d not show a consistant tran. .ith tae
levcls of lime,

3.4. upt ike of .

From the tables 33 to 36 it is scen that the uptake
was maximum at the hijhest lev:l of & at all stages of
observation, IMis was on par with By at active tillering
stag-. At panicle initistion ani flowerin, tnere was no
siynificant dif.eronce, even trouyn thaere was increase
corr.:spondin; to tne ievels Of nitrogen,

Me increase in absorption of £ orobably resulted
trom a rise in the content of N in the soil as revealed in
dables 48 to 30 at dif.erent stages. similar resuits of
irczeasing K absorption simultansous vith 4 was also ronorted

earlier (Gopalaswamy anz 3aj, 1977y Raju, 1978).
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wWith liming also the K uptake was found to increase.
It can be explained on the basis of the favourable influcnce
of Ca on X availabliity. The presont study also reve:led
that the ¥ content of woil was raised due to liming (Teble 33).
It is also observed vy Verghese and doney (1365) that the
apnlic tion of Ca increased the availability or K 4in the
soill and hence the increased uptake of £ by rice.

It may oe furthor sz2en from the lable 36 that the Hxu
interaction was si niidcant at harvest, The iiffe.ence
between t:a@ levels of o under tae same level of lime is more
marked than the dif.ercnce between trae levels of lime under
tne same lev~)l oL d4, 1his is mainly 3ue to the ef .ect of dJ
on £ uptake, It may e furtar noted that 11n3 has recorded
si jnificantly higier u’take than 10n3 nd many other combi~
nations ot ny and n, with lime. It cin also be noted tnat
11n3 was on jar with all other combinations whic recorded
higier uptake, TIhus it can be inferred that one o2f tae
reasons tor increase in yleld obtained wit. tinils treat-ent

combiiation is due to high uptake of XK,

3.5. Uptake of Ca ani Mg.

It is clear from the Tables 37 to 44 that the hisher
lev ls of § caused increase in Ca uptake at all stages,
nith regard to the uptike 2f£ 1 also the samne treni was

recorded,
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As in the case of other nutrients, N increased
uptake of Ca ani Mg also mainly due to the Jifferential
absorption of these nutrients at difierent lev:ls of N,

It may be further seen from the lfables 12 to 15 that the
dry matter production was also increased at higner levels
of Jd.

The uptake of & and 43 was found t> show substantial
increase Jue to lime at 600 kg ha® over ly+ Further levels
iid not apyreciuenly iacrease the Ca and lig uotake at most
of tne 3tagss., This observed increase in Ca and My uptke
due ty limia; can oe attribuczel to tac direct ef »ct of
lining makinj mora Ca ind ¥Mg availaole in tne soil (Tables
54 and 55). In coacricmity with this, Vergheoce ani Money(1963)
observed thit tne :pplication of Ca enhanced the avaikability

of va and 1 in acidic solils,

3.6, »0il analyses
3e6.a, pH

¥ro- the results presented in Tables 45 to 47 and
riged 4t can oe noticod that lime hal 3 positive influence on
the soll reaction uo to the hi,hest level of 1200 kg hal).
In this coniection, it nay be pointed out ta t tae oriinal
pH or tne 304l wis only 5.3 and an increase i1 pH was noticed
even in non-limad plots probably due t> the af.ect o.
submergence., At all periods orx observation, pH iicrease was

noticed due to liming. 1his can oe probably Jues to the



combination of the direct eficct »f liming as weli as
submergence., The dircct roll of lime in iqecreasing the phH
is a well established fact (Coleman et al., 1958). It is
~lso opined by ronmnamperuma (1977} that the o of acidie

soils is increased on submergence,

3.58.b. Total N.

The total 4 content of the soil was increased
i jnificantly by nitrogen and lima.

It i3 clear rro. the Tables 48 t> 50 that .he increase
in ® contant was in proporiion to the lev 1s £ i3, .his rise
in soil ¥ 11 He explaiied to be iue t, the ef.ect of ferti-
lizer & applied.

similarly, lime ap~lic tion 2lzo recorded increased M
conteat in soil ani 670 kg nal of 1ime was sufricient to
record the desired chane in the N content. In lime treated
plots more guantity of ¥ is added due tu enhanced wlti .li-
cation ot azolla (.13.,3). The guantity of N proiuced by
dacomposition 5f azolla at later stages may be left in tne
s08l, with t.g crop ot utilising it, thus causing an increase
in tae 304l N coatent s.t r crooping. At tais ath r atajcs,
t enhancae. ! cint-nt due to liming can e attribated to the

avourable influence of Ca on 3 mineralisation,

3464Ce Org:nic carbon content.
From tne fable 51 1t :3 cle>rly scen th ¢ the carbon

content 1s not increasel by nitre en an limz, ihe iicreweicas
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of N has not resulted in an appreciable increase in tae
orgnnic chrbon content probably becsuse the auplied iaor nie
nitrogen 1as not resulted in increasinj the carbonaceous
materials > the soil, In li%e with this, Jaikumaran (1981)
f£1iled to ootain any significant variition in tie ory nic
¢ rbon coitent lue to azolla incorporation along with forii-
lizer :iitrogen.

wime pplication alio has notchanged the carbon contont
of L1 s0ls even thoa . t.e azolla muliiplic tion was annwaced,
the incre.se in azoll: :ultiplication :zed not nacessarlly
result ia a corres.oading rise in ¢ coateat >r 30il slace
accordin, o wychoudnary et al, (1379} azolla does not
contribute to an dncreas Ao the carbonacedus naterials oz

t @ 2011 siace it cunsists of poaly e:8ily decompos:ble mattarl,

3.6.d. wallaole ¥ aind exchanjeable XK.

I'he d-ta presented in Tables 52 and 53 show tait there
was not much variation in the contents of availlable 2 and
exchang "able K ressectively, due to lime, nitro,en or inter.
actions, I[his i, in tune witn the observ tion by Jali<waaran
(1981) . odimilarly lime apolication also Jid not infla 7 ¢ tne

contents of the inove nutrients in the soil,

Je6,e., .xchangeable Ca and Hg.
Fro: t.c iablea B4 and 55 it can ve observed th .t

there i3 significant variition in the con.enrs >f exchanjeable



ca and Mg with te lime levols, 11, 1, and 1, over 1,..

2 3 0
Howevary, the tormer thrfee were On par.

Ihe increase in Ca and M; contents in the soil lue
to lime 2appnlic tion is alxeady a well established fact
(Colaman, 195s). Indirectly also the increased azolla
saltdplication Jue to liming (P44.3) anu crisejuzat
increase in va ani 4; present in azolla mi jht have coitri-
buted to nigh exchangcable Ca and Mg contents in the sodl.
ihe azo.ia used in tinc investization contilned 0,184 and

04674 0 A any &3, respesctively, on dry weigat ovasis,

§2
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SUMMARY

An investigaiion to examine the possibility of azolla
utilisation 4in acidic loamy s0ils of Kerala and alaso to
astudy the iafluence of azolla on rice when it is dual cultured
with rice and incorporated at active tillcring stage, in
combination with fertilizer N and lime, was carried out at
the agricultural Rese rcn otation, iannuthy during t.c first
crop season of tne year 1982-83,

The f£4ndin s of tue investigation are sum arised as
follows,

1. The lev:ls of lime incraised siynificantly the multi-

plication rate of azollia upto 900 kg hal

of lime, It was
not influcnced by the levels of H,

2. The plant hei ht was influenced si nifi-antly at the
active tillering stage., 7The increase in plant height was
maximum at 75. of the recomnended dose of N and 600 ky hat

of lime,

30 application of 100¢ of the recommended dose of i yave
the maxinum number 0f£ tillers at active tilierin; and panicle
initiation stages, Lime application has also cnsiderably
increased tne tiller nunber.

4. The leaf grea index showed a significint increase with

the nitrogen levels,
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Se Incroasing the levels of N has proportionately

increawed the dry matter production. ‘iowever, lime beyond

600 g nal a1d not aporeciably increase the same,

Ge For increasing panicle production 754 of the recommexied

dose of N and 600 kg ha’

of lime was suf:zicient,

e The numner of f£4lled grains, 1000 grain weijnt and

wei "t per panicle were also increased by 75¢ of the
recomrended iose of N and 600 kg ha® of lime.

8, e grain yield 444 not increase siynificantly beyond
754 of the recom .ended dose of fertilizer #, Lime applicition

at the rate of 600 k; ha’

resulted in increased grain yiolds
of 2.45 ¢t hil. which was 9.2% more than the yield with no

lime application,

9 the straw yield was zound to show a sijnificant increase
(2.15 t n3' ¢o 2,86 t hal) Erom 25. of the recomwendad iose ok
N to 100%, uime aoplication also likewise increased the straw
yiel .,

10 Higher lev ls or ¥ resulted in increased uptake 0f all
the nutrients vizge N,7,%,Ca and Mg,

11. 5041 pH was found to increase due to lime applic-tiuen,
The caitent 0t tiotal 4 An the soil was increased by hi er

lev 13 of N 3n 600 xg na! ot lime at all stajes., ihe €a and

g contents of tue soil weze increased by lime apuplicagion.
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The following are some of the future lines of work

auy,ested tor further fngestigation.

1. Change in composition of azolla due to liminy may
ke studied.
2. Minimum rate of inoculation of 0,1 kj M° may be

tried for &ual culturing, with lime application.

3. «xanine th: p rformance of heat reasistant strain of
azolla 830 that it can ce yrown throughout the year,

4, Posalpility of multinplication of sz0lla tnroujn
2pOres may be exploited so that it will have wide apolica-

bility.
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Hateorological data for the croppin;

APPENDIX 1

period 1982-'33

standard Period Total Mean Mean Relative Mean pan
week rainfall maximun minimum humidity evaporation
{mm) tenpe: a- 8— (%) {cm)
ture{ Q) tu:e (YcC)
28 July 915 201.8 28,2 22,4 286,3 0.034
29 16-22 115.4 28.8 22.6 85,8 0.067
30 2329 85.8 29.7 23.1 82.6 0.188
31 30« 5 Apg.191.4 27.8 23.7 89,9 -
32 6-12 194.8 28.4 24.0 85.6 0.098
33 13=19 145.8 28,7 23.8 35,2 -
34 20-26 83.4 29.5 24.4 83.7 0.044
35 27-2 Sept. 4.2 30.7 25.2 81.0 0.341
36 29 0.0 1.1 24.5 76.4 0.478
37 10~16 12,6 31.4 24.4 77.0 0.343
38 17-23 54.6 30.6 24.1 80.5 0.227
3 24-30 0.2 30.7 22.6 79.6 0.2%7
40 gctober 1-7 70.0 3i.6 22,9 78.1 0,230
41 S-14 37.0 32,6 23.2 76 .8 0.28%
42 15-21 4.4 31,7 23.7 79.4 0,265




APPENDIX IX

Abstract of analysis of variance for the growth characters

Mean square

Observations Black Treatment N L Nagle Error
2) (15) (3) Q) ) (30)
I  Asolla fresh weisht 0.066 1.81"" o0.02 8.85** 0,06 0.06
II Plant height
e -# [ 3 ] L X ]
b. At PIs 404.250°°  13.70 - - - 8.%6
Ce. At Fs 531.070""  28.40 - - - 25,20
d. At harvest 733.250°°  31.60 - - - 23.16
III Tiller count
a. At ATS 3539.200"" 801.810 - - - 586,29
b. At RIS 3134.200°°  497.42 - - - 368,02
IV Leaf area index
*
a. At ATS 0.1116 0.0268" "0.1232"" 0.0016 0.0016 0.0041
b At PI3 0.0076 0.0187" 0.4767°" 0.0201 0.0156  0.0089
» W
Ce At FS 0.0093 0.2570""1.1960"" 0.0267 0.0199  0.,0167

figures in parenthesis indicate dcjyrees £ fresdom
- significint at 5. leval,
sn  siinificant at ls level,



APPENDIX IIIX

Abstract of analysis of variance €or dry matter production, yicld and yleld attributes

Mean sjuare

Observitions Block  Treatment M L A Error
(2) (15) 3) (3) (9) (30)
1 Dry matter production
a. At aT. 13.31  1309.49""  7998.31""  €45.64 301.18 296 .62
b. At Pis 315,37 45796.19""  1.83x10°"" 2.67x10%"" 6184.97 1792.72
c. at §is 1929.81 8.47x108""  ¢.12x10%"" 1.69x10%  3.33m0%"" 1.09x10%
d. At harvest 5.58x10% 1.48x10%""  6.93x10%%% 2,74x10%°* s.32x10% 3.3x10%
X1 Y4ield components
8. NO.0f panicles - - -
per sq.m 98,93  320.87 916.02 509,34 32,99 133,32
be Ho.of filled grains,, o5  3179,98"°  799.43""  42.44 19,33 27.02
c. 1000 grain weight 1.69 3.91%s 11.11%» 6.16%% 0.76 1.26
IIX deight per panicle 0.746""  g.283" 0.526""  o0.m” 0.122 0.095
IV Grain yield 1.7x10% 5.28x10°""  2.5x108""  9.4x10%""  o9930.200 9799.24
vV  atraw yleld 1.59x10" 2. 69x10°""  1.13x10%"" 6.14x20%"" 1.9x10® 3622.41
VI Harvest index 9x10™% o0.0012"" 0.0056""  0.00007 0.00003 0.00003

rigures in parenthesis indicaste degrees of froedom
* sdgniticant at 54 level.
sr  sispnificant at 1. level,



APZENUIX Iv

Abstract of analysia of variance for cnesaical analysis of Hlantsa

Mean square

Block Traeatment N L b Brrox
(2) (15) () (3) (9 (30)
I Juality characters
&. Protein conteqt e P
of grain 0.303 4.66 20.27 1,042 0.66 0.761
b. R content of - .
straw 0.0049 0.0586 0.1829 0.0454 0.0214¢ 0.0273
11 Uptake of N
ae At TS 1.61 6.12"" 27.48"" 2,89 1.07 1.16
s 2 »
b. At PIS 18,62 82.43" 361.58" 40.2 3.44 13.82
*ar
e. At Fs 74.84 819.58""  3382.0"" 184.56 17.05 26.91
* -
4. At harvest 23.63 99.3"" 2224.4" 128.42" 48.99 25.84
11X Uptake of P
a. At Ai. 0.0057 0.0241 0.0167
E 3 e
be At PIo 0.2476 1.076 3.68 0.2695 0.4768 0.4097
F 3.l 3.3
€. At i 0.6929 5.998 24,98 0.225 1.59 0.7006
L X 3 - X
4. At harvest 3.48 15.43 68.76 0.939 2.48 2.7

Pigurea in parenthesis indicate dejrees of frcadom
* 3ignificant at 5. level,.
" ignificant at 1. level,



APPENDIX v

Abstract of Analysis of variance for chemical Analysis of the plant

Meoan syqwace
Block Treatment N L Ki A Error
(2) 1%) (3) (3) (9 (30)
1 K uptake
8. At ALo 0.5328 0.526"" 1.48"" 0.0387 0.381 0.188
b. At PIS 2.029 3.7 5.079
C. At 75 8.295 6.8% 24.7
ek w xR -
4. At harvest 11.366 132.33 608.94 19.18 11.18 4.15
IXI Ca nptakc
-l 'Yy - - -
a. At AQs 6.1x10~%  8.sx10% 2.3x18° s.2x10"%  3.9x10 2.2x10~4
b. at 21Is 6.8x10" 0,038 0.026
L ] t 1 4
c. At r'o 0.002 0.281 13097 0.055 0.014 0.019
» w L 4
d. At harvest 0.023 0.571 2.647 0.143 0.022 0.028
11X Mg uptake
a. At Alo 1.8x10™% 3.0x10~% 2.6x10"4
L 1] e - i
b. At I3 0.006 0.013 0.061 0.016 0,002 0.003
c. at ¥o 0.00S 0.239 1,064 0.033 0.017 0.023
- = » s
4. At harvest 9.0x10"%  o.s18" 2,229 0.277 0.023 0.029

Figures in parenthesis indicate Jegrces of freedom
* Significant at 5% level,
** gignificant at 14 level,



APPE DIX

vi

Abstract of analysis of wvariance for soil chemical Analysis

Mgan square

Mock Traeatment | L ks Error
(2) (15) (3) (3) (9 (30)
I o
3 3 [ 2]
a. 7 days after planting 0.020 0.322 0.05 1.43 0.04 0.03
b. 14 days after o an
planting 0.0006  0,3038° 0.0417 1307 0.027 0.057
¢. at incorporation 0.0231  0.245 0.0035 1.068 0.051 0.0345
II Organic carbon -
After cropping 0.0046 0.0009 00,0018
III Total Nitrojen
- L X ] -% L ]
a. At ATS 2.89%x10”° 2.69x13*% 1,138 8.5:13° " s.1x133 2.25::165'
- L2 -Jun - - -
b. At P18 6.4x10~>  3,22x18* 1.30x1073"" 1.26x10"%"" 3.4x107°  2.25x10 ‘
- - YT —d 2t - -
e. After cropping $.1x1077  1.61x1074"" s.9x107%""  1.1x107%"" 3.20x107%  2.33x10
Iv Available P -
after cropping 0.6418  8.887 26.05
V Exchangeable K =
After cropping 6.602 3.304 3.761
VI Exchangeavle Ca- -5 g bt -6 g -6 -
after cropping 1.04x10"> 1.33x10 1.18x10 6.35x108 9.7x10 1.08x10
VII Excaangeanla g - -6 wGan -6 g -6 -
After cropoing 4.03x10™% 3.06x10 6.7x10 2.25x10 7.1x10 5.11x10

Figures in parenthesis indicate dejrees of £reedom

= 3ignificant at 5% level.
*® gignificant at 1% level.
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ABSTRACT

An axperiment was conducted at the Agricultural
Resaarch 3tation, Mannuthy, durin; the f£irst crop season
of 1982-'83 to examine the possibility of azolla utilisation
for rice in acid soils by lime application. The treatuents
consisted of factorial combinations of 4 levels of J
(25,50,75 and 100% of tae recommanded dose of 70 k, hal)
with four levals of lime (0,600,900 and 1200 kg hal) in

Randomised 8lock beai jn, replicated thrice.

The investigation revealed that liming enhanced the

nultiplicition rate of azolla.

It was also found that the vegetative characters of
rice viz, height, tiller production and leaf area index
showed considerable increase witn N levels., Lime at 600 kg hal
also increased plant height and til:er nunber. ory matier
production 1lso showed nroportionate increase with I levels
and lime application at 600 kg h3' have the maximum dry
matter production.

Application of 75% of the recomnended lose of N and
600 kg nal of lime wis suf:icient to give higher number of

panicles, numnber of £4lied grains per panicle addoalso 1000
grain weight,



The grain yleld 4id not increase sinificantly
bsyond 754 of the recommended cose of fertiliser N. Lime
applic:tion at the rate £ 600 kj na! jave maximum jrain
yisld,

Straw ylield increased significantly with nitrojen

and lime,

Tha uptake of all the nutrients was more at hijher

levels of o,

Tha present investigation ravealed the scope of
Aual culturiny of asolia in acidic rice soils, by suppylying
lima at 600 xg nal, It alse suggested a saving of 2%% of

the recommended Jose of fertiliser i,



