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INTRODUCTION

In order to achieve the challenging task of self 
sufficiency in rice production the only possibility aeema 
to be to produce more food from the same land, under 
Indian conditions. The enhancement of productivity per 
unit area requires intensive management* which mainly 
comprises 6? high level fertiliser application. All of 
our high yielding rice varieties exhibit their production 
potential only in response to increased fertiliser 
application, especially nitrogen.

The energy crisis, the limited quantities of raw 
material of mineral origin and high cost of fertiliser N 
have brought the aspect of fertiliser usage 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 area of 24.5 lakh hectares. But it produces 
only 50ft of the total requirement of the state. Moreover, 
there is a tendency among the farmers, recently, to give 
more emphasis on other food crops due to escala ting cost 
of chemical fertiliser and the uneconomic situation. Hence 
it has become highly essential to find an alternative.



cheap and viable source of biofertilzer for rice.
In this context, the role of a tiny water fern 

Azolla inhabiting in its fronds, a nitrogen fixing strain 
of Blue Green Algae viz. Anabaena aaollae can he made use 
of.

Azolia has already been identified as a potential 
source of oio-nltrojen for rice culture in countries like 
Vietnam, China, Philippines, Thailand, sriLanka,
California and recently in India also. As a supplemental 
source of R, Azolla Incorporation has oeen found to be 
more useful in sandy soils because of its slow releasing 
effect, thereby reducing the losses through percolation 
(Mathewkutty, 1932). Nitrogen fixed by azolla becomes 
available to the plant Indirectly through manuring of the 
decaying bloom of azolla.

a number of preliminary trials have been carried 
out on the potentiality of azolla for partly substituting 
the N requirement of rice. Jaikumaran (1931) reported 
that basal Incorporation of azolla at 5 t ha* resulted in 
a saving of 25ft of the recommended dose of fertilizer 8 
for rice.

To ensure the availability of azolla in right time, 
it s.ioold be multiplied in some other areas and transported
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to the field as and when required. To do w a y  with this, 
dual culturing of azolla alony with rice upto a certain 
period and then incorporating it in situ seems to be a 
suitable proposition. Mathewkutty (1982) has confirmed 
this as a feasible technology. However, the possibility 
of saving fertiliser N by dual culturin azolla and 
incorporating has to be investigated in detail.

Majority of the ^olAs of Keraia are acidic in 
reaction. Azolla nay not multi ly to the re ,uir«d extent 
if dual cultured in highly acidic soils. Some preliminary 
investigations conducted at Pattambi, Moncompu and Karamane 
also showed that azolla was not coming up well when dual 
cultured with rice in acidic soils. However, no serious 
attempt has been made to make rice soils productive for 
azolla multiplication by liming. Therefore, it has become 
necessary to assess the exact quantity of lime re uirad 
for dual culturing of azolla in these soils.

Taking all these faators into consideration, a 
project on utilisation of azolla for rice in acidic soil3 
was carried out »ith the following objectives.

1. To examine the possibility of dual culturing of 
azolla in acidic loamy soils of Kerala for rice ecosystem.

2. to find out the requirement of lime for dual 
culturing azolla in acidic soils.
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3. to study the effect of dual culturing of 
azolla In combination with lime and fertilizer K on 
growth and yield of rice, and

4. to assess H saving through azolla dual culture 
and incorporation at active tillering stage.



R e v i e w



rnvim or litkp vtuke;

The present investigation "Utilisation of asolla 
for rice in acidic soils* was undertaken with the object­
ives of assessing the possibility of utilisation of 
azolla in acidic loamy soils of Kerala for clce ecosystem 
and to study the N economy through asolla dual culture 
and incorporation at active tillering stage.

There are usually two methods of utilisation of 
asolla In ric» culture. Asolla is brought from outside 
and Incorporated basally. This involves multi;lic tion 
of asoXXa in a separate land and transooration to the rice 
field. Asolla can also be grown as dual culture along 
dith rice and subsequently incorporated whenever re.ulred. 
This method is cheaper and can easily be adopted by the 
cultivators. Several Investigations on the beneficial 
effect of Incorporation of asolla has been conducted by 
the previous authors. The present investigation is 
intended ec study the performance of azolla grown as dual 
culture In acidic rice soils and its effects on the rice 
crop. H«nce review pertaining to the investigation is 
confined to this aspect.
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1. Dual culturing of asolla
Zt refers to the practice of growing asolla alonj 

with rice in wet lands. The beneficial effects of iual 
culturi ig in rice fields have oeen reported by many 
Investigators, sufficient stress has also been given by 
lany workers on the rate of inoculation and time of 
incorporation of the dual cultured azolla.

Silvester (1977) suggested intro luction of azolla 
in the early stage of transplanted rice so as to completely 
cover the water surface, and then lowering the water level 
for several days to kill azolla, effecting the release of 
nitrogen. 23 per cent increase in grain yield was obtained 
by dual culture in California (Talley et al., 1977). 
singh (1977 a) registered stimulated rice growth by 
inoculation of a field with azolla at planting and its 
incorporation after multiplication. The possibility of 
inoculating azolla at the time of transplanting of rice 
has also been indicated by Pillai at al. (1980).

The optimum rate of inoculation and correct time of 
incorporation of the dual cultured azolla have Deen studied
by many workers, when azolla was Inoculated at the rate of

„20.3 kg m at transplanting, Oovindarajan et al. (1979) jot 
complete coverage of the field in two weeks* time.
Singh (1979 a,b) also could register increased rice yield
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when dual culturing wee done at a rate of 0.1 kj m .

He could get full ooverage in 20-30 days.

Patel et al. (1980) have indlc ted the profitability 
of inoculation of 1 t hS* of azolla at planeing an 1 
incorporating it 20 days later. Mathur et al. (1961) 
opined that an inoculation rate of 0.3 kg in'* is better.
But, Srinivasan (1931) advocated a minimum inoculation 
rate of one tonne of azolla per hectare, for dual culture.

Benra (1982) obtained 20 per cent yield increase by 
inoculation of azolla at one tonne per hectare, while 
Kannaiyan et al.(1982) obtained an yield equivalent to 
20 kg H ha1 by inoculating azolla at the rite of 0.3 kj m-2. 
Mathewkutty (1982) has suggested that it is better to 
Incorporate the dual cultured azolla at active tillering 
stage.

Scanning through the results obtained by different
workers it can be concluded that dual culture of azolla Is
a useful practice which can be adopted in rice to a large
extant. It anpears that an inoculation rate ranging from 

—20.1 to 0.3 kg m at the time of transplanting, is suf.iciant 
for azolla dual culturing, Higer rate can be preferred 
for guick nultipllcation.

2. Growth of azolla as influenced by soil reaction 
The pH of the growing medium is an important

_2



environmental factor deciding the growth and multipliedh . 
of azolla. As azolla is grown by dual culturing with rice 
in the present investigation, the pH of the rice soil wili 
predominantly influence the perlorraance of azolla and 
ultimately its effect on rice. Many investigators have 
attempted to trace out the pH optima for azolla growth and 
w fixation.

HicKell (1961) reported that azolla grows well over 
a pH range of 4.0 to 8.0, with best growth at 4.0 to 6.3.
He also pointed out that a hi ,h concentration of Calcium 
is required to balance the Increased absorption of Iron at 
pH 4.0, otherwise, the fronds of azolla suffered from Iron 
toxicity. Ashton and Walmsley (1976) observed that the 
growth or Azolla fillcaloidea was maximum at a pH range of 
5 to 6 with low light intensity (13,000 lux), but grew 
better at pH 9 to 10 when the 11 ,ht Intensity was 60,000 lux

According to Holst and Topp (1976), S fixation in 
azolla was optimal at pH 6, at 20°C, and it decreased at 
neutral pH. Killer and Goldman (1979) recorded maximum 
nitrogenase activity in azolla grown li ponl water of pH 6.3 
Later, Jayaprsjasam (1981) observed that the H content was 
hijhest at pH 6.3 thougn the highest fresh weight was 
recorded at a pH of 3.3.
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Singh (1977 a) recorded that asolla jrew batter 
in soils of pH S.5 to 7 than In soils of pH 8. Ha also 
revealed that very acidic soils of pH 3 to 3.3 did not 
support 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 
3.5. He also opined that asolla growth in flood water 
nay be different ana should be determined separately.

It can be concluded from the Investigations reviewed 
hereabove that the optimum growth and N fixation of asolla 
occurs at a pH range of 3.3 to 6.5.

3. nitrogen availability from azolla and nitrogen 
economy due to asolla

3.1. Dual culturing
3.1.a. nitrogen availability

aaubert (1949) observed that only 2 per cent of t e 
M in the asolla blanket was released into the surrounding 
environment. Zn liquid medium, Venkitaramen (1962) recorded 

fixation to the tune of 3.49 m.Y 100 ml”1 after 30 days of 
azolla growth, h Chinese strain of azolla released 14 to 21 
pur cent ot its fixed nitrogen Into water (Ghan et al.,1963).

£xcretlo>i of fixed M as ammonia was reported by 
Peters (1975). Release of fixed n from asolla as anv ionia
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was also speculated by Watanabe et al.(1977). But, they 
could find only one ppm ammonia in an originally N free 
solution taken from a container where Azolla pinnate had 
been grown.

Thus, a portion of the nitrogen fixed by the 
Azolla-Anabaena symbiosis is supposed to be excreted, which 
may beneiit the rice crop in dual culture.

3.1.b. nitrogen economy
Inoculation of asolla at the time of planting as a 

salt su porting source of « for ricu croo. has been 
recommended by Watanabe et al. (1977) . pu--.l culturi j oi 
azolla with wide double row spacing of rice plants helped 
to accumulate aoout 70 kg l ha1 (Anoi., 1980). 
julzhuo xin (1982) reported that inoculation of azolla for 
dual culture duri ig the 36 days before ini after transplant!ig 
supplied a total of lr9.7 <g W ha1, Singh et al.(1982) 
obtained a saving of 30 kg W ha1 ay dual culturing of azolla 
alone. Hals observation nas been supx>rted by Mathewkutty 
(1982) .
3.2. Incorporation of aual cultured azolla
3.2.1. Ritrogen availability

Tsuzlmura at al.(1937) obtained comparable rates of 
decomposition for azolla and soybean leaves, a  study on 
the release of am onia from dried azola in a submerged soil
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indicated that, at 30°C, the ammonia formed from the total 
nitrogen of the dried azolla, measured at weekly intervals, 
was 13, 19, 22 and 75 per cent at Zgt, 2nd, 3rd and 6th 
week after Incubation. It appeared that nitrogen In azolla 
was of slow release tyoe (Anon., 1976 a,b).

Azolla ft la released slowly and its availability to 
tne tirst rice crop Is about 70 per cent (Watanabe, 1977). 
Singh (1977 f) founl that azolla decomposed after 8 to 10 
days of i ic^rooration and the rice croo was benefitted 
noticeably after 20 to 30 days only. It is also noticed 
that azolla decomposed rapidly in the soil releasi hj 56 to 
80 per cent of its ft as ammonia within a perioi Of 3 to 6 
weeks (slngh, 1979 b). Higher recovery of ft was obtained 
by incorporation ok dual cultured azolla when compared to 
that from decomposition of azolla in water.

The availability’ of ft from azol.a was about 40 per c nt
less than that from ammonical fertilizer, and ammonia released
was observed to bo more rapid front fresh azolla than from
dri»i azolla (watanabe at al*« 1977). He also noticed that 
60 to 75 per cent o f the total nitrogen in azorla was released 
as ammonia, aft. r 6 weeks of decomposition, dubramanian (1981) 
fou d that whe; azolla was incorporated along with urea, the 
nitrogen was released slowly due to tne formation of 
Azolia-Urea ft Complex.
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3.2.2. nitrogen economy
In China. Liu (1979) recorded a saving of 37 to 

45 kj N ha1 b/ dual culturing followed by incorporation 
15 to 20 days later. By inoculating aeolia at the rate 
of 0.3 leg m one week after transplanting and Incorporating 
22 days later. Govindarajan et al.(1979) could save 
25 kj .'1 ha*. Mathur et al.. (1981) and srinivasan (1931) 
have alas recorded similar trends.

Patel et al.(1980), from multilocational trials, 
concluded that the inoculation of 1 t of asolla at planting 
follower by incorporation 20 days later, could economise 
30 kg H ha1, several workers (Anon., 1976 al Anon., 1977j 
singh, 1977 a,c,a* Anon., 1378 a; Singh, 1978* Watanabe, 1973) 
Arunachalam, 1980 and Subba Rao, 1981) concluded that one 
1-syar ox azo-i. a weljhi i j 8 to 15 tomes of jreen matter per 
hoctart could be produced i. itnin a period of 8 to 20 days 
ind incorporation of t’i = surf could save 30 to 50 kq 1 ha .

The above reports point towards the .i eaoiomy that 
can be .-obtained by dual culturing followed by lncor oration 
of the dual cultured asolla.

4. Effect of asolla on rice
4.1. -j sooth

81ngh (1977 b,d) observed Increase In plant height 
and tiller number when one layer of asolla equivalent to
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10 t ha1 was Incorporated in riee fields.
Better tillering was observed in azolla Incorporated 

plots (subudhi and Singh, 1980). Jaikumaran (1981) reported 
that applic tlon of 5 t ha1 of asolla In conjunction with 
7o p r cent of the recommended dose of 90 icg S gave the same 
height as that of 90 teg i* alone. He also observed, in the 
same study, tnat 73 per cent 8 along with asolla oroduced 
the same leaf area Index as that of 100 per cent 8 applied 
either alone or with asolla or farm yard manure.

However, Natarajan et al.(1980) could obttin only a 
marginal Increase In these growth attributes by the Incorpo­
ration of asolla, either basally or 30 days after planting.

4.2, Yield attributes
Azolla applied in combination with urea increased 

filled grains per panicle over urea application alone, 
(Kulasooriya and de Silva, 1977). Singh (1977 c) reported, 
from a field experiment at Cuttack, that asolxa incorporation 
at the rate of 10 t ha1 could Increase trie number and weight 
of panicles per a.ju re meter in rice varieties la 8 and 
Supriya.

Jaikumaran (1981) observed maximum panicle production, 
maximum nu.noer of rilled grains per panicle, and higher

*
percentage of filling tor incorporation of asolla at 5 t ha 
combined with 73 per cant of the recommended dose of H.
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With regard to 1000 grain weight, the results obtained for 
the above tre jt.nent and 100 per oent a apolic it ion were 
comparable.

4.3. Yield
The influence of azol.a on jrain yield of rice has 

bexn reported by many workers.
Moore (1969), in his excellent review, concluded tnat 

rice yield was Increased to t *■* tune of 14 to 40 per cent 
with azolla applic stion. Thyyet and Tuan (1973) obaerv d 
increased grain yields to the order of 10 to 25 mr cent 
by applying 10 t ha1 of asolla.

Asolla incorporation at the rate of 10 to 12 tonnes 
per hectare significantly increased rice yields (Singh,
1977 b,d,a). In another set of trials at Cuttack, by t.ne 
above author (Singh, 1977 b,d,e), the varieties in 8, 
Supriya, /ani and CH 1005 recorded increased grain yields 
to the extent of 12, 28, 24 and 25 per cent respectively, 
in kharif and, 38 ana 41 per cent Increase yields were 
recordeu by in 8 and Kalinga, respectively in rabl with 
azolla incorporation.

Incorporation of azolxa gave 19 per a-nt increase at 
grain yield (srinivaaan, 1977). oovindir njan et al.,
(1979, 1980) revealed t >at the combined aoplicjtlon of 
azolla «ith fertilizer recorded higher grain yields over



15

fertiliser nitrogen alone an i tni-> increase was comparable 
to th t of an application of 25 teg fertiliser S ha*•

The uae of asola as green manure in Chi -.3 gave 
increase in grain yield to the order of 600 to 790 teg h®*
(i.lu. 1979) . dawatdee and Seetanum (1979) reported that 
incorporation of IS to 18 ton :es of issolla 29 days after 
transplanting could yield 3.3 to 3.7 tonnes of grains oer

• 1hectare an i was equivalent to that oi 37.3 teg fertiliser M ha .
Incorporation of asolia st the time of transplanting 

with 75 per cant of the recommended dose of f) register 3 
higher grain yield than application of 100 oer c at H alone, 
(cundiram et al.. 1979). According to Arunachalam (1980) 
inoculation or incjr oration of azoSa before or after 
transplanting increased both grain and straw yield.
Matarajan et al.(I960) could obtain increased rice yield in 
all the seasons by the incorporation of azolla at the rate of 
10 t ha*, srinivasan (1980) observed that inoculate.]
at the rate of 3 t ha* at the time of transplantin , a m  
incorporated IS days after planting gave comparable yields to 
that of 25 <g rt ha*.

Talley an: Rains (1980) found that incorporation of 
asolla to supply 40 teg N ha* gave e julvalent yields as that 
from a sane quantity of inorganic nltroj n. Ac_ordln to 
aubudhi an 1 Singh (1980). incorporation of azol’a at the rate
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of 10 t ha* increased rice yields by 40 per cent over control.

AICRIP trials revealed that azolla incorporation 
Increased rice yields particularly in North - Eastern tracts* 
In Kerala. Jaikuraaran (1981) obsorv d that application of 
73 per cent of tne recomrended dose of N along with the 
incorporation of asolla is enough to pro luce as much groin 
yield as obtained iron 100 per cent N applied either alone 
or in combination with farm yard manure or asolla.

Sehra (1982) found that green anurin.j fresh azolla
at the rate of 10 t ha* at puddling Increased the yiel 1 of
rice by 34 per cant and this corresponds with the application
of N alone at 30 kg ha*. He also shoved that surface
application of asolla at 1 t hi* -£ive days after transplanting
recorded 20 per cent increase in yield of rice.
Kannaiyen et al.(1982) obtained grain yield on par with the
application of 20 Kg fertiliser N ha*, by inoculating 

m2azolla at 0.3 kg m one veek after transplanting.
Singh et al.(1982) obtained comparable yiel 3s with green 
manuring of one layer of asolla or dual culturing of asolla 
with that ot 30 kg N ha*.

based on the above reports, increased rice yields can 
be expected by utilisation of asolla for rice either -.a dual 
culture or incorporation separately as well as combinedly. 
Nevertheless, place to place variation in response was also 
observed.
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5. Effect of asolla on soil properties
Xmorovement In sons of tne soil properties due to 

asolla has been reported by many workers. From China It is 
reported that aoll organic matter content and soil structure 
were Improved by the utilisation of asolla in rice fields 
(Anon., 1977).

Higher total and available 8, organic carbon and 
available P were recorded from asolla treated plots by 
Arunachalam (1980). Singh (1980) also observed that asolla 
treated plots retained higher organic carbon content.

Venketuraman (1980) concluded from t results of 422 
testa, that organic matter increased from 1.S4 to 1.53 per 
cent with no change in H content and a slight decrease in 
P status. Total 8 build up in the soil was Increased by the 
use of azolla (subrimanian, 1981). Lishuo-xln (1982) reported 
lmorovement In the physical, chemical and biological proper­
ties of soil by the utilisation of azolla.

Jaikumaran (1981) could not observe much difleranc© 
between azolla treated plots and fertilizer 8 applied plots 
with regard to total 8 , organic carbon, Ci8 ratio, available 
P a .d exchangeable X in the soil, at Chala«udy. Application 
of dried asolia did not give any improvement oi aoll a 3 pregates, 
(aoychoudhary et al., 1979),

The literature reviewed clearly indicates tne possibility 
of azolla utilization tor rice by dual culturing uncertain 
perioi and than incorporating It, But the optimum pH for dual 
culturin , has to be worked out for different conditions.
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HATfc. UAba iv)k> ilETHODS

An experiment was conducted during the first 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 Kerala for rice. The 
materials used ano methods adopted for the Investigation 
are given below.

1, Site of experiment
The experiment was conducted at the Agricultural 

Research Station, Mannuthy, In Trichur District of Kerala, 
The Station is situated at 12°32' north latitude an.)
74°201 Bast longitude and at an altitude of 22.25 meters 
above mean sea level.

1.1. Soil
The trial was carried out in Block Ho. XX of the 

station during the first crop season. Data on the physical 
and chemical properties of the soil are gi sen In Table 1.

2. Climate
Data pert lining to weakly rainfall, mean maximum 

and minimum temperatures, relative humidity, and mean 
evaporation during the cropping period, collected from the 
meteorological observatory at Mannuthy, are given in 
Appendix X and snown in Figure i.
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Table 1. Physical and chemical pfopordcs of tn© aoll 
of the expertise it-sl site.

I Mechanical composition

Coarse aanJ 
Pice s-̂ nd 
jilt
clay

II pH

III Organic carbon content

XV Sot il A content

J AVdilaole

VI Exchangeable K

VII t,xcnange->.bl« a

VIII exchangeable Mg

26 ,4'i 
23.3. 
22.41 
27.2 .

5.3

0.331. 

0.0691 

67.43 pf*n 

33.92 ppm 

0.9107 i 

0.0391
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The data corresponds to standard weeks starting 
irom 9th July (starting of 28th week) to 21st October 
(closing date of 42nd week), the period during .vhich the 
trial was conducted. The data showed that she weather 
conditions during tne cropping period ware normal and 
favourable £or satisfactory growth of the rice crop.

3. reason
The experiment was conducted Juri ij the first crop 

season of tne year 1982-‘g3.

4. Cropping history
The experimental site was double crooned wet land.

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

5. Materials
5.1. Variety

The variety Triveni was used for the investigation. 
Zt is a short duration, photo-insensitive variety released 
from the Mice Research Station. Pattambi. The duration of 
the variety varies between 95 to 105 days in Kerala.

5.2. fertilizers and ulme
Urea (46. U). Super phosphate (164 p2°5^ and ‘1uriate 

of Potash (604 K^O) were used for the experiment. Calcium 
Oxide was used as tne liming material.
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5.3. Aaolla
Aaolla pinnate was used for the study. It contained 

91.2% moisture, and on dry basis. It analysed to 3,464 ft
0.31% P. 1.35% K, •.lit Ca and 0.674 Mg.

6. Methods
6.1. Treatments

The treatment consisted of factorial combinations of
4 lev Is of nltro j n (N) an.i four levels of lime (I*).

Levels of factor •a*

nl - 25r. of the recommended dose of H C '1

n2 - 504 Of the recommended dose of a

n3 - 75 4 Of tho recommended dose of a

n4 - 100% Of the recommended dose of N

Levels of factor •L*

*0 MS 0 kg lime ha*

*1 - 600 Kg lime ha1

*2 • 900 kg 11ms ha*

*3 - 1200 kg lime ha*

Treatment combinations

*0nl - *lnl *2nl *3nl
10n2 *ln2 *2n2 *3n2
*0°3 11<*3 *2°3 *3B3
*0n4 Xln4 *2n4 *3n4
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6.2. Design and layout
2The investigation was laid out as a 4 factorial 

experiment in Randomised Block Design with 3 replications.
The layout plan and allocation ot treatments tor the 

experiment are given in figure 2.

6.3.a. spacing and plot size
The gross plot size was 16.8 sq.m. (4.2 ra x 4 m) with

a net plot size of 11.88 sq.m. (3.3 m x 3.6 m) with a spacing
of IS cm in oetween rows and 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 length wise (4.2 ra 
side) to facilitate periodical sampling of the plant material 
and an ad iitlonai row was also ■ left beyond the sampling row 
to avoid tne possible ef.ect on the net plot.

6.4. Details of field cultivation
The Package of Practices of Kerala Agricultural 

University tor cultivation ot rice (Anon.. 1982) were 
followed during the cropping period.

The main £i Id was ploughed, puddled an J levelled 
before transplantin t. Twenty one day old aeodlin ja of 
uniform growth were planted at the rate of two seedlings per 
hill on 4-8—*g3. Gap filling was done on the seventh dey of 
transplanting.
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The crop was jlven two hand weedings at 20th and 
40th days after transplanting. A five centimetre cottlnuous 
submergence was maintained in tne field from the date of 
planting upto ten days before harvest. Bamboo tubes of 
30 cm length fitted with wire mesh at one end were used to 
drain the field.

6.4.1. Application of fertilizers and lime
Nitrogen was applied as oer the treatment schedule. 

Uniform doses of 35 kg ha* and 35 kg KjQ hi* were
applied as basal dressing. An extra dose of 10 kg S>205 ha* 
was applied 10 days afttr planting to all the treatments.

Lime was applied as per tne treatment schedule one 
week before transplanting.

6.4.2. Application of azolla
Azolla was nultlplied in plots of uniform fertility

ou.sidc the experimental plots. Inoculation of azolla was 
—2done at 0.3 xg m to all the plots two days after trans­

planting . The azolla was allowed to multiply upto the 
active tillering stage of rice and then incorporated after 
drainin, the field on the previous day.

6.4.3. Plant protection
The lot of azolla used for inoculation was treated 

with Furadan 34 granules and the crop was sprayed with 
Ekalux 25 i lc against leaf rollers and Metacid 50 i £.<_ against 
rice bugs.
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6.4.4. The crop was harvested ifter a period of 98 days 
after sowing.

7. Observations recorded
7.1. Asalia multiplication rate

Areas of 0,25 Sq.m. were narked randomly at 3 spots 
in each plot. The fresh weights of asolla in the marked 
areas were noted it the time of incorporation ana tne 
multifile tion rate was -orked out.

7.a. i-4 ice
7.2.1. Biometric observations

tor periodical observations, t. ree Sample units of 
two hills x two nilia were randomly selected in each plot 
is suggested by bones (1972), and tagged, ihe following 
obsorv itions were recorded.

7.2.la.Height
Haljht was recorded from ti.a saae or the plant to the 

tip of t le topmost le £ at tillering nl panicle initiation. 
At flowering ana narvest, the height from the base to the tip
of the tallest .anicle was taken, and tne mean heljht worked
out.
7»2.1b,Numner of tillers per unit area

Total number of tillers of all the hills in the
sampling unit at tillering ana oanicle initiation were 
recorded an 1 experssed as number of tillers per S j.ra .
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7.2.1c.Lea* area Index (l a I)
iiAl was calculated by adopt lng the method suggested 

by uomes (1 i 12). i’our sample hills were uprated from tne 
row earmarked lor the same and leaves were removed f ton 
plants for ..leasarinj trie leat area, uhl was computed using 
tne const nt 0.75 at acti/e tillering, panicle Initiation 
an-. dowering stages.

7.2.1d.Ory matter production
The samples drawn out for measuring the leaf area 

wore also useo for assessing the dry natter production at 
active tillering, panicle initiation and flowering stages.
At narvest the grain yield and straw yield were added 
together to <et the dry matter proluction.

7.2.le.yield attributes
a.i. Huir.oac of panicles per sg.ra.

Tru * Jtal nun sr of panicles from the 12 hills 
selected w is counted ^nd number of panicles per a ,.m.ua> 
worked out.

e.2.Mumaer of filled grains par panicle
The main culm panicles from the 12 hills were thrashed 

and numoer of ti.li.eo. grains (f), nuiuuer of unfilled grains (*) 
and weijnt of iiliei grains (w) were determined.

The rest of the panicles tram all the the 12 hills 
werf also threshed a m  number of unfilled grains (U), and



weight of filled grains (W) were assessed, from this data,
the number of filled grains per panicle was .-<lculate
using th** formula given elow (Gomes, 1972) .

Su oec of filled grains per panicle * j| w+w
w x 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 ’lculati ig tns aurn or of 

filled grains oer panicle, 1000 grain weijnt was C'loilataj 
and adjusted to 141 moisture using tne formula jiven by 
Gomes (1972),

1000 grain weight • 100 » M x £  x 1Qog 
where M is the moisture content of filled grains.

e.4. Weight per panicle
Ail the oanlcie3 from the 12 hills were weighc. and 

weight per panicle was calculated.

7.2.If.Gpain yield
Dry weight of grain was recorded for the net larvosted 

plot area, weight was adjusted to 14^ moisture =ind expressed 
as yield per hectare.

7.2.1g.atriw yield
btraw harveste from the net plot was uniformly dried 

in su l li_,ht, weighed ->nd expressed as straw /lei i per hectare.
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7.2.lh.Harvest Index
Harvest Index was worked out by dividing the weigat 

of grain per hectare (Economic yield) with tne sum total 
yield of grain an) straw per hectare (Biological yield).
7,3. chemical analyses
7.3.1. Plant analysis 
7.3.la.Hitrogen content

nitrogen content of the plant sam>les at the active 
tillering, oanicle initiation and flowering stages and that 
of grii i an) straw at harvest was dote mined by adopting 
HicrokJ eldahl digestion method as suggested by Jackson (1967).

7.3.lb.Phosphorus content
Phosphorus co itent of grain and straw at harvest and 

of plants pulled out at activ tillering, .anicle Initiation 
ani flowering stig.-s were determined t >couju triple acid 
extraction (9igil; HHOjiHjSO^iHClO^) and thereafter estimated 
colorimetrically by dev-lopinj vanadomolybdophosphorlc acid 
yellow colour an i read as Spectrophotometer (spectr >nic 20) 
as suggested by Jackson (1967) .
7.3.1c.Potassium content

Potassium cont nt of slants at active tillering, 
panicle initiation and flower in, stages nd of grain and 
straw at harvest were assessed throujh triple acid extraction 
and thereafter reading in eel Flame Photometer.
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7.3.Id.Protein content of train
The nitrogen content of grain was estimate 1 ’ni 

the protein content was computed by multiplying the 7 
content by a factor 6.25 (Simpson et al., 1965).

7.3.Is.Calcium and Magnesium content
The Calcium and Magnesium content of the samples 

were found out with th^ triple acid extract by titration 
with fcOTA as suggests by Jackson (1967).

7.3.If .Uptake of »,p ,K, Ca and Mg
d,P,K,Ca and Mg contents of plant samples at active 

tillering, panicle initiation anj flowerin, stages were 
multiplied with dry -natr er yield and uptake of the nutrients 
at these stages was computed. The rutrojen, phosithjrus, 
potassium, calcium and magnesium contents of grain an straw 
were multiplied witn their respective yields an 1 values thus 
obtained were added together to get uptake of N,P,K,Ca and Mg 
at harvest.

7.3.2. Soil analysis
Soli samples were drawn from the field prior to 

planting, at jctiv tillering and panicle initiation and 
lnv .edlately after harvest and dried in shade an : processed 
before analysing.
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7.3.2a. pH
soil samples collected at 7, 14 and 21 days after

tr insplanting were used for the measurement of pH using an 
hllco pH neter after preparinj so ill water suspension In 
tne ratio of It2.S (Jackson. 1967).
7.3.2b. Totnl t)

Total nitrogen was estimate1 by using Macro kjoldahl 
digestion net iod is suggested oy Jackson (1967) .
7.3.2c. Available P

Available P  was esti'nated by extraction with bray 
Ho.I solution on i tneraaft r dev loping chlororaolybdic acid 
blue colour and siding on spactronlc 20 (Jackson. 1967) .
7,3.2d. Exchangeable K, Ca ani Mg

-ncchangaaoie Ca and Mg were extracted by keeping 
overnight and leaching .itn Id neutral ammonium acetate 
solution, exchangeable K was read using sES Flame Ph itomoter. 
v.a and .uj contents were estimated ny titration witn jvT%, as 
suggested ny Jacxson (1967) .
7.3.2a. Organic Carbon

organic caroon was determined by usinj the u-lkluy 
and Black (1934) method, 
d. Statistical analysis

statistlc-1 analysis was donv. uaiag thu analysis of 
v 'rl-ncf techni ue for ^andomisec Block Jesi.in as described 
by Panse and Sukhatrae (1973). Simple correlation among yield 
and yiol ! components we.e also worked out.
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RESULTS

The observations recorded were statistically 
analysed. Results obtained are presented below with mean 
values in Tables 2 to 55 and analysis of variance in 
Appendices IX to VI.

1. Aaolla
1.1. fresh weight of azolla at Incorporation

data on the fresh weight of asolla multiplied upto 
the time of it3 incorporation are presented in Table 2 and 
analysis of variance in Appendix XI.

It can be observed from the dat i that only the 1ovala 
of lime influenced the fresh weight. The levels of nitrogen 
and the interaction of nitrogen and lime did not have any 
significant effect.

There was an increase in the fresh weight of asolla 
multiplied from the level ij to lj. However, lj aid 1^ 
were on per in this regard. The aero level (1Q) recorded 
the minimum frash weight of asolla. it oeing significantly 
inferior to all other levels.

The efrecta of nitrogen lev Is and the interactions 
were not showing a consistent trend.

2. Rice
2.1. urowth characters
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Tahla 2. Fraon weight of aaolla ( ,x j/ r f ) at incorporation 

Croat- tunts n. n_ ‘3 n‘4 <<aan

*0 1.497 1.343 1.443 1.343 1.407
h 2.5b3 3.003 2.703 2.600 2.727
i.,& 3.113 3.200 3.227 3. 30 3.15b
h 3.550 3.293 2.990 3.307 3.2t£»

• Joan 2.703 2.o27 4*311 £.53o
? £» ’«*. » Zmi>m for U « 0#^04 J O

Taoio 3. k.1 jht of plants (a. } at activu tilluring

Trc;it unte

*0
h
ld 

_ A3 _

'ban

nl n n3 n4 uan

Oj .O j 9 . 7 5 1 .4 j3 . j 0 3 .9
o 9 .6 j 4 . 9 5& . o 5 2 .0 5 9 .0
o ? .5 ->3.4 j o .  2 o b . 3 J /  .w
j 4 .6 oa  .1 3 o . 9 3 3 . b u .b

J -4 .6 o 3 .5 5 0 . b 3 2 .0

: 2 .4 1 b U J.') . .bi~ w 2. .

Tablo <4. wight of plants (an) at paniaio initiation 

T r e a t  w nta

2
l3

tian

nl °2 n3 _ n_4__ Sean

31*0 73.9 62.5 tr • r 33.5
57.2 52.3 53. j 54.9 35.1
63 .4 50.2 34.2 3*. .9 32.7
31).9 30.7 o4 *b 33 .5 33.3

33.4 31 .b 34.3 36.0

-2 B . J. . belt «* 3. ■>.

u
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Taslo j . bight of plants (on) at flosjoring

Uraat unto nl n2 n3 n4 .'loan

Ao 13.1 cl.9 73.0 07.9 o2 .3

H b3 •— 01.3 t>7,» uo.7 -4 .3
i( —4 03.7 —j .1 04.9 02.9

h Ol.J o2.5 02.3 o4.o o2.7

ioan -2.2 02.3 03.9 oo.9

r! a ii. • -• ■ 3. . le- t= 'J. .

faJola 3. bight jf plants (an) at wrv.. -t

Truot unto nl n , ____ n3 ____ n4 _ aan

1 0(3.1 -2 . 3 91.3 o3, 7

A1 oo«3 -o.7 — 3.3 0.3*3 —0.0
1 u3,/ -1.7 92.0 -7. ' —3 .3

l3 v-b> #C- *>J.O u0.9 90.1 oo,3

Joan t, j»3 —3.0 —7 .7 • °.o

J tt , • 4 e '3, tta b .. .

Taoi. 7. .Xr u a r  of tlliezo at aativs tiAi.ur.ujy •tayu

Tr_Jt --:;t£3 n« aJL 4« n3 „ n4 _____ itaan

1 ( 22 .2 2j 3.l 13a.7 243. j 22-. 3

h -•it.7 193.7 247.9 20o . j 232.0
1̂ o25 . 3 230.0 24o.3 250.4 239.0

l3 -4-.9 243. / 227.5 234.2 237.3

Son 230.3 c3l.g 230.3 247.0
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2.1.a. Haight of plants
data on mean haight of plants at active tillering, 

panicle initiation, flowering ana -.arvesting stages are 
presented in lablas 3 to 6 and analysis of variance in 
Appendix 11.

The plant height is seen increased by nitrogen levels 
at ail stages and significantly at the active tillering 
stage. At this stag'1, the lev 1 n^ wa j superior to n^ and 
nj even though on par with n^. The levels n^ and n^ ware 
Iso on par at this stage.

At all other stages, the levels n3 a m  n^ gave 
comparatively higher values than the lower lev--Is n^ an i ng.

The influence of lime on plant height, however, was 
not significant at any of the stages. Uut there w is a 
specific trend observed by lime applicatlm, T^e level 1^ 
showed a substantial Increase In plant heinht over 1Q at all 
stages. further increase in plant height over 1^ was only 
negligible.

At none of the stages, the Interaction of nitrogen 
and lime was significant, with regard to olant height,

2.1.o. dumber of tillers
2dunoer or tillers per m at active tillering and 

panicle initiation stages are presented In Tables 7 to 3 and 
analysis of variance in Appendix 12.
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Tabic ’JUrfxar of tiliars at panic to initiation stage

Ifcoat its n. b.

233.9 2o3.3 223.4
2oc.l 224.4 250.t
235.5 235.7 253.9

n*■*
235.0
273.2
255.5

aan

235.3 
2o2.2 
245. ̂

l 3 242.3 230.0 242.3 235. / 2o

Xian 243.3 247.9 2a0.3 200.0
i7 a . *- 11• • 5t < c ’. •

Pabl 9. -ma£ aroa Index at aotivo tili-ring atogc

Or jat- ~ nto '31 n£, n3 __n_4__ _ man

il
A2
A3

u.72j 
,.5-7 
• 5̂ 1

.794
j, 797 
5..13
i*u20

> .o3o 
.902 
j.o 37 
,.uol

,w90 
0.90/ 
;. 950 
j.95o

j.ol2
J.olo
j.blt,
. o35

man a Jo7 O.uOi 0 . -o2 i . ,,*,0

2. .£ x *» U*0b3 I. ca «.> . 5C5 a 1. •
Tabic io. x*uf or .a inua . at patuaio initiation stage

Proat'Kotos ni na n3 n,4 man

i ,
*1
i
A3

.932
5.941
.92/

1 >«o23

1. >13 
l.„03 
1.149 
1. Jll

1.212
1.3o5
1.2U)
1.39/

1.314
1.359
1.35/
1.32o

1.144
1...2U
l.l/o
1.139

■j- an ,.913 1.120 1*311 i.34o

2. .£ .>r J « 0. 979 , x, j. « i£ n 1. .
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fablo 11. ■naf area Index at tlowering ataga

Treat x~nt3 al .... J z ____ n, n„ 'ban 3 4

1 1.157 1.3o0 1.571 1.717 1.45b
H 1.209 l*3o4 1.331 1.U3Q 1.513
o 1.020 X*43o 1.357 l.o73 1.497

*, 1. loo 1.359 1.735 2.029 l.o70

wan 1.135 1.390 1.349 l.oj3

-3 a Q.lOb J ,j. , a 1. .

Tablu i2. try wttQr
1

vjroduotlun u*j ha ) at aaulvo tj.ixara.ng

rraat** nto nl nu n3 n4 ;«an

503.3 —« ■JkJ . * o9l.j 37o.o 557.2
H 520.3 o4o. 335.0 jjo.t 547.3

5il. > 3oi • 5 570.0 5o0.j 557.7
h 514 .4 545.3 530.0 5o2.^ 543.5

ban 315.0 551.0 571.3 537.3

•2. .for n o 14.3i O «8 l.o ,» 3*Co *- i, 0 •

Table 13. „1
t ~j att~r promotion (iag ha ) at panicle initiation

Treat'> *tt I n3 n4 ban

A0 1311.1 1527.0 1705.5 1700. j 1311.2
1339.4 1703.3 17o2.2 lb29.4 1713.5

i 2 1531.2 1333.3 •iu2o.o lb lo .5 1703.0
i3 i499.o .1/32,0 1742.2 1015.5 1597.3

ban 1520.3 1349.3 1734.7 1791.0
J. .for -  3s,29 <3.t i. for o a 35.29 O.t.for t&tu a 70.56
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The effects of nitrogen* lime and their interactions 
were not significant as regards the numoer or tiliers per 
square metre* at ooth the stages*

nowevar, the ua.i*oer or tiliers was rounn to show an 
increasing trend from to at all the stages. Among tho 
lev”la or lima, lg recorded lower lumber of tillers at both 
the stages.

2.1.e. beat Area Index (bAI)
ti«an values of bAI at active tillering, panicle 

initiation and flowering stages are recorded in Tables 9 to 
11 m d  analysis of variunce in Appendix XI.

iroffi .he results it could e seen thit there was 
si,ai£leant difference in i*AX due to nitrog.n lev is at ail 
stages, ucwevcr, .ne differences due to levels a£ lime as 
well as interactions ware not significant.

Among the levels o*. nitrogen, records i max Imam t, .» 
values rollowed by n^* n^ and at all stages. But at the 
panicle initiation stage, the W»I values records by n^ and 
n3 were on car.

2.1.d. Dry matter production
Data on dry matter production at active tillering, 

panicle initiation, flowering and harvestiij stages are 
presented in Tables 12 to 15 a m  analysis of variance in 
Appendix III.
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Table 14. ry natter production (tej ha1) at flowering

Tseati lento nl n2 n3 n. son 4

20o7.C 3334.4 3b30.7 3o23.2 3321.0
A1 2701.2 3291,. 3792.9 3bbi.4 3409.3
1 234'. .3 3113.1 3702.e 3902.9 3303.0
*3 2571 »t> 3139.2 3-30.4 3907.c, 34 4 .0

©an 25 ;1.3 322— 0 3734.9 3904.3

3. .c ,r i ■=• w7.1 -3. .for u •■ t>7.1 C .. .fu r 5c- «= 174.1

Table i— Ti ruattor produatio i at harvest (is, na1 )

rroat .onts na °2 °3 n4 oan

K 3702 4/14 0017 j 323 4592
h 41-3 4/c.C 5395 037c, 005s

h 3701 4 e*>4 2407 0 592 4c* 57

l 3 3701 4 ̂  o4 34J7 0391 4o37

.Juan 3 0b3 471C 0333 —0—4

J. ,f >r “  lol.i 2. .for -  »  lol.l 2. .for 6c- »  J. ->.

Tablo 13. j’V ibor of panicles per n

Troat.a-nfcc R1 n n3 n4 can

1,
13
loan

17—,o 1-7.9 191,4 195.3 100*3
191.1 200.0 21/.4 23— 4 211.1
192.2 2 ̂3 .0 213.- 217.1 205.4
1c 5.u 192... 207.3 21c 1 201.3
lo/ .2 197.1 207.0 210.3

2. .£jt 1 n 13.4 O. .for -» *» 13.4 o.* .for i*t-« » o. .

0
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Significant influence was exerted by the levels of
nitrogen on dry matter yield 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 significant effect on dry matter production at
panicle initiation an flowering stages.

At all stages the higher levels of a have recorded
proportionate increase in dry matter production and at the
active tillering and panicle initiation stages the levjls
n, and n. were on par. However, at all the -itages n.J 4 1
recorded the lowest dry matter production.

Amonj the levels of lime lowest dry production was 
given by 1^. The levels 1^, lj and 1^ gave dry matter 
pro iuction values which were on par.

The interaction ef.ect of lime and nitrogen has shown 
the sune trend as that ot nitrogen.

2.2.a. Yield components
2a.i. Humoer of panicles per m .

2data on the mean number of panicles o-’-r m are
presented in Table 16 =md analysis of /arlance In Appendix III.

2The numoer of panicles r>er m was sound to vary signi­
ficantly according to the levels of nitrogen as well as lime. 
However, to** Interaction of nitrogen an 5 H t -* did not have 
any sijnificant influence on the number of panicles.
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It is seen from the Table that the hignec levels of 
nitrogen (n^ and n^) ga*e significantly more number of 
panicles than lower lower levels (n^ and n^). The lowest 
number of panicles was given by n^«

nit:, regard to the effect of lime on the number of 
panicles, tne lev*-! lj was superior significantly, the 
value being on aar 5ith the levels 1^ and 1^. The level lg 
resulted in the minimum number. An increase of 12.1 per 
cent was obtained in the number of panicles, from lg to 1^.

a.ii. iJumoar of filled grains per panicle.
dean values on tne number of rilled grains per 

panicle are presented in Table 17 an) analysis of variance 
in Appendix III.

The number of filled grains differed significantly 
due to th~ nitrogen levels only, 4o significant variation 
was observed due to levels of lime an) interactions of 
nitrogen oni lime.

The maxi nun nu 'o»*r of filled grains was obtained with 
the level n^, the value obtained being on >nr -fith n^. The 
level n^ gave the lowest number of fill®! groins per panicle. 
The oercentage increase in the number of filled groins per 
oaniclc fro1- n^ to n^ amounts to 35,5 i whereas the corres­
ponding increase fron to was only 37.7 S.
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Tabu 17. ’k t ib a r of filled grains per paniola

Troati;»nta n2 n3 °4 'tean

1, 40 .50 34.37 63.42 51.37 45.11
1A 37.26 39.60 49.50 52.0b 43.30
1 40.33 39.97 04.39 52.40 43.37
1, 37.50 3 43.33 oo.63 50.02 4o.ol
tean 30.93 39.37 52. ol 53.75
2. .for 7 « 4.332 I* IB 1> « Lbil, a  J .

Tabio lo. X000 grain woaght <g)

Truati onto n2 n2 °4 •loan

10 21.4j 2~.33 23. 4U 24.17 22.91
1A 23.o3 23.43 24.93 25.03 24. o2
A2 22.37 22.37 23.40 24.07 23.23

21.3 23.73 23.27 24.13 23.lo

'tean 22.32 23.12 23.07 24.0-
2. .for ” a 0.93o o. .for 0 » 0.935 • SCO a i. >.

Tabl- 19. oigot per .aniolo (g)

rroafenonts a2 n4 • lean

10 1.17 1.21 i.so 1.52 1.33
1̂  1. 62 1.99 2.03 1.5o 1.77
12 1.31 1.66 1.02 1.90 1.34
13 1.12 1.60 1.49 1.93 1.31

'teen 1.2o 1.63 1.72 1.72

2. .for ; a 0.253 2. .for 0 a 0.2o3 ’SCO a 'i. .
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a.ill. 1000 grain weight.
Data on the t«nn weight of 1000 grains are uivtn in 

Table 18 u n . analysis. 'Z variance in Appendix 1X1.
The lOOOgr^in weigit weo found to Da influenced 

sijnificantly by nitrogen and lime l<v.jla. but the inter­
actions of The factors h i no significant effect.

Maximum weight was recorded oy the level n^» followed 
by riy and n^. out tne vslues obtained ..ita the nitrogen 
lev Is n^ and were en par.

Amona the lavrls of lint, t*' hightst weight of 1000 
grains was regist red u y lj, followed oy 1^ ard 1^. The
lowest weight was obt ined with 1^.

2.2.b. weight per panicle.
Data on mean weight per aanlcl* art ;iv--n in Tablo 19 

and analysis of variance in Appendix III.
The -'a.iicj.e weight was influenced significantly by the 

lev In of the factors nitrogen an4 lime, but not by their 
interactions.

The -taximum weljht per panicle was given by ti o 
nltro ĵ >n level n^» whien was on par with n^. fhc 1 jvel .lj 
records! oijoifieantly lowest weijht per oanicle.

Amon the lev Is a line, 1^ oro uce. p inicle3 wit »

maximum weight, th<=> values ooing on par > tth and lj. The

lowest weight per oani-lo was obtained with lg.
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2. 2. C .  Y i e l d  o f  grata.
The mean grain yield data are presented in Table 20 

and analysis of variance in Appendix III.
Qrain yield was influenced significantly by the levels 

o£ nitrogen and lime, whereas, the effect of interactions 
was not significant.

Application of .4 gave significant increase in grain 
yield only upto the level n^. The grain yield obtained at 
the level n^ was only slightly higher than n̂ . The increase 
of jrain yield from n̂  to n3 was about 53.0'.. The corres­
ponding increase from n^ to n^ was 57.0 t. The levels n^ and 
n^ recorded higher grain yields in the order of 2.66 t ha1 
and 2.72 t ha1, respectively.

The level of lime 1^ gave maximum yield of 2.45 t ha1. 
This was 9.2a higher than the grain yield given by lg. The 
values obtained at the levels 12 and 1^ were on par with 1̂ .
2.2.d. Yield of straw.

Oats on the straw yield are given in Table 21 and 
analysis of variance in Appendix 1X1.

It was seen that the levels of nitrogen and lime had 
significant influence, as seen In the case of grain yield, 
the Interaction of the factors did not have significant ef-O'-t 
on the straw yield.
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Table 20. .fain yield (tag ha* >.

T re a t writs ni n2 n3 "4 xsan

*0 1545 2209 2506 2S15 2244
*i 1010 2289 2005 2602 2451

17a2 2212 2373 2722 2340
h ISOS 2148 2343 275a 2294

®an 1736 2214 2357 2724

vl.i .for O « 32.SI 3 .. '.fo r a a o2ol tea «* 0 . >.

Taoia 21. fcraw y aa^i (Jag fia* i.

Treatn.-.nta nl n2 n3 °4 m n

*0 2032 2504 2512 2711 2447
*1 2<-73 2470 2791 2to75 2303
A2 2193 24 >2 2754 2919 25 JO
*3 2039 2613 2733 2933 2571

naar 21dv 2498 27-35 2030
3. .£  f -! « 77.39 J .b .f u r a » 77.39 *6t,j a 0, ..

Taole 22. iuTVa.-t ii'idox.

Tfoat a.ifcD nl °2 °3 n4 ban

*u j.4433 J,43a0 0.4SU3 0.4937 0.4737
H 0.4 23 0.4707 0.4oS7 0.4bau 0.4723

0.4427 0.4700 0.4a10 O.4o83 d.4705
*3 u.4400 0.4S0 O.4U20 f i. 4a 9*3 0.4377

■ ban u.4422 4372 0.4840 0.4907

0. ,£.JC » «• 0.0046 i 0
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rtia straw yield was increased from 2,15 t ha1 at 
to 2.66 t ha1 at n^.

Tho data roveaiod that the level of lime 1  ̂ gave 
maximum straw yield and the value was on par with ij and i y  
out all tnesc levels were significantly superior to 1Q .

2.2.e. Harvest Index.
data on the harvest indices are given in Table 22 

and analysis of variance in Appendix 1X1.
It is evident that only tne levels ol nitrogen exerted

sijnificant influence on harvest index.
The narvest index Values showed an increasing trend 

from the level n^ to n^.

3. Chemical studies.
3.1. uuality characters.
3.1.a. Protein content of >rain.

data on protein content of grain are given in Table 23 
and analysis of variance in Appendix XV.

Only the nitrojen levels showed a significant influence.
Neither the levels of lime nor the Interactions hid any 
si ,niflcant effect.

The protein content was found to increase in accordance 
with the nitrogen levels, from n^ to n^.

Liming also caused slight increase in protein content 
o. grain, even thoug i not significant.
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Ifcbla 23. -Totein content of grain (%).

nraatra-nts nl °2 n3 n4 ’lean

X0 4.3? 5.23 5.33 7.29 3.73
*1 4.3? 5»b3 7.a9 7.68 3.42
*2 4.3? 3.13 ->.13 7.So 3.13

4.37 3.25 7.3b 7. bo 3.34

ftean 4.37 3.31 3.71 7.33
o.o.for i e 0.727 3 a II.-j . £<-< a 0. .

fabla 24. content of atra» ( »>.

Treatrn nfce nl °2 fl3 °4 'can

*0 0.437 0.437 >.513 0.793 0.330
0,al3 0.347 0.747 J. j33 0.340

*2 J.327 0.437 0.313 G.oa3 3.490
*3 5.313 0.420 0.7OJ 0.393 0.543

loan 0.420 0.300 0.31b 0.->9b

.for !J a 0.13b j M 0.3 . Us 3 a M.O.

TabJ... 2a. >5 uptake _1{5tcj ha ) at active tilioring.

Treat, enta nl n2 °3 n4 ean

xo a.33 7.23 10.13 3.45 0.12
h 3.3a 7.33 o,7 9.1a 7.71
h 3.33 7.5? 9.14 9,/5 o.lu
h 3.03 5.65 7.13 7.99 7.11

"oan -.a4 7.32 6.67 9.Qo
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3.1.b. Nitrogen content of straw.
Mean values of N contents of straw are presented 

in Tabla 24 and anal/sis of variance in Appendix IV.
It was found to vary significantly due to the levels 

of nitrogen only, ihe level n4 recorded significantly 
superior nitrogen content in the straw, but this was on par 
with n}. Ihe content of nitrogen in the straw was lowest 
at nj, the value oeinj on par with n^. Ihe levels n^ and 

ware also on par in this regard.
The influence of lime, ev n though was not significant, 

the level lj registered marginally higher d content in the 
straw.

3.2. Uptake of N.
beta on the uptake ot a at active tillering, panicle 

initiation, flowering and harvesting stages are presented in 
Tables 23 to 28 and analysis of variance in Appendix IV.

It is seen from the Tables that at the stages of active 
tillering and panicle initiation, the fl uptake was influenced 
due to levels of nitrogen only. At flowering and harvest 
stages .ijnlticant difference was brought about by both 
nitrogen and lime. The interaction were not sijnifleant at 
any of the stages.

The upt ite was found to increase from the level n^ to 
n4 at all t stages. The increase was significant from 
to n4 at flowering and harvesting Stags'3. At earlier stages, 
t le levels n3 and wer« on par.
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Table 26. H u,*taHe (kg ha1 ) at panicia initiation 

TToat ionta H n.. n3 n‘4 oan

*0 lo,22 19.26 23.63 21.97 21.46
H 17.27 26.42 2 .91 30.3 j 25.61
li

13.33 22.9*. 20.13 29.75 24.29
A3 _ 1/.49 24.27 26 a 6 29.70 24.56

Maan IS.63 22.9Q 27.20 29.23
2. .for 'J «* 3.096 ,i GS M..> . fen *> u .

Tania 27. J uptaso (kg ha1 ) at flowering.

Treat *..nts °2______ n3 n4 oan

31.4/ 43.34 5Z./4 57 .i-4 50.13
h 34.11 4^.67 77.27 -j .3/
x2 29.60 3/. 70 oo.26 S-..J3 47. aS
‘3 £0.43 34.03 57.32 5u.6 43.57

oan 30.40 39. /o 63.71 S9.©5

O.^.for :3 a 4.323 J.' .for o • 4.323 lt<6 <U I/*'-' •

Tanlo 20. O u>>taiso <ky ha1 ) at harvoat.

Treat, i jnte n. n3 °4 ban_____

21.93 30.17 33.47 62 .  ̂> 35.14
A1 26.03 37.33 63.5/ 54.6 J 42.70
l 22.33 32.27 40,33 62.01 36.75
h  _

20.33 2o.S7 51.30 5a.7 30.66

ban 22.71 32.06 45.42 53.29
3. .for »; ct 4.241 2. .for •» 4.241 • ix0 K I . .  > ,
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Both at flowering anti harvestinj stages. 1^ recorded 
significant increase in H uptake over 1Q. The higher levels 
12 and lj were on par with 1^.

3.3. Uptake or P.
Data on the mean values of P uptake at active tillering, 

panicle initiation, flowering and harvesting stages are 
presented in Tables 29 to 32 and analysis of variance in 
Appendix IV.

Hie uptake was differing significantly at all stages 
except at active tillering. The nitrogen levels influenced 
the uptake at panicle initiation, flowering an’ harvesting 
stages. i,ime and N x i> interactions did not influence the 
uptake at any of the stages.

The uptake increased significantly from the nitrogen 
level nj to n3 and n^ and n^ were on par.

3.4. Uptake of K.
Mean values on the uptake of K at active tillering, 

panicle initiation, flowering ana harv^ at in. stages are 
presented in Taoles 33 to 36 and analysis of v iriince in 
Appendix V.

At active tiliering stags, the upt-ke was influenced 
by nitrogen only. At harvest, nitrogen, lime and their 
interactions influenced the uptake of tne same.



fablu 29. v ucJta«a (kg hS*) at active tillering.

fraat. :antu nl "2 n3 n4

h 1.293 1.507 1.553 1.33
-x 1.317 1.350 1.337 1.433
i 1.23/ 1.547 1 iC jw 1.3o3
s 1.33/ 1.34/ 1.437 1.49/

naan 1.303 1.440 1.457 1.5U0
o. ,&r P ss il# * O & 4* ̂ • 3xu BS

Tahla 3u. u„>i.a a- <kc, hS*} <* & 1 5 6 £

Ita it. lifiu. p a n3 n 4

*0 4.147 3.363 4 .213 5 .-37
A1 3.3o) 4.473 5.3U, 4.503
a2 3.437 4.227 4.353 5.113
A3 3.753 4.533 5.223 4.913
.’lean 3.76- 4.222 4.557 4.719
0. .for 0 *• 0.634 u e r?*•>. SC 5 « 0. .

•Pablo 31. <•' u.Jt'iiai (3sg ha*) at flowering.

Pro-*. onto nl °2 n3 n4
1 j .oSO 9.047 9.323 11 .5 *J
A1 7.7j7 9.017 9.JOO 3.733
P 7.J23 9.200 9.00/ 11.030
A3 7.030 b.57/ 10.723 >.4o0
sean / .1sj O.loS 9.913 1( .440

0. ,6or n a 0.3 Yl * et J* *. (It 5 *> .

oan

1.429
1.374

1.407

uan

4.27. 
4. ->13 
4.364 
*..506

aa n

9.270 
9»lc.9 
9. 235 
-.97b
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Table 32. P uptatea (Hg ha1 ) at harvest.

Treat, uats nl n* °3 _ n4 ........ •toan

*0
H

13.09 15.53 17.90 lu.35 13.45
la. '>0 15.37 19.37 17,94 13.97
13.31 io.Sl 17.55 19.47 13.53

0 12.73 15.57 17.51 19.45 13.31

aan 13.be 15.74 lo.lw Ab#wX
o. .for 0 « 1.3U4 u «• ■.5.0, iK.'J- . .

rabl 33. (It j ha ) at activ̂ fciilw riny.

rrett onts pi n~£ ”3 n4 .aan

K> j.->33 j.237 j.vo 7.300 >.o!3
h

j »o j0 7 »* 7.io7 3, ;<o7 3.934
2. i.abO  ̂ i7 /. >73 7.417 3.937
l 3 5 • lo 0 1,1̂ 7 7.37 7 >.75 >.‘>73
ear) >.430 7.X27 7 eXi U

•2. .f >r tS» 0.331 -j » r,» >, fr: >«t iJ« «

Tabl- 34. C Ui*.aho («g na1 ) at >aoiclw initiation

I’m  >t vnto n,*b n„ a3____ n4 •oan

1 21.17 10,14 lil.lo 22. o3 21 . 0
i
~i l",i,3 22.25 2t>.71 23.5 22. w3
I 21 .11 21.44 22.47 24.43 22.32
l 3 2 0 .v ti 24.57 24. .9 24. el 23.47
•Jaan t. « if J 21. Jj 23.37 2 3 .<-3
»3 CS .J»->. , - it. « 6lij n “J, »



Tablo 35v «alK qpfcaka (kg mr) at flowering.

T rea tro n t3 ni °2 °3 a. "loan

1u
h

33.95 
35. 2

45.79
45.2b

4o. 33 
53.46

bl.45
5 1 .9 2

44 .u> 
45.43

1 3L.75 40.61 50.34 o4.03 6b.24
*3 35.77 45.44 53.23 54.71 47.31
ean 35. ,5 44*35 bi), SI a3.03

H m , ij C3 « rte5 • n. •

r-Alo 33. iC u Jt's:- (k ) a t **>arv >t.

Troatnunta nl °2 n3 n4 eo n

o
c 33.92 44.5 i 43.76 bl.42 44.4,

4' .22 43.3 > 51.5 52.93 4/ .J o

>
~2

t / . u . 4o.57 i»l. o4 53.74 47 «0o
*3 33. 44.37 50 .6b <j4 .  ̂  5 :..57
'(MUi 3 >.74 4*. 49 6 0 . 6 1 oJ.u b

J.B.for n a  1. > 09 o .i .for u «  1.333 2 . 5 . f o r  ..5: j  as 4 .5 7

Tablo 37. 0a i^T t’ je (.sc ho1 ) at a o t iv ~  t a l a r i  .j.

r1 n<£. n3 n ,
4

e a n

xo
0 . .  357 C.2~*7 0.3.33 0.311 0.2963

xi
0 .*  rf>3 0.337 C .325 0.30*6/ (’.3006

X * . . .9 5 3 ' .3043 O.32o7 0.329U 0.3141
5*“3 .2  5' 0.32b 0.320'’ n . '1 9 5 ° .30Gu
K .& n 0«2b6u ■J. JUo3 1 i« 3 2 lo 0 .3 1 1 2

0* .£  j r  23 «3 0 .0 1 3  L) os IJ.j .  3 X ~s *  >3. J.
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At act1vo tillering atago, the uptake was high at 
which was on par with n^, which in turn was significantly 

superior to .

At harvest, the uptak showed a corresponding signi­
ficant increase with i->cre.'r>.«ntsl doses o£ nitrogen. Among 
the levels of lime, 1^, 12 and lj recorded significantly 
superior uptake values than 1Q at this stage. The inter­
action of nitrogen and lime was si jnificant at this stage.
It is seen from the cables that maximum uptake of K was 
recorded by the different levels of lima unds'r the treatment 
n^. It is also seen that all levels of lime under n^ 
recorded low values and l^n^ has given the lowest value.

3.5. Uptake of Ca and Mg.
Data pertaining to uptake of Ca and Mg at the various

stages are given in lablea 37 to 44 and analysis of variance
in Appendix v.

At active tillering and flowering stages, only the 
nitrogen levels exerted significant influence on uptake of ca. 
At harvest, the nitrogen as well as lime Influenced the Ca 
uptake significantly.

At all the stages mentioned, it is seen from the 
lables that, the Ca uptake was more at higher levels of 
nitrogen (n3 and n^). Sven though not si nifleant, the same 
trend was observed at t i© panicle initiation stage also.
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Tablo 38. Oa uptake (kg h a  ) at panicle initiation

Tra trauntn

A1
*2
A.3
loan

n, ”2

0.0497
0.0077
0.935
.0943

0.0473 
J.95311 
0.917/ 
.̂9t>33

0.9330 
1.0177
1. J6S3 
0.7233

°4 _

0.9437
1.1937
1.0350
1.0937

J » ?* » e H* * t&Cij « w» •

Tabic 39. la uptate (kg ha1 ) at flowering

ban

0.9009
1.103c
u.9910
.9199

O.U917 o.92ts3 0.9423 1.059b

Treat icnts "l n2 n3 4 j .an

1.435 l.biO 2.00o 2.027 1.̂ 32
h 1.4 7 1 .933 2.139 2.255 1.954
1̂ 1.50-- l.u42 2.14c 2.29L 1.947
l3 1.557 1.003 2.241 2.2u4 1 »9cU
riean 1 .4ul. l.t>72 2.142 2.219
0. .far n a 0.113 u *— 0. . :6c ̂ a i. .

Table 40. la uptake (kg ha* iat harvest•

Trout *_nfca °1 n„4. n3 °4 can

*u 2.191 2.775 2.ob 3.13c 2.733
h 2.412 2.791 3.304 3.441 2.9o7
h 2.379 2.023 3.227 3.459 2,9b4
h 2.303 2.o92 3.147 3.041 2.952
naan 2.32<i 2.o20 3.154 3.410

i .o .f o i O « u.1304 O.c.for *•« •» 0.1304 3 B  i .  ,
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Table 41. g uptaica (kg ha ) at aotivo tillering

Treat onta n3 “4 _ _ itoan

in ,.244 0.235 0.279 0.̂ 33 0.<s33
h J.242 0.235 0.233 0.237 0.230
h ,.452 0.270 0.273 0.2-> 7 0.235
h 0.237 j«24u 0.259 .,.200 o*<si>7
<soan j.244 0.262 0.274 0.2 7o
J at >3. , u » I. * '.-iK.u » [?, •

Table 42. %  ujtok© (kg ha1) at paniai- Initiation.

Troatne-ita ______ n ”3_____ °4______ Uan

*> 0.239 0.512 0.701 -.724 0.337
iX J.546 0.739 0.732 >.770 u.734
*2 O.Obj 0.391 .014 O.77o .742
s o.344 0.74b 0.77 J 1 i.ulO ,.744
stoan 0. Sol 0.39 7 0.75b u.770
2. i.tor :j « 0.044 2. .for 3 0 0.044 ilK» B i7. .

Table 43. 0 uptake (kg ha1 ) at £lowering.

Tro Jt* lenfca nl n2 n3 n4 - eaii

1.133 1.53, 1.374 1.739 l.o44
*1 1.203 1.572 1.0O4 1.664 1. e3o
*2 i.ao7 1.391 1.615 1.994 1.372
A3 1.2b4 1.375 2.079 1.939 1.744

tiaan 1.240 1.301 1.643 1.904
2. .for n ® 0.123 2.i .for 3 » 0.123 H x  ̂b f. .
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Lima influence Ca uptake significantly at harvest 
only. It was more at lj then at 1Q. At the other stages
also, such a definite trend was noticed.

With regard to the uptake of Mg both nitrogen and 
lime had significant effect all stages except activeA
tillering. At panicle initiation stage the higher levels 
n^ and n^ recorded higher uptake values which were on par.
At narvest, it was increased significantly from n^ to n^.
Among levels of lime, 1^. 1^ and 1  ̂recorded uptake values
significantly superior to lg. at all stages.

3.6. joil analyses.
3.6.a. pH of the soil.

Data on the pH measured 7 an ■ 14 days after planting 
and at the active tillering stage are given in Tables 49 to
47 and analysis of variance in Appendix VI.

Only the level3 of lime influenced the pH of the soil 
at all periods of .observation.

There was an increasing trend in tne soli pH from 
5.68 to 6.5, 7 days after planting. Almost similar trend 
was followad at the time of incorporation also, but for the 
fact that 13 and 12, and i2 and lj were on par.

At 14 days after planting, the level 12 showed highest 
pH followed by 1̂ , 1  ̂and lg.

Change In soil pH due to nitrogen lev'ls as wall as 
Interactions was not significant.
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Tablo 44* ■ tj uptake (kg ha1 ) at harvest*

*rueose jto ° 1 °2 n3 _“4 ________ ‘Saan

hi 1.944 2.374 2.539 2.795 2.420
h 1.225 2.495 <4.730 3.413 2.771

2.441 2.533 2.054 3.157 2.5/4
*3 2 .2 2 s 2.507 2.1*71 3.172 2.394

itjan 2.134 2.477 2.014 3.135
.for «B 0.143 w. .for 1. o 0.143 0 K w a I.

Table 4b. -*oii pel ***7 uaya after planting.

Treat* unto nl ______________ n4 _____ f‘*ea»

*0
3.300 b.533 5.357 5 .  .33 5.51*3

*1
e.933 5,OCX) 5,33/ 3.2«>j 5.97s

i, 3.3 *.. 3.133 3 . 3o>- u ,i\j / 5,2uu
s 3.5X3 3.433 S. 30 5.45/ 5.UX
'aaa 3.0o3 5.000 3.*33 5 . x*.2

v m j. , 0. ,£jT u <a Q,•304 <a* *4. .
Taol- . 45. url spt5 - 14 da/3 a£fc~r planting.

Troatnrnta nl _°3_ _ n4 ean

*0 3.733 5. 90o 5.033 5.i 33 3. 0^5
h 3.03s 3«9Uu 5.OCX) 3.233 3.042

3,433 3.157 5.337 3.333 5.32s
h j.->33 3.557 5.5 j7 3.500
naan 3.194 j.125 5.217 5.2 5 /

4 «a i'l9 «► *>*• »iOr U « 0.2004 *)5 *s .a.
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Table 47.

Treat «nta

Au
l X
A2
l3

Soon

Soil pH - at inaarporation stage. 

°2°1 n'3 n4 naan

5.000 6*000
3.033 3.037
3.537 3.233
3.467 6.557

S. 537 
3.937
3.337
3.30

5. 937 
3.157 
3.237 
3.567

3.901.
5.05c;
5.40b
3.550

3.217 3.217 3.230 5.242
.for " a 5, . J. .(Ear 3 ■> 0.134c • l»c <= ’J. .

Ta-jxc. 4U. Ojfcil u ( >> - aatlwo tillering stage.

Trua client?

A0
A1
1, iL

oan
0. .for 3 =• u.0039 

Taol 49. -’ot-l o ( 0 

Treatn_n£3 n,

___ n n,a 4
0.0411 0.J42u 0.0304 O.0aS4
.032a C.C392 O.Oa32 0.039/
0. ’401 0.0420 C.0j22 0.0333
.0411 0.04al O.0j7d J.0507
0,0414 0.0423 0.0339 0.A502

rioan

O.0474
U.04b9
0.ua34
0.0512

7. .for j « 0.0039 ic-i o I. 

panlalc. initiation stage.

nl3 n. > oan

Ao 0.034a 0.0411 0.0327 0.0aS9
A1 .0432 0.0411 o.u5«a 0.Q5Ub
A2 0.0392 j.0433 0.05oo 0.0700
X3 0.0413 3.1404 0.033b J,053a

it. an 0.0411 0.1432 0.0373 0. jai3
0. .for >’ «s j. 04 J. '.for a •» 0.004 :tt3 i

0.0431
O.OalO
j.032o
U.0331

n£.

* *
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3.6.b. Total nitrogen.
Data on the nitrogen content of the soil at active 

tillering and panicle initiation stages and after cropping 
arw given in Tables 48 to 50 >n.i analysis of variance in
A <pendls>. VI.

It io aeon iron the Tables that the levels of lime 
anti nitorgan influenced the nitrogen content of the soil 
significantly at all stages of observation.

At all stagj3, the si level recorded maximum total 
d content of soil, followed by the levels tty n^ and n^.

As regards the effect of lime on d content, the 
lowest value was recorded witn lg. At ail stages, 1^ has 
resulted in significantly higher a content tnen 1Q and it 
was on par with lj and 1} .

3.6.C. organic carbon content
The percentage contents of organic carbon in the soil 

after cropping are jiven in Table 51 and analysis of variance 
ir. Appendix Vjl.

It i.d evident from the Tabic that the levels of M and 
lime as well as the interactions failed to exert significant 
influence.

3.6.a, Avllaole ** a n i exchangeable K.
data pertaining to tne contents of available I- and
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Table 50. Total N (i) - after crup >Ang

Treatra-mts 4 oaon

3
ban 

■*** .for 7

0.0317 0.034b 0.0373
j.035-. 0.0401 u.Uol7
j.335- J.03c-3 0.0 j13
0.0354 0.(443 U.G47I

0.0495 u.03b3
0.04/3 u.0437
>.0504 0.0439
0.0532 0.0452

0.0340 J.0393 0.0439 0.0->02
0.004 0. .for u a X..Q04 a

Tublj j1 .  rganic a a t> .n  o»nt nt (■>» -  a f t  r  oroppiix 

i'roat, n, n . n„

A

”1 wan

*0 
H

h
man

'} m J. 

i'abi. o». .

>,3475 0.3495 0.3724 O.3o32
x .3404 0.3404 u.3533 >.34/5
>.3509 0.3437 0.3371 0.3321
■0.3321 0.3590 0.3513 u.3509

J.3557 
O.349J 
i •.34o5 
0.3aQ9

0.3475 0.35*. >4
« » >• •

U.3555 u.J4u4 
m :i. ,

nvoiiabxw x j; «. aftor c .\j jpiu

ati *-»ca nl n2 n3 n4 ban

3i*n 3j./3 33.30 31. j3 32.21
h 1u.23 34,50 34. 0 35. w ) 33. oS
1 35.9? 3o„23 33.10 31.47 33.44
*3 34.30 33,73 3 ).93 34.4o 33.34

32. ->2 3S.5o 33.f)3 33.33

ff ** tl* > • B *!, •

n



6.)

Tabla 53. -xanarxjeabie K (ppta) - after cropping.

Traatnonto .......  "i _ J * _______ °3 "4 '«jan

1o 1-.33 13.20 10.93 1 /.->/ i/.7e
h lb.00 15.30 17.7 a 1/ .07 1/.49
L 2

iO.S * 15.43 10.47 lw.4 ) 17.23
H

17.4/ 19#xX/ 17 • 33 I /.90 1/ .93

'ban l/.oo 16#b£ lu«ll 1/.95
’J El I. » KS ! 1. • :*s3 - i. .

Tablo ->4. - ahatigoaol Oa < 0 ~ after art .3 iny

Froafcft;
a

it p>3 4 iban

10
*1

.031/
0.0441

j,u329
..042a

u.u34w
u.043

0.0333
0.0447

0.0322
C.U444

i, u . J510 ..O j O. u.0493 0.0439 .0494
*3 U.0401 . . ^ S £ o.a45l G.U%// 0.0477
(ban o.043t- ..0439 0.0439 u.j432
u  •» J . . W.4 ,ft>2T ■u ■» 0.0027 !3aoi CSX i-3# J +

i‘UiDi.4 ii*.. a n y -*-*->1̂  -j { «) - a ft ^ r ar_ Any.

Vraofc. lhuj lh n2 n3 °4 oan

w . v 345 . 329 0.0354 u.u3bl 0.0340
XX .v-434 < >.'>303 i >.0424 O. >4̂ a i . >41/
1 .0*42 -•.0444 C.04j1 0.0420 O.0434
?*3 .0431 . >419 < .0423 0.0423 0 .0425

f\an 0.0403 0.0395 .,,0413 ,  >406

iJ -i I* . ... .£ j _ - G* w?*0lLiC «  ■ M.j ,
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exchangeable K in the aoll after cropping are presented in 
Tables 52 and 53 and analysis of variance in Appendix vi.

The differences in the content - of available P end 
exchangeable K after cropping were not significant either 
due to levels of nitrogen and lime or du® to their inter* 
actions.

3.6.e. Exchangeable (.a and Mg.
Ihe percentage contents or Ca and Hy in the soil 

after cropping are presented in Tables J»4 and 55 and analysis 
of variance in Appendix VI.

The contents of Ca and Mg in the soil were influenced 
significantly by the levels of line only. The level lj. 
resulted in the highest content of Ca and Mg in the soil.
The levels lj was on par with 1^ and 1} which in turn were 
significantly superior to 1q .

The Interactions did not influence the ca and ig 
contents of the soil si jnlficantly.
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DISCUSSION

The results obtained In the present study are 
discussed hereunder.

I. Aaolla
1.1. Fresh weight of aaolla At Incorporation

From tne Table 2 and Fig.3 It Is seen that the 
fresh weight of asolla multiplied during the period of 
dual culturing, Is aijniticantly iiflaenced by liming.
All levels of lime application recorded a superiority 
over 1Q .

It is understood that a hlgi cone ntration of 
cglcium is required for asolla multi pile tion (Nicfeell, 1961). 
The increased multiplication observed in the present staly 
is in conilrmity with the above, .'loreover, it Is clear 
from the Table 54 that the content of Ca in the soil is 
increased due to liming. The Table further shows tnat the 
increase in Ca contnt is significant upto 900 kg ha1 of 
lime (lj) and the multiplication is also si jn if leant ly 
Increasing upto this level (Fig.3) .

A rise in pH from about 3.6 to 6.4 (Tables 45 to 47 
and Fig.3) has be:'n observed in the present- study. This 
also might be a factor for the observed increase in fresh 
weight due to liming. Jayapragasam (1981) also loun ‘ that 
a pH range of 5.0 to 6.0 Is suitable for Increase In fresh 
weight of asolla.
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so a combined effect of increase in soil Ca and rise 
in pH probably resulted in the increase in fresh weigat due 
to liming.

2. Klee

2.1. urowth characters
2.1.a. Plant heijht

fho results presented in Tables 3 f> 6 show that plant 
neight was increase! by nitrogen level at all st kjos and the 
increase was significant only at the active tillerin; stage.

t this stig^. 100 1 of the recommended do3e of ii (n̂ ) 
resulted in maximum plant height, followed >y 75 (n3>, SO in̂ ) 
and 2S (n1> per cent of the doses, rhe trenl was same at the 
other stages also.

The results also reveal that appllcitlon of lirao at 
600 tg ha1 (1̂ ) givr> substantial lncre’se in plant h-’ight 
over control at all stages. The increase In plant height 
beyond 1^ was negligible.

The role of nitrogen in increasing plant height is 
well Known. This is observed at all stays of growth in e le 
present study. Out the differences are si jnificant only at 
the active tillerinj stag . Tnls can be due to the fact tnt> 
at this stage, nltrojen is available to the olant only from 
the fertiliser applied. At the active tillering stage azolla 
is incorporated an: nitrogen is slowly released into the soil.
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Hence at the subsequent stages the ef:act of fertilizer d 
is probably masked by the nitrogen available from the 
decomposition of aaolla* Slow release of nitrog en from 
azolla has been observed earlier by watanabe (1977).

Ihe Increase in plant height at 600 kg ha* of lime 
can be probably Jue to the enhanced release of mineralised 
N from azolla resultin' from an increase in fresh weight oi 
azolla, whicn in turn occured due to a rise in pH by liming 
(fig.3).

22.1.b. Humber of tillers per m .
Results given in tables 7 and 8 show that at active 

tillering and panicle initiation stages, an Increase in 1
application from 25-i of the recommended dose (n^) to 100 % (8^)

2gave marginal increase in the number of tillers per ra .
Being a vegetative character, it is a wall establish ad 

fact that the number of tillers will Increase with th» levels 
of nitrogen. This Itself will explain tne trend observed in 
the present investigation, kumura (19S6) has suggested 8 
suoply as one of the important factors af acting emergence 
ond development of tillers.

from the results It could be seen that at both stages 
comparatively lower number of tillers was produced in the 
plots receiving no lime. In the present study asolla was 
dual cultured upto active tillering stage. Durinj this period
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some quantity of H might have been oozed out from azolla.
The Increased multiplication of azolla due to liming, as 
seen from the Fig.3 might have resulted in an increase in 
the quantity of S that was released into the rhizosphere. 
Sxcretion of fixed from azolla as ammonia was reported by 
Peters (1973).

At panicle initiation stage, M available from the 
excretion as well as due to decomposition of aaolla mi jht 
nave resulted in more number of tillers produced due to 
liming. The increased P uptake due to liming (lable 30) 
might have also contributed to more number of tillers.

2.I.e. Leaf area index (LAI)
It is evident from the results presented in Tables 

9 to 11 that nitrOjen applied at 100 ̂ of the recommended 
dose gave maximum L M  values folio ed by 75 (n^) , 50 (n̂ ) 
and 25 (n^) per cent of the doses. This trend w '.a observed 
at all stages.

Tfte Increase in LAI may be due to the increased leaf 
length, numoer of tillers and number of leaves oer hill.
The Importance of H nutrition in inereasinj the leaf length 
is well established (Ishlzuka, 1971). From the Tables 3 to 6 
and 7 to 8 respectively, it can be seen that there is an 
Increase In the height of plants an j  numoer of tillers with 
nitrogen. A combined affect of the abo.'e factors, C">n be 
attributed as a reason for the increase in LAI.
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2,l.d. Dry matt*r production
Data on dry matter production presented in Tables

12 to 15 and Tig.4 Indicate that t» levels exerted significant
influence at all stages.

The results showed that application of 100 per cent
and 75 per cent of the recommended dose of H gave propor­
tionately higher dry matter yields. Zt is Known that tne 
Increase in N applic itIon resulted in increased dry matter 
production (Das Gupta. 1969). The increase in plant hcsigit 
ano tiller numoer witn enhancing levels of d observed in the 
study can oe attributed as a reason tor an almost similar 
trod in dry matter production also.

At later stages, nitrogen xrotn asolla ouid have o come 
available to the crop in ad ltion to that from the fertiliser. 
Hence 75 » of the recommended dose ct fertiliser could give 
values on par with 100 .. This is in agreeaient with tne 
results obtained by nohanaArishnan U9B3) tnat the supply of 
d from incorporation of asolla resulted in higher dry matter 
production.

It is also revealed that application of lime at all 
levels is superior to no lime, as seen fro.i KigtUM 4. The 
figure 3 shows a change in pH due to liming and the resulting 
increase in fresh weight accumulation ot anoxia. This

Aydepic^i the chances os increased availability of $ due to 
liming. The data given in Tables 48 to 50 show that the ft
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content of the aoll is increased substantially by liming.
This might have resulted in increased uptaka of t» (Fij.il) 
resulting in higher dry matter production. The influence 
of lime on the vegetative characters vie. heint of plant 
and number of tillers is exactly similar to its effect on 
dry matter production.

2.2.a. Yield components
2a.i. number of panicles per m .

Fro the results (Table 16 and Fig.6) It is observed 
that the number of panicles ->ro jueeu by 75% of the recommended 
dose of n (n3) was on oar with th’t of 1004 (n^).

Increase in panicle production in accordance with n 
availability la well established (subbiah et al.* 1977).
The reason far not showing a proportionate increase in the
panicle number from 75’4 of thy recommended dose of n to 100-4

•fcmay be due to the portioning of the excess $ for vegetative 
growth as is seen clearly in Tables %  to 8  and ? to €  wherein 
the mean tiller count and he&ght respectively* ware increased. 
This trend also sug jests that with tne use of aaolla* the 
requirement of fertiliser N can be reduced. This is in 
conflrmity with the results obtained with Jalkumaran (1931).

The results ilso explain a superiority of liming over
21  ̂with regard to the number of panicles per m as seen from 

ii;.7. This can be explained wit reference to the uptake 
of P* K* Ca and Mg. The uptake ot the above nutrients was
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found to Increase in llmad plots (Tables 33, 36, 40 and 44 
respectively). The necessity o£ Ca and Mg to produce more 
number of panicles per unit area, in acid soils, was noticed 
earlier by Verghese and Money (1963).

a.2. Humber of tilled grains par panicle.
She results jiven in Table 17 and Tig.6 reveal that 

the maximum number of filled grains per panicle could be 
obtained with 100 4 of the recommended dose of H (n^), the 
value being on par with that at 75% (n^). The number showed 
a significant increase from 25% to 754 of H.

It is well established that as the nitrogen uptake 
goes beyond a certain limit, the chances for the spikelets 
to oecome chafr increases. The lack of a proportionate 
Increase in the number of filled grains per panicle at higher 
levels can be attributed due to this.

It nay be further seen from the potash uptake at 
panicle initiation and flowering stages (Tables 34 and 35} 
that the uptake was more at higher levels of H and this 
would have contributed to more grain filling. The role of 
K in the filling of grains is well established (Agarwala 
and aharma, 1976).

The numoer of filled grains per panicle searae to be 
not Influenced by lime an 1 treatment combinations.
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a. 3. 1 O X  grain weight
Results on the 1000 grain weight given in Table 16 

and Fig.6 reveal that there is an increase with the levels 
of s .  it is also seen that n^ (lOO’i of the recooinended dose 
of N) had jiven 1000 grain weight on par with 75. (n^).
This is in accordance wit.i the works of Padniaja (1976) and 
<alyanikutty et al. (1969).

bine at the rate of 600 kg ha1 (lj) registered a 
superior weight of 1000 grains over 1Q (Fig.7). It can oe 
due to the favourable effects of lime on the K uptake as is 
seen from the Tables 35 and 36.

2.2.b. weight per panicle.
From the Table 19 It la evident that the mean weight 

per panicle was influenced by nitrogen and lime, but not by 
their interactions.

Application of R resulted in an Increasing trend with 
regard to weight per panicle, even though the values obtained 
with 75 and 100 per cent of the recommended doses were on par. 
Accumulation of photosynthatea in the grains might have 
resulted In an Increase in the weight per panicle with a , 
rfigner levels of a application has been found to increase 
panicle weight (hubbiah at al., 1977 and Jaikumaran, 1961).

The weight per panicle was found to i icreasa due to 
liming. The M availability at later stages from the lime 
treated plots, probably resulted in this favourable ef act.



7>i

The K uptaka dua to liming as explained for 1000 grain 
weight, can also be attributed to the contribution in 
panicle weight.
2.2.c. Yield of grain.

From the Table 20 and Figures B and 9. it la seen 
that the yield variations dua to levels of nitrogen as well 
as lime are signitleant.

Yield showed significant increase from 25 to 75% of 
the recommended doses of N. However, the yield obtained at 
75 and 100 per cent of N was on par. The increase! in yield 
noticed at 100% was only marginal.

The increase in grain yield in rice due to nitrogen 
is well known. Kumura end Takeda (1962) obtained remarkable 
increases in grain yield with increments of nitrogen, but 
the rate of Increase in yield diminished as the N level was 
enhanced. In the present study also, the ylell did not show 
any significant increase from 75 to 100 per cent of the 
recommended dose of N.

Main yield contributing factors are number of panicles 
per unit area, number of filled grains par panicle an 1000 
grain weight (Matsushima. 1976). The trend shown by the above 
parameters to the levels of N In this investigation is in lime 
with that of grain yield. Correlation studies as given in 
Table 56 showed tnat there was a significant positive

3correlation between grain yield and number of panicles per ra .



Table 56. simple correlation between yial 1 and yi< 11 components.

yield attributes
numwr of panicles dumber of ciilot! 

per m2 grains per panicle
1000 grain 
waijht

Grain yield 0.8093** 0.2093 0.1313

** significant at U  leval.
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So a combined affect of the above parameters can le attri­
buted to oe the reason for the specific trend in grain yield, 
fur the spoiled H.

.moreover, azolla is inoculated uniformly to ail the
<•1 -1 plots at 3 tohs and incorporated at about 26 t ha (Table 2)

at active tillering stage. Azolla contains approximately 
3.46* N on dry weight oasis. This ti might have been taken up 
by the plant, thus reducing the requirement of fertilizer H. 
Hence a 25* saving in the recommended dose of 4 could be 
obtained due to azolla. This is in agreement with the 
findings of Sundarnm at al. (1979)f Sovlndarajan at al. (1979, 
1980)t drlnivasan (19SO a)i Hatarajan et al. (1980) and 
Jalkumaran (1981) . Mathewkutty (1982) al-.o observed that 
dual culturing an jdj stte Incorporation car. aava 30 kg A.

From the Table 20 and Fig.9 it Is evident that appli­
cation of lime at 600 kg ha1 gave the iaximum yield of 
2.45 t ha1, followed by 900 and 1200 k, ha1#

The superiority otf liming over control can >e due to 
an increase in multlolication of aaoila due to a favourable 
pH (Fig.3) and subsejuent Increase in the -uantity of ft 
available for grain oroAuction. Moreover, the results on
yield attributes in Tables 16 and 18 and Fig.9 showed that 

2t le uanlcles per m and the 1000 grain weight were more at 
600 kg ha1 of lime.
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The lack of response at higher 6* vela of lime can 
be explained due to the fact that increased quantity of a 
made available by enhanced multiplication of asolla could 
not be utilised due to the shorter duration of the variety.

2.2.d. field of straw.
The results presented in Table 21 and figure 8 

indicate that the levels of N gave significant increase in 
straw yield.

It is also revealed th^t liming showed a superiority 
over co itrol with regard to straw yi*»ld (Fig.9).

A perusal of the data on tne tiller production, plait 
height anl leaf area index (Tables 7 to 8, 3 to 6 and 9 to 11) 
reveale < that t~a..e characters also showed an increasing trend 
with N levels. Probanly a combined effect of these .night nave 
contributed to the increase in yield of straw observed hero. 
Increase in straw yield in accordance with is n common 
jjserv.itxon in rice (<ialyanlkutty and -orachan, 1974).

a s  discussed with regard to tne vegetative characters 
like tiller number, plint height etc. liming enhanced tho 
multiplication rate of asoila (Fig.3) thereby Increasing tho 
4 availability to rice at later stages.

The increase in the uptake of M due t > limiij observed 
at panicle lnltiitlon an i flowering stages (Tables 26 tad 27 
and fig.il) can also y& i reason for the increase in straw 
yield. Moreover, the uptake of K was increased throughout 
the growth ohase due to liming. This can >e considered as an 
important reason for the enhanced straw yield.
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2.2.*. Harvest index.
irora Table 22 it is seen that there was si jailleant 

uixrerenca in harvest index values. It increased f r o < 25. 
of tne recommended dose of d to 100,4. Zt is also noticed 
tnat lime lev Is and tie Interactions 11 z not have any 
signiti ant ofsect.

lh" variety ised in the 1 ivestigation being of sh rt 
uration t/ne, tne Jtraw yield li j nut 1 icre3*s considerably 

uvar grain yield eve i thougn th» v riation in straw yield 
was .11 liilcantiy due to the asv-'Is of s. Hence the harvest 
index anow3d an increasing trend. The hi.j ier harvest index 
vnl te can be due to the .4 availability fron asolla which 
woul i nave iieen utilised morengrain production than straw 
toiuctlon. rhls is in accordance witn the obsertation oy 
’•athewkutty (1982) th3t higher N availaoillty from duel 
culturing an i in situ incorporation rasuitad in prooer 
utilisation of N for grain pro iuctlon which ultimately led 
to high harvest index values.

3. Gnomical studies.
3.1. quality characters,
J.l.a. .-rotai.n content of grain.

tesults presented in Table 23 reveil that there was an 
increase m  tne >rotein content of rain in iccordance with 
tne increments ot i. 'ihis is in confimity with the results 
of Kothandara-Min et al. (1975) and Pisharody et al. (1976).
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Mathewkutty (1902) also obtained Increase in protein content, 
due to combination of fertiliser N with incorporation of dual 
cultured azolla.

alight increase in the protein content at jrnin iue to 
liming n a y  well be due to the increase in C.3 content which 
ultimately resulted in IncreaseJ a uptake.

3.1.b. Nitrogen content of straw.
it is seen from the ‘lable 24 that the a content of 

straw was influenced by levels of uut it could not be 
significantly Increased beyond 75)4 N. The variety being of 
shorter duration, the time available was limits1 an 1 hen e 
the content of t! might not be increased at hi iher levels j£ 
applied 'I.

The marginal increase in a content due to liming can 
be due to the influence of Ca on M upt ko.

3.2. tf Uptake.
It is seen from Tables 2S to 28 an' o’ig.10 that there 

was slgnlfleant increase in N uptake from 25 4 of tho 
recommended dose of 3 to 100% at toe later stages of flowering 
and harvesting. At the earlier stages of active tillering an 
pa aide initiation, the increase was significant only upto 
75% A.

Averages of uptake at different stages, as seen from 
tie Tables an^ Tig.10 suggest that at the two earlier stages, 
the uptake was probably from fertiliser 4. it is 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 and steady 
avillability of N. Similar results on increased availabllit 
of M from aaolla has been reported by Mathewkutty (1982).

It Is clearly seen from the Tables 12 to 14 and Fig.4 
that the dry matter production values at the higher levels 
of & were on par. This might oe a reason for an exactly 
similar trend in S uptake also. At harvest, the content of 
d in grain (Table 23) and dry matter production (Table 13 
and Fig.4) showed the same trend as that of uptake of d.
This c m  be attributed to oe the reason for a specific trend 
in the n uptake at narvest.

The efi-ect of lime was significant only at the later 
**1two stages wherein 600 kg ha of lime gave sijnificantly 

superior uptake values than no lime (Fig,11). From the 
Taoles 4i uni 39, it can be seen that the soil d content was 
Increased due to Co application at both stages.

It is seen from the Fig.11 that at all stages, lime
at 600 «cg ha1 resulted In increased M uptake. Favourable
Influence of Ca in Increasing the mineralisation of soil 1 
and availaoillty of the same was reported by Coleman (19SS).

From the figures it is clearly seen that the afreet
of tJ on the uptake is more pronounced then that of lime.
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3.3, Uptake of P.
From the Tables 29 to 32 it is seen that except at 

active tillering stage# the nitrogen levels resulted in 
significant Increase in S> upt alee. Lime lev Is and inter­
actions did not differ significantly.

The uptake was increased from 2S * of tne recom.,ended 
dose of d to 73^. The applic tion of 73 aid 100. doses
gave values which were on par.

tilth increase in the availability of *i absorption of 
is also i ter eased leading to an increase in tne uptake of 

v at the various stages with a consequent enhancement of the 
dry matter production.

Uptaao of v did not show a consistent tron < .1th tne 
levels of lime.
3.4. Upt nee Of K.

from the tables 33 to 36 it is seen that the Uptake 
was maximum at the highest level of 8 at all stages of
observation, fils was on par with n^ at active tillering
stag-'. At nanlcle initiation an 3 flowerInj mere was no 
significant dif-ercn^e# even tooujn there was increase 
corresponding to tno levels of nitrogen.

Ihe Increase in absorption of A probably resulted 
from a rise in the content of d in the soil as revealed In 
Sables 48 to 30 at different stages, similar results of 
Increasing X absorption simultaneous v1th A was also reported 
earlier (Oopalaswamy ana XaJ# 1977» Raju, 1978).
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with liming also the ft uptake was found to increase.
It can be explained chi the basis of the favourable influence 
of ca an < availability. The present study also revealed 
that the K content of woil was raised due to liming (Table 53). 
It is also observed oy Verghese and Money (1965) that the 
apnlic tien of Ca increased the availability ot K in the 
soil and hence the Increased uptake of < by rice.

It may oo further seen from the Table 36 that the itxc 
Interaction was si niiicant at harvest. The difference 
between t is levels of W under tie same level of lime is more 
marked than the difference between tra levtIs of lime under 
tne same leval ot w. lhis la mainly Sue to the ef.ect of J 
on < uptake. It may e furtter noted th*t l^n^ has recorded 
significantly hiyier u>take than lQn3 ino many other combi­
nations ot n^ and n^ with lime. It cin also be noted that 
ljn3 was on tar with all other combinations whlc i recorded 
hig ter uptake. fhn3 it can be inferred that one of tne 
reasons tor increase in yield obtained wit . tnis treatment 
combination is due to high uptake of K.

3.5. Uptake of Ca and Mg.
it is clear from the Tables 37 to 44 that the higher 

lev Is of 9 caused increase in Ca uptake at all stages.
Kiith regard to the uptake of i also the same trend w~is 
recorded.
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as in the case of other nutrients, 8 increased 
14)tate of Ca and Mg also mainly due to the differential 
absorption of these nutrients at different lev Is of d.
It 'nay be further seen from the fables 12 to IS that the 
dry matter production was also increased at higner levels 
of W.

Ihe uptake of ca and Aj was found t j show substantial 
increase due to lime at 600 kg ha* over lg. further levels 
did not appreciably increase the Ca and -‘vg uptake at moat 
of tne stages. This observed increase in Ca and Mg uptake 
due t -> 11ml ig can oe attributed to tne direct ef -»ct of 
lining making more Ca and Mg available in tne soil (tables 
54 and 55). In conrirraity with this, Verghooe anl Money(1965) 
observed that tne application of Ca enhanced the availability 
of >.a and Mg in acidic soils.

3.6. aoll analyses
3.6.a. pH

Froi the results presented in Tables 45 to 47 and 
fig.3 it can oe noticed that lime had a positive influence on 
tne soil reaction uo to the highest level of 1200 kg ha1) .
In this connection, it nay be pointed out to t tne orljinal 
P« oc tne soil wis only S.3 and an Increase in pH was noticed 
even in non-limed plots probably due to the ef.ect o*. 
submergence. At all periods ot observation, pH increase was 
noticed due to liming, this can oe probably due to the
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combination of the direct effect of liming as well os 
submergence. The direct roll of lime in increasing tne pH 
is a well established fact (Coleman et al.. 1958). It Is 
->130 opined by poonaraperuma (1977) that the oh of acidic 
soils is increased on submergence.

3.6.b. Total M.
The total H content of the soil was increased 

&ijnlficantly by nitrogen and lima.
It is clear croo the Tables 48 t •> 50 that -h*. increase 

in s content was in proportion to the lev Is jZ d, .his ilae 
in soil m c m  oe axplaiied to be due to the ©f~ect of ferti­
liser d applied.

similarly, lime ap~lic it ion also recorded increased d 
content in soil a n 1 600 kg ha1 of lim~ was sufficient to 
record the desired charge in the N content. In lime treated 
plots more quantity of Nl is added due to enhanced iulti,li- 
cation or azolla (. i j.3) . The quantity of -N produced by 
decomposition ot aaoXla at later stages may be left in tne 
soli, with t .e crop not utilising it. thus causing an increase 
in t r  soil N content a.t r cropping. At tie nth r stagc3, 
tie enhance^ J cunt->nt due to liming can e attributed to the 
avournble influence of Ca on A mineralisation.

3.6.c. Crg <nic carbon content.
from ttia Table 51 it is clenrly soen th t the carbon 

content is not increase! by nitro en an lima, ihe incr^ieu.u
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of N has not resulted in an appreciable increase in t i e

organic carbon content probably because the applied inor ,inic 
nitrogen ia3 not resulted in increasing the carbonaceous 
materials of the soil, in llfte with this, Jaikumaran (1931) 
foiled to obtain any significant variation in tie org nlc
c>rbon co itent due to asolla incorporation along with fer ti­
lizer iltrogen.

cirne application alto his notkhanged the carbon content 
of t u  soii even thoa . t..e asolla multiplic tion was onn^ncod. 
The lncrei^e in azolii i ultlplic-ition i«ed not naces larily 
result in a corresponding rise in c content or ioil place 
according to ioychoudhary et al. (1979) asolla does not 
contribute co an incroas in thv. carbonaceous naterialJ or 
t i® jo 11 since it consists of only eisil{ daco.nposable latter.

3.6.vi. available P and exchangeable K.
The dito presented in Tables 52 and 53 show tint there 

was not much variation in the contents of available P and 
exchangeable K respectively, due to lime, nitrogen or Inter­
actions. Xhis 1^ in tune witn the observ tion by Jal’tumaran 
(1981). similarly lime application also did not infln n  e  tne 
contents of the move nutrients in the soil.

3.6.e. exchangeable Ca and Mg.
fro: t .o iables 54 and 55 it can l<e observed th it 

there is significant variation in the con.en«-s of exchangeable
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Ca and Aq with tie iliac levels, 1 ,̂ 1  ̂ and 13 over lg. 
However, the fcor-ner three were on par.

Ihe increase In Ca and M j contents in the soil due 
to lime applic tion is already a well established fact 
(Coleman, 195a). indirectly also the increased azolla 
ml t indication due to liming (S’ij.3) ana c > ise moat 
increase in ca ani Aj present in azolla mijht have co itrl- 
buted to nigh exchangeable Ca and r i g  contents in t h e  soil. 
Ihe azoi-la used In the Investigation cont lined 0.18 4 and
0.6I/o or ca ana Ag, respectively, on dry weight basis.
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SUMMARY

An Investigation to examine the possibility of asolla 
utilisation in acidic loamy soils of Kerala and also to 
study the Influence of asolla on rice when it is dual cultured 
with rice and incorporated at active tillering stage, in 
combination v.ith fertilizer s and lime, was carried out at 
tne Agricultural Reso rcn station, iannuthy during t ie first 
crop season of tne year 1932-63.

The fIndin s of tne investigation are sum arisen as 
follows.

1. The levels of lima increased significantly the multi­
plication rate of azolia upto 900 kg ha1 of lime. Xt was 
not Influenced by the levels of H.
2. The plant height was influenced sijnificantly at the 
active tillering stage. The increase in plant height was 
maximum at 75. of the recommended dose of H and 600 kg ha1 
of lime.
3. Application of 100i of the recommended dose of 8 gave 
tne maximum number of tillers at active tllierin; and panicle 
initiation stages. Uime application has also cnsldorably 
increased tr.e tiller number.
4. The leaf area index showed a significant increase with 
the nitrogen levels.
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9. Increasing the levels of H has proportionately 
increased the dry matter production. However, lime beyond 
600 Kg ha* did not appreciably Increase the some.
6. For increasing panicle production 73'. of the recommended 
dose o f  f l  and 600 Kg ha* of lime was sufficient.
7. The numoer of filled grains, 1000 grain weijht and 
wei ht per panicle were also Increased by 734 of the 
recommended Jose of d and 600 Kg he* of lime.
8. Che grain yield did not increase significantly beyond 
754 of the recom ended dose of fertiliser tf. Lime application 
at the rate of 600 Kg ha* resulted in increased grain yields 
of 2.43 t ha*, which was 9.2* more than tne yield with no 
lime application.
9. The straw yield was round to show a significant Increase

■»i — 1(2.13 t ha to 2*06 t ha ) from 25. of the recommended dose of
H to 100*. uime application also liKewisa Increased the straw
yieio.
10. Higher lev I s  ot 2) resulted In Increased uptaKa o f  all 
the nutrients vis. H,p,k,Ca and ng,
11. poll pH was found to increase due t o  lime applictio.. 
The coitent of total H In the soil was Increased by hi ier 
lev Is of N an 600 *g ha* ot lime at all stages. The 6a and 
Mg contents o f  tne soil were Increased by lime application.
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The following are some of tne future lines of work 
aug ,eated tor further ingestlyatlon.

1. Change In composition of asolla due to liming m y  

be studied.
■*22. rfinimura rate of inoculation of 0,1 kj m m y  be 

tried for dual culturing, with lime application.

3. uXamine tho p rforreanco of heat resistant strain of 
azolla so that It can oe grown throughout the year.

4. Possloillty of multlolication of azolla throu jn 
-.pores may be exploited so that it will have wide apolica- 
bility.
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APPENDIX X

Meteorological data for the cropplnj period 1982-*83

Total M«an Moan Relative
rainfall maximum minimum humidity
(am) tempera- tempera- (X)

tura ( c) ture (°c)

9-15 201.8 28.2 22.4 286.3
16-22 115.4 28.8 22.6 85.8
23-29 85.8 29.7 23.1 82.6
30— 5 AuO .191.4 27.8 23.7 83.9
6-12 194.8 28.4 24.0 35.6
13-19 145.8 28.7 23.8 35.2
20-26 83.4 29.5 24.4 83.7
27-2 Sept • 4.2 30.7 25.2 31.0
2*9 0.0 31.1 24.5 76.4

10-16 12.6 31.4 24.4 77.0
17-23 54.6 30.6 24.1 80.5
24-30 0.2 30.7 22.6 79.6
1-7 70.0 31.6 22.9 78.1
3-14 37.0 32.6 23.2 76.8
15-21 4.4 31.7 23.7 79.4



APPENDIX XX
Abstract of analysis of variance for the growth characters

Mean square
Observations Black

(2)
Treatment
..(IS)_____

N
(3)

L
(3)

!*xI*
(9)..

Error
(30)

X Asolla fresh weight 0.066 . *1.81 0.02 8.85** 0.06 0.06
XX Plant height 

a. At ATS 84.320** • *29.60 •* •* 96.70 12.30 12.90 8.41
b. At PI3 404.250 13.70 - - - 8.56
C. At PS 531.070** 28.40 - - - 25.20
<1. At harvest 733.250** 31.60 - - - 23.16

XXX Tiller count 
a. At AT3 3539.200** 801.810 506.29
b. At PIS ••3134.200 497.42 - - mm 368.02

XV Leaf area Index 
a .  At ATS 0.1116 0.0268*• »* 0.1232 0.0016 0.0016 0.0041
b. At PIS 0.0076 0.0187* ** 0.4767 0.0201 0.0136 0.0089
C. At PS 0.0093 0.2570 1.1960 0.0267 0.0199 0.0167

Piyures In parenthesis Iniicate degrees of freedom
* .significant at 5. level.
** j! gnificant at 1a  level.



APPENDIX IZI

Abstract of analysis of variance tor dry matter production* yield and yield attributes

Mean square
Observ itions Block

(2)
Treatment

(15)
8
(3)

u
(3)

NX.
(9)

Error
(30)

1 Dry matter production 
a. At AX* 13.31 1909.49** 7998.31** 445.64 301.18 296.62
b. At PIS 315.37 45796.19** S * 41.03x10 2.67x10 6134.97 1792.72
C. At i 'S 1929.81 0.47xlO§** 4.12x10° 1.69xl04 4**3.35x10 1.09xl04Ad. At harvest 5.58x10 1.43x10° 6 ** 6.93x10 * 2.74x10 5.32x104 3.3xl04

xz Yield components
a. No.of panicles

per sq.m 98.93 320.87* • •916.02 589.34* 32.99 133.32
b. No.of filled grains^ •*179.93 * •799.43 42.44 19.33 27.02
c. jOOO grain weight 1.69 3.91** 11.11** 6.16** 0 , 7 6 1.26

XXX Weight per panicle 0.746** 0.253* **0.526 0.371 0.122 0.095
XV Qrain yield 1.7x10 5.28x10 * 2.5xlo8** 9.4xlQ4** 9990.200 9799.24
V Straw yield 1.59xl04 5**2.49x10 6*41.13x10° 6.14x10 1.9*10* 3622.41
vx .5Harvest index 9x10 0.0012 0.0056 0.00007 0.00003 0.00003

«iqures in parenthesis indicate degrees of freedom
* significant at 5* level.
** Significant at 1. level.



APPEtlOIX IV
Abstract of analysis o£ variance for cnepical analysis of plants

^an square
Block Treatment H U Nla Error
(2) (15) (■>) (3) (9) (30)

I jmallty characters
a. Protein content 

of grain 0.303 *•4.66 ••20.27 1.042 0.66 0.761
b. 8 content of 

straw 0.0049 0.0586* • *0.1829 0.0454 0.0214 0.0273
XX Uptake of 8

a. At *.T£» 1.61 _ ** 6.72 _  *« 27.48 2.89 1.07 1.16
b. At PIS 18.62 **82.43 •*361.58 40.2 3.44 13.82
C. At r3 74.84 819.55** 3882.0** «*184.56 17.05 26.91
d. At harvest 23.63 499.3 **2224.4 *•128.42 48.99 25.84

XIX Uptake of P
a. At AX~>
b. At PXa

0.0057
0.2476

0.0241
1.076* * «3.68 0.2695 0.4768

0.0167
0.4097

C. At 1. *j 0.6929 **5.998 **24.98 0.225 •1.59 0.7006
d. At harvest 3.48 **15.43 A *68.76 0.939 2.48 2.76

Pigurea in parenthesis indicate degrees of freedom
* Significant at 5 . level.
** Significant at 1 . level.



AiVENDIX V
Abstract of Analysis of variance for chemical Analysis of the plant

Mean aware
Block Treatment N L •tt. Error
(2) (IS) (3) (3) (9) (30)

X K uptake
ft* At A’Jfc* 0.5328 ••0.526 **1.45 0.0387 0.381 0.188
b. At PIS 2.029 3.75 5.079
c.
4.

At
At harvest

8.295
11.365

6.8S»*132.33 ••608.94 *•19.18 11.18*
24.7
4.15

XX Ca uptake
a. At AXo 6.1xl0”4 •4**8.5x10 2.5xl53** 5.2X10”4 3.9xl0"4 2.2X10*4
b.
c.
d.

At PXS 
At i'o 
At harvest

6.8xl0-3
0.002
0.023

0.035 #*0.231 **0.571

**1.309*•2.647
0.055•*0.143

0.014
0.022

0.026
0.019
0.025

XXX Mg uptake

s.
b.

At AS* 
At PIS

l.Bxlo”4
0.006

3.0xl0”4••0.013 • •0.041 *•0.016 0.002
2 .6x10*" 4 
0.003

c.
a.

At
At harvest

0.005
9.0xl0-4

0.239 **0.515
1.064*»2.229

0.033 ★ 80.277
0.017
0.023

0.023
0.029

Figures in parenthesis indicate degrees of freedom 
* Significant at 5* level.

** Significant at 11 level.



APPE D U  VX
Abstract of analysis of variance for soil chemical Analysis

Mean square
Block Treatment N l> Error
(2) (15) (3) (3) (9) (30)

nH
a. 7 days after planting 0.020
b. 14 days after

planting
c. at Incorporation

0.322

IX (Organic carbon - 
After cropping

XXX Total Nitrogen
a. At ATS
b. At PIS
e. After cropping

I/ Available P - 
after cropping

V Exchangeable K - 
After cropping

VX Exchangeable Ca- 
after cropping

VII Exchangeable Mg - 
After cropping

0.0006
0.0231

0.3035****0.245

0.0046 0.0009

2.39xl0-5 2.69xl54** 
6.4xI0“5 3.22xl54*

0.6418

6.602

8.387

3.304

0.05 1.43 0.04

0.0417
0.0035

1.39
1.068

0.027
0.051

1.13xl53** O.SxiS5* 4.1xl5S

.4**5.1x10 1.61x10 *
1.38x10 1.26x10
5.9x10-4** 1.1x10•4**

3.4x10.-5
3.29x10

— 5 .d**1.04x10 1.33x10 * 1.18x10”* 6.35xl84** 9.7x10 -6

—6 -5»*4.03x10 ° S.06X10 3 6.7x10-6 2.25x10—4** 7.1x10>6

0.03

0.0S7
0.0345

0.0018

2.26xl(?5

-5
2.25x10
2.33x10

26.05

3.761

l.oaxio'

5.11x10“
Figures in parenthesis Indicate degrees of freedom
* Significant at 5% level.
** Significant at IX level.
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ABSTRACT

An experiment was conducted at the Agricultural 
Research Station, Mannuthy, during the first crop season 
of 1982-'83 to examine the possibility of asolla utilisation 
for rlee in acid soils by lime application. The treatments 
consisted of factorial combinations of 4 levels of 8 
(25,50,75 and 100X of tne recommended dose of 70 kj ha1) 
with four levels of lime (0,400,900 and 1200 kg ha1) In
Randomised Block ueaijn, replicated thrice.

The investigation revealed that liming enhanced the 
multifile ,tion rate of asolla.

It was also found that the vegetative characters of
rice viz. height, tiller production and leaf area index
showed considerable increase witn 8 levels. Lime at 600 kg ha1 
also increased plant height and tiller number, ory matter 
production also showed proportionate increase with N levels 
and lime application at 600 kg ha1 have the maximum dry 
matter production.

Application of 7554 of the recommended dose of 3 and 
600 kg he1 of lime wis sufficient to give higher number of 
panicles, number of filled grains per panicle aMoalao 1000 
grain weight.



The grain yield did not increase aljnlflcantly 
beyond 75,» at tha recommended dose of fertiliser a. l>lme 
application at tha rata >£ 600 kg ha1 gave maximum grain 
yield.

Straw yield Increased significantly with nitrogen 
and lime.

Tha uptake of all the nutrients was more at higher 
levels of s.

The present Investigation revealed the scope of 
dual culturlnj of asolla In acidic rice soils, by supplying 
lists at 600 kg ha*. It also suggested a saving of 25% of
tha recommended dose of fertiliser N.


