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INTRODUCTION



INTROGUCT ION

Nitrogen and water are the two major limiting
factors in rice production. Thoy also serve on the key %o
the realization of yleld potential of modern rice varieties,
However, suitable and effectlve uss of nitrogen and water to
increase rice yleld deserves significance not only from the
economie view peint, but also from the view point of world's
energy resources. The efficiency of nitrogen use by rice
plants depends on various factors such as soil, varlety,
water management, source, time and amount of nitrogen appli-
cation, etc. The analysis of these factors in the rice
tracts of Kerala reveals certain evincing facts. Rice culti-
vatlon is mainly concentrated in the wet lands of Kerala,
But, there exists a lot of heterogensity in the soll type
and varioty used by the farmers., The availabla package of
recommeéndation for £ice has not taken into account fully
these soil and varietal differences. For example, a general
recommenéation of 90 kg N/ha and 70 kg N/ha are given for
medivm and short duration varieties respectivaely, under all
soll types. Similarly, 5 cm level of submergence is genoc-
rally recommended for all varieties under all situation
of wet land rice. (Anon, 1986). Hence, there is amole need

for undertaking studies on theo effect of differeni soil types,



loval of submergence and nitrogen application on growth
and yleld of rice. Analysis of mutrients in soil, plant
and plant parts would indicate the effect of soll submoere
gence leve;s and nitrogen application on growth and yield
of rice through influence of nutrients, The effoct and
the interaction of differsnt factors on the movement and
concentration oé nutrients in the economlc plant parts
(grain and straw) can also be inferred from such analysis.
The information from these studies will ba useful in the
formation of separate fertiliser recommendation for diffee

rant rice soils of Kerala for realizing maximum yield.

Nitrogen balance studies serve as the means by which
the influence of various factors on the total nitrogen cone
tont can be clearly delineated and monitored. Such studies
are many on dryland solls (Allison 1955), and quilte meagre
on wet land soils in the tropies (Koyama and App, 1979).

The information from dryland solls is, however not appli-
cable to wetland soils, due to the difference in the system
of cultivation and factors affecting nitrogen use efficiency
in the wetlands., Pot culture experiments are considared
better than field experiments for nitrogen. balance studias

due to the added control available in pot cultures against




Input androutgo pathwayg (Koyfma'and App, 1979). Taking
into accounf the paucity of information, nitrogen balance
estimation was almed in the present study with the major
rice soll types of Kerala., The information could very well
be added to the many more years of data for the construction
of a meaningful model of nitrogen balance sheet for a wote
land rice crop in the tropics. The nitrogen balance esti-
mates in different soll types can also be compared to see
the relative amounts of unaccounted nitrogen losses in
difforent soil types of Kerala. Further, the pesible in=-
herent causes for the loss of nitrogen from the soil can
also be inferred from the nitrogen balance estimates derived

from the pot culture studies,

Considering the aforemantioned aspects the present
get of investigations was planned with the following objcc-
tivess '

l. to study the effect of soil types, submergence levels and
nitrogen applicatien and their interaction on growth and
vield of rice.

2, to assess the effect of soil type, submergence level and
nitrogen application and their interacticon on NPK content
and uptake by rice plants and plant parts.

3. to study nitrogen recovery and nitrogen balance in diffe=

ront soil types of Kerala,
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REVIEW OF LITERATURE

Rice cultivation in Kerala is carried out malnly in
lowlands under different scil situatlions and using varletios
of varylng duration. Even though difforent soll types and
varioties are involved, a bilanket recommoendation of 90 or
70 kg N/ha is prescriboed for high ylolding varieties of
paddy without any regard to the nitrogen status of different
£01ls and thoir ability to supply nitrogen. The information
from nitrogen balance studies in different soil tyoes would
ba helpful in assessing the exact fequiremanﬁ of nitrogen
by rice varloties of difforent duration in difforent soils
and also the residual status of soil. Unfortunately such
studies are meagre in watland rice soil typas of troplcs,
The present investigation 45 3imzd at assessing the aovalla=-
bility of nitrogen in different soil types and the rate of
racovery of fertilizer nitrogen under varying soll conditions
ﬁlth respect to medium and short duration varieiles. Hence
in this chapter, the earlier works accumulated on these

aspects are reviewed,

I, Effect of nit evels on orowkth and yleld of rice i
£0i) tvoos

2. Height of the plant

Lonks and Behera (1967) obsorvad that increased doses



of nitrogan from zero to 120 kg/ha increased plant height
in rice significantly. Lenka (1969) again reported that
response of helght was pronounced and increased progressi-
vely with increased nitrogen lovels of zero, 40, S0 and

120 kg/ha., TNamanujam and Rao (1971) cbserved positive
corralation in plant height at tillering snd flowering
stages with the 1eve;s of applied nitrogen. Sumbali and
Gupta (1972) found that plant height increased with incroze
sad levels of nitrogen upto 200 kg/ha, consaquently incresw
sed the straw yleld. In trials at Bangkhan Rice Experiment
Station Japan, Koyama and Niamsrichand (1973) observed ine
crease in plant height with increasing levels of nitrogen
upto 93 kg/ha. Alexander gt al. (1974) and Gunasena gi al.
(1979) also reported increase in helght of plants with 4in-
creasing rate of applied nitregen. In an investigation
with Java cv., at Rice Research Station, Kayamkulam with
45, 60 and 90 kg N/ha Sushamakumaril (1981) observed signie
ficant ilncrease in height of plants at all levels of nitrogen.
In the same location Sobhana (1983) also obtainod similar

trend on rice varlety Mashurl,

In contrast to the above, Sreekumaran (1981) while
investigating the fortilizer reguirement of Lokshmi varioty
at the Rice Research Statlon, Kayamkulam did not observe any




‘significant increase in plant helght with differont levels
of pitrogen., Similar rosulis wero reported by Ajit Kumar
(1984) based on the investigations carried out at the Rice
Research Statlon, Pattambi with Mashuri varisty.

b. Tillexr count

According to Kalyanikutiy and Morachan (1972), in-
croased doses of nitrogen progreésively increased tillar
number per hill in dwarf indicas like ADTe27 and CC=33, In
pot experiments conducted by Pande and Narkhede (1972), the
rice variety Talchung=65 gave increased tiller counts with
increasing nitrogen levels uptoc 90 kg/ha and ﬁas hicher when
it was apolied in twe Instalments rather than thres instaole
ments. According te reports by Raju (1979) rice cv., Jaya
grown on a sandy clay loam soll gave significant increass in
nusber of tillers per hill with increased nltrogen levelg
upto 180 kg N/ha, Sushomakumari (1981) observed that nitrge
gen application had considsrable influence on tiller produc—
tion,
c. Number of productive tillers

Pands and Singh (1970) found that nitrogen incressed
vields malnly by increasing panicle number per unit area. In
a trial on the nitrogen requirement of IF~8 and Taichung

(Native)=I Gupita gk al. (1970) observed an incresse in the



minbar of fortile tillers pér plant with nitrcgen upto

'135 kg/ha. Muthuswamy gt al. (1972) reposted from a trial
conducted to assess the fertilizer roquirements for three
rice varietles, that incroase in nitrogen levels 1ncrea§ad
the productive tillers and that the helghost was for 160 ko
N/ha. Subramanian and olandalswamy (1973) observed that
the total numbsr of productive tillers per square metre ine
creased with increase in nitrogen levels upto 240 kg/ha.
Rethinam (1974) reported that indreasing rates of niirogen
from zero to 160 kg/ha produced a linear incrsase in avorage
number of productive tillers per hill, Gowda znd Panlchker
{1577) obtained increased numbsr of productive t4llers per
hill with increased nitrogen lavels upto 169 ko/fha. IMurthy
and Murthy (1981) as well as Sree Humaran (1981} have alse

obtained similar results.

ds Panicle longth

Lenka~(1969) observed that the length of panicle
incroased with the levels of nitrogen, viz. 0, 40, 80 and
120 kg/ha., Singh (1971) reported an increase in panicle
length with incroase in nitrogen levels from 0 %o 160 kg/ha.
Subbiah gt al. (1977) reportsd that length and weight of

panicle increased with increasing rates of nitrogen upto



200 ka/ha. Singh st al (1979) also observed that panicle
length increassed with nitrogen rates upto 120 kg/ha.
Surendran (1985) reported that the length of panicles ine

creased with increase in levels of nitrogen.

a. Thousand gra}in weight

Pande and Leouwrik (1972) reporied that nitrogen
increased thousand grain welght upto 200 kg/ha. According
+o the results of trials conducted by Sadayappan.st szl.(1974)
the weight of thousand grains was influenced by nitrogon
application, but the treatments with 50 to 200 kg/ha were
on par., Positive increase in thousand grain wsight due o
nitrogen application was also obtained by Gowda and Panicker
{1977), Raju (3.9?:9) and Surendren (1933),

Contrary ’ﬁn these results Muthuswamy g al. {1972),
Natarajan et al. (1974) and Lenka et al. (1976) reported
that the welght of thousand grains remained unaffected by
nitrogen application. On the other hand, rescarch reports
of Shrivastava gt al. (1970) and Ramanujam and Rao (1971)
i;ndicated that increasing nitrogen application decreased
thousand grain weight.

£, Grain yleld
Rothinam gt al. (1975) observed that the increcase in



vield was sequential to the graded levels of n!.f.rogan and‘

a maximum yield was obtained with 160 kg N/ha in both tall -
and dwarf indica rice varietles. Trials conducted by Sahu
and Murthy (1973) rovealed that grain paddy yicld increasaed

with nitrogen levels up to 160 ka/ha. Pillat et gl. (1978)
observad significant response in grain yield upto 80 kg N/ha.

From expariments conducted in farmers fialds, Gowda
snd Panicker (1977) reported that yleld response to nitrogen
was linzar in varleties Jaya, IR«B and IR=%, Roy gk al.
{1977) found that in irrigated trials with long duration
rice cultivar, Pankaj, grain yield was highest with 120 kg
W/ha applied in four equal eplit dressings. Murthy and
Murthy {1978) observed that rice yields increased with
nitrogen rates upto 120 kg/ha and increases were attributed
to increase in tillering, |

Bhulya st al. (1979) observed an increase of 600 kg
grain per hactare when the level of nitrogen was enhanced
from O to 60 kg/ha. Gunasensz et al. (1979) repcrﬁod Ancrease
in grain yield from 3.63 to 6,52 t/ha, when the lovel of
nitrogen was ralsed from O to 90 kg/ha during wet season in
Sree Lanka., Dixit and Singh (1979) observed that grain yleld
tncreased from 2,18 t/ha with no nitrogen to 4,19 t/ha with
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89 ka W/ha. Pande and Das (1973) observed that increasing
the raotes of applied nitrogen from O to 290 kg/ha incressed
the average paddy ylelds from 6.13 te 3.95 +/ha in soven
dwarf rice cultivars tried, Raju (1975) reported increases
in grain yield with nitrogen dosaes upto 187 kg/ha, Meagel
and Wilson (1981) and Suvendran (1983) also reported that

orain yield increased with incroased nitrogen appllcation.

Ramanujam and Rao (1971), howaver, recerded decroased
paddy yield with the spplication of more than 90 kg N/ha.
Trials conducted by Fagundo gt al. (1973) with four nitrogen
levels from O to 240 kg/ha showed increasa in tillering,
but had very 1ittle effect on final yield,

Ge Straw yield

In a trial on the influence of nitrogen supply on
growth factore of rice, Ramamujam and Rao (1971) observad
that straw yield increased with increase in applied nitrogen
upto 180 kg/ha. Muthuswamy gt al. (1972) observed a signie
ficant increase in straw yield upto 120 kg N/ha. Sumbali
and Gupta (1972) reported that straw yleld was, incraased
upto 200 kg N/ha, mainly due to the fact that plant height,
number of leaves and effectlve tillors pex hill were inCrea=~

sed with increased nitrogen levels. Singh gt al., (1974)



noticeod considerable increases in straw yield due to
increasing doses of nitrogsn. According to Rethinam gt z).
(1975), the straw yleld in rice varicties, Cauvery and
Padma, was influenced by increased doses of nitrogen,
Venkateswarlu (1578) reported that straw ylelds incroased
upto 200 kg MN/ha and beyond this dose it decreased. Sushamae
kumard (1981) obsaervaed that nitrogen at higher lovels proe
grassively increased giraw yield and the highest straw
yield vecorded at 90 kg N/ha was significantly superior to
45 or 60 kg lovels, Surendran (199%) also observed an

increase in straw yield duo Lo Increased doses of nitrogen.

II. Changes in tho available nitrogen content in different
01} tvones during cron growth

Bhuiyan (1949} reported that the total nitrogen content
of the so0il was more or less constont threughout the yesr, the
amnonia content remained at a relatively high level soon after
waterlogaing and then decreased and remainod at a low level.
Nitrate was absent durlng waterlogging but bagan to accumulate

after harvest,

From the rosults of a pot culture oxpeoriment condusted
with four levels of nitrogen, two levels of phosphorus and

potassium using three high yielding varioties, Loganathan and



and Raj (1973) obsarved that the available nitrogen varied
markedly from stage to staga of the rico crop. It was
highest at 19 days after transplantation and sharply dee
creased to a very low valus after 30 days, thereafiter 1t
recorded a gradual increase. In an experiment at IRé;,
Philippines it was reported that mineralization of soil
nitrogen anpeared to increase with tho addition of 1norganic
nitrogen fertilizer, as reflected in the intreaseld uptake
of nitrogen by rice with increased levels of fertillzer
nitrogen (Anon., 1974), Sreevastava {1973) reported that
alkalino=permanganatewoxtracted avallable nitrogen was
highly correlated with amine sugar nitrogen, organic matter,
hydrolysable nitrogen, total nitrogen and amino acid nitro-
gan. Mathen gt al. (1976) in an assessment of the accumue
lation of nitrogen in a black soil found that the avallabi-
1ity of nitrogen increased substantially over years by
increasing tho rate of agplication of nitrogem aleong with
phosphozus., Shiga and Ventura (1975) &in a pot culture
experimant with Maahas clay and two other soils found that
the nitrogen supplled by the soll varled continuocusly
throughout the period of plant growth and this nitrogen
played a crucial zole in the growth and yield of the rice
plant. Mohapatra and Khan {1963) in a study using 21 lewland



13

rica solls of India with & wido pH range found that the
mineralisable nitrogen released from scill organic ﬁitrogen

formad 0.45% to 4.6% of the total nitrogen content.

Féom field exporiments conducted in Japan it was
obsezved that the amount of exwtractable organic nitrogén
apparently varied with the stage of rice growth. It increw
ased from the transplanting ‘to tillering stage, followed by
a decrease until the maximum tillering stage. This was
followad by an increase in this form of nitrogen, the maxi-
num boing reached at Lhe stage of panicle formation {Highuchi
and Uchida, 1984). Keertisinghe (1954) reported that in wat
land rice soills highly significant amounts of labelled none
exchangeable ammonia wore released and taken up by rice plants
and the conmtribution to rice nutrition in the vermiculita |
rich soils was estimated to be 20 to 100 kg N/ha.

Raymond and Shapire (1958) while investigating the

effect of flooding on availabllity of phesphorus and nitregen
found that flooding lncreased the grain yield and nitregen

uptake by rico. But floeding had no apparont offoct on the
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avallability of soil nitrogen. Sen and Dasgupta (1969)
reported that the rice varicties psrformed best with the
difforential supply of water at varicus stagses of growth
an? development under each season, Under limited water
sunply groater yleld could be obtained by the application
of higher dose of nitrogon and under limitod application
of nitrogen the same effaect can be produced by increasing

the supply of water to an optimum level.

According to Hukkerl and Sharma (l9?ﬁ) submergence
in 4 cm standing water during the tillering and flowaring
stages only or continucus submergence gava'éimilar paddy
yiolds in the monsoon season. Gorantiwar gt al. (1973) ro=
ported that in a medium black scll of Jabalpur there was no
siognificant difference Eetwaen the grain and straw ylelds
unde> 4 em and 7 om of flooding. Yoshidas and Padre {1975)
observed that the uptakse of fertilizer nitrogen by rice
plants grewing under submarged soil cenditiong ceased at
the vagatétiv@ stage of growith because only a small amount
of available nitrogen remains in the soil at this time: but
the rice plant continued to absorb gradually untagged nitro=
gén from the soil throughoul the reproductive stages of growth.
Sharma and De (1976) observed that in fleld trisls with rice
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cv. Padma given 0=200 kg N/ha, paddy yield was higher under
continuous submergence conditions than under alternate wotte
ing and drying conditions. In a field oxperiment on water
management of rice conducted at Pantnagar, 1t was obsarved
that the total nitrogen content increased with water depth
(Sharma and Modgal, 198)). Kupkanachanakul and Vergara

(1990) zeported that when rice was grown in mediun deep water,
nitrogen application Increased the grain yleld from an avore
age of 3.44 t0 4.64 t/ha but the harvest index and 1000-grain

wolght were not affected,

Khind and Ponnamperuma (1981) investigeted the effect
of water regime on the performance of rice and found that
when avaeraged for solls gnd nitrogen levels, ylelds from
treatments in which soil drying was Esgan at two and five
weoks after transplanting wers lowar than that from the cone
tinuously flooded treatment; but the simple effect of soil
drying treatments had adversc offect on the soll which was
high in nitrogen content. Soil drying at two and five weeks
after transplanting had advorse effect in the soll low in
nitrogen. Investigations on the effect of submeorging the
rice to 75% and 100X of plant height at the ackive tillering

and panicle initiation stages for differoni peoriods on tha
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grain yields indicated that at active tillering staga,
two days submergence at 75% level raecorded the maximum
grain yileld, which was on par with one day and three days
submergence and significantly superior to five days and
seven days of submergence. At panicle initiation stage
the reduction in yield was significant whon the duration
of submergence was 5 days or more at 75% lovel and cne

day at 1007 lovel (Anon., 1982),

sition and untaske of nutrients by Paddy,

Thonabadu gt al. (1970} based on tracer studies rew
ported that the uptake of nitrogen frem fertilizer was

greater from early application than from late anplication.
Koyama gt al. (1973) in their investigation with 1SN found
that baszl dressing and top dressing at panicle initiation
sach with 37,5 kg N/ha has resulted in the uptake of 83 kg
N/ha, 36% from the fertilizer and 64% from the soil. Of the
fertilizer niimgen absorbad, 33.3% was from basal applicae
tion and 66,.6% from the top dressing, The recovery rate of
top drossed nitrogen was 54% and that of basal nitrogen
only 27X%. '
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Westerman and Kurtz {(1973) examined the priming effect
on the uptake of goll nitrogen in two field experivents cone
ducted durlng 1966 and 19567 on Sorghum using urea and oxamido,
cach labealied with lsN. They observed that addition of nitroe
gen fertilizer increased the ﬁptake of soil nitrogen by 17 to
45% in the first oxperiment and by 8 to 27% in the socond oxe
periment. While investigating the response of rice variety
IR«3 to incroasing rates af'nitrogen application in terms of
visld and natrient uptake on four soil types of Comati and
Sai, Khan and Pathak (1975) observed significent progressive
increase in vield at all the nitirogen levels in all soil types.

Yoshida g@if@@m&l???) obsezved that the nitrogen uptake
from fertilizers by the rice crop was much groater when cale
culated by the differonce method than by the isotope methed.
At fertilizer apblication rates of 30 ppm nitrogen or more
the uptake of fertilizer nitrogen by rice crop increased with

increased level of nitrogen application.

Rai and Murthy (1979) reported that the average paddy
yields in oight rice cultivars with‘40 and 20 kg N/ha were
5.04 and 5 t/ha, respectively under normal conditions and 4
and 4,13 t/ha under water logged conditions. Reddy and
Patrick (1980) revealed that yileld of graim was closely corree
lated with total nitrogen uptake in the teps, less closely
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correlated with soll nitrogen uptake and not significantly
correlated with fertilizoer nitrogen untake. However, the
increment of yield was positively correlated wlth fertilizer
nitrogen uptake, as compared to yileld alone. According to
Subblah and Sachdev {1931) even under the best conditions

the amount of fertilizer nitrogsn absorbzd by the rice crop
saldom exceads 30 to 3%% of the total quantity applied,

Talka ot al. (1981) in lysimeter trisls with rice showed

that grain and straw ylelds, 100«grain welght and NPK uptake
increased with depth of irrigation watoer and increase in the
nitrogen fertilization rate. Chlnchest {1982) in his experie
mant on the effect of water regimes and nitrogen rates on
nitrogen uptake and growth of rice varietles observed that

951 days aftor sowing nonflocd treatment of green house grown
rice reosulted in groater tiller number, dry weight, nitrogen
content and uptake, and leaf number than in plants which wore
continuously flooded. He has also noticed that in the field,
28 days of deep water treatment resulted in lower grain yield,
tiller number, dry welght, nitrogen uptake and decreased height

whaen compared with shallow water treatment.

V. Recovery of nitrogen from gonljioed fortilizer
Abichandanl and Patnaik (1953) obtainosd 40% recovery of
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applied'nitrogen aftar 42 days of submergence from surface
anolied ammonium sulphate compared to 358% whon the fertili-
zor was incorporated. Hecoverles from ammonium nitrate was
24 and 44%, respactively. Patnalk and Broadbent {1967) re-
portad that utilization of nitrogen within 15 days of applie
cation was 18% at tillering and 44% at boot leaf stage.
Koyama at al. (1973) reported that the recovery rate of top
dressed nitrogen was %4% and that of basal nitrogen was 27%.
Based on pot culture experiments using Maahas soil IRRY has
resorted that at 30, 60 and 90 kg N/ha of applied nitrogen
the amounts of fertilizer nitrogen taken up by the rice crop
were 33, 39.7 and 40.3%, respoctively of the applicd fortie
lizer by the isotope method and 36.3, 65 and 71.3% by the
diffarential mothod (Anon, 1974), Patrick and Reddy (1976)

. from their field experiments showed thot fertilizer nltrogen
recovered in the grain ranged from.30.9 to 37.3 kg N/ha.
Recovery of fertilizer nitrogen in the straw ranged from
18.2 to 24,2 kg N/ha and a considerablec portion of fertilie
zer nitrogen remained in the soil after cropping. Yoshida andfadre
(1977) found that the recovery of fertilizer nitrogen by the
rice plant was low whon 1t was added as basal but the recovery
was improved by incorporating it bafore transplanting and the

racovery of fertllizer nitrogen when top dressed at reproduction



stage was much higher than when supplied as basal, Houng

and Lul (1979) based on pot trials with 1% onriched ammonium
sulphate observed 20¥% recovery from basal application, 40%
from top dressing at tillering, 60=390% from top draessing

at young panicle stage and 40=60% from application after
heading stage. In a field trial where rico cv, MAS 2401 was
-grown on a sandy loam river lavee soil under wet land condi-
tion and supplied with 80 ka N/ha by broadcasting or deep
placement, only 256% and 3%¥% of abplled nitrogen was recovered
in the grain and 18%¥ and 29% in the straw with broadecasting
and deep placement, respectivaly (Ayatode, 1980),

Vi, Nitrvogen Bslaonce studies

Balanca sheot for nitrogen and phosphorus was investi-
gated in actual paddy fiolds in shintona river base in Japan
with and without application of fertilizers during 1975-1976.
The amounts of both nutrients which were lost from the paddy
field were estimated. The annual loss of nitrogen in the
fortilized plot amounted to 1.8 kg/l0 acres. A considerabls
amount of nitrogen was lost from the nonefortilized plot,
therefore the applied fertilizer loss of nitrogen was estimated
to be 0.8 kg/10 ares. The balance was minus 0,37 kg/l0 ares,
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The balance was minus 0,37 kg/10 ares, indicating thit the
annual uptake of nitrogen by tho paddy fleld exceaded the
annual loss (Takamura gt gl.,1977).

Maeda and Yutaka {1976) based on pot culture experie
nents using tagged ammoniunm suiphate found that under flocded
condition, applied N balance in cropped soll consisted of
nearly 3%% of crop recovery, 15-20% of irmobilized form and
45% of unknown part - Takamura af gl. (1976) investigated
the fate and bzlance shest of nitrogen in the rice paddy
flelds with or without application of fertlilizers and found
that the nutrient concentration in the surface water reached
63 ppm N and 26 ppm P in the paddy fleld with su;faco appli-
cation of fertilizers. About 19,.8% of N and 1.8% P of fortie
11zors sdded to the fleld were lost by surface run off, while
percolation loss of N wis lass than 1/3 of its surface run
off, '

Reo and Sharma (1978) ostimated the balance of soil
nitrogen in a ficld experiment, consisting of six cropping
saquences and three fertilizer constraints for twe years on
a sandy loam soil, The study has indicated that the total
nitrogen 4n soll at the end of two vears showed a deficit
balance of the order of 33 kg N/ha in maize wheat sequence,
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while other crop sequences particularly those including
legumes, built up the nitrogen status of the soil. The
highest aveorage gain in soil nitrogen was of the order

of 81 kg N/ha which was recorded under maizewpotato=-green
gram saguence, In most of the crop sequences tho net gain
in scil nltrogen was lower than the lowest doss of forti-
lizer application: App gt al. (1984) based on long torm
fortility experiments in two sites in the Philivpines
suggosted that the two floocded rice crops grown each year
resulted in a positive nitrcgen balance equivalent o 79

and 103 kq N/ha/are. In his attempt to measure the accu-
mulation of nitrogen in the surface soil ho further observed
that plots open to the light accumulated the eguivalent of
approximataly 68 kg N/ha in the surface soll betweon transe
planting and heading, as a result of nitrogen fixation by

phototropic microorganisms.
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MATERIALS AND METHODS

The present investigation included a well-designed
pot culture expsriment conducted at the College of Agricul-

ture, Voellayanl, during the first crop season of 193185,

I. Expsrimental detalls

A completely randomized design wiih two replications
was adopted for the study., The treatmonts consisted of a
factorial combination of 5 soil types, two levels of sube
mergonce and two fertillzer levels 1.6., one with no nitrogen
fertilizer and the other with nitrogen applied as per package
of practice recommendations of the KAU (Ancn. 1986) for short
and medium duration rice varicties. The details of the

treatments are given belowie

a. Soil types :

8y - Riverine alluvium {Kuttanad)
S ~ Lacustrine alluviua (Kole)

S « Sandy loam {(Onattukara)

Sg4 - Low level laterite {Patiambi)

Sq, = Black soil (Chittoor)

Surface soil ssmples upto 67 (15 cm) depth which roe-

mained waterlogged after the third crop season wore collected
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from farmers field in bulk quantities. The soils ware air
dried, powderad, passed through 2mm sieve and used for sube
sequent studioes. The mechanical composition and chemibal
charasteristics of the soil prior to the experiment wero
determined using standard procedures (Jacﬁnon 1973) and
given in Table 1.
b. Rice varlietias

Rl - Jaya

R, - Trivent

¢, Lovels of submergence
Wl ~ 9 cnm standing water
Wz - 10 cm wdlo=

- d, Fertilizer dosage

TO - No nitrogan _
T, « 90 kg N/ha for mediunm duration variety and
70 kg N/ha for short duration variety

" Each of the rice varieties had sgpaerate control and

were kept without nitrogen,

Total treatments « 20
Replications - 2



The treatment combinations for the twe varieties
wore as follows:

STy STy STy SgTo  SafyTo

slwl‘r 1 szwlr 1 53” .l.rl 54??11' 1 85\111' 1

Slﬁéro $2Wéto 33Wéro s4wéro Sdﬁéro

SpoTy  Sgialy  Sgioly  Spfiply  Sgfoly

Earthen pots of 12" digmoter were used for the’ study,
Before starting the. experiment the pots were cleaned and the
drainage holes ware sealed with cement to prevent the leache
ing loss.

Exactly 7.5 kg of the five goll type was welghed and
filled In each earthern pots The soll in the pot was flooded
and puddled well bafore the seedlings.were trangplanted. On
the day of planting N, PO, and K0 in the form of urea (46% N),
suparphosphate (1a£.9§05) and muriate of potash (60% Kéo) wore
applied at the uniform rate of 70:45:4% and 701352358 kag/ha
according to the duration of the varletics, Control plots
received no nitrogen. Half of the nitrogen and potash and
full ohosphorus wera gilven as basal dressing. Sprouted seeds
of Jaya and Trivenl were sown in seperate nurseries, Healthy
seedlings of 30 days old Jaya and 18 days old Triveni varie-
ties wore transplanted in three hills in each of the respec-

tive pot at the rate of two plants per hill., The remaining
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half of the nitrogen and poiash wore applied as top dressing
at the time of panicle initiation. From the next day after
planting, 5 ¢m and 10 cm levels of water were maintained in
the pots by dally irrigation. Irrigation was stopped when
the seed setting stage was completed, )

The oots wore kept free from weeds during the course
of the experiment. Ekalux 25% EC spray %to control the leaf
roller and BHC 50% WP spray to control rice bug were given,
There was no serious attack of any disease.

The variety Jaya was harvasted 1035 days and Triveni
70 days after transplanting. The straw and grain from cach
pot were collected seperately, dried and weiéht recorded. The
dried samples were ground ard used fer chemical analysis,

IT. Growth and Yield 2arameters

The following biometric observations were recorded

from oach treatment.

1, Plant height at the active tillerlng, Panicle - initiation,
flowering and harvest cstages

2, Number of tillers at the above mentloned stages

3. Productive tiller number just before harvest

4, Lenoth of tﬁe panicle ‘

5, Welcht of grain

6. Vlelght of straw

7. Thousand grain weight



I1I, Chenic nna
a, P dical Analvs ¥ 1)

From aach pot wet soil samples were collacted perio-
dically at intervals of 24 h, 48 h, 96 h, 1 week, 2, 3, 4,
5, 6, 7 and 8 weaks after fortilizer application and finally
at harvest by the funnal method (Ablchandani and Patnaik
1957) and with least disturbance to the plants.

1)  Available nitrogen:-
Avallable nitrogen content of the soll was determined

by tha alkaline permanganate,. method (Subbiah and Asija,1936),

11) Awallable phosohorusgie
Avalilable phosphorus was estimated by extracting the

s0il with Bray No,l axtractant and thoereafter developing
chloromolybdic acid blus colour and reading in Klett-Summerson

photoelectric colorimeter using rod filter (Yackson, 1973).

111} Exchangegble potassiymi-

Exchangeable potassium was estimated by extracting the
s0il with neutral normal ammonium acetate and tho K was read
in a EEL=flame photometer (Jackson, 1973),

b. Blent Anglysis
1) MNigrogen t=-

MNitrogen content of plant samplas collocted from each



troatment at active tillering, panicle initiation and
flowaring stages and that of grain and straw at harvest
ware determined by micro=kjeldahl digestion method as
suggested by Jackson (1973).

i1) Phognhorus:= Phosphorus concentration of-the plant
samples at harvest was deternmined by triple acid digostion
and thereaftor estimalting colorimetrically by vanadomolybe
dobiphosphoric method using Spectronic 20 at a wavelength
of 470 ra (Jackson, 1973).

111) Botasslum:- Potassiun concentration of the plant sample
at harvest was detoermined on triple acid extract using an
EEL Flame photometer (Jackson, 1973).

iv) Upkake of njtrogen:- The nitrogen uptake was computed
from the percentage nitrogen of plant parts and their total
dry matter production.

v) Recov £ roggn antst= The percentage Tacovary
of nitrogen was calculated from the formula NE g NC 100

whoro, NF is the nitrogen in the plants grown in the fertie-
1ized pot, NC 1s the nitrogen in the plants grown on the
contrcl pot and R 1s the rate of applied nitrogen.
IV, Skatistical Anglvsis

The various data obtained 4n the study were statisti-
bhlly analysed employing the mathod of analysis of variance
for factorial experiments in complotely randomized desion. The
significant was tosted by 'F' test (Cochran and Cox, 1965).



Table 1 Basic data on the solls selected for the study

{a) Physical characteristics

Soils Mechanlcal Analysis Single value constants
~Bulk Partli- water % pore % volume
Coarse Filne 511t Clay den- cle hold- space expansion
sand sand sity den- ing
sity capa=-
city
1. Karapadam
(Kuttanad) 26,00 21,25 10.20 42,35 1,058 )1.868 50.69 50.21 11.30
2. Kole 11 15 20.85 53,15 1,004 1,984 50.81 49,39 11.90
3. Sandy loam
(Onattukara) 30 10 6,45 33,55 1.352 2,170 29,63 37.53 5.02
4, Low leval
laterite 25,25 22,80 12.00 39.95 0.989 1.742 47,16 43,29 7.69
5. Black soil 32 11.85 10,40 45,75 1,042 1,922 51,82 50,26 12.80
{b) Chemical characteristics
Soils pH Organic CEC Total Total Total Ava.N Ava.P Ava.K Ava.Ca Ava.Mg
?%gbon N(X) P(X) K (%) (%) (%) (%) (%)
1. Karapadam
(Kuttanad) 4,6 1,40 8.54 0.13 0,06 0.06 0,0110 0,0023 0,012 0,020 0,019
2, Kole 3.8 2,10 10,68 0.16 0.08 0,03 0.0213 0,0020 0,013 0,023 0.010
3. Sandy loam
(Onattukara) 5.3 1,12 1,3 0.10 0,04 0,05 0,098 0,0004 0,003 0.011 0,032
4. Low level
laterite 5.0 l.50 '6.24 0,15 0,06 0,06 0.0118 0.0040 0,009 0,015 0,059
{(Pattambl) '
1
5, Black solls {
(Chittoor) 8,0 2,30 7,9 0.19 0.09 0,08 ©.0128 0,0046 0,024 0.114 0,140

b3
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RESULTS

The present study was carrled out to assess the rate
of efficlency of field applied nltrogen under varying soil
conditions and irrigaticn lsvels with respect o short ani
medium duration varietloes of rice viz Jaya and Triveni. The
observations recorded wereo analysed statistlcally and the

salient findings of the experimont are presented below:
I. Growth and yield paramoter
(1) Hoelght of the plant

The data on the hoight of plant at different stagéﬁ of
growth with respect to the two varletles; Jaya and Triveni
under differoent levels of submorgence are given in Tables
2{a) to 2(d) and the analysis of varlancae in Anpaendix I.it
was seon from the table that in both the Jaya and Trivenil
rice varietles tho soil typos was found to have significant
effoct on plant height. At all growth stages, the height
varied according to the soil type. The plant helght in the
Jaya variety was maximum at all growth stageé. when grown in
the Karapadam soll. Next te karapadam soll) was the black scil,
whore mezximum height was recorded at panicle initiation,
flowering and harvest stages. At the tillering stage, the



Table 2{a) Plant height (cm) at different stages as affected by different soil
types on rice, Jaya & Triveni

. TJAYA TRIVENI

So1l tyne Differeont groaﬁh stages Difforent growth stages
Tilier- Panicle Flowere Harvest Tlller-= Panicle Flower— Harzvest
ing initiz- ing - ing initiz- ing

tion tion
Karapadam 35.0 60.% 67.9 74.5 33,1 57.5 65,0 T2.1
Kole 34.1 51.1 55,7 60,8 32.6 70.6 78,2 Bl.7
Sandy loam 26,56 s5l.4 53.7 62.1 24,8 48.7 53.9 61.5
Low levol

laterite 32,4 55.8 62,5 68,0 30.6 5443 60.1 63,4

Black soll 31l.5 53,9 65.0 68,9 31.0 55,2 63,2 63.%

C.D, 0.7 0.7 0.6 0.6 0.5 C.7 Q.4 Q.4




least plant Height was recorded in sandy loam soll and at

the panicle inltiation, flowering and harvest stages in the
kole soil. For the short duration variety Triveni, the maxi-
mum plant helght at t}llering was observed in karapadam soil
which was on par with kole soil. The kole soll recorded maxi-
mum plant helght at panicle initiation, flowering and at har-
vest stages. On the other hand, sandy loam soil has produced

the lowest plant helght at all stages.

The level of submergence also had significant effect
on the plant helght at all stages. For Jaya, at tillering
stage more helght was recorded at 10 cm level of submergence
whereas in panicle initiatlon, flowering and harvest stages
5 cm level of submergence gave more height. As far as Triveni
it concerned the 5 cm submergence resulted in significantly
Increased plant height than 10 cm submergence at all growth

stages.

From Table 2({b) it was seen that 2ll treatment inter-
actions had significant influence on plant height. Among the
different soll % levels of submergence combinations, Kara-
padam soll with 5 .cm submergence resulted in the highest
plant height in the Jaya varlety at all stages. The lowest

height was notlced in sandy locam soil with 5 cm submergence



Table 2(b) Plant height (cm) in different soll types as affected by level of submergence on rice,
Jaya and Triveni

. JAYA TRIVENTI
Level of
submer— Different stages of growth Different stages of growth
Soll type
gence Tiller- Panicle Flower- Harvest Tilller~ Panicle Flower- Harvest
(cm) ing initia- ing ing Initia- ing
tion tion
Karapadam 5 35,34 60,67 68,10 74.59 33,60 60,00 68,70 73,30
10 34,60 60,29 67,84 T4.37 32.50 54,390 63,20 70.70
Kole . 5 33.43 53,80 51.44 56,55 32.70 70,60 78,00 81,80
10 34,74 53,12 60,02 64,96 32,40 70,50 78.30 8l1.60
Sandy loam 5 26,44 54,08 62,87 67.43 25,20 50,70 60.70 64,80
10 26,80 48,77 56,62 56.85 24,30 46,60 59,50 61,460
Low level laterlte 5 31.63 56,60 63.92 69.10 3L.30 54,80 61,30 65,80
10 33.15 55.04 61.10 67.18 29,80 53,60 58, 80 63.00
Black soil 5 31,22 58,63 65,80 69,33 31.30 55,30 63,70 69.40
10 31.71 59,13 64,28 68,38 30,80 54,80 62.60 67.60
c.D, 1.01 0.92 0,82 0.80 0,80 1,10 0.60 0.60
Mean for level of
submergence 5 cm 31,59 56, 76 62.43 67.42 30.82 58,32 66,48 71.06
' 10 cm 32,60 55,27 61.97 66.35 29,92 56.08 64,68 68,90
c.D. 0.45 0.41 0,37 0,36 0.34 0.47 0.27, 0,27

e



However, on comparing the levels of submergence alene, there
was no significant difference in plant helght at tillering
stage in the karapadam, sandy loam and black soils. Among
the treatment combinations, karapadam soils with 5 cm level
of submergence, resglted in the highest plant helght. On the
other hand, plant height showed the lowest estimates at pani-
cle initiation in sandy loam soil with 10 cm submergence and
at flowering and harvest stages in kole soil with 5 cm sub-
mergence. The difference in the levels of submergence could
indicate significant difference at panicle initiation in
sandy loam only. Also, the levels-of submergénce had signi-
flcant effect on plant helght at flowering and harvest stages
in 31l soils except_karapadam éoil. For the rice variety
Trivenl also, the highest plant height at tillering stage was
in karapadam soll with 5 cm submergenca. At panicle initiation,
flowering and harvest stages the plant height was the highest

in kole soil with 5 cm submergence.

The data presented in Table 2(c) revealed that the
treatment combinatlon of scil x fertilizer nitrogen also had
significant influence on the plant height. In the case'of Jaya,
the maximum plant helght at tillering stage was observed for
tha comblnation of black soil with nitrogen application at



Table 2{c) Plant height {em) in diffcrent soils as affected by nitrogen application
on rice, Jaya and Triveni

Nitrow JAYA TRIVENT
apgggc e Different stages of growth Different stages of growth
Soil typo tion Tiller~ Panicle Flowere Harvest Tlller= Panlcle Flouver- Harvest
ing initia= ing ing initis- ing
tion tion
Karapadam T{B 32,68 50,28 57,21 65,30 31.J0 55,70 64,70 71,18
T 1 37.25 70.71 78,73 83.65 39,00 959.20 67.20 73,10
Kole T'g 31,29 38,73 46.7) 82,48 - 28,50 66.00 - 73,70 77.80
Ty 36,38 58,14 64,75 69.14 36.50 T75.10 82,60 83,60
Sandy loam Ty 25.38 41,49 50.50 53.83 20.80 | 43,70 52,00 55,30
T 1 27.86 61.36 69,20 70,45 28,70 53.60 67.20 63.10
Low level Ty 29,25 49,11 55.79 61.05 26,90 53,8 59,70 64,60
laterite T,  35.53 62.33 69.28 7523 34.20 55.00 60.40 64.30
Black soil Ty 2%9.30 438,59 55,39 59,78 2B.20 53,20 61,10 65,30
T 1 37.62 69,13 74,73 73.93 36,80 57,10 65,20 T0.70
c.D, 1.01  0.92 0.8 0.80 0.80 1,10 0.60 0.60

Gt



90 kg/ha which was closely followed by karapadam and kole
solls with nitrogen application. The lowest value was obser=
ved for the combinatlon of black soll with no nitrogen appli-
cation which was on par with sandy loam with no nitrogen.

At panicle initiatlon, flowering and harvest stages, karapadam
receiving nitrogeﬁ was superior over others and the lowest
value was observed in kole soil without nitrogen. In Triveni,
at all stages except tillering, kole soil with nitrogen appli-
cation produced ths maximum plant height and sandyloam with

no nitrogen produced the minimum plant hgight. At tillering
the maxlimum plant height was recorded in black soil with
nitrogen applicatlon which was closely followed by kole soil
with nitrogen application and the minimum in sandy loam withe

out nitrogen application.

Data on the effect of treatment combination viz.,
soll x waterlevel x nitrogen application are presented in
Table 2(d). The data revealed that in the case of Jaya, at
tillering stage masxd mum plant height was produced by the
combination of black soil with 10 cm-submergence and nitrogen
application (55Wéfl) which was closely followed by the treate
ment combinatlon of kole soil with lo_cm submergence and

nitrogen application (SZWéTl), At panicle 1nitiation,'flowering



Tahle 2{(d) Plant height %cm) as affected by soll x level of submergence x nitrogen application -
~interaction on rice, Jaya and Trivenil

|
i
1

JAYA TRIVENTI
Different stages of growth Different stages of growth

Treatment

combination Tiller- Panicle Flower- Harvest Tiller- Panicle Flower- Harvest

ing initia- ing ing initia- ing
tion tion

5\W,Ty 32,90 49,17 56,00 64,20 31.80 57.20 63,40 72,00
slwlTl 37.75 72,17 80.21 84.98 35,50 62,90 71,30 75,10
81W2T0 32,45 51,33 58,43 66,40 30.50 54,20 63,10 70.20
S,W,T) 36.75 69.25 77.25 82,33 34,60 55,50 66,10 71,10
Szwl‘l'0 30,95 35,92 45,25 51.10 28,30 68,10 75.20 80.30
SoW Ty 35.90 51.69 57.63 62,20 37,10 77.10 84,40 87,90
S2W2Io 31.64 41.65 48,17 53.85 28,70 63,90 72,20 75.30
SZWZTI 37.85 64,59 71.87 76,08 36,00 73.10 B80.80 83.30
SSWlTO 25,70 A44.75 53.83 58.65 21.40 47,10 53,30 ‘58,40 °
S3WlTl 27,17 63.42 T1.92 76,20 29.00 54.40 68,10 71,20
ST, 25,05 38,23 47.17  49.00 20.20 40,40 50,80 54,30
SSWZTL 28,535 59.30 66.08 64.70 28,50 52,80 66,30 69,00
S4W1T0 28,25 49,64 56465 61.90 27.40 53,40 60.20 65,40
S0, Ty 35,00 63,57 71,30 76,30 35,10 56,20 62.50 66,20
S4W2To 30.25 48,58 54,95 60,20 26,30 53.40 59,20 63.70
S4_W2Tl 35.05 61.50, 67,25 74,15 33.30 53,70 58,30 62,40
S5W Ty * 25,45 47.93 56,30 59.40 25.40 52,90 61,20 66,50
ST, 36,98 69.34 75,30 79.25 37.30 58,10 66.30 72,30
SgNéTO 25,16 49,25 54,40 58.15 24,30 53,50 61,00 66,10
SgWoT ) 38,25 69.02 74,15 78.60 36,40 56,10 64,20 69.20

C.D. 1.43 1,30 l.16 l.14 1.10 1,50 0.90 0,90

LE
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and harvest stages the combination of karapadam with 3 cm
submergence and nitrcgen applicetion was superior over others,
At panicle initiation stage the lowest value was recorded in
kole soil with 5 cm submergence and no nitrcgen application
and at harvest stage in sandy loam with 10 cm submergence

and no niirogen. In the variety Triveni also, the treatment
combination of soil x waterlevel x nitrogen application had
considerable influence on the plant height at all stages.
However, the maximum plant helght at all stagas was produced
by kole soil with 5 cm submergence and nitrogen application
{5,W Tl) and the minimum was in sandy loam with 10 cm submere

271
gence and no nitrogen application.

(11) Tiller counts

Data on the mean tiller number/hill at different
growth stages aré presented in Table 3(a) to 3(d) and their

analysis of variance in Appendix II.

From the Table 3{(a) it was found that in the case of
the medlum duration varlety Jaya, the mean tiller numbsr
differed from soil to soll at all stages. At tillexring stage
the mean tiller numbar was the maximum in karapadam soil
which was closely followed by kole soil while the value was
minimum in sandy loam soil which was on par with that in low=



Table 3(2) Tiller number as influenced by different soil %ypes on rica,
Jaya and Triveni

. JAYA TRIVENI Q
. Different stages of growth Different stages of growth
Soll type Active Panicle Flowaere Harvest Active Panicle Flowore Harvest
tilier= initia= 1ing tillor- initia= ing ‘
ing . tiom ) ‘ ing tion
stagoe, 4 . . stage :
Karapadam 4,91 723 6437 207 5,49 Te20 6.90 6,60
Kole 4,30 T.73 6.33 BedH 7.3  10.00 2.20 8.40 i
Sandy loam  3.50 6,33 4,95  5.4L 4,700 7420 6,00 5,50
Low lovel . '
laterite 3.91 7.12 5.50 5.29 4.50 8,10 7.60 7.20
Black coil 4,17 Te292 .50 6,33 8.30 8.00 740 7.10

C.D. 0.45 0.54 0.43 0.40 0.20 1.10 0430 0,70

6L
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level laterite soil. At panicle initiation stage, the
maximum tiller number was observed in kole soil which was

on par with kérapadam soil and black soil while tho lowest
tiller number was noted in sandy loam soil. At flowaring

and harvest stages the maximum tiller number was observed

in black soll which was on par with karapadam and kole soils
at flowering: At the harvest stage, the lowest tiller count
was observed in low level laterite scoil. In the case of
Triveni also soil type had significant effect on the mean -
tiller number, At all stages maximum value was.noted in kole

soil and the minimum in sandy loam soil,

Data on the mean tiller count as influenced by lavels
of submergence are presented in Table 3(b). In Jaya, the
levels of gsubmergence alone did not have any-influence on
the mean tiller number, but the soil x level of submergence
combination was found to have significant influence on the
mean tiller number. For Jaya, at tillering stage, the maximum
mean tiller number was produced by karapadam soil at 5 om
submergence which was closely followed by kole soil at 10 cm
submergence. At panicle initiation thé highegt tiller number
was noted in kole soil at 5 cm submergence which was the same

as that with 10 cm submergence. At flowering the highest



Table 3{b) Mean tiller number in different soll types as affected by level of submergence on rice,
Jaya and Triveni

Level of JAYA TRIVENTI
| ‘
Soil type ﬁubmer— : Different growth stages Different growth stages
gence Active Panicle Flower- Active Panicle  Fléwer-
=(cm) tiller- initia- 1ing Harvest tiller- idnitia- ing Harvest
i ing tion ing tlon )
. ‘ I
Karapadam ' 5 5.31 7.41 6,58 5,58 5,65 6.70 : 6,50 6.00
v 10 4,50 7.08 6,17 5,75 5.10 7.80 7.30 7.10
Kole 5 4,00 7.75 6.41 4,66 7.40 10.20 2.80 8.50
10 5.00 7.75 6.25 6.25 8.20 9.80 8.60 8.50C
Sandy loam 5 3.33 5.92 4,66 5.91 4,30 6,50 6.10 5.70
10 3.66 6.75 5.25 4,91 5,00 7.90 5.80 5.30
Low level laterite 5 3.49 7.00 5,08 5.08 4.8 8.10 - 7.50 7.10
10 4,14 7.25 5.91 5.50 4,20 8,00 7.70 7.10
Black soll a 4,23 7.25 6.58 6.33 2.70 8,00 7.30 7.10
10 3,92 7.33 6,42 6.33 4,40 8,00 7.50 7.10
c.D, 0.64 0,77 0,61 0,56 1,40 1.50 1,10 1.00
Mean for level of 5cm 4,08 7.07 5.86 5.51 5.56 7.%0 7.40 6.90
submergence .
10 cm 4.24 7.23 6.00 5.75 5,38 8,30 7.40 7.00
c.D. 0.29 0.34 0,27 0.25 0,61 0.68 Q.47 0.45%

b



tiller number was noted in karapadam and black soil with

5 cm submergence. At harvest the highest tiller number was
produced by black soll at both the levels of submergence.

In Trivenl karapadam scil at 5 ¢m submergence increased the
tiller number at tillering stage. However, no difference
could be noted at panicle initiation, flowering and harvest
stages. In kole soil at active tillering and harvest stages
higher tiller number was noted at 10 cm submergence. Howsver,
at panicle initiation and harVQst stages the levels of sub-
mergence alone produced no sigpificant difference. In sandy
loam sodl at active tillering and panicle initiation stagss,
highar tiller number was noted at 10 cm submergence, However,
at flowering and harvest stages the level of submergence
alone produéed no significant difference. In low level late-
rite at active tillering and f;owering stages, higher tiller’
number was noted at 10 cm submergence but ét panicle initigw=
tion and harvest stages there was no significant difference
in their tiller number under different levels of submergence.
The maximum tiller number at all stages except tillering was
noted in kole soil at 3 cm submergence where as at tillering
the maximum tiller number was noted in kole soil at 10 cm

submergence. The lowest tiller number at active tillering



Table 3(c) Mean tiller number in different soll types as influenced by nitrogen
anplication on rice, Jaya and Triveni

Nitro= JAYA TRIVENTI
gen Different stages of growth Different stages of growth
Soil type applicae-
tion Active Panicle Flower~ Harvest Activa Panicle Flower- Harvest
' tiller- initia~ ing tiller- initiz- ing
ing tion ing tion
[’:arﬁpadam TO 4,99 5,33 3,08 BT 3.50 5.90 5.30 5,10
Tl 583 9.16 T.656 6.58 720 8,59 8450 8,00
Tl 5,90 .25 7.66 6,33 3.50 11,50 10,30 9.70
Sandy loam T, 3,33 5.50  4.83 4.76  3.40  5.90 4,50 4,30
Tl 3.66 T.17 5.08 5,00 $.30 350 T.40 6,80
Low level T 3.75 6.25 5.25 5.33 4,00 7.39 T.00 . 6430
laterite 0
- Tl 3.89 8.00 B.75 5.25 5.00 Be60 3. 10 7. 80
Black soil Ty 3,15 6,66 5,33 5.66 5,10 e 30 6,40 6,20
Tl 5,00 7-31 T.67 7.00 5,19 9,30 3.40 8,00
C.Do, 0.G4 0,77 D,61 D.36 1,40 1.50 1.10 1.30

eb
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and panicle initiation stages was noted in sandy loam at
% cm submergence, whereas at flowering and harvest stages,

sandy loam at 10 cm level of submergence recorded the minimum.

Data on the mean tiller count as influenced by nitrogen
application are prosented in Table 3(c). Thé nitrogen appli-
catlon has resulted in significant increase of tillar number
in Jaya. For Jaya at flowering and harvest stages, the high-
est tiller number was given by black soil with applied nitrogen.
The lowest tiller number at the tillering stage was observed
in black soil without nitrogen application, at panicle initia~
tion stage in karapadam soil without nitrogen, at flowering
stage in sandy loam soil with no nitrogen application and at
harvest stage in kole soil with no nitrogen application._With
Triveni variety at active tillering and flowering stage the
soil x nitrogen interaction was found to have significant
infiuence on tiller count. 1In both stages the nitrogen treated
plants produced significantly increased mean tiller numboxr in
all soils except low level laterite soil. In low level late-
rite soil there was nd significant increase in the mean tiller

count over the conbrol.

In the case of Jaya, the effect of interaction of

soll x levels of submeorgence x nitrogen application on the



Table 3{d) Mean tiller number as affected by soil type, level of submergence and nitrogen
application on rice, Jaya and Triveni

JAYA TRIVEWNI
Treatment Different stages of growth Different stages of growth
combination Active Panicle Flower- Harvest  Active Panicle Flower- Harvest
i tiller-=, initia- ing tiller— fnitia- ing
ing I tion ing tlon
N - stage :
' :

S W Ty { 4,33 ] 5,33 5,00 4,50 3.00 4,80 4,50 4,20
SWT, | 6.33 { 9.50 8.16 6,67 8,10 8,50 8,50 7. 80
S\W,T o 3,66 1 5,33 5,17 5,00 3.90 7.00 6.10 6,00
ST, | i 5.33 | 8.8  7.17 6.50 6,20 8,50 8,50 8,20
S W\ Ty 3,50 ' 6.17 5.00 3.83 6,20 8,30 7.50  6.80
S,W T, 1 4,50 : 9.33 7.83 5.50 8.%0 12.00 12,00 10,20
S MT ‘ E 3.50 | 6.33 5,00 5,33 5,80 8,50 7.50 6.80
ST .50 9.17 7.50 7.17 10,50 11,00 9,60 9.10
SqW, T, 3.33 5.17 4,33 4,00 3,00 5.00 4,70 4,30
S W, T, 3.33 6.67 . 5.00 4,83 5,60 8.00 7.50 7.00
STy 3.33 5,83 5.33 5.17 3.70 6.80 4,30 4.20
SWT | 4,00 7.67 5,16 4,66 6.20 9.00 7.20 6,50
S4¥ Ty 3,50 6,17 5,17 5,00 4,10 7.50 6.80 6.30
ST, 3,48 7.63 5.00 5,17 5,40 8.70 8.20 7.80
SW,To 3.98 6.33 5,33 5,67 3,80 7.50 7.20 6.30
S M7 4,30 8.17 6.50 5.33 4,60 8,50 8.00  7.80
S T, : 3.30 7.00 5,83 5,63 4.90 6.50 6.30 6.20
S T, ' 5.15 7.50 7.73 6.82 6,40 9.50 8,20 8.00
SeoT, 3.00 6.33 4,63 5.50 5,30 7.00 6,50 6.20
SgWoT) 4,83 8,32 8,00 7.17 5,80  9.00 8,50 8,00
c.D. N.S. N.S. 0,87 0.79 N.S. N.S. N.S. N.S.

Sb

A,



tiller count was marked only at flowering and harvesting
stage. At flowering the highest tiller number was glven by
the treatmoent combination karapadam soil at 5 cm submergence
with nitrogen application (SiWiTl) which, was closely followed
by black soll at 10 cm and 5 cm submergence wlth nitrogen -
application, kole soll at 5 cm submergence with nitrogen
application and in kole soil at 10 cm submergence with nitro=
gen application. At harvest stage tho highest tiller count
was given by kole soll at 10 cm submergence and nitrogen
application and black soil at 10 c¢m submergence and nitrogen
application and the lowest tiller numbar by kole soil at 5 ¢m
submergence and nitrogen application. In the Triveni variety
the treatmant interaction was found to have no significant
effect on tiller number. Kole soil aft, 5 cm submergence and
nitrogen application was found to produce maximum nunber of

tillers -at harvest, though not significant.
{(ii1) Productive tiller number

Data on the productive tiller number as influenced
by levels of submergence and nitrogen application in raspact
of soil types are presented in Table 4 and their analysis of
varlance in Appendix III.



Table 4 Productive tiller count in difforent soil types as influcnced by level
of submergence and nitrcgen application on rice, Jaya and Triveni

JAYA TRIVENI
Lavel of Nitrogen '_ ‘ Level of Nitrogen
submargence application submergence application
Soll type . . ;
: . W Y To Ty, mean. %3 W2 Ty Ty pyean

'
b

Karapadam  Be42 . 5.50 4,67 6.25 5,46 B.75 6.75 4,75 T.T5 6.2%

~ Kole 4,25 6.00 4,25 6,00 5,13 B.25% 7.79 6.%0 9.% 8,00
. Sandy loam 5.50 . 4,50 4,25 5,75 5.00 %.25% 4,735 4,00 6,00 5,00
Low level

Yatorite  5.00 5.25 5.00 5.35 5,13 6,75 6.75 6.00 7.5 6,75
Black 804l 6,00 6.00 5.25 6.75 6.00 7.00 6,75 6.00 7.5 6.83

Mean 5,23 5,45 35.03 5.65 7.00 6,95 5.85 3,10

€D for solls = 0,46 CD for solls = D.B2 ,
CD for soilxlevael of submergence = 0,66 Soil x level of submergence = NS
CD for soll x nitrogen application = 0,66 CD for soil x nitrogen
Level of submorgence - NS application = 117
Lovel of submorgence = NS

LY

i



In the case of Jaya the productive tiller number
was considerably influenced by soil type. The highest
productive tiller number was observed in black soil,
_Karapadam soll recorded the second highest estimate which
was on par with kole, and sandv loam soils, In the case
of Triveni also, the soil t{ype had significant influence on
the productive tiller number, The maximum productive tiller
count was seen in kole soil, followed by black soil which

was on par with the Rkarapadam-and low level laterite soil.

The lowest value was given by sandy loam.

In both Jaya and Triveni, the level of submergence
alone had no significant influenco on the productive tiller
count. The treatment combination viz., soil X level of sube
mergance was found to have considerable influence on the
productive tiller number in Jaya rice variety. The black
soil with 5 cm submergence as well as 10 cm submergence ro=-
corded the highest productive tiller number whereas the lowest
productive tiller number was in kole soil with 3 cm submer~
gence, In karapadam soll the mean productive tiller count
did not show any significant difference batween 5 cm and 10 cm
submergenca. In kole soils 10 c¢m submergence gave signifi-

cantly higher productive‘tiller count than 5 cm submergence.
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Sandy loam soll and low level laterite soil were on par at
both the levels of submergence. In black soll the produc-
tiva tiller count at 5 cm and 10 cm submergence were the
same. In Trivenl, the interaction soil x level of submer=
gence was not significant. In all soil types nitrogen
application to Jaya and Trivenl resulted in significant
increase in productive tiller count over the control. In
both Jaya and Triveni, the treatment combination soil x level
of submergence %X nitrogen application was found to have no

significant effect on the productive tiller count,
(iv) Panicle length

The data on ths mean panicle length as aftfected by
different treatments are glven in Table 5 and the analysis
of variance in Appendix III,

For the variety Jaya, the panicle langth differed
from s0ll to soil. Maximum panicle length was observed in
low level laterite scoil which was closely followed by bleack
soil and karapadam soll, The lowest value was observed in
sandy loam soll. In the caso of Triveni also, panicle length
was found to be affected significantly by the soil type.
Maximum panicle length was observed with black soil. This
was closely followed by karapadam and kole soil. Then followed



Table 5 Panicle leongth (cm) in different soil tynes as influenced by level
of submergence and nltrogen application

JAYA TRIVEUNTI
Levol of Nitrogen Lovel of Nitrogen
Soil type submergance apolication submergonce applicaticn
Wl W2 TO Tl Mean Wl w2 TO Tl Mean

Karapadam 21.84 21,38 13,7% 24,73 21,69 17.90 17.95 17.1l1 13,75 17,93
Kole 2G.85 21,20 13,03 24,03 25,98 15.13 17.65% 16.94 18,83 17.89
Sandy loam 15,06 138,52 16,95 19,79 18.33 17,03 16,81 1%,35 18,04 16.95
Low lovel

laterite 22,70 21.88 19.83 24,70 22.29 16,56 17,00 16.78 16,78 16.78
Black soil 21.59 21.55 19.59 25.8% 21.73 17.80 18,77 17.39 19,18 18,14
" Mean 21,01 20.98 18,84 23,41 17,49 17.52 16.81 18,32

CD for solls = 0.17 Ch for soils = (.24
CD for soil x level of submergence = 0,24 CD for soil x level of
D for soil x nitrcgsn application = 0.24 submergence = Q.33
lovel of submergence = NS CD for soil x nitrogen
annlication = 0,33
level of submergence = NS



low level laterite which was on par with sandy loam.

In the case of Jaya and Triveni varieties the diffo~
rent levels of submargence falled to ovoke any significant

influence on the panicle length.

Nitrogen application also was found to influence the
panicle length markedly. In the case of Jaya varioety appli-
cation of fertilizer nitrogen produced significant increase
in panicle length in all solls. For Triveni, in all soils
except low level laterite soil, nitrogen application resulted
in increased panicle length over control. In low lovel late-

rite there was no such difference in panicle length.

The s0il % level of submergence combination was found
to have marked influence on the panicle length. In karapadam
soll and low level laterite soil, 5 cm submergence gave signi-
ficantly higher panicle length than 10 cm submergence in Jaya,
However, in all the other solls ie. kole, sandy loam and black
soll, 10 cm submergence produced wmore panicle length. In the
case of Trivenl, grown in karapadam soll, there was no signi~
ficant difference in panicle lengﬁh between 5 cm and 10 cm
submergenca. But in kole soil 5 em submergence resulted in

significantly increased panicle length than in 10 cm submore

gence. In sandy loam soill, the panicle at 5 em and 10 cn




levels of submergence were on par. In black soll and low
level laterite 10 cm submergence gave signiflcantly increased
panicle length than 5 ¢m submergence. In both varietles, the
interaction soil % level of submergence x nitrogen applica=-
tion was found to have significant effect on panicle langth.
For Jaya, the maximum panicle length was observed with kara-
padam at 5 cm submergence and nitrogen gpplication which was
on par with low level laterite at 5 cm submergence and nitro=-
gen application and fhe minimum panicle length was noted with
gandy loam at 10 cm submergence and no nitrogen. For Triveni
the maximum panicle length was noted with black soil at 5 ¢m
submergence and nltrogesn application and the minimum panicle
length was noted with sandy loam at 10 cm submergence and no

nitrogen,
(v) Thousand grain weight |

The data on the thousand grain weight of Jaya and
Trivenl varieties as influenced by different treatment comble
nations are given in Tables 6 and 9 and their analysis of

variance in Appendix VI.

From the results it 1s observed that for Jaya the soil
type had a considerable influence on the thousand grain weight.

Maximum thousand grain weight was observed in kole soil which



Table 6 Thousand grain weicht (g) in different soil types as influenced by
levels of submergence and nitrogen applicatlon in rice, Jaya and Triveni

JAYA TRIVENI
Level of Nitrogen Level of Nitrogen
Soll type submergence application submergence application
wl wz TO Tl Mean wl w2 TO Tl Mean
Karapadam 24,03 24,75 24,53 24,25 24,39 21,77 21.64 21i.43 21,93 21.71
Kole 24,80 24,48 24,10 25,18 24,64 21,61 21,6} 21,09 22,13 21,61
Sandy loam 23,78 24.30 23,73 24,30 23,72 21.25 21,91 20,83 22,33 21,38
Low lavel
latorite 24,63 23,3% 25,03 22,95 23,99 22,01 21.64 20,98 22,67 21.83
Black soil 24,60 24.43 24,95 24,03 24,52 21,33 21,53 19.93 22,90 21.44
Maan 24.37 24,26 24,43 24,15 21,59 21.67 20.S7 22,39
CD for soils = 0,50 Spoil = NS
CD for soill x level of submergsnce = D.73 CD for level of submergence = 0.21
CD for soill x nitrogen application = 0,73 CD for fertilizer nitrogen = 0.21
lovel of submergenco = NS CD for soil x fertilizer
nitregen = 0.47

lavel of submergence = NS

€8
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was on par with black soll and karapadam soll. The minimum
value obtained with sandy loam soill which was on par with
the low level laterite soll. 1In the case of Triveni, so0il

type was found to have no effect on thousand grain weight.

In both the varietlies different levels of submergenge
alone did not exert any influence, on thousand graln weight.
For Jaya the interaction of soil and water level was found
to have significant influence on the thousand grain welght.
In karapadam soils under 10 cm submergence produced signi-
ficantly increased thousand grain welght than 5 cm submer-
gence. In kole, sandy loam, low level laterite and black
solls, 5 cm submergence gave more thousgnd grain weight which
was statistically on par with the 10 cm submergence. In the
case of Trivenl, soil x level of submergénce interaction had

no influence on thousand grain weight.

Among the soll % nitrogen treatment combination for
Jaya, in karapadam soil and sandy loam, there was no signifie
cant difference in thousapd gpain welght between the nitrogen
applied and without nitrogen soils, In kole soll there was
significant increase in thousand grain weight with the appli-
catlon of nitrogen fertilizer whereas in low level laterite

the thousand graln weight was more in plants received no
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nitrogen fertilizer. In the case of Triveni iﬁ all solls
excaept karapadam soil there was signif;cant increase in
thousand grain weight over the control. In karapadam soll
the thousand grain weight of fertilized and control pots

wore On par.

The interaction effect of sdil with level of submer-
gence and nitrogen application also had consliderable influe
ence on the thousand grain weight. In the case of Jaya,
the maximum value was observad with the treatmént of black
soil under 5 cm level of submergence and no nitrogen appli-
catlon, which was'statistically on par with lowlevel laterite
soll at 5 cm lavel of submergence and nitrogen application.
The lowest value was recorded by low level laterite soil at
10 em submergence and nitrogen application. In the case of
Triveni, the highest thousand grain weight was observed with
black soll at 5 cm submergence and nitrogen application and
the lowest with black soil at 5 cm submergence and no nitrogen
application.

{vi) Graln yield

The data regarding the grain yield in g/pot as influ-
enced by different soil types, different levels of submergence,

nltrogen application and their combinations are presented in



Table 7 Grain yield (g) in different soil types as influenced by levels of

submergence and nitrogen application on rice, Jaya and Triveni

JAY A TRIVENTI
501l type su%gggéegge apgiggggggn ' Mean sutgggéagie apgizgggggn Hean
Wl W2 TO Tl W.L '-'iz TO Tl

Karapadam  23.00 23.2% 21.00 25,25 23.14 20,38 21.05 17.93 23.50 20.72
Kole 25,25 23,25 21.50 27,00 24,25 22,00 22,50 18.90 25,60 22,25
Sandy loam 20,75 20,73 18,10 23,78 20.84 18,75 19.05 16.6% 21.15 18,90
Low levol '

latorite  25.00 24,13 22,50 26,63 24,57 21,88 20.05 17.55 24,38 20,97
Black soil 23,25 23.40 21,75 24,90 23,33 22,45 21,78 19.40 24,83 22,12

Mean

23,45 22,95 20,97 25.51

21,09 20.95

18,09 23,99

CD for soils = 1,17
C for niirogen

CD for soils = 0,92
CD for nitrogen

application = 0,79
Level of submergance = NS

application = Q.59
Level of submargence -~ NS
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Table 7 and 9 and their analysis of variance in Appendix TII.

The result revealed that the soll type had a signifi-
cant influence on the grain yield. For the variety Jaya low
level laterite soil produced maximum grain yield (24.57 g/pot)
which was on par with the grain yield from kole soil (24.25
g/pot). This was closely followed by black soil (23.30 g/pot),
karapadam soil (23.14 g/pof) and the lowest yield was from
sandy loam soil (20.84 g/pot). In the case of Triveni the
maximum grain yleld was obtained in kole soil (22.25 g/pot)
which was on par with black soil (22.12 g/pot). This was
followed by low level laterite soil which was on par with
karapadam soil. The least value was obtained with sandy loam

soil {18,90 g/vot).

In both the varieties the level of submergence was not
found to exert any significant influence on the grain yiela.
The nitrogen application has produced significantly increased
yield in all soils. "The different treatment combinatlions also

failed to produce any significant influence on the grain yield.
Straw yield .
The mean values on the yleld of straw as influenced by

the treatments are given in tables 8 and 9 and their analysis
of variance is Appendix III,




Table 8 Straw yield (g/pot) in different soil types as influenced by levels
of submergence and nitrogen application on rice, Jaya and Triveni

JAY A TIIVEUNI
Soil type suggggéegge apgiggggign Mean suggggéegge apgiggggggn Mean
Wy W, Ty T, Wy v, Ty T,

Karapadam 29,15 27,03 23.40 32,78 23.09 27.8% 24,95 21,73 31.03 26,40
Kole 34,33 30.%3 24,83 40,23 32,53 31.42 30,10 24.33 37,15 30,77
Sandy loam 22,93 21.83 18.90 25,35 22.33 23.33 21,98 19.83 25,53 22,68
Low level

laterite 30.70 30.90 24,83 36,73 30.8) 25,75 24,73 21.6% 28,83 25,24
Black soil 32,53 31.03 24,98 38,58 31,78 27.95 27.483 22,93 32,45 27,72

Hean

29,93 23,03

23,38 34.8%

27,27 25.8%

22,12 31.00

CDh for soils = 1,17
$211 ® level of submergence = NS
Soll x nitrogen application = NS

CD for soils = 0,95
of submergence = HS
Soil % nitrocgen application - NS

Soll x level

CD for level of submergencs = 9,70

8S
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The results showed that thé straw yleld was signifi=~
cantly influenced by soil type. In Jaya, the maximum straw
vield (32.33 g/pot) was produced by kole soil which was
closely followed by black soil (31.78 g/pot). The lowest
gtraw yield was obtained in sandy loam soll (22.38 g/pot).
In the case of Triveni the highest yield was noted with kole
soll which was followed by black soil. Karapadam soil ranked
next and this was followed by low level laterite soil. The

minimum vield was obtained from séndy loam soil.,

For Jaya, though the level of submergence had marked
influence on the straw yield, the straw yileld at 5 cm and
10 em levals of submergence were statistically on par. In
tho case of Triveni, as 1s clear from the Table, 5 cm submer=

gence gave higher straw yields than 10 cm submergence.

For both the varieties and in all soils the-nitrogen‘
applied plant produced more straw yleld than control plants.
For both the varieties the soll x level of submergence and
s0ll X fertilizer nitrogen interaction were found to have no
slgnificant influence on straw yleld. The interaction effect
of soill, level of submergence and nitrogen application was
found to be significant in both the paddy varleties. For

Jaya, the maximum straw yield was recorded by the treatment



Table 9 Interaction effect of soll type levels
in rice.

of submergence, nitrogen, on yield parameters

Jaya and Trilveni

J A Y A T R I V E N I
Soll type Productive Panlcle Thousand Graln Straw Produgtive Panicle Thousand Grain Straw
tiller length grain yileld vyield tiller length grain yield yield

count weight count weight
slwlTO 4,33 18.38 24,90 20,00 23,75 4,00 16.94 21,45 18,25 22,65
Slwlrl 6.50 25,30 23,15 26,00 34.35 7.50 18.87 22,09 22,50 33.05
Slszo 5,00 19.12 24,15 22,00 23,05 5.50 17.28 21,51 17.60 20,30
slszl 6.00 23,65 25,35 24,50 31.00 8,00 18,63 21.78 24,50 29,00
f S W, Ty 3,50 17.50 24,20 21,50 27,35 6,30 17.34 21,05 19,00 24.55
y' -SzwlTl 5.00 2?.20 25,40 29,00 41.30 10.00 18,73 22,156 25.00 38,30
; 52W2T0 5:00 18,55 24,00 21,50 22,30 6.50 16,35 21,13 18,80 24,20
; 52W2Tl TLOO 2?.85 24,95 25,00 39.15 5.00 18,94 22,10 26,20 36.00
i ¥, To 6L50 lT.45 23,10 ;7.80 19.90 . 4,00 16,13 20,35 17.00 20,60
SszTl 4r50 l?.éB " 24,45 23,70 25,95 6.50 18.00 22,15 20,30 26.15
S3WiTO 5700 l§.45 24,45 18,40 17.90 4.00 15,54 21,31 16,30 19,05
53W2Tl ! 4,00 26.?3 24,15 23,05 25,75 5.50 18.08 22.50 21,80 24,90
S4WIT0 5700 20.25 25,40 23,00 24.75 6.00 16,35 21,25 18,25 20,80
S4W1T1 5;00 25,15 23.85 27,00 36,85 7.30 16.78 22,78 25,50 30,70
S4W2TO 5.50 19.50 24,65 22,00 24.90 6.00 17,22 20,70 16,85 22,50
S4W2Tl 5,00 24,25 22,05 26,23 36,90 7.50 16,68 22.57 23,25 26.95
5%, To 5.50 18,63 25,60 21,00 26.05 6.00 15.08 19.30 19,25 22,30
35}\'1'1'l 6.50 24.35 23,60 25,50 39.00 8,00 19.52 23,35 25,65 33,60
ST 5.00 20,55 24,30 22,50 23,90 6.00 18,71 20,65 19,55 23.65
SW,T, 7.00 23,18 24,55 24,30 38,15 7.30 18,84 22,45 24,00 31,30
CD NS 0.33 1,00 NS 2.35 NS 0.47 0,67 NS 1.90




combination of kole soil at 5 cm submergence and nitrogen
application which was statistically on par with the treate
ment combination of kole soil at 10 cm submergence with
nitrogen application and black soil at 5 cm submergence with
nitrogen application and the lowest yield was produced by
the treatment combination of sandy loam at 10 cmlsubmergenqe
and without nitrogen. For Trivenl, among the soil x level
of submergence x nitrogen application, highest value was
observed with kole soil at 5 om submergence and nitrogen
application while the lowest value was noted with sandy loam
at 10 cm submergence and without nitrogen application which
was on par with sandy loam at 5 ¢m submergence and no nitro=

gen fertilizer.

II Plant analysis
{1) Plant nitrogen content at different stages

The data on the nitrogen content of plant determined
at five different stages are given in Tables 10{a) to 10(d)
and thelr analysls of variance in Appendix V.,

The data relating to the rice variety Jaya indicated
that the nitrogen content of plant at different stages was

influenced by soil type. AL 10 days and 20 days after trange
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planting, maximum plant nitrogen content was obtained in
plants grown in karapadam soil and at 30 days, 60 days and
harvest maximum nitrogen content was obtained in plants grown
in kole soil. The analysls data after 10 days of_transplant—
ing showed that kole soil followed karapadam soil and then
black soil followed by low level laterite and least value
was on sandy loam soill. At twenty days after transplanting,
kole soil and low level laterite were on par with regard to
plant nitrogen content and least value was obtalned with
sandy loam soil. At 30 days of transplanting, second place
in plant nitrogen content was rated in karapadam soil and
least value was recorded in black soil. At harvest perilod,
plant nitrogen content of karapadam and black so0il ware on
par and least value was noted with sandy loam soil. In the
case of Triveni also, the plant nitrogen content at diffow
rent stages was influenced slgnificantly by soil tvype. In gll
stages except at harvest stage maximum plant nitrogen was
recorded in kole soll, followed by low level laterite at 10,
20 and 30 days after transplanting and by karapadam at 60th
day. At harvest stage maximum plant nitrogen content was
noted in black soil which was on par with that from the kara-
padam soil. The kole, sandy loam and low level laterite |

were also on par. At harvest stage, plant nitrogen content



Table 10{a) Plant nitrogen (per cent) at different periods as affected by
s0il tyne on rice Jaya amd Triveni

IAYA | TRIVENT
Sell type Days after transplanting Days after Transplanting
10 20 30 60 Hearvest 10 20 30 - 60 - Harvest

Karapadanm 3,30 3,30 3,10 3,10 0.85 312 S.QO 2,80 2,589 0,85
Kole 3.20 3,10 3.80 3,10 0,96 | 3.51 3.33 3.20 3.09 0.82
Sandy loam 2.60 2,70 2. 70 2.40 0,65 3.29 3,15 3.00 2.45 Q.79
Low level . '
laterite 3.00 3,10 3,00 2,50 (0.70 3,30 3.15 3,05 2.41 J.81
Black soil 3.10 2,82 2,60 2,10 . 0,85 3,16 3.10 2,71 2.25 0.87
CD 0,05 0,17 0.17 0,16 0.02 0.16 0,03 0,02 0,02 0,02

£9




ba

of karapadam and black soil were on par and the least value

was noted with sandy loam soil.

At all perlods except at 20 days and 30 da?s after
transplanting. the water level also was found to influence
the plant nitrogen content. At 1C cm submergence the plant
nitrogen.contgnt was found to be higher than that at 5 cm
submergence, at all stggés oexcept at 20th day of transplantf
ing. In the case of Triveni, at the 10th, 30th and 60th day
of planting, 10 cm submergence gave significantly higher
plant nitrogen content. However, at harvestlstage. analysis
showed that plant nitrogen content was more with 5 cm sub=
mergence., At 20th day both the levels of submergence were
found to give identlcal, values ¢f plant nitrogen content.

For Jaya, the plant nitrogen content was found to be
increased by the nitrogen application. For Trivenl also, the
fertilized plants gave more nitrogen content than control

plants at all the stages.

The soll x levels of submergence interaction was found
to influence the plant nitrogen cbntent significantly. In the
case of Jaya, in karapadam, kole and low level laterite solls,
10 ¢m submergence gave more nitrogen content. However, in

sandy loam ‘and black solls, 5 cm submergence was found superior.



Table 10{b) Plant nitrogen (per cent) in different soil types as influenced by
level of submergence on rice, Jays and Triveni

Leval of JAYA TRIVENT
Soil type submer- Days after transplanting Days after transplanting
gamc® 10 20 30 60 Harvest 10 20 30 60 Harvest
Karapadam % 3,20 3.30 3,10 3.00 0.30  3.10 3,06 2.72 2,80  0.8%
10 3.30 3,30 3,10 3,10 0.9 3,16 2.92 2,57 2,87 0,85
Kole 'S 3,00 2,90 3.30 3,10 1,00 3,52 3,33 3,14 2,96 0.86
10  3.30 3,20 4.00 3,20 0,90 3,52 3,24 3.25 3.20 0.82
Sandy loam S 2,60 2,80 2,9 2,40 0,70 2,85 2,73 2,98 2,44 0,79
: 10 2,60 2,70 2,60 2,30 0.60 3,69 3,58 3,02 2,46 0,77
Low level 5 2,90 3,10 3,00 2,10 0.60 3434 3,23 2,956 2,62  0.82
laterite 10 3,10 3,00 3,00 2.90 0,80 3,25 3,08 3,15 2,16  0.83
Black soll - 5 3,10 2.90 2,80 2,00 0,90 3,14 3,31 2,57 1.91 0,92

10 3,00 2.60 2,320 2,10 0,90 3620 2,87 2,85 2,59 0.86

c.D. 0.07 0,25 0,20 0,20 0.03 0.20 0,05 ©C.03 0.04 0.03

ean for level 5cm 2.95 3.00 3.00 2,52 0.78  3.19 3.14 2.87 2.56  0.85
of submergence)n.. 3,06 2,96 3.00 2.72 0.82  3.36 3.14 3.03 2.66 0.53

C.De ' 0,10 0,05 0,01 0,02 0,02 0.10 0,02 0,01 0.02 0.02

69
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For Triveni, among the soil x levels of submergence combinaw
tlon at 10th and 20th day after transplanting sandy loam at

10 cm submergence showed highest plant nitroagen per cent which
was on par wiﬁh kole soil at 5 cm level of submergence and
kole soil at 10 cm subm@rgénCQ. At 30th day, hiéhest plant
nltrogen content was observed with kole soil at 10 cm submerw
gence and the lowest plant nitrogen content was with black
,soii at 5 cm submergence. Ai 60th day aléo, the highest plant
nitrogan content was noted Qith kole s0il at 10 cm submergence
which was closely followaed by kole soil at 5 cm suﬁmergence.
The lowest value was observed with black soil at 5 cm submor-
gence, At harvest highest value waslgiven by black soil at

5 ¢m submergence. For both the varieties the soil x nitrégen
interaction was significant at all stages. At all stages the
application of nitrogen fertilizer increased the plant nitrogen
content. The soil x level of submergence nitrogen application
was also found significant for both varieties at all stages.
The maximum plant nitrogen content in tﬁe case of Jaya at 1lOth
day was noted with black soil at 5 cm submergence and nitrogen
application, .whereas at 20th day the maximum was noted with
karapadam seil at 5 cm submergence and nitrogen application,

At 30th, 60th and harvest stages, the maximum value was noted



Table 10(c) Plant nitrogen (per cent) content of different soil types as
influenced by nitrogen application on rice, Jays and Triveni .

Nitrogen JAYA fTRIVENT
Soll type applica- Days after Transplanting Days after Transplanting
tion 10 20 30 60 Harvest © 10 20 30 60 Harvest

Karapadam Ty = 2.70 2,70 2,70 2,60 0,80 2,50 2.40 2.40 2,50 0.90
T, 3.8 3.80 3,50 3.30 0.90 3.70 3.60 3.20 3,20 0.90

Kolo Ty  3.00 2,80 3.30 2,40 0,8) . 3,60 3.40 3.00 2.40 0.70
T,  3.30 3.30 4,10 3.90 1.20 3,40 3.30 3.40 3.30 0.90

Sandy loam Ty 2460 2.60 2.60 2,20 0.60 9,90 2.80 2,50 2.20 0.70
T, . 2.60 2,80 2,90 2,60 0.70 2,70 3.50 3.50 2.70 0.90

Liﬁtéiiﬁé Ty 2.9 2%70 2,60 2.60 0.70 2.8) 2.70 2440 2.30 0,70
T, 3,10 3,50 3,40 2.40 0,70 3,80 3.60 3.70 2.5 0.99

Black soil Ty 3010 2.20 2,30 2,00 0.3 2.90 2.70 2.60 2,10 0.8
Ty 8.00 3.40 2,80 2,10 0.8 3,40 3.50 2.80 2.40 1,00

c.D, 0,07 0.25 0.20 0,20 0.03 - 0.20 0.05 0.03 0.04 0.03

L9



Table 10(d)

Plant nitrogen content (per cent) as influenced by soil type, level of submergence

and nitrogen application on rice, Jaya and Triveni

JAYA TRIVENI

Treatment ;

combinations Days after transplanting Days after transplanting

10 20 30 60 Harvest 10 20 30 60 Harvest

§\WiTq 2.54 2,51 2,61 2.47 0.7% 2,53 2.5l 2,22 2.23 0.77
5.H,T, | 3.88 3,93 3.57 3,48 0.9l 3.68 3.6l 3,22 3,37 0.93
SWoTy ' | 2,95 2,92 2.85 2,71 0,79 2.50 2.33 2,52 2.79 0.79
SW,T, 3.71 :1:-1,67 3.41 3,52 0,96 3.,8L 3,52 3.22 2,9 0.91
SZWlTO : 2.57 %.51 2,57 2,20 0,82 3.71 3.52 2,95 2,81 0,76
SZWlTl ' 3.42 q.3l 4,03 3.97 1,21 3.34 3.25 3.33 3.11 0.96
S2W2T0 E 3.14 é.09 3.94 2,63 0.79 3.%52 3,22 2,99 2.94 - 0.74
82WiTl ' 3.41 é.S4 4,09 3.85 1.11 3.52 3,27 3.51 3.47 0.91
Sq Ty | 2.63 2,60 2.66 2.24 0.69 2,18 2,06 2.55 2,23  0.69
S T, [ 2,57 2.8L 2,91 2,66 0,76 3,52 3,41  3.42 2,65 0.89
S3W2TO | 2,56 2.63 2,47 2,13 0.53 3.57 3.32 2,52 2,08 0.69
83W2T1 2,56 2,74 2,83 2,51 0,71 3.81 3.65 3.52 2,85 0.85
S4W1T0 2,97 2,91 2,81 2,31 0,60 2,71 2,65 2,41 2,74 0.74
S W,T) 2,92 3,34 3,28 1,94 0.71 32,96 3,81 3.32 2,61 0,89
S4W2T0 2,61 2.41 2,47 2,93 0.83 2,96 2.82 2,44 1.36 0.72
S4W2Tl 3.63 3.61 3.52 2,80 0,70 3.54 3.35 3.87 2.37 0.94
55W1T0 2,33 2,08 © 2,51 1,94 0.72 2.96 2,93 2,64 1l.64 0.79
SW T, 3.91 3.81 3;04 3,03 0,79 3,31 3,69 2,51 2,19 1,05
$5W2T0 2,40 2.32 2,07 2,05 0.8 2,89 2,38 2,61 2,48 0.76
SSW2Tl 3.51 2.93 2,08 2,13 0.91 3,32 3.41 3,08 2,71 0.97

c.n, 0,10 0.10 0.20 0.07 0,03 0.33 0.06 - 0.04 0,05 0.04
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with kole soil at 5 cm submergence and nitrogen application.
In the case of Triveni at 10th 2 20th day, the maximum content
was noted with low level laterlte at 5 ¢m submergence and
nitrogen application. At 30th day low level laterite at

10 cm submergence and nltrogen application recorded the maxi-
mum value. At 60th day, kole soil at 10 com submergence and
nitrogen application was found superior, whereas at harvest
black soil at 5 ¢m submergence and nitrogen application was

found superior.
(ii) Nitrogen content of grain

Data on the nitrogen content of grain is presented in

Tables 11 and 13 and their analysis of variance in Appendix VII,

The nitroéen content of grain differed from soil to
soll. For Jaya, the maximum grain nitrogén was seen wlth
black soil followed by kole soil, sandy loam, low level latee
rite and karapadam soil. In the case of Triveni, the highest
value for grain nitrogen was observed in plants grown in bléck
soil, followed by kole soil and the least value was with low
level laterite soil. |

In the case of Jaya, the arain nitrogen content was
found more with % cm submergence while in Triveni variety,

the levels of submergence had no effact.



Table 11 Nitrogen content of grain {per cent) in different soil types as
influenced by level of submergence and niircgen ap»plication on
vice, Jaya and Triveni

JAYA TRIVEHRTI
501l type Level of Hitrogen Lovel of Nitrogen
gubmergence application Moan submergence application Moan
Wl Wz TO Tl : Wl wg : Td Tl

Karapadam 1,10 1l.09 1,10 110  1.10 1,19 1.13 1.22 1l.10 1l.16
Hole 1,19 1,25 1,26 1l.18 1,22 1,17 1.23 1.25% 1,14 1,20
Sanidy loam 1,23 1,06 1l.17 1.2 1,15 1.1}t 1.1 1,13 1l.083 1,1l

Low level
latorite 1,19 1,05 1,12 1}.123 1,12 1,03 1,03 1.07 90.2? 1.03

Black sofl 1,30 1.21 1,31 1,20 1.26 1.35 1,25 1,3% 1l.,21 1,30

Moan 3..20 1..!.3 1,19 1. 15
Chx for solls = 9,02 CD for soils = 0.07
CD feor level of submergence = 0,01 Level of submergence = NS
Ch for soil % nitrogen : Soil % level of submergence - NS
application = (3,025 ch for soil » nitrogen
CD for soll x level of application = 0,10
submergence = 0,025 CD fer nitrogen application = 0.09

0L



Nitrogen fertilizer application was found to have no
signifiéant influence on the grain nitrogen content in Jaya,
whereas in the case of Triveni, fertilizer nitrogen applica-
tion was found to result in a slgnificant decrease over the

control,

In the case of Jaya, the soll x level of submergence
interaction was found to influence the grain niﬁ}ogen signi-
ficantly. Maximum grain nitrogen content was recorded in
black soil with 5 cm submergence, followed by kole soll at
10 cm submergence, sandy loam at 3 cm suémergence and black
gsoil at 10 cm submergaence wﬁich were on par. The lowest value
was glven by low level 1ater1£e at 10 cm which was on paf with
sandy loam at 10 cm submergence karapadam at 5 ¢m submeréence
and karapadam at 10 cm submergence were on par. So also, kole
soll at 5 cm submergence and low level laterite at 5 cm sub-
mergsnce wereg on par. In the case 6f Triveni, the soll x level
of submergence lnteractlon was found to have no significant
eifect on grain nitrogen content. In both the rice varieties,
the soil x nitrogen applicatiocn and soll x level of submer-
gence % nitrogen interactlion were found not to influencs the
grain nltrsgen content.

(111) Nitrogen content of straw

The data on the nltrogen content of straw are presented



Table 12 Nitrogen content of straw (per cent) in different soil types as

Influenced by level of submergence and nltrogen application in
rice, Jaya and Triveni
JAYA TRIVENI
Level of Nitrogen Level of Nitrogazn
Soll tyoe submergence anplication tiean submergence applicatien Mean
Karapadam  0.58 0,96 0.52 0.55 0,57 0.57 0.57 0.5) 0.49  0.50
Kole 053 0,34 0,55 0,51 0.34 0.33 0,55 0,53 0.53 0.54
Sandy loam 0.54 0.56 0.57 0.33 0.55 0.62 0.62 0.63 0.61 0.62
Low level .
laterite 0,79 0.64 0,73 0,70 0.72 0.69 0.8% 0.30 9.72 0,76
Black 5011 0,83 0.83 0.85 0.82 0083 0.56 0063 0960 0.59 0.60
flean .65 0.63 N0.66 0,62 0.53 0,63 0.62 0,59
Ch for soils = 0,02 CD for solls = 0.03
€Y for soil x level of CD for soil x level of
submergence = 2,03 submergence = 0,09
CD for soil x nitrogen CD for soll x nitrogen
application = 0,03 anplication = 0,09
CD for nitrogen anplication = 0.01 Ch for level of submergonce = 0,02
CD for lovol of submergsonce = 05,01

1/
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in Tables 12 & 13 and the analysis of variance in Appendix VII,

From the results 1t is found that the nitrogen content
of straw differed from soil to soil., In the case of Jaya,
the maximum nitrogen content of straw was found in black
soil, which was followed by low level laterite, karapadam,
sandy loam and kcle soils, In the case of Triveni, nitrogen
.content of the straw was found significantly higher when it
was grown in low level laterite soll. Next to this was sandy
loam, which was on par with black soil, least value was found

in karapadam soil.

in the case of Jaya, the nitrogen content of straw was
more at 9 cm submergence then at 10 cm submergence. For
Triveni, the straw nitrogen content was hilgher at 10 cm sube

mergence than at 5 cm submergence.

In both Jaya and Triveni varileties, the straw nitrogen

content was Tound decregsed by thoe nitrogen treatment.,

The soil %X level of submergence interaction was found
to have significant effect on straw nitirogen content. For
Jaya, the highest valus waz noted with black scil at 5 cm
submergence, which was ldentical with black soil at 10 cm
submergence, followed by low level laterite soil at 5 cm sub-
mérgence and the least value was with kole soil at 5 cm sube
mergence. In the cgse of Triveni, the maximum straw nitrogen

content was observed with low level laterite at 10 cm submer=
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Table 13 Nitrogen contsnt (per cent) of grain and
straw as influenced by soil x lavels of
submergence ¥ nitrogen application on rice:

Jaya and Triveni
JAYA TRIVENTI

Treatmont MNitrogen Nitrogen Hitrogen Nitrogen

combination content content content content

of grain of straw of grain of straw

Sfﬁifg 1,07 .0.6% 1.20 0.52
Slwirl 1,14 0.55 l.14 Q.49
S WQTO 1,12 Je 57 1.17 0:,52
Sfﬁérl 1.06 0,55 1,12 0.48
52WiTl l.16 0.51 1.15 0.54
SQWéTO 1.30 Q.36 1.24 0,33
SéWéTl 1.20 0,31 1,183 0.52
SSWiTO 1.29 0.96 1.12 0.63
sdwlrl 1.18 0.33 1,19 .6l
Séﬁéro 1,06 D59 1,12 0,64
SéWQTl 1,07 0,53 1,09 .61
Saﬂiro 1.24 0,82 1.05 0.74
S4MTy 1.15 0,76 1.01 0.64
SgsT 1,00 0.65 1.05 0.87
S4Wérl l.il 0.63 1.01 0.81
Sﬁwiro 1,40 0685 1,37 0,55
SSWJ.TJ. }.20 0.82 1.28 0,57
s5mér0 1,22 0. 89 1,32 0.65
ssﬁzT;: 1,20 0.82 1,23 0,62
CD NS NS NS NS
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gence, followed by the sama soll type at 5 cm submergence
and black soll at 10 cm submergence, Sandy loam at 5 cm
submergence and sandy leam at 1C cm submergence were iden-
tical., The other treatment combinatlons were found to have

no marked influence on the straw nitrogen content.
(1v) Prosphorus content of grain

The data on mean phosphorus content of grain as
affected by the treatments are given in Tables 14 and 18
and the analysls of variance 1in Appendix VII,

In the variety Jaya, the maximum grailn phosphnorus
was observed in black soll followed by karapadam soil, sandy
lozm, kole and low level laterite soil. In the case of
Triveni, this followed the order: kole, karapadam, black
soll, low level laterite and sandy loam soill,

The water levels had no significant influence on the

grain phosphorus content,

The nitrogen fertilizer application had resulted in
sionificant increase of araln phosphorus contant in both

the rice varietles,

Among the soll 2 level of submergence intesraction,
maximum value for Jaya varlety was noted with black soil at

10 em submergence wnlch was on par with all other treatments



T

Table 14 Phosphorus content of grain (pér cent) in different soil typoes as

influonced by level of submergence and nitrogen application on rice,
Jaya and Triveni
JAYA TRIVENTI
Soll type Level of Nitrogen Level of Nitrogen
submergence application Mean  submergence application Mean
7y Vg TS T, Wy Wy T T l'“'
Karapadam 0,24 (.24 .23 0.25 0,24 0,25 0,24 0,23 0.26 0.25
Kole 0.23 G423 0,22 024 0,23 D.,295 92.29 0,24 0.25 0.25
Sandy loam 0.24 (.23 Q.23 0.23 0.23 9.23 0,23 0.22 0.24 0,23
Low level '
laterite 0,22 0,22 9,21 0,23 0.22 0.23 0.24 0.24 0,24 0.24
Black 501l 0,24 0.23 0,24 0.25 0,25 5,23 0.24 0.23 0.25 0.24
Mean 0e23 0.23 0,23 0.24 0.24 0,24 D623 0.25
CD for solls = 0,002 CD for soils = 1.009
Ch for soil x level of CD for level of submergence - NS
. submergence = 0,07 CD for nitrogen application = 0,01
CD for so0ll x nitrogen CD for soil % level of
applicatlion = NS submergence = G,01
Level of submergence - NS Ch for soil x nitrogen
Ch for nitrogen application - 0,005 agplication = 0,01

3L
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For Triven!, among the soill x level of submergence combi-
natlons karapadam soil at 5 cm submergence, kole soil at

5 cm as well as 10 cm submergence were equal and gave the
maximum value. For Jaya, the soil x nitrogen fertilizer
interaction was found to have no marked influence on the
grain phosphorus content. For Triveni, among the soll x
nitrogsn fertiliser interactions fertilizer nitrogen applied
to karapadam soll gave the maximum content followed by
nitrogen applied to black soil and kole soil. The soll x
level of submergence % nitrogen fertilizer interactions was
found to exert maﬁked influence on the phesphorus content

of the grain. 1In the case of Jaya, the maximum grain phos-
phorus content was observed with karapadam soll at 5 cn sube
mergence and fertilizer nitrogen applicaticon and the black
soill at 10 cm submergence and fertilizer nitrogen which was
closely followed by karapadam soil at 10 cm submergence and
nitrogen fertilizer aoplication and kole soil at % cm sub-
mergence and fertilizer nitrogen application. The lowest
value was observed by the treatments, low level laterite soil -
at 10 cm submergence and without nitrogen fertilizer applica-
tion and kole soii at 5 cm submergence and without niltrogen
application. In the case of Triveni, there was no signifi.

cant influence.



Table 1% Phosphorus content of straw (per cent) in differcont scil types as

Influenced by level of submergence and nitrogen application on rice,
Jaya and Triveni
JAYA ‘ TRIVENI
Level of Nitrogen Level of Nltrogan
Soil type submergence applicaotion Mean submergence application Mean
Wl ?i2 TO TJ. *ﬁ'l 's’i‘2 TO Tl
Karapadam 0,12 Q.15 0,13 0,14 0.14 0.12 0.12 0,12 0.)12 0.12
¥ole 0.1% 014 0,15 0,14 2,159 0.12 2,13 0.12 0.13 0,13
Sandy loam 0.13 0.11 0,11 0,12 0,12 0,12 9.11 9.11 0,12 0,12
Low level ‘
lateorite 0.13 0,13 0,12 0,15 0,13 0.12 0,12 0,11 0.13 0.12
Black soil 0.12 0,13 0,13 0,12 0,13 0.12 Q.11 0,11 0.12 0.12
Mean 0.13 0.13 0.13 3.13 0.12 0,12 0,11 0,12
CD for soils = 0,01 54 Ch for soils = 2.01
CD for nitrogen application - 0.0 Ch for nltrogen application = 0.004
CDh for soll x level of CD for soll x lovel of 5.009
- subergence = 9,01 submargence = *
CD for so0il % nitrogen
anplication = 0,01
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(v) Phosphorus content of straw

«Q
The data on the percentage phosphorus content ,straw

are presented in Tables 15 and 18 and their analysis of
variance in Appendix VII.

In the case of Jaya, the phosphorus content of straw
was found maximum In kole soll followed by karapadam soil
which was on par with low level laterite and black soil.

The least value was observed with the sandy loam soil, In
the case of Trivenl, the maximum phosphorus content of straw
was noted with kole soil karapadam low level laterite sandy

loam and black soll were on par.

In the case of Jaya and Triveni, the level of submor-
gence alone did not exert any significant influence on the

phosphorus content of the straw.

In both the rice varleties, the nitrogen applied plants
registered significantly increased phosphorus content over

the control.

The interaction of soll and levsl of submergence was
found to exert significant influence on the phosphorus cone
tent of straw. In the case of Jaya, in karapadam and black
soil 10 cm level of submergence gave significantly increased

straw phosphorus than 5 ¢m level of submergence. However, in
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kole and sandy loam soils 3 cm level of submergence gave
significantly higher phosphorus content than 10 cm level of
submergence., In low level laterite soil, the same amount
of phosphorus content could be observed at both 5 cm and

10 cm levels of submergence. In the case of Triveni, maxi-
mum straw phosphorus content was noted wlth kole soil at

10 cm submergence and the minimum with sandy loam at 10 cm
submergence and black soil at 10 c¢m submergence. The inter-
action of soil and fertilizer nitrogen application alsoc had
marked 1nfluence on the straw phosphorus content in Jaya.
In all so0lls except black soill, the phosphorus content was
slgniflcantly iﬁcreased by the fertilizer nitrogen apblica-
tion. In black soil, the control treatment recorded signi-
ficantly increased phosphorus content of straw over the
niltrogen fertilizer applied treatment. In the case of Jaya,
the interaction of soil x level of submergence x fertilizer
nitrogen application was found to influence the phosphorus
content, The maximum straw phosphbrus content was observed
with the treatment combination of karapadam soil at 10 em
submergence and nitrogen appllcation. Sandy loam soil at
10 em level of submergence wilth and without nitrogen appli-
cation racorded the least value. In Triveni, there was no

significant influence.




(vi) Potassium content of grain

Data regarding the potassium content of grain as
affacted by soil type, level of submergence and nitrogen
application are given in Tables 16 and 18 and thelr analysis
of variance in Appendix VII,

As far as the Jaya variety is concerned, the potassium
content of grain differed from soil to soil. The maximum
grain potassium coﬁtent was noted with black soll followed
by low level laterite, kole, sandy loam and karapadam solls
in order. For Trivenl, the maximum graln potassium was noted
with black soil, followed by low level laterite soil, sandy

loam and kole and least with karapadam soil,

In both the varieties, the level of submergence did
not exert any influence on the grain potassium content. The
potassium content of grain in plants which received ferti-
lizer nitrogen was found higher than that in the control
plants,’

The soil x level of submergence had significant in-
fluence on the grain potassium content. For Jaya, in kara-
padam and low level laterite soils, more grain potassium
content was attained with 5 cm submergence. In kole soil

significantly more potassium content was attained with 10 cm



Table 16 Potassium contont of grain (per cent) ss affected by levels of
submergence and nitrogen application on rice, Jaya and Triveni

JAYA TRIVENTI
%zvel of Hi?tcggn %;vel of Nitroggn
submergence applicetion submergence aoplication
Soil type : Mean . Mean
?.l Wz 'I'D Tl k?l !“.‘2 'I'O T.l.
Karapadam 9057 0. 56 0051 O. 62 0057 0.58 0057 0. 52 0063 0.58
Kole D62 0,63 0,34 0,73 0.64 0.52 0,61 0.5%2 0.68 0,60
Sandy loam 00 53 0058 0049 0.66 038 - 0.60 0-64 0.5 0.75 0.62
Low lavel
laterth 0065 Oo 64 Qe 513 O. 72 0.65 0.69 0.66 0.62 O. 72 0.67
Black soil De70 DTl 0689 Q.82 0471 0,73 0.72 0.62 0,8 . D, 73
Lean 0,63 0.63 0,54 0.71 D66 0,64 0,55 02,72
Ch for solils = 0.917 CD for soils = 9,02
CD for sell % level of- CD for nitrogen application = 0,01

submergence = 0,024

CD for soil x nitrogen
application = 9,024

8
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submergence, In sandy loam and black soil, 5 cm and 10 cm
submergence were on par. For Triveni, in kole soil and

sandy loam 10 cm submergence gave more potassium content

in grains. However, in low level laterite soil 5 cm sub-
ﬁergence gave more potassium content'while in karapadam

and black soil 5 cm and 10 cm submergence were on par. As
far as the interaction of soll and fertilizer nitrogen appli-
cation is concerned, all the soil types which received nitro=-
gen fertilizer resulted in significant increase of grain
potassium content. The interaction effect of so0ill x level

of submergence x fertilizer nitrogen applicatioﬁ also was
found to have significant influence on the grain potassium

content, in both varieties.
{(vii) Potassium content of straw

Data regarding the potassium content of straw as in-
fluenced by soll type, level of submergence and nitrogen
application are given in Tables 17 and 18 and their analysis
of variance in Appendix VII,

The results revealed that soil type had significant
influsnce on the straw potassium content. In the case of
Jaya the maximum potassium content was noted in the straw

of plants grown in kole soil which was on par with those



Table 17 Potassium content of straw (per cent) 4in different soils as influenced
by level of submergence and nitrogen application on rice, Jaya and Triveni

JAY A TRIVENTI

Levels of NMitrogen Levels of Nitrogen
Soil type submergeance  appllcation Mean submergence application Mean

Wl W2 TO Tl Wl w2 TO Tl
Karapadam 1,42 1.39 1.20 1l.61 1.41 1.38 1.3 1.03 1,63 1.34
Kols 1.48 1.63 1,62 1.49 1.56 1.69 1.65 1.65 1.69 1.67
Sandy loam 1.59 1l.20 1.30 1,29 1.40 1,51 1.33 1.57 1l.27 1.42

Low level

laterite 1.4% 1,24 1,17 1,51 1.34 1,70 1l.49 1,31 1.88 1.6D0

Black soil 1.49 1.358 1.44 1.64 1.54 1.04 1,55 1,41 1,18 1.3D

Mean 1.43 lo 15 1.39 1,51 1.46 1.046 1l.40 1.57
CD bgtweon soils = .05 CD bhetwoen scils = 0,02
Cl botween levels of submergence = 0.03 CD for nitrogen appllicastion = 9,01
CD batween soil x level of- CD for soll x level of-
submergance = 0,07 submergence = 0,02
CD betwean so0il X nitrogenw CD for soll % nitrogen-
ap»lication = 0,07 asplication = 9,02



Table 18 Phosphorus and potassium contents (per cent) of grain and straw as influenced by
soll type, levels of submergence and nitrogen application on rice, Jaya and Triveni

JAYA TRIVENTI
Treatment -
combinations Phosphorus content .Potassium content Phosphorus contant FPotassium content

grain straw grain straw grain straw grain straw
5,W,T, 0,22 0,12 0,55 1,28 0.24 0.12 0.54 1.25
S\W,T, 0.26 0.13 0.60 1.55 0,27 0.11 0.62 1.51
S W,T 0.24 0.14 0.48 1,11 0.23 0.11 0.50 0.85
S\W,oT ) 0.25 0.16 0,64 1,66 0.26 0.13 0.65% 1L.7%
S To 0.21 0.15 0.52 1.57 0.24 o.11 0.54 1.67
ST, 0,25 0.15 0.71 1.38 0.25 0.12 0.65 1,71
S W, Ty 0.22 0,15 0.55 1.66 0.24 0.13 0.51 1,63
S WoT 0.24 0.14 0.76 1.60 0.25 0.14 0.71 1.67
SqW Ty 0.23 0,12 0.51 1.45 0.23 0,11 0.49 1.5)
S W, T, 0.24 0.13 0.65 1,73 0.24 0.13 0.72 1.51
séwzro 0.23 0.11 0.48 1.55 0.22 0.12 0.53 1.63
SaW,T 0.23 0.11 0.67 0.84 0.24 0.11 0.75 1,02
SaW T, 0.21 0.12 0,62 1.37 0.23 0.11 0,65 1,63
54T, 0,23 0,14 0.71 1.51 Q.23 0,14 0.73 1,76
SW,T 0.22 0.1 0.54 0,97 0,24 0,12 0.60 0.98
S4ioT ) 0.22 0. 14 0,73 1.5 0.25 0.13 0.71 L.99
S T, 0.24 0.13 0.59 1.32 0,23 0.12 0.65 1.28
SgW T, 0.24 0,11 0.81 1,66 0,24 0.12 0,82 0.8l
SW,oT 0.24 0.12 0.59 1,55 0.23 0.11 0.59 1.35
SaW,T 0.26 0.14 0.834 1,61 0.25 0.11 0.84 1.55
cD 0.09 0,01 0.03 NS NS 0.03 0.03

S8



grown in black soil karapadam and sandy loam werée on par.
Loast value was found in the straw of plants grown in low
lovel laterite soil. In the case of Triveni, the highest
potassium content of straw was with kole soil which was
followed by low ievel laterite, sandy loam, karapadam and
black soil. It was found that in Jaya 5 cm submergence
had a significant effect on the straw potassium content
over the 10 cm level. In the case of Trivenl, both the

levels of submergence had the same effect.

In both the rice varieties nitrogen application was
found to exert significant influence on the straw-potassium

content,

The effect of interaction soll x level of submergence
was significant in both varieties., 1In the case of Jaya, the
maximum straw potassium contenﬁ was observed in kole soil at
10 c¢m submergence, which was on par with sandy loam at 5 cm
submergence and the least value was observed in sandy loam
at 10 cm submergence. In the case of Triveni, the maximum
straw nitrogen content was observed in low level laterite
at 3 cm submergence which was on par with kole soll at 5 cm
submergence. The least value was observed in black soil at
5 cm submergence. In both the rice varieties, the soil x

nitrogen application and soil x level of submergence % nitrogen
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interaction were found to have significant influence on

straw potassium content.

III Soil analysis
(1) Available nitrogen content of soil

Data on the available nitrogen content of soil at
different periods are presented in Tables 19 to 22 and

thelr analysis of variance in Appendix IV,

In the case of Jaya the results showed that avallable
nitrogen content of solls varied in different soll types. The
maximum available nitrogen content was obtalned in kole soil,
followed by low level laterite and the minimum value was ob=
tained with the sandy loam. In the case of Triveni, at all
periods the maximum avallable nitrogen content was noted with
kole soill followed by low level laterite, karapadam, black

soil and sandy loam soil.

In the case of Jaya, more avallable nitrogen content
was noted with 5 cm submergence at all periods. So also in
the case of Trivenl, more avallable nitrogen content was noted
with 5 cm submergence than 10 cm submergence. In both the
cases the soil which relleved fertilizer nitrogen gave more

available nitrogen than control.
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Table 19{a) Mean available nitrogen content (ppm) at different poriods in different
soills for ricQ. Jaya

Poriods after transplanting

Oh 24n 4% 96h  lweek 2weck 3week dweek Sweck Gweek Zweek Iweck Ijgg:t'

Karapadam 110 131 137 137 133 109 92 35 99 89 77 70 74
Kole 212 216 222 236 257 164 1% 149 149 138 135 132 146
Sandy loam 98 98 93 103 100 66 62 63 67 63 50 52 43

Low level . .
laterite 118 137 147 182 160 129 117 112 117 109 104 101 §7

Black soil 128 128 143 144 152 131 124 116 120 113 107 96 73

CcD 1.36 2.4 1.7 1.4 1.5 1.7 1,2 3.8 L1 1.9 2.5 6.2

88
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Tabla 19(b) Mean avallable niirogen content (ppm) at different periocds in Jdifferent
s0lls for rice, Triveni

Perlods after transplanting
7

"Oh 24n Ath 95h Iwack 2weck 3weck 4dwoek Swook Gwesk Tweok Sweck Harvest

Karapadam 110 130 344 143 138 12) 103 93 29 93 82 77 75
Kole 212 213 224 233 214 192 185 156 169 168 146 143 143
Sandy loam 98 101 101 99 93 76 70 69 79 62 59 57 51

Low leovel .
laterite 118 14y 1850 151 155 112 10l 9% 115 1083 106 102 31

Black soil 124 132 142 137 139 119 112 106 107 96 89 84 82

cD 2.4 2,3 3,0 2,6 2.7 2,1 1.9 2.7 25 3.8 4,3 7.0

68
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In the case of Jaya, among the soll x levels of sub-
mergence interaction, in all soils and at all perilods the
kole soil at 5 cm submergence gave the maximum available
nitrogen content followed by kole soil at 10 cm submergence,
followed by low level laterite at 5 cm and 10 cm submergence
and black soil at 5 cm and 10 cm submergence. The least
content was recorded in sandy loam at 10 cm submergence.

In the case of Triveni, except at harvest stage the available
nitrogen content of solls was markedly affected by soll x
levels of submergence interaction. At all perlods except

96 hours, 2 and 4 weeks, the highest available nitrogen cone
tent was reported in kole soil with 5 em submergeqce, while
at 96 hours, 2 and 4 waeks, the highest avallablzs nltrogen
content was found in kole soill with 10 ¢m submergence among
the different combinations. The lowest avallable nitrogen
content was noted with sandy loam with 5 cm submergence at
period of 24 hour, whereas at all other perlods sandy loam
with 10 cm submergence had lowest. In all soils, when the
level of submergence alone ls considered except at a few
periods, the 5 cm submergence registered higher available

nitrogen content.

For Jaya, among the soll x nitrogen fertilizer treat-
ment interaction, in all solls and at all perliods the ferti-



Table 20(a) Avallable nitrogen content {ppm) in different soll types as influenced by level
of submergence on rice, Jaya and Triveni

© Level of Periods after transplanting
Soil type | submer-,
. 9ente o oan 48h  96h  lweek 2week 3waek 4dweek Sweek Gweek 7week Bweak HOTT
| {em) | vest
l
Karapadam 5 i 110 135 142 142 139 114 94 ag 104 93 Bl 74 74
! 10 j 110 128 132 131 l28 104 90 80 80 84 72 67 74
Kole 5 2]12 216 223 240 264 171 164 157 157 148 144 138 153
; 10 212 215 220 232 250 156 147 140 141 128 }26 122 138
Sandy loam 5 98 97 99 105 107 69 64 63 69 65 62 60 52
' 10 . 98 100 97 101 93 63 60 56 65 61 58 57 46
Low level 5 118 139 149 154 160 130 120 114 118 111 106 103 67
laterite
10 118 135 144 149 161 128 114 109 116 106 102 99 67
Black 5 128 130 147 147 157 135 129 120 122 116 109 104 73
10 128 126 139 140 148 126 118 111 117 110 104 76 72
CD 1.92 3,33 2,39 1.95 2,18 1,70 1.57 5.30 1.54 1,68 2.98 8,7
Mean for 5 cm _ .
submergence 143 152 158 165 124 114 109 114 107 100 96 84
10 cm 141 l46 151 156 115 106 99 106 98 92 84 79
CD 0,86 1,49 1.07 0,87 0,97 0,80 0,75 2,37 0,69 0,79 0.58 3.93

16



Table 20(b) Available nitrogen content {ppm) at different perlods as influenced by soil type

level of submergence on rice var. Triveni

Levels of Periods after transplanting
501l type sugﬁgi—

?cm) Oh 24h 48h 96h lweek 2week 3week 4week Sweek 6week Tweek Bweek 322;

Karapadam . 5 110 140 151 143 131 105 95 98 92 92 83 77 70
10 110 120 136 133 133 110 100 91 99 93 80 76 73

Kole 5 212 215 225 238 216 1856 188 153 169 176 130 146 146
10 212 2)]1 221 250 211 198 182 159 169 159 142 140 140

Sandy loam 5 98 110G 101 97 99 8l 76 71 8l 66 63 58 52
10 98 102 102 101 96 70 63 66 77 72 56 54 49

Low level 5 118 138 152 155 158 11% 102 94 117 112 119 115 =74

laterite

10 118 143 147 146 151 109 100 96 119 111 108 105 79

Black soll 5 128 138 154 143 146 124 113 107 112 100 94 20 80
10 128 125 134 130 132 114 110 110 115 96 90 ‘85 83

cD 1.7 1.7 2.1 1.8 1.9 1.5 1.3 1.9 1.8 2.7 3.0 NS
Mean for 5 cm . 146.2 156 157 152 127 117 99 111 103 26 92 79
- 10 cm 140 148 1352 143 120 111 104 112 104 9l 88 78
cD 0.7 0.74 0.95 0.81 0.84 0,65 0.39 0.85 0,80 1,21 1.36 2,21

Gb



Table 21(3)

Available nitrogen content {ppm) at different periods as affected by soil

type and fertilizer nitrogen application on rice, Jaya

Nitzogen Periods after transplanting
Soll type apolie - .
c Oh 24h 4¢h 95h lvweok 2weok Sweek dweok Sweok Owoek 7 week Qwook Hore
cation vost
Karapadam Ty 110 134 119 114 99,2 86 82 78 7% 68 65 5% 60
T 110 148 1%5 160 167 133 102 91 122 109 33 81 83
Kole T, 212 211 218 231 246 149 143 139 134 130 125 - 120 134
T, 212 220 226 241 268 178 167 158 163 147 145 140 158
Sandy loam Ty 98 94 91 94 7B 8% 53 51 47 44 42 38 28
T, 93 103 105 112 12} 77 71 . 63 87 82 79 79 66
Low lovel T, 118 109 118 12% 132 118 10 93 a3 27.] 79 74 49
laterite g L 118 16% 173 178 188 140 133 131 145 133 130 123
Black =oil Ty 128 117 123 121 128 112 105 93 97 =} ] 86 82 61
T, 1238 139 163 167 176 149 142 133 143 135 127 122
CD 1,92 3.33 2,40 1,99 2.13 1.70 1.67 5.30 l.68 2,98 8,79

1.54

£6
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Table 21(b) Avallable nitrogen content (ppm) at different periods as influenced by soil
type and nitrogen application on rice, var. Triveni

Poriods after transplanting

Nitrogen
Soil type appli- Oh 24h 48h 96h lweek 2week 3week 4weak Swaek OGweek 7week Sweek Har-
cation vest
Karapadam Tq 110 117 126 122 101 91 76 70 66 62 60 58 63
: T, 110 143 161 163 107° 150 129 116 131 124 103 95 87
Kole Ty 212 209 222 224 175 149 143 135 132 131 130 129 131
T, 212 217 229 240 252 236 226 176 206 197 15% 157 155
Sandy loam T, 98 95 90 Bl 71 66 59 583 53 50 47 44 42
T, 98 106 112 118 124 8% 80 79 104 83 71 70 59
Low level Ty 118 124 133 132 138 105 04 91 91 24 81 78 70
laterite T, 118 157 166 169 171 120 108 99 131 124 116 108 9l
Black soil Ty 128 115 117 110 107 88 76 73 69 63 61 58 69
T, 128 148 161 163 171 150 147 134 140 124 109 104 94
cD 1.7 2,1 1,8 1.9 15 1.3 1.9 L8 2.7 3.0 6,3

17




Table 22{a) Mean available nitrogen content (ppm) at different periods as influenced by soil
1

type, level of subme%gence and nitrogen application on rice, var, Jaya

. Periods after transplanting

Treatment :
combinatlons o, 244 48 96h ' lweek 2wesk 3week 4week Sweek &week Twaek Sweek Harvest

S,\W Ty 110 111 158 112 10l 92 87 85 80 74 72 65 61
s T, 110 159 169 173 176 138 100 93 129 111 91 83 86
S WoT 110 117 123 116 97 8 76 7L 64 62 859 53 58
S W,T) 110 138 142 147 159 128 104 89 116 106 85 80 90
S M, T, 212 212 221 237 253 155 149 145 140 137 129 125 138
S W T, 212 220 227 246 275 188 179 169 174 160 159 151 167
ST 212 211 216 226 239 laa 137 133 129 123 121 116 129
SgWaTy 212 219 225 239 262 169 156 147 153 134 131 129 148
SM,T 98 95 91 95 86 59 55 53 50 47 45 4l 36
S T, 98 99 107 116 128 8 73 73 88 82 80 80 68
ST 98 93 91 94 73 52 50 49 44 41 39 36 30
SqioT ) 98 107 104 109 l14 73 70 63 87 8 78 78 62
ST 118 111 121 129 136 119 103 96 9L 87 8L 77 49
STy 118 168 178 180 184 141 137 132 145 135 132 130 84
SM,Ty 118 108 115 121 129 117 97 8 8 8l 78 72 49
ST, 118 163 173 176 193 139 139 130 146 13l 127 126 88
ST, 128 118 125 123 13l 114 107 95 94 90 & 8l 59
ST 128 141 170 172 183 155 151 144 150 14l 133 127 86
ST, 128 110 121 119 127 109 103 92 99 91 g7 82 62
Sgll,T 128 136 157 161 170 142 133 131 136 130 121 117 82

CcD 2,79 4.84 3,48 2,83 3,16 2,46 2,43 7,5 2,19 2.37 2,10 2,43

56



Table 22(b)

Avallable nitrogen content {ppm) at different periods as influenced by soil type,

levels of submergence and nitrogen application on rice, var. Triveni
g
{ ; Periods after transplanting
Treatment ‘ :
combination ' !

Pb 24h ?Bh 96h lweek 2week 3week dweek Sweek 6bweak 7week Bweek  Harvest

| ! |
S\W Tq lfo 115 %21 124 104 94 74 68 65 61 58 56 64
Slwi{l 1%0 165 %80 279 le2 168 136 122 131 124 107 97 85
5W,T0 1%0 120 131 119 98 89 78 72 67 63 62 59 62
S\WoT 1}0 121 }42 147 170 132 122 111 131 124 99 94 88
S, Tg 2%2 210 227 230 181 155 142 140 136 134 134 131 132
ST 212 220 233 246 251 231 221 165 202 206 166 16l 159
So%aT 21z 207 2}7 217 170 156 132 130 128 128 126 127 130
SoW,T ) 212 214 224 233 253 241 232 188 210 205 158 153 150
SW Ty 98 96 91 8l 77 71 66 61 57 54 51 46 42
SqW) Ty 98 103 111 114 121 91 86 81 104 79 75 73 62
53W2T 0 98 94 90 81 86 61 53 55 49 47 44 43 41
SqWoT) 98 109 114 122 127 80 73 77 105 98 68 67 56
ST, 118 122 136 139 141 106 96 92 92 86 83 79 72
5T, ll8 153 168 171 174 125 109 97 128 122 114 105 92
SHaTq 118 125 130 125 135 104 93 S0 90 82 80 77 68
STy 118 161 164 167 168 115 107 101 134 126 113 111 90
SgW Ty, 128 121 124 119 115 95 76 75 68 61 59 56 70
SgW T 128 155 183 167 177 153 149 138 139 120 109 105 90
SSWZTO 128 108 110 1lol° 99 81 76 71 69 65 62 60 &8
Sghol | 128 142 159 139 166 147 145 130 140 127 109 104 98
CD 2,4 2,3 3,0 2.6 2.7 2.1 1,9 2,7 2,5 3.8 4,3 7.0

86
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;izer nitrogen application had increased the available
nitrogen content. In the case of Trivenl, among the

soil x nitrogen application combination, the highest availe
able nitrogen content was noted in kole soil with nitrogen
application at all periods and the lowest content was noted

in sandy loam without applled nitrogen.

The effect of soll x level of submergence x nitrogen
application interaction on available nitrogen was more in
kole soil at 5 em and 10 cm submergence levels with nitrogen.
Lowest value was recorded in sandy loam soll at 10 cm sube

mergence without nitrogen for both. varieties,

Available phosghdrus content of soil

Data on the avallable phosphorus content of the soils
are given in Tables 23 and 2% and the analysis of variance in

Appendix VII,

In the case of Jaya the soil type had no significant
1Influence on the avallable phosphorus content. In the case
of Triveni, soil type was found to have significant influsnce
on the available phosphorus content of soills, The maximum
value was noted in low level laterite soll., All other soils
registered the same values of available phosphorus.

The level of submergence was found to have significant



Table 23 Avallable phosphorus content (ppm) of the soils after harvest as affected
by levels of submergence and fertilizer nitrogen on rice, Jaya and Triveni

JAY A TRIVENI

Soil type Lovel of Nitrogen Level of Hitrogan
submergence application subnergance application
thean Hean
Karapadam 11,00 12,00 11,00 12,00 11.50 11.00 12,00 1l.00 12,00 11,50
Kole 11,00 14.00 13.00 11,00 12.25 10.00 13.00 12.00 11,00 11,30

Sandy lcam 12,00 12,00 13.00 12,00 12,25 12,00 11.00 11.00 12,00 11.3D

Low level
laterite 12,00 13,00 13.00 11,03 12,25 12,09 14,00 12.00 14,00 13.00

Black soil 11,00 12,00 92,00 14,00 11,50 11.00 12,00 12,00 11,00 11.50

Mean 11,10 12,50 11.65 11.95 11,20 12,40 11,60 12,00
¢hD for soils = 0.81 ' CD for solls = 0,52
CH for scll x lavel of- _ CD for lavel ¢f submergence = 0.33
submergence = 1,14 CD for nitrogen applicatlion = 0,33
Ch for level of submergence = 0.51 Ch for soll x level of-

submergence = .74
CD for soil % nitrogen=
application =

86
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influence on the available phosphorus in both varieties,
where 10 cm submergence gave more gvéilable phosphorus cone
tent. The nitrogen application was found to have no signi=

ficant influence on the available phosphorus content,

All treatment combinations were found to have signi-
ficant influence on the availablg phosphorus contept. Among
the soll x level of submergence interaction, Jaya variety
grown in kole seil under 10 cm submergence registered maxi-
mum available phosphorus. Minimum value was noted in kole
soll at 5 cm submergence karapadam at 5 cm submergence and
black soil at 5 cm submergence. For Trivenl, the maxlmum
avaiiablé phosphorus content was noted with low level laterite
at 10 cm submergence and the minimum content was noted at

kole soll at 5 ¢m submergence,

Among the soil x fertilizer nitrogen interaction, for
Jaya, black soil with fextilizer nitrogen registered the
maximum available phosphorus while the minimum was noted in
black soil with no applied nitrogen. For Trivenl, the maximum
available phosphorus content was noted in lpw level laterite
with nitrogen applicatioﬁ and the minimum content was noted
in sandy loam soll and karapadam soil both without nitrogen
application and kole and black soils with nitrogen application.

Among the S x W x T combination for Jaya, the maximum availlgble



phosphorus content was noted with black soil at 10 em
submergence and nitrogen application and kole soil at 10 cm
submergence and without fertilizer nitrogen application. The
least content was noticed in karapadam soll at 5 cm submer-
gence and receiving no applied nitrogen. For Triveni, the
maximum available phosphorus content was noted with the
treatment combination of low level laterite at 10 cm sub-
mergence and nitrogen application and the minimum value was
rioted with kole soll at 5 cm submergence and nitrogen appli=-

cation.

Exchangeable potassium content of soils

The data on the exchangeable potassium content of soils
are given in Tables 24 and 25 and analysis of variance in

Appendix ViIi.

The soll type was found to have significant influence
on the exchangeable potassium content in both the rice varie=-
tles, wherein black soil recorded the maximum content and

sandy loam minimum.,

The level of submergence was significant only in the
case of Jaya., For Jaya 10 cm submergence was found good rae=

garding the exchangeable potassium content,



Table 24 Exchangeable potassium (ppm) of the solls after harvest as affected
by lovels of submergence and nitrogen application on rice,
Jaya and Triveni

JAYA TRIVENIX
Soll type Levels of Nitrogen Lavels of Nitrogon
submergence application submergence application
Wl Wz ' TG Tl Mean wl W2 To Tl Mearn
Karapadam 30 28 25 33 29 29 28 27 30 29
Kole 26 28 22 32 27 o5 26 22 29 26
Sandy lcam 23 25 23 26 24 25 25 23 27 25
Low leveol
laterite 29 26 22 29 26 27 23 24 31 28
Black soil 47 49 43 53 443 48 49 44 52 48
Maan 30,20 31.20 27.00 34.6D 31 31 23 34
Ch for soils = 1,7} CD for soils = Q.7
Ch for soill x level ofe CD betwoen levgl ofw
submergence = 1,21 submergence = 0,4
CD for soll x nitrogens CD botween soil x fertilizer=
application = 1.21 treatment = 0.9

Lavel of submergence = .34

o0l
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Table 25 Available phosphorus and potassium content {ppm)
of the solls at harvest as affected by levels of
submergence and nitrogen applicaticn on rice,

Jaya and Triveni

Treatment JAYA ITRIVERTI
combination Available

Exchane Avallable Exchane
phosphorus geable phosphorus geable

potasgium potassium

S U,TO g 27 10 28
S Uirl 13 34 12 30
Sfﬂéro 4 . 24 13 2%
Slszl ’ 1l 32 1} 31
sz*itg 11 22 11 23
Sof i?l ‘;0 © 30 9 28
32u2r0 16 2} 14 21
Sah érl 13 34 13 30
Ssxl 0 12 22 13 24
aa ifl 13 25 12 27
53Wér0 13 : 24 10 22
Séwérl 11 27 13 28
5 WITO 13 22 1L a8
S4V1Tl 11 29 13 30
SAWéTO 14 22 14 24
S4WQT1 S22 30 15 az

5'1 0 9 39 12 42
Sgl¥ li 13 85 10 54

5 ér 9 47 12 46
85 érl 16 30 11 31
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For both varieties the nitrogen application was found
to have a significant increase in the exchangeable potassium

content of soils.

Between the soil x level of submergence interaction
for the two varieties, black soill at 10 cm submergence pro=-
duced the highest exchangeable potassium content while the

minimum was noticed in sandy loam at 5 ¢m submergence.

Between the soil x fertilizer nitrogen interaction,
for the two varietles, the highest value was noted in black
soll with nitrogen application. For Jaya, the lowest content
was found in kole and low level laterite without nitrogen
application and for Triveni, the lowest content was noted

in sandy loam without nitrogen application.

As far as the S x W x T interaction is concerned, for
both varleties the maximum exchangeable potassium content
was found with the treatmént combination of black soil at
5 cm submergence and nitrogen application and the minimum
found with kole soil at 10 ¢m submergence and no nitrogen

application,

IV Nitregen uptake
(i) Nitrogen uptake by grain
The data on the nitrogen uptake by grain are presented




Table 26 Nitrogen uptake by grain {g/pot) in different soil types as influenced
by lovels of submergence and nitrogen application on rice,
Jaya and Triveni

JAYA TRIVENTI
Soil typa Lovels of Nitrogen Lavels of Nitrogen
submergence  application Mcan submergence  application Mean
Wy o TO , Tl My W, TO TL
Karapad am 0,260 0,270 0,240 0,290 0,265 0.230 0,226 0.206 0.250 0,228
Kola 0,300 0.230 0.270 0.320 0,295 0.254 0.273 0,235 0,292 0.264
Sandy loam 0.260 0,220 0,210-0.260 0.238 0.208 0,209 0,187 0.229 0,208
Low level
laterite 0,300 0.260 0.250 0.300 0.278 0.218 0.205 0,187 0.236 0,212
Black soil 0.300 0.299 0.290 0,330 0,295 0,259 0,264 0,263 0,293 0,282
Mean 0,284 0,266 0.252 0.294 0.242
Ch for soils = 0,018 CDh for soils = 3,013

CD forlevel of submergence = 0,01l

CD for nitrogan application = 0,011

CD for soill x lavel of=
submorgence = 0,022

CD for nitrogen application = 0,01

GOT
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in Table 26 and 29 and the analysis of variance in
Appendix VI,

The nitrogen uptake by grain was maximum and iden-
tical with black soil and kole soil, This was followed by
low leovel laterite karapadam and sandy loam., In the case of
the varlety Triveni, maximum uptake'was noted with black
soil followed by kole soil, karapadam, low level laterite
and sandy loam. Sandy loam and low leve)l laterite were on
par. |

In the case of Jaya, the nltrogen uptake was found
to be more at 5 cm submergence than at 10 em submergence,

In the case of Triveni, 5 cm submergence recorded a higher

nitrogen uptake but there was no significant influence.

For both the varieties, the fertilizer nitrogen appli-

cation had resulted in more uptake.

In the case 6f Jaya, the treatment combinations soil x
levael of submergence and soil x fertilizer had no influence
on the nitrogen uptake. For Trivenl soil x level of submor=
gence interactlon was found to have significant influence in
the nitrogen uptake, Maximum uptake was noted with the treat-
ment combinatlon black soll at 5 cm submergence, followed by

kole soil at 10 cm submergence and the least uptake wés in



sandy loam at 10 cm submergence. The soil x fertilizer
nitrogen interaction was found to have no influence in the

uptake of nitrogen in Trivenl also.

The soil X level of submergence x fertilizer appli=-
cation interaction was found to influence the nitrogen up-~
take in Jaya. However, in Triveni, there was no such influ-

(£ g (W=

(31) Nitrogen uptake by straw

The data on the nitrogen uptake by straw are given in
Table 27 and 29 and the analysis of varlance in Appendix VI,

The nitrogen uptake by straw'was maximum in black soil
followed by low level laterite, kole, karapadam and saﬁdy
soll., In the case of the variety, Triveni, the maximum up-
take of nitrogen was observed in low level laterite soil
followad by kole soil, black soil, séndy loam and karapadam

soil.

In the case of Jaya, the nitrogen uptake by straw was
more at 5 cm submergence than at 10 cm submergence., In the
casae of Triveni, more nitrogen uptake was at 10 cm submer-
gence than at 5 e¢m submergence, In both varieties, the

nitrogen application resulted in increased uptake of nitrogasn.



Table 27 Nitrogen uptake by straw {g/pot) in different soil types as influenced
by levels of submergence and nitrogen application on rice,
Jaya and Triveni

JAYA TRIVENI
Lovels of Nitrogen Levels of Mitrogen
Soil type submergence  application submergence applicatiosn
: . Mean Mean -
Wl H2 T0 Tl Wl Wz TD Tl

Karapadam 0,170 0.150 0.140 G,1%0 0.160 0.138 93,121 0.108 92,151 0,130
Kole 0,190 0,132 9,130 0,220 0,185 0,161 0.172 0.139 0.19% 0,167
Sandy loam 0,140 0,130 0,110 0.160 0,135 0.147 0,138 0,128 0,156 0,142

Low lavel
laterite 0.240 0,200 0,190 0,280 0.223 0.172 0204 (Q.172 0,203 0,188

Black soil 0.270 0.260 0.220 0,320 0,268 0,156 0,172 0,137 0.131 0.164

Mean 0,202 0.184 0.162 0.228 0.195 0,161 0.137 0.179

CD for scils = 0,014 CD for solls = 0,010

Soil x level of submergence = NS CD for soll x levels of sub-

CD for soil % nitrogen- mergence = 0,013
application = 0,02 CD for nitrogen apnplication = 0,013

€D for level of submergence = 0,009 CH for level of submergence = 0,006

80T
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In the case of Jaya, the soll x level of submergence
interaction was found to have no significant infliuence on
the nitrogen uptake. In the case of Triveni, thore was
significant influence. Maximum uptake was noted with low-
land laterite at 10 em submergence. Kole at 10 cm submere
gence, low land laterife at 3 cm submergence énd black soil
at 10 cm submergence were identlcal. This was followad by
kole soll at 5 em submergence. The minimum value was noted

with karapadam at 10 cm submergence.

In the case of Jaya,so0ll x fertilizer nitrogen inter-
action resulted in the maximum uptake in black soil with
nitrogen application. This was followed by low level late-
rite with nitrogen. Kole soil with nitrogen and black soil
without niirogen were aqual. The least value was given by
sandy loam without nitrogen. In the case of Triveni, the
maximum nitrogen uptake by straw was noted with low level
laterite soil with apblied nitrogen and the minimum uptake
was found in karapadam soil without applied nitrogen. The
other treatment combinations were found to have no signifia-
cant influence on the nitrogen uptake by straw.

(111) Total Nitrogen uptake by the plant

B

The data on the total nitrogsn uptake were presented



Table 28 Total nitrogen uptake by plant {(g/pot) as influenced by levals of
submergence and nitrogen apslicstion in rice, Jaya and Triveni

JAYA

TRIVENI

. Levels of Nitrogen Levels of Nitrogen
Soil type submergence application submergence  application
Wl Wz ‘1‘0 '1'l Hean wl W2 TO Tl Maan
Karapadam 0.428 0,410 0.368 0,470 0.419 0,363 0,3%8 0,314 0.408 0,361
Kole 0.490 0.455 0,420 0.535 0,478 0,416 0.445%- 0,374 0,487 0.431
Sandy loam 0.394 0,351 0,322 0,423 0.373 0.352 0,345 0,313 0.384 0.349
Low level :
Black s0il 0.569 0.540 0,496 0.613 0.555 0.455 0.437 0.405° 0.4856 0.446
Mean 0.483 0.444 00408 0.520 0.396 0.399 0.353 00441
Ch for scils = 0,02 Ch for soils = 0,01
CD for lovel of submergence = 0.01 €D for soil % level of~
CD for soil x level of= submergence = 0.015
submergence = 0,029 CD for soil x nitrogen=
zpplication = 0,015

OTT



in Tables 28 and 29 and the analysls of variance in
Appendix VI,

The maximum uptake in the case of Jaya was noted with
black soil followed by low level laterite soil, kole soil
and the least value was noted with sandy loam soll. In the
case of Triveni, the maximum uptake was in the black soil
followed by kole, low level laterite, karapadam and sandy

loam soil.

In the cyse of Jaya, the uptake was more at 5 cm
submergence than at 10 cm submergence. In the case of
Triveni the level of submergence was found to have no signi-

ficant influence on the total nitrogen uptake.

In the case of Jaya, the soil x water level inter-
action had resulted in the maximum uptake with black soil at
% cm submergence followed by black soil at 10 c¢m submergence,
low level laterite at 5 cm submergence and the least value
was noted with sandy loam at 10 cm submergence. In the case
of Triveni, the maximum uptake was noted with black éoil at
5 cm submergence, followed by kole soil at 10 cm submergence,
black soll at 10 cm submergence and the least with sandy loam
at 10 cm submergence.

In the case of Jaya, the soil x nitrogen application
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Table 29 Uptako of nitrogen (g/pot) as influenced by
soil typo, level of submergence and nitrogen
intoraction on rice, Jaya and Triveni

I =

11

TAYA TRIVENZ
Treatment Grain Straw Total GCGrain Straw Total
combinations uptake uptake udtake uptake uptake uptake
54,7y 0.218 0,145 0.363 0,203 0.113 0,318
Sy¥,T, 0,294 0,190 0,494 0.256 0,162 0,413
Siszo 0.2062 0.132 0,374 0.208 0,104 0,311
S3taT 0:,277 0,169 0,446 0.244 0,140 0,404
S W Ty 0.262 0,160 0,424  0.228 {0,130 0.334
ST, 0.337 0.219 0.5%8 0.281 0,193 0.474
Séwéfg 0.280 0,136 0,415 0,243 0,143 0,391
SQWéTl 0299 0,215 0,514 0,304 0,196 0.520
STy 0,224 0.111 0,335 0.194 0.13% 0,324
ST, 0.280 0,163 0,452 0,221 9,153 0.379
53WQTO 0,205 0.105 0.309 0.181 0,121 0,302
Sallal y 0.246 0,148 0,394 0.237 0.1%% 0,389
S4¥iT0 0.234 0,202 0.484 0,198 0.153 0,351
SatyTy 0,310 0,278 0,383 0,239 0,190 0.429
Saliglg 0.219 0,162 0,381 0,177 0.191 0,369
s4wérl 0.293 0,233 0,531 0.233 0,217 0.4%9
Sty T 0.293 0,222 0,513 0,283 0.122 0,403
SefyTy 0.306 0.3183 0,623 0.316 0,130 0.506
SgWéTO 0.275 0,202 0,477 0.255 0,153 0,407
ssyérl 0.291 0,313 0,603 0,274 0.193 0.4466
0.03  0.29 0,041 NS NS  0.02

L]
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was found to have no influence on nitrogen uptake. 1In
Trivenl the maximum uptake was noted with kole soil with
nitrogen which was significant. Tﬁis was closely followed
by black soll with nitrogen. The least value was recorded
in sandy loam without nitrogen and this was on par with
karapadam with no nitrogen. The soll X level of submer-~
gence % nitrogen application interaction was also found to
have significant influence on the total nitrogen uptake. The
total nitrogen uptake was maximum in black soll at 5 cm sube
mergence and with nltrogen application which was followed by
black seil at 10 cm submergence with nitrogen application.
The lowest value of the uptake was noted with sandy loam at

10 cm submergence and without nitrogen.
V Raecovery of nitrogen

Data on the recovery of fertilizer nitrogen are given

in Table 30 and their analysis of variance in Appendix VIII,

In the case of Jaya, recovery of nitrogen differed
from soil to soil. The recovery of fertilizer nitrogen was
highest at low level laterite soil which was on par with black
soll and kole soil. Karapadam soil was on par wiih kole. The
lowest recovery was from sandy loam scil. In the case of
Triveni, the recovery was highest with kole soil followed by
karapadam soil. The low level laterite, black soll and sandy

loam were on par.
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Table 30 Recovery of applicd nitrogen (por cent) as in-
fluenced by soil type and level of submergence
for rice, Jaya and Triveni

J A Y A TRIVENTI

Soil type Levels of Levels of

submergence subnergence

Wl Wz Mean Hl Wz Mean
Karapadam 38,68 21,32 30,00 36,19 35.43 35,81
Kole 38,83 29,12 33.98 44.57 41,73 43,15
Sandy loam 34,41 24,35 29,63 20,95 33.14 27.05
Low level
13‘391‘1‘&9 30- 73 44-26 370 50 26. 17 30.8:6 280 52
Black soil 31,91 37,21 34,35 34,64 22,41 28,55

Mean 34,91 31,35 32,50 32.73
€D for sollg = 4,39 CD for golls = 4,03
CD for soll x lovel of= CD for s x w = 5,70
submergonce = 6,21 CD for level ofe

CD for laevel of=
submergence = 2,78

submorgence = 2,50
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In the case of Jaya, 5 cm level of submergence gave
significantly higher recovery than 10 cm submergeﬁce while
in Triveni the values were on par. Among the soll x level
of submergence interaction, highest recovery was by low level
laterite soil at 10 cm submergence, which was on par with
the karapadam soil at 5 cm submergence and kole soil at
5 cm submergence. slwl, sgwl. Sawl and Sayz were on par. The
lowest recover& rate-was given by karapadam soil at 10 cm
submergence which was on par with sandy loam at 10 cm sube
mergence. In the case of Triveni, among the soil x level
of submergence interaction the highest recovery was given
by kole soil at 5 cm level of submergence, which was on par
with kole soil at 10 cm submergence. Slwl, slwz, 33w2 and
Sg¥l, were on par. The lowest recovery was given by sandy

loam at 5 cm submergence.



DISCUSSION



DISCUSSION

In Kerala, ricalis grown under diffsrent soil
conditions and under varying water regimqs. Several high
ylelding varleties have alsc been brought undsr cultivation
during the recenﬁ years. lHowever, cnly general roecopmenda-
tions of 99 kg N and 70 kg W/ha are given for medium duration
and shor: duration varieties, respectively without considering
501l type and wator regimes. The information on the abllity
of tho different soll types in the utllizatlon of water for
plant growth and its productivity is also not enough, except
that a general recommendatiop of 5 cm level of water for rice
during its active growth periods. It is guite reasonzble
that the avallability of nutrients especially nitrogen would
be influenced largely by soil type and irrigation levels.
Hence, the present sel of Invesiigation on the nltrogen
balance of the different soil types of Kerala was conducted
to decide on tha extent of utilization of nitrogen by two
rice varieties of differing duration under varyving soil types
and irrigation levels. The individual effect as well as the
cumulative effoct of all these three factors viz, soil type,
irplgation level and niltrogen onm growth and productivity of
gach of medium duration and short duration rice varigties

are discussed.
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I Influence of soill type argence leve d nitrogen

anplication on growth and yield of rice

1. Plant height

Plant height in rice 1s influenced primarily by
genetic and environmental factors. Hence within a single
variety, the effect of soil, nitregen and irrigation could
be reallsed. In the present study, soll type was found
to influence the growth of rice plants (Table 2(a). Maxi-

' mum plant height at all stages in Jaya and at tillering
stage in Triveni was observed in karapadam soil. However,
in Triveni, kole soil has produced the maximum plant height
at panicle initiation, flowering and harvest stages. Both
karapadam and kole soils have recorded inherently higher
nitrogen status than other soils as was evidenced by the
initial soll analysis. As nitrogen has a major role in
influencing the vegetatlve growth of rice, probably high
initial nitrogen content of karapadam and kole solls might
have augmented the plant height in these soils. (Ramamocorthy
and Velayudham 1976). 1In the case of Triveni, kole soil
showed its superiority in the later stages after tillering.
Sandy loam soil has produced minimum plant height at tiller-
ing in Jaya and at all stages in Triveni. Compared to all

other soils, sandy loam is poor in most of ‘the nutrients
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and the minimum haeight thus recorded is in agreemont with
the poor productivity of the soil,

Irrigation levels alsc influenced the vegetative
growth of rice. In the medium duration variety Jaya,
10 cm lovel resulted in maximum height at tillering and
panicle initiation stages whereas 5 cm level produced
maximum height at flowering and harvest stages. However, in
the case of Triveni, 5 cm level was superior over 10 cm
level at all stages in increasing plant height. ‘Vamadevan
(1971) has -indicated that at lower atmospheric temperature,
increased waterdepth gave taller plants in rice. Increased
vegetative growth due to deep submergence has also bean
reported by Senewiratne and Mikkelsen (1961). On the cone
trary shallow submergence of 5 - 7,5 ¢m was found suparior

by Glidiyal and Jana (1967).

The present investigation also revealed certain in-
teraction effects of soll type and irrigation level on
plant height, Karapadam soil with 5 cm water level was
found to produce maximum plant height at all stages in
Jaya, variety. But in Triveni, only at tillering stage,
karapadam with 5 cm level was superlor; at panicle initi-

ation, flowering and harvest stages, kole soil with 5 cm
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lovel was bstter than others in increasing plant height.
The inferior nutrient status effect of sandy loam soil
in the minimum plant height. was also exXpressed in inter-

action of soil type and irrigatlon levels.

Nitrogen fertilization has been established to in-
fluence the vegetative growth of rice plants (Alexander
et al 1974, Gunasena et al 1979; Sushamakumari, 1981).
In the present investigation also, positive effect of N
fertilization on plant height was noticed. Among diffe-
rent soil x fertilizer combinations in Jaya, black soil,
karapadam and kole soil receiving 90 kg N, rasulted in
more plant helght at tillering and black soll receiving
90 kg N, resulted in more plant height at tillering and
black soil receiving no nitrogen produced the shortest
plants, In Triveni the superiority of black soil with
nitrogen utilization was also noticed at tillering stage.

When we conslder cumulative effect of soil type,
1rrigatiop and nitrogen levels together on plant height
black soil and kole soll with 10 c¢m irrigation level and
nltrogen application resulted in more plant height at
tillering stage than rest of the combinations in Jaya

variety. However, at panicle initiation, flowering and
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harvest stages, karapadam soll receiving 5 cm irrigation
and nitrogen produced the maximum helght, it is thus clear
that in karagpadam soil, increase in plant height at later
stages was more than in other soils including black soil
and kole soll. In the case of Triveni, kole soill with 5 cm
irrigation level and nitrogen application resulted in the
maximum plant height than other combinations at all stages.
Usefulness of deep submergence on vagetative growth was
emphasized by Senewiratne and Mikkelsen (1961). Internode
elongation in response to incressing water depth was also
reported by IRRI (1968). On the contrary, Ghidiyal and
Jana (1967), Singh and Pande (1973) reported shallow sube
mergence 5 to 7.5 cm to be superior to deep submergence. In
all soil types, nitrogen application was found to result in
higher plant helghts than with no nitrogen application,

2. Tiller count

Soll type has also influenced the growth characters
io., total tiller counts., It was found that in the varlety
Jaya all the three heavy soils viz. karapsdam, lkole and
black soils produced maximum tiller counts at all stages.

On the other hand, sandy loam and low level laterite soils



were poor in tiller production which may be attributed to
their poor nitrogen status. In the case of Triveni also,
heavy soils have produced maximum tiller counts, kole soil
occupying the first position in mean tiller number. Here
agaln, sandy loam has produced the lowest tiller count.

The better growth of rice plants grown in these soils may
be due to the high nitrogen content associated with these
'éoils. In addition, submergence generally causes an incre-
ase in the pH of'the soil (Ponnamperuma 1972). The increased
pH resulting from submergence might also have contributed
towards the increased tiller count. The lesser tiller
count observed in sandy loam and low level laterite in Jaya
and sandy loam in Triveni has to be attributed to the ine
herently poof productivity and fertility status associa-
tion with these solls. The findings are in agreement with
the results of Venugopal and Koshy (1976).

Whereas the levels of submergence did not affect the
tiller count, soil x level of submergence combination has
influenced this character in rice. This was also repoxrted
by Sivanappan gt zl (1974) Sahu and Misra (1974). However,
the effect of interaction varied in different soils and at
different stages of plant growth., In fact in both Jaya and
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Trivend rice varileties, all the heavy soils in combination
with 5 cm or 10 cm levels of submergence produced the maxi-
mum tiller number at different growth stages. The results
indicated that the influence of water on tiller count depends
on soll type and stage of growth of plant, Hence the opti=-
mum amount of water for different soll types have to be
worked out by programming detailed investigatlion on these

lines.

Nitrogen application significantly influence the
production of tillers in Jaya and Triveni varieties of rice.
Black soil with applled nitrogen has produced the maximum
tiller count at flowering and harvest stage in Jaya. In
both stages nitrogen applied plant recorded more tiller
count, For Triveni, significant effect of soil x nitrogen
was notlced at tillering and flowering stages. However, in
low level laterite soll, there was no significant difference

between nitrogen applied and not applied plants.

Interaction of soil % level of submergence x nitrogen
application was pronounced only in Jaya and that too at
flowering and harvesting stages. Karapadam and black soils
with 5 cm level of submergence and nitrogen application pro-

duced Increased tlller counts at flowering stage. At harvest-
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ing stage,-kole and black soll with 10 cm level of sub-
morgence and with N agpplication recorded the maximum
tiller count, Incldently kole and black soil at 10 cm
submergence recorded the highest recovery and uptake of
nltrogen by the plant.

3. Productive tiller count

For Jaya, the maximum productive tiller count was
noted in black soil, and while for Triveni, the kole soil
recorded the highest productive tiller count. This may be
due to the hlgh nitrogen supplying capacity of these soils,
The nitrogen supplying capacity of black soll & kole soils
seems to be relatively larger than other soils. It may be
dua to the presence of high clay (montmorilonite type) and
organic matter content. It 1s also rich in all other major
nutrients (Table 1). For both the varieties, the lowest
productive tiller count was recorded in sandy loam soils,
The sandy loam is poor in nutrient supplying capacity and
nutrient status {Table 1).

The submergence levels has got no significant influ-

ence on productive tiller count, Similar results are reported
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by Shanmugasundaram and Morachan (1974) and Mane &

Dastane (1971). Among the soil x level of submergence
interaction black scil at 5 cm submergence recorded the
highest productive tiller count. Thls can be attributed

to more availabllity of nitrogen at 5 cm submergence in
black soil. At panicle initiaticn stage available nitro-
gen content of black soil at 5 cm was found to be 104 ppm
while for 10 cm submergence it is only 76 pom, In all soils,
the nitrogen application has resulted in increased produc-
tive tiller count. This was in agreement with the findings
of Muthuswamy (1972), Subramonian and Kolandaiswamy (1973},
Murthy & Wurthy (198l). For, both the varleties the treat-
ment combination soil x level of submergence x nitrogen
application was found to have no significant effect on the
productive tiller count. The slgnificant effect of s=soil
type and applied nitrogen on the productive tiller count
and the non~significance cf level of submergence have al~
ready been reported.” It was also seen that level of sub-
mergence-x applied nitrogen interaction was not affecting
productive tiller count., These want of significance may
be responsible for absence of influence of soil type x level

of submergence x nitrogen application interaction.
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4, Panicle length

In the case of Jaya, the maximum panicle length was
noted in low level laterite which was followed by black
soil and karapadam soil and the minimum panicle length was
noticed in sandy loam soil. Though the available nitrogen
content of low level laterite is comparatively less than
that of kole soil, the recovery of nitrogen was the high-
ast in low level laterlte. In the case of Triveni the
highest panicle length was noticed in kole soll. This can
be attributed to the highest avallable nitrogen content
and the largest recovery of nitrogen in the kole soil. The
lowest panicle length was noticed in sandy loam. The nitro=-
gen content was also the lowest in sandy loam. The submer-
gence has got nc significant influence on panicle length.
Among the soil x level of submergence interaction, the
maximum panicle length was noted in low level laterite at
5 cm submergence for Jaya, while for Triveni it was kole
soll at 5 cm. For Jaya, low level laterite recorded the
highest recovery of nitrogen while for Triveni, kole soil
recorded the highest recovery. For both the varieties the
minimum panicle length was noted in sandy loam a2t 5 c¢m
submergenée. This can be attributed to the lowest avail-

able nitrogen status of sandy loam soil. From the results



1t is observed that 1n all soills, the nitrogen applica=-
tlon has contributed to panlcle length. This had been
previously reported by many other workers like Lenka
(1969) singh (1971), Subbiah gt al {1979). The interaction
of the soll x level of submergence x nitrogen application
was found to have no effect on panicle length in both the
varleties. This may be due to the 1lnsignificant response

of level of submergencs.

Thousand arain weiaht

Thousand grain weight in Jaya varlety was found to
be influenced by different treatments and thelr combina-
tlons. The soil type was found to have significant influ-
ence on the thousand grain weight in Jaya while there was
no influence in Trivenl. In Jaya, the maximum was observed
in kole soil which was on par with black soll and karapadam
soll and the minimum was noted in sandy loam and low level
laterite soll, Thousand grain weight in kole soil was high
due to hicgh avallable nitrogen 1n the soil. Also the nitro-

gen uptake by grain and recovery of nitrogen were high in
kole, black &nd karapadam solls. This mlght have contri-
buted to higher thousand grain weight. Tha submergence



levels had no effect on the thousand grain weight in both
the varieties. Similar resulis were obtained by Sivanappan

at al (1974).

5. Grain yield

In the case of Jaya the maximum grain yield was noted
in low level laterite and kole soll while for Triveni, the
maximum yield was in kole soil. In both cases, the produc=-
tive tiller count, panicle length and thousand grain weight
were high which has naturally resulted in increased grain
welght. For both Jaya and Triveni, the minimum grain vield
was obtalned in sandy loam soil. The yield contributing
characters were also minimum in sandy loam soil, which may
account for the low yileld in sandy loam soil. Level of
submergence as in the case of other yleld attributes, failed
to show any significant effect on the grain yield. The non-
response of irrigation levels on yleld has been reported by
many other workers viz; Sivanappan (1974), Sahu and Misra
(1974) and Jha and Asthana (1978). The different troate
ment combinations were also found to have no significant
effect on the grain yield. Nitrogen fertilizer application
increased grain yield in rice considerably. This finding is
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in agreemont with the findings of Bhulya gt al. (1979)
and Gunasena gt al (1979) Kupukanachanakul and Vergera

(1980).

6. Straw yield

Yield of straw which 1s one of the economic vegetae
t;ve characters in rice, was influenced by soil typse, level
of submergence and nitrogen application. Among the soil
types tried, kole soil followed by black soil produced the
maximum yield of straw in Jaya variety. However, in Trivenil
variety, kole followed by black and karapsdam resulted in
increased straw production. In both the varisties, sandy
loam soil has produced the lowest straw yleld. Among the
levels of submergence, superiority pf 5 cm level was observed
over 10 cm level in the increased production of straw was
observed only in the Trivenl variety. Nitrogen apblication ’
in both varieties produced significant difference in straw
vyield over no nitrogen application. Venkateswaralu (1978),
Sushamakumari (1981) and Surendran (1985) have observed posie
tive response to nitrogen application on straw yield in rice.
Analysis of effect of treatment combination also showed somo

interesting results. Kole soil with 5 and 10 cm levels of
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submergence and nitrogen application and black soil with

5 cm level of submergence and nitrogen application recorded
maximum straw yield in Jaya. 1In Triveni, kole soll with

5 cm level of submergence and nitrogen application was the
best over other combinations. The interaction effects
clearly indicate the relative importance of different mana-
gement practices (Irrigation levels and nitrogen application)
to be adopted under different soll types. Probably in kole
and black soils, inherent éontent of various nutrients and
utillization ability might have augmented the stfaw vield of

rice 1n contrast to sandy soil,

IT Influence of soil tyoe, submergence level and nitrogen
application on nitrogen content of soll and plant

a. Available nitrogen in the soil

Shiga and Ventura {1976) have mentioned that available
nitrogen in the soll plays a crucial role in growth and
vield of rice plants. Also the évailable ﬁitrogen in the
soil is an indication of mineralization of 5011 nitrogen
(Anon, 1974). 1In the present study, analysis of different
soil types for their nitrogen content revealed varying trends

in the nitrogen content of the soil during the growth stages
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of rice plant. It was found that during the first week

of rice growth, increase in aﬁailable nitrogen was noticed.
Thereafter in the second week a decrase in nltrogen content
wgs observed and this decrease continued till the end of
fourth week. Agaln, during the fifth week of planting
increasing trend in available nitrogen content was observed
which was followad by a continued decrease till the harvest
stage. The inltial increase in available nitrogen during
the first week and during the fifth week can be attributed
to the application of nitrogen fertllizers as basal dressing
at the time of planting and as top dressing at the panicle
initiation stage respectively. The above mentioned varied
trend in nitrogen availability partially agrees with the
reports of Loganathan and Rao (1973) and Highuchi and
Uchida (1984), The variations noticed can be due %0 the
difference in the soil type and varleties of rice used in
the present study.

Comparison of available nltrogen in different periods
of plant growth, revealed the inherent superiority of cer-
tain soil types of Kerala over others. For both the varie-
ties kole soill followed by low level laterite recorded the
higher available nitrogen content, Sandy lioam soil was
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poor in available nitrogen content with respect to both
varietlies. The purpose of water management in rice is to
ensure a good growing environment near the root zone and to
control the supply of soil nitrogen. Positive and negative
influences of water on the nitrogen mineralization of rice
soils have Been reported, eventhough the product of minera=-
lization in flood water is ammonium ion. In this study re-
commended practice of 5 cm submergence was found to be better
with regard to nitrogen availability than 10 cm level for
both varieties. Probably 5 cm level would be better for
increased mineralization of nitrogen than 10 cm or 10 ¢m
has some adverse effect on the availability of nitrogen
(Broadbent, 1979). Nitrogen application also increased the
available nitrogen content of soil for both varieties., In
this event, nitrogen application had a better effect in in-
creasing the available nitrogen content than no nitrogen

situation (Westerman and Kurtz, 1973, Mathen et al 1976).

Among the treatment combinstion effects, kole soil
with 5 cm level of submergence and nitrogen application re-
corded the highest available nitrogen content as compared

to others and sandy loam soil with 10 cm level of submergence



and without nitrogen application recorded the lowest.
The inherent superiority of kole soil coupled with increa-
sed mineralization must have resulted in the increased nitro-

gen content.

b, Plant nitrogen content at different periods

Analysis of plant nitrogen content at different
pefiods of rice growth showed some varied results, For
Jaya variety karapadam soil showed the highest estimates
in 10 days and 20 days after planting, However, at 30 days,
60 days after planting and at harvest time, maximum content
was analysed in kole soil, whereas in Triveni, kole soil
showed the highest plant nitrogen content at 10, 20, 30 and
60 days after planting, karapadam and black soil recorded
the highest estimates at harvest, All these three soils
are inherantly rich in nutrient status which may‘be respon=
sible for these results. The varied influence noticed may
be due to the difference in the nutrient availability and
nitrogen mineralization of soll types. The interaction of
soil, level of submergence and nitrogen application was aléo

significant on plant nitrogen content and this indicate their
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, ‘
cumulative effect on nitrogen use efficiency. Nitrogen

application alone alsc showed significant effect on plant
nitrogen content and total nitrogen uptake as compared to

no application of nitrogen, and this effect is quite ex=-
pected in rice where inorganiq fortilization contributes
sizeably to the nitrogen cdntént in plants, Khan and Pathak
(1976) Yoshidaamd Psdr{1977) Rai and Murthy (1979) and Talha
et al (198l) have reported similar findings.

c. Nitrogen content and uptake of grain

Analysis of nitrogen content as well as nitrogen up=
take in grain has shown some indications oﬁ the ;ole of
nitrogen in grain yield, under varying soils, watexr levels
and nitrogen application. In both rice wvarieties, black
and kole soils showed higher estimates for nitrogen content
and nitrogen uptake of grain. However, only kole soil has
resulted in higher yield of grain, which indicates that
nitrogen alone may not be solely responsible for the in-

crease in grain yleld,

Only in Jaya variety, level of submergence showed
some influence viz., 5 ¢m level having better effect than

10 cm level on the nitrogen content and uptake of grain,



Fertilizer nitrogen application has been reported to
increase the nitrogen uptake by rice grain (Khan and
Pathak, 1976 Talha et al 198l). 1In the present investi-
gation alsé such a trend was observed in the grain uptake
of nitrogen. However, nitrogen application did not show
‘any significance on the nitrogen content of grain in Jaya
variety and also showed a inve;se relétionship in Triveni
variety. Here the nitrogen applicatioh resulted in a
significant increase of yield than the control. Since is
fhe control, the yield was low, the nitrogen take up got
accumulated in that limited portion and had resulted in

an high coﬁtent of nitrogen. This can be explained on the
basis of inverse nitrogen yield concept which says that

the yield of a crop is inversely proportional to its nitro-
gen contentl(Wilcox, 1954}, Since nitrogen uptake is ob-
tained by multiplying the nitrogen content with yield,
even i1f nitrogen content is low or at the same level a high

yield would result in a high nitrogen uptake.

d. Nitrogen content and uptake of straw

Straw nitrogen content and uptake were also influ-

enced by soil type, submergence level and nitrogen applica-
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tion. In the case of Jaya, black and low level laterite
and in the case of Triveni, low level laterite resulted in
the increased nitrogen content of straw. These soll types
also produced corresponding resulis for nitrogen uptake by
straw. Incidently these soil types have produced higher

vield of straw also.

In Jaya variety 5 cm level of submergence resulted
in higher nitrogen content of straw whereas in Triveni 10 cnm

level was better for increasing the straw nitrogen content.

A similar trend was observed for nitrogen uptake
by straw as influence& by submergence level. Probably,
the difference in the duration of two varietiss, Jaya and
Triveni, may be responsible for this varied influence of
submergence level. The effect of nitrogen appllication on
nitrogen content of straw and nitrogen uptake by straw was
almost similar to grain nitrogen content and grain uptake,
Nitrogen applicatlion resulted in less nitrogen content of
straw than control in both varieties. On the other hand,
nitrogen uptake in both varieties increaséd with nitrogen
application. This was malinly because of the part that
nitrogen application hgs Increased the straw yield. In the
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control the dry matter production was less than the treated.
So ‘the nitrogen taken up got accumulated in those parts and
resulted in a high nitrogen content of straw, But in the
caseﬁgf treated plants the yleld was high, so the nitrogen
conteﬁt was low. This may be explained by the inverse -
nitrogen yield concent which says that the yield of a crop
is inversely proportional to its nitrogen content (Wilcox
1954), Sinees uptake is the product of nitrogen content and
yield, a high yleld could have resulted in increased uptake
of nitrogen by straw. Nitfogen content and uptake of nitro=
gen by straw in both'varietles was also influenced by soil
type X level of submergence interaction which indicates

their cumulative effect on the nitrogen absorption by straw.

a. Recovery of nitrogen by rice

The mean recovery of fertilizer nitrogen by rice plants
ranged from 20 to 45 per cent among different treatments.
These estimates are found to be within the rangs reported
by earlier workers (Patnaik and Broadbent, 1967; Koyama, 19733
Ayatode 1980), Soil tyoe, level of submergence and thelr in-

teraction have influenced the nitrogen recovery. Among the
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soll types, low level laterite, black and kole soils were

on par with regard to the variety of nitrogen by Jaya
varlety. However, in Triveni, koie was the first, showing
maximum recovery. Level of submergence influenced the re-
covery of nitrogen only on Jaya variety, 5 cm level being
better than 10 em level. In the treatment combination in
Jaya, the mean recovery was found to range between 29,63

to 37.3 per cont, Maximum recovery of nitrogen of 44,26 per
cent was observed in low level laterite at 10 cm submergence
level followsd by karapadam and kole soils each at 5 em
submergence, Least nitrogen recovery was recorded in sandy
loam at 10 cm submergence. However, the Triveni variety,
the mean recovery of nitrogen ranged from 28,56 to 43,15
per cent. The maximum recovery of 44,57 per cent was noted
4in the kole soil at 5 cm submergence followed by karapadam
goll and the least value of 20.9% per cent was noted in
sandy loam at 5 cm submergenco. All these results indicate
the inhsrent superiority of certain scil types and irriga-
tion levels on the nitrégen recovery by rice plants, which
should be given importance in the management practices in- .

volving such combinations,
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III Influence of soil type, submergence level and nitrogen
applibation on Phosphorus and Potassium content of

graln and straw

Analysis of phosphorus content in grain and straw under
different treatments has shown some indications on the influ=
ence of soll type and nitrogen fertilization on the phospho=
rus content., In the case of Jaya, black and kole soils resul-
ted in the highest content of phosphorus in grain and straw
raspectively. But in Triveni variety, kole soil resulted in
the highast phosphorus content of grain and straw. All these
soll tynes Qre having more phosphorus content and capaclty to
supply to the plants, proﬁably due to less fixation than other
soill types.

Inorganic nitrogen application affected the phosphorus
content of graln and straw positively. It has been reported
that the presence of high concentration of rapidly absorba-
ble cations like NH4+ increases the phosphorus uptake by
plants (Ramamoorthy & Velayudham 1976). In the present study
also, nitrogen fertilization of rice plants might be increase
ing the NH4+ ion concentratlon in the submerged conditions,
thereby increasing the phosphorus uptake and higher content

of phosphorus in grain and straw.
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Grain and straw potassium were also influenced by
soll and nitrogen fertilizer and their interaction. Black
and kole soils have recorded higher grain and straw potassium
contents. These soils have higher potassium content in them
than other soils and under optimum potassium fertilization
they would be supﬁlying the plants wlth enough potassium
resulting in higher content of potassium in graln and straw.
Mitrogen fertilization also resulted in increasing the
potassium content of grain and straw. It has been reported
that 1f the supply of available potassium is low, the use
of nitpogen or phosphorus might produce potassium deficiency
symptoms (Ramamoorthf and Velayudham 1976). But since re-
commended potassium fertilization has been done in the
present study such a trend can not be expected. Qn the con=-
trary, nitrogen fertilization has sugumented the potassium
content of grain and straw, indicating a positive inter-

action between nitrogen and potassium,

Balance sheot of nitrogen

Quantitative data relating to the nitrogen resources
of the soil after nitrogen fertilizer application, the extent
of nitrogen consumed by the plant and the balance of nitrogen

left over in the soll after harvest are presented in Table



Balance sheet for the utllization of applied nitrogen in different soils
levels of submergence in Jaya (mg/pot)

Table 31(a)

at different

Karapadam Kole Sandy loam Low lavel Black soil
Particulars lat?rite
5 cm 10 cm Scm 1l0cm S5cm 10cm S5eml0Ocm Sem 10 em
Initial total
nitrogen 9750 97530 12000 12000 7500 7500 11250 11250 14250 14250
Fertilizer nitro-
gen added 338 338 338 338 338 338 338 338 338 338
Total (A) 10088 10088 12338 12338 7838 7833 11588 11583 14583 14588
Residual nitrbgen
in the soil at
harvest 05384 Q628 11741 11780 7372 7427 10983 11033 13944 13957
Crop uptake 494 446 556 514 452 394 583 531 623 603
Total (B) 10078 10074 12297 12294 7824 7821 11571 11584 14567 14560
Unaccounted loss 10 14 41 44 14 17 17 24 21 28
(A=B) (3%) (4.14%)(12.1%) (13%) (4.,14%)(5%)  (5%) (7.1%)(6.2%8) (8,3%)
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The difference between the total nitrogen content
of the soll and the nitrogen content of the plant parts in-
cluding the grain nitrogen 1s given in the Table as unaccoe~
unted loss of nitrogen. Thése data were computed to assass
the rate of efficiency of applied nitrogen under varying
s0il conditions and submergence leveis with respect to short
duration (Triveni) and medium duration (Jaya) rice varieties.
The data revealed that the unaccounted losses of nitrogen
for the Jaya variety varied from 44 mg and 10 mg per pot,
while the value for Triﬁeni ranged between 32 mg and 6 mg
per pot. Among the five soils used kole soll showed the highe
est nitrogen loss in both the rice varieties. Between the
two levals of submergence 10 cm subﬁergence resulted in more
loss of nitrogen than 5 e¢m level, It is seen from Table
that kole soil under 10 cm level of submergence experienced
maximum loss of 44 mg nitrogen per pot (13 per cent of applied
nitrogen) for the Jaya varietf while the same so0il under 10 cm
level of submergence indicated maxifmum:loss;of 32 mg nitrogen
per pot (12.2 per cent of applied nitrogen) for the Triveni
variety. Minimum lose of 10 wg ritregei psr pot (3 per cent
of of applied nitrogen) was noted for Jaya variety grown in

the karapadam soil under 5 cm submergence and & mg (2 per cent



Table 31(b)

Balance sheet for utilization of applied nitrogen in different soills at different
levels of submergence in Triveni (mg/pot)

Karapadam Kole Sandy loam Low level Black soil
Particulars laterite
5 cm lDcm S cm 10 cm S5 cm 10cm 5¢m 10 cm 5 cm 10 cm

Initial total

nitrogen 750
Fertilizdr nitro=
gen added 263
Total (A) 10013
Resldual nitrogen
in the soil at
harvest _ 9539
Group uptake 413
Total (B) 10002
Unaccounted loss 11
(A-B) (4.2%)

9750 12000

263 263
10013 12263

9596 11768
404
10000 12242

13 o1
(4.9%) (%)

474

12000 7500 7200 11250 11230 14250 14230
263 263 263 263 263 263 263
12263 7763 7763 11513 11513 14513 14513
11731 7378 7354 11073 11048 13731 13766
500 379 398 429 449 506 466
12231 7757 7752 11502 11497 14237 14232
32 6 11 1l 16 13 18

(12.23%) (2%) (4.208)(4.23%)(6.1%5)(4.9%) (6.8%)

cbT



of applied nitrogen) nitrogen per pot for Triveni gtown in
the sandy loam soil under 5 cm submergencea. This unaccounted
nitrogen loss which does not confer any nutritional benefit
on the rice plant, might in all probabilities he due to
ammonia volatilization and denitrification resulting from
anaeroblc conditions of submergence. Since the holes at

the bottom of the pots used in the experiment were closed

in order to prevent drainage, leaching loss can not be con-
sidered here. The reports by Blasco and Cornfield (1966);
Duplessis and Kroontje (1964), Volk (1951) and MacRae and
Ancajas {(1970) showed that even in acid soils there could be
a loss of NHa through volatilization. The nature of ammoniacal
nitrogen source affects the rate of NH, loss and larger losses
have been observed with urea. The nitrogen lost by ammonia
volatilization can be as high as 19 per cent of the applied
nitrogen (MacRae and Ancajas, 1970). Denitrification loss of
nitrogen from fertilized submerged soils have been reported

by Crasswell and Vlek (1979). Based on the indications from
the present study, further investigations can be undertaken
on the processes and estimation of less of nitrogen from

different soil types.
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SUMMARY AND CONCLUSION

Nitrogen balance studles were carried out tq assess
the rate of efficlency of applied nitrogen under varying
s0ll conditions and irrigation levels with respact to short
and medium duration varietles of rice. A pot culture oxperi-
ment in CRD was carried out with five soil types namely, .
karapadam, kole, sandy loam, low level iaterite and black
soil, under two irrigation levals namely 5 ¢m and 10 cm and
with and without nitrogen application on twe varieties of
different durations viz., Jaya and Triveni, for this purpose.
The effect of soil‘type. submergence levels and nlirogen
application on growth and yield of rice, N P K content and
uptaka of nltrogen by rice grain and other plant parts, and
nitrogen recovery and its loss was investigated. The impor-

tant findings are summazrized below.

1. Soil type and irrigation levels ware found to influence
the growth characters in rice significantly. Karapadam soil
with 5 em level of submergence was found to nroduce maximum
plant height at all growth stages in Jaya rice variety. In
thée case of Trivenl variety, karapadam soll at 5 cm submore
gence at the tillering stage and kole soll at 5 cm submergence

at the subsequent stages produced maximum plant height,
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2. Growth characters in rice were influencgd also by
interaction of soil type x nitrogen application in Jaya
and Triveni varieties. Among the different soil x nitrogen
interactions, nitrogen application produced higher plant
height in all solls. Black soil wlth nitrogen application.
was found superior for Jaya while for Triveni kole soil

with nltrogen application was found superior.-

3. The interaction effect of so0il x levels of submer-
gence X nitrogen was found to have significant influence
- on the growth characters but was found varying between

varieties and growth stages.

4, Significant influence was noticed with regard to soil
type on grain yvield and yield attributes. In %the case of
Jaya, low level laterite and kole soils have been found *o
be superidr with regard to grain yileld as compared to kole

s0ils in Triveni variety.

5. The soil x level of submergence interactional effect
had no infiuence on grain vield in rice, but had influence
over the other yield attributes though to varying levels.
Yield and yield attributes in rice were positiVely influen=
ced by nitrogen appiication to all soils.
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6 The soil type had signiflcant influsnce on its
avallable nitrogen content. Among the differont soil
%ypes, kole soll recorded the highest available nitrogen
content and sandy loam recorded the lowest content, in the

caso Of both rice varleties at different perleds.

Te In the ease of both rice varletles the avallable
niltrogen content followed a definite pattern through out
the growth peried, During the first week of planting
seadlings an increase in avallable nltrogen content was
noticed in all soils, which showed a decrease during the
second week and cortinued till the fourth week and thore-
after agéin an increase during the fifth week, which was

followad by 2 contlnuous docrease till harvest stage.

8. lovel of submorgence had significant effect on the
availability of nitrogen. The 5 em submergence was found
to be superier vith régard ¥0 available nitrogen centent
in both varioties. Among the soil x levels of submergence
interaction kole soll with 5 cm submorgence was Ffound
superior,

e The nitrogen application was found to increase the
available nitrogen content of soil with both the rice

varioties,



10, The treatment combination of soil x level of sub-
mergence x nitrogen application had significant influence

on the available nitrogen content. Among different combi-
nations kole soil with 5 cm level of submergence and nitro-
gen application recorded the highest available nitrégen
content and sandy soil with 10 cm submergence and no applied
nitrogen recorded the lowest available nitiogen content in

4

all the periods.

11,  Soil type had significant influence on the plant
nitrogen content but ==’ its influence was found to varying

at different stages.

12, The effect of submergence and the interaction effect
due to soll and level of submergence combination were found
to have significant influence on the plant nitrogen content

and total uptake of nitrogen in both the varieties.

13, Nitrogen application resulted in increased nitrogen

‘content and total uptaké—of nitrogen in both rice varieties.

14, The interactional effect due to soil, level of sub-
mérgence and nitrogen was found to have significant influence

on plant nitrogen content in both the rice varieties.
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15, The nitrogen content and its uptake by grain were
significantly influenced by the soil‘type. In both varie-
ties, black and kole soils showed higher estimates for

nitrogen content and nitrogen uptake by grain.

16. Levels of submergence indicated significant influence
on nitrogen content and uptake by grain in Jaya variety
while, there was no such effect in'Triveni. In Jaya 5 cm

submergence was found better.

17, Soil type was found to have significant influence on
the recovery of nitrocgen by the rice.plant. In Jaya, low
level laterite, black and kole soils proéuced higher reco-
veries while, for Triveni kole soil produced the highest

nitrogen recovery,

18, Levels of submérgence was found'tb have significant
influence on the Tecovery of nitrogen with regard to Jaﬁa
variety, but had no influence on Triveni. In Jaya, 5 cm
level of submergence was found to be better than 10 cm. The
soil x level, of submergence interaction alsé had significant

influence on recovery of nitrogen.

19, The soil type, level of submergence, applied nitrogen
and their interaciion were found to have significant influ-
ence on the phosphorus and potassium contents of grain and

straw.
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20. In the case of Jaya, the unaccounted losses of nitro-
gen in different soll types ranged from 10 mg/pot to 44 mg/
pot in nitrogen applied soils. In the case of Triveni, the
unaccounted losses ranged from 6 mg/pot to 32 mg/pot in
nitrogen applied soils.

In the case of both varieties kole soil registered
the maximum unaccounted loss while low level laterite re-

gistered the minimum loss.

The results of the present set of investigations have
clearly brought out the superiority of certain soll types
of Kerzla in rice grain production. Levels of submeigence
were found to have significant influence on straw yield.
Nitrogen fertilizer application had definite advantage on
the growth and productivity of rice. Both grain yield and
straw yield were positively influenced by nitrogen applica-
tion. Soil type, levels of submergence and nitrogen appll=-
cation have influenced the uptake and content of nitrogen,
phosphorus and potassium of grain and straw. Balance sheet
of nitrogen application indicated unaccounted loss of nitro-
gen from different soil types, and this loss is probably

through ammonia volatalization and denitrification.
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Analysis of varliance
Appendix - I
Plant height at different stages

Mean square

Source af
Tillering Panicle initiation Flowering Harvest
Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni

Total 39 .

Soil 4 84, 97#* 88.01** 202,65%% 485, 8o##* 178, 73#%F  42] ,98#% 245, ,09%% 344, 75%%
Submergence 1 3, 54% T T30 2,64+ 51, 73%# 2,09% T3,23%% 1] 47#* 61,27%#
Nitrogen applica- ]

tion .1 390,06%#% 603,72%% 35]1,13%% 3]10,78%% 3309,09%% 279, 36#% 2955, 97+ 263, 72#%
Soll x submergence 4 1. 60% 0.34 58,.30##* 10,02%* 60,98%%# 11,566%% 82, 92#x% 5, 7o##*

Soil x nitrogen-
aoplication 4 27.04%% 15,25%% 18,13%% 25, TFOw#* 17,19%% 33,52##% 9,91 #* 45,34##

Submergence x
nitrogen 1 1.12 0.26 0.34 1.45 2,58% 0.22 2,09% 2,03+#

Soil x submergence
X nitrogen applica-
cation 4 0. B9 0,36 10, 74#% 15, 43%% 19,90%*%  14,93%*  18,38%% |3 S51#*

Error 20 10.47 0.26 0.39 0.51 0.31 0,17 0.30 0.17

! ! *% _ Significant at 1% level

* - Significant at 5¥ level



Analysis'of varianca

Appendix - II

Tiller number at different stages of growth

Mean square

Source df Tillering Panicle initiation Flowering Harvest
Jaya Trivenl Jaya Trivenl Jaya Triveni Jaya Triveni
Total 39
, _ ]
Sqils 4 2,49 12.12%° 2,.11™ 821" 3,63  5.72%  1,37" 3.13%
Submergence 1 0.28  0.45 0.28 0.09 0.18 0.22 0.54 0.02
¥ #* ¥
Nautrngen fertilizer 1 15,18 61.60" 52.90"" 55,93 27.76% 55,70 4.89"*  49,78""
Spil lx submezgence 4 1,09  0.77 0.37 0.84  0.58  1.29 1,72 1L.02
“‘)mt’( . 'EI—L( ni’c.rogen
3 a_} flertilizer 1 070 L9 0.10 2.86 0.04 2,60  0.18 1.44
[ ' =
3111'x Nitrogen ! | i
' F " fertilizer 4 1.65" 3.65 1 2,32 110 2.88" 168" 3,777 o
) | ! i
,ékik K submergence o
A Nirrogen fertili- y ] - *
f ‘ , zer 0.4l 1.8L | 0.34 0.25 0.83 0.30 0.45 0.24
| " 1
| Bxpor 0.19 | 0.8 | 0,27 1.06 0.17 0,52 0.14 0.46
! ! | :|
1 [

i
v
29
|
I
|
|
|
|

m._AA-__;T_

#% o Significant at 1% level

* - Significant at 5% level



Analysis of variance

Appendix III

Yield characters of rice

Productive Panicle Thousand
tillers length grain weight Grain yield Straw yleld
Source df
Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni
Total 39
Soils 4 1.32°7 3,27"% 19.42™ 3,52 o0.67" 0.6 18.09" 14.59" 136.05*" 71.72*"
Submergence 1 0.47  0.02 0,10  ©0.20 0.12  0.06 2,50 0.42  26.41%° 20.31™*
Nitrogen fertilizer 3,817 80,63 222,417 22.45"% 1.06" 23.16""193.92%%336,98"*1312.17" " 787.66*"
¥* W *
Soil x submergence 4 1.95 © 0.77  .0.68  0.67°° 1.25° 0.30 1.80 2.19 3.07°  1.62
Submergence x
#*-
Nitrogen fertilizer 1 0.07  1.23 175" 0,71 o.s0  0.91™ 12.54%" 1.06 1.06 17.02°%
olli x Nitrogen-
i fertilizer 4 4,12°° 1.60 3,377 1.50°% 3.02%% 1.69™ 1.81  1.87  22.41* 14.34™
§'011 X submergence
b pitrogen ferti- - . .
¥*
lizer 4 0.47 0.10. 3,05 .62 2.08 0,49%" 1,51 1.9 2.42 2,27
1
| Brror 20 0.20  0.63' 0,03 0.05 0.23 0.0 1,43 0.78 1.37  0.83

o l ,
' B ]

i

*% i~ Significant at 1% level
‘ | *

|- Significant at 5% level



Analysis of variance
Appendix IV
Avallable nitrogen status at different periods

| 24 hr 48 hr . 96 hr
Source ‘ df
Jaya Triveni Jaya Triveni Jaya Triveni
Total , ) i
: ] L y i + » ; L b
Soils 4 15216.39§ 19643,91 - 16246,94 26071.52 13444,36 2 24182,19
Submergence 1 63,38  245.06" 65.41°7  336.44°  511.19° 825,55

Nitrogen fertle * » » 1 - "
lizer 1 63543.,38 18105,00 9709.38 16402,350 11981.69 19223,19

Soil x submergence 4  31.45° 193,27 o7.50° 59.02°% 123"  134.020"

T Cunk s A
Nitrogen fertili- ; : # :
zor. 1 51.10° 7 189.25 ©  174.81° " 115.56  90.13" 4,31

Soil x Nitrogene ;
fortilizer 4  777.55 1950.66° 193,93  805.25° 750,037  156.0%5

Soil % sug?gr-
gence X rogen : ;
fortilizer 4 93.94" 281.47  118,89° 262.11°°  104.03"  14s8.00""

Brror 20 1.70 1.33 5, 10 1,25  2.64 2,08

L]

% = Significant at 1¥ levol
# . significant at 5% level



Appendlx IV contd.

1 vigek 2 wagk 3 week 4 woek

Jaya Trivoni Jaya Trivenl Jaya Triveni Jaya Trivenl

2758251 14226.78  10274.64° 14405,6%87 --0308,63" 14621.45"  9306.93% s773.02%"
214,65°  403.15" 743,08 3s6.08"  710.08° 216.28°  aevo.el®  136.90%7
92145,50° 37393.15°  9797.00° 24255.63  7118.08° 24050.08"  7409.0%" 16321.50%"
71.33° 18,11 46,17 273,27 67,85  70.0% 44,95 320,14

6.94 42,137 19,86  207.00°  10.25° 0,63 13,63""  8.09™
574,22 632-48" 244,31 1923,75 " 120,19 2033,93"° 379,41 1272.7%
63.42°° 62,637  9.38" 77,03 610 214,207 383,98 39,08
1.75 1,53 2,18 1.63 1.33 0.93 1,29 0,80

%% . Significant at I¥ lovel
® = Significant at 5% level



Appendix IV contd.

5 weoks 6 weels T woeks 8 weaks Harvaest

Jaya Triveni Jaya Triveni Jaya civeni  Jaya Trivenl Jaya Triven!

C<a o

7310,68" 6123.35° 6369.13" 6570.38" 6739.31 5110.40 6762,55" 4542.91"10987.65° 9342.58"
766.41° 24,25  777.00° 13,25 720.34° 270.41° 797.41° 93.03° 129.60%" 6a3s.91""
18640. 75" 43230.65" 14051.25" 35105.68"11303.15" 21436.51%11078.45% 2405953 5410.05723039.9%"
67.18"  188.,00" 86,28  33.05°  72.05° 27.65% 38,80""  a6.21"" es.85"" 11.m3
5,75 7.18" 3,06 5.59 44,91 313,59 14.66 378.22° 3.6  48.41"
214,177 103,98 203,46 1238.74" 306,17 700,52" 393,48 958,34 64,25 1283,07"
32,71 63,36 38.52° 207,75 56,65 141,93 37.95 15L.54" 25,85 128,71

12,96 1.683 1,10 1.48 1.30 3.40 5.75 4,22 4,9 11,23

#% Significant at 1% level

# Significant at 5% level



Analysis of Variance

Appendix V

Plant nitrogen content at different stages

: 10 days 20 days 30 days 60 days Harvest
Source daf
Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni Java Triveni
Tota}
#*
Soil 4 0,54 0,19 0.03"" 0.107*" s0.71™ 0.3 177" 0.92™ 12050 0.34"
W L 3.3
Submergence 1 0.05 0.30""  0.04"" 0.0009 0,005 0.23"° 0,41 0.11%* o0.004™ 0.004"
Nitrogen ferti- ' * * ;
7 lizer 1 4.62™ 49" 4,06"" 4,98 3.96™  5.43" 2.78™ 1.92™" 195992 0,347
Soll x submer-
gence 4 0.06 0.28°  0.38" 0.48"" 0.37"  0.15° 0.20°% 0,37 0.02** o0.0L
Sﬁbmergence X .
itrogen ferti- .
lizer 1 0.2 0.08 0.09"" 0.13"  o0.11™  0.07™ 0.31" 0.003 0.004™ 0,0009
Soil x Nitrogen- ok * * ; ! ; o
fertilizer 4 0,577 0,587 0,407 0.45°"  0.09"%  0.37°" 0.95"" 0.08"" 0,037 0.004**
Soil x Submer-
gence x Nitrogen- *
fertilizer 4 0.25  0.20™  0,09" 0.22"  0.25"  0.05"% 4.23% 0.19%" 0.0085"%0.0093*"
Errer 20 0.02 0.02 0.004 0.009  0.02 0.004 0.02 0,007 0,0003 0.0005
#* _ Significant at 1% level

* . Significant at 5% level



Analysis of Variance
Anpendix VX
Uptake of nutrients

Nitrogen uptakeo

Nitrogen uptake

Total Nitrogen

Source df by graln by straw uptake
Jaya Triveni  Jaya Triveni Jaya Trivenl
Total
Soils a 0,004 0,008"  0.02"" 0.004" 0,08 0,00
Submergence 1 0.002*" 0.0004 0.003"* 0.0005™ 0.0 0.0001
‘Mitrogen fertilizer 1 0.00" 0.02°°  0.08"" 0.02™  0.13"" o0.08""
Soil x submergence 4 0.0007 0.,0008°  0.,0003 0,0008™ 0.000*" 0.0008™"
Submargonce ¥ nitro- ' e | |
“gen fertilizer 1 0.000%5 0.00004  0.00002 0,0003 0.0004 0.00003
Soil x nitrogone- 2 wn £
fortilizer 4 95,0004 0,0003 0,051 0,0003° 0.0002 0.000%
501l x submergence x »
nitrogen fertilfizer 4 0.001 0.0002 0,00009 0.000L  0.0009 0.0004
Error 20 0,0002 0.0002 0.0002 0.00003 0.0004 0.0001

# - Significant at 1% level
- Significant at SX level

*®



Analysls of Variance
‘ Appendix VII
Composition of grain and straw

Mean squares

{
(

Nitrogen Nitrogéan Phosphorus Phosphorus Potassium Potassium
Source df content content content content content content
grain straw grain straw grain straw
Jaya Trivenl Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni
Total 39
. * * % * &%
Soils 4 0.04"" 0,03"" 0.13" 0.08"" 0.000770.0008" 0.0008%0.005* o0.02** o0.08% o0.07** o0.20""
*
Submergance 1 0.05** 0.002 0.009** 0.02* 0,00002 0,00002 0.00002 0,00002 0,00002

0.00001 0.059™" 0.00006
+* :

e * :
Nitrogen fertilizer 1 0,02° 0.008 " 0.02" 0,009 0.002"" 0.002"" 0.000%" 0,001" 0.25* 0.26"* 0.101** 0.17"

W
L £ 3 E 3
Soil x submergence 4 0,02 ©0.002 0,009 " 0,005" 0-00009 0.0003 0.0004° 0.00%" 0.001* 0.001 o0.14* o0.17*"

Submergence x Nitro- . * »it ¥ "
gen fertilizer } 0,01 0,0009 00,0002 0.0009 0.0003 0,00006 0,091 0,00006 0,006 0.009 0.06 0.19

Soil x Nitrogen- #* * W * Ak
fertilizer 4 0.005 0.0001 0,00008 0.002 0.0002 0.0005 0,0003
i * 33 ¥ %
0.0001 Q0,006 0.005 0.01 0.36

501l x Submergence x -
3]
Nitrogen fertilizer 4 0.0l 0.009 0.0004 0.0009 0.0005" 0,00006 0.000%
' 0.0005" 0.0008 0.0009% 0.16"% o0.17"*

Error 20 0.006 0,001 0.0004 0.001 0,00003 0,00003 .00004 ,
0.00004 0.0002 0.0003 0.602 0.0003

** . Significant at 1% level
# . Significant at 5% level




Analysis of Varionce
Appondlx VIII
Recovery of nitrogen

HMaean square

Source | af Recovery of Racovery of
Nitrogen Nitrogen
Jaya Triveni

Total 15 ,

Soil 4 4234 o 188.43%

Subnergence 1 63.33*A ” | o.és ‘

Interaction 4 160,16 8L, 74"

BError 10 ' 7.83 - 6460 -

#% o Significant at 1% lovsl
# - Significant at %% level
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ABSTRACT

Nitrogon balance studios were carricd out undor pot
culture conditions in CRD to assess the rate of efficlency
of applied nitrogen in five difforent soil types viz.,
karapadam, kole, sandy loam, low levaL laterite and black
soils ond two irrigation leovels, viz., 5 and 10 cm with
rospect to short and madium duration varisties of rice viz,,
Triveni ond Jaya. The effoct of soll type, submergence
lovels and fertiliser nitrogen application on growth and
vield of rice, nitrogen uptake and NPK content in soil,
plant, grain and straw were studled and the recovéry and

losg of nitrogen were computaed.

Soil type was found to influence the growth and yield
charscters in rice slgnificantly. In Jaya, black soil, low
lovel laterite and kole solls were found superier for grain
yiald, while in Triveni, kole solil alone turned cut superior,
Karapadam and kole soils produced higher plant height, tillar
count and straw yleld in beth the varieties. Soll type slso
influgnced the available nitrogen content in scll, uptake
and contaent of nitrogon in straw and graln. Eventhough laveal

of submergence failed to show any effect on grain yield and



vield atiributes in both rice varieties, significant effect
was noticed on thelr growth characters, avallable nitrogen
content of soll, uptake and content of nitrogen in plant,
straw and grain. Howoever, 5 em submorgence was botter than
10 cm, with ragard to available nitrogon content of the soil
in both varleties., Fortilizer nitroagoen applicétion influene
ced all the growth characters and yleld attributes in both
varlotics of rice as compared Lo control., Awvallable nitroe
gen content of soil, nitrogon content and ité uptake by
grain and straw were alse influenced by applied nitrogen,
Interaction effoct of soil and lovel of submergencoe was
noticed on different growth characters and yleld attributes
except on grain yield and NPK content of grain and étraw in
both variecties. The combined effect of soil and nitrogen’
application was qulte pronounced on all charactors studied
and soil and plant nutrients analysed. Soll type, level of
submergence, nitrogen application and tholr interaction in-
fluenced the phosphorus and potassium contents of grain

and straw. Three way intéeraction of soil, level of submere
gence and nitrogen application was significant on the growkh
and yleld characters but found varying batween varioties and

their characters. Maxlimum nitrogen racovery by Jaya variety



~ was in low lovel laterite soil under 1D cm submergence

and was found to be 44,26 per cent of the appliesd nitrogen
and that in Trivenl vorlety was in kole scil under 5 cm
submergence and was 44.97 por cent. Nitrogen halance
estimates indicated loss of nitrogen from all the scoil
types studied, probably by ammonia volatilization and
denitrification,



