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INTRODUCTION



INTRODUCTION

Nitrogen and water are the two major limiting 
factors in rice production. They also serve on the key to 
the realization of yield potential of modern rice varieties. 
However, suitable and effective use of nitrogen and water to 
increase rice yield deserves significance not only from the 
economic view point, 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, variety, 
water management, source, time and amount of nitrogen appli
cation, etc. The analysis of those factors In the rice 
tracts of Kerala reveals certain evincing facts. Rice culti
vation is mainly concentrated in the wet lands of Kerala.
But, there exists a lot of heterogeneity in the soil type 
and variety usod by the farmers. The available package of 
recommendation for îce has not taken into account fully 
these soil and varietal differences. For example, a general 
recommendation of 90 kg N/ha and 70 kg N/ha are given for 
medium and short duration varieties respectively, under all 
soil types. Similarly, 5 cm level of submergence is gene
rally recommended for all varieties under all situation 
of wet land rice (Anon, 1986). Hence, there is ample need 
for undertaking studies on the effect of different soil types,
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level of submergence and nitrogen application on growth 
and yield of rice* Analysis of nutrients in soil, plant 
and plant parts would Indicate the effect of soil submer
gence levels and nitrogen application on growth and yield 
of rice through Influence of nutrients. The effect and 
the interaction of different factors on the movement and 
concentration of nutrients in the economic plant parts 
(grain and straw) can also be inferred from such analysis. 
The Information from these studies will be useful In the 
formation of separate fertiliser recommendation for diffe
rent rice soils of Kerala for realizing maximum yield.

Nitrogen balance studies servo as the means by which 
the influence of various factors on the total nitrogen con
tent can be clearly delineated and monitored. Such studios 
are many on dryland soils (Allison 1995), and quite meagre 
on wet land soils In the tropica (Koyarna and App, 1979).
The information from dryland soils 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 considered 
better than field experiments for nitrogen, balance studies 
due to the added control available In pot cultures against
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input and'outgo pathways (Koyama and App, 1979). Taking 
into account the paucity of informations nitrogen balance 
estimation was aimed in the present study with the major 
rice soil typos 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 wet
land rice crop in the tropics. The nitrogen balance esti
mates in different soil types can also be compared to see 
the relative amounts of unaccounted nitrogen losses in 
different soil types of Kerala. Further, the possible 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 aforementioned aspects the present 
set of investigations was planned with the following objec
tives:
1. to study the effect of soil types, submergence levels and 

nitrogen application and their interaction on growth and 
yield of rice.

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

3. to study nitrogen recovery and nitrogen balance in diffe
rent soil types of Kerala.
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REVIEVf OF LITERATURE

Rice cultivation in Kerala is carried out mainly in 
lowlands under different soil situations and using varieties 
of varying duration. Even though difforent soil types and 
varieties ar© involved, a blanket recommendation of 90 or 
70 kg N/ha is prescribed for high yielding varieties of 
paddy without any regard to the nitrogen status of different 
soils and their ability to supply nitrogen. The information 
from nitrogen balance studies In different soil types would 
be helpful in assessing the exact requirement of nitrogen 
by rice varieties of different duration In difforent soils 
and also the residual status of soil. Unfortunately such 
studies ar© meagre in wetland rice soil typ©3 of tropics.
The present Investigation Is ainod at assessing the availa
bility of nitrogen in different soil typos and the rate of 
recovery of fertilizer nitrogen under varying soil conditions 
with respect to medium and short duration varieties. Hence 
in this chapter, the earlier works accumulated on these 
aspects are reviewed.

I* Effect of nitrogen levels on growth and yield of rice In

a. Height of the plant
Lonka and Behora (1967) observed that increased doses
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of nitrogen from zero to 120 kg/ha Increased plant height 
in ric© significantly. Lenka (1969) again reported that 
response of height was pronounced and increased progressi
vely with increased nitrogen levels of zero, 40, 80 and 
120 kg/ha. Rataanujam and Rao (1971) observed positive 
correlation in plant height at tillering and flowering 
stages with the levels of applied nitrogen. Sumbali and 
Gupta (1972) found that plant height Increased with increa
sed levels of nitrogen upto 200 kg/ha, consequently increa
sed the straw yield. In trials at Bangkhan Rico Experiment 
Station Japan, Koyama and Niamsrichand (1973) observed in
crease in plant height with increasing levels of nitrogen 
upto 93 kg/ba. Alexander (1974) and Gunasana ê, al.
(1979) also reported increase in height of plants with in
creasing rate of applied nitrogen. In an investigation 
with Java cv,, at Rico Research Station, Kayamkulaia with 
43, 60 and 90 kg N/ha Sushamakuniari (1931) observed signi
ficant increase in height of plants at all levels of nitrogen. 
In the same location Sobhana (1933) also obtained similar 
trend on rice variety Mashuri.

In contrast to the above, Sreekumaran (1931) while 
investigating the fertilizer requirement of Lakshmi variety 
at the Rice Research Station, Kayamkulpm did not observe any
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significant increase in plant height with different levels 
of nitrogen. Similar results wero reported by AJlt Kumar 
(1984) based on the investigations carried out at the Rico 
Research Station, Paitambi with Mashurl variety.

b. Tiller count
According to Kalyanikutty and Morachan (1972), in

creased doses of nitrogen progressively increased tiller 
number per hill in dwarf indieas like ADT-27 and CO-33, In 
pot experiments conducted by Panda and Narkhede (1972), the 
rice variety Taichung-63 gave increased tiller counts with 
increasing nitrogen levels upto 90 kg/ha and was higher when 
it was applied in two instalments rather than three instal
ments. According to reports by Raju (1979) rice cv,, Jaya 
grown on a sandy clay loam soil gave significant increase in 
number of tillers per hill with increased nitrogen levels 
upto ISO kg N/ha, Sushamakuraari (1901) observed that nitro
gen application had considerable influence on tiller produc
tion.
c. Number of productive tillers

Pando and Singh (1970) found that nitrogen increased 
yields mainly by increasing panicle number per unit area. In 
a trial on the nitrogen requirement of IP.-3 and Taichung 
(Native)-I Gupta jgjj. &\» (1970) observed an increase in the
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number of fertile tillers per plant with nitrogen upto 
135 kg/ha. Muthuswamv et al« (1972) reported from a trial 
conducted to assess the fertilizer requirements for three 
rice varieties, that increase in nitrogen levels increased 
the productive tillers and that the heighost was for 160 kg 
&/ha. Subramanian and Kolandaisvvamy (1973) observed that 
the total number of productive tillers per square metre in
creased with increase in nitrogen levels upto 240 kg/ha. 
Rethlnam (1974) reported that increasing rates of nitrogen 
from zero to 160 kg/ha produced a linear increase in average 
number of productive tillers per hill. Gowda and Panicker 
(1977) obtained increased number of productive tillers per 
hill with increased nitrogen levels upto 169 kg/ha. Murfchy 
and Murthy (1931) as well as Sree Kumaran (1931) have also 
obtained similar results.

d. Panicle length
Lenka (1969) observed that the length of panicle 

Increased with the levels of nitrogen, viz. 0, 40, 80 and 
120 kg/ha. Singh (1971) reported an increase in panicle 
length v&th increase in nitrogen levels from 0 to 160 kg/ha. 
Subbiah al*. (1977) reported that length and weight of 
panicle Increased with increasing rate© of nitrogen upto
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200 fcg/ba* Sthgh at (1979) also observed that panicle 
length increased with nitrogen rates upto 120 kg/ha* 
Surendran (1985) reported that the length of panicles in
creased with increase in levels of nitrogen.

q« Thousand grain weight
Pando and Leeuwrik (1972) reported that nitrogen 

increased thousand grain weight upto 200 kg/ha# According 
to the results of trial© conducted by Sadavaooan.et al.(1974) 
tho weight of thousand grains was influenced by nitrogen 
application* but the treatments with 50 to 200 kg/ha were 
on par. Positive increase in thousand grain weight due to 
nitrogen application was also obtained by Gowda and Panlcker 
(1977), Raju (1979) and Surendran (1985).i

Contrary to these results Muthuswamy ̂  aj,. (1972)* 
Natarajan at (1974) and Lenka et al. (1976) reported 
that tho weight of thousand grains remained unaffected by 
nitrogen application. On tho other hand* research reports 
'of Shrivastava (1970) and Raraanujana and Rao (1971)
indicated that increasing nitrogen application decreased 
thousand grain weight.

f. Grain yield
Rethlnam (1975) observed that the increase in
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yield was sequential to the graded levels of nitrogen and 
a maximum yield was obtained with 160 kg H/ha in both tell 
and dwarf Indlea rice varieties. Trials conducted by Sahu 
and Murthy (1975) revealed that grain paddy yield increased 
with nitrogen levels up to 160 kg/ha. Pillal &  ji* (1975) 
observed significant response in grain yield upto 00 kg N/ha.

From experiments conducted in farmers fields, Gowda 
and Panicker (1977) reported that yield response to nitrogen 
was linear in varieties Jaya* IFl*»B and IR-5* Roy ot el. 
(1977) found that in irrigated trials with long duration 
rice cultivar, Pankaj, grain yield was highest with 120 kg 
N/ba applied in four equal split dressings* Wurthy and 
Murfchy (1973) observed that rice yields increased with 
nitrogen rates upto 120 kg/ha and increases were attributed 
to increase in tillering*

Bhuiya £& (1979) observed an increase of 600 kg
grain per hectare when the level of nitrogen was enhanced 
from 0 to 60 kg/ha, Gunasena et,al* (1979) reported increase 
in grain yield from 3*63 to 6*52 t/ha, when the level of 
nitrogen was raised from 0 to 90 kg/ha during wet season in 
Sree Lenka. Dixit and Singh (1979) observed that grain yield 
increased from 2.13 t/ha with no nitrogen to 4*19 t/ha with
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30 kg N/ha. Pande and Das (1979) observed that Increasing 
the rates of applied nitrogen from 0 to 200 kg/ha increased 
the average paddy yields from 6.13 to 3.96 i/ha in seven 
dwarf rice cuitivars tried. Raju (1979) reported Increases 
in grain yield with nitrogen doses upto ISO kg/ha. Mangel 
and IfJllson (1931) and Surendran (198$) also reported that 
grain yield increased with increased nitrogen application.

Ramanu^am and Rao (1971), however, recorded decreased 
paddy yield with the application of more than 90 kg N/ha. 
Trials conducted by Fagundo jgJi &L* (1973) with four nitrogen 
levels from 0 to 240 kg/ha showed increase in tillering, 
but had very little effect on final yield.

g. Straw yield
In a trial on the influence of nitrogen supply on 

growth factors of rice, Ramanujam and Kao (1971) observed 
that straw yield increased with increase in applied nitrogen 
upto ISO kg/ha. Muthuswamv ot ai. (1972) observed a signi
ficant Increase in straw yield upto 120 kg N/ha. Sumhali 
and Gupta (1972) reported that straw yield was, increased 
upto 200 kg K/ha, mainly due to the fact that plant height, 
number of loaves and effective tillers per hill were increa
sed with Increased nitrogen levels. Singh (1974)



noticed considerable Increases in straw yield due to 
increasing doses of nitrogen* According to Rethinam C& al. 
(1975), the straw yield in rice varieties, Cauvery and 
Pndma, was influenced by Increased doses of nitrogen. 
Venkateswarlu (1973) reported that straw yields increased 
upto 200 kg N/ha and beyond this dose it decreased. Sushama- 
kumari (1981) observed that nitrogen at higher levels pro
gressively increased straw yield and the highest straw 
yield recorded at 90 kg N/ha was significantly superior, to 
43 or 60 kg levels* Surendran (1933) also observed an 
increase in straw yield duo to increased doses of nitrogen*

^haflg&S-jJlAĥ v̂aiXaMjLJlLtĝ Qn,eo.nfcent_lQ_ different 
so!,!, tvoas during crop growth

Bhuiyan (1949) reported that the total nitrogen content 
of the soil was more or less constant throughout the year, the 
ammonia content remained at a relatively high level soon after 
waterlogging and then decreased and remained at a low level. 
Nitrate was absent during waterlogging but began to accumulate 
after harvest.

From the results of a pot culture experiment conducted 
with four levels of nitrogen, two levels of phosphorus and 
potassium using three high yielding varieties» Loganathan and
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and EaJ (1973) observed that the available nitrogen varied 
markedly from stage to stags of the rlco crop* It was 
highest at 15 days after transplantation and sharply de
creased to a very low value after 30 days* thereafter it 
recorded a gradual increase* In an experiment at IHRI9 

Philippines it was reported that mineralization of soil 
nitrogen appeared to increase with the addition of inorganic 
nitrogen fertilizer* as reflected in the increased uptake 
of nitrogen by rice with increased levels of fertilizer 
nitrogen (Anon** 1974)* Sraevastava (1975) reported that 
alkaline-perraanganate-extracted available nitrogen was 
highly correlated with amino sugar nitrogen* organic matter, 
hydrolysablo nitrogen* total nitrogen and amino acid nitro
gen* Mathen &L* (1976) In an assessment of the accumu
lation of nitrogen in a black soil found that the availabi
lity of nitrogen Increased substantially over years by 
Increasing the rate of application of nitrogen along with 
phosphorus* Shiga and Ventura (1976) in a pot culture 
experiment with Maahas clay and two other soils found that 
the nitrogen supplied by the soil varied continuously 
throughout the period of plant growth and this nitrogen 
played a crucial role in the growth and yield of the rlco 
plant* Mohapatra and Khan (1993) in a study using 21 lowland
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rico soils of Indio with a wide pH rang© found that the 
mineraiisabl© nitrogen released from soil organic nitrogen 
formed 9*45/6 to 4*6% of the total nitrogen content.

From field experiments conducted in Japan it was 
observed that the amount of extractable organic nitrogen 
apparently varied with the stag© of rico growth. It incre
ased from th© transplanting to tillering stage* followed by 
a decrease until the maximum tillering stage. This was 
followed by an increase in this form of nitrogen* the maxi
mum being reached at the stage of panicle formation (Highuchi 
and Uehlda* 1984), Keertisinghe (1984) reported that in wet 
land rice soils highly significant amounts of labelled non- 
exchangeable ammonia wore released and taken up by rice plants 
and the contribution to rice nutrition In the vermiculito 
rich soils was estimated to be 20 to 100 kg N/ha.

XXI» XBiluanfiftjB£-leg9la--Ol-auhPatqeng.ft.-Qn.th.a-avallabllltv

Raymond and Shapiro (1958) while investigating the 
effect of flooding on availability of phosphorus and nitrogen 
found that flooding increased the grain yield and nitrogen 
uptake by rico. But flooding had no apparent effect on the



availability of soil nitrogen. Sen and Desgupta (1969) 
reported that the rice varieties performed best with the 
differential supply of water at various stages of growth 
and development under each season* Under limited water 
supply greater yield could b* obtained by the application 
of higher doe© of nitrogen and under limited application 
of nitrogen the same effect can b® produced by increasing 
the supply of water to an optimum level*

According to Hukkeri and Shartaa (1974) submergence 
in 4 cm standing water during the tillering and flowering 
stages only or continuous submergence gave similar paddy 
yields in the monsoon season* Gorantiwar ot al,,, (1973) re
ported that in a medium black soil of Jabalpur there was no 
significant difference between the grain and straw yields 
under 4 cm and 7 cm of flooding, Yoshida and Padre (1975) 
observed that the uptake of fertilizer nitrogen by rice 
plants growing under submerged soil conditions ceased at 
the vegetative stage of growth because only a small amount 
of available nitrogen remains in the soil at this times but 
the rice plant continued to absorb gradually untagged nitro
gen from the soil throughout the reproductive stages of growth, 
Sharma and Be (1976) observed that in field trials with rice
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cv* Padma given 0*200 kg N/haf paddy yield was higher under 
continuous submergence conditions than under alternate wett
ing and drying conditions. In a field experiment on water 
management of rice conducted at Pantnagar* it was observed 
that the total nitrogen content increased with water depth 
(Sharma and Modgal* 1980). Kupkanachanakul and Vergara 
{1980) reported that when rice was grown in medium deep water* 
nitrogen application increased the grain yield from an aver
age of 3.44 to 4.64 t/ha but the harvest index and 1000-grain 
weight wore not affected.

Khind and Ponnamperuraa (1931) investigated the effect 
of water regime on the performance of rice and found that 
when averaged for soils and nitrogen levels, yields from 
treatments in which soil drying was began at two and five 
weeks after transplanting were lower than that from the con
tinuously flooded treatments but the simple effect of soil 
drying treatments had adverse effect on the soil which was 
high in nitrogen content. Soil drying at two and five weeks 
after transplanting had adverse effect in the soil low in 
nitrogen. Investigations on the effect of submerging the 
rice to 75% and 100% of plant height at th© active tillering 
and panicle initiation stages for different periods on the
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grain yields indicated that at active tillering stage, 
two days submergence at 15% level recorded th© maximum 
grain yield, which was on par with one day and three days 
submergence and significantly superior to five days and 
seven days of submergence. At panicl© initiation stage 
the reduction in yield was significant when the duration 
of submergence was 5 days or more at 75;a level and one 
day at 10OJS level (Anon., 1902).

IV, Influence of levels of p̂olled nitrogen on the eomoo- 
siti,op _and uptake of nutrients by Paddy.

Thenabadu al. (1970) based on tracer studies re
ported that the uptake of nitrogen from fertilizer was

i
greater from early application than from late application. 
Koyaraa (1973) in their investigation with i5N found
that basal dressing and top dressing at panicle initiation 
each with 37,3 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 nitsagen absorbed, 33,3^ was from basal applica
tion and 66*6% from the top dressing, Tho recovery rat© of 
top dressed nitrogen was 5%% and that of basal nitrogen 
only 27%m
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Westenaan and Kurtz (1973) examined the priming effect 
on the uptake of soil nitrogen in two field experiments con
ducted during 1966 and 1967 on Sorghum using urea and oxamide,

15oach labelled with N* They observed that addition of nitro
gen fertilizer increased the uptake of soil nitrogen by 17 to 
453a in the first experiment and by 8 to 27?& in the second ex
periment. XShllq investigating the response of rice variety 
IR- 8  to increasing rates of nitrogen application in terms of 
yield end nutrient uptake on four soil types of Gomati and 
Sal* Khan and Pathak (1976) observed significant progressive 
increase in yield at all the nitrogen levels in all soil types.

Yoshida art̂JPttire( 1977) observed that the nitrogen uptake 
from fertilizers by th® rice crop was much groater when cal
culated by the difference method than by the isotope method.
At fertilizer application rates of 30 ppm nitrogen or more 
the uptake of fertilizer nitrogen by rico crop Increased with 
increased level of nitrogen application.

Rai and Murthy (1979) reported that the average paddy 
yields in eight rice cultivars with 40 and 30 kg N/ha were 
3.04 and 5 t/ha, respectively under normal conditions and 4 
and 4.13 t/ba under water logged conditions. Roddy and 
Patrick (1903) revealed that yield of grain was closely corre
lated with total nitrogen uptake in the tops, less closely
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correlated with soli nitrogen uptake and not significantly 
correlated with fertilizer nitrogen uptake. However* the 
increment of yield was positively correlated with fertilizer 
nitrogen uptake* as compared to yield alone. According to 
Subbiah and Sachdev (1931) even under the best conditions 
the amount of fertilizer nitrogen absorbed by the rice crop 
seldom exceeds 30 to 35& of the total quantity applied,
Talha ot a I,. (1991) in lysimeter trials with rice showed 
that grain and straw yields, 100-grain weight and NPK uptake 
increased with depth of irrigation water and increase in the 
nitrogen fertilization rate, Chlnchest (1932) in his experi
ment on the effect of water regimes and nitrogen rates on 
nitrogen uptake and growth of rice varieties observed that 
91 days after sowing nonflood treatment of green house grown 
rice resulted in groater tiller number, dry weight, nitrogen 
content and uptake, and loaf 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 weight, nitrogen uptake and decreased height 
when compared with shallow water treatment.

v» Recovery of nitrogen from applied fertilizer
Abichandani and Patnaik (1953) obtained 40% recovery of
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applied nitrogen after 42 days of submergence from surface 
applied ammonium sulphate compared to 8S& when the fertili
zer was incorporated. Recoveries from ammonium nitrate was 
24 and 44j£, respectively, Patnaik and Broadbent (1967) re
ported that utilization of nitrogen vdthln 15 days of appli
cation was X&& at tillering and 44$> at boot leaf stage.
Koyama et (1973) reported that the recovery rate of top 
dressed nitrogen was 54& and that of basal nitrogen was 27&.
Based on pot culture experiments using ftSaahas soil IRHI has 
reported that at 30, 60 and 90 kg N/ha of applied nitrogen 
the amounts of fertilizer nitrogen taken up by the rice crop 
were 35, 39,7 and 40.3?o, respectively of the applied ferti
lizer by the isotope method and 36,3, 65 and 71,3/a by the 
differential method (Anon, 1974), Patrick and Roddy (1976) 
from their field experiments showed that fertilizer nitrogen 
recovered in the grain ranged from 30,9 to 37,3 kg N/ba,
Recovery of fertilizer nitrogen in the straw ranged from 
10,2 to 24,2 kg N/ha and a considerable portion of fertili
zer nitrogen remained in the soil after cropping, Yoshida •fa-dlve 
(1977) found that the recovery of fertilizer nitrogen by the 
rice plant was low when it was added as basal but the recovery 
was improved by incorporating it before transplanting and the 
recovery of fertiliser nitrogen when top dressed at reproduction
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stago was much higher than when supplied as basal# Houng 
and Lul (1979) based on pot trials with enriched ammonium 
sulphate observed 20^ recovery from basal application! 40# 
from top dressing at tllleringf 60-90# from top dressing 
at young panicle stage and 40-60# from application after 
heading stage# In a field trial where rice cv* MAS 2401 was 
grown on a sandy loam river levee soil under wet land condi- 
tlon and supplied with 90 kg N/ha by broadcasting or deep 
placement! only 26% and 36% of applied nitrogen was recovered 
in the grain and 18# and 29# in the straw with broadcasting 
and deep placement! respectively (Ayatode, 1980).

VI. Nitrogen _B_glonce studies

Balance sheet for nitrogen and phosphorus was investi
gated in actual paddy fields in shlntone 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 
fertilized plot amounted to 1.90 kg/10 acres. A considerable 
amount of nitrogen was lost from the non-fortilized plot, 
therefore the applied fertilizer loss of nitrogen was estimated 
to be 0*9 kg/10 ares. The balance was minus 0.37 kg/10 ares,

20



The balance was minus 0,37 kg/10 ares, indicating that the 
annual uptake of nitrogen by the paddy field exceeded the 
annual loss (Takamura ,1977) .

W.aeda and Yutaka (1976) based on pot culture experi
ments using tagged ammonium sulphate found that under flooded 
condition, applied N balance in cropped soil consisted of 
nearly 35# of crop recovery, 15-20# of immobilized form and 
45# of unknown part - Takamura et a.I. (1976) investigated 
the fate and balance sheet of nitrogen in the rice paddy 
fields with or without application of fertilizers and found 
that the nutrient concentration in the surface water reached 
63 ppm N and 26 ppm P in the paddy field with surface appli
cation of fertilizers. About 19,0# of N and l.s# P of ferti
lizers added to the field were lost by surface run off, while 
percolation loss of N wap less than 1/3 of its surface run 
off,

Reo and Sherra# (1973) estimated the balance of soil 
nitrogen in a field experiment, consisting of six cropping 
sequences and three fertilizer constraints for two years on 
a sandy loam soil. The study has indicated that the total 
nitrogen In soil at the end of two years showed a deficit 
balance of the order of 53 kg N/ha in maize wheat sequence.



while other crop sequences particularly those including 
legumes, built up the nitrogen status of tho soil. The 
highest average gain in soil nitrogen was of the order 
of 81 kg N/ha which was recorded under maize-potato-green 
gram sequence. In most of the crop sequences tho net gain 
in soil nitrogen was lower than the lowest dose of ferti
lizer application: App et aJU (1984) based on long term
fortuity experiments in two sites In the Philippines 
suggested that the two flooded rice crops grown each year 
resulted in a positive nitrogen balance equivalent to 79 
and 103 kg N/ba/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 equivalent of 
approximately 6-3 kg M/ha in the surface soil between trans
planting and heading, as a result of nitrogen fixation by 
phototropic microorganisms.



MATERIALS AND METHODS



MATERIALS AND METHODS

The present investigation Included a well-designed 
pot culture experiment conducted at the College of Agricul
ture, Vellayani, during the first crop season of 1984-SS.

I* Experimental, details,
A completely randomized design with two replication^ 

was adopted for the study, Th© treatments consisted of a 
factorial combination of 5 soil types, two levels of sub
mergence and two fertilizer levels i.e,, one with no nitrogen 
fertilizer and the other with nitrogen applied as per package 
of practice recommendations of the KALI (Anon. 1936) for short 
and medium duration rice varieties. The details of the 
treatments are given below x-

a. Soil types :
®1 “ Riverine alluvium (Kuttanad)
$2 “ Lacustrine alluvium (Kole)

- Sandy loam (Onattukara)
- Low level laterite (Pattambi)

S5 - Black soil (Cbittoor)

Surface soil samples upto 6n (15 cm) depth which re
mained waterlogged after the third crop season were collected
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from farmers field in bulk quantities. The soils wars air 
dried, powdered, passed through 2msn sieve and used for sub
sequent studios. The mechanical composition and chemical 
characteristics of the soil prior to the experiment were 
determined using standard procedures (Jackson 1973) and 
given in Table 1.
b. nice varieties

nA - Jaya
R2 - Triveni

c. Levels of submergence

- 5 era standing water
- 10 era -do-

d. Fertilizer dosage

T0 - No nitrogen
T^ - 90 kg N/ha for medium duration variety and

70 kg N/ha for short duration variety

Each of the rice varieties had separate control and 
were kept without nitrogen.

Total treatments - 20 
Replications - 2

24
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The treatment combinations for tho two varieties
I follows •e

W o W o W o W o S9WJLr0
W i S2W1T1 S3U1T1 S4W1T1 W l
S1*2T0 S2W2T0 S3W2T0 W o S9W2T0
W i S2W2T1 S3W2T1 S4W2T1 S5W2T1
Earthen pots of 12* disaster wore used for tho'study. 

Before starting the.experiment the pots wore cleaned and the 
drainage holes were sealed with cement to prevent the leach* 
ing loss.

Exactly 7.9 kg of the five soil type was weighed and 
filled in each earthern pot. The soil in the pot was flooded 
and puddled well before the seedlings were transplanted. On 
the day of planting N# and form of urea (465** N)»
superphosphate (1G& P̂ Ô ) and muriate of potash (60& KgO) wore 
applied at the uniform rate of 90*49*49 and 70*39*39 kg/ha 
according to the duration of the varieties. Control plots 
received no nitrogen. Half of the nitrogen and potash and 
full phosphorus wars given as basal dressing. Sprouted seeds 
of Jaya and Triveni were sown in separate nurseries. Healthy 
seedlings of 30 days old Jaya and 18 days old Triveni varie
ties were transplanted In three hills in each of the respec
tive pot at tho rate of two plants per hill* The remaining



half of th© nltrogon and potash wore applied as top dressing 
at the time of panicle initiation. From the next day after 
planting, 5 cm and 10 cm levels of water wore maintained in 
th© pots by daily irrigation. Irrigation was stopped when 
the seed setting stag© was completed.

The pots wore kept free from weeds during the course 
of the experiment. Ekalux 25# EC spray to control the leaf 
roller and BMC 50# WP spray to control rice bug were given. 
Thore was no serious attack of any disease.

The variety Jaya was harvested 105 days and Triveni 
70 days after transplanting, Th© straw and grain from each 
pot were collected separately, dried and weight recorded. The 
dried samples were ground and used for chemical analysis.
II. Growth and Yield Parameters

Tho following biometric observations were recorded 
from each treatment.

1. Plant height at the active tillering. Panicle - initiation, 
flowering and harvest stages

2. Number of tillers at the above mentioned stages
3. Productive tiller number just before harvest
4. Length of the panicle
5. Weight of grain
6. Weight of straw
7. Thousand grain weight
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III. Chemical .analysis. 
a. P-ftdftd.lc_a.l_ An a X valft-Of. -C.o.11

From each pot wot soil samples wore collected perio
dically at Intervals of 24 h# 43 h, 96 h, 1 week, 2f 3, 4,
5, 6, 7 and 8 weeks after fertilizer application and finally 
at harvest by the funnel method (Ablchandonl and Patnalk 
1937) and with least disturbance to the plants.

i) Av.^UbA9..nteaa»a:-
Available nitrogen content of the soil was determined 

by the alkaline permanganate^ method (Subbiah and Aslja,1936).

11) Available phosphoruss-
Available phosphorus was estimated by extracting th© 

soil with Bray No*! extractant and thereafter developing 
chlorontolybdic add blue colour and reading In Klett-Summerson 
photoelectric colorimeter using red filter (Jackson* 1973),

ill) Exchangeable potassiumi-
Exchangeable potassium was estimated by extracting the 

soil with neutral normal ammonium acetate and the K was read 
in a BEL-flatn© photometer (Jackson, 1973).

b- SlsBkjfaatotp.
1} Nitrogen

Nitrogen content of plant samples collected from each
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treatment at active tillering, panicle initiation and 
flowering stages and that of grain and straw at harvest 
were determined by raicro-kjeldahl digestion method as 
suggested by Jackson (1973),
il) Phosphorus:- Phosphorus concentration of the plant 
samples at harvest was determined by triple acid digestion 
and thereafter estimating colorimotrically by vanadomolyb- 
dobiphosphoric method using Spectronic 20 at a wavelength 
of 470 ran (Jackson, 1973),
iii) Potassium:- Potassium concentration of the plant sample 
at harvest was determined on triple acid extract using an 
EEL Flame photometer (Jackson, 1973).
iv) Uotake of nitrogen:- The nitrogen uptake was computed 
from the percentage nitrogen of plant parts and their total 
dry matter production*
v) Recovery of nitrogen bv plants:- The percentage recovery 
of nitrogen was calculated from the formula ^C- x 100 
where, NF is the nitrogen in the plants grown in the ferti
lized pot, NC is the nitrogen in the plants grown on the 
control pot and R is the rate of applied nitrogen.
IV, statistic aI Ana1vs1s

The various data obtained in the study were statisti
cally analysed employing the mathod of analysis of variance 
for factorial experiments in completely randomized design. The 
significant was tested by *F* test (Cochran and Cox, 1965),



Table 1 Basic data on the soils selected for the study 
(a) Physical characteristics

Soils Mechanical Analysis Single value constants

Coarse Fine Silt Clay sand sand
Bulk Parti- water pore % volume den- cle hold- space expansionsity den- ingsity capa

city

1. Karapadam(Kuttanad)
2. Kole

26.00 21.25 10.20 42.55 1,058 1.868 50.69 50.21 11.30
11 15 20.85 53.15 1.004 1,984 50.81 49.39 11.90

3. Sandy loam (Onattukara) 50 10 6.45 33.55 1.352 2,170 29.63 37.53 5.02
4. Low level 

laterite 25.25 22. 60 12.00 39.95 0.989 1.742 47.16 43.29 7.69
5. Black soil 32 U. 85 10.40 45.75 l.042 1.922 51.62 50,26 12.80

Cb) Chemical characteristics

Soils pH Organiccarbon
{%)

CEC Total
N(3fi)

Total
P(%)

T otal 
K {%) Ava.N

{*)
Ava.P Ava.K Ava.Ca 
(%) (#) {%)

Ava.Mg
OS)

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 0.05 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 (Pattambl) 5.0 1.50

1
!6.24 0.15 0,06 0.06 0.0118 0.0040 0.009 0.015 0.059

5. Black soils (Chittoor) 8.0 ! 2.30
1
7.9 0.19 0.09 0.08 0.0128 0.0046 0.024 0.114 0.140

roCD
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RESULTS

The present study was carried out to assess the rate 
of efficiency of field applied nitrogen under varying soil 
conditions and irrigation levels vdth respect to short and 
medium duration varieties of rice viz Jaya and Triveni. The 
observations recorded wore analysed statistically and the 
salient findings of the experiment are prosented below:

I, Growth and yield parameter

(i) Height of the plant

The data on the height of plant at different stages of 
growth with respect to the two varieties; Jaya and Triveni 
under different levels of submergence are given in Tables 
2(a) to 2(d) and the analysis of variance in Appendix I.it 
was seen from the table that In both tho Jaya and Triveni 
rice varieties tho soil type was found to have significant 
effect on plant height. At all growth stages, tho height 
varied according to the soil type. The plant height in the 
Jaya variety was maximum at all growth stages, when grown in 
the Karapadam soil. Next to karapadam soil was tho black soil, 
where maximum height was recorded at panicle initiation, 
flowering and harvest stages. At the tillering stage, the



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

J A V A T R I V E N I

Soil type Different growth stages Different growth stages
Tiller
ing

Panicle Flower- 
initia- Ing 
tion

Harvest Tiller
ing

Panicle Flower— 
Initio- ing 
tion

Harvest

Karapadam 35*0 60.5 67.9 74.5 33.1 57.5 66.0 72.1
Kole 34*1 51.1 55.7 60.8 32.6 70.6 78.2 81.7
Sandy loam 26.6 51.4 59.7 62.1 24.3 49.7 59.9 61.5
Low level 
laterite 32.4 55.0 62.5 68.0 30.6 54*3 60.1 64.4

Black soil 31.5 58.9 65.0 68.9 31.0 55.2 63.2 63.5

C (D . 0.7 0.7 0.6 0.6 0.5 0.7 0.4 0.4



least plant height was recorded In sandy loam soil and at 
the panicle Initiation, flowering and harvest stages in the 
kole soil. For the short duration variety Triveni, the maxi
mum plant height at tillering was observed In karapadam soil 
which was on par with kole soil. The kole soil recorded maxi
mum plant height at panicle initiation, flowering and at har
vest stages. On the other hand, sandy loam soil has produced 
the lowest plant height at all stages.

The level of submergence also had significant effect 
on the plant height at all stages. For Jaya, at tillering 
stage more height was recorded at 10 cm level of submergence 
whereas in panicle initiation, 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 all treatment inter
actions had significant influence on plant height. Among the 
different soil x levels of submergence combinations, Kara- 
padam soil with 5 cm submergence resulted in the highest 
plant height in the Jaya variety at all stages. The lowest 
height was noticed In sandy loam soil with 5 cm submergence



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

Level of 
submer

J A Y A T R I V E N I

Soil type Different stages of growth Different stages of growth
gence
(cm)

Tillering
Panicle
initiation

Flower
ing Harvest Tiller

ing
- Panicle 
initia
tion

Flowering Harvest

Karapadam 5 35.34 60.67 68.10 74.59 33.60 60.00 68.70 73.50
10 34.60 60.29 67.84 74.37 32.50 54.90 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 81.60

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 61.60

Low level laterite 5 31.63 56.60 63.92 69.10 31.30 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 65.30 69.33 31.30 55,30 63,70 69.40
10 31.71 59.13 64,28 68,38 30.60 54.80 62.60 67i.60

C.D. 1.01 0.92 0.82 0.80 0.80 i.10 0.60 0.60

Mean for level submergence of 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

C-J
CO
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However, on comparing the levels of submergence alone, there 
was no significant difference in plant height at tillering 
stage in the karapadam, sandy loam and black soils. Among 
the treatment combinations, karapadam soils with 5 cm level 
of submergence, resulted in the highest plant height. 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 3nd 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 submergence had signi
ficant effect on plant height at flowering and harvest stages 
in all soils except karapadam soil. For the rice variety 
Triveni also, the highest plant height at tillering stage was 
in karapadam soil with 5 cm submergence. At panicle initiation, 
flowering and harvest stages the plant height v/as the highest 
in kole soil with 5 cm submergence.

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



Table 2(c) Plant height (em) In different soils as affected by nitrogen application
on rice, Jaya and Triveni

Nitro
gen

J A Y A T H I V E K I
Different stages of growth Different stages of growth

Soil type tion Tiller
ing

Panicle
initia
tion

Flower
ing

Harvest Tiller
ing

Panicle Flower- 
initia- ing tion

Karvesl

Karapadam T0 32,68 50,25 57.21 65.30 31.10 55.70 64.70 71.10
37,25 70.71 78.73 83.65 35.00 59.20 67.20 73.10

Kole T0 31,29 38.78 46.71 52.48 28.50 66.00 73.70 77.80
T1 36,38 . 58.14 64.75 69.14 36.60 75.10 92.60 SS.6Q

Sandy loam T0 25,38 41.49 50.50 53.83 20.80 43.70 52.00 56.30
T1 27,86 61.36 69.00 70.45 28.70 53.60 67.20 63.10

Low level Tn 29.25 49.11 55.75 61.05 26.90 53. SO 59*73 64,60
laterite u

*1 35.53 62.53 69.28 75.23 34.20 55.00 60.40 64.30
Black soli T0 25.30 48.59 55,35 53.78 25.20 53.20 61.10 66.30

T1 37.62 69.13 74.73 78.93 36.83 57.10 65.20 70.70

C.D. 1.01 0.92 0.82 0.00 0.80 1.10 0.6D 0.60

COCJl
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90 kg/ha which was closely followed by karapadam and kolo 
soils with nitrogen application. The lowest value was obser
ved for the combination of black soil with no nitrogen appli
cation which was on par with sandy loam with no nitrogen.
At panicle initiation, flowering and harvest stages, karapadam 
receiving nitrogen 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 the maximum plant height and sandyloam with 
no nitrogen produced the minimum plant height. At tillering 
the maximum plant height was recorded in black soil with 
nitrogen application which was closely followed by kolo soil 
with nitrogen application and the minimum in sandy loam with
out nitrogen application.

Data on the effect of treatment combination viz., 
soil x waterlevel x nitrogen application are presented in 
Table 2(d). The data revealed that in the case of Jaya, at 
tillering stago maximum plant height was produced by the 
combination of black soil with 10 cm submergence and nitrogen 
application (Ŝ WgT̂ ) which was closely followed by the treat
ment combination of kole soil with 10 cm submergence and 
nitrogen application At panicle initiation, flowering



Table 2(d) Plan : height |cm) as affected by soil x level of submergence x nitrogen applicatic 
-interaction on rice, Jaya and Triveni

Treatment
combination

1 J A Y A T R I V E N I
' Different stages of growth Different stages of growth
Tiller

ing
Panicle
initiation

Flower
ing

Harvest Tillering Panicleinitia
tion

Flower
ing Harvest

S1W1T0 32.90 49.17 56,00 64.20 31.80 57.20 63.40 72.00

Wl 37.75 72.17 80.21 84.98 35.50 62.90 71.30 75.10

Wo 32.45 51.33 58.43 66.40 30.50 54,20 63.10 70.20

Wl 36.75 69.25 77.25 82.33 34.60 55. 50 66.10 71.10

Wo 30.95 35.92 45.25 51.10 28.30 68.10 75.20 80.30

Wl 35.90 51.69 57.63 62.20 37,10 77,10 84.40 87.90

Wo 31.64 41.65 48.17 53.85 28.70 63.90 72.20 75.30

Wl 37.85 64.59 ■71. 87 76.08 36.00 73.10 80.80 a3.30

Wo 25.70 44.75 53.83 58.65 21.40 47.10 53,30 ■58.40 ’

S3W1T1 27.17 63.42 71.92 76.20 29.00 54.40 68.10 71,20

Wo 25.05 38.23 47.17 49.00 20.20 40.40 50. 80 54.30

S3W2T1 28.55 59.30 66.08 64.70 28.50 52.80 66.30 69.00

Wo 28.25 49.64 56.65 61.90 27.40 53,40 60.20 65.40

Wl 35.00 63.57 71.30 76.30 35.10 56.20 62.50 66.20

Wo 30.25 48.58 54.95 60.20 26.30 53.40 59.20 63.70

Wl 36.05 61.50 . 67,25 74.15 33.30 53.70 58.30 62.40

Wo ’ 25.45 47.93 56.30 59.40 25.40 52.90 61.20 66.50

Wl 36.98 69.34 75.30 79.25 37.30 58.10 66.30 72.30

Wo 25.16 49.25 54,40 58.15 24.90 53.50 61.00 66.10

Wl 38.25 69.02 74.15 78.60 36.40 56.10 64.20 69.20

C.D. 1.43 1.30 1.16 1.14 1.10 1.50 0.90 0.90

Co



38

and harvest stages the combination of karapadam with 5 cm 
submergence and nitrogen application was superior over others. 
At panicle initiation stage the lowest value was recorded in 
kole soil with 5 cm submergence and no nitrogen application 
and at harvest stage in sandy loam with 10 cm submergence 
and no nitrogen. 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 height at all stages was produced 
by kole soil with 5 cm submergence and nitrogen application 
(SgWjT̂ ) and the minimum was in sandy loam with 10 cm submer
gence and no nitrogen application.

(ii) Tiller counts

Data on the mean tiller number/hill at different 
growth stages are presented in Tablo 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 medium duration variety Jaya, the mean tiller number 
differed from soil to soil at all stages. At tillering stage 
the mean tiller number 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-



Tabla 3(a) Tiller number as Influenced by different soil types on rice.
Jaya anc! Triveni

J A Y A T R I V E N I
Different stages of grets/th Different stages of growth

Soil type Active
tiller
ingstage,

Panic!©
initiation

Flower
ing

Harvest Active
tiller
ing
stage

Panicle
initiation

Flower
ing Harvest

Karapadam 4.91. 7.25 6.37 3.67 5.40 7.20 6.90 6.60
Kole 4.50 7.75 6.33 5.46 7.ao 10.00 9.20 8.40
Sandy loam 3.50 6.33 4.95 5.4! 4.70' 7.20 6.00 5.50
Low level
laterite 3.31 7.12 5.50 5.29 4.50 3.10 7.60 7.10

Black soil 4.17 7.29 6.50 6.33 5.30 S. 00 7.40 7.10

C.D. 0.45 0.54 0.43 0.40 0.90 1.10 0.30 0.70

coCJD
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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 karapadam soil and black soil while the lowest 
tiller number was noted in sandy loam soil. At flowering 
and harvest stages the maximum tiller number was observed 
in black soil 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 soil. 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 levels 
of submergence are presented in Table 3(b). In Jaya, the 
levels of submergence 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 cm 
submergence which was closely followed by kole soil at 10 cm 
submergence. At panicle initiation the highest tiller number 
was noted in kol© soil at 5 cm submergence which was the same 
as that with 10 cm submergence. At flowering th© highest



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

Level of \ J A Y A T R I V E N I
Soil type ^ubmer- [ Different growth stages Different growth stages

qence
j(cm)1

Active
tiller
ing

Panicle
initiation

Flower
ing Harvest

Active
tiller
ing

Panicle.initiation
Flowering Harvest

Karapadam
1

5 5.31 7.41 6.58 5.58 5.65 6.70 ■ 6.50 6.00
. 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 9.80 8.50
10 5.00 7.75 6.25 6.25 8.20 9.80 8.60 8.50

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 ’ 4.80 8.10 7.50 7.10
10 4.14 7.25 5.91 5.50 4.20 8.00 7.70 7.10

Black soil 5 4.23 7.25 6.58 6.33 5.70 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 submergence of 5 cm 4.08 7.07 5.86 5.51 5.56 7.90 7.40 6.90
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 0.47 0.45

%



tiller number was noted in karapadam and black soil with 
3 cm submergence. At harvest the highest tiller number was 
produced by black soil at both the levels of submergence.
In Triveni karapadam soil at 5 cm 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. However, 
at panicle initiation and harvest stages the levels of sub
mergence alone produced no significant difference. In sandy 
loam soil at active tillering and panicle initiation stages, 
higher tiller number was noted at 10 cm submergence. However, 
at flowering and harvest stages the level of submergence 
alone produced no significant difference. In low level late
rite at active tillering and flowering stages, higher tiller' 
number was noted at 10 cm submergence but at panicle initia
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 9 Gin 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 soil types as influenced by nitrogen
application on rice, Jaya and Triveni

Nitro J A Y A T R I V iE H I

Soil typo
gen

applica
tion

Different stages of growth Different stages of growth
Active
tiller
ing

Panicle
initia
tion

Flowor- Harvest Active 
ing tiller

ing
Panicle
initiation

Flower- Harvest 
ing

Karapadam T0 4.00 5.33 5.03 4.75 3.50 5.90 5.30 5.10
T! S. 83 9.16 7.66 6.58 7.20 8.50 8.50 8.00

Kole To 3.50 6.25 5.00 4.58 6.00 8.40 7.50 6.S0
T1 5.50 9.25 7.66 6.33 9.50 11.50 10.90 9.70

Sandy loam To 3.33 5.50 4. 83 4. 76 3.40 5.90 4.50 4.30
Ti 3.66 7.17 5.08 5.00 5.90 3.50 7.40 6.80

Low level 
laterite To

T1
3.75
3.89

6.25
9.00

5.25
5.75

5.33
5.25

4.00
5.00

7.50
8.60

7.00
3.10

6.30
7.83

Black soli To 3.15 6.66 5.33 5. 66 5.10 6.30 6.40 6.20
T*1 5.00 7.91 7.67 7.00 5.10 9.30 3.40 8.00

C.D0 0.64 0.77 0.61 0. 56 1.40 1.50 1.10 1.00

CO
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and panicle initiation stages was noted in sandy loam at 
5 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 presented in Table 3(c). The nitrogen appli
cation has resulted in significant increase of tiller 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 
influence on tiller count. In both stages the nitrogen treated 
plants produced significantly Increased mean tiller number in 
all soils except low level laterite soil. In low level late- 
rite soil there was no significant increase in the mean tiller 
count over the control.

In the case of Jaya, the effect of interaction of 
soil x levels of submergence 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

J A Y A T R I V E N I
Treatment Different stages of growth Different stages of growth
combination

\

tActive tiller- , 
ing i : stage j

Panicle
initiation

Flower
ing

Harvest Active Panicle tiller- initia- ing tion
Flowering - Harvest

S1W1T0
,

4,33 ] 5,33 5.00 4.50 3.00 4,80 4.50 4.20
S1W1T1 < 6.33 ji 9.50 8.16 6.67 8.10 8.50 8.50 7.80
S1W2T0 3.66 ] 5.33 5.17 5.00 3.90 7.00 6.10 6.00
Wl 1 5.33 ' 8.83 7.17 6.50 6.20 8.50 8.50 8.20
S2W1T0 ' 3,50 1 6.17 5.00 3.83 6.20 8.30 7.50 6.60
s2w it i ; 4,50 9.33 7.83 5.50 8.50 12.00 12.00 10.20
S2W2T0 .3.50 ! 6.33 5,00 5.33 5.80 8.50 7.50 6.80
Wl 6.50 9.17 7.50 7.17 10.50 11.00 9.60 9.10
S3W1T0 3.33 5.17 4.33 4.00 3.00 5.00 4.70 4.30
Wl 3.33 6.67 5.00 4.83 5.60 8.00 7.50 7.00
S3W2T0 3.33 5.83 5.33 5.17 3.70 6,80 4.30 4.20
S3W2T1 4.00 7.67 5.16 4.66 6.20 9.00 7.20 6.50
Wb 3.50 6.17 5.17 5,00 4.10 7.50 6.80 6.30

Wl 3.48 7.83 5.00 5.17 5.40 8.70 8.20 7.80
s4w2T0 3.98 6.33 5.33 5.67 3.80 7,50 7,20 6.30
S4W2T1 4.30 8.17 6.50 5.33 4.60 8.50 8.00 7.80
Wo 3.-30 7.00 5.83 5.83 4.90 6,50 6.30 6.20
Wl 5.15 7.50 7.73 6.82 6.40 9.50 8.20 8.00
S5W2T0 3.00 6.33 4.63 5.50 5.30 7.00 6,50 6.20
S 5W 2T1 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. CJi ■A.
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tiller count was marked only at flowering and harvesting 
stage. At flowering the highest tiller number was given by 
the treatment combination karapadam soil at 5 era submergence 
with nitrogen application (SjWjT̂ ) which, was closely followed 
by black soil at 10 cm and 5 era submergence with nitrogen 
application, kole soil at 5 cm submergence with nitrogen 
application and in kole soil at 10 cm submergence with nitro
gen application. At harvest stage the highest tiller count 
was given by kole soil at 10 cm submergence and nitrogen 
application and black soil at 10 cm submergence and nitrogen 
application and the lowest tiller number by kolo soil at 5 cm 
submergence and nitrogen application. In the Triveni variety 
the treatment interaction was found to have no significant 
effect on tiller number, Kole soil at 5 cm submergence and 
nitrogen application was found to produce maximum number of 
tillers at harvest, though not significant.

(iii) Productive tiller number

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



T a b le  4  P ro d u c t iv e  t i l l e r  co u n t in  d i f f e r e n t  s o i l  t y p e s  a s  in f lu e n c e d  b y  l e v e l
o f  subm ergence and n it r o g e n  a p p l ic a t io n  on r i c e *  J a y a  and T r iv e n i

J A Y A T R I V E N I

Soil type
Lavel of 

submergence Nitrogenapplication Level of submergence Nitrogenapplication

V  W2 T0 Tl. Mean . "i* >2 T0 T1 Mean

Karapadam 5,42 5*50 4.67 6.25 5.46 5.75 6.75 4.75 7.75 6.25
Kole 4.25 6.00 4.25 6.00 5.13 3.25 7.75 6.30 9.50 3.00
Sandy loam 5.50 4.50 4.23 5.75 5.00 5.25 4.75 4.00 6.00 5.00
Low level 
laterite 5.00 5.25 5.00 5.35 5.13 6.75 6.75 6.00 7.50 6.75

Black soil 6.00 .6.00 5.25 6.75 6.00 7.00 6.75 6.00 7.75 6.83

Mean 5.23 5.45 5.03 5.65 7.00 6.95 5.85 3,10

CD for soils ™ 0*46CD for sollxlevol of submergence 3 0.66 
CD for soil x nitrogen application 3 0*66 

Level of submergence — NS

CD for soils = 0*32
Soil x level of submergence - NS
CD for soil x nitrogen .

application ~ 1.17 Level of submergence — NS



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 soil recorded the second highest estimate- which 
was on par with kole, and sandy loam soils. In the case 
of Triveni also* the soil type 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 karapadam and low level laterite soil.
The lowest value was given by sandy loam.

In both Jaya and Triveni, tha level of submergence 
alone had no significant influence on the productive tiller 
count. The treatment combination viz., soil x level of sub
mergence was found to have considerable influence on the 
productive tiller number in Jaya rice variety. The black 
soil v&th 5 cm submergence as well as 10 cm submergence re
corded the highest productive tiller number whereas the lowest 
productive tiller number was In kole soil with 5 cm submer
gence, In karapadam soil the mean productive tiller count 
did not show any significant difference batween 5 cm and 10 cm 
submergence. In kole soils 10 cm submergence gave signifi
cantly higher productive tiller count than 5 cm submergence.
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Sandy loam soli and low level laterite soil were on par at 
both the levels of submergence. In black soil the produc
tive tiller count at 5 cm and 10 cm submergence were the 
same. In Triveni, the interaction soil x level of submer
gence was not significant. In all soil types nitrogen 
application to Jaya and Triveni resulted in significant 
increase in productive tiller count over th© 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 th© productive tiller count.
(iv) Panicle length

The data on the mean panicle length as affected by 
different treatments are given in Table 5 and the analysis 
of variance in Appendix III.

For the variety Jaya, the panicle length differed 
from soil to soil. Maximum panicle length was observed in 
low level laterite soil which was closely followed by black 
soil and karapadam soil. The lowest value was observed in 
sandy loam soil. 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 length (cm) In different soil typos as influenced by level
of submergence and nitrogen application

J A Y A T R I V E N I

Soil type Level of Nitrogen submergence application Level of Nitrogen 
submergence application

Wi w2 T0 Ti ?A©an Vil W2 T0 T1 Mean

Karapadam 21.34 21.38 13.75 24,73 21.69 17.90 17.96 17.11 18.75 17.93
Kole 20.35 21.20 13.03 24,03 20.98 13.13 17.65 16.94 18.83 17. 89
Sandy loam 13.06 13.59 16.95 19.70 18.33 17.03 16.81 15.35 18.04 16.95
Low level
laterite 22.70 21.38 19. 33 24,70 22.29 16.56 17.00 16.73 16.78 16.78
Black soil 21.59 21.95 19.59 23.36 21.73 17. BO 18.77 17.39 19.18 18.14

Moan 21.01 20.93 IB. 34 23.41 17.49 17.52 16.81 18.32

CD for soils = 0.17 CD for soil x level of submergence 
CD for soil x nitrogen application 

level of submergence — NS

CD for soils ~ 0.24 0.24 CD for soil x level of 
0*24 submergence = 0,33

CD for soil x nitrogen
application =* 0.33 level of submergence - NS
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low level laterite which was on par with sandy loam*

In the case of Jaya and Triveni varieties the diffe
rent levels of submergence failed to evoke any significant 
influence on the panicle length.

Nitrogen application also was found to influence the 
panicle length markedly. In the case of Jaya variety appli
cation of fertilizer nitrogen produced significant increase 
in panicle length in all soils. For Triveni, in all soils 
except low level laterite soil, nitrogen application resulted 
in increased panicle length over control. In low level late
rite there was no such difference in panicle length.

The soil x level of submergence combination was found 
to have marked influence on the panicle length. In karapadam 
soil 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 soils ie. kole, sandy loam and black 
soil, 10 cm submergence produced more panicle length. In the 
case of Triveni, grown in karapadam soil, there was no signi
ficant difference in panicle length between 5 cm and 10 cm 
submergence. But in kole soil 5 cm submergence resulted In 
significantly Increased panicle length than in 10 cm submer
gence. In sandy loam soil, the panicle at 5 cm and 10 cm



levels of submergence were on par* In black soil and low 
level laterite 10 cm submergence gave significantly Increased 
panicle length than 5 cm submergence* In both varieties, the 
Interaction soil x level of submergence x nitrogen applica
tion was found to have significant effect on panicle length. 
For Jaya, the maximum panicle length was observed with kara
padam at 5 cm submergence and nitrogen application which was 
on par with low level laterite at 5 cm submergence and nitro
gen application and the minimum panicle length was noted with 
sandy loam at 10 cm submergence and no nitrogen. For Triveni 
the maximum panicle length was noted with black soil at 5 cm 
submergence and nitrogen 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 
Triveni varieties as influenced by different treatment combi
nations are given In Tables 6 and 9 and their analysis of 
variance in Appendix VI.

From the results it Is 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 weight (g) In.different soli types as Influenced by
levels of submergence and nitrogen application in rice, Jaya and Triveni

J A Y A T R I V E N I

Soil type
Level of Nitrogen 

submergence application
Level ofsubmergence Nitrogen

application
W1 w2 T0 T1 Mean W1 W2 T0 T1 Mean

Karapadam 24.03 24.75 24.53 24.25 24.39 21.77 21.64 21.43 21.93 21.71
Kblo 24.BO 24.48 24.10 25.18 24.64 21.61 21.61 21.09 22.13 21.61
Sandy loam 23.70 24.30 23.78 24.30 23.79 21.25 21.91 20.33 22.33 21.53
bow level 
laterite 24.63 23.35 25.03 22.95 23.99 22.01 21.64 20.99 22.67 21. 33
Black soil 24.60 24.43 24.95 24.03 24.52 21.33 21.55 19.93 22.90 21.44

Mean 24.37 24.26 24.43 24.15 21.59 21.67 20.87 22.39

CD for soils ” 0.50 
CD for soil x level of submergence 
CD for soil x nitrogen application 

level of submergence - MS

Soil - MS0.70 CD for level of submergence = 0.21
0.70 CD for fertilizer nitrogen 33 0*21

CD for soil x fertilizer
nitrogen = 0.47 

level of submergence - MS
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was on par with black soil and karapadam soil. The minimum 
value obtained with sandy loam soil which was on par with 
the low level laterite soil. In the case of Triveni, soil 
type was found to have no effect on thousand grain weight.

In both the varieties different levels of submergence 
alone did not exert any influence, on thousand grain weight. 
For Jaya the interaction of soil and water level was found 
to have significant influence on the thousand grain weight.
In karapadam soils under 10 cm submergence produced signi
ficantly increased thousand grain weight than 5 cm submer
gence. In kole, sandy loam, low level laterite and black 
soils, 5 cm submergence gave more thousand grain weight which 
was statistically on par with the 10 cm submergence. In the 
case of Triveni, soil x level of submergence interaction had 
no influence on thousand grain weight.

Among the soil x nitrogen treatment combination for 
Jaya, in karapadam soil and sandy loam, there was no signifi
cant difference in thousand grain weight between the nitrogen 
applied and without nitrogen soils. In kole soil there was 
significant increase in thousand grain weight with the appli
cation of nitrogen fertilizer whereas in low level laterite 
the thousand grain weight was more in plants received no
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nitrogen fertilizer. In the case of Triveni in all soils 
except karapadam soil there was significant increase in 
thousand grain weight over the control. In karapadam soil 
the thousand grain weight of fertilized and control pots 
were on par.

The Interaction effect of soil with level of submer
gence and nitrogen application also had considerable Influ
ence on the thousand grain weight. In the case of Jaya, 
the maximum value was observed with the treatment of black 
soil under 5 cm level of submergence and no nitrogen appli
cation, which was statistically on par with lowlevel laterite 
soil at 5 cm level of submergence and nitrogen application.
The lowest value was recorded by low level laterite soil at 
10 cm submergence and nitrogen application. In the case of 
Triveni, the highest thousand grain weight was observed with 
black soil at 5 cm submergence and nitrogen application and 
the lowest with black soil at 5 cm submergence and no nitrogen 
application.

(vl) Grain yield

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

J A V A T R I V E N I

Soil typo Level of Nitrogen 
submergsnG© application Mean

Level of submergence Nitrogenapplication Mean

ffl W2 T0 T1 W1 K2 T0 T1
Karapadam 23.00 23.23 21.00 25.25 23.14 20.33 21.05 17.93 23.50 20.72
Kola 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 20.34 19.75 19.05 16.65 21.15 18.90
Low leva! 
laterite 25.00 24.13 22.30 26.63 24.57 21.33 20.05 17.55 24.33 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 13.09 23.39

CD for soils = 1.17 CD for soils = 0.92
CD for nitrogen CD for nitrogen

application 53 0.79 application = 0.53
Level of submergence = NS Level of submergence - NS
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Table 7 and 9 and their analysis of variance in Appendix XXI.

The result revealed that the soil 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/pot) and the lowest yield was from 
sandy loam soil (20.84 g/pot). In the case of Triveni the 
maximum grain yield 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/pot).

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

The mean values on the yield 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 typos as influenced by levels
of submergence and nitrogen application on rice, Jaya and Triveni

J > 
|

•< 
I

> T 3 I V E  HI

Soil type Level of Mitrogen submergence application Mean Level of submergence Nitrogen
application Mean

H1 W2 T0 T1 VJ1 W2
■» M
T0 ll

Karapadam 29.15 27.03 23.40 32.73 23.09 27,35 24.95 21.79 31.03 26.40
Kole 34.33 30.73 24.33 49.23 32.53 31,43 30.10 24.33 37,15 30,77
Sandy loam 22.93 21.83 13.90 25.85 22.33 23.38 21.98 19.83 25.53 22.68
Low level 
laterite 30.70 30.90 24,83 36.73 30.89 25.75 24.73 21.65 28.83 25.24
Black soil 32.53 31.03 24.93 33.98 31.78 27.95 27.43 22.93 32.45 27.72

Mean 29.93 23.03 23.30 34.84 27.27 25.85 22.12 31.00

CD for soils — la17 CD for soils — 0*95
Soil x level of submergence = MS Soil sc level of submergence « MS
Soil x nitrogen application = NS Soil x nitrogen application - MS

CD for level of submergence s 0.70



Th© results showed that the straw yield was signifi
cantly influenced by soil type. In Jaya, the maximum straw 
yield (32.53 g/pot) was produced by kole soil which was 
closely followed by black soil (31.78 g/pot). The lowest 
straw yield was obtained in sandy loam soil (22.38 g/pot).
In the case of Triveni the highest yield was noted with kole 
soil which was followed by black soil. Karapadam soil ranked 
next and this was followed by low level laterite soil. The 
minimum yield was obtained from sandy loam soil.

For Jaya, though the level of submergence had marked 
Influence on the straw yield, the straw yield at 5 cm and 
10 cm levels of submergence were statistically on par. In 
the case of Triveni, as is 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 yield than control plants. 
For both the varieties the soil x level of submergence and 
soil x fertilizer nitrogen interaction were found to have no 
significant Influence on straw yield. The Interaction effect 
of soil, level of submergence and nitrogen application was 
found to be significant In both the paddy varieties. For 
Jaya, the maximum straw yield was recorded by the treatment



Table 9 Interaction effect of soil type levels of submergence, nitrogen, on yield parameters
in rice. Jaya and Triveni

Soil type
J A Y A T R I V E N I

Productivetillercount
Panicle
length

Thousand
grainweight

Grainyield Strawyield
Productive
tillercount

Panicle Thousand length grain 
weight

Grain Straw yield yield

Wo 4.33 18.38 24.90 20.00 23.75 4.00 16.94 21.45 -18,25 22.65
Wi 6.50 25.30 23.15 26.00 34.55 7.50 18.87 22.09 22.50 33.05
Wo 5.00 19.12 24.15 22,00 23.05 5.50 17.28 21,51 17.60 20.90
Wi 6.00 23,65 25.35 24.50 31.00 8.00 18.63 21.78 24.50 29.00
Wo 3.50 17.50 24.20 21.50 27,35 6.50 17.54 21.05 19.00 24.55
-Wi 5.00 2f.20 25.40 29.00 41.30 10.00 18.73 22.16 25.00 38.30
S2W2T0 5.00 18.55 24.00 21.50 22.30 6.50 16.35 21.13 18.80 24.20
Wi 7'. 00 23.851 24.95 25.00 39.15 9.00 18.94 22.10 26.20 36.00
Wo J6.o0| 1J.45 23.10 17.80 19.90 4.00 16.15 20.35 17.00 20.60
Wi 4,50 18.68 'j 24.45 23,70 25.95 6.50 18.00 22.15 20.50 26.15
S3W2T0 5.00 16.45 24.45 18.40 17.90 4.00 15.54 21.31 16,30 19.05
Wi 1 4[oO 20. 73 24,15 23.05 25.75 5.50 18.08 22.50 21.80 24.90
Wo 5.001 20.25 25.40 23.00 24.75 6.00 16.35 21.25 18.25 20.80
Wi 5.00 25,15 23.85 27.00 36.65 7.50 16.78 22.78 25.50 30.70
S4W2T0 5.50 19.50 24.65 22.00 24.90 6.00 17.22 20. 70 16.85 22.50
Wi 5.00 24.25 22.05 26,23 36.90 7.50 16,68 22.57 23.25 26.95
Wo 5.50 18.63 25.60 21.00 26.05 6.00 16.08 19.30 19.25 22.30
Wi 6.50 24.55 23.60 25.50 39.00 8,00 19.52 23.35 25.65 33.60
Wo 5.00 20.55 24.30 22.50 23.90 6.00 18.71 20.65 19.55 23.65
Wi 7.00 23.18 24.55 24.30 38.15 7,50 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 treat
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 cm submergence 
and without nitrogen. For Triveni, among the soil x level 
of submergence x nitrogen application, highest value was 
observed with kole soil at 5 cm submergence and nitrogen 
application while the lowest value was noted with sandy loamf
at 10 cm submergence and without nitrogen application which 
was on par with sandy loam at 5 cm submergence and no nitro
gen fertilizer.

II Plant analysis

(i) 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 their analysis 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. At 10 days and 20 days after trans-
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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 analysis 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 soil. At twenty days after transplanting, 
kole soil and low level laterite were on par with regard to 
plant nitrogen content and least value was obtained 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 period, 
plant nitrogen content of karapadam and black soil ware on 
par and least value was noted with sandy loam soil. In the 
case of Triveni also, the plant nitrogen content at diffe
rent stages was influenced significantly by soil type. In all 
stages except at harvest stage maximum plant nitrogen was 
recorded in kole soil, 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) 3t different periods as affected by
soil typ© on rice Jaya and Triveni

J A Y A
Soil typ© Days after transplanting

10 20 30 60 Harvest

T R I V E N I
Days after Transplanting
10 20 30 60 Harvest

Karapadam 3.30 3.30 3.10 3.10 0.35 3.12 3.00 2.80 2.84 0. 35
Kole 3.20 3.10 3. 80 3.10 0.96 , 3,51 3.33 3.20 3,09 0.02
Sandy loam 2.60 2.70 2.70 2.40 0.65 3.29 3.15 3.00 2.45 0.79
Low level
laterite 3.00 3.10 3.00 2,50 0.70 3.30 3.15 3.05 2.41 0.S1
Black soil 3.10 2.80 2.60 2.10 , 0.85 3*16 3.10 2.71 2.25 0.37

CD 0.03 0.17 0.17 0.16 0.02 0.16 0.03 0.02 0.03 0.02

ciCO



of karapadam and black soil were on par and the least value 
was noted with sandy loam soil.

At all periods except at 20 days and 30 days after 
transplanting, the water level also was found to influence 
the plant nitrogen content. At 10 cm submergence the plant 
nitrogen content was found to be higher than that at 5 cm 
submergence, at all stages except at 20th day of transplant
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 harvest stage, 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 identical, values of plant nitrogen content.

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

The soil x levels of submergence interaction was found 
to influence the plant nitrogen content significantly. In the 
case of Jaya, in karapadam, kole and low level laterite soils,
10 cm submergence gave more nitrogen content. However, in 
sandy loam and black soils, 5 cm submergence was found superior.



T a b le  10 (b )  P la n t  n i t r o g e n  (p e r  c e n t)  in  d i f f e r e n t  s o i l  ty p e s  a s  in f lu e n c e d  b y
l e v e l  o f  subm ergence on r i c e *  J a y a  and T r iv e n i

Level of J A Y A T R I V E N I
Soil type submer Days after transplanting Days after transplanting

gence 10 20 30 60 Harvest 10 20 30 60 Harvest
Karapadam 5 3.20 3.30 3.10 3.00 0.30 3.10 3.06 2.72 2.80 0.85

10 3.30 3.30 3.10 3.10 0.90 3.16 2.92 2.97 2.87 0.85
Kole 5 3.00 2.90 3.30 3.10 1.00 3.52 3.33 3.14 2.96 0.36

10 3.30 3.20 4.00 3.20 0.90 3.52 3.24 3.25 3.20 0.82
Sandy loam 5 2.60 2.80 2.93 2.40 0.70 2.05 2.73 2.93 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 3.<34 3.23 2.96 2.63 0.82
laterite 10 3.10 3.00 3.00 2.90 0.80 3.25 3.03 3.15 2.16 0.83
Black soil 5 3.10 2.90 2.SO 2.00 0.95 3.14 3.31 2.57 1.91 0.92

10 3.00 2.60 2.30 2.10 0.90 3.20 2.39 2.85 2.59 0.96

C.D. 0.07 0.25 0.20 0.20 0.03 0.20 0.05 0.03 0.04 0.03
Mean for level 5cm 2,95 3.00 3.00 2.52 0.73 3.19 3.14 2.07 2.56 0.85
of sobn»rg®nse10en 3<06 2.96 3.00 2.72 0.32 3.36 3.14 3.03 2.66 0.83

C.D. 0.10 0.05 0.01 0.02 0.02 0.10 0.02 0.01 0.02 0.02
05CJl



60

For Triveni, among the soil x levels of submergence combina
tion at 10th and 20th day after transplanting sandy loam at 
10 cm submergence showed highest plant nitrogen per cent which 
was on par with kole soil at 5 cm level of submergence and 
kole soil at 10 cm submergence. At 30th day, highest plant 
nitrogen content was observed with kole soil at 10 cm submer
gence and the lowest plant nitrogen content was v&th black 
soil at 5 cm submergence. At 60th day also, the highest plant 
nitrogen content was noted with kole soil at 10 cm submergence 
which was closely followed by kole soil at 9 cm submergence.
The lowest value was observed with black soil at 5 cm submer
gence, At harvest highest value was given by black soil ati
5 cm submergence. For both the varieties the soil x nitrogen 
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 the case of Jaya at 10th 
day was noted with black soil at 5 cm submergence and nitrogen 
application,.whereas at 20th day the maximum was noted with 
karapadam soil 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* Jaya and Triveni

Soil type
Nitrogen J A V A
applies- Days after Transplanting 
tion

T R I V E N I
Days after Transplanting 

10 20 39 60 Harvest 10 20 39 60 Harvest

Karapadara T0 2*70 2.70 2.70 2.60 0.80 ' 2,50 2.40 2.40 2.50 0.80

Ti 3.80 3.80 3,50 3.50 0.90 3.70 3.60 3.20 3.20 0.90
Kolo To 3.00 2.80 3.30 2.40 0.80 , 3.60 3.40 3.00 2.40 0.70

T1 3.30 3,30 4.10 3.90 1.20 3.49 3.30 3.40 3.30 0.90
Sandy loans T0 2.60 2.60 2.60 2.20 0.60 2.90 2.80 2.50 2.20 0.70

T1 . 2.60 2.80 2.90 2.60 0.70 2.70 3.50 3.50 2.70 0.90
Low level Tq

T1

2,90 2.70 2.60 2.60 0.70 2.09 2.79 2.40 2.30 0.70
laterit©

3.10 3,50 3.40 2.40 0.70 3,80 3.60 3.70 2.50 0.90
Black soil T0 3.10 2.20 2.30 2.00 0.30 2.90 2.70 2.60 2.10 0 .80

T1 3.00 3.40 2.89 2.10 0.80 3,40 3.50 2.80 2.40 1.00

C.D. 0.07 0.25 0.20 0,20 0.Q3 0.20 0.05 0.03 0.04 0.03
CD'J



Table 10(d) Plant nitrogen content (per cent) as influenced by soil type, level of submergence
and nitrogen application on rice, Jaya and Triveni

Treatment
combinations

J A Y A T R I V E N 1
Days after transplanting Days after transplanting
10 20 30 60 Harvest 10 20 30 60 Harvest

Wo 2.54 2.51 2.61 2.47 0.75 2.53 2.51 2,22 2.23 0.77
Wi 3.88 3.93 3.57 3,48 0.91 3.68 3.61 3.22 3,37 0.93
Wo ' 2.95 2.92i 2.85 2.71 0.79 2.50 2.33 2.52 2.79 0.79
S1W2T1 1 3.71 3,67 3.41 3.52 0.96 3.81 3.52 3.22 2.96 0.91
Wo ; 2.57 ^.51 ■2.57 2.20 0.82 3.71 3.52 2.95 2.81 0.76
Wi : 3.42 3.31 4.03 3.97 1.21 3.34 3.25 3.33 3.11 0.96
Wo ' 3.14 3.09 3.94 2.63 0.79 3.52 3.22 2.99 2.94 0.74
Wi ' 3.41 3.34 4.09 3.85 1.11 3.52 3,27 ■3.51 3.47 0.91
Wo ■ 2.63 2.60 2.66 2.24 0.69 2.18 2.06 2.55 2.23 0.69
Wi 2.57 2.81 2.91 2.66 0.76 3.52 3.41 3.42 2.65 0.89
S3W2T0 2.56 2.63 2.47 2.13 0.53 3.57 3.52 2.52 2.08 0.69
Wi 2.56 2.74 2.83 2.51 0.71 3.81 3.65 3,52 2.85 0.85
Wo 2.97 2.91 2.81 2.31 0.60 2.71 2.65 2.41 2.74 0.74
Wl 2.92 3,34 3,28 1.94 0.71 3.96 3.81 3,52 2,61 0,89
Wo 2.61 2.41 2.47 2.93 0.83 2.96 2.82 2.44 1.96 0.72
Wl 3.63 3.61 3.52 2.80 0.70 3.54 3.35 3.87 2.37 0.94
Wo 2.33 2.08 2,51 1.94. 0.72 2.96 2.93 2.64 1.64 0.79
Wl • 3.91 3.81 3; 04 3.03 0.79 3.31 3.69 2.51 2.19 1.05
S5W2T0 2.40 2.32 2.07 2.05 0.85 2.89 2.38 2.61 2,48 0.76
Wl 3.51 2.93 2.08 2.13 0.91 3.52 3.41 3.08 2.71 0.97

C.D. 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 kola soil at 5 cm submergence and nitrogen application.
In the case of Triveni at 10th & 20th day* the maximum content 
was noted with low level laterite at 5 cm submergence and 
nitrogen application. At 30th day low level laterite at 
10 cm submergence and nitrogen application recorded the maxi
mum value. At 60th day# kole soil at 10 cm submergence and 
nitrogen application was found superior# whereas at harvest 
blgck soil at 5 cm 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 App©ndix VII.

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

In the case of Jaya, the grain nitrogen content was 
found more with 5 cm submergence while in Triveni variety, 
the levels of submergence had no effect.



Table 11 Nitrogen content of grain (per cent) in different soil types as
influenced by level of submergence and nitrogen application on

rice, Jaya and Triveni

J A V A T R I V E N I
Soil type Level of Nitrogen Level of Nitrogen

submergence application jiean submergence application ^Qan

Ui W2 T0 Ti W2 Tg D

Karapadam 1.10 1.09 1.10 1.10 1.10 1.19 1.13 1.22 1.10 1.16
Kolo 1.19 1.25 1.26 1.18 1.22 1.17 1.23 1.25 1.14 1.20
Sandy loam 1.23 1.06 1.17 1.12 1.15 1.11 1.10 1.13 1.03 1.11
Low level 
laterite 1.19 1.05 1.12 1.13 1.12 1.03 1.03 1.07 0.99 1.03
Black soil 1.30 1.21 1.31 1.20 1.26 1.35 1.25 1.39 1.21 1.30

J£ean 1.20 1.13 1.19 1.15

CD for soils “ 0.02CD for level of submergence =0.01
CD for soil sc nitrogenapplication 3 0.025 
CD for soil x lovel ofsubmergence 3 0*025

CD for soils 3 0.07 
Level of submergence — NS Soil x level of submergence - NS 
CD for soil x nitrogen

application - 0.10 CD for nitrogen application ~ 0.05
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Nitrogen fertilizer application was found to have no 
significant influence on the grain nitrogen content in Jaya, 
whereas in the case of Triveni, fertilizer nitrogen applica
tion was found to result in a significant decrease over the 
control.

In the case of Jaya, the soil x level of submergence
i

interaction was found to influence the grain niiirogen signi
ficantly. Maximum grain nitrogen content was recorded in 
black soil with 5 cm submergence, followed by kole soil at 
10 cm submergence, sandy loam at 5 cm submergence and black 
soil at 10 cm submergence which were on par. The lowest value 
was given by low level laterite at 10 cm which was on par with 
sandy loam at 10 cm submergence karapadam at 5 cm submergence 
and karapadam at 10 cm submergence were on par. So also, kole 
soil at 5 cm submergence and low level laterite at 5 cm sub
mergence were on par. In the case of Triveni, the soil x level 
of submergence Interaction was found to have no significant 
effect on grain nitrogen content. In both the rice varieties, 
the soil x nitrogen application and soil x level of submer
gence x nitrogen interaction were found not to influence the 
grain nitrogen content.
(lii) Nitrogen content of straw

The data on the nitrogen content of straw are presented



Table 12 Nitrogen content of straw (per cent} In different soil types as
influenced by level of submergence and nitrogen application in

rice, Jaya and Triveni

J A Y /K T R I V E H I
Soil type Level of 

submergence
Nitrogen

application Mean
Level of submergence Nitrogenapplication Mean

wi W2 T0 Ti W1 W2 TxO T1
Karapadam 0.93 0,56 0.59 0.55 0.57 0.57 0*50 0.50 0.49 0.50
Kole 0*53 0,54 0.56 0.51 0.54 0.53 0.55 0.55 0.53 0.54
Sandy loam 0.54 0.56 0.57 0.53 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 0.34 O.SO 0.72 0.76
Black soil 0.03 0. 03 0.35 0.32 0* 03 0.56 0.63 0.60 0.59 0.60

Mean 0.65 0.63 0.66 0.62 0.53 0.63 0.62 0.59

Cp for soils =* 0.02 
for soil x level ofsubmergence =0.03 

CD for soil x nitrogen
application = 0.03 

CD for nitrogen application = 0.01 CD for level of submergence “ 0.01

CD for soils ” 0*03 CD for soil x level of
submergence = 0.05 CD for soil x nitrogen
application = 0.05 CD for level of submergence = 0.02
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in Tables 12 S, 13 and the analysis of variance in Appendix VII,

From the results it 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 soil. 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 5 cm submergence than at 10 cm submergence. For 
Triveni, the straw nitrogen content was higher at 10 cm sub
mergence than at 5 cm submergence.

In both Jaya and Triveni varieties, the straw nitrogen 
content was found decreased by the nitrogen treatment.

The soil x level of submergence interaction was found 
to have significant effect on straw nitrogen contant. For 
Jaya, the highest value was noted with black soil at b cm 
submergence, which was identical with black soil at 10 cm 
submergence, followed by low level laterite soil at 5 cm sub
mergence and the least value was with kole soil at 5 cm sub
mergence, In the ĉ se of Triveni, the maximum straw nitrogen 
content was observed with low level laterite at 10 cm submer-
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Table 13 Nitrogen content (per cent) of grain and 

straw as influenced by soil x levels of 
submergence x nitrogen application on rice! 

Jaya and Triveni

J A Y A  T R I V E N I
Treatment Nitrogen Nitrogen Nitrogen Nitrogen
combination content content content content

of grain of straw of grain of straw

W o 1.07 0.61 1.20 0.50

W i 1*14 0.55 1.14 0.49

S1W2TQ 1.12 0,57 1.17 0,50

W i 1.06 0.55 1.12 0.48

W o 1.23 0.55 1.21 0.53

S2W1T1 1*16 0,51 1.15 0.54

S2VJ2T0 1.30 0.56 . 1.24 0.58
W i 1.20 0.51 1,13 0.52
W o 1.29 0.56 1.12 0.63

S3W1T1 1.18 0.53 1.10 0.61
S3W270 ■ 1.06 0*59 1,12 0.64
S3V;2T1 1.07 0.53 1.09 0,61
W o 1.24 0.02 1,05 0.74
W l 1*13 0,76 1.01 0.64
W o 1.00 0.65 1.05 0.87
W l JL. 0.63 1.01 0.31
W o 1.40 0.85 1.37 0.55
W l 1.20 0.82 1.20 0.57
S5VJ2T0 1.22 0.85 1.32 0.65
S5W2T1 1.20 0.82 1.23 0.62
CD m NS NS NS
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gence, followed by the same soil type at 5 cm submergence 
and black soil at 10 cm submergence, Sandy loam at 5 cm 
submergence and sandy loam at 10 cm submergence were iden
tical. The other treatment combinations were found to have 
no marked influence on the straw nitrogen content*

(iv) Phosphorus 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 analysis of variance in Appendix VII.

In the variety Jaya5 the maximum grain phosphorus 
was observed in black soil followed by karapadam soil, sandy 
loam, kole and low level laterite soil* In the case of 
Triveni, this followed the orders kole, karapadam, black 
soil, low level laterite and sandy loam soil.

The water levels had no significant influence on the 
grain phosphorus content.

The nitrogen fertilizer application had resulted in 
significant increase of grain phosphorus content in both 
the rice varieties.

Among the soil « level of submergence interaction, 
maximum value for Jaya variety was noted with black soil at 
10 cm submergence which was on par with all other treatments



Table 14 Phosphorus content of grain (per cent) in different soil types as
influenced by level of submergence and nitrogen application on rice,

Jaya and Triveni

J A Y A T a I V E M I
Soil type Level of 

submergence
Nitrogen 

application Mean
Level of

submergence Nitrogenapplication Mean
U1 »2 T0 ”*1 W1 w2 •f!0 *1

Karapadam 0,24 0.24 0.23 0.25 0.24 0.25 0.24 0.23 0.26 0.25
Kole 0.23 0.23 0.22 0.24 0.23 0.25 0.25 0.24 0.25 0.25
Sandy loam 0.24 0.23 0.23 0.23 0.23 0.23 0.23 0.22 0.24 0.23
Low level 
laterite 0.22 0.22 0.21 0.23 0.22 0.23 0.24 0.24 0.24 0.24
Black soil 0.24 0.25 0.24 0.25 0.25 0.23 0.24 0.23 0.25 0.24

Mean 0.23 0.23 0.23 0.24 0.24 0.24 0.23 0.25

CD for soils = 0.002 
CD for soil x level ofsubmergence = 0.07 
CO for soil x nitrogen

application — NS 
Level of submergence ~ NS 

CD for nitrogen application - 0.005

CD for soils = 0.005 
CD for level of submergence - NS 
CD for nitrogen application = 0.01 
CD for soil x level ofsubmergence = 0.01 
CD for soil x nitrogen

application =* 0.01
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For Triveni, among the soil x level of submergence combi
nations 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 soil x 
nitrogen fertiliser interactions fertilizer nitrogen applied 
to karapadam soil gave the maximum content followed by 
nitrogen applied to black soil and kole soil. The soil x 
level of submergence x nitrogen fertilizer interactions was 
found to exert marked influence on the phosphorus content 
of the grain. In the case of Jaya, the maximum grain phos
phorus content was observed with karapadam soil at 5 era sub
mergence and fertilizer nitrogen application and the black 
soil at 10 cm submergence and fertilizer nitrogen which was 
closely followed by karapadam soil at 10 cm submergence and 
nitrogen fertilizer application and kole soil at 5 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 soil at 5 cm submergence and without nitrogen 
application. In the case of Triveni, there was no signifi
cant Influence.



influenced by level of submergence and nitrogen application on rice,Jaya and Triveni
Tablo 15 Phosphorus content of straw (per cent) in different soil types as

J A Y A T H I V E H I

Soil type Level of submergence Nitrogen
application Mean

Level of 
submergence

Nitrogen
application Mean

W1 vj2 To T1 v,i VJ2 T0 Ti
Karapadam 0.12 0.15 0.13 0.14 0.14 0.12 0.12 0.12 0.12 0.12
Kole 0.15 0.14 0,15 0.14 0.15 0.12 0.13 0.12 0.13 0.13
Sandy loam 0.13 0.11 0.11 0.12 0.12 0.12 0.11 0.11 0.12 0.12
Low level 
laterite 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 0.13 0.12 0.12 0.11 0.12

CD for soils => 0,01
CD for nitrogen application -
GD for soil x level of

submergence = 0.01 CD for soil x nitrogen
application * 0.01

CD for soils 0.01 
CD for nitrogen application CD for soil x level of

submergence -
0.004
0.009
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(v) Phosphorus content of straw
of

The data on the percentage phosphorus content Astraw 
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 soil 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 Triveni, the maximum phosphorus content of straw 
was noted with kole soil karapadam low level laterite sandy 
loam and black soil were on par.

In the case of Jaya and Triveni, the level of submer
gence alone did not exert any significant influence on the 
phosphorus content of the straw.

In both the rice varieties, the nitrogen applied plants 
registered significantly increased phosphorus content over 
the control.

The interaction of soil and level of submergence was 
found to exert significant influence on the phosphorus con
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 cm level of submergence. However, in
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kola and sandy loam soils 5 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 with kole soil a"t 
10 cm submergence and the minimum with sandy loam at 10 cm 
submergence and black soil at 10 cm submergence. The inter
action of soil and fertilizer nitrogen application also had 
marked influence on the straw phosphorus content in Jaya.
In all soils except black soil, the phosphorus content was 
significantly increased by the fertilizer nitrogen applica
tion. In black soil, the control treatment recorded signi
ficantly increased phosphorus content of straw over the 
nitrogen 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 phosphorus content was' observed 
with the treatment combination of karapadam soil at 10 cm 
submergence and nitrogen application. Sandy loam soil at 
10 cm level of submergence with and without nitrogen appli
cation recorded the least value. In Triveni, there was no 
significant influence.
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(vl) Potassium content of grain

Data regarding the potassium content of grain as 
affected by soil type, level of submergence and nitrogen 
application are given in Tables 16 and la and their 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 content was noted with black soil followed 
by low level laterite, kole, sandy loam and karapadam soils 
in order. For Triveni, the maximum grain 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 content of grain (per cent) as affected by levels of 
submergence and nitrogen application on rice, Jaya and Triveni

J A V A T R I V E N I

Soil typ®
Level of Nitrogen Level of Nitrogen

submergence application submergence application
— Mean  .......    ■ ■»

CD for soils = 0.017
CD for soil 5t level of-

submergence “ 0.024
CD for soil x nitrogen

application = 0.024

Mean
*1 W2 T0 T1 W1 W2 T0 T1

Karapadam 0.57 0.56 0.31 0.62 0.57 0.53 0.57 0.52 0.63 0.58
Kole 0.62 0.63 0.54 0.73 0.64 0.59 0.61 0.52 0.63 0.60
Sandy loam 0.50 0.53 0.40 0.66 0.53 0.60 0.64 0.51 0.73 0.62
Low level 
laterite 0.65 Do 64 0.53 0.72 0.65 0.69 0*66 0.62 0.72 0.67

Black soil 0.70 0.71 0.59 0.82 0.71 0.73 0.72 0.62 0.83 . 0.73

Mean 0.63 0.63 0.54 0.71 0.64 0.64 0.56 0.72

CD for soils 53 0.02
CD for nitrogen application = 0.01
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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
mergence 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 soil 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 soil x level 
of submergence x fertilizer nitrogen application 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 soil 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 
Influence 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) In different soils as influenced
by level of submergence and nitrogen application on rice, Jaya and Triveni

J A Y A T R I V E N I

Soil type
Levels of 

submergence Nitrogen
application Levels of Mean submergence Nitrogenapplication Mean

W1 W2 T0 T1 *1 W2 T0 Ti

Karapadam 1.42 1.39 1.20 1.61 1.41 1.39 1.30 1.05 1.63 1.34
Kole 1.43 1.63 1.62 1.49 1.56 1.69 1.63 1.65 1*69 1.67
Sandy loam 1.59 1.20 1,50 1.29 1.40 1.51 1.33 1.57 1.27 1.42
Low level 
laterite 1.44 1.24 1.17 1.51 1.34 1.70 1.49 1.31 1.33 1.60

Black soil 1.49 1.53 1.44 1.64 1.54 1.04 1.55 1.41 1.13 1.30

Mean 1.48 1.15 1.39 1.51 1.46 1.46 1.40 1.57

CD between soils = 0.05 CD between soils = 0.02
CD between levels 
CD between soil x
CD between soil x

of submergence =0.03 
level of-

submergence = 0.07 
nitrogen-apolicatlon = 0.07

CD for nitrogen application = 0.01 
CD for soil x level of—

submergence = 0.02 
CD for soil x nitrogen-

application = 0.02



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

Treatment
combinations

J A Y A T R I V E N 1
Phosphorus content .Potassium content Phosphorus content Potassium content

grain straw grain straw grain straw grain straw

W o 0.22 0.12 0.55 1.28 0.24 0.12 0.54 1.25

W l 0.26 0.13 0.60 1.55 0.27 0.11 0.62 1.51

W o 0,24 0.14 0.48 1.11 0.23 0.11 0.50 0.85

W l 0.25 0.16 0.64 1.66 0.26 0.13 0,65 1.75

W o 0.21 0.15 0.52 1.57 0.24 0.11 0.54 1.67
Wl 0.25 0.15 0.71 1.38 0.25 0.12 0.65 1.71

S2W2T0 0.22 0.15 0.55 1.66 0.24 0.13 0.51 1.63
S2W2T1 0.24 0.14 0.76 1.60 0.25 0.14 0.71 1.67

S3W1T0 0,23 0.12 0.51 1.45 0.23 0.11 0.49 1.51
S3W1*1 0.24 0.13' 0.65 1.73 0.24 0.13 0.?2 1.51

W o 0.23 0.11 0.48 1.55 0.22 0.12 0.53 1.63

Wi 0,23 0.11 0.67 0.84 0.24 0.11 0.75 1.02

W o 0.21 0.12 0.62 1.37 0.23 0.11 0.65 1.63

W l 0.23 0,14 0.71 1.51 0.23 0.14 0.73 1.76

W o 0.22 0.11 0.54 0.97 0.24 0,12 0.60 0.98
S4W2T1 0.22 0.14 0.73 1,51 0.25 0.13 0.71 1.99
Wo 0.24 0.13 0.59 1.32 0.23 0.12 0.65 1.28

Wl 0.24 0.11 0.81 1.66 0.24 0.12 0.82 0.81
S5W2T0 0.24 0.12 0.59 1.55 0,23 0.11 0.59 1.55
S5W2T1 0.26 0.14 0.84 1.61 0.25 0.11 0.84 1.55

CD 0.09 0.01 0.03 NS NS 0.03 0.03



grown in black soil karapadam and sandy loam war© on par.
Least value was found in the straw of plants grown in low 
level laterite soil. In the case of Triveni, the highest 
potassium content of straw was with kole soil which was 
followed by low level 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 Triveni, 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 soil x level of submergence 
was significant in both varieties. In the case of Jaya, the 
maximum straw potassium content was observed in kole soil at 
10 cm 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 5 cm submergence which was on par with kole soil 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 x nitrogen



interaction were found to have significant influence on 
straw potassium content.

Ill Soil analysis

(i) Available nitrogen content of soil

Data on the available nitrogen content of soil at 
different periods are presented in Tables 19 to 22 and 
their analysis of variance in Appendix IV.

In the case of Jaya the results showed that available 
nitrogen content of soils varied in different soil types. The 
maximum available nitrogen content was obtained 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 available nitrogen content was noted with 
kole soil followed by low level laterite, karapadam, black 
soil and sandy loam soil.

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





Table 19(a) Mean available nitrogen content (ppm) at different periods in different
soils for rice, Jaya

Periods after transplanting
U  « «Oh 24h 43h 96h lweok 2v«eek Sweek 4 we ok 5week 6woek' 7week &veek

Karapadam 110 131 137 137 133 109 92 35 99 39 77 70 74
Kole 212 216 222 236 257 164 155 149 149 133 135 130 146
Sandy loam 98 98 93 103 100 66 62 63 67 63 60 59 48
Low level 
laterite 113 137 147 152 160 129 117 112 117 109 104 101 67
Black soil 123 123 143 144 152 131 124 116 120 113 107 96 73

CD 1.36 2.4 1.7 1.4 1.5 1.7 1 .2 3.3 1 .1 1.9 2.5 6 .2

COCO
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Table 19(b) Moan available nitrogen content (ppm) at different periods in different
soils for rico, Triveni

Periods after transplanting
!

Oh 24h 4Sh 96b Iweek 2week 3week 4week 5woek 6weok 7Week 9week Harvest

Karapadam 110 130 144 143 138 121 103 93 99 93 82 77 75
Kole 212 213 224 233 214 192 185 156 169 163 146 143 143
Sandy loam 90 101 101 99 93 76 70 69 79 69 59 57 51
Low level 
laterite 118 141 150 151 155 112 101 95 115 103 106 102 31
Black soil 128 132 142 137 139 119 112 106 107 96 39 84 32

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

COcc
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In the case of Jaya, among the soil x levels of sub
mergence Interaction, In all soils and at all periods 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 soils was markedly affected by soil x 
levels of submergence interaction. At all periods except 
96 hours, 2 and 4 weeks, the highest available nitrogen con
tent was reported in kole soil with 5 cm submergence, while 
at 96 hours, 2 and 4 weeks, the highest available nitrogen 
content was found in kole soil with 10 cm submergence among 
the different combinations. The lowest available nitrogen 
content was noted with sandy loam with 5 cm submergence at 
period of 24 hour, whereas at all other periods sandy loam 
with 10 cm submergence had lowest. In all soils, when the 
level of submergence alone Is considered except at a few 
periods, the 5 cm submergence registered higher available 
nitrogen content.

For Jaya, among the soil x nitrogen fertilizer treat
ment Interaction, in all soils and at all periods the ferti-



Table 20(a) Available nitrogen content (ppm) In different soil types as Influenced by level
of submergence on rice, Jaya and Triveni

Soil type1
Level of Periods after transplanting
gence i (cm) , Oh 24h 48h 96h lweek 2 week 3week 4 week 5week 6week 7week Sweek Har

vest

Karapadam
1

5 | 110 135 142 142 139 114 94 89 104 93 81 74 74
10 j 110 128 132 131 128 104 90 80 80 84 72 67 74

Kole 5 212 216 223 240 264 171 164 157 157 148 144 138 153
10 212 215 220 232 250 156 147 140 141 128 126 122 138

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 
laterite 5

10
118
118

139
135

149
144

154
149

160
161

130
128

120
114

114
109

118
116

111
106

106
102

103
99

67
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 1.67 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 141 146 151 156 115 106 99 106 98 92 84 79
CD 0,86 1,49 1.07 0.87 0.97 0.60 0. 75 2.37 0.69 0.75 0.58 3.93



Table 20(b) Available nitrogen content (ppm) at different periods as influenced by soil type
level of submergence on rice var. Trivetji

Soil type
Levelssubmer

qence(cm)

of Periods after transplanting

Oh 24h 48h 96h lweek 2week 3week 4week 5week 6week 7week 8week Harvest

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 5 212 215 225 238 216 186 188 153 169 176 150 146 146
10 212 211 221 250 211 198 182 159 169 169 142 140 140

Sandy loam 5 98 100 101 97 99 81 76 71 81 66 63 58 52
10 98 102 102 101 96 70 63 66 77 72 56 54 49

Low level 5 118 138 152 155 158 115 102 94 117 112 119 115 82laterite 10 118 143 147 146 151 109 100 96 119 111 108 105 79
Black soil 5 128 138 154 143 146 124 113 107 112 100 94 90 80

10 128 125 134 130 132 114 110 110 115 96 90 ' 35 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 96 92 79
10 cm 140 .148 152 145 120 111 104 112 104 91 88 78
CD 0.76 0.74 0.95 0.81 0.84 0.65 0.59 0.85 0.80 1.21 1.36 2.21

CDro



Table 21(a) Available nitrogen content (ppn») at different periods as affected by soil
type and fertilizer nitrogen application on rice, Jaya

Nitrogen Periods after transplantingSoil type ao«ti — — —  -------------     , ,—    .......   -
Oh 24h 4£3s 96h IvjqoIc 2weok 3v»eek 4weok Sweek 6week 7 week @weok Has*—

cation vest

Karapadaia T0 110 114 119 114 99.2 as 82 78 75 68 65 59 60
*1 110 148 155 160 167 133 102 91 122 109 88 81 80

Kole Tn 212 211 218 231 246 149 143 139 134 130 125 120 134
Tl 212 220 226 241 263 178 167 153 163 147 145 140 158

Sandy loara To 98 94 91 94 79 55 53 51 47 44 42 38 28
T,l 93 103 105 112 121 77 71 6S 87 82 79 79 66

how lovol To 113 109 118 125 132 iia 100 93 88 m 79 74 49laterite y
T 1 118 165 175 17Q 183 140 133 131 145 133 130 123 86

Black soil To 128 117 123 121 128 112 105 93 97 91 86 82 61

TI 128 139 163 167 176 149 142 139 143 135 127 122 84

CD 1.92 3.33 2.40 1.95 2.13 1*70 1.67 5.30 1.54 1.6 8 2.98 8.79

CD
CO



Table 21(b) Available nitrogen content (ppra) at different periods as influenced by soil
type and nitrogen application on rice, var. Triveni

Periods after transplanting
Soil type appli Oh 24h 48h 96h Iweek 2v;eek 3week 4week Swsek 6week Tweak Swesk Har-

cation vest

Karapadam To 110 117 126 122 101 91 76 70 66 62 60 58 63
Ti 110 143 161 163 107 ' 150 129 116 131 124 103 95 87

Kole t d 212 209 222 224 175 149 143 135 132 131 130 129 131
212 217 229 240 252 236 226 176 206 197 155 157 155

Sandy loam T0 98 95 90 81 71 66 59 58 53 50 47 44 42
*1 98 106 112 118 124 85 80 79 104 80 71 70 59

Low level to
T1

118 124 133 132 138 105 94 91 91 84 81 78 70
laterite 118 157 166 169 171 120 108 99 131 124 116 108 91

Black soil To 128 115 117 110 107 88 76 73 69 63 61 58 69
T1 128 148 161 163 171 150 147 134 140 124 109 104 94

CD 1.7 1.7 2 .1 1 .8 1.9 1.5 1.3 1.9 1 .8 2.7 3.0 6.3

05



Table 22(a) Mean available nitrogen content (ppm) at different periods as influenced by soil 
type, level of submergence and nitrogen application on rice, var, Jaya

; Periods after transplanting
Treatment
combinations Oh 24h |48h

!■
96h 'lweek 2week 3week 4week 5week 6week 7waek Sweek Harvest

Wo 110 111
1.
Ill5 112 101 92 87 85 80 74 72 65 61

Wl no 159 '169 173 176 138 100 93 129 111 91 83 86
S1W2T0 110 117 123 116 97 80 76 71 64 62 59 53 58
Wl 110 138 142 147 159 128 104 89 116 106 85 80 90
S2W1T0 212 212 221 237 253 155 149 145 140 137 129 125 138
Wl 212 220 227 246 275 188 179 169 174 160 159 151 167
Wo 212 211 216 226 239 144 137 133 129 123 121 116 129
Wl 212 219 225 239 262 169 156 147 153 134 131 129 148
S3W1T0 98 95 91 95 86 59 55 53 50 47 45 41 36
S3W1T1 98 99 107 116 128 80 73 73 88 82 80 80 68

S3W2T0 98 93 91 94 73 52 50 49 44 41 39 36 30
Wl 98 107 104 109 114 73 70 63 87 82 78 78 62
Wo 118 111 121 129 136 119 103 96 91 87 01 77 49
Wl 118 168 178 180 184 141 137 132 145 135 132 130 84
S4W2T0 , 118 108 115 121 129 117 97 89 85 81 78 72 49
Wl 118 163 173 176 193 139 139 130 146 131 127 126 88
Wo 128 118 125 123 131 114 107 95 94 90 85 81 59
Wl 128 141 170 172 183 155 151 144 150 141 133 127 86
S5W2T0 128 110 121 119 127 109 103 92 99 91 87 82 62
Wl 128 136 157 161 170 142 133 131 136 130 121 117 82

CD 2.79 4.84 3.48 2.83 3.16 2.46 2,43 7.5 2.19 2.37 2.10 2.43

CDcn
o



Table 22(b) Available nitrogen content (ppm) at different periods as influenced by soil type, 
levels of submergence and nitrogen application on rice, var. Triveni

I
• J

T reatment Periods after transplanting
combination Oh 24h

I
48hJ 96h Iweek 2week 3week 4week Sweek 6weak 7week 8week Harvest

Wo 110 115
i1
121 124 104 94 74 68 65 61 58 56 64

SlWljl 110 165
j
180i 279 182 168 136 122 131 124 107 97 85

Wo ljlO 120 131 119 98 89 78 72 67 63 62 59 62
Wi 4° 121 142i .147 170 132 122 111 131 124 99 94 88
Wo 2 210 227 230 181 155 142 140 136 134 134 131 132
Wi 212 220 233 246 251 231 221 165 202 206 166 161 159
Wo 212 207 217 217 170 156 132 130 128 128 126 127 130
Wi 212 214 224 233 253 241 232 188 210 205 158 153 150
Wo 98 96 91 81 77 71 66 61 57 54 51 46 42
S3W1T1 98 103 111 114 121 91 86 81 104 79 75 73 62
S3W2T 0 98 94 90 81 86 61 53 55 49 47 44 43 41
Wi 98 109 114 122 127 80 73 77 105 98 68 67 56
Wo 118 122 136 139 141 106 96 92 92 86 83 79 72
Wi 118 153 168 171 174 125 109 97 128 122 114 105 92
Wo 118 125 130 125 135 104 93 90 90 82 ' 80 77 68
Wi 118 161 164 167 168 115 107 101 134 126 113 111 90
Wo 128 121 124 119 115 95 76 75 68 61 59 56 70
Wi 128 155 183 167 177 153 149 138 139 120 109 105 90
S5W2T0 128 108 110 101 ' 99 81 76 71 69 65 62 60 68
Wi 128 142 159 159 166 147 145 130 140 127 109 104 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
COCD
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lizer nitrogen application had increased th© available 
nitrogen content. In the case of Triveni, among the 
soil x nitrogen application combination, the highest avail
able nitrogen content was noted in kole soil with nitrogen 
application at all periods and the lowest content was noted 
in sandy loam without applied nitrogen.

The effect of soil x level of submergence x nitrogen 
application interaction on available nitrogen was more in 
kole soil at 5 cm and 10 cm submergence levels with nitrogen. 
Lowest value was recorded in sandy loam soil at 10 cm sub
mergence 'without nitrogen for both-varieties.

Available phosphorus content of soil

Data on the available phosphorus content of the soils 
are given in Tables 23 and 25 and the analysis of variance in 
Appendix VII.

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

The level of submergence was found to have significant



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

J A Y A T R I V E N I

Soil typo Lovol of 
submergence Nitrogen

application 4
Level of 

submergence Nitrogen
application

Mean
*2 To

■ ---- u
T1 W1 W2 To T1

Karapadam 11.0 0 12.00 11.0 0 12 ,0 0 11.50 11.00 12.00 11.0 0 12.00 11.50
Kole 11.03 14.00 13.00 11.00 12.25 10.00 13.00 12.00 11.0 0 11.50
Sandy loam 12.00 12.00 13.00 12.00 12.25 12.00 11.00 11.0 0 12.00 11.50
Low level 
laterite 12.00 13.00 13.00 11,0 0 12.25 12.00 14.00 12.00 14.00 13.00

Black soil 11.0 0 12.00 0.00 14.00 11.50 11.0 0 12.00 12.00 11.0 0 11.50

Mean 1 1 .1 0 12.50 11.65 11.95 11.20 12.40 11.60 12.00

CD for soils ” 0.31 CD for soil % level of-submergence — 1.14 
CD for level of submergence — 0.51

CD for soils =* 0.52 
CD for level of submergence “ 0.33 
CD for nitrogen application 3 0.33 
CD for soil x level of-submergence = 0.74 
CD for soil x nitrogsn

ap plication s* CDCO
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influence on the available phosphorus in both varieties*
' where 10 cm submergence gave more available phosphorus con
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 available phosphorus content. Among 
the soil x level of submergence interaction, Jaya variety 
grown in kole soil under 10 cm submergence registered maxi
mum available phosphorus. Minimum value was noted in kole 
soil at 5 cm submergence karapadam at 5 cm submergence and
black soil at 5 cm submergence. For Triveni, the maximum 

0

available phosphorus content was noted with low level laterite 
at 10 cm submergence and the minimum content was noted at 
kole soil at 5 cm submergence.

Among the soil x fertilizer nitrogen interaction* for 
Jaya, black soil with fertilizer nitrogen registered the 
maximum available phosphorus while the minimum was noted in 
black soil with no applied nitrogen. For Triveni, the maximum 
available phosphorus content was noted in low level laterite 
with nitrogen application and the minimum content was noted 
in sandy loam soil and karapadam soil both without nitrogen 
application and kole and black soils with nitrogen application. 
Among the S x VJ x T combination for Jaya, the maximum available
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phosphorus content was noted with black soil at 10 cm 
submergence and nitrogen application and kolo soil at 10 cm 
submergence and without fertilizer nitrogen application. The 
least content was noticed in karapadam soil 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 
noted with kole soil 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 VII.

The soil type was found to have significant influence 
on the exchangeable potassium content in both the rice varie
ties, 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 re
garding the exchangeable potassium content.



Table 24 Exchangeable potassium (ppm) of the soils after harvest as affected
by levels of submergence and nitrogen application on rice,

Jaya and Triveni

J A Y A T R I V E N I
Soil type Levels of 

submergence
Nitrogen

application
Levels of submergence Nitrogenapplication

W1 *2 To T1 Kean J 1 w2 T0 T1 Kean

Karapadam 30 20 25 33 29 29 28 27 30 29
Kole 26 28 22 32 27 25 26 22 29 26
Sandy loam 23 25 23 26 24 25 25 23 27 25
Low level 
laterite 25 26 22 29 26 27 23 24 31 28

Black soil 47 49 43 53 40 48 49 44 52 49

Kean 30.20 31.20 27.00 34.60 3i 31 28 34

CD for soils = 1.71 CD for soils = 0.7
CD for soil x level of— CD between level of-submergence =* 1*21 submergence = 0*4
CD for soil x nitrogen- CD between soil x fertilizer—

application “ 1,21 treatment =0.9
Level of submergence *>0.54
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Table 25 Available phosphorus ami potassium content (ppra) 
of the soils at harvest as affected by levels of 
submergence and nitrogen application on rice, 

Jaya and Triveni

J A Y A  T R I V E N I
combination Available

phosphorus
Exchan
geable

potassium
Available

phosphorus
Exchan
geable

potassium

S1W1T0 3 27 10 28
SIW1T1 13 34 12 30
W o 14 . 24 13 25«b “ v
W l 11 32 11 31
W o Jil 22 11 23
W l 10 30 9 28
W o 16 21 14 21

W l 13 34 13 30
S3‘V1T0 12 22 13 24
W l 13 25 12 27
5 $‘2*0 13 24 10 22

W l 11 27 13 29
W o 13 22 11 23
w i 11 29 13 30
s4w2t0 14 22 14 24
W i 12 30 15 32
W o 9 39 12 42
W i 13 55 10 54
W o 9 47 12 46
S5W2T1 16 50 11 51

CD 1.61 1.71 1 .2 1 1.32



104

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 soil at 10 cm submergence pro
duced the highest exchangeable potassium content while the 
minimum vyas noticed In sandy loam at 5 cm submergence.

Between the soil x fertilizer nitrogen interaction, 
for the two varieties, the highest value was noted in black 
soil 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 varieties the maximum exchangeable potassium content 
was found with the treatment combination of black soil at 
5 cm submergence and nitrogen application and the minimum 
found with kole soil at 10 cm submergence and no nitrogen 
application,

IV Nitrogen 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 levels of submergence and nitrogen application on rlc©,

Jaya and Triveni

J A Y A T B I V E N I
Soil type Levels of submergence

Nitrogen
application Moan

Levels of submergence Nitrogen
application Mean

"i w2 T0 T1 •W1 *2 T0 Ti

Karapadam 0.260 0.270 0.240 0.290 0.265 0.230 0.226 0.206 0.250 0.220

Kole 0.300 0.290 0.270 0.320 0.295 0.254 0.273 0.235 0.292 0.264
Sandy loam 0.260 0.220 0 .2 10 0.260 0.239 0.203 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 0.290 0.290 0.300 0.293 0.299 0.264 0.269 0.295 0.282

Mean 0.284 0.266 0.252 0.294 0.242

CD for :soils = 0.013 CD for soils = 0.015
CD forlevel of submergence » 0.011 
CD for nitrogen application = 0.011

CD for soil x level of-
submergence = 0.022

CD for nitrogen application = 0,01

cn
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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 level laterite karapadam and sandy loam. In the case of 
the variety Triveni, maximum uptake was noted with black 
soil followed by kole soil, karapadam, low level laterite 
and sandy loam. Sandy loam and low level laterite were on 
par.

In the case of Jaya, the nitrogen uptake was found 
to be more at 5 cm submergence than at 10 cm 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 of Jaya, the treatment combinations soil x 
level of submergence and soil x fertilizer had no influence 
on the nitrogen uptake. For Triveni soil x level of submer
gence interaction was found to have significant influence in 
the nitrogen uptake. Maximum uptake was noted with the treat
ment combination black soil at 5 cm submergence, followed by 
kole soil at 10 cm submergence and the least uptake was in
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sandy loam at 10 cm submergence. The soil x fertilizer 
nitrogen interaction was found to have no influence in the 
uptake of nitrogen in Triveni 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
ence.

(ii) Nitrogen uptake by straw

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

The nitrogen uptake by straw was maximum in black soil 
followed by low level laterite, kole, karapadam and sandy 
soil. In the case of the variety, Triveni, the maximum up
take of nitrogen was observed in low level laterite soil 
followed by kole soil, black soil, sandy 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 
case of Triveni, more nitrogen uptake was at 10 cm submer
gence than at 5 cm submergence. In both varieties, the 
nitrogen application resulted in increased uptake of nitrogen.



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

Jaya and Triveni

J A V A T R I V E N I

Soil type Levels of submergence Nitrogenapplication Levels of 
submergence

Nitrogen
application

W1 w2 T0 T1
Mean "i *2 To T1

Mean

Karapadam 0.170 0.150 0.140 0.180 0.160 0.138 0 .12 1 0.103 0.151 0.130
Kole 0 .10 0 0.130 0.150 0.220 0.183 0*161 0.172 0.139 0.195 0.167
Sandy loam 0.140 0.130 0 .110 0.160 0.135 0.147 0.138 0.123 0.156 0.142
Low level
laterite 0.240 0.200 0.190 0.260 0.223 0.172 0.204 0.172 0.203 0.133
Black soil 0.270 0.260 0.220 0.320 0.268 0.156 0.172 0.137 0.191 0.164

Mean 0.202 0.184 0.162 0.228 0.155 0.161 0.137 0.179

CD for soils 13 0.014 CD for soils = 0.010
Soil x level of submergence » NS CD for soil x levels of sub-
CD for soil x nitrogen- mergence =* 0.013application “ 0.02 CD for nitrogen application 38 0.013CD for level of submergence « 0.009 CD for level of submergence *= 0.006

M
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In the case of Jaya, the soil x level of submergence 
interaction was found to have no significant influence on 
the nitrogen uptake. In the case of Triveni, there was 
significant influence* Maximum uptake was noted with Iovjw 
land laterite at 10 cm submergence. Kole at 10 cm submer
gence, low land laterite at 5 cm submergence and black soil 
at 10 cm submergence were identical. This was followed by 
kolo soil at 5 cm submergence. The minimum value was noted 
with karapadam at 10 cm submergence.

In the case of Jaya,soil 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 nitrogen were equal. 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 applied nitrogen and the minimum uptake 
was found in karapadam soil without applied nitrogen. The 
other treatment combinations were found to have no signifi
cant influence on the nitrogen uptake by straw.
(iii) Total Nitrogen uptake by the plant

The data on the total nitrogen uptake were presented



Table 23 Total nitrogen uptake by plant (g/pot) as influenced by levels of
submergence and nitrogen application in rice, Jaya and Triveni

J A Y A  T H I V E N I
Soil tvoa Levels of Nitrogen Levels of NitrogenYP submergence application submergence application

W1 W2 T0 T 1 Mean W1 W2 T0 T1 Mean

Karapadam 0.428 0.410 0.363 0.470 0.419 0.363 0.353 0.314 0.408 0.361
Kole 0.490 0.465 0.420 0.535 0.478 0.416 0.445 0.374 0.437 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 
laterite 0.536 0.456 0.432 0.560 0.496 0.390 0.409 0.360 0.439 0.400

Black soil 0.569 0.540 0.496 0.613 0.555 0.455 0.437 0.405 0.4S6 0.446

Mean 0.483 0.444 0.403 0.520 0.396 0.399 0.353 0.441

CD for soils 53 0,01
CD for soil jc level of—submergence = 0.015
CD for soil x nitrogen-spplication " 0.015

CD for soils = 0.02
CD for lovel of submergence = 0.01
CD for soil x level of—subnsergence s 0.029

Oi
l
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in Tables 28 and 29 and the analysis of variance in 
Appendix VI.

The maximum uptake in the case of Jaya was noted with 
black soil followed by low level laterite soil* kolo soil 
and the least value was noted with sandy loam soil. In the 
case of Triveni, the maximum uptake was in the black 9oil 
followed by kole, low level laterite, karapadam and sandy 
loam soil•

In the case 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 
5 cm submergence followed by black soil at 10 cm 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 soil at 
5 cm submergence, followed by kole soil at 10 cm submergence, 
black soil at 10 cm submergence and the least with sandy loam 
at 10 era submergence.

In the case of Jaya, the soil x nitrogen application
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7   j A V 'a 1 ‘ ' 1 T a I \/ G H I 1

Table 29 Uptake of nitrogen (g/pot) as influenced by
soil typo, level of submergence and nitrogen
interaction on.rice, Jaya and Triveni

Treatment Grain Straw Total Grain Straw Total 
combinations uptake uptake uptake uptake uptake uptake

SlV?iT0 0.218 0.145 0.363 0*205 0.113 0.318

W 1 0.294 0.190 0.494 0.256 0.162 0.413

si¥ o 0.262 0.132 0.374 0.200 0.104 0.311

W i 0.277 0.169 0.446 0.244 0.140 0.404

W o 0.262 0.160 0.424 0.228 0.130 0.354

W x 0.337 0.219 0.556 0.281 0.193 0.474

S2W2T0 0.280. 0.136 0.415 . 0.243. 0.143 0.391
s2VV2T1 0.299 0.215 0.514 0.304 0.196 0,500
W o 0.224 o.m 0.335 0.194 0.135 0.324
S3VJ1T! 0.280 0.163 0.452 0.221 0.158 0,379
W o 0.205 0.105 0.309 0.181 0.121 0.302

W i 0.246 0.148 0.394 0.237 0* 133 0.389

W o 0.284 0,202 0.484 0.198 0.133 0.351

W l 0.310 0.278 0.388 0.239 0.190 0.429
S4Vi2T0 0.219 0.162 0.381 0.177 0.191 0.369
S4V;2T1 0.298 0.233 0.531. 0.233 0.217 0.450
S5W1T0 0.293 0.222 0.515 ,0.293 0.122 0.403
S5RiTl 0.306 0.318 0.623 0.316 0.190 0.506
S5VJ2T0 0.275 0,202 0.477 0.235 0.153 0.407
S5VJ2TI 0.291 0.313 0.603 0.274 0.193 0.466

0 i 0 3  0 * 2 9  0 . 0 4 1  m  NS 0 . 0 2
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was found to have no influence on nitrogen uptake. In 
Triveni the maximum uptake was noted with kole soil with 
nitrogen which was significant. This was closely followed 
by black soil with nitrogen. The least value was recorded 
in sandy loam without nitrogen and this was on par with 
karapadam with no nitrogen. The soil x level of submer
gence x nitrogen application Interaction was also found to 
have significant influence on the total nitrogen uptake. The 
total nitrogen uptake was maximum in black soil at 5 cm sub
mergence and with nitrogen application which was followed by 
black soil 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 Recovery 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 
soil and kole soil. Karapadam soil was on par with kole. The 
lowest recovery was from sandy loam soil. In the case of 
Triveni, the recovery was highest with kole soil followed by 
karapadam soil. The low level laterite, black soil and sandy 
loam were on par.
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Tabl© 30 Recovery of applied nitrogen Cpor cent) as in
fluenced by soil type and lovel of submergence

for rice, Jaya and Triveni

J A Y A T R I V E N I
Soil type Levels of submergence

Levels of submergence

W2 Moan W1 *2 Mean

Karapadam 38.68 21.32 30.00 36.19 35.43 35.01
Kolo 38,83 29.12 33.93 44.57 41.73 43.15
Sandy loam 34.41 24.83 29.63 20.95 33.14 27.05
Low level 
laterite 30.73 44.26 37,50 26.17 30.86 28.52
Black soil 31.91 37.21 34.56 34.64 22.49 23,56

Mean 34.91 31.35 32.50 32.73

CD for soils = 4,39 CD for soils = 4.03
CD for soil x level of- CD for s x w = 5.70

subraergonce ° 6.21 m  for lwol of_
CD for level of- submergence =5 2.50submergence = 2.78
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In the case of Jaya, 5 cm level of submergence gave 
significantly higher recovery than 10 cm submergence while 
In Triveni the values were on par. Among the soil 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. S,Ŵ , S9Wp S3W^ and were on par. The
lowest recovery rate was given by karapadam soil at 10 cm 
submergence which was on par with sandy loam at 10 cm sub
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. Ŝ Ŵ , SjWg# S3W2 ant*
SgV/̂  were on par. The lowest recovery was given by sandy 
loam at 5 cm submergence.
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DISCUSSION

In Kerala, rice is grown under different soil 
conditions and under varying water regimes. Several high 
yielding varieties have also been brought under cultivation 
during the recent years. However, only general recommenda
tions of 90 kg N and 70 kg N/ha are given for medium duration 
and short duration varieties, respectively without considering 
soil typo and water regimas. The Information on the ability 
of tho different soil typos in the utilization of water for 
plant growth and Its productivity is also not enough, except 
that a general recommendation of 5 cm level of water fcr rice 
during its active growth periods. It is quite reasonable 
that the availability of nutrients ©specially nitrogen would 
ba influenced largely by soil type and Irrigation levels. 
Hence, tho present set of investigation on the nitrogen 
balance of tho different soil types of Kerala was conducted 
to decide on the extent of utilization of nitrogen by two 
rice varieties of differing duration under varying soil types 
and Irrigation levels. The Individual effect as well as the 
cumulative effect of all these three factors viz. soil typo, 
Irrigation level and nitrogen on growth and productivity of 
each of modium duration and short duration rice varieties 
are discussed.



1. Plant height

Plant height in rice Is influenced primarily by 
genetic and environmental factors. Hence within a single 
variety, the effect of soil; nitrogen and irrigation could 
be realised, in the present study, soil 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 soil analysis. As nitrogen has a major role in 
Influencing the vegetative growth of rice, probably high 
initial nitrogen content of karapadam and kole soils might 
have augmented the plant height in these soils. (Ramamoorthy 
and Velayudhartt 1976)• In 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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I Influence of soil type submergence level and nitrogen
application on growth and yield of rice
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and the minimum height thus recorded is in agreement with 
the poor productivity of the soil.

Irrigation levels also influenced the vegetative 
growth of rice. In the medium duration variety Jaya,
10 cm lovel resulted in maximum height at tillering and 
paniclo 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 been 
reported by Senewiratne and Mlkkelsen (1961). On the con
trary shallow submergence of 5 - 7.5 cm was found superior 
by Glidiyal and Jana (1967).

The present investigation also revealed certain in
teraction effects of soil 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 superior; at panicle initi
ation, flowering and harvest stages, kole soil with 5 cm
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level was batter than others in increasing plant height. 
The inferior nutrient status effect of sandy loam soil 
in the minimum plant height was also expressed In inter
action of soil type and Irrigation levels.

Nitrogen fertilization has been established to in
fluence the vegetative growth of rice plants (Alexander 
et ,al 1974, Gunasena et al 1979J 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, resulted In 
more plant height at tillering and black soil 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 consider cumulative effect of soil type, 
Irrigation and nitrogen levels together on plant height 
black soil and kole soil with 10 cm Irrigation level and 
nitrogen application resulted In more plant height at 
tillering stage than rest of the combinations in Jaya 
variety. However, at panicle initiation, flowering and

119
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harvest stages, karapadam soil receiving 5 era irrigation 
and nitrogen produced the maximum height, it is thus clear 
that In karapadam soil, increase in plant height at later 
stages was more than in other soils including black soil 
and kolo soil. In the case of Triveni, kole soil 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 vegetative growth was 
emphasized by Senewiratne and Mikkelsen (1961). Internode 
elongation in response to increasing water depth was also 
reported by IRRI (1968). On the contrary, Giidiyal and 
Jana (1967), Singh and Pande (1973) reported shallow sub
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 heights than with no nitrogen application.

2. Tiller count

Soil type has also influenced the growth characters 
io., total tiller counts. It was found that in the variety 
Jaya all the three heavy soils vis. karapadam, kole and 
black soils produced maximum tiller counts at all stages.
On the other hand, sandy loam and low level laterite soils
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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 
again, 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 
soils. 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 in
herently poor productivity and fertility status associa
tion with these soils. The findings are in agreement with 
the results of Venugopal and Koshy (1976).

YJhereas 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 reported 
by Sivanappan et jsl (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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Triveni rice varieties, 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 soil type and stage of growth of plant. Hence the opti
mum amount of water for different soil types have to be 
worked out by programming detailed investigation on these 
lines.

Nitrogen application significantly influence the 
production of tillers in Jaya and Triveni varieties of rice. 
Black soil with applied 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 noticed at tillering and flowering stages. However, in 
low level laterite soil, there was no significant difference 
between nitrogen applied and not applied plants.

Interaction of soil x 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 tiller counts at flowering stage. At harvest-
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ing stage, kole and black soil with 10 cm level of sub
mergence and with N application recorded the maximum 
tiller count. Incidently kole and black soil at 10 cm 
submergence recorded the highest recovery and uptake of 
nitrogen 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 high nitrogen supplying capacity of these soils. 
The nitrogen supplying capacity of black soil & kole soils 
seems to be relatively larger than other soils. It may be 
due to the presence of high clay (montmorilonit© type) and 
organic matter content. It is 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 l).

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 8.
Dastane (1971), Among the soil x level of submergence 
Interaction black soil at 5 cm submergence recorded the 
highest productive tiller count. This can be attributed 
to more availability of nitrogen at 5 cm submergence in 
black soil. At panicle initiation stage available nitro
gen content of black soil at S cm was found to be 104 ppm 
while for 10 cm submergence it is only 76 ppm. 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 Si hiurthy (1981), For, both the varieties 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 significant effect of soil 
type and applied nitrogen on the productive tiller count 
and the non-significance of 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
est in low level laterite. In the case of Triveni the 
highest panicle length was noticed in kole soil. This can 
be attributed to the highest available 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 no 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 
soil 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 at 5 cm

t
submergence. This can be attributed to the lowest avail
able nitrogen status of sandy loam soil. From the results
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it is observed that in all soils, the nitrogen applica
tion has contributed to panicle length. This had been 
previously reported by many other workers like Lenka 
(1969) Singh (1971), Subbiah at al (1979). The interaction 
of the soil x level of submergence x nitrogen application 
was found to have no effect on panicle length in both the 
varieties. This may be due to the insignificant response 
of level of submergence.

Thousand grain weight

Thousand grain weight in Jaya variety was found to 
be influenced by different treatments and their combina
tions. The soil type ivas found to have significant influ
ence on the thousand grain weight in Jaya while there was 
no influence in Triveni. In Jaya, the maximum was observed 
in kole soil which was on par with black soil and karapadam 
soil and the minimum was noted in sandy loam and low level 
laterite soil. Thousand grain weight in kole soil was high 
due to high available nitrogen in the soil. Also the nitro
gen uptake by grain and recovery of nitrogen were high in 
kole, black karapadam soils. This might have contri
buted to higher thousand grain weight. The submergence
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levels had no effect on the thousand grain weight in both 
the varieties. Similar results were obtained by Sivanappan 
et al (1974).

5. Grain yield

In the case of Jaya the maximum grain yield was noted 
in low level laterite and kole soil 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 
weight. For both Jaya and Triveni, the minimum grain yield 
was obtained in sandy loam soil. The yield contributing 
characters were also minimum in sandy loam soil, which may 
account for the low yield in sandy loam soil. Level of 
submergence as in the case of other yield attributes, failed 
to show any significant effect on the grain yield. The non
response of irrigation levels on yield has been reported by 
many other workers viz; Sivanappan (1974), Sahu and Misra 
(1974) and Jha and Asthana (1978). The different treat
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 agreement with the findings of Bhuiya et al. (1979) 
and Gunasena at .al (1979) Kupukanachanakul and Vergara 
(1930).

6. Straw yield

Yield of straw which is one of the economic vegeta
tive characters In rice, was influenced by soil type, lovel 
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 Triveni 
variety, kole followed by black and karapadam resulted In 
increased straw production. In both the varieties, sandy 
loam soil has produced the lowest straw yield. Among the 
levels of submergence, superiority of 5 cm level was observed 
over 10 cm level In the increased production of straw was 
observed only In the Triveni variety. Nitrogen application 
in both varieties produced significant difference in straw 
yield over no nitrogen application. Vonkateswaralu (1973), 
Sushamakumari (1981) and Surendran (1985) have observed posi
tive response to nitrogen application on straw yield In rice. 
Analysis of effect of treatment combination also showed some 
interesting results. Kole soil with 5 and 10 cm levels of



\ 129

submergence and nitrogen application and black soil with 
5 cm level of submergence and nitrogen application recorded 
maximum straw yield in Jaya. In Triveni, kole soil v&th 
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 soil types. Probably In kole 
and black soils, inherent content of various nutrients and 
utilization ability might have augmented the straw yield of 
rice in contrast to sandy soil.

II Influence of soil type, submergence leyel and nitrogen 
application on nitrogen content of soil and plant

a. Available nitrogen in the soil

Shiga and Ventura (1976) have mentioned that available 
nitrogen in the soil plays a crucial role in growth and 
yield of rice plants. Also the available nitrogen in the 
soil is an indication of mineralization of soil nitrogen 
(Anon, 1974). In 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 available nitrogen was noticed. 
Thereafter in the second week a decease in nitrogen content 
wgs observed and this decrease continued till the end of 
fourth week. Again, during the fifth week of planting 
increasing trend in available nitrogen content was observed 
which was followed by a continued decrease till the harvest 
stage. The initial increase in available nitrogen during 
the first week and during the fifth week can be attributed 
to the application of nitrogen fertilizers 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 v&th the 
reports of Loganathan and Rao (1973) and Highuchi and 
Uchida (1984). The variations noticed can be due to the 
difference in the soil type and varieties of rice used in 
the present study.

Comparison of available nitrogen 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 soil followed by low level laterite recorded the 
higher available nitrogen content. Sandy loam soil was



poor in available nitrogen content with respect to both 
varieties. 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 cm 
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 combination 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 
periods 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 soil types. The interaction of 
soil, level of submergence and nitrogen application was also 
significant on plant nitrogen content and this indicate their
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cumulative effect on nitrogen use efficiency. Nitrogen 
application alone also 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 inorganic fertilization contributes 
sizeably to the nitrogen content in plants, Khan and Pathak 
(1976) Yoshlda arid F&Aret 1977) Rai and Murthy (1979) and Talha 
et al (1981) 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 on the role of 
nitrogen in grain yield, under varying soils, water levels 
and nitrogen application. In both rice varieties, 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 yield.

Only in Jaya variety, level of submergence showed 
some influence viz., 5 cm level having better effect than 
10 cm level on the nitrogen content and uptake of grain.
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Fertilizer nitrogen application has been reported to 
increase the nitrogen uptake by rice grain (Khan and 
Pathak, 1976 Talha et jil 1981). In the present investi
gation also such a trend was observed in the grain uptake 
of nitrogen. However, nitrogen application did hot show 
any significance on the nitrogen content of grain In Jaya 
variety and also showed a inverse relationship in Triveni 
variety. Here the nitrogen application resulted in a 
significant increase of yield than the control. Since is 
the control, the yield was low, the nitrogen take up got 
accumulated in that limited portion and had resulted in 
an high content 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 content (Wilcox, 1954). Since nitrogen uptake is ob
tained by multiplying the nitrogen content with yield, 
even If 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 soil types 
also produced corresponding results for nitrogen uptake by 
straw. Incidently these soil types have produced higher 
yield of straw also.

In Jaya variety 5 ctn level of submergence resulted 
in higher nitrogen content of straw whereas in Triveni 10 cm 
level was better for Increasing the straw nitrogen content.

A similar trend was observed for nitrogen uptake 
by straw as influenced by submergence level. Probably, 
the difference in the duration of two varieties, Jaya and 
Triveni, may be responsible for this varied influence of 
submergence level. The effect of nitrogen application on 
nitrogen content of straw and nitrogen uptake by straw was 
almost similar to grain nitrogen content and grain uptake. 
Nitrogen application resulted in less nitrogen content of 
straw than control in both varieties. On the other hand, 
nitrogen uptake in both varieties increased with nitrogen 
application. This was mainly because of the part that 
nitrogen application has 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 
case.of treated plants the yield was high, so the nitrogen 
content was low. This may be explained by the inverse - 
nitrogen yield concept which says that the yield of a crop 
is inversely proportional to its nitrogen content (Wilcox 
1954). Since uptake is the product of nitrogen content and 
yield, a high yield could have resulted in increased uptake 
of nitrogen by straw. Nitrogen content and uptake of nitro
gen by straw in both varieties was also influenced by soil 
type x level of submergence interaction which indicates 
their cumulative effect on the nitrogen absorption by straw.

e. 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 range reported 
by earlier workers (Patnaik and Broadbent, 1967; Koyaraa, 1973; 
Ayatode 1980). Soil type, level of submergence and their in
teraction have influenced the nitrogen recovery. Among the
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soil ‘types, low level laterite, black and kole soils were 
on par with regard to the variety of nitrogen by Jaya 
variety. However, in Triveni, kole 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 cm level. In the treatment combination in 
Jaya, the mean recovery was found to range between 29.63 
to 37,3 per cent* Maximum recovery of nitrogen of 44.26 per 
cent was observed in low level laterite at 10 cm submergence 
level followed by karapadam and kole soils each at 5 cm 
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 
in the kole soil at 5 cm submergence followed by karapadam 
soil and the least value of 20.95 per cent was noted in 
sandy loam at 5 cm submergence* All these results indicate 
the inherent superiority of certain soil types and irriga
tion levels on the nitrogen 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 
application on Phosphorus and Potassium content of 
grain and straw

Analysis of phosphorus content in grain and straw under 
different treatments has shown some indications on the influ
ence of soil 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 
respectively. But in Triveni variety* kole soil resulted in 
the highest phosphorus content of grain and straw. All these 
soil types are having more phosphorus content and capacity to 
supply to the plants, probably due to less fixation than other 
soil types.

Inorganic nitrogen application affected the phosphorus 
content of grain and straw positively. It has been reported 
that the presence of high concentration of rapidly absorba-

4*ble cations like increases the phosphorus uptake by
plants (Ramamoorthy % Velayudham 1976). In the present study 
also, nitrogen fertilization of rice plants might be increas- 
ing the ion concentration in the submerged conditions,
thereby increasing the phosphorus uptake and higher content 
of phosphorus in grain and straw.



139

Grain and straw potassium ware also influenced by 
soil 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 supplying the plants with enough potassium 
resulting in higher content of potassium in grain and straw. 
Nitrogen fertilization also resulted in increasing the 
potassium content of grain and straw. It has been reported 
that if the supply of available potassium is low, the use 
of nitrogen or phosphorus might produce potassium deficiency 
symptoms (Ramamoorthy and Velayudham 1976). But since re
commended potassium fertilization has been done In the 
present study such a trend can not be expected. On the corn 
trary, nitrogen fertilization has augumented the potassium 
content of grain and straw, indicating a positive inter
action between nitrogen and potassium.

Balance sheet 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 soil after harvest are presented in Table



Table 3l(a)
Balance sheet for the utilization of applied nitrogen in different soils at different

levels of submergence in Jaya (mg/pot)

Particulars
Karapadam Kole Sandy loam Low level 

laterite Black soil

5 cm 10 cm 5 cm 10 cm 5 cm 10 cm 5 cm 10 cm 5 cm 10 cm

Initial total 
nitrogen 9750 9750 12000 12000 7500 7500 11250 11250 14250 14250
Fertilizer nitrogen added 338 338 338 338 338 338 338 338 338 338

Total (A) 10088 10088 12338 12338 7838 7838 11588 11583 14583 14588
Residual nitrogen 
In the soil at 
harvest 9584 9628 11741 11780 7372 7427 10983 11033 13944 13957
Crop uptake 494 446 556 514 452 394 588 531 623 603

Total (B) 10078 10074 12297 12294 7824 7821 11571 11564 14567 14560
Unaccounted loss 10 14 41 44 14 17 17 24 21 28

(A-B) (3%) (4.14%)(12.1%) (13; a) (4*14%)(5%) (5%) (7.1%) (6.2%) (8.3%)

r-
O
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The difference between the total nitrogen content 
of the soil and the nitrogen content of the plant parts in
cluding the grain nitrogen is given in the Table as unacco
unted loss of nitrogen. These data were computed to assess 
the rate of efficiency of applied nitrogen under varying 
soil conditions and submergence levels 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 rag and 10 mg per pot, 
while the.value for Triveni ranged between 32 mg and 6 mg 
per pot. Among the five soils used kole soil showed the high
est nitrogen loss in both the rice varieties. Between the 
two levels of submergence 10 cm submergence resulted in more 
loss of nitrogen than 5 cm level. It is seen from Table 
that kole soil under 10 cm level of submergence experienced 
maximum loss of 44 rag nitrogen per pot (13 per cent of applied 
nitrogen) for the Jaya variety while the same soil under 10 cm 
level of submergence Indicated maximum Joss-of 32 mg nitrogen 
per pot (12.2 per cent of applied nitrogen) for the Triveni 
variety. Minimum loss of 10 mg nitrogen per pot (3 per cent 
of of applied nitrogen) was noted for Jaya variety grown in 
the karapadam soil under 5 cm submergence and 6 mg (2 per cent



Table 31(b)
Balance sheet for utilization of applied nitrogen in different soils at different

levels of submergence In Triveni (mg/pot)

Particulars
Karapadam Kole Sandy loam Lov; level 

laterite
Black soil

5 cm 10 cm 5 cm 10 cm 5 cm 10cm 5 cm 10 cm 5 cm 10 cm

Initial total 
nitrogen 9750 9750 12000 12000 7500 7500 11250 11250 14250 14250
Fertilizer nitro
gen added 263 263 263 263 263 263 263 263 263 263
Total (A) 10013 10013 12263 12263 7763 7763 11513 11513 14513 14513

Residual nitrogen in the soil at 
harvest 9589 9596 11768 11731 7378 7354 11073 11043 13731 13766
Group uptake 413 404 474 500 379 398 429 449 506 466

Total (B) 10002 10000 12242 12231 7757 7752 11502 11497 14237 14232
Unaccounted loss 11 13 21 32 6 11 11 16 13 18

(A-B) (4.235) (4.975) (8&) (12.275) (235) (4.275) (4.275) (6.135) (4.975) (6.875)

142
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of applied nitrogen) nitrogen per pot for Triveni gfcown in 
the sandy loam soil under 5 cm submergence. This unaccounted 
nitrogen loss which does not confer any nutritional benefit 
on the rice plant, might in all probabilities be due to 
ammonia volatilization and denitrification resulting from 
anaerobic 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 NH3 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 bo undertaken 
on the processes and estimation of loss of nitrogen from 
different soil types.



SUMMARY



SUMMARY AND CONCLUSION

Nitrogen balance studies were carried out to assess 
the rate of efficiency of applied nitrogen under varying 
soil conditions and Irrigation levels with respect to short 
and medium duration varieties of rice. A pot culture experi
ment In CRD was carried out with five soil types namely, . 
karapadam, kole, sandy loam, low level laterite and black 
soil, under two irrigation levels namely 5 cm and 10 cm and 
with and without nitrogen application on two varieties of 
different durations viz., Jaya and Triveni, for this purpose. 
The effect of soil type, submergence levels and nitrogen 
application on growth and yield of rice, NP K content and 
uptake of nitrogen by rice grain and other plant parts, and 
nitrogen recovery and its loss was Investigated* The impor
tant findings are summarized below.

1* Soil type and irrigation levels ware found to influence 
the growth characters in rice significantly. Karapadam soil 
with 5 cm level of submergence was found to produce maximum 
plant height at all growth stages In Jaya rice variety. In 
the case of Triveni variety, karapadam soil at 5 cm submer
gence at the tillering stage and kole soil at 5 cm submergence 
at the subsequent stages produced maximum plant height.
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2. Growth characters in rice were influenced 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 soils. Black soil with nitrogen application 
was found superior for Jaya while for Triveni kole soil 
with nitrogen application was found superior.

3. The interaction effect of soil 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 yield and yield attributes. In the case of 
Jaya, low level laterite and kole soils have been found to 
be superior with regard to grain yield as compared to kole 
soils in Triveni variety.

5. The soil x level of submergence interactional effect 
had no influence on grain yield 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 application to all soils.
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6* The soil typQ had significant influence on its 
available nitrogen content* Among the different soil 
types, kole soil recorded the highest available nitrogen 
content and sandy loam recorded the lowest content, in the 
ca3G of both rice varieties at different periods*

7. In the ease of both rice varieties the available
nitrogen content followed a definite pattern through out 
the growth period. During the first week of planting 
seedlings an increase in available nitrogen content was 
noticed in all soils, which showed a decrease during the 
second week and continued till the fourth week and there
after again an increase during the fifth week, which was 
followed by a continuous decrease till harvest stage*

8. love! of submergence had significant effect on the
availability of nitrogen. The 5 cm submergence was found 
to be superior with regard to available nitrogen content 
in both varieties. Among the soil x levels of submergence 
interaction kole soil vdth 5 cm submergence was found 
superior.
9* The nitrogen application was found to increase the
available nitrogen content of soli with both th© ric© 
variotles.
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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 nitrogen 
content and sandy soil with 10 cm submergence and no applied
nitrogen recorded the lowest available nitrogen content in

/
all the periods.

11. Soil type had significant influence on the plant 
nitrogen content but cr • its influence was found to varying 
at different stages.

12. The effect of submergence and the interaction effect 
due to soil 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 uptake of nitrogen in both rice varieties.

14. The interactional effect due to soil, level of sub
mergence arid 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 in1 Triveni. In Jaya 5 cm 
submergence was found better.

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

18, Levels of submergence was found to have significant
Influence on the recovery of nitrogen with regard to Jaya 
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 also had significant 
influence on recovery of nitrogen.

19, The soil type, level of submergence, applied nitrogen 
and their interaction 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 soil 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 rag/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 soil types 
of Kerala in rice grain production. Levels of submergence 
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 appli
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, arid this loss is probably 
through ammonia volatalization and denitrification.
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APPENDICES



Analysis of variance 
Appendix - I 

Plant height at different stages

Mean square

Source df
Tillering Panicle :initiation Flowering Harvest

Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni
Total 39
Soil 4 84.97** 88.01** 202.65** 485.89** 173.73** 421.98** 245.09** 344.75**

Submergence 1 3.54* 7.73** 2.64* 51.73** 2.09* 73.23** 11.47** 61.27**
Nitrogen applica

tion . 1 390,06** 603.72** 3511.13** 310,78** 3309.09** 279.36** 2955.97** 263.72**
Soil x submergence 4 1.60* 0.34 58.30** 10.02** 60.98** 11.66** 82.92** 5.79**
Soil x nitrogan- 

application 4 27.04** 15.25** 18.13** 26.70** 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 iO.B9 0.36 10.74** 15.43** 19.90** 14.93** 18.38** 13.51**
Error 20 |0.47

1
0.26 0.39 0.51 0.31 0.17 0.30 0.17

** - Significant at 196 level 
* - Significant at 5% level



Analysis of variance 
Appendix - II 

Tiller number at different stages of growth

Mean square

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

39
4 #■*2.49 12.12** -#•*2.11 **8.21 3.63 #*5.72 **1.37 **3,13
1 0.28 0.45 0.28 0.09 0.18 0.22 0.54 0.02
1 15.18 61.60 ~ #* 52.90 53.93** 27.76** 55.70** 4.89 49.78
4 #1.09 0.77 0.37 0.84 0.58 1.29 *#1.72 1.02

1 0.70 1.19 1 0.10 2.86 0.04 2.60* 0.18 1.44

4 1.65*1*
1

* 1 3.65 1
|

2.32** 1.10 2.83** 1.68* 3,77** 0.81

f 0.41 1.81 j 0.34 0.25 0.83** 0.50 0.45* 0.24

Tqtali
Stjils 

Submergence 
Nitrogen fertilizer

x submergence
x nitrogen fertilizer

Soiljljx NitrogenfertilizerIill t submergence ' îjtrogen fertilizer
Error 2(? 0.19 0. 8 6 0.27 1.06 0.17 0.52 0.14 0.46

** - Significant at level
* - Significant at 5% level



Analysis of variance 
Appendix H I  

Yield characters of rice

Source df
Productivetillers Paniclelength Thousand 

grain weight Grain yield Straw yield

Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni

Total 39
Soils 4 *■*1.32 *#3.27 **19.42 **3.52 „ *0.67 0.16 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 1 **3.81 50.63** **222.41 22.45** 1.06 23.16 193.92 336.98 1312.17 787.66
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

1.75** 0.71 _ *■* 0.91 *■* 1.06 1.06 17.02Nitrogen fertilizer 1 0.07 1.23 0.50 12.54
Soil x Nitrogen-fertilizer 4 #*4.12 1.60 3,37** l.nO **3.02 1.69 1.81 1,87 ** ** 22.41 14.34
son x submergence
x nitrogen ferti

lizer 4 0.47 0.10, **3.05 1.62 2.08 0.49 1.51 1.92 2.42 2.27

|
: — r

Error 20 0.20I1
0.63 1i 0.03 0.05 0.23 0.10 1.43 0.78 1.37 0.83

* * -  S ig n ific a n t  at 1 %  le v e l

S ig n ific a n t at 5 %  le v e l



Analysis of variance 
Appendix IV

Available nitrogen status at different periods

24 hr 48 hr . 96 hr
Source df

Jaya Triveni Jaya Triveni Jaya Triveni
Total
Soils 4 15216*39* 19643,91* 16246.94* 26071.53* 19444.36* 24100.19*
Submergence 1 63.38* 245.06* 65.41* 336.44* 511.19* 525.56*
Nitrogen fsrti™ ^ w k* w ^ll2@r I 6543.38 18105.00 9709.33 16402.59 11331.69 19223.19*58̂56* '4$ jg-Soil x submergence 4 31.45 193.27 27.SO 59.02 12.54 134.20
Submergence x 
Nitrogen fertlli—zor. 1 51.19 189.25 174.31 115.56 90.13 4.31
Soil x Nitrogen-* » j* ##fertilizer 4 777.55 1950.66 193.93 505.25 759.03 156.05
Soil x submer
gence x Nitrogen ^fertiliser 4 93.94 281.47 118.39 262.11 104.03 143.02
Brror 20 1.70 1.33 5.10 1.25 2.64 2.03

** - Significant at 3$ level
* - Significant at 5M level



Appendix IV contd

1 v/aek 2 wo ok 3 week 4 week

Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni

27582.HI 14226.73 10274.64 14405.68*- -r98D8.63 14621.42 9306.91* 5773.02**
344.69 403.19* 743,05 366.oE* 719.09 216.25 802.01 136.90

4SJ*.22145.59 «■#37393.19 9797.00 24255.63 7il3.o5* 24059.oS* 7409.OS* 16321.59**
71.33 IS. 11

■Bb46.17 273.27* 67. ST •»»70.03 44.99* 329.14**
6.94 fMS-42.13 19.56* 207.00* 10.25* 0.63 13.63 8.09

JtM. JW-*Jl574.22 632-48 244.31** 1923.75 130.19 2033.93 379.41 1272.73
63.42 62.63 9.34* 77.03* 62* 10 #15214.29 ## S-538.93 39.85
1.75 1.53 2.18 1.63 1.33 0.93 1.29 0.80

** - Significant at level 
* - Significant at 5% level



Appendix IV contd.

5 w*oks 6 weeks 7 weeks 8 weeks Harvest

Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveal

7310,60 6123.3?S* 6369*iS* 657Q.aS* 6739.31* 5X10.40 6762.55 jfrM4542.91 10937.65 9342.58
766*41 34.25 f>e?777.00 ■***13.25 729.34 270.41 #«■797.41 ■w-W-93.03 129.60** 633.91**

A i f .18640.72' 43230.69 shj14051.28 35105.6^11303. 1§* 21436.91 11978.44 # 924059.03 8410.00 23039.97
67.1** 184*09 85.20 ■ » #33.09 ■»*72.09 27.65 ■ i f *33.89 46.21 35.85** 11.33
6.75 «7.18 3.06 5.59 44.91 313.59 14.66* 378.22** 3,6 48.41*

214.17 103.98 293.46** 4H *-1233.74 306.17** 700.52 353.40** 958.34** ■ £ &  4 1  &64.25 1283.07
32.71 63.36** 33.52 297.75 55.65** 141.98 37.95** 151.54 25.85** 128.71*
12.96 1.63 1 .10 1.48 1.30 3.40 5.75 4.22 4.9 11.25

Significant at J& level 
* Significant at 5J« level



Analysis of Variance 
Appendix V

Plant nitrogen content at different stages

Source df 10 days 20 days 30 days 60 days Harvest
Jaya Triveni J aya Triveni J aya Triveni Jaya Triveni Jaya Triveni

Total
Soil 4 **■0.54 **0.19 0.03 **0.107 •**50.71 0.31 1 - 7 * *  1. 1 1

________**0.92 12251 0.34*
Submergence 1 0.05 **0.30 **0.04 0.0009 0.005 0.23 *#0.41 0.11 0.004** 0.004*
Nitrogen fertilizer 1 4.62** **4.19 4.06 **■4.94 3.96 **5.43 **2.78 **1.92 195992 0,34*
Soil x submer

gence 4 0.06 *0.28 0.38 **0.48 **0.37 0.15 **0.20 *■*0,37 **0,02 0.01
Submergence x Nitrogen fertilizer 1 0.02 O.OS **0.09 **0.13 **0.11 **0.07 **0.31 0.003 **0.004 0.0009
Soil x Nitrogen- fertilizer 4 0.57** **•0,58 **0.40 **0.45 #*0.09 **0.37 0.95** -**0.03 ■ X *0,037 *#0.004
Soil x Submergence x Nitrogen- fertilizer 4 0.25** **0.21 **0.19 0.22** .  ** 0.25 0.05 ■ 4.23** 0.19 0.0085**0.0093**
Error 20 0.02 0.02 0.004 0.009 0.02 0.004 0.02 0.007 0.0003 0.0005

** -  S ig n if ic a n t  at 1$ le v e l

* -  S ig n if ic a n t  at le v e l



Analysis of Variance 
Appendix VI 

Uptake of nutrients

Source d£
Nitrogen uptake 
by grain

Nitrogen uptake 
by straw

Total Nitrogen 
uptake

Jaya Triveni,. Jaya Triveni Jaya Triveni

Total
4 ■»» # #Soils 0.004 0.008 0.02 0.004 0.04 0 .0 1

Submergence 1 0.002** 0.0004 0.003 ,9fr&0.0005 '
0 .0 1 0.0001

Nitrogen fertiliser 1 0.01* 0.02** 0.04 - — .** 0.02
■0.13 0.08

Soil x submergence 4 0.0007 0.0008* 0.0003 »«•0,0003 0.001 0.0003
Submergence x nitro
gen fertilizer 1 0.0005 0.00004 0.00002 0.0003 0.0004 0.00003
Soil x nitrogen- 

fertilizer 4 0.0004 0.0003
H «■_ tfw 

0.001 0.0003 0.0002
tfy.trtt0.0005

Soil x submergence x 
nitrogen fertilizer 4 0.001 0.0002 0.00009 0.0001 0.0009 0.0004*

Error 20 0.0002 0.0002 0.0002 0.00009 0.0004 0.0001

— Significant at 13» level 
* - Significant at 5# level



Analysis of Variance 
Appendix VII 

Composition of grain and straw

1 I/lean squares

Source df
Nitrogencontentgrain

Nitrogencontentstraw
Phosphorus Phosphorus Potassium content content content grain straw grain

Potassium
contentstraw

Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni Jaya Triveni

Total 39
Soils 4 *# ** 0.04 0.03 ** ** o.i3 o.oa 0.0007*0.OQOS* 0.0009*0.002* 0.02** 0.03* *#0.07 ^ *»0.20
Submergence 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
Nitrogeq fertilizer 1 0.02 *# ** #* ## #* ** ** .*•# 0.008 0.02 0.009 0.002 0.002 0.0004 0.001 0.25 0.28 **0.101 **0.17
Soil x submergence 4 *0.02 0.002 0.009** 0.00§* 0.00009 0.0002 0iQOo3* 0O0** 0<ooI* 0>Q0J A*0.14 **0,17
Submergence x Nitrogen fertilizer 1 0.01 0.0009 0.0002 0.0009 0.0003 0.00006 0.001 0.00006 0.006 0.009 0.06 **0.19
Soil x Nitrogen- fertilizer 4 0.005 0.0001 0.00008 0.002* OHfr0.0002 0.0002 0.0003

0.0001 0.006 0.005 **0.01 0.36
Soil x Submergence x

0.0002 0.00006 0.0002
o.oool* 0.0 0 0 8 0.0009*

Nitrogen fertilizer 4 0.01 0.009 0.0004 0.0009
0.16 **0,17

Error 20 0.006 0.001 0.0004 0.001 0.00003 0.00003 0.00004
0.00004 0.0002 0.0003 0,002 0.0003

** - Significant at 1% level 
* - Significant at 5% level



Analysis of Variance 
Appendix VIII 

Recovery of nitrogen

Source

Total
Soil
Submergence
Interaction
Error

df

19
4
1

4
10

Moan square
Recovery of 
Nitrogen
Jaya

42.34
63.33*
160*16
7.83

Recovery of 
Nitrogen
Triveni

183.43
0*25

MibWTP

81,74
6,60

« Significant at '13S lovol 
# - Significant at $% level
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ABSTRACT

Nitrogen balance studios wore carried out under pot 
culture conditions in CRD to assess the rate of efficiency 
of applied nitrogen in five different soil types viz., 
karapadam, kole, sandy loam, low level 1atarito and black 
soils and two irrigation levels, vi2., 5 and 10 cm with 
respect to short and medium duration varieties of rice vl2,, 
Triveni and Jaya. The effect of soil type, submergence 
levels and fertiliser nitrogen application on growth and 
yield of rice, nitrogen uptake and NPK content in soil, 
plant, grain and straw were studied and the recovery and 
loss of nitrogen wore computed.

Soil type was found to influence the growth and yield 
characters in rice significantly. In Jaya, black soil, low 
level latorlt© and kole soils were found superior for grain 
yield, while in Triveni, kole soil alone turned out superior, 
Karapadam and kole soils produced higher plant height, tiller 
count and straw yield in both the varieties. Soil type also 
influenced the available nitrogen content in soil, uptake 
and content of nitrogen in straw and grain, Eventhough level 
of submergence failed to show any effect on grain yield and



yield attributes in both rice varieties, significant effect 
was noticed on their growth characters, available nitrogen 
content of soil, uptake and content of nitrogen in plant, 
straw and grain* However, 5 cm submergence was better than 
10 cm, with regard to available nitrogen content of the soil 
in both varieties* Fertiliser nitrogen application influen
ced all the growth characters and yield attributes in both 
varieties of rice as compared to control. Available nitro
gen content of soil, nitrogen content and its uptak© by 
grain and straw were also influenced by applied nitrogen. 
Interaction effect of soil and level of submergence was 
noticed on different growth characters and yield attributes 
except on grain yield and HPK content of grain and straw in 
both varieties* The combined effect of soil and nitrogen J 
application was quite pronounced on all characters studied 
and soil and plant nutrient® analysed. Soil type, IqvqI of 
submergence, nitrogen application and their interaction in
fluenced the phosphorus and potassium contents of grain 
and straw. Three way interaction of soil, level of submer
gence and nitrogen application was significant on the growth 
and yield characters but found varying between varieties and 
their characters. Maximum nitrogen recovery by Jaya variety



was in low level laterite soil under 10 cm submergence 
and was found to be 44.26 per cent of the applied nitrogen 
and that in Triveni variety was in kole soil under 5 cm 
submergence and was 44.57 por cent. Nitrogen balance 
estimates indicated loss of nitrogen from all th© 3©il 
types studied, probably by ansnonia volatilization and 
denitrification»


