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INTRODUCTION



INTRODUGT ION

~

Increased productivity, enhanced cropping 1nten-
81tv and effective fertilizer use are the maaor ways to-
improve agr;cultural production, Approximately 8,7
‘million tons of fertilizers are being consumed annﬁally
in,Iﬁdia of which the nitrogenous fertiliers amounts to
5.8 million tone and of thig 70 péﬁ»cent is in the form

" of urea (Anon.,. 1986a).

Nitrogen, the key element‘in plant nutrition is
'the most‘deficientlin soils and is one of the costliest
.elements The recovery of nitrogen by the rice plant
seldom exceeds 40 per cent (Craswell and De Datta, 1980)
Normally it ranges from 25 to 40 per cent w1thuan-average’
of.BO\pér'cent (Craswell and Vlek;:1979). About 40 per cent
.of appliéd nitrogen is lost from the soil through ruh off,
~ leaching, volatalization and denitrification. This situ-
ation warrants econdﬁisafion of this costly.input. The
~efficiency of applied nitrogen can‘Bé improved by several
“means, which include the use of coafed fertilizers,

nitrification inhibitors, urease inhibitors, placement



of urea super gxanules and sblit applicetion of urea,
The Sﬁate of Kerala receives an average annual rainfall
of 304 cm, and this leads to loss of a lot of applied
nitrogen from the soil by 1each1ng.’ Despite this, very
little study has been undertaken to flnd out ways and
‘-means to. increase the efflcacy of applied urea in the
soils of Kerala,especially in the sandy loam soils.ofi'
the Trivandrum District. In 1985;‘the Cropping Systems
Research Centne, Karamana; Trivandrum'has been selected
as one of the 12 bench markvcentres in India to study
the efficiency of urea-based nitrogen fertilizers under‘
the PL 480 scheme entltled "Fate and effiolency of
urea based nitrogen :ertilizers in India", 'This project
has Beén angreved by the Kerala Agricultural University
as arpbstagraduate research programme. <Thus the present

study was undertaken with the following objectives,

'.(1)‘$o compare the efficacy of urea-modified materials
compared to prilled urea on rice yield.
(2) To fix up the optimum dose of nitrogen for the

variety Jayé.

;(3) To study the‘interactionAeffect between levels of
nitrogen andrmodified urea materials on rice,
(4) Tovstudy the uptake of nitrogen by rice as' influ-
'énced by modified urea materials and levels of’nitregen

and their,interaction.
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REVIEW OF LITERATURE

The use of:slow-release nitrdgen fertilizers has
- been one of the methods being followed to increase the
efficiency of nitrogen in paddy fields. This chapter is
a brief review of research work dbne’on the effect of -
different’modified materials of ureé, levels of nitrogen
and their interactiohs on the growth, yield, guality and

nutrient uptake-of rice.

A, Bffect of Urea modified materials on growth, uptake
- of nybtrients and yield of rice,

&

1. Prillgq Urea

The superiofity of spiit apPiicétiqn of ﬁrilled
urea to rice over single basal application‘hasibeeg brought
’oﬁt‘by many workers. (Ten Havo, 1971; Singh gg‘g;., 19723

. Muralidharan et al., 1972; Pande et al., 1977; and

~ Ram gﬁﬂg;;, 1984). |



2. Urea Super granules

The effieiency of applied urea can be increased

.by using large sized urea Super granules (Usa) (Anon.,
1977). Prasad (1979) reported that use of UsSG gave
:hlgher fertlllzer N efficlency than the ordlnary urea in
" the case of rice, maize, sugarcane and ‘other CrOpS ‘Horn
(1979) obServed that USG (1 g size) exposed lesser
surface area (41 em /g) than prilled urea (237 cm /g)

and therefore it may have slow release properties
Bandyopadhyay and Biswas (1982) reported that the ferti-
iizer usexéfficiency wéé higher'whén USG and urea briquettes
were plaoed at depth in coastal sallne soils of West
Bengal under deep waterulogged conditions, In Tamil Nadu
on an average, po;nt placement of USG result@d in higher
graln yield (41.5 Q/ha) compared to split appllcation of

urea (22 2 Q/ha) and over broadcast method of USG appli-
cation (4Anon,, 1982)

Abpérao (1983)”observed signififant increaée in
‘paddy yields with USG aﬁbiiéétion compared to urea
applied in splits or in a single dose basaly. |

Rambabu et al. (1983) reported that under flooded
conditions, placeﬁent'qf N as USG in rootzone was most /
effective in incieasihg dry matter production, paddy - \

" yields, total N uptake and apparent recovery of applied



nitrogen. Cao and De Datta (198%) reported that place-
ment of USG resulted in a production of 51 kg rough rice
per kg of applied N, Results of the study conducted'ét'
the Tamil Nadu Agricultural University, Coimbatore with
modified urea materials reVealéd that USG is the best
source of N for getting increased number of tillers,
more plant height,‘more number of grains pexr panicle
‘and higher grain and straw yield. Urease inhibited
urea ranked secdnd with reSpect to the above parameters
(Anon,, 1984 a). Similar results were repbrted by
‘Rajagopalan and Palaniswamy (1985). 1Reddy'§nd_Mittra
(1985) observed an increased nitrogen uptake and graiﬁ

yield with USG under inteimédiate deep water conditions.

3. Urease - inhibited urea. .-

Trials conducted by Byrnés et g;. (1983) revealed
that dry matter production in rice was higher when urea
was treated with phenyl dérivétives. A'comparison of
differenflﬁrea modified mateiials revealed that:&ield‘
plevels obtalned by the appllcatloh of urease 1nh1b1ted
urea was hlgher than other forms of nltrogen like NCU

and prilled urea_(Anon., 1985 a)..

4, Neem‘cake coated urea

Tyreatment of urea with neem seed extract could



incréase the grain‘yield ana effiéiency'of applied N,
and thefe was significant increase in effective tillers
per hill, number of filled grains per baniclé and the
thousand grain ﬁeight. The efficiency of urea coated
Wwith neem seed extract has been attributed to the effect
of nimbidine, an alkaloid which inhibite nitrification
- (Bains et al., 1971); The trials conducted by AICRIP |
shoﬁed that the prodﬁctive‘efficiehoy df’nitrogen was
increased by treating urea with neem cake. 'Similar
results were reported by Jadhev et al,. (19835 and
Anon. (1972). Arunachalam and Morachan (1974) found
that neem caké extract treated urea enhanced crude

protein content of grain,

5. Sulphur coated urea

. Trials conducted by the AICRIP during 1972
proved that sulphur.coated(urea (SCU)'is a befter
source of nltrogen for basal dre331ngs vIt gave én B
“1ncreased yield of .25 per cent over prilled urea (Anbh.,v
_ 1972) Venkat Reddy and Free man (1973) found that
~”su:l.phur coated. urea produced hlgher grain yield under
good management bubbalah and Morachan (1974) observed
that among the dlfferent types of urea tried, sulphur

coated urea ranked first in inereasing grain yield,



Sanchez gt al., (1973) found that SCU increased panicle Vs
production. At AICRIP,application of nitrogen as SCU
resulted in highest number of panicle and panicle weight.

(Anon., 1975).

Bandyopadhyay and Biswas (1982) observed substantial
improvement in plant growth'charactersband fertilizex use
efficiency with SCU in farmers' field experiments. Mellu
and Rekhi (1983)‘reportedjthatISCU produced highest mean
grain yield of 6,36 t/ha. Dry matter production and N
| uptake also followed a‘simiiar trend, Rana et al. ' (1984)'
observed a 11near increase in grain yield due to the appli—
cation of SCU., Sulphur coated urea was observed to be the
_best source of nitrogen in increasing the DMp, productlve
~ tillers, grain weight per hill and grain yield in ‘both
the seasons at the Agrioultural Research station, Mangalore
(Anon., 1985 b)., Further, at tho Gujarat Agiioultupal«
Universit&, SCU waé noticed to be sigﬁificantiy Superior
.to PU and USG in 1ncrea81ng ‘the dry matter proéuction,
grain yleld, straw yield and total nltrogen uptake at
“harvest (Anon., 1985 c). However, Singh et al. (1985)
reported that SCU can reduce the grain yield at hlgher .

N levels due to the higher percentage of unfllled.graln.

6. Rock phosphate coated urea

Saravana (1979) reported that Rock,phOSphafe coated



urea (RCUf increased the N availability at all sﬁéges
of crop growth, Jayaramamoorthy (1982) observed the
highest grain yield, straw yiéld and N uptake in piots
applied with ROU, Subbian (1983) reported that RCU was
Superior td Prilled urea in their'direct effect on'paddy
yield in Kharif season. Tﬁere.waS'a site to sitev
variability due to differences in water ménagement and‘
'catiqn exchange of soils (Benétte and Sﬁbramohy, 1983).
In theforissa Uhiversity of Agriculture and Technology,
highest average grain yield was obtained with RQU which
was on par‘with’prilled urea (Andn., 1986 ﬂ);',

B. BEffect of levels of nitrogen.

(a) Growth characters of rice

Increase in piant height with 1ncreése in the
levels of appliedfnitrogen has been reported by many
workers (Sadayappan and Kolandaiswamy, 1974 ; Sgshama-
kumari, 1981; Anon,, 1984 a; Surendréﬁ, 1985); The
effect of this nutrient on tiller brbduqtion has been
observed to be positive (Lenka and Behera, 1967;
~Gunasena'g§ g;., 1979; 'pe>Datta and Surjith, 1981;
Anon., 1985 c; Ajithkumar, 1984).

Dry matter production has been reported to increase

with increase in nitrogen application (Ramanujam’énd



"Rao, 1971;" Sushamakuﬁari, 1981). According to Nagre
and Mahajan (1981), dry matter accumulation at 100 DAT
was more when thefdoée of nitfogén~was enhancéd from |
50 to 150‘kg/ha. Increase in DMP upto 150 kg/ha was
noticed at all stages of plant growth (Anon.;'19850).
‘Studies at the BRSA Agricultural University, Ranohi
revéaled ﬂhaf.dry matter production increased only upto

112.5 kg/ha (Anon., 1986b).
(b) Yield attributes and yield

Nﬁmber of panicles per hill increases with increase
in the amount of nitrogen upto 94 kg/ﬁa (Koyana and
Niamsrichand, 1973), while Sushamakumari (1981) observed
positive effect of nitrogen upto QO kgN/ha. B#lasubraf
mohiyan'(j984) obsered this effect upto 120&ng/ha;
_Experiments at the Jawaharlal Nehru Krishi Vishwa Vidyalaya .
indicated fhat the numbef of productive ?illeis in rice
incfeaéed upto 112.5 kg/ha and thereafter it:decreased

(Anon, 1984 b).

Sushamakumari (i981) observed that levels of
nitrogen significantly influenced the number of spikelets
per panicle when Jaya was‘grown with varying levels of
nitrogen, Similar findings are reported by Anon. (1984 b)

and Alexander et al. (1974).
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The percentage of filled grains was not altered
beyond 60 kgN/ha (Ramanujam and Rao 1971). De Detta
and Surjit (1981) and Sobhana (1983) have reported that

the number of filled frains per panicle increases with

increase in levels of Nitrogen.

Kalyanikutty and Morachan (1974) obtained the
highest thousand grain weight at 120 kgN/ha, in Co-30,
a dwarf indica rice variety. Nair, (1976) observed
significant increase in the test weight when the level
of nitrogen was enhanced from 50 to 70 kg/ha, Stﬁdias
at the Jawaharlal Nehru Krishi Viswa Vidyalaya indicated

‘an increased test welght upto 75 kgN/ha and thereafter

it declined (Anon,, 1984 b).
(1) Grain yield

Rethinam et al (1975) observed steady increase
in yield with enhanced doses of nitrogen and the highest
yield was obtained with 160 kg N/ha, Pillai et g;.(1976)
suggested that more than 100 kgN/ha need not be applied
for realising the yield potential and maximum profits
~in dwarf varieties of rice,fwhereas Sharma and De (1976)
found that inqrease of nitrogen rates from zero to 150 kg/ha
increased average yiéld from 3.76‘- 5.56 t/ha and further

increase in nitrogen rates contributed to no additional
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” yield. Singh and Modgal (1978) observed that the |
'f§p£imum'rate3ffor the dwarf Cv., Jaya and iRuzokwere
158 and 116 kg N/ha reSpectivély. ‘Singh et g;.‘(1978)
reported that with Cv. Jaya, application of 100 kg N/ha
in the Split doses_gave the highest yield of 7.5'tons"
‘of rough paddy per hectare. Singh ef al. (1979) opined
that fhe most profitable nitrogen;rates dalculated for
saket - 3, Retna and Jaya ﬁere 75, 100 and 140 kg/ha,
‘respectively. HOWeQer Le and Algshin'(1970) féund‘that
“the appliéation of high nitrogen rates to rice plants
decreased padd& yields. Experiments at the Agricultural
Resealch btation, Kankanady, Mangalore 1nd1cated an

_ increased trend of Uraln yield due to increase in

" N levels upto 112.5‘kg N/ha and a decline thereafter;A
Applicaﬁionvof nitrogen at higher levels than 112.5 kg/ha
has been reported to 1nduce more of vegetatlve growth
\<and resulted in more of chaffy grains and thereby lower. et

grain (Anon., 1985 Db).
(ii)vStraw.yield

Rao and Hamanujam (1971) reported that increase
of nitrogen levels from zero to 180 kg/ha increased straw
yield. Raj et al. (1974) pointed out that straw yield

Was ihcreased by‘the applied nitrogen from 0-250 kg/ha,
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Ve?kateswarlu‘(1978) steted that straw yields increased
with nitrogen 1evels upto 200 kg/ha only and beyond which
it declined. Linear increase in straw‘yield was observed
"upto 150 kglN/ha in trials at the Agricultural Resesxch
Station, Kankanady (Anon,, 1985 b),

Pﬁesad (1981)»repprted a decrease in the harvest
indexiwifh an increase in the level of nitrogep fiom
0 ~ 100 Kg/ha; Sreekumaran (1981) obsefved significaﬁt,
‘reduction in graln to straw ratio with 1ncrease in the
levels of nitrogen- the highest level of 120 kg N/ha

recorded the lowest ratio.
(c) Content and uptake of nitrogen

Sadanandan 2313;,:(1969) reported that tﬁe nitrogen
percentage in the plant“deqreased with advaﬁcementvof growth.
It remained at a COmbaratively higher level upto,tillering
phase, and thereafter declined steeply. It was observed
by Sivappah- gﬁ al. (1969) that nitrogen content in grain

was influenced by nltrogen fertlllzation.

Gopalaswamy and Raj (1977) reported that increase
in the rate of applied nitrogen from 0 to 200 kg/ha
- produced linear increase in the uptake of nltrogen.
Appiicatien of nitrogen upto 120 kg/ha increased the

N uptake as reported by Agarwal (1978). ' Significant
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increase in nitrogen uptake with N levels upfp 80 kg/ha

was reported by Rai and Muxrthy (1979).

d) Protéin content of Grain

~Abraham et g;.“(1974),observed.highest-protein
content ih grain'by‘the,applicatibnvqf 120lKg.N/ha;
Ajithkumar (1984) also obtained‘éignifioant increase
in grain protein content with levels of nitrogen, and °
recorded highest percentage of'8;41 with 70 kg N/ha,
 Surendran (1985) observed an.increase_in prbtein,éontent
‘of grain with increase in.nitrogen levels from 20 to

80 kg N/ha.

C. Interaction effect between types of urea and levels
of Nitrogen '

a) Effect on growth characters.

‘interactioﬁ”effect between levels of N éﬁd”types
bfvurea was hqt considergble-on the ﬁumber of tillers;
But significant effect»was”noticed,in plant height, and
the highest values were noted when USG wag apélied o
@ 112.5 kg §/ha (Anon., 1984 a). Rajagopalan and
Palaniswamy (f985)‘coﬁld observe highest plant height

" with USG at 75 kg N/ha. Highest dry'métter accumulat ion
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waé observed wheh the crop.was supplied with 100 kg N/ha
~;in the form of SCU and its effect was on par W1th the
same level of N in the form of USG and 112, 5 Kg N/ha as .

SCU or USG (Angn., 1985 ¢). However the interaction |
effect between levels of N and types of urea on growth

characters was absent in trials at the Agricultural

Research station, Kankandy Mangalore (Anon., 1985 b).

b) Interaction Effect on Yield and Yield Components

Jadhev>et al, (1983) reported that application of
75 kg N/ha as Neem cake coated urea gaVe higher paddy’
yields than 100 kg N/ha as prilled urea. Singh gﬁ al,
- (1983) observed higher grain yield with sulphur coated -
urea applied @ 20 and 40 kg N/ha, Another study by
Apparao (1983) indicates that 50 kg‘N/ha as USG is better
for increas\ing the gr-gm yields. 1In the Tamil Nadu |
Agricultural Uﬁi;éfSity it wés found thét highest grain
yield was obtained by applylng UsSe @ 112, 5 kg N/ha (Anon”
1984 a). Ali (1985) observed that USG was superior in
-graln productlon at a level of 62 kg N/ha. Singh et al.
(1985) reported that rice ylelds with SCU and USG were

similar and superior to prllled urea at 29 kg N/ha.

Studies Wlth dlfferent forms and 1evels of nltrogen

at the Gu;]ara‘th Agrlcultural University indicated that
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interaction effect between levels ova and types of urea
was prﬁnounced in the case of straw yield. SCU and USG
@ 150 kg N/ha gave the'highést straﬁ yield over the
rest-of the treatments (Anon,, 1985 é), However, in
stud;es at the Agricultural Research station, Kankanady,
"Mangalore, yielduand its attributes did not differ éigni—
ficantlyldue to interaction by the levels ofdnitrogen‘and
'typeé of urea. The results reVealed that tﬁe yield
obtained from SCU or USG at lower'levels'of'N was. on par
with the yileld obtained from the hlgher levels of N from
prilled urea (Anon., 1985 b)

¢) Interaction Effect on uptake of nutrients

The iﬁteracﬁion.effect betwéen types of ﬁrea and
levels of N differed significantly with respect to N uptake
by rice. The higﬁest N uptake at harvest was noticed with
KUSG applied @ 150 kg N/ha which was on par with SCU applied
@ 112.5 kg (Anon., 1985 o).



MATERIALS AND
METHODS
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MATERIALS AND METHODS

[

Two field experiments were conducted during
1985-86- to study the comparative efficacj of different :
urea modified materials at various dosésron the growth,
yield, quality of rice ani;td study their residual

~ effects in the subsequent| rice crop. The materials used

"and.the methods followed for the experiments are

preéented below,
Materials _ .,

(a) Experimental site

experimental site is situated -at 8.59 North latitude and
77.9° Bast longitude at an altitude of 29 m above mean
sea level, The experimental drea was under bulk crop of

rice during the previous seasons.
(b) Soil

The soil of the experimental area is sandy loam
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with 156 4 kg available nltrogen, 16.3 kg available
P, 5 and 124, 4 kg available KZO per hectare, The

phy81co~chem1cal properties of the soil are presented

in table 1.
c)‘Aclimate'

The experimehfél site enjoys a ﬁumid tropical 4
climate, The data on various weather parameters
(monthly rainfall, mean maximum and minimum temperatures
and,relatinghumidity) during the cropping periods are
given in Appéndix I aﬁq graphically presented in Fig, 1,
$h§ mean maximum and'minimum te@peratu;e during.the.
‘crppping periqu ranged from 29 7 °C¢ %o 33.3 °C and
22.6 °C to 24.2 °c respectively., The mean relative
»humldlty ranged from T3 to 98 per cent. The monthly
rainfall of the cropping period ranged from 2,1 mm to
424 ~3..mm with a total recelpt of 824 1 mm . during the
first season, and 243 mm during the Second season,
Weather databrecorded during the cropplng period
févealed'that the' weather did not vary muph fromtthe

‘normal weather anditions enjoyed by the place.
d) Season

The main experiment.was conducted during the

first crop season (kharif) of 1985-86 from 28#6-1985 to
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1_Table 1, Physido-chemical properties of the experimentél_soil;

able Zn (ppm) -.

gl" Parameter ~ TUSmmmrommmmoee==os Cg?€g~ Fii:;-
. 0=-15 15 - 30 sample  sample
Y., Soil textﬁre‘ E%gg? iigﬁ? i%ggy
2. Sand (%) - - 7428
3. Silt (#) = - 8.73
4. Clay (%) - - 17.87
5. pr 4.8 4.8 4.50
6. 5C (muhos/on?) 0.01 0,02  0.016 (Safe)
7. CEG(m.eq/100g) 6.82  8.01 7.41 |
8., Organic qarboh»(%) | 1,45 1,53 1.51 High /-
9. ' Available N (Kg/ha) = 155,60 158,52 156.39 Low
10, Available 3205 < .y 17.08 16.85 16,25 Hed Lum
- 11, Available K,0 ( ,,) 127,57 121,17 124.37 Medium -
12, 0.1 N Hel extract- ' ’3.5
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. 5-11-1986, The regidual effect was studied in the

second crop Season (Rabl) of 1985-86 from 2211~ 1985
to 22-3-.1986,

~e) Variety

The variety used'for'theistudy was Jayg,'a cross
‘between TN~1 from Taiwan andﬂau Indian variety T-141
from Orissa. It is a dwarf phutoinsensitive, med iun
duration (130-140 days) variety, evolved at the All Indig
' Co-ordinated Rice Improvement Project, Rajendra Nagar,
‘Hyderabad, India, It has got special features 1ike long
bold. white grain with high stability in yield., The seeds
for the experlment were obtained from the C.S.R.C.

Karamana itself,

;f) Fertilizers used

-E T~

The fertlllzers uéed‘for the experiment were
Prilled Urea 46 per cent N, Urea Super granules
45 per cent N, Urease inhibited Urea 45 per cent N,
Sulphur coated Urea 38 per cent N, Rock phosphate coated
urea 31,2 ‘per cent N, Super phosphate 16, 5 peroent P2 5
and Muriate of Potash . 58 per cent K,0.

Prllled urea manufactured by the F.A.C, T was

used for-the experiment, The urea modified materlals
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such as Urea Super Grenules, Urease inhibited Urea and
Sulphur coated urea were obtained from the American
embassy, New Deihi; and Rock phesphafe‘coated urea froﬁ
- the Madras Fertilizefs Itd.  The neem cake coated urea
was prepared‘by'mixing neem cake_end‘prilled urea at the

" ratio of 1:5 and keeping for 48 hours.

.Methods

a) Treatments

Two factors, viz. levels of nitrogen and types of.
urea modlfled materials ‘were studied in split plot design
With three replications There were 30 treatment combina-
'tions comprising of five main plot treatments (levels of N)

and six sub plot treatments (urea modified materials) as

detailed below

i) Méiﬁ;glot

e
1. NO ) kg N/ha

2. N, 37.5 kg N/ha
3. N, 75.0 kg N/ha
4. N3‘112.5 kg N/ha
5

i N4,150.o,kg'm/ha'
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ii) Sub plots

1. 8¢ Prilled urea (PU)

2, 8o Urea Super granules (USG)
3. 83 Urease inhibited urea (UIU)
4. 8, Neem cake coated urea (NCU)
5.. Sg Sulphur coated urea (SCU)

S¢ Rock phosphate coated urea (RCU)
b) Design and Iay out. | - |
" The experiments were laid out in a sSplit plot in
randomised block design replicating thrice. The lay oub
plan “is presented in Fig.2.. The gross plot size was 10.4x3%m

and in total there were 90 plots. The s@acing adopted for
~planting was 20 x 15 em. |

v Six rows of piants were left breadthﬁise.on either
side (2 for border, 2 for destructive sampling and égain
‘2 for border). Lengthwise 4 rows of plaﬁts were ieft as
bordér rows on either side. Thus the neﬁ plot size was

8 x 1.8 m,

c) Details of cultivation

i) Land preparation

‘f‘Tﬁéymg}n field was ploughed and levelled, and plots
‘of 10,4 x 3 m were laid out with bunds of 30 cm width around.
Main and sub irrigation.ghannels were pr&vided wherevér
nécessary; "Individual plots‘weré again puddled and pérfectly
levelled, The crop was raised using standard procedures and:

techniques as per the recommendations of the package of
practices of KAU,

ii) Application of fertilizers

Sixty kg P50-/ha “and

were applied as a single
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basal dose as suggested in the report of PL 480 Schene,

. a project under which this experiment was envisaged.

Priiled ﬁtéa and ﬁreése inhibited urea, accord-
ing to the treatments were applied 50 per cent basally,
25 per cent at 21 DAT and‘25.per cent at panicle initi-
ationfstage; Sulphur coated urea, Neem cake~coated ureéi

- and Rock phosphate coated urea were applied entirelx as

basal dose ahd incorporated into the soil.

The USG of 1 gn size were placed at 8 - 10 om
depth at the centre of every 4 hills at 6 days after
_transplanting. CérreSponding'to~théjieveisvgf 37.5,
75,0, 112,5‘and'1501kg N/ha, 1, 2, 3 and 4 granules
were placed at the centre of every 4 hills as per the

' method of placement shown in Fig. 3.

iii) Transplanting and maintehance

- Twenty day¥old~seedlings weré‘transplanted on
18—7;1985 for the main experiment., Gap filling was done
on the 7th day after transplanting, The crop was handé«’

ag '
Hgpde

Y

d on the Zth day after tranSplgnting} The general'

2.

G L ’ e s .
L.wwgpa of the crop was good. Five centimetre water was
,"1‘,‘-" . p - o N

‘maintained in the field continuoﬁsly, and the Wateriwas

cut off,fbgdays prior to harvest. -

¢

Two sprayings with Ekalux, Metacid and Dimecron

against stem borer and leaf folder during vegetative.phase,
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one spraying with Metacid during milky stage agalnst
ear head bug, and one spraying with Streptoqyclin against
bacterial leaf blight at panicle initiation stage were

.given,
iv) Harvest:

The plots in the border rows were harvested
separately and thereafﬁér the crop in the net area of the
individual plots were'harvestéd, threshed; cleaned, dried

winnowed, and yield at 14 per cent moisture was recorded,

The weight of the sun-dried straw was also recorded, -

Studies on the residual effect of urea modified materials

To study the residual effects of various urea
mod ified météiigls}at different doses, a crop was raised
durihg the‘s@bseéuent Season (Rabi'1985-86) in the same
field, retaining the plbts.as it is, The same rice variety
(Jayé) was raiséd by trgnsylanting éo;day old seedlings;on
ngﬂé1985 using the stgndard'brpoedu?es'ana techniques.
A'uniformldose of 45 kg“N (50 per cent of N recommended -
for the va;iety Jayay—and 60 kg on5 ané 30 kg Kzo/hafwaé
received pyﬂall1the plots. The crop was harvested on
‘22¢3~1986. Thé*grain‘and straw'yiélds were recorded as

mentioned earlier.



24

Qbservations

A, Growth characters

Biometric observations were recorded as suggested

by Gomez (1972).
(i) Height of plants

At harvest, the plant height was recorded from the’
base to the tip of the longest panlcle from ten plants.

The mean height was computed and expressed in centimetres..
(i) Number of tillers per mz

The tillers frbm'threel2 x 2 hill sampling units

_ were counted at the maximum tillerihg stage and the number

2

of tillers per m° was caloulated.

(iii) Dry matter production

Random samples'of 10 hills were collected from

the rows for destructive sampling at 20, 40 and 70 DAT

and at harvest TTheé- weight of the oven—drled samples were
I

récorded and the dry matter production was calculated'

and expresﬁed in kg/ha.’

B. Chemical_ analysis

i
‘The chemical analysis was done from the plant
! . : .
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samples collected at different stages of growth (20, 40,70
DAT and at harvest)., It was then finely ground using a

" Wileey mill, and sieved thréugh 2 mm sieve, A known
weight of the sample was then digested, and the digest
was chemically analysed. The nitrogen content of plants
at different stages and of grain and straw at harvest
were determined separately, The total N content of the
digest of each sample was analysed by modified microk-

jeldal method (Jackson, 1967).

The N uptake at different stages was calculated.
as the product of the percentage content of the nutrient
in the plant sample and the respective dry weights., At
harvest, the value of total uptaké of nitrogen wés
obtained as ihe sum of the products of the percentage
content of nitrogen in the grain and straw, at harvest

and their respective dry weights, The N uptake values

are expressed in kg/ha,

The protein\pércentage of the grain was computed
by multiplyiﬁg the N peféehtage with a factor 6,25
(Simpson gﬁ al., 1965),

C. Soil analysis

. S0il samples collected from the experimental area

before the experiment were énalysed for available nitrogen,
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i

. ?205 qnd KéO. After thé.expefiment, the soil was analysed
for total nitrogen by'modif;ed microkjeldal method, The
available nitrogen content in the soil was determined by
alkaline permanganate method (Subbiah and Asija, 1956), |
avéilable‘P205 by Bfay's methoﬁ (Jackson, 1967) and |

available K50 by‘amonium‘aeetate'method;

- In addition to. the above, the»soil was anaiysed

for pH, EC and mechanicai composition.

D. Yield attributes and yield

The following observatioﬁs were recorded as suggested
by Gomez (1972). |

(i). Number of panicles/mz.

The total number of panicles fidﬁ»thé_12 hills
selected_waé counted and number of-panicles/m2 computéd.
(ii) Number of filled spikelet per panicle

| The main culm panicles from the 12 hills were
threshed and the humber of filled grains (f)vand the
weight of filled grains (w) were determined, The resf
of the panicles from all the 12 hills were also threshed

and the weight Qfﬂﬁhfilled;grains (W) was assessed.
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~ From these data, the number of filled grains pexr panicle
was calculated using the following formula ‘suggested by

Gomez (1972).

Number of filled grains | _
per panicle B

=2
™

where p is the total number'of panicles from all the

hills.

iii) Thousand grain weight

From the values obtained for'calculating the number
“of filled grains per panlcle, thousand graln weight was
calculated, and adJusted to 14 per cent moisture using the

following formula proposed by Gomez (1972).

Thousand grain weight = lgggg—ﬂ x X

"M = the moisture content of filled grains

iv) Percentage- of filled grains
The total filied and unfilled grains from the

panicles were separately counted and the percentage of

fllled gralns was recorded

v) Grain yield

Gra1n yleld was recorded from the net area, weight

adjusted to 14 per cent m01sture and expressed in kg/ha,
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vi) Straw yield

Straw obtained from the net plot'was uniformly

sundried, weighed and expressed in kg/ha,
vii) Harvest index

This is the percentage of grain weight to_the total
plant weight, This is calculated from grain and straw

weight of the respective plots.

Harvest index was calculated by dividing the weight

of grains with the total weight of grain and straw.

CHI = Bconomic_yield
Biological yield

The biological'nitrogen use efficiency (N response),
chemical nitrogen use efficiency (Apparent N recovery) and
the productive efficiency were computed by the following

formulae,

Grain yield in Grain yield

-

treatment in control
Quant ity of N applied

(a) N response

. N uptake in _. N uptake in
(b) Apparent N - treatment control

\ 100
recovery Quantity of N applied
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Grain yield in _ Grain yield

(¢) Productive treatment ~in control
efficiency N uptake in  _ N uptake in

treatment , control

F. Statistical analysis

4

The data collected were statistically analysed
-following the Analysis of variance technique suggested
by Snedecor and Cocheran (1967). Important correlations

were also worked out,
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RESULTS

'he experimeﬁtal data were subjected to statis-
“tical scrutiny to bring out the main effect of N,types
of urea and their interactions. The results obtained in

the study are presented in the following section,

A, Growth characters

1) Plant height (Table 2)

Plant height increased with increase in levels of
nitrdgéh upto 112.5 kg/ha. However, the effect.atvthis
level was on pai with 150/kg nitrogen/ha. Neither the
types of urea nor their inteiaction with N 1eve1s'influ—

enced plant height,
2) Number of mners/m2 (Lable 2) -

Kumber of tillers/m2 at maximum tillering stage

was influenced by levélS*of N, and the highest value



Table 2. Plant height and number of *t::i.l]_el’:s/m2 as influenced by levels of N and

types of urea

Nmber of t

illers/m2 .at 40 DAT

Plant height (cm) at har\fest
Types of .
Legg,ls urea PU  TUSG UIU NCU SCO - RCU Mean PU USG UIU NCU SCU  RCU  Mean
N kg/ha. ' . ' -

0.0 87.42 83.50 84.15 81.92 83.08 88.58. 84.88 | 193.33 203.33 192.33 183.33 200.00 196.00 194. 61
37.5 81.92 90.17 86,67 86.00 84.85 85.00 85.77 256,33 233.33 229.00 237.67 277.00 270.00 250,89
75.0 87.35 87.08 91,17 84.67 83.17 84.08 86.25 { 317.67 329.00 290.67 229,00 317.33 236,00 286.61
112.5 87.58 99.08 96,42 87.67 93.42 94.42 92.93 | 234.00 318.67 282,67 262,00 310,00 274,67 280,33
150,0 87.92 92.33 91.50 93.58 95.75 94.08 92.53 | 264.67 357.67 312,67 312,33 300.33 328.33 313,67

Mean . 86.43 90.43 89.90 86.77 88.05 89.23 - 253,20 288,80 262,67 244,67 280.93 261,07 -
For comparing CD at 5% SEm + CD at 5% SEM £

1. Levels of nitrog}en . 3.50 , 1.07 - 35.18 10.78
2. Types of urea ¥s - 25.25 - 8.88
3, Types of urea at a fixed " o

level of nitrogen ' LE - _ 56. 47 19.8§ »
"4, Levels of N at a fixed type ES - 62.29 21.10

or different types of urea

Ie
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(313.67) was observed with 150 kg N/ha. This was on
par with 112.5 and 75 kg.N/ha;. The effects of types of
urea and their interaction w}th N levels.w§re also
pronounced, The highest tiller count (288.86) was
obtained with USG, -and its effect was on par with SCU, ‘
~ The UIU ranked next, and its effect was ‘on par with RQU,
NCU and prille@ ureé. Amqngfthe interactions, USG at

150 kg per ha produced higheést number of tillers.
3) Dry matter production (Table 3a and 3b)

The dry matter production recorded at 20 40 and
70 DAT and at harvest revealed thaf fhere was considerable
dlfference in the biomass production due to change in
' levels of N at all stages of growth, An overview of the
data on dry matter production indlcates that the dry matter,
production attained its peak at a level of 112,5 kg. N/ha.
The data further revealed that 1n¢rea81ng N beyond”thlsv |

level results in a decrease in dry matter production,

The types of urea did not 1nf1uence the dry matter
productlon at early stage; But the effect was marked at
later stages (70 DAT and at harvest)., During vhese stages,

applicatiop of SCU resulted in- highest dry matter"produétion.
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Table 3a, Dry matter production (kg/ha) stagéwise

Levels of

N Sia/he 20 Dat .~ 40 DAD 70 DAY~ Hazvest |
0.0 318 1062 2434 4564 |
7.5 . 315 1395 2850 5850
75.0 366 1568 3355 7243
12,5 - 5ot . 1689 4950 8303
150,00 468 1944 5210 7711
co  34.92 . 150.35 264.70 243,11
_sEM t o 10,70 N 46,10 81,16 74,54 °

TN,
e e -

Types_of Urea .

U 382 1433 3399 6617
S UsSG . 426  1sss 3916 - 6954
vy . 409 1599 . 3832 95T
NeU 385 1495 3521 6766
‘se . 315 o 1ss6 411 7176
‘ROU . 384 . 1520 3900. 6653
cD - SN | J 'NS 200.88 T 283.16

ssat NS . - Ns. - 70,67 82,02




Table 3b, Drymatter production (Kg/ha) as influenced by
levels of N and types of urea stage-wise

20 DAT 40 DAT 70 DAT  Haxvest
Nosq. - 343 1166 2399 4464
NoSo 349 1088 - 2539 4704
NoS3 280 ¢ 1011 2465 4521
NSy 301 1049 . 2399 4517
 NeSg 292 1049 2472 4454
. NySg S 341 1010 2333 4724
N8y 295 1220 . 2732 5453
N{S, 291 1399 3012 5523
NyS3 o 291 1383 2899 5799
Ny L3236 2645. 5963
N48g 510 1477 3645 6243
N1Sg o329 1518, - 2769 6120
N5 - 526 1477. 2819 6914
NaSa2 - 401 - 1673 3232 7139
NaS3 - 403 1788 3385 7242
N8, . 404 - 1360 3%25 7324
- Na3g 350 : 1711 38352 8154
N236 317 . 1399 3539 - 6684
NS, 488 1477 5939 7938
N385 539 . AT776 4765 9551
Nads 606 ' 1710 7 5132 9088
N384 413 1671 4639 - 8668
N385 - 497 1749 5792 9613
N3SgT . 466 . 1805 5372 8558
Ny84 481 : 1827 5045, 8318
N4S2 . 550 1905 6032 7852
Ny 83 464 2101 5279 5138
CNaSq - 438 2021 T 4599 7359
NySg S a7 © 1944 5412 7415
NyS6 466 1867 - . 5492 . 7182
" Dy NS . NS - 449,19 521,37
CDy, Ns NS 487,17 533,68
5D, - - 158,02 153, 41
SEMa _ - - 165,52 169.09
" CD, and SBEM, - for comparing types of-urea.at a fixed level
1 1 of nitrogen, :
CD2 and SEMp -~ PFor comparing levels of N at a fixed type ox

-different types of urea,




30

- The inteiadfion effect between levels of N and
typeé of uiea on dry matter production was seeﬁ at’
70 DAT and at'hafvest, and the higheét vélues were
" noted with USG 150 kg N/ha (at 70 DAT) and SCU at 112.5
Kg.N/ha (at harvest).

B. Chemical Analysis

1) Content of N in plant parts

N content of plant_bgrts recorded at 20, 40 and
70 DAT and of grain and straw at harvest are presented

in table (4a &.4b),

The effect of N levels on the N éoncentrationAof
ﬁlant parts was markéd atlall“stages of plant growth,
The N content of plant parté'went on increasing with
increése in the le&éis-of applied nitrogen. Howéver; the -
increase in N concentration beyond the level of 112.5
'kg-N/ha was negligible, and this trend was observed at

all the stages of plant"growth.

‘The effect of typeé of urea-on percentage content
of N in plant parts was considerable at 20, 40'and 70 DAT,
but this éffécx'was not seen at harvest. The beneficial

influence of SCU and NCU to maintain a high N concentration
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Table 4a. N concentration in plant (%)‘stagewise

lLevels of = |
20 DAT - 40 DAT 70 DAT

Harvest

(Kgﬁha)

0.0 2,45 | 1,46 1,06 0.62
37.5 2,97 T4 1,47 0.78
75.0 3.0 1.74 1.64 0.79

12,5 5,29 179 1,83 0,82
150.0 331 - 1,84 179 0.80°
cD | 0.07 0.07 0.65 0.05
SEM % 0,02 - 0.02 0.45 0.01

Types of
urea 7 '

PU 503 1,68 1,47 0.75
USe 2,99 1,69 1,62 0.7%
vIiv | 2.97 ‘_ 1,71 . 1,60 0.76
NCU 3,00 . 1,77 1.48 o;aQ
scu S 3.06 1.74 . 1.61 0.80
ROV . 301 73 162 075

cD . 0,04 o '0105 0,11 0,05
SEM % 0.01 " 0,02 0,04 0,02
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Table 4b, N concentration in plant (%) és‘influenced by
levels of N and types of urea stage-wise
20 DAT - " 40 DAT - TODAT  Harvest
N oS4 - 2,48 14T . 0,99 0.65
NySy ; 2.41 1.41  0.99 0,61
Noss . - 2.46 1,47 1.09 0.60
NoSy 2,37 - 1,64 .17 . 0.57
NoSs 2,50 - 1.45 1.09 0.74
NoSe ' 2.49 13 1L 0.61
N8 2,99 164 1033 0.73
Ny8p . 2.99 1,60 1.49 0.72
- N4S53 2,83 1,74 1.47 0.81
NS, 2,94 1.84 1.37 0.94
Ny85 13,03, 1.84 1,52 0,79
qSg 3,05 . 1.80 1,68 . 0.72
N34 3,03 1,70 1.49 - 0.76
N8, 3,05 1,62 1.84 0.75.
NoSz | 2.97 1,76 .72 0.74
NoSy ' - 2,99 1.78 1.47 0.89
NoBp ~. 3,05 © 1,80 © 1,62 0,86
N356 3.03 . 1,86 1,74 . 0.8
389 3,27 .68 174 0,79
N3Sp , 3.29 _ 1,88,  1.88 0.79
N2S5 - 3.37 - 1,84 1.92 0.82 "
Nosdy 3.28 1.82 1.72 0.84
N335 3,35 1.76 1.40  o0.88
N3S¢ . 3,19 1,80 1.88 0.84
NS4 3,39 1.90 1.78 0.83
NyS, 5.21 1.94  1.88 0.83%
N84 3,21 1.80 1.88  0.84
N4 B4 5041 ©A.T6 1.66 0,79
iy S5 3,37 1.86 1,94 0.76
Ny B¢ 3,29 1.84 . 1,66 0.79
oDy . 0.10 0.13 NS NS
oDp 0.12 ©0.14 NS NS
SEMy 0,03 0.04 - -
SIMy ‘ 0,04 . 0.04 - -
CD4and - 838M1 .~ for comparing types of urea at a fixed level:

"of nitrogen

for comparing levels of N at a fixed type or
different types of urea.

CDpand SEMs .
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in plant parts was generally observable at different

stages of plant growth,

The iﬂteractibn between the types of urea and
the levels of N was seen upto 40 DAT, and the highest
N ooncentration was noticed with SCU, NCU and USG at the
'higher levels of N.

2) DNitrogen uptéke’

The total N uptake at 20 40 and 70 DAT and at

'harvest are presented in tables 5a and 5b.

T he effect of N levels on uptake of N was pronounced
at all stages of growth (Fig. 4). The uptake of N showed .
an incieasing trend with increased levels of N, However,"
N uptake beyond 112 5 kg N/ha was negllglble at all stages
of growth except at 40 DAT,

The N uptake was influenced by types of urea (Fig.5)
and this was seen at 40 and 70 DAT and at harvest. But at
all these stages the highest N uptake values were observed

with SCU,

The interaction éffect between the urea modified
materials and levels of N was noticed at 70 DAT  and at
harvest, Application of USG either at 112.5 kg/ha or

150 kg N/ha resulted in the highest N uptake.
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Table 5a. Uptake of N (kg/ha) stage-wise

Levqls of

70 DAL

e 20 DAT 40 DAT Harvest
0.0 7.83 15.53 26,01 34,72
37,5 9.14 24 45— 42,26 57.28
75.0 11,12 27,41 53.69 74,15
112,5 20,00 30,39 91.9% 98,42
150, 0 16.42 35,95  96.72 . 78,74
e 5.5% 3,92 5.03 4.
SEM % 1.69 0.89 1.54 - 1,30

Types of ) | ‘

Urea

PU .15.95 24.26 5%.0% 64.31
UsG 13.00 27 .01 64.40 68.59
UTU 13,65 28,05  64.82 68.94
NGU 11.46 26,56, 53,89 69.84
SCU 11,76 28,08 70.25 71.97
RCU 11,68 26. 54 66.36 68. 34
CD NS 2.42 4,08 %3.81
e N 0.85 1,43 1.34
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Table 5b., N uptake (Rg/ha) as influenced
types of urea stagewise

by levels of N and -

20 DAT

3.0 31 )

40 DAT 70 AT Harvest
Now '8.58 S 17,14 23,96 37.12
NoBy 8.46 15,31 25.37 34,73
NSy 6.99 vff“"14.82 25,20 33.50
NoSy 7.16°7 17.05 28.18 3%.35
NoSs 7.38 15,22 27,16 33.89
NS¢ 8.42 13,67 26.20 35,77

Ny 54 8.87 20,01 36. 41 53,15 -
NiSp 8.76 22,52 44,85 52,33
NyS3 8. 30 24,20 42,64 56.33
N8y 9.42 25,39 36,756 62,28
Ny s 9.44 27.23 46.48 62,10
NySg 10,09 27.38 26,82 57.49
N8y 9.94 25,17 41.87 65.64
Nps 12,29 27.217 48.58 166,60
Np 85 12,03 30.82 58,37 - 172,43
Nosy 12,11 24,28 48,94 76.92
Npdsg 10,75 30.98 62.46 82,84
N8, 9.64 25,99 61.96 81.01
N385 36.71 25. 01 72.81 82,02
N4S5o 17.77 32,47 89.58 108.80
N5Ss 20,50 31.28 98.50 98.74
N334 13,53 30.43  79.66 95,74
N385 16. 65 31.55 109,96 107,09
N8g 14.90 31,63 101,10 98.20
Ny 54 15,65 34.00 90,12 82,63
NS5 17.72 37,48 113,60 81.05
Ny 85 20,44 39.13 99, 38 83.70
N8, 15,08 35. 64 76.34 . 80.80
N4Sg 14,31 35. 44 105, 21 73,94
Ny S 15.35 . . 34,03 95.774 69,21
- Dy NS NS 9.13 8.53
CDs - NS NS 9.72 8.86
SEM; - - 3. 21 3,00
SEMy - - 3.03.

CDy and SEM1‘

CDsy and SEMs

-~ for comparing types of urea at a fixed level
of nitrogen,

=~ for comparing levels of N at
different types of urea,

a fixed.types or
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3) Apparent N recovery (Table 6)

Nitrogen recovery decreased with increase in the
levels of applied nitrogen. The highest N recovery (60,17%)
was noticed with appliéation of 37.5 Kg N/hé, and the
lowest (29.9%) with the highest level of applied N (150 kg
N./ha).

There was considerable ‘difference between types of
urea on the apparent recovery of applied N, The highest
* percentage recovery (56.91%) was noted with SCU (Fig.'6)
and its effect was on par with NCU., The loweSt N recovery
(41.2%) was observed with prilled.urea. The N recovery

from USG, UIU & RCU were more or less the same.

The interaction between levels of N and types of
ures were also considerable.on the recovery percentage of
applied N, The highest recovery of N was observed either

with NCU or SCU both at'lowest level of applied N (37.5 kgj.
4) Protein content of grain (Table 6)

The protein content of grain was changed by levels
of Nitrogen. The protein content wés highest (9, 34%) with
the treatments receiving 112,5 kg N/ha. The effect of types

of urea on protein content of grain was not considerable.

The interaction effect between levels of N and

types of urea was marked, and application of USG at 112.5 kg/ha
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Table 6. Protein content of grain (%) and Apparent ¥ recovery (%) of rice as

influenced by levels of N and

-

types of urea.

‘ + . 3 T <
Protein content of grain Apparent K reccovery %

or Bifferent type of urea 1.24 0.43 12.04 . 4.01

fypes of | | , :
Levelg~ _b¥c2 PU  USG UIU ©NCU SCU RCU Mean U UsSe¢ UIG NCU  SCU  RCU  Mesn
of : . .
¥ kg/ha.
0.0 |'6.21 5.73 5.38 5.73 5.48 T.42 5.98 - - - - - - -
37.5 7.44 7.i9 6.94 7.19 T7.56 7.31 7F.27 49.13 46.95 57.71 173.02 73,01 60.71 60.17
75.0 7.3t 7.tg 8.06 7.81 7.81 9,90 8.01 41,23 41,79 50,27 56.26 64.16 61.72 52,57
1125 | 8.44 9.90 9.17 /9.17 9.29 8.94 9.14 42,05 65.85 57.11 54.23 64,33 56,42 56.66
- 150.0 8.55 5.06 8.06 8.81 7.94 T.44 8.10 . | - 32.60 30.88 32.65 34.15 26.14 22.95 29.90
Mean 7.55 7.61 7.52 7.74 T.62 8.20 - 41.25 49,37 49.44 54.54 56.91 50.46 -
. . .' N
For comparing CcD - SEME Ch at 5% 32ZM £
1. Levels of nitrogen - - .36 0.11 6,68 2.73
2, Types of urea NS S " 5.51 ; 2. 44
3. Types of urea at a Tixed ' ' 1.6 4 :
level of nitrogen . .30 0.45 : i ‘ 03 ‘ 5.45
4. Levels of ¥ at a fized type ' .

b



43

resulted in the production of better quality graing in

terms of protein percentage

C. Yield components and yield
1) Number of ﬁanicles/m2 (Tabley?)

'Numbei of panicles/mz'increased with increesejn
the rate.ef:nitrogen upto 112.5'kg.N/ha, and after whioh
‘itedeclined - The different types of urea did not bring
about apprec1able change in this yield component The
interaction effect betWeen'levels of N and typeS‘ofnurea
Was»merked; and SCU at 112.5 kg N/ha produced the highest’
number of panicles/m2 (234, 6) whlch was on par with USG,
kUIU and RCU at thls level (112.5 kg N/ha)

'2)' Number of Spikelets/panicle‘( Table.?)

It can be observed from the table that the levels
of nitroéen, types of urea andltheir interactions had
signifidant effect on number'of spikelets per panicle;.
Number of Spikelets per panicle showed an increasing

'trend w1fh 1ncrease Jin the levels of N. The hlghest
number of spikelets per panlcle (118 47) was notlced with
RCU and its effect was on par with SCU UIU ranked next,
and,its effec@ was on par with all other types' of urea.
In the case of interacfion; PU at 150 kg.N/ha produced

‘the highest number of spikelets per panicle,



Table 7. Effect of levels of ¥ and types of urea on yield components of rice

different type of urea ?8'51

‘Number of panicles / n? Fumber of spikelets/panicle
Types of
. urea _ , _ - : .
I‘i‘i’.els ‘ PU US¢ TUI0 - ECU  SCU  RCU . Mean PU Usé UIT ¥CU  SCU  RCU . .HMean
¥ kg/ha . - \ ‘
0.0 1\55.67 156.00 ?56;33 149.33 147.33 155,67 153.02 93,00 88.00 90.67 91.00 ‘\“-’;87.33 89.33 89.89
57.5 171,00 178.67 179.00 170,00 182,67 174.33 176.94 105.33 105.00 101.33° $9.67 105,00 102.67 103,17
75.0 192,67 198.33 200,33 194.00 207.67 201.33 199.06 106.00 106,67 106,00 113,00 122.33 122,00 112,67
112.5 202.00 227.00 221,67 202,33 234,67 221.67 218.22 | 117,00 126,00 136,00 127.33 135.67 156.00 129,67
"450,0 193,33 181.C0 191.32 190.00 174.33 184.33 186,72 142,33 132,67 139,33 140,33 141.33 142.33 139,72
iean 182,93 188.20 189.73 181.13 189.33 187.07 -~ 112,73 111,67 144,67 114,27 $18.35 119.47 -
- : :
' For comparing cD  SEmt CD at 5% SE=M + -
1. Levels of nitrogen 11,07  3.39 .39 1.65
2. Types of urea KS - 3.93 1.38
3. Types of urea at a fixed level :
~ of nitrogen 16‘39 5.7 8.?0 3.09
" 4, Levels of N at a fixed type or 9: 65 5. 27
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3) Number of filled grains/panicle (Table 8)

Number of filled grains/panicle was influenced
by N levels, There/ﬁas an increase in the number of
"filled‘grains per paﬁicle upto a level of 112.5Akg N/ha and
after that it aecreased‘considexably. Neither the types .

.of urea nor their interaction with N levels affected

this character,.

4) Percentage of filled grains (Table 9)

The percentage of filled grains Was'highest»witﬁ
the plants received N at 75-kg N/ha, ‘Thevtypes of‘urea
did not bring abouf any appreciable change in thefpercentage
of filled .grains. The effect of interaction was found to

be significant, and UIU at 75 kg N/ha produced the highest
filled grain percentage, and thls effect was on par with
PU at the same level(75 kg N/ha)

5) Thousand'grain weight (Table 8)

The thousand grain weight was increasing uptd
112.5 ké N/ha and decreased thereafter. Types of urea
influenced the test weight, and the highest values were
noted with USG (25.36g) which was on par with SCU (25, 17 )
and -RCU (24, 97 g) The lOWest test Welght (24,09 g) was

noticed w1th NCU treatments



Table 8. Effect of levels

of ¥ and types of urea cn yield components of rice

1000 grain weight (g) .

Fumber of filled grains/panicle
2T Use SCT Hean | 2U use UIU  NOU  SOU Mean
0.0 72.00 67.67 69,00 639,11 | 23.48 23,13 22,47 23,63 22.93 23,16
37.5 70.67 T73.67 78,00 T4.67 | 23,14 24.23 24,42 22,71 24,62 23.75
75.0 92.00 91.67 91.33 92.67 91.72 | 24.75 24.79 24.07 23.87 24.88 24,63
112.5 92.00 95.33 99.33 .9 95.%4 | 26,16 27.30 26,33 25,90 28.70 . 26.93
150.0 89.00 - 91,67 86.00 88.00 | 25.32 27.35 25.43 24.35 24,72 25,47
Mean 83.13 84,00 84.73 - 24.58 25.36 24.54 24,09 25,17 -
For dompa:ing SEM+ D at 5% SEH &
1. Levels of nitrogen 0.75 0.23
2. Types of urea 0.62 0.21
5. Types of urea at a fixed
level of nitrogen 1.39 . 0.48
4, Levels of N at a fixed type 1,47 0.50

or different types of urea

b



Table 9. Filled

grain perceniage and,

Harvest index as influenced by levels of ¥ and typss of urea

Filled_grain perceﬁtage

-Harvest index

Types of
urea .
Leveld ' PU US¢ UID  ¥0U  SCU  RCU  #ean | B2U US¢  UIU KU SCUT RCU  Mean
“of N o ’ '
kg/ha
0.0 {'61.95 61.52 60.10 60.44 62.78 60.26 61.16 | 0.36 0.36 0.36 0.40  0.29 0.34
37.5 t-'54,97 56.90 59.38 57.12 -59.44 62,31 58.35 | 0.36 0.38 0.40 0.38 0.39 0,37
75.0 “\568.82 62,73 70.21 62.80 59,78 60.62 64,15 | 0.35 - 0.34 0.34 0.3 0.36 0.33
12,5 762,45 60,46 57.88 60,41 58.71 56.99 59.49 | 0.34 0.38 0.44 0.43 0.43 0,39
150.0 53,47 .-56,32 54.26 52,92 51.27 49.59 52.96 | 0.35 0.34 0.38 0.32 0.32 0.34
fean 60,72 ' 59.58 66.40 58.73 58.40 57.95 - | 0.35 0.3 0.38 0,57 0.36 -
For Comparing ¢D at 5% SEH % CD at 5% B %
1. Levels of nitrcgen 4.12 .26 RE -
2. Types of urea XS - S -
3. Types of urea at a fixed .
level of nitrogen 5.66 1.99 0.05 o.01
4. Levels of N at a fixed type 6.58 2,21 0.07 o.qg

or different types of urea

A %



48

The interaction effect was marked, and SCU at 112,5
kg N/ha produced the highest test weight (28.7g), and its

effect was on par with USG at 150 kg N/ha and USG at 112,5
kg N/ha.. |

6) Grain yield (Table 10 and Fig, 7 and 8)

Grain yield showed an ihcreasing trend with increase
in the levels of nitrogen upto 112.5 kg N/ha, At this
level the grain yield was highest (3567 kg/ha), and its
effect was on par with 150 kg/N/ha.

Types of urea also influenced¢the grain yield, and
the highest yield (3132 kg/ha) was obtained for SOU which
was on par with the effects of UIU and USG. The effects
of UIU, USG as well as NCU were more or less the same,
Similarly the giain yield obtained with RCU and prilled
urea were also comparable. It was also noted that the

lowest grain yield (2619 kg/ha) was noticed with PU,

The interaetion between levels of N and types of
urea was not significant on grain yield. However, the
highest grain yield was obtained by the application of
SCU at 112.5 ke/ha.

7. DNitrogen use efficiency (LTable 11)
'a) Nitrogen response

Nitrogen response was influenced by the levels of



1

nfluence of levels of ¥

and types of urez on grain and s

raw yield (kg/ha.)

Grain yield

3traw yield

different types of urea

Types of 7
LeveD ™ PU UsG. UIU  KNCU SCU © RCU  Mean | PU Use. UIU  HCU  SCU ECU Mean
of N , i .
kg/ha.
0.0 1862 1930 2050 2013 2065 1701 . 1937 | 3259 4146 3530 . 3440 3077 4032 5577
37.5 2514 2969 3013 2753 2916 1554 2887 | 4398 5047 4691 4168 4742 4005 4509
75.0 sg42 3035 3288 2768 3126 2987 < 3008 | 5202 6513 6158 5208 6931 5266 5880
112.5 5001 3693 3712 3399 4226 3573 3567 | 5653 6278 6045 4155 5609 4527 5378
150.0 3238 3572 3163 3371 3329 2862 -3256 | 5850 5952 5861 5498 6908 6134 6034
Hean 2691 3040 3046 2861 3132 2695 - 4869 . 5587 5287 4494 5454 4793 -
For comparing ¢D at 5% 5381 * CD at 5% SEM +

1. Levels of nitrogen 547.71 167.94 817.50 250;67_

2. Yypes of urea ) 7199,03 70.91 465,30 163.69

3. Iypes of urea at a fixed level . : ' .
of nitrogen y JD - ‘1040.45 3€6,02

4, Levels of K at a fixed type or ES _ 1250.35 543.40

b



o0

nitrogeh. Nitrogen response decreased withﬁthe'incfeasing

levels of Nitrogen. The highest response (22,67 kg grain/kg
the

of 'N applied) was noticedwith/lowest level of applied

Nitrogen.

Among the types of urea, the effect of USG, sSCUu, UIU,.
NCU and PU remained the same, .SClrecording the highest N
(Fig. 10) response. The effect of interaction between levels

of nitrogen and types of urea was not pronounced,
b) Productive efficiency

The mean value of productive efficiency are presented
in Table 11, Different urea modified materials had consider-
able effect on the productive efficiency, whereas the levels
of nitrogen and its interaction with types of urea had
very little influence on productive efficiency. Highest
productive efficiency (37.62 kg grain/kg of N applied)
was noticed with USG, and (Fié; 11) its effect was on par
with UIU and SCU. The effect of PU, NCU and RCU -on product-

ive efficiency appeared to be the same.
8. Straw yield (Table 10)

Straw yield was influenced by the levels of nitrogen,
types of urea and their interactions. There-was g progressive

improvement in the straw yield upto the highest level of



Table fable 11. X response and productive efficiency of rice as influenced by laevels of

E and types of urea

’

N response Productive efficiency
Types of
urea .
Levels . 4t U3G Uiv NCU S5CU LU Mean 2T UsG TIU NCU 5CU RCU Mean
of N . : : . » : .
kg/ha.

0.0 ) - - -— — . — ’ -— | - - .— [ad - - - -
37.5 15.41 27.55 28.69 21.77 26.12 16.46 22,67 | 30.96 60.07 51.82 30.10 35.36 26.54 39.24
75.0 12,07 14.64 18.02 11,09 15,85 \14.00 14,28 30.02 35.0f 36,08 19.53 24,86 22,65 28,03 °
112.5 Q,46 15.78 12.99 20.35 - 12.76 14,49 23.05 23,35 26,84 24.02 32,07 22,46 25.47

.150.0 » 8.67 1¢.90 g.1g 9,506 9,27 &.i16 8.79 23.50 32,06 25.36 38,78 39,44 28,50 31.27
Mean 11,40 . 17.17 17.67 13.85 17.90 12.35 -- | 26.88 37.62 35.17 28.11 35.08 25.05 -
For comparing CD .2t 5% 35 & CD at 5% 3%t
1. Levels of nitrogen 5.10 2.08 ) -
2. Types of urea 3,19 j . 41 9,15 419
3, Types of urea at a fixed level WS _ uS _
of nitrogen S - ,
4, Levels of ¥ at a fixed type ox ﬁS - : %S _

different types of urea

IS
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nitrogen, The highest straw yield (6033 kg) was noticed
with the application of 150 kg N/ha, The effect of nitrogen

at 75 kg and 112.5 kg were on par with respect to straw
yield.

Among the types of urea, the effects of USG, SCU
and UIU remained the same, and USG applied plots proauced
the highest aﬁount of straw (5587 kg/ha) (Fig., 9). The
effects of PU, RCU and NCU were more or less similar with

respect to straw yield.

Among interactions, the straw yield was highest
(6931 kg/ha) from the plots which received SCU at the rate
of 75 kg N/ha. This was on par with USG at the rate of
75 kg N/ha and SCU at 150 kg N/ha.

9) Harvest index (Table 9)

The main effects of leVelslof nitrogen and types
of urea did not influence the harvest index, but their
interaction effect was prénounced with respect to this
parameter, The harvest index was highest when NCU.was

applied at the rate of 112.5 kg N/ha,
10) Correlation studies (Table 12)

There was significant positive correlation between

grain yield and the f&llowing plant characters.
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Table 12,

Simple correlation coefficients between grain

ryield and plant characters

31: . Plant character “gggggiigigﬁ
1o "Plaht height  0-520'*
2. Number of tillers 0e527 *
3. ny matter production at 20 DAT . '0.609,#

4. " w40 DAT 0.683 *
3 " " 70 DAT 0.705 +
6 " . Harves t © 0.805 %
7. Nitrogen upta¥s at 20 DAT 0.322 *
8. L 40 DAT 0,668 *
9. 'S 70 DAT 0.753 *

10, n v Harvést 0.823 *

11 Productivé tillers /m2 Q717 *

12 ,avikclets/panicle 0,703 *

13. Numbér of filled vrains/pwutu]e 0,737 *

14 Filled grain percentage 0.737 *

154 Thousand gfain welght %

0.668

Jignificant et 0.05 level.

\ -
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1. Plant height
. Number of tillers
. Dry matter production at different stages

. Uptake of N at different stages

. Number of filled grain per panicle

2

3

4

5. Productive tillers"

6

7. ©Spikelets per. panicle
8

. Thousand grain weight

The correlation between grain yield and filled grain

percentage was not considerable,

D, Total nitrogen content in the soil after the experiment
(Table 13)

The total N content of soil after the experiment was
influenced by the levels of N and the plots applied with
nitrogen analysed for higher amount of total nitrogen compared

to control.

Types of uresa aiso influenced the post harvest N
content of the soil, and the plots applied with PU, USG,
UI1U, SCU and RCU contained more or lesé Ssimilar amounts of
nitrogen, The lowest amount (383.8 kg N/ha)‘was noticed
in the plots applied with NCU. |

The interaction effect between types of urea and



: Zypes of urea
Levels of ¥ | S e
(kg/ra.) » (
PU UsG UIU NCT 3CU RCU Hean
0.0 1 432.3  443.0 376,53 | 320.% 347.3 356.3 379.3
57.5 496.3 413,67  439.67 ~ 446.6T  405.33 448.6 441.7
75.0 387.6 363.3 457.6 363.¢C 373.3 382.0 387.6 .
112,5 435.6 499.6 471.6 384.6 476.0 382, 0 4416
150.0 440,3  374.3  441.0  404.0 465.0 1 488.0 435.4
Mean 438.4  418.8  437.27 383.8 413.4 4112 -
For comparing CD at 5% SEM *
1. Levels of nitrogen 47.4 14.5
2. Types of urea ‘ 30.0 10.5
3. Types of ureaz at a fixed level 67. 2 2%.6
of nitrogen S ' o
4, Levels of N at a fixed type or 7.4 ’26.0

- different ypes of urea

g



Table 14, Grain yield and

straw yield (kg. /ha.) of subsequent rice erep as influenced by levels of N .
and types of urea. .

Grain yield

Straw yield

Types of

‘ urea A : : N A L
Levels PU °  USG@  TIU ¥CU  SCU  RCU  Hean U . USG  UIU SCU  ECU IHean
0.0 , 2641 2821 2532 2892 2493 2582 . 2660 4667 4759 4964 4506 5169 4782
37.5 2105 2406 1922 2264 2074 2016 215! 4376 4225 3768 4435 4373 4281
75.0 2132 1959 1742 1958 2342 :2335 2078 4299 4204 4090 4549 3791 4208
112.5° 2514 2825 2572 .. 2681 2777 2336 2617 59014 5830 5167 5547 5829 5734
150.0 2705 2577 2638 = 2492 2681 2 71 2595 5655 4932 4781 4853 4308 4621
] . o _ /
Mean 2419 2518 2281 2457 2473 2350 - A4782 - 4796 4554 5 4718 4394 -
For comparing GD at 5% SEM + D at 5%
1. Levels of ni%rogen XS - §3
2. Types of urea , %S - HS
3. Types of urea at a L17€d Level of
nlmapgen it - NS
4, Ievels of N at a fixed type or S _ NS

different types of urea

1Y
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levéls of N was also considerable, and the plote applied
with USG at 112,5 kg N/ha contained the highest amount of
total nitrogen (499.67 kg N/ha).

E., Residual study

The data on mean graiﬁ and straw yield obtained
with the crop raised for the residual study are presented

$8)

in Table 14.

The data clearly reveal that the effect of
N levels, types of urea or their interactions did not
influence the grain vield or straw yield of the crop

raised during the subsequent season,
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PISCUSSION

A field experiment was conducted at CSRC, Karamana
to study the efficiency of urea modified materials at differ-
ent levels of nitrogen on growth, yield, quality and

nitrogen uptake of rice, The results of the experiment are

are discussed in this chapter,

A, Growth characters

1) Plant height

The results presented in Table 2 revealed that the
plant height was increased‘by increasing the levels of
'ﬁitrogen upto 112,5 kg/ha, Different types of urea and
their interaction with levels of nitrogen did not exert
any marked influence on this character. The lowest height
was noted with the plants which ére not supplied with N,
while tﬁe talieét ones were observed in the plots applied
with nitrogen at the rate of 112.5 kg N/ha. Plant height

is a growth character which is generally influenced by
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management factors. The above results are in conformity
' Kolandaiswamy.
with the findings of Sadayappan_ngileTT§7ZT_‘Sushama—

kumari (1981) and Anon. (1984 a).

2) Number of tillers/m2

Tiller production was increased with increase in
the levels of nitrogen upto 75 kg N/ha, Béneficial effect
of N to thance tiller production has been reported by
many workers (Gunasena et al., 1979; De-Datta and Surjit
1981; Anon., 1985,0; aﬁd Ajithkumar 1984). Tillering is
.closely associated with the nutriﬁibnal condition of the
mother plant which supplies carbohydrates and nutrients
to the tillers‘upto 3 leaf stage., A high concentration.
of external nitrogen favdurs vigorous tillering

(Ponnamperuma, 1965 and Yoshida, 1981),

The highest tiller count (288(8/m2)Was obtained
with the plants supplied with USG and its effect was on
par with that of SCU. The superiority of USG and SCU on
tiller prodﬁction has been'reported earlier by Rajagopalan

and Palaniswamy (1985), Anon, (1984 a) and Anon. (1985 b).

3. Dry matter production

Dry matter production increased with increase in

the levels of nitrogen, and the highest values were
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observed with the plants supplied with 112.5 kg N/ha., This
is in agreement with the findings of many woikers (Nagre
and Mahajan;<1981; Anoﬂu 19853 and Anon”’1986 b). The
increased tiller;production and enhanced plant height
observed due to the application of higher doses of N might

have led to the enhanced biomass produetion;

Urea super granules and SCU applied at hlgher doses
of N (112 5 kg/ha) ‘had a favourable effect on dry matter.
' product;on, It may be noted from Table 2 that application o
of SCU had a pronounced effect on tiller production,
eSpecially at higher levels_of‘nifiogen; aﬁd'henoe the
dry matter‘production,- Similar iesults have been»reporﬁed

earlier (Anon,, 1984a),

B. Chemical Analysis
1) Nitrogen cqntenf of plsnt parts

. .The reSults of N concentration presented in Table 4
and 4b revealed that the effect of N on the N concentratlon
of plant parts was marked at. all stages of growth It
showed_an 1ncreas1ng trend w1th increase in N levels uptov
| 112, 5 kg N/ha. The N concentratlon of the plants decreased
with the age of the crop, and this may be due to the dllutlon
effect, badanandan et al. (1969) and Manl (1979) also observed

Similar results.:



61

The'influence‘of types of urea on N contenf vas

- considerable during the early stagés of plant growth and
application of SCU and NCU resulted in a higher N concen-
“tration in plant parts. Perhaps; the loss of N from these
haterials might have been cbnsideraﬁly less resulting in
the maiﬁtenance of high amounts of available N in the ‘
soil. This might'ﬁave favoured higher N concentration in
planfs. At 70 DAT, USG, SCU and RCU applied plants s .owed
high&cdncentratioh of.nitrOgen. The deepplacémenf of USG

- at the reduced zone decreases the loss of N from flooded
paddies (Savant and De Dafta, 1980; Chen and Zhu, 1982). As
ment ioned éarlier, this might have résulﬁed in the
maintenance of higher amount of available N in the soil |
for a longer period of time and hénce a higher N concentra-

tion in plants,

The interaction effect bgtween levels of N énd.types
of'urea{on N cqncentration of_plants_wa8<noticed upto 40 DAi,
‘and appligatiqn gf'NCU;'SCU or USG resulted in high N‘goncen—‘_
tration in plants. -But this effect disappeared at the harvest

stage.

"2) Nitrogen uptake

‘The data presented in table 5a and 5 b and Fig.(4) -

clearly reveal,that nitrogen application increases N uptake'
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at all stages of growth, .In general N uptake increased
with N application upto 112,5 kg N/ha. Similar results
‘were reported by many workers (Gopalaswamy and Raj, 1977),

Agarwal, 1978),

‘ Thé Nrupfake was different due to theAdiffeience
in the types of}urea applied; The highest N uptake was
obéerved dué‘to the‘appliqatioq‘of SCU (Fig. 5). The daté~
presénted in table 3a, 3b, 4a and 4b) reveal that the dry
matter peruction as well és N_cqncentratibn in piahts were
Lhighest.with the plants apblied with SCU. "The above
results are in agreement with the flndings of manJ workers

(Mellu and Rekhi, 1983; Anon” 1985 c)

Apparant N recovery

- The recovery percentage of applied~N.Was hiéh.at'
‘a level 37.5 kg N/ha, and it decreased with increase in‘the
levels of applied nitrogen. This means that at high doses
of N applicatioﬁ, the rate of loss was ﬁbre than the réfe

of absorption‘compared to lower rates of N application.

Recovery of appliéd N from different types of urea N
- was also different, | Nitrogen use efficiency in terﬁs of

| its recovery percentage was hlghest with SCU (56, 91%)
(Fig.6).. Applicatlon of NCU also resulted in similar
efficiéncy (54.5%). Among the types of urea tried, PU
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proved to be less efficient to enhance N recovery.

Pfotein content

"Protein peréentage of graih was éﬁhanced By the
-)a.ppl;i.qat:i.on of higher doses of N, The highest protein
percentage‘Was‘noticed when N was applied at 112,5 kg/ha.
Higher rates of N absorption consequent to higher rates
of N application resulted in the production of quality
grains A‘braham‘ et al., 1974, Ajithkumar, 1984; and
burendran, 1985 have reported similar results The_ ,
interaction between levels of N and types of urea was also
considerable, Application of USG at 112.5 kg/ha resulted
in‘the'ﬁroduction of quality grains, As explained earlier,
deep placement of USG in the reduced zone might have
decﬁeasedkthe_loss of N maintaining a higher rate of °
N availability for a longér period. It can be seen from'
‘table 5a that there was gradual 1ncrease in the N uptake
w1th“increase in the levels of applied H V The enhanced
uptake of this nutrlenf -might have contrlbuted to the

production of quality grains,

C. Yield cbmponents and yield
1)  Number of panicles/m2

Number of panicles/m2 increased with increase in
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the rate of nitrogén upto 112.5 kg/ha andvqhefeaftei it
declined. Availability of N to the plants might have
been pptimﬁm at this particular.leVel"of N application,

At higher doses of applied-N there was'luxuriant vegetative
growth as well as incidence,bqf more number (ﬁ' bests and
diseases.- Further there was competition between plants

for space 1eadingvfo tiller moitality. All these factors
together'contributed to'the’decreased number of paniéles/mz;
at‘higher rates of N application, Simiiar effécts of N
. on paniéle production per unit area were reported by many
workérs (Koyama and Niamsrichand 1973; Bélasubpamanian,
'1984;  Anonu'19é4 b). ”Paniclé produ@tioﬁ per unit area .
remained more or 1es§~the same in the plots supplied'wifh‘
different typew of urea. But thepinteractionbeffect |
between levels of N ahd types of urea was marked, gnd
applicatio#Z§CU at 112.5 kg‘N/ha produced the highest
number of panicles/m? (234.6), and this effect was on

par with that of USG, UIU and RCU at this N level.
2) DNumber of spikelets/panicle,

The number of spikelets per panicle increased
with N appllcatlon upto the hlghest level tried (150 kg N/ha)
This result is in agreement with the findings of bushama—<'

'kumarl 1981; Anon., 1984a; Alexander g§ g;., 1974.
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Types of urea4alsohad7_ influence'on.spikelet
number/panicle, and the highest value (118.4) was noticed
with the application of RCU, and its effect -was on pér '
with thét of SCU. It may be noted from table 5a that the
N uptake was higher with the plots applied with RCU and
. SCU, and perhaps this may_béAthe reason for the béneficial 
effect of these types of urea on spikelet number/panicle;
Saravana (1979) and Meelu and Rekhi (1983) observed similar'»
results. Application of PU resulted in the production3of
minimum number of spikelets/paﬂicle. Though PU wés applied
- in best éplits, its ;gés from soil might be moie, and
consequently the amount of Nwavailable_at the time of
spikelet formation and deve;opment might be less éompared
to SCU and RCU. The data presented in table Sa indiéafe
that #hé%N uptake by the plants was low from the‘plgts
applied with PU (4non., 1972).

3. Number of filled grains/panicle

There wasvéonsiderable increase in the number of
fillédié#ains perxr paniclé bylthewappliqation of nitrogeﬁ
upto 112.5 kg N/ha, and thereafter it declined. The filled
grain number indicates the actual capacity of sihk'tb
‘receive‘and‘stoie synﬁhates_fiém the carbon assimilating

_area of the plant. ' The decline in -the number of filled
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’grain.after a particular level may be‘due to the production
of more number of tillers at hlgher lever of N appllcatlon.
Consequently there might have been mutual shadlng between .
plants., The net photpsynthate production might also have
decreased due to iﬁprdper diétribution of light in the
‘éanbpy. De Datta and Surjithv(1981) and Sobhane (1983)

reported similar results,
4) 7Percentage of filled grain

Filled grain percentage was more with the plants

applled with N at 75 kg N/ha, and 1t declined thereaftex.
The reasons attributed for the decreased number of filled

- grains per panicle at higher doses of nltrogen hold good
for the decrease in the percentage of filled grain- at S
higher dose of nitrogen. Ramanujan and Rao (1971) and
Matushlma (1980) reported that at. hlgher dose of applled N
the total numbe: of splkelets as_we;l as the number of

unfilled spikelets per panicle increased.

Though the types of urea did nofvbring'about ‘any

: appre01ab1e change in the percentage of f;lled gralns,,

the effect of 1ts 1nteraot10n w1th levels of nitrogen

was pronounceﬁ. The superlorlty of UIU and PU at 75 kg N/ha
was noticed in this respect, Simllar results were reported.

by Singh et al. (1985).
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5. Thousand grain weight

The results of the data presented in table 8
clearly reveal that thousané grain weight‘increased with
levels of nitrogen upto 112.5:kg/ha. A further increase
in N level decreased the test weight. Application of
higher dosés of N might have stimﬁlatediexéesaive
‘vegetative growth leading to mutual standing, Consequ-
ently~the neﬁ photosynthate production mighf have reduced,
As a result the source activity might have been 1nsuff1c1ent
to meet the demand of the sink resultlng in a decreased
test weight at higher- levels of N. . Slmllar results were‘

reported by Kalyanlkutty and Morachan (1974) and Nair (1976)

_The'application of USG resulted in the highest
test Weight of grains and its effect was on per with that
of SCU. These types of urea mlght have prov1ded N slowly
accordlng to the demand of the crop even at the later '
stages. Perhaps, thls effect of USG and SCU mlght have
reflected oﬁ the test weight as well.. Similar results
werewreportéd by Bains gﬁ gl} (1971) and Arunachalamvgﬁ al.
(1974). | | |

_ The interaction effect was marked -and applicafion
of SCU at112.5 kg/ha resulted in highef test weight‘qf"
grains, and this efféct was on par with that of USG at

higher levels..
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6. Grain yield

The data presented in tablev10 indicate that the
grain yield increased progressively with'suceessive
addition of nitrogen upto'112.5 kg N/ha, ah&_thefeafter
the response of the crop to applied nitrogen flattened,
The highest grain yield (3567 kg/ha) was obtained by the
application of 112.5 kg N/ha andrthis was on par with the
vield obtained at 150 kg N/ha. The yield contributing
characters like number of panicles/mz, filled grains/
panicle and thousand grain weight were highest at a level
of 112.5 kg N/hae The‘blant growth (tables 2, 3a and'BbI
as well as the nutrient uptake (table 5a and 5b) were higher
at this level of nitrogen application. The cummulative
effect of N on the growth characters, yield compdnents
and N uptake might have‘resulted in a higher grain yield
at this level of N (112.5 kg N/ha). It may be noted from
table 13 that the experimental.soil was low withAreference
to available nitrogen. Consequently there was reéponse to
added nitrogen, and for the variety'of rice tested (Jaya)
the optimum appears to be around 112.5 kg N/ha. Singh gg;gi.
(1979) opinéd that the most profitable nitrogen rate for
the rice var Jaya is 100 kg N/ha. Similar results are
reported by Rethinam et gl., 1975; Sharma and De 1976 and

Anon.; 1985 b.
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The reépbnse of Jaya to N ﬁas foiloWing a quadratic
response. function (Fig. 7). The re5ponsé equation fitted
for this purpose.was Y = 1943;72 + 908,64 x - 141,67 xz,
When X = 37"?' From this equation the physical opt imum
‘dose was estimated as 120 kg N/ha. Considering the cost
of 1 kg N as RS.S and price of 1>kg paddy as Rs.2.5 the
economic optimum dose was estimaﬁea as 119‘.kg/ha. Hence'
it can be suggeéted that for the variety under test a

nitrogen dose of 119 kg/ha can be safely recommended for

. obtalnlng Optlmum grain yield.

Among the types of urea, ‘the hlghest_graln yleld

(3132 kg/ha) was obtained by the application on?%;g. 8)
and its effect was on par with that of UIU and USG. The
grain yield obtalned by the appllcation of 3SCU, UIU and

USG are respegtlvely,16.4 per cent, 13 2 per cent and 13 per
"cent'moré than that obtained by the application of PU, Bleld.
experlments conducted at dlfferent centres to compere the
‘eff1c1enqy of slow release N fertilizers over prilled urea
éonclusiVely proved the.superioiity_of slbw~;elease~

nitrogen sources to reduce nitrogen losses and to increase

the grain yield in rice (Rajendra Prasad et al., 1970).

It may. be noted from table 7 and 8 that the plants

applied with 5CU produced more number of spikelets per .

i
5
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panicle and grains with higher test weight. The uptake of

N was also higher;with the plants supplied with SCU, and
~there was a significant positivercorrelation between N
uptake and grainAyield in ricé'(Table‘12). These beneficial
effects‘qf SCU might ha&é enabled the plants to OXpress ité
'prodﬁction poténtial to‘a gregter;gxtenf. Trials conduct ed
by the AICRIP during 1972 proved that SCU is a better source.
of nitrogen for basal,dreésiﬁgs. It gave an inéreased,yield

of 25 per cent over prilléd urea (4Anon,, 1972).

A The superlorlty of  SCU _compared to PU to increase
the grain yield has been reported by many workers
.(Bandyopadhyay and Biswas, 1982; Mellu and Rekhi, f983;
Rana et §$¢, 1984, Anon.,:1985b; Anon., 1985 c), The
increased grain yield by the placemenb of USG was also
reported by many workers (Anon., 1084 aj Rambabu et al

1983; Cao and. De Daﬁa 1983)

The PU appeared to be 1nier101 to other urea modified
materials. Horn (1979) reported that‘PU exposes 237 cm2
Surface aréa/g of material. Further, PU dissolves in‘
water>at’a very faster rate and as a result there_will be
fremend ous loss‘;f N by leaching. This might have led %o
the production of lesser number of‘panicis/mz, fiiled'grainsk

panicle and ultimately lesser 1OOQ gréin weight’in PU treated,
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plots compared to the ones applied with the other types of
urea., Hence the relatiﬁely less favourable effect of PU

on yield contributing factors might have resulted in

lesser yields.

The‘interaction'effect between the types of urea
and levels of nitrogen was found to be nonsignificant on

grain yield.

7. Nitrogen Use efficiency

(a) N response

The data on N response presenﬁed in %able 11 reveal

that the N response decreased With increase in the levels
of nitrogen. Highest response was obtained with the appli-
cation of 37.5 kg N/ha. Further increase in N resulted in

a decrease in grain production per kg of applied nitrogen.

itvwas interesfing’to note that the N response was
more or less the same due %o thelapplication of different
types of urea (Fig. 10) like Us&@, SCU, UIU, NCU and PU.
This means that the production of grain /kg of applied N

cannot be changed by changing the type of urea.

(b) Productive.éfficiency

While the productive efficiency remained unaffected

by levels of nitrogen, it was influenced by the types of
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urea - (table 11),  Data on eroductive efficiency reveal that
the grdin prodﬁction/kg of abserbed nitrogen was highest

with the application of USG (Fig, 11), and ite effect was

on par with that of UIU and SCU., Data presented in table Sa
and 10 reveal that,nitiogeh uptake and grain yield:Were |
comparable between USG, UIU and SCU, From the above resﬁits
‘.it appears that'the urea modified materials,'USG, Ulu and

"SCU behave more or less similarly in the soil. The productive
efficiency of PU NCU and RCU was Low compared to U3G, UIU

and SCU, |

8. Straw yield

A
L

There was progressive improvement in straw yield '
upto 75 kg N/ha, and the effect§f$5; 112 5 and 150 kg N/ha
were comparable., The favourable influence of N on strew
yield is very well documented (Rao and Ramanuaam, 1971;

Raj et al., 1974{ Venkateswarlu, 1978).

Among the types. of urea, application of Use (Flg.9)
resulted in the production of hlghest amount of straw(
A(5587 kg/ha). The effects of USG uCU and UlU on straw
prcductien Were more or less the same. 1he straw productlonl‘
‘Was: more or lessvthe same. The straw productlon was lessv

when N was supplied through. PU NCU and RCU, Data presented

in tables 2 and 3a reveal that the vegetatlve growth was
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greater when N was suppliéd through USG, SCU and UIU
compared to other types‘of urea. Consequently straw yield
was more with these treatments. Increased stiaw yield with
the application of USG has been reported by Anon. (1984 a)
and Rajagopalan and Palaniswamy (1985).

Interaction effect between levels of N and types
of urea was considerable on straw production, Applicaﬂiom
of SCU, USG or UIU at 75 kg N/ha could produce more amount
of straw. It can be seen that thérmain effect of N on
straw production was restricted upto a level of 75 kg N/ha
and among the types of urea, applicafion of USG, SCU and

UIU resulted in higher straw production.
9. Harvest index

The levels of nitrogen and types of urea did not
influence the harvest index. But, their interaction effect
was significant, and the harvest index was highest When NCU

was applied at 112.5 kg N/ha,

10. Correlation studies

There was significant positive correlation between
grain yield and growth characters such as plant height,
number of tillers and dry matter production. The correlation

between grain yield and dry matter production was the highest.
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It may be noted that appllcatlon of N could improve the’

-plant growth characters and enhance the grain yield.,

The yield attributing factors such as productive
,tillers/mz,'number of spikelets per panicle and thousand

grain weight were positively correlated with grain yield.

The N'upﬁeke of rice at different growth stages
is well correlated with grain yield. The correlation
- between N uptake at 70.DAT (flowering) and grain yield
wes the highest. This indicetes the importance of N

nutrition of rice at flowering.

D, Total n&tiogen content in the éoil after the experiment

Th.e total N content of 5011 after the experiment
.was different due to dlfference in the rates of N appli-
catlon. Plots applled with fertlllzer N analysed for
hlgher amounts- of post harvest total nitrogen content of
'the18011, than the control-plots.v This means that thepe

remains residue of applied N after the experlment

The total N content in the SOll after the experl-‘

: ment was more or less the same in the plots applied with

| PU, USG, UIU, SCU and RCU. These results reveal that the
re51dual effects of the above urea modified materials are

vs:Lm:Llar_._ In o‘l:her words PU, USG, UIU SCU and RCU leave
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more or less similar amounts of N in the soil under identi—

Acal conditions

Thé'plots supplied with USG at 112.5 kg N/ha are
analysed for higher amoﬁnts of N after the éxperiment,
Placement of USG in the reduced zone (10 cm depth) results
V‘in a decreased loss of N.from the éoil (Chan and 4hu (1982),

- and hence the result.

E. Residual stud&'

The data presented in: table 14 clearly reveal that
‘the 1evels of N types of urea or their interactions did
not. change the graln or straw yields of the crop raised
during the subsequent Seasons, These results point to
the fact that though there wgs change in post harvest N
‘ Qqntenf'of the“soil dué‘to the treatments,~it was
inSufficient't§ influence sﬁBSequeht crop in terms of
grain and straw yield. It may be noted that to the
crop raised for the residual study, 50 per cent of the
fecqmmended @ose of N was&glso apblied. Perhaps, appli;
cation of this dose of N might have nullified the residual

effect,
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SUMMARY

An experiment was conducted at the cropping system
Research Centre,-Karamana, Trivandrum during 1985-86 to
evaluate the comparative @fflciancy of dlfferent urea.
modlfled materlals at different levels of N on the growth
yleld quality and nltrogen uptake of rice, as well as to

r.study thelr residual effects in the subsequent rice crop.

The experiment waé laidvbut in split plot design-
with three réplications; There wére five levels of |
nitrogen (0 37.5, 75, 112.5 and 150 kg/ha) in the main
plots and six types of urea (Prllled urea, urea super
- .. granuls, Urease_inhibited urea;aNeem cake coated ures
‘sulphur coated urea and Rock phOSphafe cogted urea) ip
the sub plpts; In total there‘were 30 treatment comblna—
tions. The rice variety used.was.'Jaya'. The results of

~the experiments .are summarised below.

1. Urea super granules and sulphur coated urea proved'

their superiority over other types of urea in increasing
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til;er«producfion:ih rice. The tiller production was
highest when USG was applied @ 150 kg N/ha. The tallest
_ plants were obtained with the application of N @ 112,5
Kg N/ha, Applicatioﬁ of 83CU @ 112,.5 kg N/ha resulted
~in the producfion of’highest amount cf dry matter at

harvest,

2. Nltrogen concentratlon lncreased wmth increase
in the levels of N upto 112.5 kg/ha, Plants supplied
‘w1th‘SCU contained more amounts of N, Application of

S0U or USG @ 112.5 kg N/ha resulted in highest N uptake.

3. The recovery of applied nitrogen decreased with
increased leiels of N. The highest recovery of N was

observed either with NCU or SCU when applied @ 37.5 kg N/ha.

4. Nitrogeniapplicaticn increased the productive
tlllers/m , splkelets/planlcle, fllled grains per panlcle,
percentage of" fﬂled,wralns and thousand graln welght
'Applicatlon of SCU and USG resulted in the productlon'of
moie number_cf'spikelets/banicle as well as enhanced test

weight,

5. . Appllcatlon of nltrogen @ 112 5 kg N/ha resulted
~in the highest grain yield. The plots applied with SCU
produced highest graln yield, and its effect was on par

with that of UIU and USG. The yleld leVels obtalned by
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the application of SCU, UIU and USG were respectively 16,4,

13.2 and 13 per cent more compared to that of PU.

6. Nitrogén response was highest when the plants
were supplied with USG, and its effect was on par with
thatvof SCU, NCU, UIU and PU., Nitrogen response was

higher at lower levels of nitrogen application (37.5 kg N/ha).

7. A progressive increase in straw yield was noticed
with increase in the levels of N upto 150 kg N/ha,
Application of USG resulted in the production of highest
amount of straw, and iﬁs'@ffect‘was on par with that of

SCU and UIU. ©Straw yield was highest from the plots which
‘received SCU @ 75 kg N/ha.,’

8. The post harvest N content of the soil was more
in the plots applied with N.A Moxre or less similar amount
of residual nitrogen was noticed in the plots applied with

PU, USG, UIU, SCU and RCU.

9. The residual effect of levels of N, types of urea
or their interactions were not pronounced on the grain and

straw yield of the subsequent rice crop.,
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APPENDIX I

Weather data during the cropping period

‘.L‘empe ra-‘cure(oc) I\Tonthly Relative

. e ———— rain- Humidity
Month Max, Min, fall (%)

—— TR T T
July ' 29,8‘ 22,9 . 825 88
August 30,1 23,3 ' 61,8 86
September © 30,9 23.6 96,8 5
October ° T 30,4 gs.s 162,787
November ‘  i 3001 . 22,7 170.4 83
fDecember_qg . 3175 922,90 2396 76
January ‘86 32,5 2.8 22
February - 3:.2..2 | L22.‘§ . 28.8 &=

March . 33,3 24,2 - 2,1, 76




-

DIX_ 11

es]

APP

- Absiract of Analysis of variance table on Growth Characters

BError b

M.3.S8
Source i, r plant Number of . Dry Matter Production stagewise
| ‘Weight tillers/m2  20DAT 40 DAT 70 DAT Harvest
Replication 2 46.56  3283.25- 921,00 91352.00 © 175488.00  59904..00
Levels of N - 4  276.8T%%.37008.15%% 134017.3"  1960068.00%* 29541510%* 51007300%*

- Error a 8 20.84  2095.31  2064,25 38260. 00 118592 100032
Typesof urea 5 41,12 £180.9%%  5741,2  57811,20 1072000**# 684441, 6%%
Le‘«‘ei of B o9 27,56  2174.82%% 5902.65 37472.00 304547**  574G76%*
Types of urea

50 20,43 1184.1 £06%.86 26610, 24 74515,85  100925.40

* 3ignificant at 5% level

#% Significant at 1% level



Abstract of Analysis of variance tablé on N concentraition parts
and protein condent of grain
H.8.8
Source . d.t i concentration in plant stage-wise Protein
. \ a4 « condent
L30T AR Fram am otxraw auv o .
20 DAT 40 DAT 70 DAT harvest
‘Replication 20,0642 -0.000015 . 0.0587 0.01712 1,584
Levels of N 4 2.176%* 0.3984%* 1,789%% . 0, 1139%% 24, 636%*
Error a 8 ‘0.0083 0.00918 - 0.0402 10,0043 1 0.2233
Types of urea 5 . 0,01577%* - 0.0176% 0.0787* 0.0128 0.9659
Levels of n - . A raEEE s " e
< 20 0.0125*= 0.0226 0.02855 0.00¢8 1.2671%
Types of urea ' ' ’
Srror b 50  0,00437 0.00662 0.02570 0.006153 0. 6295

* Significant

** Significant

aﬁ 5% level
at 1% level



APPENDIX ].V
Abstract of Analysis of variance table on X uptake and recovery percentage
of applied N ‘
M.S.5
source d.x Nitrogen uptake stage-wise v ~ Apparen t N
‘ T recovery %
20 DAT - 40 DAT 70 DA Hazrves st
Replication 2 56.95 ~ 28,06  125.35 76.67 123,49
Levels of ¥ 4 476 61%* 1032 ,35%% 17351, 777 10345,96%% 3349,16%*
Brror a 8 51,90 14.48 42.84  30.69 67. 21
Types of urea 5 44,65 - 29.39* T40,41%% 94,35%% " . 380.39**
Levels of N - ’ : v - _ : L o o
x 20 49,00 - 14.89 156,80%*: . 127.10%* 100, 64 %%
Types of urea _ ' :
CErrer b . 50 54.34 ~10.90 30.97 27.07 44,67

*fSigﬁificant at 5% level
cant at 1% level

-~

** Signifi



Abstract of Analysis of variance table on yield components

(, | ' M.S.8
Source g.f Ho,of pani-. No, of spike-~ Filled spi- 100C grain rfilled
cles/m? let /panicle kelet/ weight grain
' panicle . Fo
Heplication 2 182,12 . 45,68 60,06 0,31 23,65
Levels of ¥ 4 10775, 00%% 7210,53%% 2371.64%% 39.57%* 306, 42%*
Error a 8 207.59 49,256 23,89 0.97 28,68
Types of urea 5 189, 40 120,07%% 8,46 3.27%% 15,51
Levels of X , ‘
) x 20 176.72%* 77.50%% 27.36 1.,62% 23,12%
Types of urea
Brror b 50 02.75 28,75 17.30 0,71 11.6%

%*S



Grain yield,

APPENDIX VI

Straw yield,

Abstract of Anelys‘s of variance table on
’ Harvest index and Nitrogen use efficiency
: #.5.8
Source d.f . ‘ Product iv
' Grain yield  Straw yield Harvest index  N-response _o¢§1 1:;;
Replication 2 . 220224 4176640 0.0101 495, 679 2395853
Levels of N. 4  6856880%*  19002690%* 0.0118 588.310% = 644,609
Errora 8 507720 113104 0.0069 39.097 215.805
Types of urea 5 543193,6%* 2686755%* C.0023 1 99.631% 305.236*
Levels of N o - :
X 20 110995.2 718310.4% 0.00275%* 21,825 186,632
Types of urea _
Error b 50 73541.12 401920 0. 00098 14,873 132,064
* Significant at 5% level
** Significant at 1% level



Total N content of soil =z

_PPEVDLY VII

£bstract of Analysis of variance uabln on aiter the
first agreement and grain and straw yields of the
' — .subsequént rice crop
H,8.8
Source a.f — )

: Lotal K content Yield of subseguent rice crop
of the soil after :
the 1§2n§xper1— Grain yield Straw yield

Replication 2 . 306,5 593040 1397568
Levels of N 4 17263,25% 1474768 6734880
Error a 8 3806,87 586136 4136064
Types of urea 5 6070.407* 113843.2 123494.4
evels of N o . : -
x 20 5085.55%% 7825, 6 267814, 4
Types of urea ' '
Brror b 50 _1672.5 143265.9 336972.8




ABSTRAQT

With a view to_evaluaée t he cdmparative efficacy of
different urea mddified materials -at Various doses of N, an
exberiment wasvcondﬁcfed at the Croppiﬁg Systems Resegrch ’
Centre, Karamana dﬁring 1985~86 The experimenf was laid N
v_out in a split plot design with three repllcatlons - There
were five levels of nitrogen (o, 37.5, 75, 112 5 and 150 kg/ha)
in the main plots and S1x types of urea (prllled urea, urea ’
super granules, urease inhibited urea, Neem cake coated urea,
sulphur coated urea and Rock phosphate coated upea) in the
‘sub plots. The rice-variety'uSed was Jaya. The abstract qf‘
the fesults are given below. |

The highest tiller”productioﬁ ;as”dboerved when USG
>was applied @ 150 kg'N/ha Appllcation of SCU @ 112 5 kg N/ha,

resulted in the production of hlghest amount of dry matter

at harvest.,

Application of SCU or USG @ 112.5 kg/ha, resulted in

the highest N uﬁtakéf Nitxogen recoﬁery percentage'was'

highest when NCU or SCU was applied @ 37.5 kg N/ha.



Plants supplied with SCU or USG resulted in the

production of more number of spikelets/panicle and higher

test weight.

The response of the rice:variety Jaya to applied
N followed a quadratic response function, and dose of
119 kg N/ha can be/récommended for obtaining economic:
optimum grain yields. Among the types of urea, SCU, UIU
and USG #ere superior compared to NCU, RCU and PU to
increase the grain yield, Highest straw yield was observed

when SCU was applied @ 75 kg N/ha.

The residual effects of levels of N, types of urea
or their .interactions were not pronounced on the grain and

strav yields of the subsiquent rice crop,
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