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ABSTRACT

An experiment was conducted during three consecutive kharif season of 2012, 2013 and
2014 at Raipur in clay soil having neutral reaction, low nitrogen, medium phosphorus and
high potassium content to find out effect of levels and scheduling of nitrogen on yield and
economics of aerobic rice. The experiment was laid out in split plot design with three
replications. Two levels of nitrogen in main plot viz.,120 kg N/ha and 150 kg N/ha and six
nitrogen schedules in sub plot viz., S1-2 splits (1/2 at basal+ 1/2 at panicle initiation), S2- 2
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splits (1/2 at 10 days after emergence+ 1/2 at panicle initiation), S3- 3 splits (1/3 at basal+
1/3 at active tillering+ 1/3 at panicle initiation), S4- 3 splits (1/3 at 10 days after
emergence+ 1/3 at active tillering+ 1/3 at panicle initiation), S5-4 splits (1/4 basal+ 1/4 at
active tillering+ 1/4 at panicle initiation+ 1/4 at flowering) and S6-4 splits (1/4 at 10 days
after emergence + 1/4 at active tillering+ 1/4 at panicle initiation+ 1/4 at flowering) was
assigned. The test variety was IGKV R1 coarse seed maturing in 125 days and semi dwarf
in nature. Application of different levels of nitrogen did not exhibit any significant effect
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on grain yield, straw yield, net return and B: C ratio of aerobic rice. Pooled data of three
years exhibited that higher grain yield, straw yield, net return, B:C ratio and nitrogen
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uptake were recorded under application of nitrogen in three splits as 1/3 at 10 days after
emergence+ 1/3 at active tillering+ 1/3 at panicle initiation which was, however, at par
with four splits of nitrogen as 1/4 at 10 days after emergence+ 1/4 at active tillering+ 1/4 at
panicle initiation+ 1/4 at flowering stage. Three splitting of nitrogen produced an increase
of 16.92 and 1.47% in grain yield, 11.64 and 2.16% in straw yield, 26.78 and 2.90% in net

return, 15.71 and 2.37 % in B: C ratio, 41.08 and 6.30% in grain nitrogen uptake, 46.68
and 4.60% in straw nitrogen uptake and 42.28 and 5.86% in total nitrogen uptake as
compared to two and four splits, respectively. Application of nitrogen at 10 days after
emergence exhibited an increase of 7.80% in grain yield, 5.17% in straw yield, 12.37% in
net return, 7.64% in B: C ratio and 13.35% in total N uptake as compared to basal
application of nitrogen in aerobic rice.

Introduction

cultivated in wide variety of ecosystem and
management levels. Rice is cultivated in the

Rice feeds more than half the world’s country in 45,5 m ha with productivity of

population. It

is main staple food of India 2393 kg/ha (Anonymous 2013). Chhattisgarh
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is mainly rice growing state and known as
“Rice bowl” due to the highest area in the
state. It is cultivated in 3.67 m ha area which
is about 75% area of kharif season with
productivity of 2041 kg/ha (Anonymous,
2014). Rice requires large amount of water
(2200 mm) for production and is having low
water use efficiency. With ever increasing
demand of water for non-agricultural needs,
water available for agriculture is likely to
become scarce in future and would not be able
to support those levels of production in
conventional method of rice cultivation.
Further, due to faulty irrigation practice and
non-judicious use of water, underground water
level is also declining day by day and situation
is alarming in some of the location of the
country. The International Rice Research
Institute  developed the ‘aerobic rice
technology’ to address the water crises in
tropical agriculture. In aerobic rice system,
rice crop is established in non-puddled, non-
flooded fields (Singh et al., 2008 and
Rajakumar et al., 2009) and cultivated like an
upland crop (unsaturated condition) with
adequate inputs and supplementary irrigation
when rainfall is insufficient. Nitrogen is the
most limiting nutrient for vyield of rice.
Nitrogen management is essential for rice
under aerobic cultivation as the nitrogen use
efficiency is very low, application of
appropriate quantity of nitrogen at right time
is perhaps the simplest agronomic solution for
improving the use efficiency of nitrogen (Devi
et al., 2012). Due to aerobic environment,
applied nitrogen is lost very fast and requires
frequent application. Prudente et al., (2008)
reported that proper amount and timing of
application are responsible for reduction in N
losses and cost of production which resulted in
increased the fertilizer use efficiency and
yield. There is lack of sufficient information
on nitrogen management with respect to level
and splitting of nitrogen in aerobic rice, a
study was undertaken to find out effect of
levels and scheduling of nitrogen on grain

yield, economics and nitrogen uptake of rice
cultivation in vertisols of Chhattisgarh plains
agro climatic zone.

Materials and Methods

A field experiment was conducted at
Agriculture Instructional cum Research Farm,
Raipur (Chhattisgarh) during three
consecutive kharif season of 2012, 2013 and
2014. The experimental soil was clay in
texture, neutral in reaction (7.2), low in
nitrogen (198 kg/ha), medium in phosphorus
(24 kg/ha) and high in potassium content (230
kg/ha). The experiment was laid out in split
plot design replicated thrice. Two levels of
nitrogen in main plot viz.,120 kg N/ha and 150
kg N/ha and six nitrogen schedules in sub plot
viz., S1-2 splits (1/2 at basal +1/2 at panicle
initiation), S2- 2 splits (1/2 at 10 days after
emergence + 1/2 at panicle initiation), S3- 3
splits (1/3 at basal+ 1/3 at active tillering+ 1/3
at panicle initiation), S4- 3 splits (1/3 at 10
days after emergence + 1/3 at active tillering +
1/3 at panicle initiation), S5-4 splits (1/4 basal
+1/4 at active tillering + 1/4 at panicle
initiation + 1/4 at flowering), and S6-4 splits
(1/4 at 10 days after emergence + 1/4 at active
tillering + 1/4 at panicle initiation + 1/4 at
flowering) was assigned. The test variety was
IGKV R1 coarse seed maturing in 125 days
and semi dwarf in nature. The crop was sown
on 25-27 June during each year in well
prepared aerobic soil under moist condition.
The recommended level of phosphorus (60 kg
P,Os/ha) and potassium (50 kg K,O) were
applied at the time of sowing. The weeds were
managed by applying pre-emergence herbicide
(Pendimethalin @1.0 kg/ha) followed by post
emergence herbicide (Bispyribac sodium @
20 g/ha at 20 DAS) and need based manual
weeding to keep the field free of weeds. The
crop was irrigated just after sowing and
further irrigations were given to fulfill the
demand of water and none of the stage had
standing water. The yield and yield attributing
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characters were recorded from net plot area.
Harvest index was calculated by dividing
grain yield by total dry matter yield and
multiplying by 100. Gross and net returns
were computed considering the existing
market price of the inputs and output. Benefit:
cost ratio (B: C ratio) was worked out for
different treatments by dividing the gross
returns by the corresponding cost of
cultivation as described by Donald (1962).
Nitrogen content in rice grain and straw were
analysed using micro Kjeldhal method as
described by Piper (1966) and uptake of
nitrogen was calculated by multiplying N
content and respective yield. The total uptake
of nitrogen was calculated by summing grain
and straw N uptake. The data were statistically
analysed as suggested by Gomez and Gomez
(1983).

Results and Discussion
Yield attributes

Application of different levels of nitrogen did
not exhibit any significant effect on yield
attributes (panicle numbers, panicle weight
and test weight) of aerobic rice (Table 1).
However, nitrogen application schedule
significantly affected the vyield attributes.
Increasing number of splits of nitrogen
increased panicle numbers/m2 and test weight,
however panicle weight was increased up to
three splitting. Four splitting of nitrogen
produced 13.24 and 4.71 % higher number of
panicles and 4.36 and 1.59% higher test
weight as compared to two and three splits,
respectively. The higher panicle weight was
recorded with three splitting of nitrogen which
was 14.20 and 0.64% higher as compared to
two and four splits. Time of nitrogen
application had also effect on number of
panicles/m2, panicle weight and test weight.
Application of nitrogen at 10 days after
emergence exhibited increase of 4.02% in
number of panicles/m2, 6.90% in panicle

weight and 1.79% in test weight compared to
basal application of nitrogen.

Based on pooled data of three years,
significantly the highest number of panicles
was recorded with four splits of nitrogen as
1/4 at 10 days after emergence+1/4 at active
tillering+1/4 at panicle initiation + 1/4 at
flowering stage, which was however at par
with another scheduling of four splits i.e. 1/4
basal+1/4 active tillering+1/4 at panicle
initiation + 1/4 at flowering stage for panicle
number and with three splits (1/3 at 10 days
after emergence + 1/3 at active tillering + 1/3
at panicle initiation) for test weight also.
Panicle weight was significantly more under
three splits as 1/3 at 10 days after emergence +
1/3 at active tillering + 1/3 at panicle
initiation, however, it was at par with three
splits (1/3 at basal+ 1/3 at active tillering+ 1/3
at panicle initiation) and four splits (1/4
basal+1/4 active tillering+1/4 at panicle
initiation + 1/4 at flowering stage and 1/4 at
10 days after emergence +1/4 at active
tillering+1/4 at panicle initiation + 1/4 at
flowering stage). Significantly, the lowest
values of vyield attributes (panicle number,
panicle weight and test weight) were recorded
under application of nitrogen in two splits as
1/2 at basal +1/2 at panicle initiation stage
which was, however, at par with nitrogen
application in two splits as 1/2 at 10 days after
emergence +1/2 at panicle initiation stage.
More supply of carbohydrates from post
anthesis photosynthesis might have increased
the grain filling rate consequently increased
panicle weight and test weight. Similar of the
results was also reported by Lin (2005),
Mahajan et al., (2011) and Zhang et al.,
(2007).

Grain yield, straw yield and harvest index
Application of different levels of nitrogen did

not record any significant effect on grain
yield, straw yield and harvest index of aerobic
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rice (Table 2). However, nitrogen application
schedule  significantly  affected  theses
parameters. Increasing number of splits of
nitrogen increased grain yield, straw yield and
harvest index upto three splits, thereafter no
increase in these parameters was observed.
Three splitting of nitrogen produced 16.92 and
1.47% higher grain yield and 11.64 and 2.16%
higher straw yield as compared to two and
four splits, respectively. Time of nitrogen
application had also effect on number of
panicles/m2, panicle weight and test weight.
Application of nitrogen at 10 days after
emergence exhibited increase of 7.80% in
grain yield, 5.17% in straw yield and 1.84% in
harvest index as compared to basal application
of nitrogen.

Pooled data of three years indicated that
significantly higher grain yield and straw yield
were recorded under application of nitrogen in
three splits as 1/3 at 10 days after emergence +
1/3 at active tillering + 1/3 at panicle initiation
which was, however, at par with four splits of
nitrogen as 1/4 at 10 days after emergence
+1/4 at active tillering+1/4 at panicle initiation
+ 1/4 at flowering stage. The higher harvest

index was recorded under three splits as 1/3 at
10 days after emergence + 1/3 at active
tillering + 1/3 at panicle initiation and four
splits as 1/4 at 10 days after emergence +1/4 at
active tillering+1/4 at panicle initiation + 1/4
at flowering stage which was however at par
with another four splits (1/4 at 10 days after
emergence +1/4 at active tillering+1/4 at
panicle initiation + 1/4 at flowering stage) and
three splits (1/3 at 10 days after emergence +
1/3 at active tillering + 1/3 at panicle
initiation) of nitrogen application.

The lowest grain yield, straw yield and harvest
were recorded under application of nitrogen in
two splits as 1/2 at basal +1/2 at panicle
initiation stage with significant difference to
others. Increase in leaf area increased the area
for interception and absorption of specific
wavelength  of  light  necessary  for
photosynthesis and also more chlorophyll
content resulted in higher dry matter
accumulation thereby increased the absorption
of nitrogen subsequently increased the grain
yield and straw yield. Similar findings were
also reported by Singh and Thakur (2007) and
Algeson and Rajababu (2011).

Table.1 Yield attributes of aerobic rice as influenced by nitrogen levels and scheduling

Treatments

Panicles/m2, No.

2012 2013 2014 Pooled 2012 2013 2014 Pooled 2012 2013 2014 Pooled
mean mean mean
Nitrogen levels (kg/ha
264 257 255 259 408 409 294 370 284 242 315 280
270 268 262 267 417 426  3.09 3.84 287 245 317 283
NS NS NS NS NS NS NS NS NS NS NS NS
Scheduling of nitrogen
255 226 229 237 370 356 270 332 276 235 309 273
260 253 250 254 419 375 281 358 279 238 315 277
1/2 PI
266 262 256 261 405 426 3.10 3.80 284 240 312 279
1/3 Pl
S-4 (1/3 10 DAE+ 271 272 267 270 424 474 327  4.08 294 250 314 286
1/3 AT +1/3 PI
S-5 (1/4 B+1/4 AT+ el 276 424 420 300 381 288 245 321 285
1/4 P1 +1/4F
277 285 277 280 430 452 324 4.02 292 252 324 289
1/4AAT+1/4 PI+1/4F
15 18 30 19 026 039 024 032 05 07 NS 0.9
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Table.2 Grain yield, straw yield and harvest index of aerobic rice as influenced by nitrogen
levels and scheduling

Treatments Grain yield, kg/ha Straw yield, kg/ha

2012 2013 2014 Pooled 2012 2013 2014 Pooled 2012 2013 2014 Pooled
mean mean mean

Nitrogen levels (kg/ha)

5342 4018 3739 4366 6771 7200 5710 6560 441 358 396 3938
5543 4336 3917 4599 6848 7322 5780 6650 447 369 404 407
CD (P=0.05) NS 232 NS NS NS 79 NS NS NS 05 NS NS

Scheduling of nitrogen

5067 3060 3418 3848 6630 5713 5471 5938 433 349 385 389

S-2 (1/2 10 DAE+ 5297 3710 3741 4249 6766 6750 5721 @ 6412 439 355 395 39.6
1/2 PI)

S-3 (1/3 B+1/3 AT 5376 4397 3890 4554 6791 7594 5803 6729 442 367 401 @ 403
+1/3 PI)

S-4 (1/3 10 DAE + 5558 5025 4155 4913 6861 8389 5923 7058 448 375 412 41.1
1/3 AT +1/3 P1)

S-5 (1/4 B+1/4 AT 5638 4222 3786 4549 6894 7361 5726 6660 450 365 398 404
+1/4 PI +1/4F)

S-6 (1/4 10 DAE 5719 4647 3977 4781 6921 7762 5823 6835 452 375 406 411
+1/4AT+1/4
PI+1/4F)

CD (P=0.05) 330 181 340 288 180 137 189 234 1.0 0.9 11 1.2

Table.3 Economics of aerobic rice as influenced by nitrogen levels and scheduling

Treatments Gross return, Rs/ha Net return, Rs/ha

2012 2013 2014  Pooled 2012 2013 2014 Pooled 2012 2013 2014 Pooled
mean mean mean

Nitrogen levels (kg/ha)
70161 56236 53705 60034 49820 34819 31028 38556 345 263 237 281
72712 60463 56161 63112 52002 38677 33115 41264 351 278 244 291
NS 2452 NS NS NS 831 NS NS NS 012 NS NS
Scheduling of nitrogen

S1(1/2 66652 42942 49221 52938 46303 21524 26556 31461 328 200 217  2.48
B+1/2 PI)

S-2 (1/210 69596 51976 53738 58437 49246 30558 31073 36959 3.42 243 237 274
DAE+ 1/2PI)

S-3(1/3 B+ 70596 61398 55806 62600 50070 39797 32944 40937 344 284 244 2091
1/3AT+1/3PI)

S-4 (1/3 10 72906 70022 59469 67466 52380 48421 36607 45803 355 324 260 3.3
DAE + 1/3
AT +1/3 PI)

S-5 (1/4 B+ 73922 58989 54353 62421 53221 37205 31294 40573 357 271 236 2.88

1/4 AT +1/4
PI +1/4F)

S-6 (1/4 10 74948 64756 56999 65568 54247 42972 33940 43720 3.62 297 247  3.02
DAE +1/4AT
+1/4P1+1/4F)

CD (P=0.05) 3312 1943 3456 3541 3312 1943 3456 3541 023 018 021 0.24
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Table.4 Effect of N levels and scheduling on nitrogen uptake of aerobic rice

Treatments

Grain N uptake, kg/ha Straw N uptake, kg/ha Total N uptake, kg/ha
2012 2013 2014  Pooled 2012 2013 2014  Pooled 2012 2013 2014  Pooled
mean mean mean

Nitrogen levels (kg/ha
57.05 4187 3933 46.09 1679 1756 1422 1619 7384 5943 5355 62.28
63.86 46.77 4226 5096 1753 19.12 1491 1719 81.39 6589 57.18 68.15
316 228 241 3.28 NS 095 NS NS 414 270 312 453
Scheduling of nitrogen
50.26 26.31 3292 3650 1419 10.67 11.00 1195 64.45 36.98 4391 4845

Sh@UPREe A= 53.61 3318 37.34 4137 1522 1427 1236 1395 68.83 4745 49.69 55.32
+1/2 Pl

S-3 (1/3B+1/3 60.43 4738 4357 5046 1738 2012 16.13 17.88 7781 6750 59.70 68.34

AT +1/3 PI

SLAEDERIE AN =S 63.67 6235 5219  59.40  18.04
+ 1/3AT +1/3PI

S-5 (1/4 B+1/4 66.70 4210 3956 4945 1882

AT+1/4P1+1/4F

SEGHEEsiee A= 68.86  52.60 40.25 53.90 19.24

1/AAT+1/4 Pl+
1/4F

CD (P=0.05 562 396 431 6.25 2.48

Economics

Application of different levels of nitrogen did
not influence significantly gross return, net
return and B: C ratio of aerobic rice (Table 3).
However, nitrogen application schedule
significantly affected theses parameters.
Increasing number of splits of nitrogen
increased gross return, net return and B: C
ratio upto three splits, thereafter no increase
in these parameters was observed. Three
splitting of nitrogen produced 16.78 and
1.62% higher gross return, 26.78 and 2.90%
higher net return and 15.71 and 2.37 % higher
B:C ratio as compared to two and four splits,
respectively. Time of nitrogen application had
also effect on gross return, net return and B: C
ratio. Application of nitrogen at 10 days after
emergence exhibited increase of 7.73% in
gross return, 12.37% in net return and 7.64%
in B: C ratio as compared to basal application
of nitrogen.

Pooled data of three years exhibited that
significantly the highest gross return, net
return and B: C ratio were recorded under

2474 1753 20.11 8172 87.09 69.72 7951
18.38 1443 1721 8552 6048 53.99 66.66

2185 16.25 1911 8810 7445 5649 73.01

165 212 2.10 6.27 469 525 7.32

application of nitrogen in three splits as 1/3 at
10 days after emergence + 1/3 at active
tillering + 1/3 at panicle initiation which was,
however, at par with four splits of nitrogen as
1/4 at 10 days after emergence +1/4 at active
tillering+1/4 at panicle initiation + 1/4 at
flowering stage. Significantly, the lowest
gross return, net return and B: C ratio were
recorded under application of nitrogen in two
splits as 1/2 at basal +1/2 at panicle initiation
stage. Gross return is the result of higher grain
and straw vyield under the respective
treatment.

Nitrogen uptake

Application of different levels of nitrogen
significantly influenced the grain N uptake
and total N uptake, however straw N uptake
was not affected (Table 4). Nitrogen
application schedule significantly affected
grain nitrogen uptake, straw nitrogen uptake
as well as total nitrogen uptake. Application
of 150 kg nitrogen/ha showed significantly
higher grain N uptake and total N uptake by
aerobic rice as compared to application of 120
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kg nitrogen/ha. Increase in grain nitrogen
uptake was 10.57% and total uptake of
nitrogen was 9.42% with the application of
150 kgN/ha as compared to 120 kgN/ha.
More nitrogen uptake under higher level of
nitrogen applied may be owing to higher grain
and straw yield resulting in increased uptake.
These findings are in accordance with Kumar
and Rao (1992).Increasing number of splits of
nitrogen increased grain nitrogen uptake,
straw nitrogen uptake and total nitrogen
uptake upto three splits, thereafter no increase
in these parameters was observed. Three
splitting of nitrogen produced 41.08 and
6.30% higher grain nitrogen uptake, 46.68
and 4.60% higher straw nitrogen uptake and
42.28 and 5.86% higher total nitrogen uptake
as compared to two and four splits,
respectively. Time of nitrogen application had
also effect on grain nitrogen uptake, straw
nitrogen uptake and total nitrogen uptake.
Application of nitrogen at 10 days after
emergence exhibited increase of 13.35% in
grain N uptake, 13.42% in straw N uptake and
13.35% in total N uptake as compared to
basal application of nitrogen.

Based on pooled data of three years,
significantly the highest grain nitrogen
uptake, straw nitrogen uptake and total
nitrogen uptake were recorded under
application of nitrogen in three splits as 1/3 at
10 days after emergence + 1/3 at active
tillering + 1/3 panicle initiation which was,
however, at par with four splits of nitrogen as
1/4 at 10 days after emergence +1/4 at active
tillering+1/4 at panicle initiation + 1/4 at
flowering stage. Significantly, the lowest N
uptake grain nitrogen uptake, straw nitrogen
uptake and total nitrogen uptake were
recorded under application of nitrogen in two
splits as 1/2 at basal +1/2 at panicle initiation
stage which was however at par with nitrogen
application in two splits as 1/2 at 10 days after
emergence +1/2 at panicle initiation stage.
Application of nitrogen in splits according to

crop requirement might have reduced the loss
of nitrogen and increased the nitrogen
absorption consequently better utilization of
applied nitrogen leads to higher dry matter
accumulation and finally resulted in higher
nitrogen uptake. These findings are
conformity the earlier findings of Zaidi et al.,
(2007).
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